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FOREWORD

Purpose of the Environmental Studies

The National Environmental Policy Act of 1969 directs that all agencies

of the Federal Government "include in every report on proposals for legisla-

tion and other major Federal actions significantly affecting the quality of

the human environment, a detailed statement . . . on the environmental impact

of the proposed action." The Act deals only with proposed actions. However,

in keeping with the spirit of the Act, the U. S. Army Corps of Engineers has

developed its own policy that requires such reports on projects it has com-

pleted and for which continuing operational and maintenance support are re-

quired.

In keeping with this policy, on January 15, 1973, the St. Paul District

of the U. S. Army Corps of Engineers contracted with North Star Research and

Development Institute to prepare reports assessing the environmental impact

of all the Corps of Engineers' facilities and operations on the Mississippi

River from the head of navigation in Minneapolis, Minnesota, to Guttenberg,

Iowa. Also included in the study are the Minnesota and St. Croix Rivers from

the heads of navigation at Shakopee and Stillwater, Minnesota, respectively,

to the Mississippi River. This portion of the Mississippi River basin shall

j be termed the "Northern Section" of the upper Mississippi River or the "study

area

The Corps of Engineers has been active in'the Northern Section since

the 1820's, when it first was called upon to remove brush and snags from the

river to permit safe navigation as far north as Fort Snelling. Later, in

the 1870's, further improvements to deepen and maintain the channel were

mde primarily through construction of wing dams (long structures of brush and

rock built at right angles to the river-bank). Presently, the river in the

study area consists of a series of pools which were created by the cons truc-

tion of navigation locks and dams, the last of which (Upper St. Anthony Lock)

was completed in 1963.



-2-

The purpose of the environmental impact study is to assess the impacts,

both positive and negative, of the construction and operation and mainten-

ance of the Corps' nine-foot channel project on the Northern Section. The

operations and maintenance activities include mainly operation of facilities

(locks and dams) and maintenance of the navigation channel (dredging). Some

recreation facilities also are maintained. Actually, the impacts on the en-

vironment of the Corps' operations prior to the nine-foot channel are also

being sought, but the emphasis will be on those impacts of the present navi-

gation system.

The studies are designed to identify the impacts and to assess their

effects on both the natural and social environment. Such impacts may include

effects of river transportation on the area economy, effects of creation of

the pools on recreational activities and wildlife habitat, effects of dredge

spoil disposal on natural ecosystems and on recreation, and many others. As

a result of identification and assessment of the impacts, it will be possible

to determine ways of operating the facilities and maintaining the navigation

and recreation system to amplify the positive and minimize the negative re-

sults of the Corps' activities. The study will provide a comprehensive basis

for the St. Paul District to prepare an environmental impact statement in

compliance with the National Environmental Policy Act of 1969 and the policy

of the U. S. Army Corps of Engineers.

Scope of Current Report

The current report covers the complete study program, from January 15

through November 30, 1973, which was pr eceded by a planning phase (Phase I).

The early phase of the study program concentrated on gathering historical

information, field data collected by local scientists and information avail-

able through federal and state agencies. The early phase culminated in a

Preliminary (Phase II) Report on July 1. The current report (Phase III) has

expanded that report mainly to include field data collected during 1973.
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Research Approach

Three aspects of the research approach used in the study deserve

clarification: (1) the benchmark point in time, (2) data collection and

analysis of the natural systems, and (3) data collection and analysis of the

socioeconomic activities.

Benchmark Time-Period

In order to analyze the impact of the Corps' nine-foot channel project

in the Northern Section of the upper Mississippi, it is necessary to select

a point of time that ca, 1erve as a benchmark. This benchmark is the year

activities related to the nine-foot channel were initiated. Since the nine-

foot channel project at St. Anthony Falls was begun in 1948, this year is

taken as the benchmark. The preconstruction condition of the Mississippi

at and upstream from St. Anthony Falls is taken as prior to 1948. Other

Corps activities took place prior to 1948, however, and earlier data were

also used where they were readily available. The preconstruction data were

obtained from available reports and from a variety of other sources cited at

the end of each major section.

Analysis of the Natural Systems

The impacts of Corps' activity on the natural environment for a given

pool were determined by the individual investigator responsible for that

particular pool. The Northern Section of the upper Mississippi River was

subdivided into fourteen distinct segments for purposes of study of the

natural environment: Pools 1 through 10, Pool 5A (lying between Pools5

and 6), the St. Anthony Falls (SAF) Upper and Lower Pools (a single report

covers both pools), the Minnesota and the St. Croix Rivers. Segments were

assigned to each investigator on the natural sciences team, listed below:
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Number of
River
Pools Principal

Involved River Pools Investigator Organization

5 SAF Upper and Lower Roscoe Colingsworth North Star Research
Pools, Pool 1, Pool 2, Institute,
Minnesota River, and Minneapolis, Minnesota
St. Croix River

Pool 3 Edward Miller St Mary's College
Winona, Minnesota

4 Pools 4, 5, 5A, & 6 Calvin Fremling Winona State College

2 Pools 7 & 8 Thomas Claflin University of
Wisconsin, La Crosse

1 Pool 9 James Eckblad Luther College,
Decorah, Iowa

1 Pool 10 Edward Cawley Loras College,
Dubuque, Iowa

Because different problems arise in different segments of the River, each

investigating team used its own judgment in conducting its studies. However,

North Star--in conjunction with the investigators cited above--developed

general guidelines for conducting the field studies, acquiring data, and

presenting the data in a final report.

Analysis of Soclo-Economic Activities

The socioeconomic study for all pools in the study area were conducted

by a team at North Star including Dr. C. W. Rudelius of the University of

Minnesota and Mr. W. L. K. Schwarz. The socioeconomic impacts were analyzed

by the same team for all fourteen segments of the Northern Section because

substantial economies in data collection were possible with this approach.

The initial data for each pool were collected and then were submitted for

review and updating to the investigator analyzing the natural systems for

that pool. The suggestions of these investigators were incorporated in the

socioeconomic portions of each pool report.4:
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Report Objectives

The Corps is required to submit an Environmental Impact Statement for

each pool and tributary in the Northern Section on which they carry out

operation and maintenance activities; thus, as far as is practical this

study was carried out by pools.

The present report deals only with the St. Anthony Falls Upper and Lower

pools on the upper Mississippi River, which are described in detail in sub-

sequent pages. Background information that applies to two or more pools in

the study area appears as a portion of each appropriate report. This is

necessary since the report on each pool must be capable of being read and

understood by readers who are interested only in a single pool.

The overall objectives of this report are to identify and provide an

assessment of the impacts of the Corps of Engineers activities related to

the St. Anthony pools. Specifically, following this section, the report is

in the format required for Environmental Impact Statements, and seeks:

1. To 'identify the environmental, social, and economic impacts of

the Corps activities related to Pool 2.

2. To identify and, where possible, measure the beneficial contribu-

j tions and detrimental aspects of these impacts and draw overall

conclusions about the net effects of the Corps' activities.

3. To recommend actions and possible alternative methods of opera-

tions that should be taken by the Corps of Engineers, other public

agencies, and private groups, to reduce detrimental aspects of the

project.

4. To identify additional specific research needs to assess the impacts

and increase the net benefits of Corps operations.

The report includes an analysis of natural and socioeconomic systems. The

3 natural systems include terrestrial and aquatic plant and animal life as

well as the nature of the land and quality of the water. Socioeconomic

systems include industrial activities, such as income and employment generated

to
U
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by barge traffic or activities in operating the locks and dams; commercial

fishing; recreational activities, such as fishing, boating, or hunting that

are related to Corps operations; and cultural considerations, which include

archaeological and historical sites.
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1. PROJECT DESCRIPTION

The present Corps of Engineers' project in the St. Anthony Falls Pools

[Mississippi River Mile 857.6 to 853.3 (See Figure 1)]) consists of struc-

tures and their operation and maintenance, and maintenance dredging of a

navigation'channel of nine feet minimum depth. The structures include (1)

a lock and movable-crest dan at the Lower facility, (2) a lock at the Upper

facility, (3) control stations, (4) an observation deck near the Upper Lock,

and access roads and other structures.

"Operations" includes regulating the reservoir level in the Lower St.

Anthony Falls pool, and the operation of the Lower and Upper locks in order

to provide safe passage to commercial and pleasure craft.

Maintenance of the project includes dredging the channel to maintain

the minimum nine foot depth to the head of navigation at the Soo Line Rail-

road Bridge (Mile 857.6), as well as clearing of debris and repairing the

locks and dam.

AUTHORIZATION

The present nine-foot channel project in the Upper Mississippi River

was authorized by Congress by the Rivers and Harbors Act of July 30, 1930,

(H.D. 290-71-2)*, as amended by Public Resolution No. 10, February 24, 1932,

* and by the Act of August 26, 1937 (H.D. 137-72-1) (See Table 1). The exten-

sion of this project 4.6 miles above St. Anthony Falls was authorized by the
Acts of 1937 (H.D. 290-72-1), 1945 (H.D. 135-84-1), and 1958 (lE.D. 33-85-1).

Other Acts have provided for dredging, care and operation of the locks

and dams, determination of extent and payment for damage due to seepage from

3 *1.1). 290-71-2 is an abbreviation for House Document No. 290, 71st Congress,
* 2nd Session.
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Figure 1. The Mississippi River and its Major Tributaries

i in the Twin Cities Area (FWPCA, 1966)
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Table 1. Congressional authorizations pertaining to
the 9-foot channel in the Upper and Lower

St. Anthony Falls Pools
(S.P.D-NCS, 1955; OCE, 1970)

Rivers and

Harbors Acts Work Authorized Documents

September 22, 1922 Dredging to landings. None

June 26, 1934 Operation of snag boats; care and None
operation of locks and dams.

July 3, 1930 Survey for a 9-foot channel; modify House Doc.
permanent structures under construc- 290, 71st

Amended by P.R. * tion to accommodate 9-foot channel; Congress, 2nd
No. 10, Feb. 24, Chief of Engineers granted discretion- Session.
1932 ary authority to modify plans as

deemed advisable

August 26, 1937 Extend 9-foot channel project above House Doc.
St. Anthony Falls to Northern Pacific 137, 72nd
Railroad Bridge by means of 2 locks Congress, ist
and a dam, with supplementary dredg- Session.
ing.

August 26, 1937 Determine damages to drainage and Rivers and
levee districts caused by seepage Harbors Com-
and backwaters, and cost of rectify- mittee Doc.

ing. 34, 75th Congr.
1st Session.

December 22, 1944 Park and recreation facilities. None

I March 2, 1945 Changes or additions to payments, None
remedial works, or land acquisitions
authorized by the Rivers and Harbors

j Act of August 26, 1937 (River and
U Harbor Committee Doc. 34, 75th

Congress, 1st Session), as Chief of

Engineers deems advisable.

March 2, 1945 Limits vertical clearances of bridges House Doc.
to 26 feet at 40,000 cfs; provides for 449, 78th
cash contributions by local interests Congress, 2nd
in lieu of their altering privately Session.
owned bridges and utilities for St.

Anthony Falls project.

• P.R. Public Resolution

, , ,- L .,_i-i . 4- _.
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Table 1 (cont.). Congressional authorizations pertaining to
the 9-foot channel in the Upper and Lower

St. Anthony Falls Pools
(S.P.D-NCS, 1955; OCE, 1970)

Rivers and
Harbors Acts Work Authorized Documents

July 3, 1958 Payment in lump sum for damages to House Doc.
drainage and levee districts caused 135, 84th
by operation of navigation pools. Congress, ist

Session.

July 3, 1958 Modify vertical bridge clearances House Doc. 33,
and completion of St. Anthony Falls 85th Congress,
project. 1st Session.

November 7, 1966 Repair Stone Arch Bridge, Minneapo- None
lis.

I

I

• I

.! .



backwaters, and repair of the Great Northern -(now Burlington Northern)

Railway's famous Stone Arch Bridge.

HISTORY

In 1824, a year after the sternwheeler "Virginia" initiated navigation

by working its way up to Fort Snelling, Congress authorized the Corps of

Engineers to improve navigation by removing snags, wrecks, shoals, and sand-

bars (Ryder, 1972).

The 4.5-foot Channel

The first comprehensive improvement of the river for navigation was

authorized by the Rivers and Harbors Act of June 18, 1878, to obtain a

4.5-foot channel from the mouth of the Missouri to St. Paul by means of

wing dams, bank revetments (i.e., walls for bank protection), closing dams

and longitudinal dikes. In 1890 the 4.5-foot channel was extended to

Minneapolis, requiring the removal of boulders and dredging of bars. The

Corps published from 1894 to 1907, a series of charts of the 4.5-foot channel

project for the Mississippi River Commission (NRC Charts) showing river

soundings, wing dams, bottom type, and land use.

The 6-foot Channel

The six-foot channel, authorized in 1907, was obtained by constructing

more wing and closing dams and by dredging. This project was surveyed by

air in 1927 and published in 1930 as the "Brown Survey", and reissued in

1933-34 as the "Flowage Charts". The latter included land use -nd helped

determine the feasibility of the nine-foot channel.

The 9-foot Channel

In 1933 the Corps published charts of this nine-foot channel completed

in 1938 (except for the St. Anthony Falls facilities) as the "Continuous

Z- '
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Survey", showing river soundings and sandbars. Several editions followed

as "Navigation Charts". The current (1972) edition is based on a 1964

aerial survey and presents updated information in a more compact form than

previously, although the arrangement is extremely inconvenient.

Early Structures at the Falls

Dam construction and protection from erosion at St. Anthony Falls

began in the mial18OO's. Five electric power plants were built in the late

1800's and early 1900's; two of the four which remain are still producing

power today. The St. Anthony Falls Water Power Co. built a rock and timber

dam halfway across the river, forming the east half of a horseshoe-shaped

dam above the Falls, while the Minneapolis Mill Co. constructed the west

half of this dam to utilize the waterpower as provided for in a charter

from the Territorial Legislature in 1857. This stimulated an active and

rapidly increasing manufacturing business, principally flour and lumber

milling. However, the operations of these companies severely constricted

the river to about 450 feet, causing accelerated recession of the Falls.

Also, at low water the greater part of the water was drawn through the sluices,

of ten leaving bare the limestone ledge between the dam and the crest of the

Falls. In winter, frost action caused rapid disintegration of the limestone.

An attempt was made by the companies to protect the crest of the Falls by

a timber apron in 1866, but this was destroyed by ensuing high w-,-c:, and a

second attempt in 1869 was likewise unsuccessful.

In the autumn of 1868, the Eastman Tunnel was begun in order to convey

water to the Falls at the foot of Hennepin Island after supplying power to

mills on Nicollet Island. On the 4th of October, 1869, construction in the

tunnel had reached the foot of Nicollet Island, some 2000 feet from the

Falls. Here, water passing under the limestone from its upstream edge near-

by entered in such quantity that it drove the workmen from the tunnel. Soon

it became a roaring sluiceway, enlarging rapidly to a diameter of 80 feet.

Finally a portion of the limestone roof caved in, causing the collapse of

several mills on Hlennepin Island (Kane, 1966).
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A temporary dam (cofferdamn) was then built by the Corps of Engineers to

stop the flow and repair the damage. However, four years passed before the

tunnel was finally filled and cavities plugged, during which many mishaps

delayed the work. From 1874 to 1876 the Corps built a concrete seepage

wall 4 to 6.5 feet thick, extending across the entire river about 300 feet

upstream from the crest of the falls. The top of the wall is directly under

the limestone ledge and extends 38 feet down into the sandstone. The combi-

nation of all these works finally arrested the disintegration of the Falls.

However, subterranean streams, the source of which is unknown, still persist

and cause a great deal of trouble in foundation work.

In order to prevent further recession upstream of the Falls, a timber

and rock apron 450 feet long was built across the face of the Falls by the

Corps from 1870 to 1878, and rebuilt by William de la Barre of the Twin

Cities Rapid Transit Company (See Figure 2). This apron was largely de-

stroyed by the 1952 flood (See Figure 3) and was replaced with one of con-

crete by Northern States Power Company. A V-shaped dam was built by de la

Barre in 1895 of large blocks of granite and limestone about a half mile

downstream from the Falls, to provide water to run a hydroelectric plant

which powered the Twin City Rapid Transit Company's streetcars (Kane, 1966).

This dam was replaced by the Corps in 1959 when the Lower Lock was built.

The first hydroelectric plan in the western hemisphere was built in

1882 by the Minnesota Brush Electric Company on Upton Island, the present

site of the Upper Lock. Also, at one time as many as eight sawmills shared

space on the Island. The hydroelectric plant supplied power for light along

Washington Avenue in the 1880's. The Hennepin Island hydroelectric plant

was constructed under the direction of de la Barre for the Transit Company in

1908. This structure is now part of the University of Minnesota's St.

Anthony Falls Hydraulics Laboratory, constructed in 1936.

The Main Street Station which now serves as a substation, was constructed

in 1895 by the Minneapolis General Electric Company at the east end of the
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Upper Dam to replace the earlier plant. Another power plant, the South-

east steam plant, was built by the Transit Company in 1903 and is located on

Hennepin Island. The other power plants as well as the Upper Dam, are

presently owned and operated by Northern States Power Company, which pro-

duces a total of 20 megawatts of electric power.

CORPS FACILITIES

Presently, the Corps of Engineers project in the St. Anthony Falls

Pools consists of operating and maintaining the Upper and Lower Locks and

the Lower Dam (See Figure 4), as well as maintaining the 9-foot channel by

dredging. These structures are the newest of 29 such locks and dams on the

Mississippi River which have converted the free-flowing river into a "stair-

step" series of navigable pools (See Figure 5). The St. Anthony Falls locks

and dams provide for commercial navigation of a minimum 9-foot deep by 200-

foot-wide channel from the Lower Lock and Dam upstream 4.3 miles to the head

of navigation at the Soo Line Bridge (Mile. 857.6) in northern Minneapolis

(See Figure 6).

The Upper Lock and the Lower Lock and Dam are located on over 15 acres

of government property. Fee title was obtained for 12.46 acres and perpetual

easement was obtained for another 2.96 acres from the city of Minneapolis.

Total cost of these facilities was $31,748,535 of which about $1,000,000 was

contributed locally (S.P.D.-NCS, 1967).

Locks and Dam

* The Lower facility presently consists of a navigation lock, the up-

stream portion of an auxiliary lock, a 195-foot movable-crest dam, control

station, observation platform and other structures (See Figure 6). This

facility was open to navigation in 1959. The Upper facility consists solely

of a navigation lock. The Upper dam, which is privately owned, was increased

in height by one foot. Both locks have sufficient water depth to accomodate

vessels of 12-foot draft (S.P.D.-NCS, 1967; USEO, 1945).

I
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Lower Lock

The Lower Lock chamber is 56 by 400 feet. It is closed by a tainter

gate (See Figure 7, B-B) at the head and by a pair of miter gates at the foot

(See Figure 6 plan between D-D and C). A portion of the riverward wall of

an auxiliary lock and its gate lie between the completed lock and the dam.

The water level in the Lower Lock is changed 25.2 feet by gravity flow through

a single culvert and filling and emptying ports in the lock (See Figure 7,

Sect. C-C) by a system of valves.

Lower Dam

This structure is 195 feet long and is located between the auxiliary

lock on the right and Northern States Power Company hydroelectric plant on

the left bank. Water level is controlled by the dam's four tainter gates,

which are moved to maintenance pool elevation at 750.0 feet above mean sea

level*. Operation of the valves, gates and lights for these facilities

requires electrical power. Other structures include control stations (one

with an observation platform), an access road, guide walls and mooring cells.

Upper Lock

The Upper facility consists of a lock, guide walls, mooring cells, a

control station with observation deck, access roads and parking area (See

Figure 8, plan view). This facility, the most recent in the upper Mississippi

River navigation system, was open to navigation in 1963. The Upper Lock was

constructed on Upton Island at a non-overflow section of the Upper Dam. The

latter structure was increased about one foot in height in order to gain the

minimum nine-foot depth (U.S.E.O., 1945).

The Upper Lock chamber, which measures 56 by 400 feet, is closed by two

sets of miter gates. There is also a tainter gate at the head of the Upper

Lock which is used only during the season the lock is not in use for navigation.

* 1912 adjustment
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During floods, water is passed over the tainter gate, thus increasing the

discharge areas of the Upper Dam. It serves to maintain the pool level and

regulate flow through the lock. The water level is changed 49.2 feet by

gravity flow through two culverts and filling and emptying ports in the Lock

(See Figure 7, Sect. A-A) by a system of valves. A pool elevation of 799.2

is maintained by the private dam. Electrical power is required to operate

the valves, gates and lights at the lock.

OPERATIONS AND MAINTENANCE

The Corps'project in the St. Anthony Falls Upper and Lower Pools now

consists mainly of operating and maintaining the locks and Lower Dam, and

dredging in order to maintain the navigation channel's minimum authorized

depth.

Lock Operation

The locks at St. Anthony Falls are operated from the opening of the

navigation season (usually mid-April), until its close (usually mid-Decem-

ber), on a 24-hour basis. The small size of the locks--compared with the

standard 100 x 600-foot locks from Lock 2 downstream--limits tows to one

or two barges plus a small shuttle towboat. Although the Upper Lock con-

tains twice the volume of water of the Lower Lock, both locks require only

about 8 minutes to fill. This is accomplished at the Upper Lock by means of!
two culverts, which doubles the intake and outlet rate of flow.

Free use of the locks is available to all craft. However, the Secre-

tary of the Army has established the following priority system for vessels

jlocking through (S.P.D.-NCS, 1969):
1. U. S. military vessels

2. Vessels carrying U. S. mail

3. Commercial passenger ships

4. Commercial tows

I
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5. Commercial fishing boats

6. Pleasure boats

More detailed information on lock operations is available from the

Lockmaster at each facility.

Dail Operation

The Lower Dam is operated by the Corps to maintain pool elevation at

750.0 feet. This provides sufficient depth for safe navigation of the pool

to the Upper Lock, and for the 4800 cfs (cubic feet per second) needed for

hydroelectric power production. The Upper Dam is a fixed-crest 3tructure

which maintains the water surface at an elevation of 799.2 feet (above mean

sea level, 1912 data). Inflow increases the elevation upstream from the dam

(See Table 2). It is owned and operated by Northern States Power Company.

The Upper Dam has 2-foot flashboards which automatically release when the

discharge of the Mississippi River becomes greater than 40,000 cfs. The

Upper Dam provides sufficient depth to the head of navigation (Soo Line

R.R. Bridge, Mile 857.6) and the 3830 cfs needed for hydroelectric power

production. Neither dan can be operated to control floods due to low pool

Table 2. Ordinary High Water Elevations

Upper Mississippi River - Mile 853.3 To Mile 857.6 (S.P.D.-NCS. 1969)

Miles
Above Project Ordinary
Ohio Pool Pool High Water
River No. Elev. Elev. (1)

854.0 Upper 799.2 801.9 Upper St. Anthony Falls Lock
St. Anthony

855.2 " " 802.0 Minneapolis, Minn.-10th Avenue N.E.

855.8 802.1 " " Upper N.P. R.R. Br.

857.6 " " 802.4 " " -Soo Line R.R. Br.

859.0 802.5 51st Avenue North

(1) Preliminary Survey of O.H.W. - 1 September 1964.

X

-| i
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capacity and constriction of the flood plain by extensive urban development

upstream on the river banks.

Both Upper and Lower Locks have tainter gates at their upstre=, ends,

which assist in pool elevation regulation. Passage of water through the

locks can occur at discharges of over 40,000 cfs, because faster currents

due to greater discharges are hazardous to navigatiol.

Channel Maintenance

The river bottom must be dredged in some reaches because increasing

water depth by damming alone could not provide sufficient depth everywhere

in the St. Anthony Falls Pools. During the year, changes in hydraulic

efficiency of the river (i.e., its ability to keep its sediment load in

suspension along the length of its channel) results in areas of sediment

accumulation. These areas are dredged by the Corps of Engineers to remove

this hazard to commercial navigation, using clamshell dredged such as the

Derrickbarge 767.

Dredging and spoiling are carried out by one of two procedures, depend-

ing on the proximity of the dredge site to shore. If the shore is within

reach of the boom of the clamshell dredge, the dredged river sediment is

cast directly upon shore. If, however, a spoil site is not available within

reach, the sediment is cast into barges and towed to the spoil site (See

Figure 9). At this site the sediment is dropped back into the river by

releasing the side gates on the barge (See Figure 10). The sediment is then

redredged by another clamshell and cast upon the side, whereupon it is

pushed away and levelled by bulldozers (See Figures 11 and 12).

Maintenance dredging in the St. Anthony Falls pools has yielded an

average of over 23,500 cubic yards annually (5/470 cubic yards per river mile

per year) since the Lower Lock opened for navigation in 1959 (S.P.D.-NCS,

1973) (See Figure 13 and Table 3). The 5470 cubic yards dredged annually per

river mile is intermediata compared with the other pools in the St. Paul

ILI



Figure 9. The Clamshell Dredge Derrickbarge 767 Deepening
the Nine-Foot Navigation Channel on the MIississippi
River. The Spoil is Dropped into Waiting Barges

which Transport it to the Spoil Site (Colingsworth)

II

Figure 10. Spoil Ba rpo Slwhw ing. S "ifd-Moint ed Glt es for
Dropping the Spoil atL t he Spoil Site
(Col ingsworth)



-27-

or,

Figure 11. The Clamshell Dredge Derrickbarge 771 Redredges

the Spoil Dropped by the Barges and Casts it on
to the Spoil Bank. Note the Figures in the Right
Foreground (Colingsworth)

I"

Figure 12. The Newly Deposited Spoil Piles are Levelled
by Bulldozer (Colingsworth)
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Table 3. Annual Volume of Sediment Dredged, in Cubic Yards,
from Upper and Lower St. Anthony Falls Pools from
1959 to the Present (S.P.D.-NCS, 1973)

Volume Dredged, in
Year Cubic Yards

1959 1,405

1960 405

1961 443
ANNUAL AVERAGE: 23,522 cubic

1962 2,051 yards per year

1963 5,338

1964 66,607 ANNUAL AVERAGE: 5,470 cubic
yards per year per mile

1965 9,629

1966 35,224

1967 39,221

1968 0

1969 14,356

1970 135,038

1971 0

1972 19,591

14 years 329,308

o 150
V-0

100
.C

r- 0 50
o o

I 1930 lQ40 1950 1960 1970 1980
Years

Figure 13. Annual Volume of Sediment Dredged, in Cubic Yards,
from the St. Anthony Falls Pools from 1959 to the
Present (S.P.D., NCS, 1973)



-29-

District (See Table 4). However, there are very few spoil sites, and those

are small, due to the extensive development of the river banks in the St.

Anthony Falls pools. The dredging data indicate that the upper reach of the

Upper Pool requires more dredging than elsewhere in the pool (See Figure 1

in Appendix A, IV).

One million cubic yards of river bottom was dredged from the Falls pools

during construction, which began in 1948. A portion of the dredged spoil was

deposited along the river banks in the Upper and Lower Pools, and the remain-

der below the Washington Ave. Bridge. Also several islands were eliminated

in order to cre-i'-. the navigation channel (S.P.D.-NCS, 1960).

jAvailable data indicate that this construction dredging and alteraticis
to the dams resulted in changes in the area of main channel, backwaters and

islands. In the Lower Pool the acreage of main channel increased about 144%,

to 52.2 acres, between 1935 and 1973 (See Table 5). During the same period

the acreage of backwaters decreased about 18% and that of islands about 27%

to 7.9 and 11.3 acres, respectively. In the Upper Pool the acreage of main
channel increased about 14% to 280.2 acres from 1935 to 1960 (data for 1973

as yet unavailable), while backwater and island acreage decreased 40% and

9.2%, to 23.3 and 42.2 acres, respectively. From 1960 to 1963, which was3 during construction of the Upper Lock, acreage of main channel, backwater

and islands decreased by 15%, 34% and 10%, to 237.8, 15.3 and 38.0 acres,

: 3 respectively.

3 Bridges

Nine railroad and automobile bridges span the Mississippi River in the

U St. Anthony Falls pools (See Table 6), most of which required modification

in order to accommodate barge traffic. Vertical clearance (height above water

surface) of some of these bridges are less than those found downstream both

because the fast currcnt at discharges greater than 40,000 cfs are not navigable,

and to minimize the cost of alterations to the bridges to allow navigation.



* -30-

Table 4. Quantity of Sediment Dredged per Year from the Mississippi River
and Navigable Tributaries in the St. Paul Engineers District
(Calculated fromi data from S.P.D.--NCS, 1973)

Average Annual.
Average Annual Volume Per Year
Volume Per Year Per River Mile

Pool or Tributary (in cubic yards) (in cubicyards)

St. Anthony Falls 23,522 5,470

Pool 1 125,640 22,042

Minnesota River 12,253 834

Pool 2 175,126 5,422

St. Croix River 40,836 1,667

Pool 3 112,187 6,130

Pool 4 487,836 11,062

Pool 5 235,969 16,052

Pool 5A 152,302 15,865

Pool 6 95,371 6,716

Pool 7 150,303 12,738

Pool 8 282,549 12,127

Pool 9 155,000 4,984

Pool 10 94,313 2,875
Total Annual Volume,

Total 14 St. Paul District 2,143,207

IAverage Annual Average Annual

Volume per Pool 153,086 Volume per Mile 8,856
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2. ENVIRONMENTAL SETTING

NATURAL SETTING

Because the operation and maintenance of the nine-foot channel is an on-

going project, the present natural environmental setting includes the project

from its beginning in 1948 to the present. The environmental setting with-

out the project, in this case prior to project construction, must be recon-

structed from published information.

The ecosystems of the upper Mississippi River and its valley to the

head of navigation may be divided into several reaches and into various

components or subdivisions for more detailed description. The uppermost

reach of the navigable river is divided into two pools: (1) the Upper

Pool, from the head of navigation at the Soo Line Bridge (Mile 857.6) to the

Upper Lock and Dam (Mile 853.7) at St. Anthony Falls; and (2) the Lower

Pool from the Upper Lock and Dam to the Lower Lock and Dam (Mile 853.3).

Both areas are characterized by heavy concentration of industry. (Figures
14 to 19 and Figure 1 in Appendix A, IV).

The various ecosystem components of the St. Anthony Falls pools have

been divided also into Physical Aspects and Biological Aspects sections in

this report. The first aspect includes geologic, climatic, and hydrologic

components. The Biological Aspects section includes floral and faunal com-

ponents as part of terrestrial and aquatic ecosystems. It cannot be over-

stated, however, that such subdivisions disguise the often numerous and complex

interactions between components within these river valley ecosystems, as well

as with components throughout the watershed. Thus, wherever possible, the

characteristics of elements in the St. Anthony Falls pools will be discussed
in relation to the Twin Cities area, as well as the watershed. Interactions

with areas outside the basin may be dealt with in a very general manner.
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Figure 14. Aerial View Downstream of the Natural and Socioeconomic Setting of
St. Anthony Falls Lower Pool, and the Location of the LBB Transect
(Colingsworth)

SCALE: Horizontal I" = 200'

East end Profile Drawn Looking Downstream Vertical 1" = 100'
Stone Arch Bridge (East)

i m oring cell

S750'

North Navigation Channel South

Transect LBB, River Mile 853.4

1 iFigure 15. Profile of the Mississippi River at the LBB Transect,
St. Anthony Falls Lower Pool (Gudmundson, 1973)
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Figure 14. Aerial View Downstream of the Natural and Socioeconomic Setting of
St. Anthony Falls Lower Pool, and the Location of the LBB Transect
(Colingswor th)

(Coingworh)SCALE: 
Horizontal 1'' = 200'

East end Profile Drawn Looking Downstream Vertical 1" 00'
Stone Arch Bridge (East) i

~mooring jcell

3.3)

North Navigation Channel South

Transect LBB, River Mile 853.4

Figure 15. Profile of the Mississippi River at the LBB Transect,
St. Anthony Falls Lower Pool (Gudmundson, 1973)
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Figure 16. Aerial View Upstream of the Natural and Socioeconomic
Setting at the UCC Transect, Nicollet Island, Boom

Island and Broadway Avenue Bridge (Colingsworth)

SCALE: Horizontal 1" = 200'
Vertical I" = 100'

800' -

780' East Channel Nicollet N t-

Island Navigation Channel

Transect UCC River Mile 854.4

Figure 17. Profile of the Mississippi River at the
UCC Transect, St. Anthony Falls Upper

Pool (Gudmundson).
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Figure 18. Aerial View Upstream of the Natural and Socioeconomic Setting At
the Head of Navigation (Soo Line RR Bridge--arrow), St. Anthony
Falls Upper Pool (Colingsworth)

above 780__

sea
level Transect UAA, River Mile 858.9

j Figure 19. Profile of the Mississippi River at the UAA
Transect, St. Anthony Falls Upper Pool (Gudmundson)

i I ' .....,_.. ..
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Physical Aspects

Topography

From its source in Lake Itasca downstream to St. Anthony Falls Lower

Lock and Dam, the upper Mississippi River drains a watershed of about 19,680

square miles (Figure 20). This large watershed consists principally of

level to rolling terrain, although scenic bluffs 100 feet or more in height

occur along some portions of the River and its tributaries. The present

topography is derived mainly from the Pleistocene glaciers as subsequently

modified by erosion and, more recently, by man. Present topography plus

the climate (which grades eastward from dry subhumid to humid) soils and

man's activities has led to a vegetational gradation from the extensive

mixed pine-hardwood forests bejeweled with numerous lakes and streams in

the northeast, to the productive open farmland in the southwest, dotted with

marshes and lakes and laced with ditches and streams, much of which formerly

was prairie.

Above St. Anthony Falls the Mississippi River meanders between banks

15 to 25 feet high through a broad, shallow glacial outwash valley. At

St. Anthony Falls it descends 75 feet and then flows eight miles to Fort

Snelling through a gorge 100 feet deop scoured by these falls. During this

passage the Mississippi drops another 38 feet, at Lock and Dan 1, Minnehaha

Creek joints it, and it flows past historic Fort Snelling. Downstream from

the Fort, where it is joined by the Minnesota River, the Mississippi is con-

tained by another deep but much braoder valley once carved by a huge glacial

meltwater river.

Geology

The upper Mississippi River watershed is underlain by a series of Pre-

cambrian igneous and metamorphic rocks north of Big Lake, Sherburne County,

Minnesota. Downstream this basin is underlain by Cambrian, Ordovician and
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Figure 21. Bedrock Map of Minnesota (Minn.

Geological Survey, 1969)

U and Devonian sandstones and limestones to the east and south and by Cretaceous

shales to the southwest and beyond the basin (See Figure 21 and Figure 22).

In the last million years at least four glaciers scoured their way

across these rocks and through the present Twin Cities area (See Figure 23)

then receded and lef t hills and valleys f ormed f rom debris or"drif t" , which

they had transported long distances. Deposits left by the last one, the

Wisconsin Glacier, were brought first from the northeast by the Superior Lobe,

j and consist of red-colored sandy and pebbly deposits (See Figure 24). Later
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Figure 24. Maps of Minnesota Showing Extent of Ice

Lobes During Various Phases of Wisconsin
Glaciation (Winter and Norvitch, 1972)

the Grantsburg Sublobe of the Des Moines Lobe brought buff colored sands, clays,

and rock from the Cretaceous shales, more or less covering much of the previous

j deposits. Such deposits, if unstratified, are termed till; if transported and

sorted according to size by glacial meltwaters, they are termed outwash.

These glacial advances stagnated at various times and places in Minnesota

(and elsewhere), dumping huge mounds of large quantities of rock, stone, gravel,

sand and clay. Such mounds, formed at the terminus of the glaciers, generally

. conformed to their shape; thus, they are termed "end" or "terminal" moraines.

These moraines and other till and outwash, which have been subsequently modi-

flied by climate, vegetation and man, form our present soils and topography.

One large outwash deposit, the Anoka Sandplain, was formed by the Grants-

burg Sublobe (See Figure 25). The present Mississippi River above St. Anthony

Falls glides through a broader valley which probably was carved during the

last phase of formation of the Sandplain.

I

-''.
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Figure 25. Maps Showing Formation of the Anoka

Sandplain at Two Stages
(Winter and Norvitch, 1972)

Later at St. Paul, near the present Holman Field, Glacial River Warren

~plunged over a rock ledge into a preglacial channel (See Figure 26); other

preglacial valleys were apparently filled with sediment. The "River Warren

I Falls" thus formed receded upstream to the site of the present Fort Snelling,

where it divided. The "River Warren Falls" soon became extinct when it re-

Sceded to another pgacavleyabout three miles upthe pentMinnesota

River. The St. Anthony Falls was born as the falls eroded past a tributary,

~the forerunner of the present Mississippi River. Similarly, as St. Anthony

Falls receded upstream past Minnehaha Creek, Minnehaha Falls began. As St.

i Anthony Falls continued to erode the soft, crumbly St. Peter Sandstone from

under the more resistant Platteville Limestone, the deep gorge was formed in

which lies the present St. Anthony Falls Lower Pool.

J.. ) _ . -
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Figure 26. Map Showing Preglacial and
Interglacial River Valleys of
the Twin Cities Area
Schwartz and Thiel, 1963)

These rock formations, are exposed along the river bluffs, such as

Father Hennepin Bluffs Park located on the left bank of the Lower Pool.

These and deeper rock formations dip about 20 feet/mile toward a low point

on the Mississippi River just south of the University of Minnesota, forming

Twin City artesian basin (See Figure 22).

CI imate

The climate in the upper Mississippi River basin varies from dry sub-

humid in the west to humid near Lake Superior, with the Twin Cities in the

- --- ---- .
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larger, moist subhumid central region. The average temperature varies from

about 45 degrees F. to less than 40 degrees F. from south to north, while

the normal total precipitation varies from less than 20 inches per year in

the prairie to more than 28 inches per year in the northeast. About 20

percent of this precipitation falls between November and March. This is

a generally windy region, with seldom a windless day. Average wind velocities

range from 6 to 12 miles per hour with storm winds, especially tornadoes,

greatly exceeding this. Generally the summer winds are southerly, bringing

tropical air to the region, and winter winds bring Arctic air masses.

Soils

The composition and depth of soil is a product of climate, vegetation

and animals modifying parent material. Topography and exposure are also

important.

The soils in the upper Mississippi River basin vary from the north-

eastern well-leached (pedalfer) soils, which are typical of moist forests

and have a shallow organic layer, to poorly leached (pedocal) soils having

a deep organic layer in the prairie southwest. The Twin Cities soils are

primarily pedalfer and vary from sandy clay boams on till to loamy sands

which are deposited in slow-water reaches, and a few small areas of clayey

soils deposited in standing water (See Figure 27). Well-drained sites and

northern exposures have lighter soils with less organic material.

The soils along the river bank and on top of the bluffs in the St.

Anthony Falls Pools are generally coarse sandy soils of less than 12%

slope, ranging from shallow to over 15 feet deep. These soils are char-

acteristically well drained on hills but with a high water table in lower

areas. The percolation rate is generally less than 10 minutes per inch.

These soils tend to be acid and low in nitrate and potassium.

LIM
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Land Use

The land adjacent to the Upper and Lower St. Anthony Pools is one of

the earliest areas of settlement in the Twin Cities area. In the early

settlement period the Falls represented both a substantial barrier to navi-

gation and a ready source of power for saw and grain mills, and for manu-

facturing. Hence this land has shown continuous and intensive urban

settlement for over 150 years. The consequences of this are reflected in

a number of ways. Almost complete obliteration of natural ecosystems, dis-

ruption of geologic and topographical features and obliteration of archeo-

logical features are among the effects of this long settlement and constant

change. This has been and will be a continuing process.

Land in this area is almost completely zoned for industrial and com-

mercial use (Figure 28) with only a few small areas set aside for recreational

use (Figures 29 and 30).

Due to its early settlement the St. Anthony Falls district has many

historical and cultural associations, but even the existing sites of interest

have been integrated into continuing economic use. This is characteristic

of land w'ch has been of high monetary value over a long period and where

current economic needs and cultural needs must be integrated.

The annual increase in tons of goods shipped by river (see Socioeconomic

Section) attests to the continued economic growth in the Upper Mississippi

River basin. This growth is concentrated in metropolitan areas as evidenced

by housing developments, urban renewal, development of industrial parks, and

highway construction (See Figure 28).

About 100 square miles of the 3000 square mile Twin Cities metropolitan

area--an area about 10 times downtown Minneapolis is projected to be converted

to urban development by 1980. Part of this area may be devoted to highway

construction, including freeways such as 1-35W, 1-94, 1-494 and 1-335.
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Figure 31. Existing Open Space Land Use
(Ninneapolis Planning and

~ ( ADevelopment, 1972)
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In light of this growth, the Metropolitan Council has adopted a Parks

and Open Spaces Program to guide municipalities in preserving undeveloped

areas (Figures 29 and 31) for aesthetic, recreational, historical and pro-

ductive uses. Examples of such sites include floodplains, wetlands, shore-

lines, steep slopes, aquifer recharge areas and wooded sites.
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Evidence of this need was indicated in 1967 when it was found that only

about 1/10 of the 310 miles of shoreline along the major rivers in the metro-

politan area were in public ownership. Also only 42 of the 704 metropolitan

lakes were fronted with parks of 15 or more acres, and only 40 lakes had pub-

lic or commercial beaches.

The Council's program urges completing acquisition of 12 sites for

major metropolitan parks and consideration of 22 othcr sites, as well as

the purchase and development of 107 waterside parks for public access to

rivers and lakes. Ocher types of areas suggested include a trail network,

protection open space (such as flood and drainage ways) , open space for in-

dustrial and agricultural production, and scenic open space.

Development of riverbank top and slope is so extensive in the St.

Anthony Falls Pools, that little vegetation remains (See Figure 16). A 4

slight fringe does remain in the Nicollet Island area and in the six-acre

Father H-ennepin Bluffs Park which includes the former Lucy Wilder Morris

Park. Thus bare soil is evident nearly the entire length of these pools,

* and may bring to the Mississippi significant amounts of sediment, nutrients

and other pollutants.

Further development of barge terminals is occurring in this pool, partly

due to the transfer of the Minneapolis Municipal. Terminal from Pool 1. Thus

materials entering the St. Anthony Falls Pools will increase with simultane-

ous decrease in vegetation, wild life and probably recreation.

Future planned development may further crowd out or diminish the natural

environment (Minneapolis Planning and Development, 1972). This extensive

redevelopment of the bluff tops and river bank includes apartments, towers,

shops, marinas and other recreational facilities, as well as new bicycle

trails and foot paths.
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Groundwater

Large quantities of groundwater are present in the highly permeable,

surficial sand deposits. Many lakes and streams are located in these

deposits. Rapid removal of groundwater from these aquifers generally induces

water to move from the lakes and streams. These aquifers supply 95 percent

of the water outside of the large cities. They are similar in chemical com-

position from the Mississippi headwaters to the Twin Cities, except that in

the Cities their waters have only one tenth to one hundredth the iron con-

tent of that in the headwaters region.

In the Twin Cities and 13 surrounding comnunities, the Mississippi

River supplies the water. There are also a large number of wells in this

area which are used mainly for industries and air conditioning. Total

groundwater consumption was 200 mgd (million gallons per day) in 1970,

estimated to be about 1/4 the total sustainable yield. The Prairie du

Chien formation of Jordon Sandstone supplies about 75 percent of this

water, while The Mount Simon-Hinckley Sandstones supply another 15 percent.

The former aquifer supplies a medium hard water (average 412 ppm, 1961) from

350- to 450-foot depths. It also contains more dissolved solids, sulfates,

and bicarbonates, but lower iron and chloride than the lower (1000 foot) Mt.

Simon-Hinckley aquifer.

Potentiometric studies (1970-71) of the water surface in the Prairie du

Chien-Jordan aquifer in the Twin Cities indicate two groundwater recharge

areas which flow to the St. Anthony Falls Pools (See Figure 32). These in-

clude mainly southwestwardly inflow from White Bear Lake and eastward in-

flow through Lake Minnetonka area.

Hydro1oy

Runoff in the upper Mississippi River watershed varies from one inch

in the westernmost extent to eight inches in the northeast, with four to
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five inches in the Metropolitan area. Evaporation is greatest in the south-

west, at 34 inches, and decreases to less than 24 inches in the northeast.

The Twin Cities lose about 30 to 31 inches per year by evaporation. Some

runoff is stored in six upstream reservoirs, built between 1881 and 1912

to augment low flow. After construction of the locks and dams, and estab-

lishment of the nine-foot channel, need for higher minimum flow centered on

pollution abatement.

Average (1907 to 1945) daily discharge of the Mississippi River at

St. Anthony Falls is 5,510 cfs. Maximum discharge was 91,000 cfs in 1965

and the minimum was 462 cfs in 1934. The average water velocity in the

St. Anthony Falls Pools is about one-half to two mph at normal stage (S.P.D.-

NCS, 1969).

Since navigation is not feasible at discharges greater than 40,000 cfs,

bridge clearances are based on the river elevation at this stage. The mini-

mum horizontal clearance at this discharge is 121 feet and 21.4 feet verti-

cally at the upper Burlington Northern Railroad Bridge at Mile 854.4 in the

Upper Pool, and 56 feet horizontally and 24.4 feet vertically at Burlington

Northern Railway's Stone Arch Bridge (Mile 853.7) in the Lower Pool.

Biological Aspects

Terrestrial Vegetation

The native vegetation in the upper Mississippi River watershed compris-

ing Minnesota and western Wisconsin, changes from tall-grass prairie in the

west to deciduous forest to mixed deciduous-coniferous forest to the north-

I east (See Figure 33). This transition occurs as a series of mosaics rather

than discrete belts, with small islands and peninsulas of vegetation of one

type isolated by another. Topography, exposure, soils and man are important

factors in this mosaic.

I
I
I
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Figure 33. Present Day Forest Cover
(Minnesota Outdoor Recreation Preliminary
Plan, 1965. Minn. Dept. of Conservation)

The Twin Cities lie in the westward-extending deciduous forest penin-

sula consisting of maple and basswood on the heavier soils in the uplands, and

poplar, willow and elm on the floodplains. On sandy soils to the northwest

of the Twin Cities--in Anoka, Isanti, Sherburn, southwest Benton and segments

of adjacent counties--there is an island of a drier, less dense deciduous for-

est. This forest consists of well-spaced small to medium-sized oaks with an

abundance of grasses, and is termed a savanna.
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West and south of Mankato and South St. Paul lies the tall-grass prairie

region which includes bluestem and bunchgrasses. The prairie ecosystem has

built up the soils of this area to their present rich level of productivity.

Urban and agricultural development have disrupted or removed much of this

vegetation on the level uplands, but sizeable segments remain on drier sites

in the bottomlands and on steep-sloped terrain.

A cross-section from the river, across the flood plain and up the bluff

face, shows typical vegetation zones (See Figure 34) The vegetation changes

from rich, moist grassy meadows and bottomland woods to northern hardwood

forest, then to dry upland forest near the top, to prairie grasses on the

drier blufftop.

On the floodplain in the Twin Cities area, exposed sand and mud deposits

become vegetated by herbs such as teal grass, millet, smartweed, and others

(See Table 7). An herb layer of different composition continues under the

river bottom forest, which consists of elm, maple, willow, cottonwood, and

other trees.

A thin strip of trees, shrubs and herbs line the bluff-slope (See Figure

18). Along much of St. Anthony Falls Upper Pool upstream a three-quarter-

mile newly sodded and seeded grass slope occurs along the right bank from

the Plymouth Avenue Bridge upstream nearly to the Burlington Northern Rail-

, road Bridge next to the new West River Road. Farther upstream on the right

(west) bank and along most of the left (east) bank, little if any vegetation

can be found. Vegetation is lacking beyond the top of the riverbank in most

places due to their exclusion by industrial sites. The vegetation along the

bluff slope begins again in the parks on either bank above the Soo Line

Bridge, and continues on upstream.

Nicollet Island has a thicker ring of trees and shrubs around it, for

the most part large enough to shield many residential. and commercial buildings

froi.i recreational and other boaters.
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River River Bottom Lower Upper
Border Meadow and Islands Slope Slope 111.11 Prairie

Love-grass Bluegrass Peach-leaved Basswood Red cedar Big bluestem
Sand-grass Golden glow willow Bitter- White oak Little bluestem
Reed-canary- Sedges flackbcrry nut White pine Nodding grama
grass Milkweed Green ash hickory Sugar maple Northern

Rice Aster Cottonwood Hackbcrry Paper birch dropseed
cutgrass Blue-joint Silver maple Ironwood Ironwood Hairy grama

River sedge grass Slippery Bur oak Red oak Porcupine grass
Jewelweed Field elm Shagbark Bur oak Leadplant
Wild horsetail Amer. elm hickory Hazelnut Ground plum
cucumber Joc-Pye- Basswood Sumac

Cocklebur weed Bur oak Wolfberry
Beggar's Water- Common nettle Prickly ash
ticks horehound River birch

Canada wood Swamp white oak

nettle Red maple

Common
nettle

White snake-
root

Wild grape
Va. creeper C
Sandbar
willow

Peach-leaved -

willow 41
Amer. elm -
Green ash
Cottonwood
Silver maple

N

Figure 34. Typical Vegetation Zones Along it Transverse Section
from the River to the Blufftop in the Twin Cities
Area

l'
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Table 7. Vegetation Common to the Habitats of the Upper Mississippi
River Valley and Bluff Tops in the Twin Cities Area (from
Wallace, clelarg, Roberts and Todd, 1969)

Habitat Type Occurrence and Species

Mudflats, sandy Rare in the metropolitan area. Often included in the
shores river-bottom category.

Varies greatly. Some areas contain smartwecds, wild
millet, fall panicum, teal grass and cocklebur.

River-bottom Forests that occur adjacent to the rivers and mainly
forest on floodplains.

Woody: elm, ash, cottonwood, box elder, oaks, bass-
wood, maple, willow, aspen, hackberry, with occasional
pines and arbor vitae in the pine region' .. t.. ,

Herbaceous: some smartweed, wild millet, fall
panicum, teal grass, and cocklebur.

Upland hardwoods Woody: "Big Woods-'-oaks (bur, white, red, and black),
(Big Woods and elm, basswood and maple dominant; with ash, hornbeam,
aspen-birch) aspen, birch, wild cherry, hickory, butternut, black

walnut.

Aspen-birch--eventually become hardwood forests, in-
cludes ash, elm, maple, basswood and oaks.

Dry oak savanna Woody: oak openings and barrens--scattered trees and
and dry uplands groves of oaks (mostly bur oak) of scrubby form with
(oak openings, some brush and thickets and occasionally with pines.
barrens and

aspen-oak),and Aspen-Oak Land: aspen, generally dense, but small in
transition zones most places, with scattered oaks and few elms, ash,

and basswood.

3 Brush prairie Grass and brush of aspen, balm-of-Gilead and a little
oak and hazel in the north; but mainly oak and hazel
in the south.

Grassy meadows Willow prairie (prairie with clumps of willows), grass.
(prairie)

I

I
I
I
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From Hennepin Avenue downstream along the left bank to the Main Street

Power Station a narrow bank-top park with picnic benches is protected by a

canopy of cottonwoods, elm and box elder.

Just downstream from the Main Street Power Station is Father Hennepin

Bluffs Park, a relatively large (six acres) area of box elder, cottonwood,

willow, locust and staghorn sumac. Honeysuckle, wild grape and jewelweed

are found as well as other shrubs, vines and herbs.

For this environmental impact study, imaginary sampling lines called 'tran-

sects" were selected and surveyed across the river above the head of navigation

(UAA at Mile 858.9), halfway down (UBB at Mile 855.7 Figure 36) and 1/4 mile a-

bove (UCC at Mile 854.4 Figure 16 and Figures 35A and 35B). Because the Lower

Pool is short, only one transect was set up, at the center of the Pool (LBB,

Mile 853.4. See Figure 14).

Vegetation along the standard transects in the St. Anthony Falls pools

occurs in zones, probably in response to the amount of soil moisture and dis-

turbance. Vegetation sampling stations were usually located in the middle

of these zones in order to show these apparent patterns. The steep east

(left) bank of the UAA transect is characterized by honeysuckle, slippery

elm, pellitory and other herbs. The quadrat had a vegetation cover of only

40%. The broader west (right) bank consists mainly of grasses, smartweed,

sweet clover, ragweed, wormwood, and hedgenettle on the lower portions. Above

the hill were a line of cottonwoods with numerous seedlings of American elm

and box elder, and the herb thoroughwort. Vegetation cover, except for the

beach zone, ranged from 70 - 90% (See Tables 8 and 9).

Wildlife

Wildlife is diverse in the upper Mississippi River watershed, varying

from large mammals such as moose, bear, and deer to small fur bearers such

as mink and river otter (See Table 10). Also numerous geese, diving and
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Profiles Drawn Looking Downstream (South)

Bottom type: sa = sand, de = debris, gr = gravel or rocks.
V= sample plot (quadrat), + = plotless tree sample (point q*Zrtery

@=b lt same point, Z-!= top of bank

80 .. . ..above 800'

le8 East West- ~~level - . ..

860°4 - b b ff--D - 2 66o0

from north - sa,gr sa,gr froa
.... . t l - nor h

Left iBank rgtBnL/B Transect UAA R/ ght BanK

L/B R/B
Upper Mississippi River Mile 858.9 Upstream

from the Mouth of the Ohio River

Navigation Channel

9804 b---- b --- -b { u---* 2780
sa,gr sa,gr,de sa,gr 1 "

L/B Transect UBB R/B

River Mile 855.7

300' -
780' - East Channel Nicollet

Island Navigation Channel

52 --b - b '4 320

sa, gr sa

L/B /B R/B

Transect UCC River Mile 854.4

SCALE: Horizontal 1" = 200'

Vertical I" = 100'

Figure 35A, Schematic Diagram- of Riverscape Profiles, Plant and

Animal Sampling Locations, and Bottom Types at Each
Standard Transect in the Upper Sc. Anthony Fall.; Pool



SCALE: Horizontal I." - 200'

East end Profile Drawn Looking Downstream Vertical 1" 100'

75 b 750

mu, sa, de, gr de, gr sa, de, gr 11

Left TrnetLBRight (street)
Bank River Mile 853.4 Bank

Bottom type: mu =mud, sa sand, de = debris, gr gravel, rock.
+ =plotless tree sample (point quarter).

Figure 353 Schematic Diagrams of Riverscape Profile, Plant
and Animal Sampling Locations, and Bottom Types

at the Standard Transect LBB in the Lower
St. Anthony Falls Pool

Figure 36. View Upstream of the UBB Transect: West (Right)
Bank, St. Anthony Falls Upper Pool (Cudmundson)

~ -~ - - -AL



Table 8. Plant Abundance on the UAA Transect (at the

Minneapolis Water Works, Fridley), St. Anthony
Falls Upper Pool, October 1973

Pq Qt. 1 lq 
4

q Pt.

Plant Species Pt. Ptr.

Bare Rock 60; 30% 10% 15%
Par icta;ria- p n v anica, Perinsylvania

pellItory 30%
lonic, ra tataric,. T,tt,riia honvsuckle 75%
P1 opul. sp. (seedling). poplar '17

Cruciferae (unidentified), mustard family <1%
Labiatae (unidtnt iifid), Mint

family ]%
Scrophularlaceae (unidentified), Figwort

family <1%
Grasses--Panicu_ m t_ illare, Eray._t is,

and others <1% 60% 80% <1%
Cal~mampstis and others 1%

Poygonum, sp., smartweed <1% 1% 15% <1%
Planta ajor, common plantain sl% %l% 1% 20%
Populus dolto-Ides, cottonwood 1% 1% 1002
Wlntvs ps ia,. dwarf elm '1% 25% 1%
olfida&o sp., goldenrod <1% 5% 1%

Xanthium italici;, Italian cocklebur 1%
Amaranthaceae (unidentified), Amaranth

family 1%
Salix interior, sandbar willow 1%
Melilotus alba, white sweet clover 5%
Lepidium sp , peppergrass 1%
Antemisia bfennks, biennial wormwood 1% 10%
Ekp toryium en.qu nm2, white snakcroot 1% 40%
Ambroi a arr~e- f ii., corne ragweed 10%
Stach.v a p ., undwrt, hedge-nett le 10%
Parthenoeisius jnserta. woodbine 1%

Verhenacene (unidentified), Vervain family <1%
ilentha arvensls, peppermintI <1 7
Mentha sp. , mint <1%

Chenopodiu alLbum, lamb's-quarters,
pigweed <1%

Scutellaria laterifolia, mad-dog skullcap <1%
Taraxacum officinalo, common dandelion <1%
Oxalis dellanii, wood-sorrel <1%
Erigcron aLnuus, daisy fleabane <1%
Phleum prntenseV, timothy grass <1%
Setarla vridi ;, green foxtail '1%

Ulmus anericana, American elm 25%
Acer ne ndo, box elder 20%

* sp. in place of the species name indicates that it is "some species or other",

i.e., chat it was not possible to Identify the specimen comple.tely.

S1. Sc S' 0

Mad A..b,

-o -- L-,,,,--. ... _.4 , iL
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Table 9. Plants present along the LBB transect in
St. Anthony Falls Lower Pool, October, 1973.

Taxa RIB b/B

Acer negundo box elder P

Fraxinus sp. ash P
Rhus vernix staghorn sumac P
Ulmus sp. elm P
SaMbocus sp. elder P
Vitis ripa__raia river hnk grape P
I torium rugosum white snakeroot P
Echinochloa sp. wild nillet P
Bidens sp. sticktights P
Taraxacni of ficinale dandelion P
Brassica napus turnip P
Geranium sp. wild geranium P

Xanthium italica tocklebur P P

Solanum sp. nightshade P

Solidajgo sp. goldenrod P P

Populus deltoides cottonwood P

Ulmus rubra slippery elm P

Ambrosia artemisiifolia sagweed P

Melilotus sp. sweet clover P

Euphorbia esula leafy spurge P
Parthenocissus inserta woodbine P
Nepeta cataria catnip P

Ostry virginiana hop hornbean P

I

/ /00c~ 70 o
VC)
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Table 10. Game Animals, Game Birds and Furbearers
of the Upper Mississippi River Basin, 1960
(FWS, 1970)

M oo:e
3.... ... ..... ... ..... ... ..... .... .. . 

( atcit l 4o .' c............................. ( l, lv a

Whitetail Deero 
. .... .... .... .. 

Oclutuileiis iLi Laamis \v'ou IwoJ ............................. liiuh!2 l,:i,,r
A ntelop a ..................... ,,lll'oI tlatICIII U rW , 'CHi 7 ...iiO; .n j .. .. .. .. .. .. .. .. ..... . ~ l,!,l~ a''

Black Bear
a  

........................ Ureus /flanvCriC,t Kinwj R l0-
1  .. ..... .... .... .... ..... ...  lal!uhsi !,

Snowshoe Hare
a ... . .... ... ............ 

I.cpu s a/icrital is Vir: I, aiN ......................... Ra!fto lit ; ,1!.

Whitetail Jackrabbit ......
. . . . . . . . . .  L c(i1i lont1iWuji Sofra Ri03 .......................... 'orzcan I crth/Da

Swamp Rabbit- 
. ... .... .... ..... .. 

S lilh:les aqua!tiIs Caiaida Gooil ...................... Bratita caladeniw s

E. Cottontail Rabit
. .... ... .... ... 

S)vlrilagus Jlor L/utts Snow (oos ........................... (7 lell /vcrlorca

E. Fox Squirrel " 
........................ Schir s ,,r Bloe Goose ........................ C. l (acrtlt / '; / is

E. Gray Squirrel
3  ... .... ... .... .... 

Schiun s ceroli sis Mallard .......................... Anaas jllt)rh't/( hos
Red Fox3 .. ... ..... .... ... .... ..... .....  

ilpes filva Flack Duck ........................... A nas rub lil'c

Gray Fox. .................. Uroc(i-ou chil'rcuar, 'tncus Gad/val. .............................. Arias strepera

Raccoon
3. . .... .... .... .... ..... ... ...  

J'rocyot h)tur Pintail .................................. A nas ccuta

Opossuina 
....................... Didelphis mcis/ipialis Gieen-winged Teal ................... A tas criolii. Lsis

Mink ................................. AItICela 'ison Blue-wving2d Teal ....................... A tas discols

River Otter ......................... t Llra can /ad'ntis American V.'idgeon .................. Alarcca ain(ricantz

Least Weasel .......................... Alustel, ii osa Shoviler .......................... Spatula cl ict,

Shorttail Weasel ...................... Alustela cintica Wood Duck ............................. Aix spoi sa

Longtail Weasel ....................... ilust lta fronata Bledheed ........................... Aytl/)a al ria,;.7

Striped Skunk ..................... A phitii m phlitis Canvasback ........................ Aythyo rlii/i/ria

Spotted Skunk ....................... pilogah' i :Ino us Lessur Scaup .......................... Ayh.a ,/]ffi

Reaveru 
... ..... ... .... ... .... .... .  

Castor caiIC nl Isi Ring-necked Duck ..................... Atth ta ,,iLath

Muskrat '  . ... ..... .... .... ... .... .  
Oi/1711a ZibClhl a Pufflehei d ........................ Bu ccphala cll C,

Ruffed GrouIse: . ...................... o'1a.W uIMll0111S Ruddlv Duck ...................... O) ilia j.,on., : C;

S arp.taild Grouse
3 . . . . . . . . . . . .  Pcdioccics /ths./tL iciI/15 Comluon r.,rgner................ . il.:.

4 
" s 1 !,: : r

bobwhite 0tial "1 
.................... Colil s v'li lia/luI Red breasted kcrw.ean r................... /Cl.' I$ ir

IIlunl arian tPjrtridgeI .................... 'clrdi L Id Codiejd LICZ\:: fln/ei .......... . Lojld;O, iy'tcI /Ill /1i:t :1

Ring reckcd Phesaint 
... ... ..... ...  

Phas;li//s COl1/ti/i/s Coot .............................. li/dia aincrici/i

Wild Turkey:' ...................... khC'e SriS gallut4a)o Common Galinule ................. Galliattla chkllult/1

Mourning Dove" ... ..... ... .... ...  
Zcitaidlir l/5TCro0t14

a Species tistribution on range maps.

dabbling ducks and other birds migrate through the watershed, including the

Twin Cities area, in Spring and Fall.

More recent data (Wallace et al., 1969) suggests a wider diversity of

animals in the Twin Cities area (See Table 11).

Birds which have been reported in the Twin Cities area and their migra-

I tion schedule is given in Table 6 (Appendix A, IV). About 280 species of

birds have been sighted, of which 97 arc cormmon summner residents and nest in

the area. Another 98 species are present in small numbers, often as spring

A -: 2
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Table ii. Animals Common to the Diverse Zones of Vegetation
from the River to the Blufftop (after Wallace,
Mcllarg, Todd and Roberts, 1969)

llabitat Tye Spec i es

Deep marshes Frogs; water snakes, turtles; coot, grebes, rails,
blackbirds, marsh birds, blue-winged teal-, mallard,
herons, black tern; muskrat, mink.

Shallow marshes Frogs, toads, snakes and other amphibians and reptiles;
coot, grebes, blue-winged teal, mallard (nesting),
migrating ducks, pheasant; muskrat, mink, and white-

tailed deer.

Wet meadows Leopard frogs, salamanders, snakes, other amphibians
and reptiles; herons, pheasant, nesting waterfowl,
marsh song-birds; red fox, white-tailed deer.

Mud flats, sandy Nesting ducks, other marsh and shore birds, songbirds;
shores and bogs small mammals, deer.

Wooded end shrub Spring peeper, swamp tree frogs; woodcock, marsh and
swamps song birds, herons, wood duck (nesting); small. rodents

and shrews, beaver, mink, racoon, and deer.

River bottom Green frog, salamanders; snakes, turtles; wood ducks,

forests forest songbirds, upland gamebirds; cottontail rabbit,
raccoon, gray fox, white-tailed deer.

Upland hardwoods Wood frog, salamanders; snakes, including pilot black
snake, red-bellied snake and Brocon snake; ruffed grouse;
flying squirrel, raccoon, gray fox, red fox, white-tailed

deer.

Dry oak savanna Snakes; ruffed grouse, pheasant; spotted and striped
and dry uplands skunks, red fox, woodchuck, white-tailed deer.

Brush prairie Prairie songbirds including horned lark, bobolink,
vesper sparrow, lark sparrow; killdeer.

Prairie grassland Hog-nosed snake; upland plover, Hungarinn partridge;
whitetail jnckrabbit, 13-lined and Franklin ground
squirrels, badger.

. ..&. . ....



-66-

and fall migrants. Irregularly scen bird species, i.e. single sightings,

account for another 85 species.

Bird counts, mainly casual except for herons, egrets and the haAs,

showed a preponderance of mallards and wood ducks in the St. Anthony Fall,;

pools compared with the other pools in the Twin Cities area (See Table 12).

These species comprised 90 of the 130 individual bird sightings recorded

and include 25 ducklings. Most of these birds were sighted not on the river's

main channel but in the east channel around Nicollet Island and in the back-

waters downstream from Hennepin Island.

The trees along the bluff slopes and tops and especially the small park

areas attract spring and fall migrating birds, and provide nesting sites for

some sunmer residents as well. The small park are-Ls may even serve as a

small reserve for these and other wildlife near the center of extensively

urbanized downtown Minneapolis.

Water Quality

Water quality is considered generally good in the 1Mississippi River

downstream nearly to St. Anthony Falls (See Figure 37) especially when com-

pared with the next three downstream pools (F1W7PCA, 1966). Water use is

varied in the Upper Pool, including use by industry, navigation, recreational

boating and fishing, and aesthetic enjoyment; the only activity advised against

is swimming (whole body contact).

Quality decreases just upstream from the Falls, affecting water usage

for consumptive use by humans and the lower animals, and limited body contact

(IVPCA, 1966) (Figure 38). Although the dissolved oxygen is high (average of

8 milligrams per liter) bacteria and phytopiankton reach relatively large num-

bers, some species of the latter sometimes causing tnste and odor problems

(See Table 13).
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TabIe 12. Bird Abundance in the River Valleys in the Twin Cities
Area Based Upon Casual Observatioms, 1973.

Bird Flood Plain SAF Pool Pool Minn. St. Total
Species Lakes Pools 1 2 R Cx.R. Indiv.

Minn. Pool

R. 2

Great blue heron 75 29 13 84 201

Common egret 19 86 8 4 117

American bittern 3 3

Mallard 25 25 90 1 5 20 166

Coot 48 6 54

Wood duck 9 15 18 2 17 61

Pheasant 1 1

Woodpecker 2 1 3

Yellow-shafted flicker 3 3

Grackle 2 1 3

Sparrow 1 1

White-throated sparrow 1 1

Spotted sandpiper 1 19 20

Bank swallow 3 3

Belted kingfisher- 1 8 22 31

Black tern 3 3

Teal 2 2

Black duck 1 1

Hooded merganser 1 1

Pied-billed grebe 1

Barn swallow 1

Osprey 1 2 3

Red-tailed hawk 1

Green heron 1 2 38 41

Crow 12 12

Black-crowned night heron 8 8

7 ) T em 12 12

C10 7 17

1&) 170 130 1 47 237 0 771

- ' i
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Figure 37, Present Water Uses of the Mississippi River in

the Twin Cities Metropolitan Area (FW4PCA, 1966)
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Seasonal variation in several measures of water quality of the Missis-

sippi River are available for mid-1967 to mid--1969 (Figures 2 to 11 in Appen-

dix A, IV). Daily mean flow is measured at gages in Anoka and St. Paul,

while the other data are automatically recorded at the Northern States Power

Company's Riverside plant (Mile 856.9) and the Shiely terminal on Upper Grey

Cloud Island (Mile 826.6). While in general seasonal patterns are repeated,

the magnitude and time of occurrence vary from one year to another. For in-

stance, the high water experienced this October (1973) also occurred in 1968

but not 1967.

There are also sometimes considerable differences both in magnitude and

time of occurrence between the Riverside and Shiely stations due to inflow

of tributaries, storm sewers and industrial wastes. These and other water

quality parameters are available for January through August, 1973 from the

linneapolis City Water Works in Fridley. Variations in these data range from

2 - 4 fold (Table 3,Appendix A, IV).

These data,p u continuing effort; to ji ,prlv wailer quality, iliiustratt

the weakness in attempting to characterize the M.i,;si -si pi b Jvwr water qulity,

except in gencral teron-, based on a few siil .g t, t iotl.& and oil. or a feW

years study. It also points Lo the obvious benefit of cont inUous data (auto-

matically monitored) versus single non-continuous it.;.urements.

Dissolved oxygen (DO), turbidity, and water temperature were( collected

in September and November, 1973, along the length of the Mississippi and

Minnesota Rivers in the Twin Cities area (Table 4 Appendix A, IV). DO in the Mis-

sissippi did not vary greatly from concentrations of 6 to 9 ppm from the Min-

neapolis Water Works to Newport, although there seemed to be a slight in-

crease due to the turbulance of the St. Anthony Falls Lower 1)am and the Ford

Dam. However, the river "metabolism" is not at its highest (luring November;

j thus important differences along the length of the Mississippi may have been

missed.

I
1
1
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Turbidity of the Mississippi River does not vary from 3 to 6 FTU from

Fridley to the mouth of the Minnesota River which has a turbidity of 42.5

to 56 FTU. This turbidity results in an increase to a turbidity of 11 to

12 FTU in the Mississippi River downstream from the confluence with the

Minnesota.

Aquatic Vegetation

The potential aquatic vegetation in the Twin Cities area may be grouped

into habitat types, such as deep and shallow marshes (greater or less than

three feet deep), and wood and shrub swamps (See Table 14). No vegetation

is known to occur in the main channel.

Such habitats are absent in these pools due to extensive development In

the Upper Pool and inundation of the former floodplain.

Table 14. Aquatic Vegetation of Pool 2 Reach (if the Ni, :sisqippi
River (from Wallacne, "cHarg, Rolrts,, aid Todd, 1969)

HiaIt ats .Spoies

Deep marshes Cattaills, bulruphes, reeds, round-stemmed
bulrush, and wild rice. In open areas:
pondweed,naiad, coonfail., water milfoil,
waterweeds, duekwood, water lilies,
spatterdock and other aquatics.

Shallow marshes Grasses, bulrushes, spikerushes, cattails,
arrowhead, picl ,relweod, smartweed, reeds,

whitetcp, rice cut-grass, Carex and giant
burreed, and wet willow growths.

'Wood and shrub swamps Undergrowth: moss, duckweed, smmartweed,

and others.

I
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Aquatic Animals

More than 120 species of fish are found in the Upper Mississippi River

Basin, 48 of which have been found in Pool 2, but only 16 species recorded

from Coon Rapids (See Table 15). Since water quality is lower in the down-

stream pools, this apparent trend in fish diversity probably reflects both

increased sanpling effort as well as the greater number of backwaters with

higher quality water and habitats compared with the Coon Rapids reach.

The St. Anthony Falls Pools have a diversity similar probably to that

of Coon Rapids on the basis of similarity in water quality and lack of back-

waters. The fish population at St. Anthony Falls contains 28% game fish

(FWPCA, 1966), and sport fishing has been reported, (Cunnin;ham, 1973 and

Moen, 1973), with success for nothern pike at Nicollet Island and bass at

the foot of Hennepin Island (see Tables 7 and 8, Appendix ATV).

Turtles have becn seen sunning tbc.aselvcs on |,alf-submerged logs ("dad-

heads") in the old will race; at the loot of fennepin J; hind. However , aqu.t i c

reptiles and ampibims ii,% have a vcly low popul:!tionl dcll-,ity upntlcm2 to tht.

head of navigation because there seems to be little habitat along the straliht

sterile river margin.

Bottom sediments consist of sand and/or rocks upstrean from the St.

Anthony Falls; no change has been observed since 1964 (See Figures 39A, 3911

and 40).

A dramatic difference in diversity of clam populations was found in the

1940's by Dawley (1947). Although she found an abundan(e of species below

St. Anthony Falls, above the Falls there were very few (See Table 16). Changes

probably have occurred in this distribution pattern since then with the pres-

ences of the Lower and Upper Locks, since they now allow occasional fish bearing

attached clam larvae (glochidia larvae) to pass up above the Falls.
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Profiles Drawn Looking Downstream (South)

Bottom type; sa = sand, de debris,_ gr = gravel or rocks.
= sample plot (quadrat), + plotless tree sample (point rter,

.. = b t same point, .= top of bank

above
sea 8Enst West

level _ I1
8 6 ° -4 b b ~~tr a n s e c t.! I _ __ _ 2 6

from north salgr sa'gr t ! from
-. - north

Let bani-i Right Bank
L/B Transect UAA R/B

Upper Mississippi River Mile 858.9 Upstream
from the Mouth of the Ohio River

8001_

780.' -Navigation Channel

98- b- .b II -. ,"2780
sa,gr sa,gr,de sa,gr 1I 1 -.

L/B Transect UBB R/B

River Mile 855.7

800'-

780' East Channel Nicollet

Island Navigation Channel

sa, gr - sa

L/B B LB R/B

TransecL..UCC River Mile 854.4

SCALE: Horizontal 1" = 200'
Vertical 1" = 100'

Figure 39A. Schematic Digrams of Riverscape Profiles, Plant and

Animal Sampling Locations, and Bottom Types at Each

Standard Transect in the Upper St. Anthony Falls Pool
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- SCALE: Horizontal 1" = 200'

East end Profile Drai:n Looking Downstream Vertical 1" -00'
Stone Arch Bridge (East)

>.- , ' _mooring cell ;,I

.. , l (Lock at Mile 853.3) C
750' 750'_-

_
--

_
--- - -  _ __ -- _______ 75u

North Navigation Channel South

5 b.., :transect
.b ' 1750

mu, sa, de, gr de, gr sa, de, gr

Left Transect LBB Right (street)

Bank River Mile 853.4 Bank

Bottom type: mu = mud, sa sand, de = debris, gr = gravel, rock.
+ = plotless tree sample (point quarter).

Figure 33B Schematic Diagrams of Riverscape Profile, Plant
and Animal Sampling Locations, and Bottom Types
at the Standard Transect LBB in the Lower
St. Anthony Falls Pool

Other bottom organisms apparently have been studied only at Coon Rapids

and in Spring Lake (Pool 2, Mile P21). Because of their greater similarity

to Coon Rapids in their substrate and water quality the St. Anthony Pools'

biota is more similar to the Coon Rapids biota than that in Spring Lake (See

Table 17). Diversity was greater at Coon Rapids and is probably greater also

in the St. Anthony Falls Pools than in Lower Pool 12 (Table 2 Appendix A, IV).

However, the dominant family at Coon Rapids was Chironomidae whereas in St.

Anthony Falls PooJs they are Hydropsychidae and Chironomidae.

Endangered Species

There are seven animal species considered rare or endangered in the Upper

Mississippi River Basin (See Table 18). Others such as the pine marten and

. . . . - .
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Table 18. Rare and Endangered Animals of the Upper
Mississippi River Basin (PWS, 1970)

Animal Prosent Distribution

Indiana Bat Midwest and eastern United States from the
M~otis sodalis western edge of Ozark egion in Okiahoma

Status endangcrcd with estimated to central Vermont to southern Wlisconsin,
population 500,000. and as far south as northern Florida.

Timber Wolf Lake Superior Region of Michigan, Wiscon-
Canis lupus lycaon sin, and Minnesota.

Status endangered with estimated
population 300-500.

Southern Bald Eagle Nests primarily in Atlantic and Gulf coasts
Haliaeetus leucocephalus but ranges northward in summer to

Status endangered with about 230 northern United States and Canada.
active nests in 1963.

American Peregrine Falcon Breeds from northern Alaska to southern
Falco perejrjnus anatu!a Greenland south to Baja California; winters

Status rare with estimated population in northern United States.
5,000-10,000.

N. Greater Prairie Chicken Resident locally in prairie habitat from
Ty!ipanuchus cupido pinnatus central southern Canada south to northeast-

Status rare within Basin. ern Colorado, northwestern Kansas and
northeastern Oklahoma east to northern
Michigan, Indiana, Wisconsin, Illinois and
Missouri.

Greater Sandhill Crane Breeds locally from southern British Colum-
Grus canadensis fabida bia, east to southern Manitoba including

Status rare with an estimated popula- Minnesota, Wisconsin and Michigan.
tion of 2,000 east of Rocky Moun-
tains.

Lake Sturgeon Distributed throughout Great Lakes Drain-
Acipenser fulvescens age with records from Mississippi and St.

Status rare with estimated size of Croix Rivers.
population unknown.

lMEN
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fisher, which are threatened with extinction, are making a comeback in Wis-

consin and Michigan (BSFW, 1973). No studies exist on their status in these

pools; given the degree of urbanization previously outlined it is very doubt-

ful that they may be found in this area.

There are at least several lists of rare and endangered plants in Minne-

sota. The Minnesota Department of Natural Resources recognizes 10 such spe-

cies and these are arranged by habitats in Table 19. A somewhat more extensive

list distinguished between those species which are rare and endangered in Min-

nesota and all of North America and those which are legally protected in Minne-

sota (See Table 20). The latter list is part of a larger one compiled by Dr.

T. Morley (Professor of Bot any, University of Minnesota), the remaining portions

of which include those species in Minnesota which are endangered because they

are near the limits of their range, or because they have not been collected

frequently.

j None of these rare and endangered plant species was observed during this

summer' s vegetation survey nor are they reported to occur in the St. Anthony

Falls Pools.

'I Another list of rare and endangered species in Minnesota includes rep-

I tiles, mammals and birds as well as plants (Table 21). The species are not
necessarily threatened on the national level. While both the osprey and the

common egret, which are included on the list, have been observed in 1973 in

Pool 2 and on the Minnesota River, they have been seen visiting the St.

Anthony Falls Pools.

Pre-project Environment

A few old photographs, a map, and several studies suggest the nature of

the habitat at St. Anthony Falls Lower Pool prior to the 9-foot channel project.

A view of the Mississippi River downstream from the Upper St. Anthony Falls

Dam taken in the 1890's shows a narrow rapid Mississippi River littered with
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Table 19. Rare and Endangered Plants of Minnesota
(Department of Natural Resources, 1971)

Moist Prairie Hlabi tat

Moist meadows Wild orange-red lily, wood lily, Lilium dhiladclphjiu

Shooting star, Dodccntheon meadla

Small white lady's-slipper, CyL pHoediumL candidum
(orchid)

Prairie phlox, Phlox pilosa

Blue-eyed grass, Sisyrinchium anustifolium

Grazing in Hardwoods in the Southeast

Fairly open hardwoods Bluebell, V.rgi- ia cowslip or Lungwort, Mertensia
Vxi__IL jCa

*Minnesota trout-lily, Erythronium propul.lans

*Adam-and-Eve root, Aplectrum byemale (orchid)

jNorthern Forest

Fairly open coniferous Yew, Taxus cananonsis

forests Ram's-head lady's-slipper, Cyplripidium arietinunI
" (orchid)

*has always been fairly rare

1

' I
I

r I

I
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Table 20. Rare or endangered plants of Minnesota with
the counties in which they have been found
(Nature Conservancy -morley 1972)

Plants rare in Minnesota and in all of North America

Cruciferae; Mustard Family
Draba norveica, Whitlow-grass: Cook.

Leguminosae; Pea Family
Lespedeza leptostachva, Prairie Bush-clover: Cottonwood,

Crow Wing, Goodhue.

Liliaceac; Lily Family
Erythronium propullans, Dwarf or Minnesota Trout-lily or

Adder's Tongue: Goodhue, Rice. Found nowhere else
in the world.

Orchidaceae; Orchid Family
Malazis paludosa, Bog Adder's Mouth: Clearwater, Ottertail.

Plants legally protected in Minnesota (the protection is weak,
and needs strengthening).

Ericaceae; Heath Family
Eigaea _repens, Trailing Arbutus.

Gentianaceae; Gentian Family
Gentiana, Gentian, all species.

Liliaceae; Lily Family
Lilium, Lily, all species
Trillium, trillium, all species.

Nymphaeaceae; Water Lily Family
Nelumbo lutea, Lotus Lily.

Orchidaceae; Orchid Family
All Species.
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Table 21. Rare and cndnngered reptiles, mannmals
plants, and birds in Minnesota
(R. E. Barthclcin'y, 1971)

Reptiles Birds continued

Blue tailed Skink Trumpeter Swan

Wood Turtle Bald Eagle

Blanding's Turtle Osprey

Cricket Frog Peregrine Falcon

Red-backed Salamander Marsh Hawk

Connon Newt Sandhill Crane

Mammals Piping Plover

Star-nosed Mole Wilson's Phalarope

Avocet
Plants

Western Willet
Lotus ainericana birdsfoot-trefoil

Caspian TernSMamm ila r ia
MGreat 

Gray Owl
Opuntia raffinesgui3. cactus

Hawk Owl.

Birds Boreal Chickadee

Sprague's Pipit Chestnut-collared Longspur

Baird's Sparrow Lark Sparrow

Yellow Rail Sharp-tailed Sparrow

White Pelican Le Conte's Sparrow

Egrets: 1. common (American) Grasshopper Sparrow
2. cattle
3. snowy Iher; ] o: ,;2i:;rrow

Yellow-breast-cd Chat

jProthonotary Warbler

I
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logs of the lumbering industry (Figure 41). The exposed floodplain on the

right bank is particularly littered with lumber, shacks and construction.

In the foreground is the Stone Arch Bridge and farther downstream the (now

absent) 10th Ave. Bridge. Buildings beyond on the right bank indicate ap-

proximately the head of the present Pool 1. Note the bare bluff under these

buildings and a patch downstreamn on the left bank, near the present site of

the University power plant. In 1895, lumber stacks lined the river bank, and

booms and logs clogged the waterway (Figure 42). Also at this time Hall's

Island (immediately upstream from Boom Island) consisted of 3 smaller islands,

while another island occupied the opposite shore. Boom Island had a slough

2 to 4 feet deep, separating it from shore.

The water surface increased above the Lower St. Anthony Falls Lower Dam

by 1926, the litter was gone, but the bluffs on the right bank near the

steam were bare of cover (Figure 43). Residential development occured on the

floodplain as well as industry, such as the University's power plant (Figure

44). The cement abutment on the left bluff is the Cedar Ave. Bridge under

construction.

In contrast the bluffs presently (1973) are better vegetated and the

river is of sufficient depth to cover the entire bottom of the valley (FigureII 45). Development is extensive along the floodplain and bluff top and bare

soil is seen at the Shiely yard on the right bank immediately downstream

from the St. Anthony Falls Upper Lock.

An example of the plants and animals in the Twin Cities area prior

to the project is available in a study by Leisman (1959). He mapped the

vegetation of east Spring Lake from the General Office Survey Map of 1885

(See Figure 46). lie also summarized the notes by late Dietrich Lange of the

vegetation and animals in Spring Lake in the 1920's and early 1930's.

The early settlement (1855) vegetation in Spring Lake consisted of an

elm-maple forest on the bottomlands, surrounding the marsh now covered by

I
*1
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Figure 46. Spring Lake in 1855
(Leisman, 1959)

Spring Lake, Oaks fringed the bluff tops, while open prairie with aspen groves

ii lay beyond. At his time also

.,.a mill was constructed by D. 14. Truax and John
Blakeley at the mouth of the drainage creek at the
northeastern end of the marsh. This maill raised thc
water level of the marsh so that the epstern half
was transformed into a shallow open lake, while the
western half remained as marsh.
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In the ensuing years the abundance of fish and
wildlife in the lake and marsh attracted scores
of fishermen and hunters to the area. The domi-
nant planL of the marsh was the bulrush, Scirpus
sp. , with mi'any cottornw'oods and willows along the
margins.

Gaine fish abounded in the lake, muskrats built their
houses throughout the marsh, and countless ducks
used the iiarsh and lake as a stopping point on their
annual spring and fall migrations (Leisman, 1959).

Studies made by George (1924) suggest successional stage from willow

to cottonwood on a floodplain downstream from Dam 1 (Ford Dam) (See Table

22). This was accompanied by an overall increase in individuals which

occured as the flood level increased elevation. A decrease in flood level

elevation during the next year may have caused the reduction in individuals.

SOCIOECONOMIC SETTING

The socioeconomic aspects of the environmental setting are discussed

(1) by identifying the three-way subdivision of socioeconomic activities

used in this report and (2) by presenting an overview of these activities in

Pool 2 as they also relate to the Northern Section of the Upper Mississippi

River.

Three Subdivisions of Socioeconanic ActivitiesU

I It is useful to divide a discussion of the socioeconomic setting of the

study area of the Upper Mississippi River into (1) industrial activity, (2)

recreational activity, and (3) cultural considerations.

Industrial Activity

Industrial activity includes agricultural, manufacturing, transportation,

I and related pursuits that affect employment and income in the study area di-

rectly; this includes employment on farms, in barge operations, commercial

*1
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dock facilities, lock and dam operations, and comimercial fishing. While it

is probably most desirable to measure industrial activity in terms of jobs

or dollars generated, lack of available data makes this impossible in the

present study. As a result indices of this industrial activity -- such as

tons of commodities moved, industrial facilities constructed, or pounds of

fish caught -- arc generally used.

Recreational Activity

Recreational activity has two effects of interest. One is the psycho-

logical value to the users themselves of being near or on the Mississippi

River for leisure activities. A second effect is the impact of the recrea-

tional activity on employment and income. Recreational activity is more in-

direct in its effect on employment and income than is industrial activity

and relates mainly to leisure-time activities of people using the Mississippi

River for recreational purposes; examples include boating, sport fishing,

hunting, sightseeing, camping, and picnicking. Recreational activities

frequently use units of measurement like nunber of boaters or fishermen

using a lake or river, fishing licenses sold, or visitor-days. It is of-

ten very difficult to find such measures for a particular pool on the Mis-

sissippi River. Where such data are available -- such as pleasure boat

lockages -- they are used. Where they are not available -- such as fisher-

men using a specific pool -- proxy measurements are used; for example, num-

ber of sport fishermen observed annually by lock and dam attendants are

taken as a measure of fishing activity in the pools -- even though this is

not as precise a measure as desired. Problcm6 involved with placing dollar

values on these recreational activities are discussed in Section 6.

Cultural Considerations

Cultural considerations are the third component of the socioeconomic

setting. These considerations include three kinds of sites of value to

society: archaeological sites, historic sites, and contemporary sites. These
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sites can include such diverse physical assets as burial mounds, historical

battlegrounds or buildings, or existing settlements of ethnic groups such as

Amish communities. Because of the difficulty of placing any kind of value

on such sites, they are simply inventoried in the present study.

Overview oif Socioeconomic Activities in the Study Area

The industrial, recreational, and cultural aspects of Pool 2 are dis-

cussed below in relation to the entire Northern Section of the Upper Missis-

sippi River to provide a background with which to analyze the impact of

operating and maintaining the nine-foot channel in Section 3 of this report.

Industrial Activity

The existence of the Mississippi River and its tributaries has had a

profound effect on the industrial development of the American Middle West.

It has served as a route of easy access for transportation and communication

tying together the industrialized East with the agricultural Middle West as

well as the varied economies of the North ind South.

H-istorical Devel.opmnent of the Waterway. The development of the Northern

Section of the Upper Mississippi as a waterway for shipment has paralleled

the rise of the American economy, keeping pace with the need to move bulk

-I raw materials and heavy, high-volume commodities over the wide geographical

areas served by the river network. This has allowed barge transportation to

remain competitive with other forms of transportation. It is noteworthy that

4 competing systems of land transportation such as railroads and highway truck-

ing utilize the relatively gentle river valley terrain in order to simplify

both engineering design and fuel energy demands. Thus, the Mississippi River

Valley is intensively utilized to meet the transportation needs of the Mid-

west.

Long before the coming of the first white settlers, the Mississippi River

was a transportation corridor for the Indians. It was used to facilitate the
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primitive barter economy and as a route for other forms of social andi cul-

tural comunication and contact.

In its primitive condition, the Upper 1,,Ni :sissippi was characterized by

numerous rapids and rock obstructions. Fluctuations in water flow during

various seasons of the year were minor inconveniences to the Indian canoe,

but demanded modification before substantial commercial use of the river could

take place. Prior to improvements, such traffic was limited to periods of

high water when log rafts and small boats could pass between the Falls of St.

Anthony and the mouth of the Ohio River.

The necessity of modifying the natural course of the river to make it

suitable for commercial navigation gradually became apparent as the size of

the river boats and barges grew. Since the first river steamboat arrived at

Fort Snelling in 1823, stcamboat transportation for freight and passenger use

grew to a peak in the decade 1850 to 1860 when over 1000 steamboats were ac-

tive on the entire length of the river. By 1880 the growth of the railroad

system in tIe U. S. and the lack of a channel of sufficient depth uarked a

decline in the use of the river for tronsportation. However, on the upper

reaches of the Mississippi, growth in freight traffic continued. A peak was

reached in 1903 with 4.5 million tons moved between St. Paul and the mouth of

the Missouri River. A subsequent rapid decline coincided with a drop in river

use for moving logs and lumber. In 1916 only 0.5 million tons were shipped on

this section of the river.

As the population and industry of the Upper Midwest region grew, there

was a corresponding growth in the need for cheap coal for power generation.

A technological consequence of this need was the development of the barge and

towboat which gradually replaced the steamboat on the river. The barge and

towboat required a deeper channel than the earlier steamboats. The need for

coal in the Upper Midwest was complemented by the need to ship large quantities

of grain south to other centers of population. Thus, economies were realized

by having at least partially compensating cargoes going both directions on the
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upper reaches of the river. In the later 1920's large grain shipments from

Minneapolis began.

Although four-foot and six-foot channels had been authorized in recog-

nition of the increasing role of the river in the transportation network of

the U. S. and technological developments in barges and tugs led to the autho-

rization of a nine-foot channel to Minneapolis in 1930. By 1940 the channel

and the requisite locks and dams were essentially complete.

When figures for tonnages shipped at various times on the 'Mississippi

River are examined, it is difficult to make comparisons that relate to Corps'

activities. For example, the following factors complicate the problem of

data analysis during the period prior to 1940:

1. Statistical data collected by the Corps of Engineers covered dif-

ferent segments of the Upper Mississippi River during these years.

Some of the reasons for this appear to be changes in the adminis-

tration of river segments during that time, as well as soie experi-

mentation with better methods of statistical collection.

2. Shipping in the Upper Mississippi was distorted during the decade of

the 1930's due to the construction of locks and dams in the St. Paul

District.

3. From 1941 to 1945 all forms of transportation were utilized for the

war effort without regard to maximizing economic return. Therefore,

data for these years (as with the 1930's) does not necessarily re-

flect a normal period of transportation on the Upper Mississippi.

Barge Shipments. Table 23 shows tonnage information available for se-

lected years from 1920 through 1945 for the river segment identified in the

third column of the table.
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Table 23. River Shipment from 1920 through 1945

Total Tonnage (short tons)
Year Shipments and Receipts* River Segment

1920 630,951 Mpls. to Mouth of Missouri River

1925 908,005 Mpls. to Mouth of Missouri River

1926 691,637 Mpls. to Mouth of Missouri River

1927 715,110 Mpls. to Mouth of Missouri River

1928 21,632 Mpls. to Mouth of Wisconsin River

1929 1,390,262 Mpls. to Mouth of Ohio River

1930 1,395,855 Mpls. to Mouth of Ohio River

1935 188,613 St. Paul District

1940 1,097,971 St. Paul District

1945 1,2"63,993 St. Paul District

*Tonnages exclude ferry freight (cars and other) and certain

cargoes-t raisit.

Source: Annual Repor t of the Chief of Ennoers. S._Arm , Part 2
"Colm, ercial Statistics", Table 7, by selected year.

In more recent years, data are available for the St. Paul District. Table

24 shows the movement of tonnages through the St. Paul District for the years

from 1962 through 1971.

When this table is compared with the previous one, the growth of shipping

on the Upper Mississippi becomes readily apparent. Thus, the total traffic for

the St. Paul District in 1962 was about six times the traffic in 1945, which

was a war year. In fact, traffic in the St. Paul District for 1.962 was more

than five times greater than all of the traffic on the Upper Mississippi between



Table 24. River Shipment from 1962 through 1971.

Total Traffic
Year St. Paul District*

1962 8,168,594

1963 9,266,361

1964 9,621,336

1965 9,205,538

1966 11,346,457

1967 11,618,849

1968 10,736,350

1969 12,647,428

1970 15,423,713

1971 15,423,713

1972** 16,361,174

* Comparative Statement of Barge Traffic on Mississippi River and
Tributaries in St. Paul District, U. S. Army Engineer District,
St. Paul, Minnesota

** Estimated

Minneapolis and the mouth of the Ohio River in 1930. Traffic about doubled in

the St. Paul District between 1962 and 1971. This was due to a large degree

to grain shipments from the District and to an increase in receipts of coal.

In 1928 data were collected on receipts and shipments for the river seg-

ment from Minneapolis to the mouth of the Wisconsin River. This approximates

the navigable segment of the Upper Mississippi within the St. Paul District,

and the data for this segment can be equated with data for the St. Paul Dis-

trict with little difficulty. In that year 21,600 tons were received and

shipped. By 1940, tonnages handled reached 1,000,000 tons annually, when the

lock and dam system and the nine-foot channel were virtually complete. Tonnages

IM
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Table 25. River Trips in 1971.

Tran1sportation Mode Upbound Don.r731ot l,

Self-propelled

Passenger and dry cargo 1,900 1,875

Tanker 3 2

Towboat or Tugboat 8,433 8,419

Non-self-pro.,lled (barge)

Dry car,- 25,250 25,237

Tanker 7,3 2 7311

TOTAL 42,898 42,844

Source: I 'terborne Copmerce of the Unif-od StLt, Caendar_ Year

1-971 , Part 2, page 165. )cpartLment of the Army, U. S.

* Corps of Engineers.

reached 2,000,000 by 1946, and 3,000,000 by 1953. By 1962 over 8,000,000 tons

were shipped and received in the St. Paul District. In the decade between 1962

and 1972 this had doubled to 16,000,000 tons.

Table 25 shows the number of !:rips made on the Mississippi between Minne-

apolis and tile mouth of the Missouri River in 1971.

The commercial lockages through the locks in the study area are shown in

Figure 47 and provide another indication of the recent increase in barge traf-
fic. From 1.960 to 1972 the number of lockages in the portion of the River be-

tween Lock and Dam 2 and Lock and Dam 10 increased by about 600. The most

dramatic increases occurred, however, in the St. Anthony Falls and Pool. 1. area:

1
!.
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Figure 47. Commercial Lockages in Upper Missir;sIppi
River in 1960 and 1972 (S.P.D.-NCS, 1960 and 1972)

Figure 47 shows that commercial lockages through the three locks in this area

increased by more than 1000 lockages each during the period, which includes

the opening of the Upper St. Anthony Falls Lock and Dam.

The shipping season for most of the Mississippi River within the St. Paul

I District is usually eight months, from mid-April to mid-December. The navigable

rivers maintained and operated by the St. Paul District should be viewed within

the context of the system as a whole including the Mississippi, Ohio, Missouri

and other tributary rivers. In 1964 a detailed analysis of origin-destination

waterborne commerce traffic patterns showed that the average miles per ton on

the Upper MLississippi River Waterway System ranged from 700 to 800 miles. This

indicated that the great bulk of shipments and receipts have origins or desti-

nations outside the St. Paul District. Each pool then in addition to its own

1.
---
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shipmoents and receipts contributes to the economic benefits enjoyed by the

system as a whole. Thus, any measure of the economic benefits of the river

commerce on an individual pool must include the benefits that it contributes

as a necessary link in the entire Upper Mississqippi system.

Comm-erc iA1 Dock l7cil ities. To accom;s1oddte the barge traffic on the

Upper 11ississippi River, uiny firms maintain commercial docks. Some of these

have elaborate facilities for loading or unloading specialized cargoes with

which they deal--coal, oil, grain, and gravel and crushed rock. The facilities

vary appreciably with individual pools. Those serving the firms in the area

covered by this report will be discussed later in Section 3 under "Socioecono-

mic Systems".

Commercial Fishing. Commercial fishing along the Upper Mississippi de-

veloped in the last half of the nineteenth century and during the twentieth

century.

Limited data are available on the extent of comercial fishing on the

Upper Mississippi prior to 1930. Howevr, data on cor:mcrcial fishing in the

1960's show that there was no commercial fishing in the St. Anthony Falls

Pools (UMRCC 1962-1971).

Recreational Activity

In addition to the industrial activity described above, the Northern Sec-

tion of the Upper Mississippi River has provided innumerable recreational op-

portunities for the entire region it serves. Even prior to Congressional

authorization of the 4 1/2-foot channel in 1878--the first comprehensive pro-

ject on the Upper Mississippi, from the mouth of the Ohio River to St. Paul--

settlers used the river extensively. The Upper Mississippi provided settlers

the opportunity to boat, fish, hunt, and sightsee. However, the need for these

settlers to carve out an existence in the Minnesota wilderness of the early

nineteenth century meant that recreational uses of the Upper River were few.

Thus, boating was not for recreational purposes; it was essential for the

Ill- __III__Ininn- -
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settlers' contiuuing existence to move people and supplies to where they

were needed. Similarly, hunting and fishing were not for sport; they pro-

vided the food needed to feed the settlers' families; surplus fish or game

were sold or traded for other necessities required for daily living.

As the twentieth century dawned, leisure time accompanying the sectter's

higher standard of living led to recreational uses of the Upper Mississippi

River. Segregating present-day recreational uses of the study area due to

Corps' operations from those existing in 1930, prior to the nine-foot channel,

presents problems. These arise because of the difficulty of isolating the

increased recreational uses of the river caused by more people in the region,

higher standards of living, and increased leisure from those caused by im-

proved navigational and other recreational opportunities.

A significant portion of the recreational activity on the Upper Missis-

sippi is due (1) to the improved navigation opportunities for large pleasure

craft on the river, and (2) to improvied fish and game habitat resulting from

higher water levels in the river. The potential for improved fishing and

hunting is not always realized because increased industrialization along the

river has polluted the river and has reduced the available hunting areas,

which often more than offset the increased habitat.

Boating Activity and Related Facilities. As noted above, much of the

increased boating in the study area of the river--and virtually all of it for

the deeper draft pleasure boats--is made possible by the improved navigational

opportunities provided by the system of locks and dams. Figure 48 illustrates

the dramatic growth in pleasure boating in the study area from 1960 to 1972.

The figure shows that number of pleasure boats moving through each lock in the

study area increased by an average of about 1.500 boats during the twelve-year

period. The St. Anthony Falls Locks which began operating in 1959 (Lower Lock)

and 1963 (Upper Lock) show about the same growth in numbers as most other locks.

A few facilities have developed on the river in the St. Anthony Falls

pools mainly to serve the pleasure boaters. Table 26 shows the major existing

_A L
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Figure 48. Pleasure Boats Moving Through Upper Mississippi

River Locks in 1960 and i972 (S.P.D.-NCS, 1960 and 1972)

public use facilities in the St. Anthony Falls pools (S.P.D., 8cpte'-ber 1972).

The lack of access points to the water is apparent. Of the three public use

sites shown, only 2 have water access for boaters. The Corps of Engineers

neither owns nor operates any recreational facilities in these pools (with the

exception of observation platforms at the locks and dams). Two are owned and

operated by the Minneapolis Park Board. The St. Anthony Falls Pools are not

| oriented toward recreational uses. These pools are essentially commercial and

industrial with residential, cultural and recreational facilities and use in-

1cidental to their major function.

Sport Fishing and }untin .. Precise nmeaoures of the number of sport fisher-

men using a specific pool are not available. Although creel census data are

available for several of the pools in the study area, comparable data do not

exist for the majority of the pools. Probably the best data available are the

j number of sport fishermen observed annually by attendants at lock and dam sites.

Attendants to each lock and dam observe the river pool areas above and below

their site at 3:00 p.m. each dlay and record the number of sport fishermen seen;

the annual data are simply a sum of these daily estimates.

. . . .....
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The number of .Sport fishurmen observed by attetndants it eich lock and

dam in the study area are show.,n in Figure 49 for the years 1960 and 1970.

iJ' has been littlu c:'. during the t en --year period of th nu:,1-r of S.port

fistw ri:1en ob.s;erved. bccaus(, IL s tend to s uez water with a iciih pr aportiun oi

dissolved oxygen and the dam,; tend to aerate the w..ater, thu bulk uf the sport

fibhermen tabulated in Figure 49 are probably in thie pool dowinstreai., fran. the

lock and dam cited on thic horizontal axls of thlic fig,ure. The figure shows that

in 1970 a small number of sport fishermen were observed in the St. Anthony Pools

area. However, this number was small due to the limited access to the pool-,

the urban-industrial. character of the area and the degree of water pollution.

Sightseeing and Picnicking. Studies in general indicate that a body of

water is often essential for most recreation activities. People want this

water not only to boat on or to fish or swim in, but also simply to look at,

picnic beside, and walk along. The study area of the Upper Mississippi has

served this purpose for citizens for two centuries. Again. because precise

data are lacking, it is generally difficult to isolate the effect of Corps'

operations on recreational activities such a,. sightseeing, picnicking, and

hiking. To assist sightseers, the Corps of Engineers operates eight over-

looks at locks and dams in the study area including one at the Upper St.

Anthony Falls Lock and Dam. In addition, a few parks exist along the river that

are available for sightseeing and other recreational activities. These parks

include Father Hennepin Bluffs Park, North Mississippi -,,erfrc., "ark, Marshall

Terrace Park, and part of St. Anthony Parkway (undevc..,ped).

Cultural Considerations

A number of historical and contemporary sites exist in the St. Anthony

Falls area. These have been unaffected by Corps' operations, except to the

extent that the locks and dams occupy sites that date from the earliest years

of Twin Cities settlement. Far greater change in historic, archaeological and

cultural sites has occurred through the evolution of urban industrial activity

in this area.

~I
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3. THE ENVIRONMENTAL IMPACT OF THE PROJECT

INTRODUCTIO;i

Impacts are understood here to be onvironmiiental responses to human ac-

tivities. This study deals only with those impacts likely to be the result

of the Corps of Engineers'nine-foot channel project in St. Anthony Falls

Upper and Lower Pools (Mile 857.6 to 853.3) of the Mississippi River.

Because no information appears to exist which describes such impacts in

the Upper and Lower Pools, the impacts listed below were derived from:

1. assumptions made from studies made elsewhere on the Mississippi.

2. knowledge of basic ecological and sociocconomic principles and
processes, and

3. personal experience of the investigators.

Field studies during this phase of the study will extend the data base

to provide further information on at least the major impacts.

The Corps' project which produces these impacts includes (a) the presence

of the Lower Lock and Dam at Mile 853.3 and the Upper Lock at 853.7, and (b)

the operation of these structures and the maintenance dredging of the nine-

foot channel; additional impacts arise from (c) navigation by commercial and

private vessels of the river and from their attendant facilities, which is pro-

vided for by the locks and the channel. The environmental impacts of this pro-

ject are the changes in the physical and biological components of natural

systems, and the changes in the cultural, economic, archeological and aesthetic

components of socioeconomic systems.

NATURAL SYSTEMS

Identification of Impacts

The extension of the nine-foot channel- upstream from St. Anthony Falls

. . . -- . ;-, . l -o-,
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required the building of the Upper and Lower Lock, the Lower Dam, and dredg-

ing to deepen the channel. The primary impacts arising from the project are:

1. Deepening the original channel and annual maintenance dredging
and disposal of dredgings.

2. Increased development of the river bank, probably principally from
navigation stimulated by the channel.

3. Enlargement of Lower Pool.

4. Turbulence from the Lower Dam.

5. Operation of the locks and access by navigation to harbors along

4.3 miles of the river.

It should be noted that the impacts in the St. Anthony Falls Pools are

not completely isolated and ascribable to the Corps' influence because they

are part of a complex, multi-dimensional web of physical-chemical, biological

and socioeconomic action and reaction characteristic of an urban, densely

populated, industrial area. Also some effects derive partially from other

economic and cultural activities and from natural environmental processes

acting in the local area as well as in the watershed.

The probable relationships of the primary impacts listed above to Corps'

operations and maintenance activities, navigation, and to pre-project activi-

ties are identified in Tables 27, 28 and 29. From the primary impacts stem

the "secondary" and "additional" environmental impacts, which are then traced

further, if possible, in the discussion section.

Discussion of Impacts

Taking all Corps' activities in the St. Anthony Pools heretofore into

account, and judging from the amount of sediment removed and deposited on the

banks (See Figure 13 and Table 3), the dredging activities e:,ploycd to con-

struct and maintain the nine-foot channel probably have had the greatest effect

3 on the environment. This effect is accentuated greatly by the relative nar-

rowness of the river in this reach.!;

i'
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Other environmental effects are the increase in area of the Lower Pool

and increased elevation in the Upper Pool, the shortening of the effective

spilling of the dam by the lock, the turbulence of the dam, navigation and

zttendant facilities, and operation of the locks.

The Mississippi River is closely contained by banks which are intensively

developed along the Upper Pool to the head of navigation. Part of this con-

finement is due to dredge spoil deposits and itlooks similar to the downtown

reach in St. Paul. A similarly confined , but larger, river flows between

St. Louis and the mouth of the Ohio River. In the future, the fish and wild-

life habitat that remains along the Mississippi in the St. Anthony Falls Pools

possibly could eventually have a similar stark appearance if channelization by

spoil deposits continues. The Mississippi River is the largest continuous

freshwater corridor in the United States. It has long been recognized for

its unique scenic, fish, shellfish, wildlife, recreation and transportation

resources. The concern for the future of wildlife and fish which led to the

establishment of the Upper Mississippi River Refuge is still vital today.

Effects of Impoundment

The increase in Lower Pool area due to the new Lower Dam though small

presented more wildlife habitat and is aesthetically more pleasing than be-

fore. The Lower Dam was built about 800 feet downstream from the old Lower

f Dam, which was constructed by power interests in 1895. It regulates the pool

at the same water level as the old dam in order not to flood the power houses.I
Since a relatively small area of dry barren floodway was submerged, the

newer dar' may have had only a minor effect on the remaining terrestrial en-

vironment, although there is little remaining floodplain in this narrow gorge.

In return, new river-bottom habitat was formed which may benefit the bottom

organisms, fish and waterfowl. Mallard ducks successfully nest in the Lower

Pool and are found up to the head of navigation. Turtles are common and some

fishing in the Lower Pool.

I
I
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The spillway length wa5. reduced by the nf.w; Lowuer Iock. The reduced

spillway may permit turbulent discharge to coantiiuc lunge,r through the year,

since the old spi 1 iway was dry at timaes . )iIc the "ore tJrbolent dinchij rge

may increasO scour iit.cdiaftely beloa and sed I n,. tati further do\,..L t ia i

it oxygonatcs the water more thorotwh y, tikin iaiiproving the aquatic habi tat

for bottom organisms, fi.h and waterfowl.

Construction of the Upper Lock covered Upton Island, joining it com-

pletely to the banh, removing terrestrial vegetation and covering a histori-

cal site. Further, increase in pool elevation 1.3 to 3.7 feet (using

flashboards) submerged riffle areas such as those above the Lowry Avenue

Bridge.

Channel Maintenance

The effects of dredging in the St. Anthony Falls Pools apparently has

not been studied. Compared with other ongoing Corps' activities in the Upper

and Lower Pools; dredginc; po:is:.bly may have the greatest impact upon the natu-

ral environment.

Annually an average of over 27,000 cubic yards, or about 6,000 cubic yards

per mile, are dredged from the St. Anthony Falls pools. This amount is low to

intermediate compared with other pools in the Twin Cities area and the remain-

der of the St. Paul District as well (See Table 30). However, there is no

place to put it at present without further constricting the channel. Although

this constricting processes increases hydraulic efficiency--thus possibly re-

ducing dredging--it also increases flood levels upstream. An additional one

million yards was dredged and spoiled along the river banks to create the nine-

foot channel in the St. Anthony Falls pools (See Figure 50).

The effects of dredging may spread beyond the site and last longer than

only the dredging period. Dredging creates a sterile area of the river bottom

and increases turbidity in the river. Turbidity may be harmful to fish and
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Table 30. Quantity of Sediment Dredged per Year from the Missisi;ppi River
and Navigable Tributaries in the St. Paul Eugineers District
(Calculated from data from S.P.D.--NCS, 1973)

Average Annual

Average Annual Volume Per Year
Volume Per Year Per River Mile

Pool or Tributnry (in cubic yards) (in cubic vards)

St. Anthony Falls 24,442 6,832

Pool 1 125,640 22,042

Minnesota River 13,174 513

Pool 2 179,931 5,553

St. Croix River 40,938 1,671

Pool 3 112,187 6,130

Pool 4 487,836 11,062

Pool 5 235,969 16,052

Pool 5A 152,302 15,865

Pool 6 95,371 6,71.6

Pool 7 150,303 12,738

Pool 8 282,549 12,127

Pool 9 155,000 4,984

Pool 10 94,313 2,875
Total Annual Volume,

Total 14 St. Paul District 2,149,955

Average Annual Average Annual

Volume per Pool 153,568 Volume per Mile 8,940
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other aquatic animals, as well as possibly reducing the productivity of

aquatic plants on which the aquatic animals ultimately depend. A study of

the effects of dredging upon water turbidity revealed that a 3-fold increase

in turbidity at the surface and at the bottom occurred 100 feet downstream

from the clamshell dredge. Vhile the surface turbidity returned to "normall",

the turbidity on the bottom was still nearly double the "normal" nearly a

mile downstream from the dredge (Figure 51). The amount of increased tur-

bidity and area affected may be less in the St. Anthony Falls Pools, even

though the same equipment is used, because sediments in these pools are

generally coarser than at the study site in the Minnesota River.

The unstable unconfined spoil banks usually begin eroding as soon as

they are deposited, with the resuspended sediments causing increased tur-

bidity and redeposition downstream, possibly smothering bottom organisms and

removing fish habitat (and often requiring redredging downstream in the navi-

gation channel).

- While the greatest turbidity may persist only as long as dredging pro-

ceeds, the recolonization of the bare river bottom may take years to accom-

Iplish. Mollusks have been reported to take ten or more years to recolonize
a dredged area (Stansbery, 1970).I

It seems, therefore, that the effects of dredging adversely affect the

jnatural environment not only on the actual site, but further downstream, and
through a longer period of time than at the actual dredging site and time.

Dredged spoil, at least that produced when the channel was created, is

udeposited along the river bank. It covers existing riverbank and bottom

habitat and, by filling a small channel, beside Hall's Island (Mile 854.9-

855.1, Figure 50), eliminates this interesting intricacy of the river edge.

I It also removed Spirit Island in the Lower Pool.

Apparently some of the riverbank is being revegetated. However, most

of the land along the top of the banks lacks natural vegetation because it isI
!1
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Figure 51. Effect of Clamshell Dredging Upon Turbidity

in the Minnesota River, September 25, 1973
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occupied by terminals and other businesses (See Figure-s 16 and 17). Aes-

thetic appeal of this reach Of the river has also been impaired. These non-

vegetated sites will erode and deposit more sediment in the river which must

then be dredged out again.

Lock and Damn Operation

Lock operations provide a by-pass around the dam to fish and mussels.

The 10,000 year old barrier may have resulted in time to the formation of

new species, although man's introduction of new individuals such as during

fishing may have already reduced this possibility. Attendant surges of water

may produce some increase in turbidity and bank erosion.

Although they may retard the migration of fish and mussels, dams provide

a good means for aerating the water and thus improving conditions for diverse

aquatic life.

Navigation Effects

Commercial navigation, barge terminals and other facilities dependent

upon the nine-foot channel, may have adverse environmental effects on the St.

Anithony Falls Pools.

The turbidity increases by resuspension. of bottom sediments due to pro-

peller turbulence, and by bank erosion due to the energy of the wake by two

to three times within 30 seconds after passing. Even 30 minutes after pass-

ing the turbidity may be 1 1/2 times that prior to passage of the tow (Figure

52). The amount may be less in magnitude and duration in the St. Anthony Falls

Pools because the sediments generally are coarser than the study site in the Minne-

sota River. Spills and discharges coming from the vessels and barge terminals

may be adverse to the environment. The activity of commercial traffic up and

down the river provides aesthetic interest to many people, but may also disrupt

fish and waterfowl behavior.
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Figure 52. Duration (in minutes) of Increases in Turbidity Due
toa Tow Boaton the 1Minnesota River at Mile 13.3,
from the Right Bnnk to the Left Bank on
September 25, 1973.



Prertct Effects

The natural gradual erosion upstream (recession) of St. Anthony Falls

was accelerated by early construction and tunneling under the Falls. Concern

in the 18 6 0's over the continued breaking off of limecstone slabs led the Corps

of Engineers in the 1870's to strengthen and thus stabilize the position of

the Falls at their present location.

If the Falls had been allowed to work its way upstream as little as 300

yards more, the upper end of the Platteville Limestone formation which forms

the lip of the Falls would have been reached. Without the Corps-built seepage

wall, built to reinforce the upstream end of the limestone, the Falls would

quickly have lowered, forming rapids in its place and upstream, and so forming

a smoother transition from upstream elevations to those at the foot of the

Falls. Weathering and erosive processes would then have eventually extended

the deep gorge from Pools 1 and Lower St. Anthony Falls upstream to the tail-

waters of the next damn or firm bedrock upstream.

So the Corps' early action preserved not only the natural and distinctive-

ly aesthetic qualities of the Falls, but its steep energy gradient for power

production and its natural impoundment for navigation. Some loss of flowing

river and terrestrial habitat resulted, mainly by the presence of the dam, and

by the stimulation of urban development.

SOCIOECONOMIC SYSTEMS

3 Specific impacts of Corps' operations on the subdivisions of sociocco-

nomic systems for the Pools at St. Anthony Falls are identified below and

then discussed in detail.

Identification of Impacts

The impacts on the socioeconomic systems related to the Upper Mississippi

I River as a whole divide into the Industrial, recreational and cultural effects.
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Industrial Impacts

The principal inditrial impacts are:

1. Barge transporLaLion on the Upper Mississippi that leads to:

a. An increase in commercial docks on the River and

attendant employment,

b. Location of industrial plants along the River whose

raw materials or products lend themselves to ship-

ment by barge; this contributes direct employment in

these plants and indirect employment in firms --

(1) providing goods or services as inputs to the

barge-oriented plants, or

(2) using the outputs of these plants or raw materials

for their own operations

c. A decline in the quality and increased turbidity of

water in some portions of the Upper Mississippi River

due to --

(1) effluents produced by barge-oriented plants, and

(2) turbidity caused mainly by towboat movement

2. Additional employment due to the operation of the Locks and

Dams.

3. Decline in recreational opportunities on and alongside the River due

to:

a. Increase in barge activity in pools and locks

b. Loss of potential ramp sites due to industrial development of

riverbank property

c. Loss of potential marina sites due to straightening and narrowing

of the river, and joining islands to the banks

d. Decline in aesthetic appeal of riverscape

To summarize, beneficial industrial impacts that result from operating

and maintaining the nine-foot channel and its associated locks and dams by

the Corps of Engineers are an increase in the number of industrial plants and

commercial docks along the River with their associated employment, and the employ-
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ment in lock and dam operation. The detrimental effects are a decline in

water quality due to river barges and the related industrial plants along

the River, and a decline in opportunities for recreation on and beside the

River.

Recreational Impacts

The principal recreational impacts are:

1. A potential increase in recreational boating due to stable,

navigable water levels which should lead directly to more mari-

nas -- and their accompanying employment,

2. A potential increase in bird watching and fishing due to an

increase in --

a. Waterfowl habitat, and

b. Fish spawning areas resulting from rising water levels

3. An increase in sightseeing visitors to the St. Anthony Falls

Locks and Dams.

The effects cited above are positive except for those due to increased

industrial activity (barge traffic and industrial plants) that may hurt boat-

ing and fishing.

ICultural Impacts

I At this stage of research the historical site destroyed on Upton Island

is the only archaeological, cultural, or contemporary site of cultural sig-

I nificance in the St. Anthony Falls Pools known to have been adversely af-

fected by Corps' operations.

Discussion of Impacts

I The industrial and recreational impacts identified above are examined

in detail in the following three sections.

1
I
I
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Industrial Activities

The economic effect of the activities of the Corps of Engineers on the

Mississippi River in the St. Paul District can be meiasured iainly in terms

of three major elements. They are:

1. The channel itself with its associated locks and dams and

navigational aids;

2. The installations at riverside for the transfer of cargo,

storage facilities, and access;

3. The vessels using the waterway.

In these terms the impact of the Corps' activities in the St. Anthony

Falls Pools is greater than in most of the other pools in the Northern Sec-

tion of the Upper Mfississippi River.

Barge Activity. The greatest and most obvious impact of the activities

of the Corps of Engineers has been the modification of the transportation

system due to the growth of barge traffic. The visual evidence of the impact

is seen in the physical structures (e.g. locks and dams, commercial docks and

terminals, etc.) on the shores and the barge tows moving along the river.

The St. Anthony Falls Pools are the origin or terminal point for a substantial

amount of the commodities shipped in the St. Paul District. It is the end

of the chain of navigable pools stretching to the Gulf of Mexico. Unlike the

other pools, it is not a passive thoroughfare for shipping passing to other

pools.

Figures 53 and 54 show graphically the growth of receipts into and

shipments from the St. Paul District in the 30 years from 1940 to 1970. Al-

though receipts still substantially exceed shipments, the growth in shipments

(89 percent grain) from the district in these three decades indicates the great

J impact of the river on the regional economy.

In 1970 some rough projections (based on 1964 data) were made of the

growth of commerce in the St. Paul District (UMRCBS, Study Appendix J, 1970).

I
.1
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The projections suggest that the tonnage of barge traffic moved in the Upper

Mississippi River basin will about double from 1964 to 1980 and about triple

from 1964 to 2000.

It is noteworthy that receipts into the St. Paul District have always

exceeded shipments. In earlier ycars this imibalance was often extreme

(e.g., 1953 receipts = 3,052,144 tons, shipments = 334,233 tons). Recently

however the ratio has been around 2:1. Inasmuch as grains and soybeans con-

stitute the preponderant tonnage of shipments, fluctuation in waterborne

transport of these products can be profound due to crop conditions and storage

facilities, foreign sales, and competing forms of transportation.

Data are not available on the numbers of vessels originating, terminating,

or passing through the St. Paul District. However, some comparative idea of

shipping activity can be gained from the following iformation. Vessel traffic

measured in tons from Minneapolis to the mouth of the Missouri River is shown

for selected years as follows:

Year Total Vessel Traffic (Tons)

1962 30,526,626

1964 34,108,482

1966 41,311,941

1968 46,174,929

1970 54,022,749

1971 52,773,097

Certain industries, dependent upon barge traffic for their ec.onomic via-

bility have located on industrial sites along the river. The investment which

I they represent and the employment they generate are also attributable to the

activities of the Corps of Engineers. Connected with this physical evidence

of the Corps' impact is the human impact perhaps best expressed in the employ-

ment which these facilities and vessels provide.I
!
!
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Detailed data on the amounts of coninodities oni e,..ating in thu St.

Anthony lal.ls Pools; or dest:iued for it are not a Vaiiable. 1io.'ever, analysis

of commercial and industrial facilities adjacent to the pool suggcsts that

the major comniod itie's O1linaJn tn or terminating in the pools are grain,

cement and aggregate, and coal.

Statistics on the numbers of vessels originatkiag, terminating, or pass-

ing through the St. Anthony Falls Pools arc not available directly. However,

some comparative idea of barge activity can be gained from studying the com-

mercial lockages through the Upper St. Anthony Falls Lock and the Lower St.

Anthony Falls Lock which are shown in Table 31. From 1963 to 1972 commercial

lockages through both Locks showed steady and exceptional growth.

Commercial Dock Facilities. Firms that depend heavily on the river often

maintain riverside facilities. The St. Anthony Fails Pools contain eight com-

mercial docks and terminals, shipping and receiving a wide variety of products.

Behind many of these docks are factories, storage facilities and refineries

which are dependent upon them. These pools reach into the heart of the Mlin-

neapolis industrial and commercial district. Thus, the ramifications of

river navigation extend deeply into the entire economy of the city and in-

deed throughout the whole upper Mississippi region. Employment directly and

indirectly connected to these industries forms a small though significant per-

centage of the regional work force.

From an economic point of view most of the effects of the activities of

the Corps of Engineers are beneficial. Ultimately the benefits of economic

Iactivity have to be measured in terms of providing livelihood to human beings.

Employment generated by the availability of waterborne transport in the St.

Anthony Falls Pools includes both workers directly connected with the river

itself and a far larger number of those whose livelihood is less directly de-

j pendent on water shipping. In the first category is included employment by

the Corps of Engineers itself, workers on docks and shoreside facilities, and

those working on the vessels themselves. The second category consists of those

I
1
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Table 31. Coimnercial Lockages in the St.
Anthony Falls Pools 1960 - 1972.

Commercial Lockages

Year Lock LSAFa Lock USAFb

1960 71 0

1961 317 0

1962 69 0

1963 294 253

1964 523 519

1965 1,047 382

1966 1,199 427

1967 1,096 562

1968 1,419 725

1969 1,743 855

1970 1,694 996

1971 1,442 782

1972 2,072 1,335

I Source: Annual lockage Data, (St. Paul, U. S.
Corps of Engineers, St. Paul District,

5 | Unpublished Reports).

1 a
bLower St. Anthony Falls

I bupper St. Anthony Falls

1
I
I
I
I
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whose livelihood is gained by either utilizing the products brought into the

Pools by waterborne carriers or who process ,oods shipped by water. Included

in this category are those who supply goods and services to tho.:e directly in-

volved with water shipping on the Upper N-lississippi.

The total employment involved either directly or indirectly with all

commercial operations on the river is not known. The Corps of Engineers it-

self has some 150 persons who are concerned with lock and dam operations.

In addition to this the dredge "Thompson" has approximately 65 crew members.

U. S. Department of Commerce data on employment on the Upper Mississippi are

deficient as well. These data are collected for mid-Narch, a period when

water traffic in the St. Paul District is almost completely inactive and

seasonal lay-offs are in effect. Further, these data are aggregated in a

way designed to prevent isolation and identification of particular firms.

This also has the effect of preventing identification of employment or other

economic activity in particular pools or even of particular waterways. How-

ever, some estimates of employment can be made. In mid-Mlarch of 1971, 8,632

persons in the U. S. were employed in River and Canal Transport. This fig-

ure does not include warehousing or persons employed by firms where the SIC

classification lies outside of transportation, even though they themselves

may be working exclusively on the river. The same data show 556 persons in

Minnesota as a whole who work in the field of water transport. This, however,

includes the Great Lakes as well as the Upper Mississippi. Some of these

people are employed by private dredging firms whose existence is dependent

upon the work of the Corps.

A further benefit which can be attributed to the maintenance of naviga-

tion on the Upper Mississippi is in the savings in transportation costs, par-

ticularly for bulk commodities. Estimates of these savings have been made.

One of these estimates the savings over the other various least cost alterna-

Jtives of between 4.0 and 5.4 mills per ton-mile*. It is generally recognized

*Source: Upper Nississippi River Comprehensive Basin Study, Appendix "J",

p. 90.
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that bulk commodities, particularly those having low value-to-weight ratios,

are appropriate for barge transport. Coal, petroleum, and grain that have

these characteristics are examples of s;uch commodities that originate and

terminate in the St. Anthony Falls Pools.

The socioeconomic impact of the physical effects of navigation cannot

be measured precisely because of the inability to isolate single factors

from a wide-range of potential ones. Dredging and the movcment of tugs and

barges does increase water turbidity to which must be added pollution from

barge spillage, washing and loss while loading or unloading. Yet this pol-

lution is small relative to the load placed in the river from other sources.

These impacts may have economic effects on commercial and sport fishing,

which are discussed below.

Commercial Fishing. There is no commercial fishing in either of the

St. Anthony Falls Pools.

Recreational Impacts

Recreational impacts may be divided into boating activities and related

facilities, sport fishing and hunting, and sightseeing and picnicking.

Boating Activities and Related Facilities. For the St. Anthony Falls

Pools the best available measures of pleasure boating activity are records of

pleasure boats locking through the Upper St. Anthony Falls Lock and the Lower

St. Anthony Falls Lock. These data -- along with the total pleasure-boat

lockages through these two locks -- are shown in Table 32 for the years 1960

to 1972. The table shows sharp increases in pleasure craft locking through

both St. Anthony Falls Locks (from 0 in 1960 to about 1,500 in 1972), during

the period. The table also shows an accompanying increase in the ntnber of

pleasure boat lockages during the period, although the increases have not been

as dramatic as for the number of pleasure boats moving through the two locks.

The Upper St. Anthony Falls opens the way to 12 more miles of the Mississippi

-Al -3'



-139-

Table 32. Measures of Boating Activity jn the SL.

Anthony Falls Pools, 1960 - 1972.

Pleasure Boats Through Pleasure Boat LockagLu Through

Year Lock LSAia Lock USAI' Lock LS-F - Lock S A___F

1960 0 0 0 0

1961 10 0 10 0

1962 1 0 1 0

1963 5 lc 5 3c

1964 887 879 679 668

1965 402 399 208 292

1966 809 794 581 582

1967 1,024 1,005 732 729

1968 1,218 1,211 881 885

1969 1,134 1,152 769 814

1970 1,482 1,555 1,010 1,014

1971 1,936 1,902 1,226 1,209

1972 1,455 1,458 926 943

Source: Annual lockage Data, (St. Paul, U. S. Corps of Engineers, St.

Paul District, Unpublished Reports).

aLower St. Anthony Falls

bupper St. Anthony Falls

CUpper St. Anthony Falls Lock opened to navigation in 1963
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River, above the head of navigation and up to -the Coon Rapids Dam and is

utilized by shallow draft pleasure bonts to a considerable degree.

A few physical facilities hav been developed in the St. Anthony Falls

Pools to serve boaters using the pool. These include:

Facilit Number

Public recreational sites with ramps 2

Commercial recreational site with ramp 1

Except possibly for the recreational sites without ramps, which do not

cater primarily to boaters, these facilities result from the Corps' operations

on the River that guaranteed the deeper channel and contributed to greater

water surface and more stable water levels.

Sport Fishing and Huntiqnp. Although precise data on sport fishing are

not available, attendants at each lock and dam make daily observations at

3:00 p.m. each day throughout the year of the number of sport fishermen ob-

served from their work location. Annual data for the most recent years for

which these rc rus are available appear in Table 33. The table shows that

a number of spor F iih rmen were observed from the Locks and Danis since 1965;

although these data are only an index to sport fishing in the pool and the

available data are scanty, it is apparent that the pools in spite of the ur-

ban nature of their shores are used for recreational fishing as well. However,

the potential for increased fishing in the St. Anthony Falls Pools is probably

offset by river pollution and turbidity from increased industrial activity

along the perimeter of the pool and barge activity in it.

There is no hunting in the vicinity of the St. Anthony Falls Pools.

Sightseeing and Picnicking. Sites along the perimeter of the St. Anthony

Falls Pools facilitate sightseeing. While non-boating visitors to these sites

might be there whether Corps' operations existed on the Upper Mississippi or

not, virtually all of the activities at these sites by boaters are attributable

I
I
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Table 33. Number of Sport Fishermen Observed Annually by Attendants
From Both St. Anthony Falls Dam Sites on the Upper
Mississippi River, 1960 through 1970.

Year St. Anthony Fal , Lock and Dam

1960 Not Available

1961 Not Available

1962 Not Available

1963 Not Available

1964 2,117

1965 Not Available

1966 Not Available

1967 963

1968 1,162

1969 1,344

1970 1,281

Note: Counts are made once each day at
3:00 p.m.

Source: U. S. Corps of Engineers data published in the
ProceedinE.s of the Annual Meetings of the Upper

Mississippi River Conservation Committee, 1960-1971.

to Corps' activities. In addition, visitors to overlooks at the locks and

dams are a direct result of Corps' operations.

j Cultural Impacts

Measures of cultural impacts by the Corps of Engineers in the St. Anthony

I Falls Pools are very complex. The perimeters of these pools are densely

I
I
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populated and have been built up and re-built over the past 150 years. Many

sites of historic or cultural interest have been destroyed and built over;

others are still being put to economically beneficial use (e.g. historic

flour mills). Determining the effect, if aily, of the Corps' activities is

difficult indeed. Certainly the modification of the shoreline has had some

impact on those early industrial sites which depended on the river for power,

but in many cases other power sources were developed prior to modification

made in the shoreline for navigational purposes.

One site of historical interest occupied a location now covered by the

Upper St. Anthony Falls Lock and its attendant structures. This was the first

hydroelectric power plant in the Western hemisphere built on Upton Island in

1882. This site and its structures have completely disappeared, with the ex-

ception of one turbine now on display with an accompanying bronze tablet which

describes the power plant and its significance.

Archeological sites along the shores of these pools have long since dis-

appeared as a result of contemporary building and occupation. With the ex-

ception of sites of historical interest actually covered by the locks and dams

(plus auxiliary facilities) themselves, no sites are known to have been ad-

versely affected by activities of the Corps of Engineers.

i
I
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4. ANY ADVERSE ENVIRMNIENTAL EFFECTS WHICH COULD NOT BE AVOIDED AS THE
PROJECT VJAS IMPLEM~ENTED

The nine-foot navigation project in the St. Anthony Falls pooi may have

unavoidably produced some adverse effects on the environment, although basic

information is lacking. The adverse effects probably are due mainly to main-

tenance dredging, corunmorcial navigation and the development of the river bank

by barge terminals and businesses.

Dredging denudes the river bottom and increases turbidity. The resus-

pended sediments causing the turbidity are deposited downstream where they

may smother benthic organisms. Fish and other free-swimming organisms may

also be smothered, although data on the specific effects on these organisms

in the St. Anthony Falls pools is lacking. Dredging and the disposal of

dredgings have eliminated several islands in these pools by either dredging

out the island, or by joining it to the mainland by filling in the back chan-

nel with dredged materials (See Figure 55). The largest of these was Spirit

Island. Others Jncluded Boom Island and Upton Island. Both aquatic and ter-

restrial sites seem to take at least several years before they are recolonized.

The deposition of spoil has caused the elimination of at least one is-

land: Hall's Island at Mile 855. The joining of an island to the mainland

reduces the valuable aquatic-terrestrial interface habitat, and reduces sanc-

tuaries for plants and birds and other animals.

Commercial development of the riverbank probably has been stimulated by

the navigation channel and the additional land created by the spoil. Commner-

cial and dredge spoil sites are probable centers of soil erosion, contributing

Ito the sedimentation rate in the St. Anthony Falls pools and farther downstream.

At the same time these areas detract from the aesthetic quality of the area.

Studies should be conducted to identify the sources of sediment and effects of

sedimentation and turbidity on the aquatic environment.
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Figure 55. Maps of the St. Anthony Falls Area Showing Loss of
Islands from 1895 to 1964. Hall's Island (855.0)
was eliminated about 1964 (War Department, 1895;
NCD (North Central Division), Corps of Engineers,
1972).
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Comercial navigation increases the turbidity of the river anid contri-

butes to bank erosion. At the same time, it also may detract from the aes-

thetic quality. Discharges and spills from vessels and barge terminals would

also have a detrimental effect, particularly on th aquatic environment. How-

ever, studies are needed to determine the nature and exten,- of adverse effects

of these effluents. The building of the Upper Lock e]±; aiLed another island

from the Upper Pool: Upton Island. This further reduced the interesting com-

plexity of the riverscape above the Falls.

Other aspects of the nine-foot channel project possibly have relatively

minor adverse effects upon the natural environment of St. Anthony Falls. Dis-

charge from lock operations and turbulence from the dam spillway may cause

some increased riverbed and bank scour, and thus downstream turbidity and

Isedimentation.
Enlargement of Lower Pool area submerged some terrestrial floodplain, but

it is difficult to assess the significance of this impact.

!
I

I
I
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5. ALTERNATIVES TO THE PRESENT OPERATIONS AN1D ,AINTENANCE ACTIVITIES AHD
FACILITIESI
There are several po als ah!_tervhti-,e PA. huds of oper;iting and main-

Staining the nine-foot cianunel project in thme St. Ai-Cthony Falls Pools. Sine('

adverse effects probably drimC vuain] , froi:. rcdging uzin spoiJir,;, attention

is directed particularly to zlt.rnait Les for cliannel maintenance.

I Chainnel Hlaintenance

In order to reduce adverse effects of channel maintenance in the St.

I Anthony Falls Pools, several alternatives should be considered. First, only

a hydraulic dredge should be used to remove the sandy sediments, thus reduc-

ing turbidity. Second, the spoil should ho barged to a central terminal for

commercial use or inland disposal. This would protect the remaining water

surface area and allow vegetation to have a chance to grow on current spoil

areas. They would then look better, becoma more suitable for recreation, and

the whole riverscape would become more attractive.

Spoil and other bare-soil sites should be veg-etated to reduce erosion

due to rain, wind and current. Riprapping with stone would reduce erosion due

to the river current and would also improve the fish and benthic habitat, but

an effort to cover the riprap with attractive plants such as native vines

should be made.I
Some spoil banks and other areas along the riverbank should be developed

for recreational use, such as picnic and rest areas, and scenic points. Bike

trails and foot paths should connect with those upstream and downstream. If,

in addition, the appearance of commodity storage areas and businesses could be

improved, the aesthetics could be considerably enhanced. Commercial dcvelop-

ment should be restricted to those commodities which are most economically

transported by barge. Unloading facilities should be kept to a minimum; all

other equipment, buildings, ,torage piles, etc., should be removed from the

riverbank and screened with vegetation. Further, no tall buildings (i.e.

I(
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apartment towe rs) should be bull. i iar the r ,.or. AnotLi,_r lift to t he ap-

pearance could be pl.::tings near th. ripreppI banL.

Furt her improvc- ! r fn in aes i.e and ;s ):eLt ion i, ,ild result il the

water qual:;Ly were i ,Re ,,L dion of .i cruslori in sp i :

discharges from ves.sr ,!Vt and teofi t 1'; art e F -2 sourcec; w.ould probc.bjy halp.

Improved water qt),lity and riverbank habltat would probably inrease

waterfowl, fish and tartLos. An increase in Flow at tie foot of Ita!l's "Is-

land" or a decrease of effluents from the olI mills would probably imi-prove watcr

quality, decreasing the carp and increasing bass populations.

Lock a).d DPa Oe_ ition

At present no alternatives are presented to lock anI dam operation.

Water quality improvemcnt may warrnnt the construction of a fish ladde]: to

facilitate fish and crir, migration into the Upper Pool.

Realignment of tioe sign giving small boat o,)crators directions For sig-

nalling their desire to lock down through tlia Upper Loci: would prumtm> boat-

ing safety, especially on the upper guidewall of the Upper Lock. The sign

now can hardly be read from a small boat unle<ss the boat is close to the dan-

ger zone above the Falls.

Aesthetics

The appearance of the Corps steel truss modification to the Stone Arch

Bridge would be improved by painting it a color which would blend in with the

color of the bridge ,;tone.



-149-

6. TIlE RELATIO,SUIP IET!1EEiN LOCAL StHORT-TERNl U'"LS OF MAN'S EINV1P;ENT
AND TFLE MAIIiTEi;AUCE VD EfNHiA!CLNIE[T OF LOQ-TERMI PRODUCTIVITY

Establishment of the nine-foot channel in the St. Anthony Falls Pools

brought economic and some recreat:ional bcnefits, to Twin Citians. It also

might have benefited some plant and animal populations wlrfe possibly con-

tributing to a general reduction in biotic productivity. The facility also

has removed several geomorphic features such as 3 islands and with them has

removed productive natural habitat. Also the channel has stimiulated urban

development of the riverbank.

Short-term Uses

Extension of commercial navigation above St. Anthony Falls,by construct-

ing 2 locks and dredging a deep channel, allowed the expansion of barge termi-

nals and river-related jobs and businesses. The increased economic activity

which results will help revitalize an old urban area and provides new recrea-II
tional bencfits. For instance,recreational boaters now have direct water ac-

cess to the new North Mississippi River Park and a restaurant, as well as

fishing areas above the head of navigation. Placement of the new terminals

immediately adjacent to the river, and the spoiling of dredged sediment along

the riverbanks, removes productive terrestrial and aquatic habitats from the

potentially significant recreational river corridor. At the same time waste-

land plant species such as smartweed, cocklebur and ragweed are encouraged.

Bare soil areas associated with barge terminals and their development and the

3dredged spoil, unless carefully and rapidly revegetated, are easily eroded by
wind and wakes, thus degrading the water quality of the Mississippi River.

To this degredation may be added the effluents from barge terminals and re-

lated businesses, barge traffic and cleaning, and dredging and spoiling. Thus

the carp population will increase possibly at the expense of the pike fishing

at Nicollet Island.

I
!
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Enhancement and Maintenance of Long-term Productivity

Development of commercial navigation in the St. Anthony Falls resulted

in the dredging of a nine-foot-deep channel 4.3 miles upstream from the

Lower Dam; and in construction of two locks and a dam. The locks and dan

may have benefited as well as been detrimental to the natural environment.

A relatively small area of the river is occupied by the facilities, while an

avenue is provided for fish and clams and other benthos to by-pass the Upper

Dam. Formerly bare river-bed was flooded, providing new aquatic habitat and

probably increased productivity.

Creation and maintenance of the navigation channel probably has disturbed

the natural river habitats in and near the channel sufficiently to reduce bio-

tic productivity. Several islands,,were removed, shallow areas dredged or

flooded, and a backwater at Hall's sland blocked and partially buried. A

single dredging or spoiling of a sit requires ten or more years to be repop-

ulated by benthic organisms. Continued disturbance possibly may alter the

physical environment to sufficiently extend this time.

Alternative land-use and maintenance practices could conceivably shorten

the time necessary for repopulation of a site and may begin a return of the!I
biotic productivity. Revegetation of construction sites such as is done along

new road cuts could more quickly return the remaining land to a productive

I state and increase aesthetics. Setback of the businesses and terminals, ex-

cept for the actual loading-unloading facilities, and a central spoil disposal

site could result in a greenbelt along both banks of the St. Anthony Falls

pools. Establishing access to this site so spoil may be removed for reuse

could significantly reduce the adverse effects of the nine-foot navigation

project and related activities on the enhancement and maintenance of the long-

term productivity.

Thus recreation and its economic benefits which can come from the project

have yet to be fully realized in the St. Anthony Falls Pools. The expertise

I
I
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of the Corps and other agencies cooperatively may realize the recreational

and aesthetic potential in these pools, relieving in part the high recrea-

tional demand of the Metropolitan Area.

Resource Implications for Socioeconoriic Activities

Table 34 suimrarizes the major resource implications of continuing to

operate and maintain the nine-foot channel in the St. Paul District. Re-

source implications for these four groups are discussed in sequence below.

Corps Operations

Table 34 identifies the major first order direct benefits associated

with lock and dam operation and dredging operations. These include employ-

ment in lock and dam and dredging operations, maintenance of relatively

stable water levels in each pool, and the presence of a navigable nine-foot

channel in the St. Paul District. About 150 people are involved with lock

and dam operations in the district and about 75 with dredging operations;

thus about 225 people derive jobs and income directly from Corps' operations.

The annual direct cost to taxpayers for lock and dam operations is $2,601,000

(FY 1970) and for dredging operations is $1,200,000. Specific environmental

costs of the stable water levels in the pools and the nine-foot channel in

the St. Paul District are an increase in sedimentation behind dams, and a

reduction in fish and waterfowl habitat and aesthetic appeal due to improper

dredge spoil placement, and the presence of large piles of bare sand.

Industrial Activities

As summarized in Table 34, the major direct impacts of Corps' operations

on industrial activities are for barge operations, commercial dock operations,

and commercial fishing. Table 34 notes that there are employment implications

for each of these three activities but these benefits must be balanced against

accompanying increases in sedimentation, turbidity, and possibly other pollu-

tion in the river.
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Of special importance in the current energy crisis are the answers to

two questions that relate to barge transportation: How effective is barge

transportation relative to other modes of tra.Sportation With resect to:

1. Energy usage'

2. Air pollution?

Because the answers have major resource allocation implications for t|,e

Upper Mississippi River, these two questions arc analyzed below iii some de-

tail. In addition savings in transportation costs due to barge movements

are discussed.

Barge Transportation and Energ)y Usage. Effective energy utilization is

particularly important due to the present (and probably continuing) energy

crisis. It also affects air pollution which relates directly to transportation

energy consumption.

At present transportation utilizes about 25 percent of the total U. S.

I energy budget for motive power alone. This usage has been increasing at an

average annual rate of about 4 percent per year.

IIn comparing the efficiency of energy utilization between various trans-

portation modes the term "energy intensiveness" is commonly used. Energy in-

Itensiveness is defined as the amount of energy (in BTU's) needed to deliver

one ton-mile of freight. The following table compares the energy intensive-

ness of various modes of freight transportation (Mooz, 1973):

I Freight Mode Energy Intensiveness Ratios of E. I.

(BTU's/ ton-mile)

Waterays 500 1.0

Rail 750 1.5

Pipeline 1,850 3.7

Truck 2,400 4.8

Air Cargo 63,000 126.0!
I
I
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It is apparent from this table that motive energy is utilized more ef-

ficiently in water transportation than through any other mode of freight

transportation. Therefore, under conditions of restricted petroleum energy

availability the use of barging wherever feasible should be encouraged. In-

deed, an increased use of the upper Mississippi and its tributarie.,: is likely.

Influencing this will be increased shipments of grain out of the St. Paul

District and increased imports of coal and petroleum products into the region.

Exports of grain to other countries and shipments of oLher parts of the U. S.

are expected to increase. Energy demands in the Upper Midwest are also ex-

pected to rise. In addition freight which is now only marginally involved in

barging may shift from other forms of transportation to the less energy-inten-

sive forms. This shift may also be expected to change existing concepts of

the kinds of freight suitable for barging with consequent impact on storage

facilities. In many cases economic trade-offs may exist between the mode of

transportation and the size of inventories considered to be suitable. If the

costs of energy rise sufficiently, increased capital necessitated by use of

the slower-moving barge transportation and tied up in inventory and in stor-

age space may be justified. If this occurs, other kinds of cargoes present-

ly shipped by rail or truck or pipeline may be diverted to barge.

In addition to energy conservation, the importance of the Upper Mississip-

pi as a transportation artery is shown by the burden which would be placed on

the rail system (as the major alternative transportation mode used to move

heavy, high-bulk commodities) in the absence of barge traffic on the river.

In 1972 an estimated 16,361,174 tons of various commodities were received and

shipped from the St. Paul District. Under the simplifying assumption that the

average box or hopper car carries 50 tons, this amounts to the equivalent of

327,223 railroad cars or some 3,272 trains of 100 cars each or approximately

nine trains each day of the year.

Barge Transportation and Air Pollution. Barge transportation also results

in less air pollution per ton-mile than either rail oi truck modes. Diesel en-

gines are the most common power plants used by both towboats and railroads. A

LlV 
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large percentage of over-the-highway trucks use diesel engines as well.

The diesel engine is slightly more efficient than the gasoline engine due

to its higher compress;ion ratio. Thus, les,; energy is used to move one ton

of freight over one mile by diesel than by gas, -ie engines. Among users of

diesel engines, barging is more efficient than either rail or truck, as we

have seen. Consequently a smaller amount of fuel is required to move freight.

With less fuel used, air pollution is reduced.

The amount of air pollution caused by either diesel fuel or gasoline

varies substantially only in the type of air pollution. The following table

illustrates these pollution effects (U.S.P.H.S., 1968):

Emission Factor
Pounds/1,000 Pounds/i,000

Type of Emission ga_llons diesel fuel gallons gasoline

Aldehydes (R-IICO) 10 4

Carbon monoxide (CO) 60 2300

Hydrocarbons (0) 136 200

Oxides of Nitrogen 222 113

Oxides of Sulfur 40 9

Organic Acids (acetic) 31 4

Particulates 110 12I
Based upon the energy intensiveness ratios shown earlier, a diesel train

will produce 1.5 times as much air pollution and a diesel truck 4.8 times as

much air pollution per ton mile as a tug and barges. In any event, no matter

which kind of pollutant is of concern in a particular case, the efficiency of

barging compared with other modes of freight transportation will resul in

reduced air emissions per ton-mile.

Barie Transportation and Cost Savings. A further benefit which can beI attributed to the maintenance of navigation on the Upper Mississippi is in the

savings in transportation costs, particularly for bulk commodities. Estimates

of these savings have been made. One of these estimates the savings over the

I
I
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other various least cost alternatives of between 4.0 and 5.4 mills per ton-

mile (UMRCBS, 1970). It is generally recognized that bulk commodities, par-

ticularly those having low value-to-weight ratios, are appropriate for barge

transport. Coal, petroleum, and grain that have these characteristics are

examples of such cor~modities that originate, terminate, or move through the

St. Paul District pools on river barges.

Recreational Activities-

Table 34 identifies the variety of recreational activities -- from boat-

ing and sport fishing to sightseeing and picnicking -- that may be helped or

hindered by Corps operations. Ideally,it would be desirable to place dollar

values on each of the benefits and costs to the recreational activities cited

in Table 34 to weigh against the benefits of barge transportation made pos-

sible by maintaining the nine-foot channel. Unfortunately both conceptual

problems and lack of precise data preclude such an analysis. The nature of

these limitations can be understood by (1) looking initially at a theoretical

approach for measuring the benefits and costs of recreational activities and

(2) applying some of these ideas to the measurement of only one aspect of all

recreational activities -- sport fishing.

Benefits and Costs of Recreational Activities. Theoretical frameworks

exist to perform a benefit-cost analysis of a recreation or tourism activity.

One example is a study prepared for the U. S. Economic Development Administra-

tion (Arthur D. Little, Inc., 1967). Unfortunately even this example closes

with a "hypothetical benefit-cost analysis of an imaginary recreation/tourism

project" that completely neglects the difficulty of collecting the appropriate

data.

Applying even this theoretical framework to the nine-foot channel project

presents both conceptual and data collection problems. For example, continu-

ing to operate and maintain the nine-foot channel may hurt sport fishing be-

cause of the reduction in fish habitat. The incremental increase or decrease

in sport fishing, in relation to the total value of sport fishing in the river
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valley and attributable to present Corps' operations (not due to the initial

lock and dam construction), should be weighed against those operations. How-

ever, no estimates are presently available to assess the effect of current

Corps' operations on fish and wildlife. Further, an evaluation is needed

where terrestrial species may benefit from spoiling which eliminates aquatic

species.

This raises a second difficulty: How does one measure the total value

of sport fishing on the river in order to start to measure the incremental

portion attributable to Corps' operations? For sport fishing various mea-

sures have been identified, each having its own drawbacks (Clawson and Knetsch,

1966): gross expenditures by the fishermen, market value of fish caught, cost

of providing the fishing opportunity, the market value as determined by com-

parable privately owned recreation areas, and the direct interview method --

asking fishermen what hypothetical price they would be willing to pay if they

were to be charged a fee to fish.

If some average price per fisherman or trip were available, it still

would be possible to assess the total value of sport fishing in the study area

only if estimates of the number of sport fishermen or number of sport fishing

strips were available. In the St. Paul District these estimates are available

through sport fishery surveys for only three pools: Pool 4, Pool 5, and Pool

7. The most recent data available for these pools are for the 1967-68 year

(Wright, 1970); comparable data for 1972-73 have been collected but are not

expected to be published in report form until about December, 1973.

Valuing Sport Fishing in the Study Area. A variety of studies have been

done on recreation and tourism in Minnesota and the Upper Midwest during the

past decade (North Star Research Institute, 1966; Midwest Research Institute,

1968; Pennington, et al., 1969). For purposes of analyzing sport fishing and

other recreational activities on the Upper Mississippi River, however, they

have a seriou,; disadvantage; these studies are generally limited to recreation-

ers who have at least one overnight stay away from home. In the case of the
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St. Paul District, with the exception of campers and boaters on large plea-

sure craft with bunks,virtually all river users are not away from home over-

night and are omitted from such studies.

lnformatioii is then generally restricted to that available in the UITRCC

sport fishing studies such as those shown below for 1967-68 (Wright, 1970):

Total Number of Value at $5.00 Value at $1.50
Pool Number Fishing Tris Per Tripa Per Tripb

4 169,361 $846,805 $254,042

5 51,786 258,930 77,699

7 63,238 316,190 94,857

aBased on data reported in the "1965 National Survey of Fishing and Hunting"
that the average daily expenditure for freshwater sport fishing was $4.98
per day.

bBased on data in Supplement No.1 (1964) to Senate Document 97 that provides

a range of unit values of $0.50 to $1.50 a recreation day for evaluating
freshwater fishing aspects of water resource projects.

Thus the sum of the values of sport fishing given above for these three pools

varies from about $0.4 million to $1.4 million depending upon the valuation of

a fishing trip. Assuming one of these values were usable, the researcher is

still left with the task of determining the portion (either as a benifit or

cost) of Corps' operations. With the limited funds available for the present

research and the limited existing data, detailed analysis is beyond the scope

of the present study.

Similar problems are present in evaluating the other recreational activi-

ties in the study area.

jCultural Sites

No attempt has been made in the present study to place dollar values on

archaeological, historical or cultural sites damages or enhanced by Corps op-

erations. Rather, such sites have merely been identified where existing data

permit.

I
I
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7. IRREVERSIBLE COMITMIENTS OF RESOURCES INVOLVED IN THE PROJECT SINCE IT
WAS IMPLEMENTED

The cont:tuction of navigation facilities and continuing channel main-

tenance, as well as the barge traffic and terminal facilities which followed,

in the St. Anthony Falls Pools required Lhe irretrievable comm.iitment of cer-

tain human and natural resources.

The cement, steel, lumber and fossil fuel (and thus the natural resources

from which these are derived), plus labor and equipment resources were consumed

in the construction of the Lower Lock and Dam, the Upper Lock, and related

structures. Some of the steel possibly could be retrieved eventually as scrap.

There also is a continuing commitment of labor, electrical energy and

equipment in the operation and maintenance of these facilities.

The annual maintenance dredging of the nine-foot channel in the Upper

and Lower pools consumes fossil fuel, labor and equipment resources. Some

steel and other structural materials are committed in the dredging equipment,

some of which eventually may be salvageable.

Some of the natural habitats in and along the river have been irrever-

sibly committed to the nine-foot channel project and attendant activities.

Dredging and siting of the Locks and Dam removed or altered river bottom,

eliminated several islands, and reduced riverbank communities. Additional

riverbank communities were altered or lost due to barge terminals, which are

made possible by the project. It is not known to what extent this removal or

alteration amounted to, nor if any endangered species were lost. Since this

navigable portion of the river is continuous with and apparently similar to

the upstream habitats, the loss of endangered species from the area seems

remote.

The increased urbanization and concomitant decrease in natural habitat

in the St. Anthony Falls Pools has diminished -- possibly irretrievably-- some
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portions of thiis sectioni of tile river as a ruc-reationai1 resource to tI :(,

Metropolitan Area.
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8. RECOIUNI DATIONS

Several studies should be conducted to botter define the beneficial

and adverse effects, and mthods to reduce the latter, of LIe nine-foot charn-

nel projuct in the St. Anthony Fails Pools.

Most important arc studies of the sources; of sediiment and more detailed

studies of impacts of dredging and spoiling operations. Efforts should be

directed toward locating sediment sources and stopping (or at least reducing)

the influx of sediment into the St. Anthony Falls pools. A reduction in sedi-

ment inflow would, of course, reduce the need for dredging and spoiling, and

thus reduce the associated adverse environmental effects.

At the same time, alternative methods of spoiling and spoil dredging

should be investigated.

The appearance of spoil in the St. Aithony Falls pools suggests that a

study should be made of the possibility of using hydraulic dredgin, euip-

ment. The use of a small hydraulic plant in place of clam-shell dredging

probably would decrease the amount and duration of turbidity. The close

proximity of the shoreline would facilitate centralized spoil sites and

ready access to buyers.

A noticeable reduction in adverse environmental effect probably could

be obtained if spoil disposal were centralized and the sand and gravel recy-

cled. A study of the potential market for dredge spoil, indicated by a pre-

liminary study conducted by the Bureau of Sport Fisheries and Wildlife, might

reveal an economic return from a central recycling area. Reclamation of bad-

ly eroded areas and sanitary landfills also are possible uses of spoil. This

is especially important in this relatively narrow part of the river where

there is little room for any additional spoil deposition.

Furt or studies should be made with an asrsessment of the degree of sen-

sitivity of terrestrial and aquatic communities to dredging and spoiling

I
I



operations. Correlated studies should be :'ade on methods of enhancing pre-

sent spoil sites for aquatic and terrestrial plants and animals. Enhance-

mont ma.surcs w"ould also provide protection from eros ;ion cf the spoil ank

into the river. Further, recr--,ea:Jcrtal. and acshetic benefit. would accrue

from spoil b:.nk vege tat.Ion and Tha actu200 t. ' C'he (orp., actJieg in cooperation

with other agancies problbly conuld make sign i. leant conLributions to the im-

provement and Iinaence of eni--thoat is, the total natural--environment.

In order to facilitate future impact analyses of the nine-foot channel,

more preci:c record!; of dredging and spoiling information should be kept by

the Corps. The maps of the area of the riverbed to be dredged which are

used by the dredge operators should be kept in the Corps' archives. In ad-

dition the prec!iae location of -p..[1 sites, amount of spoil deposited and

area covered by spoil should he recorded and kept al]ng with the dredging

maps. Periodically, every thre.e ycears, aerjal photos of the river valey

should be made in order to be able to nare qcm:i ckiy assess the rat c of re-

vegetation and filling of rverbak spoil dioi-osal era.

A 1and--u:;' p m :I 1' b d .'k a!) r.iCL1v ,i' 1 7' 3I-, t 1.i0 l doud

permit deve]oprent of opt hr,.1 crr. at i era,, f; ii it _. aliou t v im h th linhs-

trial developlmzenta; in the St. Antbony l 3 ri \,rbao!ks. 'Such a pl;n shuuld
inc]ude an evaluation of a progrmi for main ta nin, and eVmai or iT-: fish and

wildlife habitat in the area as well ar plans ]or attractive spoil "recycl ilg'"

areas, screened by an assortment of native trees, vines, hurbs and shrubs.

A study should be made of the possible expansion of new clam populations

to habitats above St. Anthony Falls. 1he number of species vas low above the

falls, compared with those below when collected by Da.:icy before 1947. A new

study might show one more probable be:nefit to the upper river: a greater

diversity of mollusks.

~71
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9. APPENDIX A: NATURAL SYSTEMS

I. METHODS OF DATA COLLECTION

Methods for Collecting Samles

Biolouical MeasureLents

Benthic organisms were sampled using a Petersen (rarely, Ekinan) dredge.

Vegetation cover, in acres, was determined by planimetry from aerial photos,

with subsidiary ground investigations to identify species, and to determine

abundance, age and growth rate. Both quadrat (per cent cover of herbs, etc.

in one square meter) and point quarter methods (for trees) were employed.

QUADRAT POIN'I QUARTEP
percent cover percent frequelcN'
of each species of trce spocies;
rtport ed e1reportedI

i H_ _~~~~~~~c'_ m ) c_. n__j t o f . _P 'h v s ji c o-__ _ c __e < . i c a l1 P a r : :v t e r s

Temprntuie was measured by a ticrniat er and a Precision

Scientific Instruments moter, standardized to a precision

mercury thermo;eter (APILA et al . , 1971).

Dissolved oxypen was measured using a galvanic cell-type probe

and a Precision Scientific Instruments meter, standardized to the

Winkler titration, azide modification (APHA et al., 1971).

I Turbidit was measured by neplelometry using a Horizon Ecology, Inc.

nepl)helometer 1idel 10-', (,',A et ul. , 1971)

I !tzIcIdtl wa. measured with sonar usi.g a Healhkit Electronics

Company Model MI.-] 01-2.

I Slpe .ggle was measured us ing an instrument itlade at North Star

Research.

L-ightnetratin (tranp-_areney) was determined by suspending a

20 cm. Secchi disc with a marked cord (Golterman, 1970) in the

I water.

I



A-2

11. TRANSECT LOCATIONS ON THE UPPER AND L()WJLR ST. ANTHONY FALLS POOLS

The map of the St. Anthoniy Falls Pools (Figure 1) shows the ]ocation of

saripling stations along I'e three "standard" transects. No "special" tran-

sects were nec-dud. Staindard transects are surveycd lines which) hcrc cre-s

the river at a right angjle in each pool, and are cho'a1n to sample its ell-

vironmenta] diversity. They extend from bluff to bluff an, inclu:de bluff

slope, riverbanks, open river and river bottoimi. Standaid transect AA is

located about 1/14 mile upstream from the head of navigation at Mile 858.9,

the area least modified by impoundment; transect BB is located near mid-

pool at Mile 855.7 (See Figure 2); and transect CC is located 1/4 mile up-

stream from the dam in the deeper, lake-like region. The azimuth (compass

direction, using N as 0 and E as 90 degrees) and other pertinent data is

given in Table 1.

Sampling stations \.:ere located alue.g these tr: nsects, and were clus tcrcd

mainly in areas of tran: t ian be tween ,i of liabi ;.t ,ch as for(t. to bare

sandy soil.

III. SUM,-:ARY OF DATA COLLECIlOLS

Benthic (bottom) grjb sami ples were taktn on the standard transects and

on several special traiar,;ects during the month. of April and 'tiy (Spri lg) and

August (Suiumer). The sample was screened through 707 micron standard sieve

and the organisms retained and preserved. Identifications of the benthic

organisms were made by 11r. David Naschwftz, graduate student in the Depart-

ment of Entoim:ology, i' i.,,hcrics and Wild ife, itlverr:it)y of Mi , .:,ot ,.

Plant abundance determincd per one m. ter square quadrant placed in the

middle of a vegetation zone for h rb composition, and by the point quarter

technique, located s~iMiJ oily, for the co!-1pozition of trees and shrubs. Plant

identifications were made by Dr. Gerald ON-,'by, Curator of the Herbarium, De-

parteent of Botany, University of Minnesota, as we.ll as by the investigators.
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Table 1. Description of Transects.

Poo I River Transect

Pool Nile Abov, Length
l-neth_ __a ct _Des iet inn Cairo, 11. Az j-;,uth _ in IM i levs_ A7itl'. , tr_.t/Locat io

'5.\I Standard Tran.;'ct I F 58.9 860 .15 SW corner of :iIIepolIh Waite r Wrks Lid,.
1.6

Staindtrd 'fra:isect 1 853.7 27,0 .13 Linle up de.enstream legs of tower for hl 1. voLt-
age line.

Standord Transect t 85',. 4 52' .31 Line up with j/S face of old limestone apt. bldg.

0.6 Standaird Transect L ,I h 853.4 175* .15 hon ling I'1 1uddt r on R/IB nar,.!:t I o-r L/i).

P-0 1 I Stand.ird Transect IAA 853.1 280 .15 Center of high-rise apt. bldg. on R/B.
5.7

Special Tr,'sect IXX 851.1 390 .21 (;ov'L. d.iym,.rk Mile 851.1; )i, -poil on t./B

Standard Transect lI lt 85(.6 460 .15 Vertical sea o tt i t tt vil. I L.S. on left b1luff

Special Transect IYY 849.4 990 Oval plii, opposite; on P/B spoil d,,'n.t rear from

Lake St. Bridge. id-streara azimuth 35' to WMIN
radio tower, LIl.

Standard Transect ICC 848.0 860 .20 Line up d',istrea!)3 face of high-rise apt. tower on
L/B (120 River Terrace).

P-0 2 Standard Transect 2,\ 847.4 263o .15 Chimney o -,rth wing (with white,round pa:ch! of
32.4 ,MN So]l ,-r .' ifom:, .M d' .

Standard Transect .'!;P 831.7 2640 1.10 Cokv't. (I ;t dairk >.'!' 111.7 K/B

Special Transect 'YY 821.3,R 540 ].]J F ll - .. t, k 'i} r t!t t 1 ' I t t, It -t'..'

tran,;ec! nt s i r,m i7.1-chltnl to R/L , , 'd b
lokanson in 1164.

Stit ud , rIn),ct T J15., I 10 1.(10 Tip ! j -,t i . n'hc t ; 0. 3 1ci. I ,

41) 12.

!,pc li Study Ar, I33. ,R 54 -- Cl. Sit. I d 'i. .'.' -',1-1'

Sp,,clal study Area 832.0,1. 2560 -- low,-r tor hil', 'Oftatl' iun e un R/b,
spoiI !,ttv,-',.

Sptetial Study Arta 827.7,K 85* -- I t .'".n dii I' -II

Kin. K. Standird Transect '., M2 ', .8 147* 1.00 Secoid It.i 3 tovc Sh .i;x,,j (US 169) brIJde

standard Ir iivect Mi3.0 335' 1.05) (,v t. " I ,II, "il, 1.'. ,

Stanard |r.nec; t i M3.0 1280 .90 (;o',t . 'h i , . Mi I " .?. Q

7 . St andard lranaict ' SC24.8 3050 .50 Whi te lg , right bank.

Rivet Specil transect ,' , SC16.6 850 .50 Upstreall edge of bldg. at Lakefrunt Park.

25. St andaird -ansct Iv[ SCtI2.3 1110 1.05 Road orti.,' down bluff to beach.

Special I r.s,.n t V'I SC 6.4 291" .38 Shal low dip ito trce line on i ight batk

t ai ! Irl .ct . S tt ".7 11 5 .90 1' n :-,1 " ,v i l t i i ' tear bo,.;i.!,ry Lf pabl I, bUi l on

left 1t.nrlk.

0 . .r
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Wat:er quality, including turbidity, temperature and dissolvcd oxygen

were deteruined at each transect and at severa. additionzi poiat.s in the

Mhinnsota River aild the 1lisissippi River from t le head of liv.. LOO doow-

stream to and including 2FB in Pool 2. The addition~al points include snecial

transects, dredging or navigation studies. The portion of Pool 2 Jwa:tream

froi the 213B transect Lo the Hastings Dam and the St. Croix River \,a: not

sampled due to lack of timle.

Bird counts were made on a casual basLs; i.e. a record was kept of most

birds seen while involved in other studies. Some special attention was given

to the herons and egrets; for instance a special trip was made to determine

the abundance of these species both to some of the Minnesota River and to

some of the Pool 2 floodplain laze,<.

IV. TABLES OF BASIC DATA

Table 1. Abuindaincf of Plants Found in the River Val.1 eys il the Twin
Cit.!-c. A c'a.

Table 2. PBelthic An i:,1 Abundance.

Tal)le 3. VT:i t er quality of M1i.<O. is.< 1ppi P ,cr iea .ured at. i tlaek of the
ilinnapol is Water Works in Frid.1 ey.

Table 4. Turbidity, temporature and dJ,;i olvcd ox:ygen in the SAP', Pool 1
and 2 in th ,sni ,ippi River, and in the lower Ninnesota
River, November, 19?3.

Table 5. Downstream profile of turbidity and the effect of dredging and
I barge traffic on turbidity in the Minnesota River, September

25, 1973.

Table 6. The bi.rds of the Ninreapolis-St. Paul Region (Dodge, et al.,
19/2).

Table 7. Corrnon species of gau, fish (if the rjivers of the Twil Cities
Metropolitan Area (FI'CA, 1966).

Table 8. Covs'ion species of rough fish of the rivers of the Twin Cities
Metropolitan Area (It 'I'CA., 1966).

I
I



A-7

Figure 1. Annual volume of sediment dredged within each river mile,
arranged by decade.

Figure 2. Mean daily flow, Anoka Gaging Station. 1967 - 1969.

Figure 3. Mean daily flow, St. Paul Gaging Station. 1967 - 1969.

Figure 4. Temperature, Station 1. 1967 - 1969.

Figure 5. Temperature, Station 2. 1967 - 1969.

Figure 6. Dissolved oxygen, Station 1. 1967 - 1969.

Figure 7. Dissolved oxygen, Station 2. 1967 - 1969.

Figure 8. P11, Station 1. 1967 - 1969.

Figure 9. PH, Station 2. 1967 - 1969.

Figure 10. Conductivity, Station 1. 1967 - 1969.

Figure 11. Conductivity, Station 2. 1967 - 1969.
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Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area

(P - presunt; M - moderate; D - dominant)

SAF Minn. St. Croix
Pool,: Upper Lower 1 2 River River

Species Transect: AA BB CC 3B AA LBB CC AA ~BB CC AA BB CC AA BP YY CC

Trees and Shrubs

ACERACEAE

Acer negundo
Box elder P P P P P P P P P P

Acer nigrwn
Black maple

Acer rid)rwn
Red maple P

Acer sacchlar tnzrn
Silver or soft maple PP P

Acer sacoh-rw'iw
Suar or -hard maple P1 P P

Acer spica!tui
Mountain maple

Ace2r sp.
Maple P

ANACARDIACEAE

Rhus glabra
Smooth sumac r P

Rhus radicano
Poison ivy

Rhus tphina
Staghorn sumac P P P

I -
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Table 1 . Abundance of Plaiwt, Found in the River Valleys
in the Twin Cities Area (Continuied)

SAF M~inn. St. Croix
Pool: Upper Lower 1 2 River River

Transect: AA BB CC BB AA BB CC ,V., BB CC Lk BB CC ,.A BB YY CC
Trees &Shrubs (cant'd.
B ET ULA CL A

Alnus incza
Speckled alder

Betula popifera
Paper birch P P P P PP

Carpinus caro liniaa
Blue beech or
hornbecam

Ostrya virginiana
Ironwood or hop P P P
hornbeam

CAPRI FOLIACEAL

Dicrvill- IoQ7iCor
Bush honcysuckile

Lonicrczv 1 -,;rcier
Grape honeysuckle

Lonicera tatarica
Tartarian honeysuckle P

Sa~rbucus eanaaiensis
Common eider P

Sambucus pubens
Red-berried elder P P

Symphporicarpos occidental-is
iv'oll£berry

Symphor'czpar.o orozicu lcat~i
Coralberry

Viburnin caosinolidea
Wild raisin

CELASTRACEAE

Clztrun oicandensvt
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Table 1. Abundance of Plants Jound in tho River Valleys
in the Twin CitieS ' Ar ea (Continu(e))

SAF M Inn. St. Crui::

Pool: Upper Lower 1 2 River River

Transect: AA BB3 CC BB1 At, BB CC A2i BD CC ;'A PP, CC 1',!') YY CC

Trees &ShaihsjCqn-t'd

CORN ACEAE

Cornus alternifolict
Alternate-leaved
dogwood

Cornius racernosa
Panicled dogivood

Cornvs ste zon. ;era
Red-osier dogwood

CUP RLSSACEa1-

JU77ipO1'1e ViP'qn-iana.IRed cedar P p 11
2'huja occ iZdonta us

White cedrc

FABACEA]" (LEGU:4INO'SAL)

Arnorpha fruititcosa
False indigo P

Rc'binia pscurl-occcea
Black locust p P

FAGACEIAI:

Quercuo uZLa
White Oak

bu o'' or! 1:1f2sy cup p
oak

Northurn red oak p p p p

curcoa vczutirlz
Black oak P

Quercus sp.
Oak P

Laing
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Table 1 Abundwanu o f Plaznts Yr und in the 1Iziver Val leys

in the Twin Cities %I-, -I (COiitin'icd)

SAF Minn. St. Crc:.:

Pool: U-,Iie hower .1 2 Rivur River

Species T ra n sc AvA Ji C C JB A".. CC ~2 iCc; AA BB :',.A BB YY CC

Trees & ShrUbs (C0!ntF'd41

JUGLAN DACEAE

Caryczcco'a
Bitternut hickory P P

LEGtJMINOSAE: see FABACEAE

MORACEAE

?4orus ru11:ra
Red mulberry P

OLEACEAL

Black ,shi P 1P

vanr. -.
Greeni azh 1i

Fwcinvw; sp.
Ash P P P P P P P 1

PINACEAE

Larixr ic'inaI Tamarack
Picea can~adcnsis

White spruce
Pinus resinosa

Red pine P

Pinus st2robn'a
White pine P
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Table 1 Abuncdaocc~ of P1 Lnts I cui-i iin th, 1nLvcr V: i lcy
ill the 1%.71! Citieos Aret(Cctiu<

SAP Y' i S. Cl*c;*.

pool: Uppcr I. m r 1. 2 River Ri% (-.

species TrallSeCL :AA 111 CC AA Li, CC hAlV CL, A CC .A !bi 'IY CA,

Tre s ('i ShrI-rbS(Cn'~

ROS ACE AE

Service-berry,
Shadbush)

Amlanchici2r spp.
Juneberry

O catcegus sp
Thorn-apple

Physoewapi p :>j

N ineb ark

Prnus c;'ccI Wild Plum

Pincherry

I ?rwv sevot'ciz
Black cherry P

Pruni.s vr'-ni~anoI Choke-chlerry

I SALT CACEAE
Popu ins deitoides

Cottonwood MDP P P P P PP P PP p PI Poputus g)'an;didenitata
ligtooth aspen P P

Q uakin',; aspen P 3

T'opztinvs Sp.I AspenP
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

-SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Trees & Shrubs (Cont'd.)

SALICACEAE (Cont'd.)

Salix alba
White willow P

Salix amygdaloides
Peach-leaved willow P P P

Salix humilis
Small pussy-willow

Salix interior
Sandbar willow P P P P P P P P P M

Salix nigra
Black willow

Saix spp.
Willows

TiXACEAE

Taxus canadonsis
lew

TILIACEAE

Ti ia americana

American basswood P P P P

ULMACEAE

Celtis occidentalis
Hackberry D

Ulmus nmcricana

American elm P P P P P P P P P

Ulmus pwnila

Dwarf elm P P P P

- --1-~~- -.-
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Table 1. Abundance of P'lants Found iii the River Valleys
in the Twin Cities Area (Continued)

Mi-nn. St. Croix
Pool: Upper Lower 1 2 River Rtiver

Species Transect: AA BiB CC BB1 AA 1BIB CC AA B311 CC %A B313 CCI'A 13B YY CC

T r ees & Shr b_ ont'dQ

ULMACEAE

ULbnuc rubra
Slippery elmi P D P

Ulmus sp.
Elm P P p PP

Vines _(lianas)

VITACEAE

Parthcnocissus quinque-
folha

Virginia ceeper P P P P P P P

Riverbank grape P D P 1' P P P P

Herbs

AIZC)ACEAE

Molluqo verticilata
4 Carpetweed

ALl SMACEAB

Sagittaria sp.

Arrowhead

AMTRAACEAE

Amaraon thus tcviarincus
(or tuZbarcu la -a)

Amaranth P P P

IIo gb an e D
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Table I . Abundance of Plants Found in the River Valleys
1: in the Twin Cities Area (Continued)

PlSAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC B AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

ARACEAE

Arisaema triphyllZwn

Jack-in-the-pulpit

Spathyema foetida

Skunk cabbage

ARALIACEAE

AraZia nudicaulis

Wild sarsaparilla

Panax quinquefolius
Ginseng

Panax trifolius
Dwarf ginseng

Iledera helix
English ivy P

ARISTOLOCIIlACEAE

Asarwu canadense
Canadian wild ginger P

ASCLEPIADACEAE

Aeclepias exaltata
Tall milkweed

Asclepias ovalifoiia

Oval-leafed milkweed

Asclepias syriaca

Comnon milkweed P P P

Asclepias tuberoca

Butterflyweed

Asclpias verticillata
Whorl-leaved milkweed

- ...-.--|-
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Table J.. Abundance of 'lants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF Minn. St. Croix

IUpper Lower 1 2 River RIver

Species Transect: AA BB CC ]3B AA BBl CC AA BB CC AA BB CC AA BB1 YY CC

Herbs (Continued)

BALSA1M1INACEAE

IImpatienl.~
Jewe iwe ed P P P P

IBORAGINACEAE
Hacke lia virginicna

Beggar's lice

Lappula redowskii
Stickseed

ILithospemum wn ecn
Puccoon, Indian-paint

Lithoaperzon- cxt'olinensc

Puccoon
Lithosper wi inciswnI Puccoon

Onosmodiwn molle
Marble-seed, False1 gromwe 11

Myosotis sp.

Forget-me-not P

UCAMPANULACEAE

*Ccananula rotundifo lia
3 Harebell

Lobelia sp.ILobelia P

CA1PPARI DACEAE

1Polanisia tahsem
Rough-s ceded
clarnyweed P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

-Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB3 CC AA BB YY CC

Herbs (Continued)

CAPRI FOLIACEAE

Tricste.'r perlfo liatzon

Horse-gentian

CARYOPHYLLACEAE

Cerastiwn arvenseI Field chickweed

Cerastiwn nutcmsI Nodding chickweed
Cerastiwn vulgatum

Common mouse-earJchickweed p

Saponaria ojf'fcinalis
Soapwort, Bouncing bet

IStelar~ia autc
Water chickweed

CERATOPHYLLACEAE

Ceratophy liwn demersum* I Coontail

CHENOPODIACEAE

* 3 Cheiiopodiwn album
UWhite pigweed P P

Chenopodiz'n

Pigweed P

Corisperirwn hyssopifoliunIHyssop-leaved pigwced p
Cyclolcma atrip licifjo Ziu

Winged pigweed P
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Table 1. Abundance of Pl]ants; Foand ini the Rliver Valleys
in tile Twqiy Cities Area (Conitinued)

Miinn. St. Croix

Pool: U~pper Lower 1 2 River River

Species Transect: Lk BB CC !)B IA LB1 C C AA 1; CC "A )113 CC AA BB YY CC

Herbs (Continued)

CI STACEAE

lieIczan thc77mnm,? bi ckne lii
Fros tweed

CONJALIELINACEAL

Trades ccntia bracteata
* Bracted spiderwort

Tradeseczntia occiden taZirs
* I Western Spiderwort

COMPOS ITAL

Achiiila2 millefotiwn
Yarrow

Ambros-ia artemisi(ifolic
Common ragwe.,ed P P P

Ambrooia sp.
Ragweed P P

Antennaria piantagini.-
folia

Pussytoes

Anthernis cotula
Mayweed

Aratium7 minus
Burdock

Artemisia biennis
Biennial wormwood P P P

Aster novae-argilae
New England aster P

Aster spp.
Aster D P P PP P
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Table 1. Abundance of Plants Found in the River ValleysI in the Twin Cities Area (Continued)

SAF Minn. St. Croix

-Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

COIfPOSITAE (Continued)

Bidens beckii
Water marigold

Bidens connata
Beggar's ticks

Bidens sp.
Bur marigold P P P P

Carduus nutacns
Musk thistle

Cirsiur arvenseFCanada thistle P PP

Crepis tectorun
Hawk's beard

Eritgeron annuus
Daisy fleabane P P P

Fri geron ca-nadensis
Hors eweed P

Fri geron phi lade iphicus
Fleabane p

Erigon puichellus
Robin's plantain

Erigeron strigosus
White-top

Eupatorirn maculatun
Joe-Pye weed

Eupatori ur perfoliat ur
Thoroughwor t

Eupatoriura rugocu'n
White snakeroot D P P P P P P
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Table 1 AbUndance of Plants Flounci ill the River Valleys
in the Twin Cities Area (Continuod)

S inn. St. Croix

Pool: Upper Lower 1 2 Riv er River

Species Transect: AA BB CC: ; J A Rbl CC AA IB CC AA" BB CC AA PRB YY CC

Herbs (Contiiiuedl

COM{POSITAE (Continued)

Grindeliia souai4roc-a
Cur lycup-gumweed

Hei-ianthus accidenta iis
Western sunflowerI Helianthus petiolarus
Petioled sunflower P

ie liopsis heiicnthoidos
Ox-eye P

F Krigia bifi-ora
Dwarf dandelion

Lactuca sp,
Lettuce P P P P P

Prenant heo alb~a
Rattlesnake root

Ratibida pinrzata
Conef lower

Rudheckia hirta
Black-eyed Susan

Senecio paupercu-us
Ragwor t

* Senecio pi-attensis
* Ragwort

Sii-phiwn perfo ii-aturn
Cup-plant, Rosinweed

Solidajo ai-tisoi7yg.a
Tall goldenrodP

Soi-idoago f lexicauliis
Zig-zag goldenrod
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I
Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

A F BMinn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)_

COMPOSITAE (Continued)

I Solidago gigantea

Giant goldenrod P

ISolidago grwinifolia

Grass-leaved goldenrod

Solidago nemoralis

Gray goldenrod

Solidago so.
I Goldenrod P P P P P P P P r P P

Taroxacu'n ofJficinale

Dandelion P P P P P P1 P

Vernenia fac-icnulata
Western ironweed P

i I Xanthivn itaZicrm
Common cocklebur P P P P P P P

CRUCIFERAE

Berteroa incana

Hoary alyssum

IBrassica nigra
Black mustard

I Cardamine pensylvanica
Bitter cress

Ilesperis matronalis
Dames violet

Lepilium virginicwn

Poor-man's pepper P

Nasturtium officinale
Watercress P
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Table 1 Abundance of Plants Found in the River Valleys
jin the 'Tin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lo.':er 1 2 River River

Species Transect: BB CC );B AA BB UC Au% BB CC AA BB CC AA BB YY CC

Herbs (Continued)

CRUCIFERAE (Continued)

orippa islaZndica
Icelandic yellow

Icress
Rorippa obtusa

Obtuse yellow cress

Unidentified sp. P

I CUCURBITACEAE

Sicyos angulatus
Bur-cucumber1

CYPERACEAE

Carex aenca
Sedge

Carex annectens

jSedge
Carex cephalophora

Oval-headed sedge

Carex cowmunis
Sedge

I Carex stenophylla
Involute-leaved
sedge

I Carex laxifZora

Sedge

Carex lurida
Sedge

Carex meadii
Sedge

I

S *
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Table 1 . Abundaince of Plants Fouid jin the P ivr Vn3 3 cys
in tile Twin Cities Area (Coiit _Jn u d)

SAF Minn. St. Croix

IPool: Upper Lower 1 2 P jv er ]ivcr
Species Transect: A,' B313 CC LB AA LB CC LA !;B CC A A Ej! CC AA!,)I'B YY CC

IHerbs (Con tinued)

CYPE'RACEAE

Ccrex ncc'alis
Sedge

Ccorex sartweilii
Sartwell's sedge

Carex stipata
Awl-fruited sedge

Carex zwbeiiata
Sedge

C'arex vuZninode
Fox sedge

CypyrU5
O ai gale

Cyperus in jlC Zxus
(or arist-otuc)

Awincd cyperus P P

Cyperus orbicuiari
Galingale P

Cyperus schweinitzii.
Galingale

Cyperus sp.
Ga]ingale P

Eleocharis pcZlustris
Spi ke-rush

Ilcmicarpha micrant'ra
Least hemicarpha P

IScirpus reiau
Sword grass
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Table J. Abundance of Plants Found in thie Ri{ver VA-Icys
in the Tw1-In Cities Area (Continucd)

SA17 mim St. (:ro-'..

Pool: Up p,,r Lower 1 2. 2 Riv er P ivier

Species Transcct: PA CtL CC' 1B LE cc /A LBi cLP CC A- 11P CC LBYY cc

Hebs(-Continued

CY P A C CAL

Georgian bulrush

Scirpu.w cypor-zinuo
Wooigrass

Scirpus rubro tinctuso
Bulrush

Scrpuis vcZtidus
Giant bulrush

Unidentified sp. P P P

f DIOS CO]RE1ACEAE

Dioscoorea viZ-csa

Wild yamn

EQUISEC'ACEAE,

j Equisetum~ arvense
Field horsetail P D P P P P

Equisetrin hyemale
Scouring rush

Equicetun pratense
Meadow horsetail

EUP11OM~3IACEAE

Evphoi'bia cor.-77.ata

Flovrin8 spurge
Eupho7.Lia cj!parirocia.8

Cypress spurge
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I
Table 1 , Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

EUPIIORBIACEAE (Continued)

Evphorbia esula

Leafy spurge P P P
Euphorbia sp.

Spurge P P

Euphorbia glyptosperma

Engraved-seed spurge

Euphorbia nutans

Eyebane

I FABACEAE (LEGULINOSAE)

Amorpiha caw-e.cens
Prairie lead-plant

I Astraaalus crassicarpus
Ground plum

Medicago luputinaI Black medick P P

Melilotus albaj White sweet clover P M P D P P P

Petalostemn candidum
White prairie clover

IVicia cracca
Tufted vetch

Vicia viliosa
Hairy vetch

GERANIACEAE

Geranien spp.
Wild geranium P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF: Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB A BB CC AA BB CC 'Lk LB CC zA BB YY CC

Herbs (Continued)

GUTTIFERAE

Hypericum sp.
St. John's-wort P

GRAMINEAE

Agrostis paZus tris
Creeping bentgrass P

Bouteloua curtipcndula

Side-oats graua

Calamagrostis canadensis
Reed bentgrass P

Echin oA2c0a sp. D P P P P

Elymus canadonsis

Canadian wild rye P

Elynnes virginicus
Virginian wild rye P

Eragrostis hirsuta

Hairy love-grass P P D

Eragrostis hypnoides

* Creeping love-grass D

Eragrostis pcctinacea
Pursh's love-grass D P M P

Glyceria grandic

Reed meadow-grass

Glyccria stri ata
Fowl meadow-grass

Paniczea capilZarc
Witch grass M P P P P

Pcmicwn depaupcratwn

Panic grass
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Table. 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species: Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

I Herbs (Continued)

GRAMINEAE (Continued)

Panicui dichoto-miflorwn
Spreading witch grass PIPcazicwn virgatuvi
Switch grass P

Phalaris arundinacea
Canary grass

Poa palustris
Fowl meadow-grass P

Poa pratensis
Blue grass

j S(tara virztdi
Green foxtail P P P P D

Setaria sp.
Bristly foxtail PII Spartina pectinata
Prairie cord grass

Unidentified sp. D P P

HYDROCHARITACEAE

Vallisneria spiralis
Wild celery

HYDROPIIYLLACEAE

Ellisia nyctcca
(No common name)

Hydrophylhloz- appendicu-
I latwm

Virginia waterleaf

I
I

.1
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Table 1 . Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC NA BB CC AA BB YY CC

I Herbs (Continued)

I IHYPERI CACEAE

IIypericumn perforatwi
St. John's-wort

Hyperc-um punctatum
Spotted St. John's-

I wort

IRIDACEAE

Sisy2pinchium canpestre
Blue-eyed grass

JUNCACEAE

Juncus balti'cus
Spikerush

Juncun cornmressus
Spikerush

4 ' Juncus effusus
Spikerush

Juncus longistytis

* ISpikerush

" Juncus seoundus
Spikerush

LABIATAE

Galeop-sus tetrahitI Ilemp-nettle

GlecorIa hedoracoa
Creeping Charlie

Hedcoma hispida
Mock pennyroyalI

I
I

...... '

II III •~ - € ....
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued_

LABIATAE (Continued)

Leonurus cardiaca
Motherwor t P P

Lycopus officinalis
Water horehound

Lycopus virginicus

Bugleweed

Monarda fistulosa

I Wild bergamot,
horsemint

Mentha arvensis
American wild mint P P

Nepeta cataria
Catnip P

I Physostegia virginiana
Obedient plant

Prunella vulgaris
Mad-dog skullcap

4 Scutellaria laterifZora
5 Leonard's skullcap

Stachys palustris
SHedge-nettle P

Teucriwm canadense
American germander

I Unidentified sp. P P P P

LEMNACEAE

Lemna spp.
Duckweed

I

!I
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: A BB CC 0B AA BB CC AA BB CC AA DB CC AA BB YY CC

Herbs (Continued),

I LILIACEAE

Al liwm cernnwn

Wild onion

LiZium superbum
Turk's-cap lily

Main.therr.w canadnee
Wild lily-of-the-
valley

Smilacina spp.
False Solomon's

seal P

£Thiict sp.
Grcenbrier P

I Tri~l-iz.:'spp.Trillium

LOBELIACEAE

Lobelia spicata
Highbelia,
pale-spike lobelia

MENISPEIRIACEAE

I Menispe mzum canadense
Yellow parilla P

I NAJADACEAE

Najas sp.
Naiad

ZannicheZla palu;tris
Horned pondweedI

'I
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I
Table 1. Abundance of Plants Found in the River ValleysI in the Twin Cities Area (Continued)

SAF Minn. St. Croix

I Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

I Herbs (Continued)-

NYCTAGINACEAE

WMrabiZis hirsuta
Hairy umbrellawort P

ONAGRACEAE

Circaea quadrisulcata
Tall enchanter's
nightshade

Epilobi=n ciliatum

I Willow herb

Epilobivm paricutatum
Willow herb

1enothura
Evening primrose P

I OPIIIOGLOSSACEAL

Botrychiwn vi 'ginianwn
Rattlesnake fern

OSMUNDACEAE

Osmunda claytoniana
Cinammon fern p

AOXALIDACEAE

Oxalis dilZcenii
Wood sorrel P

I OxaZis stricta
Upright wood sorrel

Oxalis violacea
Violet wood sorrel

*. ~,
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Table 1. Abundance of Plants Found,( in the River Valleys
in the Twin Cities. Area (Coiitinued)

SAP Min St. Croix
Pool: Upper Lower 1. 2 1, 1v71-r R !,,vcr

S pecies Transect: AA B3B CC BB AA BB C(C AA B13 CC AA hB CC VA PI'i~ YY CC

Herbs (Continucd)

j PAPAVERACEAE

San guinca'ia ccwnadensis

Bloodroot

U PIYRIMACEAE

Phyrma leptos tachya
Lopseed

PLANTAGINACEAE

Plan tago major
Common plantain M P P P

Plantago ruge liiI Wood plantain

POLE!4O1I ACEaNE
tk1 Phlox divaricata

Blue phloxI Phlox pilosa
Phlox

Potemonium reptans

Jacob's ladder

* POLYGONACEAE

* Polygonurn ariculare
Common knotweed

POlygcuzcn7 coccinleUMI Scarlet smartweed

* ~~Pozygonum' aalvzau
IPennsylvania smartwced P P

Pollygontal sp.

ISmartweed P P P P
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1
Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA LB CC ,% BB CC AA BB CC A B YY CC

IHerbs (Continued)
POLYGONACEAE (Cont' d.)

Rwnex acetose a

Sheep sorrel

I Rwnex crispus

Curled dock P P

Rwnex mex.'," .- Zns

Mexit.m dock P

Rwnex

Do P P P P P

POL YP! ;.'A 1 .

Adixtzu", 'ht
Mai Jenhair fern

Cystopcrzs fr-zilis
Fragile bladder-fern P P P

PRIMULACEAE

Lysimachia nzenmutaria

Moneywor t

Lysimachia ciliata

Loosestrife

I RANUNCULACEAE

Anemone canadensis
Canadian amenome

l Anemone caro linirna

Carolina anemone

* Anemon, cylindrica

Thimb leweed

Anemone qvinf ,.uofoZia

I Wood anemone

1
I
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Table 1. Abundance of Plants Found in the River Valleys
I in the Twin Cities Area (Continued)

SAF iIinn. St. Croix

Pool.: Upper Lower 1 2 River ivcr

Species Transect: AA BB CC BB AA BB CC AA BB CC '.A .B CC L! PD YY CC

f Herbs (Continuted

RANUNCULACEAE

Anemone virginiana
Thimbleweed

Anemone sp.SAnemone P P P P

Anemonella thalictroides
Rue anemone

Aqui legia cciadcnsis
Columbine P P

Deiphinizwa7 Vircsccns
Larkspur

Hepatica aczeti Zoba
. Liverleaf, he!patica P

Hiepatica arYnr2.va12

Liverleaf, Lepatica

Ranunculus acris
Tall buttercup

Ranunculus abortivus
Kidneyleaf buttercup

Ranunculus aquatihis
White water-crowfoot

Ranunculus pensyIvanicus
Bristly crowfoot

Prairie buttercup

RwiuncnlvuZ r,'c ln':Patus
Cursed crowfoot P

Ranunouluc .e;(ptentro-
naliz

Swamp buttercup

o -
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Table i. Abundance of IPlants Found in the River Valleys< I in the Twin Cities Area (Continued)

SAF lnn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC L,$ AA BB CC AA BB CC %A hB CC AA BB YY CC

Herbs (Con ti ued)

ROSACEAE

Potentilla recta

Upright cinquefoil

I I Potentilla cimplex
Old-field cinquefoil

Potentilla sp.

Cinquefoil P P

Rosa blanda

Smooth wild rose P

Rosa suffutta
Hairy prairie rose

IRosa sp.

Rose P p

Rubus occidentalis

1I Black raspberry

RUBIACEAE

Galiwm boreale

Northern bedstraw

3 Galiwn trifidwn

Small bedstraw

* Houstonia longifolia
Bluet

SANTALACEAE

Comandra wbellata

Bastard toadflaxI
I

' 1
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Table I . Abundance of Plants Found In the TRiver Viii ceysI in the Twi Ci tics AYLoa (Contl.nkied)

SAF M~inn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: /A B11 CC BE A 13 B CC LAt BI CC LA B13 CC BE iYY CC

I I1~rbs (Conitinued)

RANMJCUJLAE (Cont'd.)

1 Rancnou-lua sp.
Buttercup P

ThaLiirtani dacyaaaypz~n

- Purple meadow-rue
Thalictru'n sp.I e adow-rue P P

BIIAMNACEAL

I Ceanothus cnericznus
New Jersey tea

I ROSACEAL

A9PiY:Jnia p:Leaccno
CockleburI Atchemilia sp.
Lady's mantle p

Fragaria vescaI Wild strawberry

* aewni canadense
White avens

Gewn iaciniatwn
Aven s

Geum triflorwn
Three- flower ed avensI Potent i12a ayr.erttea
Silvery cinquefoil.

Potenti~ila a~ruta

Tall cinquefoil-
Potcntilla nomrvc<ca

Rough cinquef oil A

Ig



Tabl1e 1 .Abundance of Plants FounId in the River ValleysI in the. Twin Cities Area (Continued)

SAP Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AX BB CC Eh' LN BE) CC AA M CC !A BB CC.X LB YY CC

SAXI ]RAGACEAEX-I leuclhera reccn
Alumroot

lleucherz ri chardsoni

Richardson' s aluimroot
Ribes sp.

ICurrant P p

S CROPHULARI ACEAE

Besseya .bu4ZiiI (No common name)

IButter-and-eggs P
Min.zus O'zbratus ,

Monkey -f lower
Mirnulus ringens

Square-stemmed

I monkey -flower P

Pens ternon gracilis
Slender-leavedI beard- tongue

Pens temn granrdifiorusI * Large-floweredI beard-tongue
Scrophuicmia lanceoiat.a

Verbooocwn thcpas~c
Mulleinf

Veronica a'nervcana
S PC:edwe 11

1Veronicost-ri, ri virginicwn
5 Culver's root

Unidentified sp. P



Tab 1lc 1. I)u1, Fo ~ ' ntV'u!UI A ' c hI t 'c t V ail('r.
in the CI Lies Ar-- (Ccn t :LoucU)

SAY in. S.Cir

Pon] 1pp (-r Lowe'r 1 2 PiUVer 1 hiv r

S Pc :rbs (o Tinu eL bC 1 AA LB Cc .'A ;;i cc> n, cc L" Im YY Cc

S 0 L.LNA C E. A

Clammy grounid-cherry

PhysaZis Zonai -fo Z ia
Ground-cherry

Sotcmum 2t<rwf
var. am3,2--a'.a

Black nightshade P I? P P

SPARG' _ACEAE

Bur-reced

TYPHACEAE

Cattail

UMBELLIFERAE

An'e Ziccz aticvurpz,rea
Alexander

Gryptotaenia canadensis
Wild chervil

Heractewn lo, atzin
Cow parsnip

Osmorhi;,a lso 7itd-i
Sweet Cicely

Pastinzaca catiza
Wild parsnlip

Black snakeroot

Zizea aureaa
Golden alexander
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Table 1 Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA 13B CC 31; AA B11 CC AA BB CC AA bB CC AA BB YY CC

IHerbs (Continued)

URTI CACEAE

Doeh.-teria cy lindrica

False nettle

IParietaria pensy vanica
Pennsylvania pelli-
tory P D

I Urtica dioica
Stinging nettle P

Laportia ccnadcnsis
Canadian wood-nettle P

Unidentified sp. P P P P

VElBENACEAE

Verbena brcc te!1a
Large-bracted vervian P

Verbena hastata

Blue vervain

Verbena simplex
Vervain

I Verbena stricta

Hoary vervain

* Verbena urticifolia

* White vervain

I VIOLACEAL

Viola pedata

Bird's-foot violet

I VITACEAE

Parth cnociso u- in.'Prta

I Thicket creeper,
woodbine

A
I
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I Table 1. Abundance of Plants Vound in the Rivvr Valleys
in the Twin Cities Arca (Continued)

SAF Minn. St. Croix

Pool: Upper LoVe: 1 2 River IJver

Species Transect: AA EB CC ;"J; AA B1B C C AA B1B CC AA BB1 CC AA BB YY CC

I Herbs (Continuud).

HEPATI CAE
(Liverworts) P

MUSCI (mosses) P P P P

FI

I
1

I
I
I

I
I
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I Table 2. Bentlhic Animal Abundance.

A Comparison of Sprint;- cnd Sum-mer S,:rmp]leo of Bcnti-C
Macruirix'ertuLr:ILC~S Coll3ected in 3.973 in the
Miiinctsu La and L-o'. cr St . Crel:..: IRivcrs and Nii e
815.3 to 857.3 of th iw ;;:spjiB\ (ajcraw~ed
by poo1 anl Vi ano-ct from Upa Lrewai dow~n)

MISSISSIPPI RIVER

Unj c t nt o~al Pool

Transect UAAN Mle 857. 3

UAA Rock Scrapings; Left bank; Spring 1973; 4" - 1" depth; Small. amount ofImedium coarse sand and rocks

Organisms S amp le

Class or Order Familiy Genus ____per sq ft Nui-mber-

Plecoptera Chloroperlidae Ha~tapcrla 4 2.
Perlidae Paragnetina 2

ITrichoptera Hydropsychidae Hydropsyche 3
Chewzmotopsychc 3

Hydropsychidae Damaged or very 6

immature

Dip te ra Chironomid ae P 1 d iwa.' 1
Siimilii dae (Very small larvae) 6t UAA; Left bank; Summer 1973; 5.5' depth; Rocks, some gravel and sand

Trichoptera Hydropsychidae 71jdrope., c1;e 10 20.
Chevmatopsych'e 66

I(Unident. pupae) 11
Trichoptera. (Unident. very small larva) 1

* 1 Plecoptera Perlidae Phasgqanophora 1
I Ephemeroptera Gaenidae Caenis 11

Coleoptera Elmidae 29

Elmidac (Adult) 1

* JDiptera Chironomidae Po 7;pI'.di Z zer 14

Chironoim.idae (Unident . pupae) 3
Emipididae 9~a:ro~' 1

IC7?I0rodrc'co,4 a ? (pupa) 1



I
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Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Smiples of Benthic

A Macroinvertebrates Collectcd in 1973 in the
Minnesota ind Lower St. Croi : Pivers and Mile
815.3 co 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Upper St. Anthon' Falls Pool (Continued)

Cor, inue

UAA: Mid-stream; Spring 1973; Coarse sand; 10 to 11', 12.3 maximum depth

Organisms Sample
Class or Order Family Genus per sq ft Number

z Eiptera Chironomidae PoZypedilwn 1 67.

UAA: Mid-channel; Summer 1973; Rocks, sand and gravel, 7' depth

Trichoptera Hydropsychidae llydropsyche 22 64.
Cihevwatopsych 6

Ephemeroptera Potamanthidae Poutaranthus 2
lleptageniidae Stenonema? (damaged) 1

ICo2leoptera Elmuidae 1
Diptera Chironomidae Polypedilw 2

. Rheotany tarsus 12
Pentaneurini 9

Polypediluw (pupa) 1

Tantytarsini (pupa) 2
. Chironominae (unident. pupa) 1

Empididae Hlemerodromia? 4
Hemerodromia? (pupa) 2

Tipulidae (unident. larva) 1
I Simuliidae Simuliwn 2

Simzdin (pupa) 2
Chironomidae Rheotanytarsus ? I

(in case, attached just behind head to cervical membrane of
a_Hydropsyche larva)

I-
J _ . -1_, ,la



A-43

Table 2. Benthic Animal Abundance (cont.).

A Comparison of Spring nd Suin1per Sai-ples of Benthic
A.Macro.l nvcrtebrate; Ceo cllted in 1973 Jn the

Minnesota Lnd Lc-,;cr St. Crx:.:i Rivers znd Ni le
815.3 to 857.3 oi the lissi.-sippi River (Continucd)

IVI PI R __onti triedL

Upper St. Anthony Falls Pool ,Continued)

Tran sect UBBJ Mle 85-5.7

UBB: Left bank; Spring 1973; no organisms in sample

UBB: Burlington Northern PR bridge; 3rd pier from L/B; Summer 1973; Sand,rocks;
14' deep

Organisms Sample
Class or Order Family Genus er sq ft Number

Ephemeroptera Caenidae Caenis 1 49.

Diptera Chironomidae Cryptochironomus 2

UBB: Mid-channel; Summer 1973; Medium coarse sand

Diptera Chironomidae Po 7<pedi l4n 1 65.I
UBB: Mid-channel; Summer 1973; Sand and fine gravel with some plant debris;1 13.75' depth

Diptera Chironomidae Pcratendipes 1 54.

UBB: Right bank; Spring 1973; 4" d. chunk of ceret, very little fine sand,

medium coarse sand; 2.7' deep, 12 yards from right bank

I Trichoptera Hydropsychidae Chewczatopsyche 22 5.
kydropsoyche 5
Macronemu 2

Diptera Chironomidae 2
Empididae 1

Coleoptera Elmidae 1
Elmidae (Adults) 3

I UBB Right bank; Summer 1973; no organisms

I i
*4
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Table 2. Benthic Animal Abundance (cont.)
Comparison of Spring and Sunnier Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile1 815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER _(Continued)

Uaer St. Anthony Falls Pool _Concluded)

Transect UCC, Mile 854.4

UCC: E, Left bank only; Spring 1973; Fine sand (on shelf), hardly any sediments;
16' depth

Organisms Sample
Class or Order Family Genus persq ft Number

Oligochaeta 1 73.

UCC: Ekman, Left Bank; Summer 1973; no sample

I UCC: Ekman, Mid-channel; Spring 1973; no sample

j UCC: Ekman, Mid-channel; Summer 1973; Sand and gravel; 30' deep

Trichoptera Hydropsychidae Cheumatopsche 2 53.

I Coleoptera Elmidae 5

Diptera Chironomidae Stictochironnus 1
PoZlypedilwn 1
Eukief fcrie h a 1

UCC: Mid- main channel; Summer 1973; Coarse sand with numerous small clam-
shells; 18.5- 19' depth

Diptera Chironomidae Cr yptochironomus 2

Polypedi lm 4
1Poarate ndipes 1

.1
0 . . -.
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I Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minn:sota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

I MISSISSIPPI RIVER (Continued)

i Lower St. Anth ,ny Falls Pool

.Trans!ee t _L , Mll5 3.4

LBB: Left bank; Spring 1973; 10 yards from left bank, and 325 yards from right
bank; medium coarse sand with silt, plant and shell fragments; 3' depth

Organisms Sample
Class or order Family Genus per sq ft Number

Diptera Chironomidae Po lypedi ?n 3 69.
1&Ihc o tany tars 1 s 1

LBB: Left bank; Summer 1973; Sand, silt and pebbles; 3' deep

Trichoptera Psychornyiidae 3, yctiopl: 3

I Ephemeroptera Caenidae Caes
, Heptageni idae St erc ncma I

I Coleoptera Elmidae 2

Diptera Chironomidae Dicyoteiidipe o 8
Glypto tendipes 6
Polypedilzum 2
Cryptochironomus 5
Psectr tanypus 1

I Oligochaeta 5

!

I

I
I
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Table 2. Benthic Animal Abundance (cont.)

I Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota dn Lower St. Croix Rivers and Mile1 815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

I Lower St. Anthny Falls Pool (Concluded)

_Transect LBB. Mile 853.4 (Continued)

LBB: Mid-channel; Spring 1973; A few pieces of bark, with Trichoptera larvae;
165 yards from Left bank and 155 yards from right bank, L guide wh

I Organisms Sample
Class or order Family Genus per sq ft Number

Trichoptera 1ydropsychidae Hydropsyche 18 11.
Hydropsyche (pupae) 2
Chawmatoosyche 9
Chevonalopsyche (pupae) 2

Philopotamidae Chimarrza 1

Coleoptera Elmidae 1

Diptera ChironoTii da Edochirocoms 1

Microtendipea 1
SPo ly podiiw 1~

Chironominae (unident., very small
' larva)

LBB: Mid-channel; Summer 1973; Sand and pebbles; 14' deep

I Diptera Chironomidae Cnjptochironomus 2

Oligochaeta 1

1 LBB: Right bank; Spring 1973; Medium sand and silt (little current); 100 yards

from right bank, 240 yards from left bank; 10' deep

Ioleoptera Elmidae 1

Diptera Chironomidae PoIljpcdi IV/ 17
Chironomuo 1

Oligochaeta 11

LBB: Right bank; Sunmi-r 1973; no sample

* 1
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Table 2. ]ienthl: An i ial Abundance (cont )
Compiciscrn of ;pIn nd Suim.cur Sniamplo-s of lienthi c

A Macroiuivr Lebr.ILC,; Colic c-ted in 1973 in th.'.
Niuncesot ai aiim Luc'.sr St. ( i *~ efi ai I ll1 815.3 to 857.3 cof tli- a Ipi \'er (Continu_-d)

I Pool I

Transect IAA,, Mile 853.2

I! Lef t bank; Spring 1973; 62 yards f romn lef t bank and 1.27 yards f rom right
bank; rocks with Trichoptera and 1 inayfly; 17.0' deep

Organisms Sample

Class or Order-Family Genus per_ S~ ft Number_

Trichoptera. Hydropsychidae Hydropsyce 9.IChe w?atop_-yc_-he 8

Ephemeroptera. Potamanthldae Potconanthis 1

Dipter a Chironomidae P0 lypediliw 2

lAA : Left bank; Summer 1973; no sample

lAA : Mid-channel; Spring 1973; no samiple

lAA: Mid-channel1; Summer 1973; Coarse sand and gravel, rocks, fine sand; 11.0'
depth

Ephemeroptera Caenidae Caenis 1IPotamanthidae Pot conan thius 1V Ephemeroptera (Unidcent. damaged nymph) 1
Trichoptera Hydropsychidae Cheurnatopoyche 3

Psycomyiidae (Unident. damaged 1
larva)

I Coleoptera Elmidae 2

Diptera Chirononiidae ZPol?di Lon 3

Tany tarsini 2

Pentaneurini 4
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Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring and SLunter Sanples of Benthic
Macroinvertebrates Collected in 1973 in the

A Minnesot:i and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

I MISSISSIPPI RIVER _Continued)

Pool I (Continued)

IAA: Right bank; Spring 1973; 20 yards to right bank and 145 yards to left bank;

Rocks with 1 mayfly nymph; 13.0' depth
Organisms Sample

Class or Order Family Genus per sq ft Number

, Trichoptera llydropsychidae Hydropsyche 4 7.

Plecoptera Perlodidae IsoperZa 1

Ephemeroptera Heptageniidae Stenonea 1

Diptera Chironomidae Po lypedi lz 1
Orthocladiinae (Unident. pupa) 1

I 1AA: Right-bank; Summer 1973; no sample

I Transect 1BB_1 Mile 850.6

lBB: Left-bank; Spring 1973; 8 yards to spoil on left bank, 225 yards to right

bank tree; Rock, gravel, sand and silt; 5.5' depth

Trichoptera Hydropsychidae Cheumatopsyche 1 6.

Diptera Chironomidae Cryptochironomus 1

Oligochaeta Tubificidae 12

iBB :Left bank; Summer 1973; Fine sand, silt, rocks; 8.5' depth

,Trichoptera Hydropsychidae Chewatopsyche 1

I Diptera Chironomidae Cryptochironomus 1

Oligochaeta 3

I

I i lI.
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I Table 2. BentLhic Animal Abun Jance (cow n,

ComparJison of 3pring and Sumumer Sa,!plcE of ,nthic
Macrojnv,.rtebratcs Cllcct.d in 1973 in the

A Mines;ota ald oLuwcr St. Croix Rivers iid Mi]

i 815.3 to bf7.3 of the -iissis;ipJi Rivc (C0oAtiIued)

rIssISSIPPI RI VER ( ontinucd )

I Pool 1 (Contirued)

Transect IBB; Mile 850.6 (Continud)

I 1BB :Mid-channel; Spring 1.973; 135 yards to left bank, 76 yards to right bank l
spoil and 54 more yards to base of bluff and tree; No record of substrate type;
15.5' depth

Organisms S ample
Class or Order Family Genus per sq ft Number

Coleoptera Elmidae 117.

Diptera Chironomidae Po 7."'r. i .Jlze 3
Pa) a i :.? 1 c( s 3

Ceratopogonidae ? (Unident. larva) 1

Pelecypoda (clams) Sphaeriidae SphaczY,- 1

IBB :Mid-channel; Swim, r 1973; No organisms

IBB: Right bank; Spring 1973; No sample

IBB :Right bank; Summer 1973; No sample

I Transect IXX, Mile 851.1

I lXX :Left bank; Spring 1973; No sample

1XX :Left bank; Summer 1973; 150' from left bank; Sand and a couple bark
I fragments; 12.5' depth

Coleoptera El.midae (damaged larva) 1 40.

lXX: Mid-channel; Spring 1973; no sample

XX: Mid-channel; Summer 1973; Sand and bark fragments (pine), shell fragments;
14' depth

Diptera Chironomidae 1 w a,,;;es 5 24.

j Pelecypoda (cl ams) spia2'ize" I

Gastropoda (snails) PZX170'bPa (not il.ive)l

Oligochacta 1

I
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I Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring and Suinwer Samples of Benthic
A Macroirivertebrates Collected in 1973 in the

MinnesoL: nnd Lower St. Croix Rivers and Mile

I 815.3 to 857.3 of the Missis!, ppi River (Continued)

MISSISSIPPI RIrV.F. ,(Continued)_.

I Pool I (Continued)

Transect IXY Mile 851.1 (Continued)

I IXX: Right bank; Spring 1973; No sample

I LXX: Right bank; Summer 1973; 35' to right bank; Shell fragments and bark,
gravel and coarse sand; 15.5' depth

Organisms Sample

Class or Order Family Genus per sq ft Number

Trichoptera Hydropsychidae Chewnatopsyche 1 19.

Diptera Chironomidae Cryptochironomus 5
Po lypedi Zuni 2

Pentaneur ini 1

I Pelecypoda (clams) Unionidae Actinanaias 1

Transect ICC,~ Milc 848.0

1CC: Left-bank; Spring 1973; 20 yards to left-bank; Fine sand, few 1" stones,
sticks; 5.5' depth

Diptera Chironomidae PoZypediZzn 23 16.
Paratendipes 6

PhaenopseCtra 6
Cryptochironomus 1
Chironomus 2

Psychodidae Psychoda 1

Oligochaeta 15

SICC: Left bank; Summer 1973; 100' from left bank; Fine sand and silt, sewer
! smell in sediments; 4.0' depth

Diptera Chironomidae C,'yptochirolomus 1 46.

Chi 'ono,,us 2
Zol padi , 1

Oligochaeta
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Table 2. Buntliic Anii;ial Ahundiwwe (conL.)

Co:parison of Sprfin and SiumL r .S--miple. of Bnthi{:
Ma(:rfl~v.LebrgtO Col].,CctcJ in 1:/3 in the

A Kitnnc:sot a ani Lower :St. awl Riv ; od .i r

815.3 Lt 8f;7.3 of LiI ; 1rrIsijpJ iCixtr (Co.Lii iued)

IiSSI PI ISP VEP, I Continucd)

Pool .

Transect 1CC, Mi .e 848.0_ .(Con tin.ed)

1CC: Mid-channel; Spring 1-973; No sanple

iCC: Mid-channel; Summer 1973 O
I;Organisms Sample

Class or Order Family Genus per s ft Number

Diptera Chironom:idae Chir.mxm 3 23.

Oligochaeta 2

I 1CC: Right bank; Spring 1973; No sample

I 1CC: Right bank; Suw-:.,er 1973; No sample

Pool 2

Transect 2A:, _iT_ 847.4

I 2AA: East chLnnel., Left bank; Spring 1973; 59 yards from left bank, 300 yards

from right bank; Rocks; 9.1' depth

I Trichoptera llydropsychidae 7iydi'opsyche 3 10.
Chewnatopsyche 5'Hydropsychidae (Unident. pupae) 9

(Damaged larvae) 2

IP sy chomyiid ae Po ly Con 1tropus 1
Ephemeroptera Potamanthidae Potroaauzi.:7ss 2

* Dipt era Chiromn id ae PhaonovscLkc, 2a I
Tanytarsini 3

Hirudinea (leeches) 1

2AA: East channel; Summer 1973; 1.5 feet from island; Rocks and coarsc gravel.;
3.5-5.0' depth

I Coleoptera EI Th.1e 1
I.irudinca (leeches) 3
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Table 2. Benthic Aniimii1 Abundance (cont.)

Comparison of Spring and Surimcr Sariples of BeItlhic
A Macroinvertobrates Collected in 1973 in the

Minnesota ,I Lo.er St. Croix Rivcrs and Mile
815.3 to 857.3 of the MississipPi ivcr (Contjii, nud)

MISSISSIPPI RIVER (Corinued

Pool 2iot.neQd

Transect 2A, 'Mile 847.4 (Continued)

2AA:Rock Scrapings; Left channel, 15 feet from island; Rocks and coarse gravel
3.5-5.0' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Ephemeroptera Potamanthidae Potarxzth ]s 1 34.

Trichoptera Psychomyiidae Pc yc;,tr'o;;"s 1

Diptera Chironomidae Dic" rotendip s ? 1
Chironomidae ? (unident. egg mass) 1

Hirudinea (leech) 1

2AA: Mid-channel; Spring 1973; No sample

2AA:Mid-channel by lock; Rock scrapings; Suiumer .973; Rocks encrusted with
algae, etc.

Diptera Chironomidae Po Zypedi Lvii 1 59.

2AA: Right bank; Spring 1973; No organism=

2AA: Right bank; Summer 1973; no organisms

Transect 2BB. Mi1e 831.7

2BB: Left bank; Spring 1973; 30 yards from left bank; Gelatinous, with sand;
4.5' depth

Diptera Chironomidae Polyzpcw 17ca 6 71.
Fh O6

Empididae (Unident. larva) 1

2BB: Left bank; Summer 1973; Mostly sludige, silt and orga'ii:c clay; 11.1' depth

Diptera Chironemidae Froclc,.fw 6 35.

Oligochaeta 32

L . .. .... .~~ ~~ - ---. -- - -. ,..... -
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Table 2. Benthic Animial Abudai~ce (cont.)

Comparison of Spring and Sumner Samples of Benthic

A Macroinvcrtcbrates Collected in 1973 in the
IMinunesoVa .:nd Lower St. Croix RiZvers kind M1]e

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued

IPool 2 jContinu e d

Transect2BB3 Mile 831.7 (Concluded)

2BB: Mid-channel; Spring 1973; 10 yards from right bank and 250 yards to left
Ibank; 23' depth

Organisms Sample
Class or Order Fawily Genus per sq ft Number

Plecoptera Perlodidae Isoperla ] 8.

Ephemeroptera Ephemeridae Pentagenia 1
Potamanthidae Potarranthus 1

Coleoptera Elnidae 2

Dip tera Chironomi d ae Xenochionomuis 18
Pentaneurini 3

2BB: Mid-channel; Summer 1973

I Diptera Chironomidae Chironom=ms 4 29.
Procladims 1

Chaoboridae Chaoborus 6

Oligochaeta 37

2BB: Mid-channel; Summer 1973

Oligochaeta 2 60.

2BB: Right bank; Spring,1973; No sample

2BB: Right bank; Summer 1973, 14o sample

I
I

I
. 3 .. _ _ .. . . . .._,- -:--- -:/ ,..
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Table 2. Benthic Animal Abundance (cont.)

1 Comparison of Spring and Surmaer Sauples of Benthic

A McroinvertEtbratcs Collected in 1973 in the
Minnesota and Lover St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Miscellaneous Pool 2 Sites

Pool 2: Right bank of back channel, Newport Island; Summer 1973

Organisms Sample
Class or Order Family Genus per sq ft Number

Diptera Chironomidae Procladius 2 47.

Oligochaeta

Chute behind Island 2CC; Right-bank; Downstream from 827.7; Summer 1973; Clay,
silt and some sand; 4' depth

Oligochaeta (Many fragements) 47 28.

Nemertea (proboscis worm) 1

Mile 827.7 :Left bank backwater; Upstream from spoil; Sumimier 1973; Sand with
1/8" silt on top; 6.5' depth

Oligochaeta 2 63.

Grey Cloud Slough at twin fill; Summer 1973; Organic mud; 18' depth

Diptera Chironomidae Tanypus 2 31.

Chironomus? 1
Chaoboridae Chaoborus 7

Baldwin Lake; Downstream from spoil; Summer 1973; About 1" of silt on 2' deep

sand and mud

Diptera Chironomidae Proc iadius 2 48.

Oligochaeta 4
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Table 2. 01ILhic Anim, il Abundance (cont.)

Comparison of Sp-iig and Su.I::,er Samples ot Benthic
Hacroinvertebratec: Collected in 1973 in the
Minncota and Lw,,,cr St. Coix Rivers and cil

1815.3 to 857.3 of the MIisisSippi Rivers (Continued)

MISSISSIPPI RI IR -Continued)

I Pool 2 Gontihmcd

Transect 2YY, Mile 821.4

Organisms Sample
Class or Order Family Genus per s_ft Number

I 2YY :Left bank; Spring 1973

Diptera Chironomidae ProcZadius 19 15.
a u 2

Oligochaeta 44

I 2YY :Left bank; Summer 1973; No sample

2YY ?'3A"; Spring 1973; 135 yards to right bank; Organic rud, much silt, some
fine grit; 3.2' depth

I Diptera Chironomi dae 1sec+rot ..
* Proc ladiuo 9

Crypto chironomus 1

Oligochaeta Tubificidae 54

Oligochaeta (Inmntures and/or 23
I small)

2YY :"3A"; Right-bank; Summer 1973; Soft mud; 3.5' depth

Diptera Chironomidae Procladiu3 1 36.

Oligochaeta 5

2YY :"3B"; Spring 1973; no sample

2YY :"3B"; Summer 1.973; Soft mud; 3' depth

I Diptera Chironomidae Procladiiuo 3 41.

Oligochaeta 8

I
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Table 2. Benthic Animal Abundance (cont.)

I Comparison of Spring and Summer Samrples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix River and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Cnclj±ude.

I Pool 2 _Concluded)

Transect 2YY, Mile 821.4 (Continued)

2YY: Mid-channel; No organisms

2YY: "30'; Spring 1973; No sample Note: "3C" is mid-channel

2YY:"3C"; Summer 1973; Medium coarse sand with 1/8" silt layer on top; 12.5'
Idepth

Organisms Sample
Class or Order Family Genus per sq ft Number

Oligochaeta 2 50.

Transect 2CC, Mile 81-5.5

2CC: Left bank; Spring 1973; 7 yards from left bank, 1 mile to right bank,
750 yards to upstream tip of Buck Island;Black clay mud (kept shape), sl
anaerobic; 15.5' depth

I Oligochaeta 94. 14.

2CC: Left bank; Summer 1973; No sample

2CC: Mid-channel; Spring 1973; 155 yards from left bank; 3 tries and Petersen
dredge wouldn't trip, anchor came up with partly decayed leaves, sticks, largefl branch and sludge attached; 28' depth

Diptera Chironomidae Procladius 8 68.

I 2CC: Mid-channel; Summer 1973

Diptera Chironomidae Procladius 8 27.

Oligochaeta 11

2CC: Right bank; Spring 1973; No sample

2CC: Right bank; Summer ].973; No sample

.1|
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Table 2. BentLic Animal Abundance (cont.)

I Coparison of Spring and Suimner Samples of Benthic
A Macroinvertebratcs Collec-ed in 1973 in the

Minnesota and Loi,%er St. Croix, Rivers and Mile
81.5.3 to 857.3 of the ississippi River (Continued)

MIUNIESOTA RIVER

_ Transect MINA,_ Mile M24.8

jMAA :Left Bank; Spring 1973; No organisms

k-A L ,fL bank; Rock Scrapings; Summer 1973; 40' from left bank; 1-2" silt
over gelatinous mud, smelled slightly of decay; 5.5' depth

Organisms Sample
Class or Order Family Genus per Sq ft Number

Trichoptera Hydropsychidae Chewnatopsychke 1 21.
I Hydropsychidae (Unident. I

damaged pupa)

Coleoptera Elmidae 1

Diptera Chironomidae GZyptotendipes 9
Glyptotct-I'peo (pupae) 2

Nematocera (Unident.
damaged pupae) 2

MAA: Mid-channel; Spring 1973; No sample

I MAA: Mid-channel; Summer 1973; No sample

II MAA Right bank; Spring 1973; No sample

MAA. Right bank; Summer 1973; No organisms

Transect MBB, Mile M13.0

MBB :Left bank; Spring 1973; No organisms

MBB: Left bank; Summer 1973; 6' depth

I Diptera Chironomidae Polypedilvi 1 57.

1
*1|

.. .•-'-I 2L ::: ,r'= ;--- ""



Table 2. Benthic Animal Abundance (cont.)

I Comparison of Spring and Summer Samiples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

1 815.3 to 857.3 of the Mississippi River (Continued)

1IN'1NESOTA RIVER (Continued)

I Transec t!B MlQ§ iu ed)

MBB: Mid-channel; Spring 1973; No samplc

MBB: Mid-channel; Summer 1973; No record of substrate; 8' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Diptera Chironomidae Tanypus 2 25.I Proc ladius 5
Oligochaeta 11

MEB: Right banik; Spring 1973; 12 yards from right bank; 120 yards from left

bank; Coarse sand and clay pellets; 7.5' depth

Diptera Chironornidae Cryptochironamus 1 18.

I MBB: Right bank; Summer 1973; Fine sand with clay lumps, silt layer on top;
3' depth

Diptera Chironomidae Cryptochironomus 1 18.

* M1BB: Right bank; Summer 1973; Fine sand with clay lumps, silt layer on top;
* 3' depth

iOligochaeta 1 51.

-Transect MCC, Mile M3.0

I MCC: Left-bank; Spring 1.973; No organisms

MCC- Left-bank; Summner 1973; No sample

...........
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ITable 2. Benthic Animal Abundance (cont.)

I Comparison of Spring and Summier Sam.ples of benthic
A McroinVertcbrates Collcced in 1973 in the

Minnesota and Lower S t:.Croi>. Rivers and Mile1 815.3 to 857.3 of the Mississippi River (Continuedl)

MINNESOTA RIVER (Colicluded~

3Transuct C Mile M3.0Qoniiu ed)

MCC: Mid-channel; Spring 1973; No sample

MCC: Mid-channel; Sumnmer 1973; Fine sand with shallow layer of silt; 12' depth
Organisms Sample

Class or Order Family Genus ___per sq ft Number

Dip tera Chironomidae Proc ladius 2 3 0.

01 igo c hact a 28

MCC: Right bank; Spring 1973; Ekman dredge (small amount of sand, muchI water) 5 yards to right bank; 5' depth

Oligochaeta 1 72.

MCC: Right bank; Summer 1973; Clay silt and some sand; 4' depth

Ioligochaeta 9 38.

I ST. CROIX RIVER.

Transect SAA, Mile -SC24.8

5 SAA: Left bank; spring 1973; 10 yards to left bank; Substrate not recorded;
9.5' depth

IOligochaeta 1 78.

SMA: Left bank; Summer 1973; No sample

=Iv !o



I A-60

Table 2. Benthic Animal Abundance (cont.)

I i Comparison of Spring and Sunmier Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

n 815.3 to 857.3 of the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

I Transect SA z ile .SC24.8 _Continued)

SAA: Mid-channel; Spring 1973; Substrate not recorded; 5.2' depth

Organisms S mple
Class or Order Family Genus per sq ft Number

Diptera Chironomidae Micropsectra 1 70.

Ceratopogonidae ? (Unident. larva) 1

I Oligochaeta 1

SAA: Mid-channel; Summer 1973; Clay and mud (organic?); 1 chironomid; 22'

depth

Diptera Tipulidae 1 22.

Chironomidae Xenochironoaus 4

SAA; Right bank; Spring 1973; No sample

SAA: Right bank; Mid backwater; Summer 1973; Fine sand overlain with silt;
Middle of bay; 3' depth

I Diptera Chironomidae Poctadius 2 33.

Transect SXX, Mile SC16.0

SXX: Left bank; Spring 1973; 560 yards from left bank; Shallows; 10.3' depth

Ephemeroptera Caenidae Caenis 1 74.

Diptera Chironomidae Cryptchironomus 2IPotthastia 1

Oligochaeta 1

I SXX: Left bank; Sunrner 1973; Medium to fine sand, wood fragments and clam-
shell; Middle of the bay; 7.5' depth

Diptera Chironomidac Cr- toihio7vus 1 43.
Chaobori dzae Ch ;,,) 1'', 1

I
' l
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Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring aid Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

J81.5.3 to 657.3 in the Mississippi River (Continued)

ST. CROIX RIVER _(Continued)

Transect SN. Mile SC 1.6.0 (Continued)

SXX: Mid-channel; Spring 1.973; 1000 yards from left bank, 180 yards from rightj bank; Coarse red sand; 16.3' depth

Organisms Sample

j Class or Order Family Genus per sq ft Number

Diptera Chironomidae Po lyp' di zn 1 75.
Stictohironoums 1

Paac la dope ?bria 1

Paracladope t' a? 2
(very small)

Pelecypoda (clams) Pisidin 10

Gastropoda (snails) Stagnicola ? 1I(very small)

SXX Mid-channel; Summer 1973; No record of substrate; 15.7' depth

Oligochaeta 2 39.

SXX: Right bank; Spring 1973; No sample

SXX: Right bank; Summer 1973; No sample

Transect SBB, Mile SC 12.3

SBB: Left bank; Spring 1973; No organisms

SBB: Left bank; Summer 1973; No organisms

I SBB: Mid-channel; Spring 1973; No sample

SBB: Mid-channel; Summer 1973; No organisms

I
I
I
I

' I -.- ~ -

t,~
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Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring andSummer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 in the Misstissippi River (Continued)

I ST. CROIX R'IVER cCoitin ued

I Transect S.BB ile (C.ontinued)

SBB: Right Bank; Spring 1973; 1400 yards from left bank, 40 yards from right
bank; Clams, snails, gravel to 5", coarse sand; 11.5' depth

Organisms Sample

Class or Order Family Genus __per saft Number

Eggs (?) of unknown organism on pebble

Diptera Chironomidae Tanytorsini 2 4.

Oligochacta Lumbriculidae 1

Nematoda (roundwonns) 1

I SBB: Right bank; Summer 1973; No sample

I Transect ,'\' . "ile SC 6. 4

i SYY: Left benh; Spjring 1973; Fine sand, sticks and plant debris; Backwater;
2.2 yards from right-bank; 3.0' depth

Diptera Chironomidae Cryptochironomus 5 3.
I Chironomus 8

Paratena-,pes 7

Psectrotanypus 1
3 Proc ladius 8

Micropsectra 3
Harnischia 1
Po Zypedi I iu 4

[ Cladotanytarsus 46
(most very small)

Ceratopogonidae Pa~pomyia ? 3

I Oligochaeta Tubificidae 2

SYY: Lcft bank; Shallow; Surmmr 1973; Just downstream from Mo. and Kinnikinnick;ISand with a little silt; 3' depth
Diptera Chironomidae Crl,!ptoerlrl o'I ul2 2 52.

P0 U,,Pcdi* ke,: 2
Tanytarsini 1

01.1 gochicta 2

II
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I Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Sz-mples of Benthic
A Macrolwnert' otebrates Collected in 1.973 in the

jinnc'ota riand Lo.:er St. Croix Rivers and Mji
815.3 to 857.3 of the Miss1'sippi ]iver (Continued)

SF. CROIX RIVER (Continued)

I Trnset _YY. Mfl SC6. 4 __C i limed

SYY: Mid-chaneL; Sprinig 1973

Organisms Sample
Class or Order Family Genus per sq ft Number

Odonata Gomphidae (Unident. small 1 12.
nymph)

Coleoptera Elimidae I

Diptera Chir onomid ae Po ly.pedi i; 2
Cryptochironomus 2

Ceratopogonidae Palpomyia 1

Oligochaeta 123

SYY: Kinny mid-channel; Suimmer 1973; Medium to fine sand; 15.3' depth

Oligochaet a 1 44.

SYY: Right bank; Spring 1973; 12 yards from right bank; 1-2" stones, very
little coarse sand; Depth not recorded
Diptera Chironomidae 1 76.

Egg? (of a fish?) 1

SYY: Right bank; Summer 1973; About 30' from right bank; Rocks, pebbles, sand
and plant debris; 14.5-15' depth

Diptera Chironomidae G' +ptotc n " c S 1 55.
Glpto tcdies (pupa) 1

Transect SCC Mile

SCC: Left bank; Spring 1973; 30 yards from left bank, 700 yards from right

bank; 12' depth

Coleoptera Elmidnae 1 77.

SCC: Left bank; Sutmer 1973; Nc samplc

i "-• .. .... , ,- ._ -: - - -- 
' ; F Y

--
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Table 2. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the

A Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Concluded)

ST. CROIX RIVER (Concluded)

I Tr ai c L SCC_ Mile_ _ (Continued)

SCC: Mid-channel; Spring 1973; No sample

Organisms S amp le
Class or Order Family Genus _per sq _ft__ _Number

i Diptera (Unident. 1 62.

fragments)

Oligochaeta 1

Nemertea (proboscis worm) 1

I SCC: Right bank; Spring 1973; 5 yards from right bank; 1 rock 3" x 6" with
worm-like encrustations; 3.5' depth

Coleoptera Elmidae 1 66.

SCC: Right bank; Summer 1973; No sample

I
I
I
I
I
I

TI
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I Takble 2. Bunt !ic Afil2 u b~J~u(u~

Benthic Nac'oinv rtebrate:af ti: Nav'igablc, 'Ji: CiLics
Ri -r ,Col lcered onL 5te'id rd 2..: ":,']3 [ <:-c..t>:f

197 3. (:rav~e n a lphaK c~t i 11". c,'1i;i iyl;).

List of Abbreviat m.g

L4 ,BB ,CC Standord trinsects, in downstream order

XXYY Special Iransects, in downstreai order

U,L,l,2 Upper and lower St. Anthony Fails Pools, and Pools I and 2,I respectively

M, S Minnesota and St. Croix Rivers, respectively

Spr Spring: April and May

Su Summer: August and September

D/S, U/S Downstream, upstream

ch Channel

19. Serial number of sample

PHYLUIM NE4.PRTEA Proboscis worms

2CC Su 28. SCC SZ 62.

PIYLU- 1,.L:,dATODA Roundwor.:s

SBB Spr 4.

PHYLUI. ANNELIDA Segmented worms

Class lHirudinea Leeches
2AA Spr 10. 2AA L Ch 34. 2AA L ch Su 45.

Class Oligochaeta Aquatic earthworms
Family Lumbriculidae

SBB Spr 4.

Famil y Tubificidae
2YY Spr 1. 3YY Spr 3. IBB Su 6.

Unidentifiable . oligochat.es
SYY Spr 12. EBB Spr 13. 2CC Spr 14. 2YY Spr 15.

1CC Spr 16. IXX Su 24. ICC Su 23. MBB Su 25.
1BB Su 26. 2CC Su 27. 2CC Su 28. 2BB Sn 29.
MCC Su 30. 21BB Su 35. 2YY Su 36. LBB S1 37.
MCC Su 38. SYX Su 39. SYY' Su 44. 1CC Su 46.

*Benthic mac rc, 1nvcr tcbr. aLes bottom-dwelling noixcicroscoplc animalS without

backbonI..

. j[ ~
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Table 2. Benthic Animal Auindance (cont.)

B enthic Macroivertebrates of the Navigable Twin Cities

Rivers, Collected on Standa!rd an! Special Transects in1,973. (Conltinued).

PHYLUM ANNELIDA Segeiunted w.'orms (Continued)

Class Oligochaeta (Coitinued)

I Unidentifiable oligochaCtes (Continucd)

2 Su 47. 2 Su 48. 2YY Su 50. M3B Su 51.
SYY Su 52. LBB Su 58. 2BB Su 60. SCC Su 62.
2 63. SAA Spr 70. MCC Spr 72. UCC Spr 73.
SXX Spr 74. SAA Spr 78. 2YY Su 41.

Imjnatures and/or small Oligochaeta

2YY Spr 1.I
PHYLUM ARTHROPODA Crustaceans, Insects and Spiders

Class Insecta Insects

Order Coleoptera Beetles

I Family Elmidae

UBB Spr 5. 2BB Spr 8. LBB Spr 11. SYY Spr 12.
LBB Spr 13. IBB Spr 17. UAA Su 20. MAA Su 21.IAA Su 32. LBB Su 37. lxx Su 40. 2tA Su 45.
UCC Su 53. UAA Su 64. SCC Spr 66. SCC Spr 77.

I Order Diptera Flies, Mosquitoes and Midges

Family Ceratopogonidae (?) Unident. larva
lBB Spr 17.

Family Ceratopogonidae

I Genus Palponyia C?)
SYY Spr 3.

Genus Palponyjia
LBB Spr 13.

Family Chaoboridae

Genus Chaobor;J-
2BB Su 29. 2* Su 31. SXX Su 43.

*Special transect: in Grey Cloud channel at discharge from Mooers Lake.

I
I

. , . .JU
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i Table 2. Benthic !wimal Abundance (cont.)

Benthic Macroinvertebrates of Lhe Navigable Twin Cities
Rivers, Collected on Standard and Special Transccts in
1973 (Continued)

PHYL h ARTHROPODA (Coutinued)

Class Insecta (Continued)

I Order Diptera (Continued)

Family Chironomidae (?) Unident. larvaI SAA Spr 70.

Family Chironomidae (?) Unident. egg mass
2AA 34.

Family Chironomidae Unident. pupae
UAA Su 20. UAA Su 64.

Family Chironomidae

Subfamily Chironominae
LBB Spr 11.

Genus Chironomus
SYY Spr 3. LBB Su 13. ICC Spr 16. UAA Su 20.
1CC Su 23. 2BB Su 29. 2* Su 31. 1CC Su 46.
2BB Spr 71.

i Genus CladotanytarsUs
SYY Spr 3.

Genus CryptochiroioMUs
2YY Spr 1. SYY Spr 3. ]BB Su 6. SYY Spr 12.
1CC Spr 16. MBB Spr 18. lXX Su 19. lBB Su 26.

1 1BB Su 32. LBB Su 37. UCC Su 42. SXX Su 43.
5 1CC Su 46. UBB Su 49. SYY Su 52. LBB Su 58.

SXX Spr 74.

3 Genus Diomesa
i SYY Spr 76.

Genus Dicrotendipes (?)
I 2AA 34.

Genus Dicrotendipes
LBB Su 37.

i
*Special transect: in Grey Cloud channel at discharge from Mooers Lake.

I
I
I
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Table 2. Benthic Animal Abundance (cont.)

Benthic Macroinvertebratcs c;f the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in

1973 (Continued)

PHYLLM ARTHROPODA (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

Family Chironouidae (Continued)

Genus Endochi2,cn'omus
LBB Su 11.

Genus Eu ki2ffcriella
UCC Su 53.

Genus GZyptotendipes
MAA Su 21. LBB Su 37. SYY Su 55.

Genus Harnischia
SYY Spr 3.
Genus Micropeectra
SYY Spr 3. SAA Spr 70.

Genus Micootend .
LBB Su 11.

Subfamily Orthocladiinae
lAA Su 7.

Genus Paracladopc 7lma
SXX Spr 75.

Genus Paratend~pes
SYY Spr 3. 1CC Spr 16. 1BB Spr 17. lXX Su 24.
UCC Su 42. UBB Su 54.

Genus Pentaneurini
UBB Spr 5. 2BB Spr 8. lXX Su 19. UAA Su 64.
1AA Su 32.

Genus Phaenopacc tra
2AA Spr 10. 1CC Spr 16. 2BB Spr 71.
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Tab]e 2. Benthic Animal Abundimce (cont.)

Benth.c Macroinvertebrates of thw Navlgib]e Twin Cities

B Rivers, Collected on Standard and Speciel Trzinsects in
1973 (Cont inuud)

PHYLUM AIHTROPODA (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

( Family Chironomidae (Continued)

Genus Polypadi lvn
UAA Spr 2. SYY Spr 3. 1AA Spr 7. lAA Spr 9.
LBB Spr 11. SYY Spr 12. LBB Spr 13. ICC Spr 16.
1BB Spr 17. 1XX Su 19. JAA Su 20. 1AA Su 32.
LBB Su 37. UCC Su 42. ICC Su 46. SYY Su 52.
UCC Su 53. MBB Su 57. 2AA Su 59. UAA Su 64.
UBB Spr 65. UAA Spr 67. LBB Spr 69. 2BB Spr 71.
SXX Spr 75.

Genus PolypediZum (pupa)
UAA Spr 64.

Genus Potthastia

SXX Spr 74.

Genus Proc,7adius
2YY Spr 1. SYY Spr 3. 2YY Spr 15. MBB Su 25.
2CC Su 27. 2BB Su 29. MCC Su 30. SAA Su 32.
2BB Su 35. 2YY Su 36. 2YY Su 41. 2* Su 47.
2** Su 48. 2CC Spr 68.

Genus Psectrotcm pus
2YY Spr 1. LBB Su 37. SYY Spr 3.

3 Genus Rheotcrnytarsus ?)
UAA Spr 64.

Genus Iheotanytarsus
UAA Spr 20, LBB Su 69. UAA Su 64.

Genus Stictochironomus
UCC Su 53. 2BB Spr 71. SXX Spr 75.

Genus Tanypuc

2YY Spr 15. MBB Su 25. 21 Su 31.

*RIgit bank in West channel, Newport Island, mile 831.0.
**Baldwin Lake.
tSpccial transect: in Grey Cloud channel at discharge from Mooers Lake.

I
I

I
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I
Table 2. Benthic Animal Abuiidance (cont.)

Benthic MacroInvertebrates of the Navigable Twin Cities
Rivers, Collected on Standard and Special Transects in
1973 (Cotinued)

I PUYLUI ARTHROPODA (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

Family Chironomidae (Continued)

Genus Taytarsint
SBB Spr 4. 2AA Su 10. lAA Su 32. SYY Su 52.

I UAA Su 64.

Genus Xenochironomus
2BB Spr 8. SAA Su 22.

Family Empididae (Unident. larva)
UAA Su 64. 2BB Spr 71.

Family Empididae

UBB Spr 5.

Genus Hemrodroa (?)
UAA Su 20. UAA Su 64. Both samples also contain a pupa

I Family Nematocera (Unident. damaged pupa)
MAA Su 21.

IFamily Psychodidae
' * Genus Psychoda
3 1CC Spr 16.

Family Simuliidae (very small larvae)
I UAA Spr 2.

Family Simuliidae

Genus Sirmuliz
UAA Su 64.

Genus SimiUjn (pupa)
UAA So 64.

Family Tipulidae
I SAA Su 22.

Diptera (unident. fragment)
I SCC S1 62.

I
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I Table 2. Benthic Animal Abundance (cont.)

Benthic Macroin\,ertebrates of the Navigable Twin Cities
Rivers, Coljectcd on Standard and Special Transects in
1973 (Continued)

PHYLUM ARThROPODA (Continued)

Class Insecta (Continued)

I Order Ephemeroptera Mayflies

Family Caenidae

Genus Cae.nis
UAA Su 20. lAA Su 32. LBB Su 37. SXX Spr 74.

I UBB Su 49.

Family Ephemeridae

Genus Pentagenia
2BB Spr 8.

3Family Heptageniidae
Genus Stenonema
1AA Spr 7. UAA Su 64. LBB Su 37.

Family Potamanthidae

Genus Potc?,anthus
2BB Spr 8. JAA Spr 9. 2AA Spr 10. IAA Su 32.
2AA 34. UAA Su 64.

Order Odonata Dragonflies and Damselflies

Family Gomphidae (Unident. small nymph)j SYY Spr 12.

I Order Plecoptera Stoneflies

Family Chloroperlidae

Genus Hastaperla
UAA Spr 2.

Family Perlodl dae

Genus Avoperla
1AA Spr 7. 2BB Spr 8.I

,~ 1
11



IA- 72

ITable 2. Benthic Animal Abundance (cont.)

* Benthic blacroinvertebrates of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in

1973 (Continued)

I PHYLUM4 ARTHROPODA (Continued)

k Class Insecta (Continued)

Order Plecoptera (Continued)

Family Perlidae

Genus Paragentina
*UAA Spr 2.

*Genus Phasganophora

UAA Spr 20.

Order Trichoptera Caddis Flies

Family Hydropsychidae
Genus Cheiumatops~jche

* I.AA Spr 2. UBB Spr 5. lBB Spr 6. lAA Spr 9.
*2AA Spr 10. LBB Spr 11. lXX Su 19. UAA Su 20.

MAA Su 21. UCC Su 53. lBB Su 26. lAA Su 32.
UAA Su 64.

Genus Hy dro-s yc, &
UAA Spr 2. IUBB Spr 5. lAA Spr 7. lAA Spr 9.
2AA Spr 10. LBB Spr 11. UAA Su 20. UAA Su 64+.

Genus Macronemuin
UBB Spr 5. UJAA Spr 20.

Family Hydropsychidae (Unidentified pupae; some damaged)
2AA Spr 10. UAA Su 20. MAA Su 21.

I Family Hydropsychidae (Damaged or very immature)
UAA Spr 2.

I Family Philopotainl~dae

Genus Chimarra
LBB Spr 11.
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I Table 2. Benthic Animal Abundance (cont.)

Benthic acroinvertebrates of the Navigable Twin Cities
Collected on Standard and Special Transects in1973 (Continued)

PHYLUMA ARTHROPODA (Continued)

Class Insecta (Continued)

Order Trichoptera (Continued)

Family Psychomyil dae

Genus L7yctiophylax
LBB Su 37.

Genus Polycentropus
2AA Spr 10. 2AA 34.

Order Trichoptera (Unidentified very small larva)
UAA Spr 20.

PRYLUM MOLLUSCA Snails and Clams

Order Gastropoda

Family L2 nazeidac

Genus (aJ, colc C?) (Very small)
SXX Spr 75.

Order Felecypoda

Family Unionidae
Genus Actinonaias
IXX Su 79.

Family Sphaeriidae

Genus Pisidin
SXX Spr 75.

Genus Sphacrim
IBB Spr 17. lXX Su 24.

EGGS (?) of unknown organism on pebble
I SBB Spr 4.

LGG(?) of a fish
SYY Spr 76.

!
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Table 3. Water Quality of Mississippi River Measured at thei Intake of the Minn eapolis Wiaer Works in Fridley, 1973

,arameter Jan. Fob. Mr. Apr. May June July Aug.

Bacteria in Total 108690 114270 7850080 221300 117730 109400 67690 117270
aw water, Aver. 3506 4081 253228 7343 3797 3647 2184 2783
ost Prob. Max. 13000 17000 7160000 35000 13000 24000 7900 17000No./100 ml Mlin. 790 490 700 1300 170 450 330 170 I

Jurbidity, Aver. 2.7 2.0 5.0 3.1 4.7 4.7 4.7 4.5 |I

Jackson Max. 3.1 2.4 14.0 4.0 20 9.0 24 10
K urbidity Min. 1.9 1.5 1.9 2.5 2.9 3.3 3.3 2.2" n|its

* Calcium Aver. 119.4 125 96 106 107 107 104 94
Jrdness Max. 126 135 124 113 135 116 116 102

In mg/l Min. 112 119 69 95 94 101 100 85
as CaCO3

Iicarbo- Aver. 168 175 128 132 130 136 133 120
nate, mg/i Max. 178 180 175 144 139 146 140 139

Min. 153 170 88 118 113 128 125 98

Alkalin- Aver. 168.2 179 132.5 144 140 146 148 135
,:y, mg/i Max. 177 188 182 154 151 153 155 232

13 CaCO 3  Min. 155.5 172.5 91 126 125 134 137 120

11 Aver. 7.90 8.1 8.02 8.4 8.2 8.21 8.5 8.4
Max. 8.03 8.2 8.2 8.7 8.4 8.43 8.6 8.6i Min. 7.75 7.95 7.75 8.05 8.0 8.0 8.3 8.1

S'jlor Aver. 28 24 48.7 44 51 59 47.7 56
Max. 32 26 74 53 64 72 73 77
Min. 25 20 20 38 45 47 40 37

uoride, Aver. 0.15 0.12 0.14 0.15 0.17 0.19 0.18 0.17
mg/i Max. 0.16 0.13 0.16 0.16 0.20 0.24 0.19 0.19

S10.15 0.5 0.13 0.13 0.13 0.15 0.16 0.15

!$1

,~ji
E-Jl , -- .- -: .*---



I A-75

I Table 4. Turbidity, temperature and disnolved oxygen in the SAF Pools,
Pools 1 and 2 of the Mi :Ls ;ilpi River and tihe Lower Minne';ota River,

i November 1 and 2, 1973.

Depth Turbidity Temp., DO,
Date Pool Tran:,occt in f U. FU OC ppm Pcr:irks

t Nov 73 USAF lid. Nicollet Is. 0' 4 8.5 8.67
12'(b) 4

AA* (Hid-ch)t o' 4 8.0 8.04

12'(b) 4 8.0 7.70
BB (Mid-ch) o' 5.5 8.2 7.70

15' (b) 4 8.3 6.67

CC (E. ch) o' 18 8.2 6.65

10'(b) 2 7.7 7.00
CC (Mid-main ch) O' 2 5.8 9.17

I 25'(b) 3 5.2 9.53

I LSAF BB (R/B)ft o' 2 9.3 6.88 @Shiely
14'(b) 4 8.6 7.50

BB 0' 2.5 8.7 7.17 1.5 Min after

14'(b) 4 8.0 7.00 Joaljim pusW
BB (Mid-ch) 0' 3 7.5 8.06 2 loaded barj:..

10' 3.5 7.0 7.28 u/s to !C' d

BB 0 3 8.2 6.83
(b) 4 8.3 7.00 Underneath

0' 4 8.3 8.00 Stone Arch Er.

13'(b) 4 7.5 9.54 center

AA (Mid ch) o' 4 8.6 6.00 300' D/S
1 22' (b) 5 8.5 6.67 from LSAF Dan

I BB (Mid ch) 0' 4.5 8.4 6.13 M.id ch.

U18'(b) 5 8.3 6.20
(Mid) 0' 6 8.6 6.20

12'(b) 5 8.5 6.13
2 AA (Mid-main ch) o' 4 8.6 7.50

18' (b) 5 8.6 9.33
AA (L ch mid) 0' 5 8.6 6.34

10'(b) 6 8.5 8.34
Minn. CC (Mid-ch) 0' 42.5 9.3 6.18

15'(b) 56 7.0 8.82

2 St.P. ycht club 0' 11 8.6 5.67
12' (b) 12 9.0 8.78

Mile 831.1 0' 9 9.0 6.17

15" (b) 9 8.9 6.17

BB 0' 12 9.1 6.19
21'(b) 11 9.0 6.17

Nov 73 Minn. BRB0 17.5 7.1 12.84
1i'(b) 19.5 7.8 14.00

CC -R/B 0' 37 QR/B-no Loat

0' 46
- 0Rid'B-40 c3C3C •

15' (b) 36.5 8.5 7.83 after

*(b) = river boLtom depth t ch channel 'i R/B = right bank throttle '.

*FU=Formazine Turbidity Units; imesured with a flephecoolicter. ru /

"IS ?AGS IS BEST 40"L127 PpA=cflToe-

I -- . _ --- :- ..... -.. . - S-,. -v ,-,, ,
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I Table 6 (Conitinueod)

Spce i KV t7VVt 1 V'.V t !'

U ~--- - -- - __ _-------

X't~~os A

Ani-eii c n - A -3

Gr,-c;allroI

on C______ --- ~------- ---------

Ca" -7- 7 ---------- ~- .- --

-rtc Go-, IF -

R l -: Idi ck A ~
GC..n i.a 1, l11cA

I~ ~ _____ ____

3old Scqnaw Al

WilIe-wizigd Scotcr AlI
Surf Scotkr Al - - - --- - -- _ _ -

American Scotex AlI zL IZIi.1 4
Ruddy D>k A2-3
l o 1 , J N rlor A - - -. - - - . - - - -- .- -- *- - -

Iu I Mtl~b2 HrRv7J77"n" A ... :. v~r71::



P. JI I7 1 P -

.. . .. . . . . -- -

G .! I

--7 7 .......

'Fnhl Cc,!- A -I. ~ : : - -

?Kinjg Rail A2-3 I

Virginia Rail A2-3 j2 1 1 7 --- ~ 7
Sa A2-3 L ! . : ' _ I rK

Y,11o' K.01 1-2

YdA --7

1, It- P l L

A, 1.41

Upland H-'cr D32- 3_

Grrater Yllonircgs l-I
Lecsser H lO.~C I t -

.- A -A



I
A- 81

I T~i,].e 6 (Conrit li)b,.,)

....- , 
,i. 

. .. .
j 

.

S.. .--- -_ i --- T
Al~ ~ ---.

f 1( i:~ wl At.47
...... - -. I

le *;r I 1
FrcI to, ct:l A. Di, I.i

* ic.r' ir.r's 0: cc A I I I5 e ' t, 's , ' A AI

least Tern HI F- ii I
C a p .. rc F. ;A;

. .... . . . .,: _ | !, ' I . I I I i I ; i i ' # ' I I ! - ; -

I ScreecI l t Ajra , ,s 6:-------- -T- ----i---"I[-"-----:.T----7I
. . .. >! : I/ xy " , /1.'t i I :"-i - -i

, I7 _7, _i i

iie , i A'. ;,-C, -

II cre c i.i l Weke c IT~I

C" c_ l t G." l ! 7 - r - -- ._ L - ,- -I I I ! ,

Lr.-.c. ...l ........... .- -------- --- ...--- ---. .
-Yll -. , Ci .

D 

-- - -----. 
- -- --

. ... .I t 0%- 1  --- -
- -- - -- - - - - --- -- I--- ----

Ihe-.ii --, i, Ct .

C, D i

, ,,<, <,.. . c f _ _ .-- : . :._. .- ... -. _ T. ___ t _ - _ _ _

_____ . .I-' : . -. ... . .... . . ..

I io,,-<. ,-f ,. c !--- . -'- " . . - - - -,. .. ... . - -- - - - ---....-- ---.... --

ITr
D...

At:: 3.::t::: ::tt :_!_ d7.
Kin ... .f.., .__ _ .:. ,. __E S. __-_.. ...r___d --._ .. .

.. . . . .. . .. '



IA- 82

T Iable 0 (oit Lnoied)

01' J - - - -.' I

UI G

u I 'V. 77Jay
..-o - I.l..

cr-ITO CF~7

T'.iag 'I It'l I j,
PMavtn c

cd-br a te(l Nufach H{

House .Vc L 1 I J

WHerr Wren B-4,C

IMgbI.. Mon A

w~ood, ilry>i I

Olyhckcd Thruh -ci i

Vecry C - - -

Bluchlrd

5 ~Town! *jrs S)!IL)lv _ T -

fru ia (;n::tcalcher c I.:......i..

rwby-cluG.v~sd c: .i~-I ~A'cricar, I' - - .

I-,1 -. - I:



A- 83

Table 6 (Contin ted)
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G I s

acre--foot - tlie quan t 5. t of water Y(jardtoc n ' an ;icrc to '- dip i; of I
f oot . It is equivalcent to 413,.5 60 cubLc fL', L.

alluviJal material - sedlirnt , uSlla ly sald o:' S1iL it, deositod on la1nd by fJI (A-

iug water.

aerobic -au environnentn in which free oxyg;en i s present.

anaerobic -anl environment in which free oxygen is lacking.

aquifer - a water-bearing layer of porous rock, sand, or gravel.

Ibackwaters - a term often divided now into sloughs and lakes and ponds ad-
joining a river.

I benthic - perta.iing to the bottom of a body of water.

benthic invert ebrates - animals lacking a spinal column living in the ben-I thic zone.

BSFWq - Bureau of Sport Fisheries and Wildlife (U. S. Depart.11ilet of the In-I terior).

channel- - a natural or artificial watercourse. vwith definite bed and banks
which confine and conduct flowing water.

cfs - cubic feet per second, used as a measure of rat-e of water flow in aI river.

chute - sloping channel. or passage through which water may pass.

closing dam - low dam extending across a side channel. These were constructedI to divert water from side channels to the main channel during low water
periods to maintain water sufficient for navigation.

Icoulee - steep-sided tributary valleys, cononly used in Wisconsin.

* deciduous forest - forest dominated by broad--lenved trees whiich lose their
leaves each Autumn.

discharge (rate of flow) - the quantiity of water paissin_ a paint. in a str3eam
channel per unit oi timThe, normial. ly measti.eci in :iibic feet: per second (Cf s).

drainiage area - the Land area draine(d b~y a st n boJve a spc id C..tionl
onl tile tem en dinl a 1 or iz ontal p~2ait: is s") ene 1 oa'4d by-Ihigher lan id (a divide) tfiat dirct- surlface rune lft fre2- procjitait ioi nor)--
Mally dlilhins by ,r.1v.i ty into ib tra above tl,.it point.

LMI
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drawdown - a process of lowering the water level of an impoundment.

Driftless Area - the portion of southwestern Wisconsin, southeastern Minnesota,
k northeastern Iowa and northwestern Illinois which was virtually un-

touched by the last advance of the Pleistocene glaciers (i.e. , Wisconsin
Glacier).

flood - a temporary rise in streamflow and water level (stage that results
!i I in significant adverse effects in the vicinity under study.

flood peak - the highest value of water level or streamflow attained by aI :i flood.

floodplain - the relatively flat lowland adjoining a watercourse or other

body of water subject to overflow therefrom.

FTU - Formazine Turbidity Units - arbitrarily defined units used as standard
for measuring water turbidity, currently recommended by APHA, et al., 1971.

gaging station - a site on a stream, canal, lake or reservoir where systematic
observations of water-surface elevation or streamflow (discharge) are ob-
tained.

humus - the surface layer of soil combining partially decomposed organic
matter and mineral particles.

JTU - Jackson Turbidity Unit - arbitrarily defined units used as a standard
for measuring water turbidity.

lake and pond - open areas with little or no current. They are formed be-
hind dams, or on mature floodplains as a result of first scour, then
abandonment, by the lowered river.

littoral - the shore zone of a body of water.

macroinvertebrates - collectively, all invertebrate organisms visible with
the unaided eye.

main channel - the portion of the river used for navigation by large commer-
cial craft. A minimum depth of 9 feet and a minimum width of 200 - 400
feet were established by the lock and dam system and are maintained by
periodic dredging. /

main channel border - the water zone between the main channel boundary and
the main river bank, islands, or now submerged channel boundaries. Wing
dams are located in this zone.

mesic - a type of vegetation which develops under moderate moisture conditions.

moraine - an accumulation of earth and stones carried and finally deposited
by a glacier.
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K. I
MPN/1 - most probable number per liter - an estimate of bacterial abundance

I(See Methods, Appendix Al).

MRRC - Mississippi River Research Consortium

-. RPC - Mississippi River R[egional. Planning Commission

i 1 mussels - clams, bivalves of the Phylum MIollusca.

outwash - glacial till reworked and sorted into sand and gravel, etc., by

I meltwater.

pedalfer soils - well-leached soils; soils that lack a more or less hardened

layer of accumulated carbonates.

pedocal soils - soils that develop under approximately equal precipitation

and evaporation conditions; soils that contain a definite more or lessI hardened layer of accumulated carbonates.

physiography - a branch of science that deals with the physical features of

' I the earth.

phytoplankton - collectively, all those plants suspended in and on the sur-

face of the water, usually microscopic.

piezornetric surface - surface to which water of a given water-bearing rock

unit will rise under its own pressure balance; an artesian water table.

Iplankton - free-floating plants and animals drifting in the water, usually

microscopic.

*1 podzolic - light-colored acid soil developing under coniferous forests, in

cool, humid regions; result of leaching and removal of soluble minerals

from the top layer into the deep layers.

riprap - rock fortifications on banks or shores which protect them from ero-

sion by dissipating the ..ergy of waves and wakes.

* JRiver Mile - miles above the entrance of the Ohio River at Cairo, Illinois
measured on the river.

river stage - the elevation of a particular river surface.

roller gates - movable gates of dam; horizontal cylinders on inclined tracks

which can be adjusted to affect water flow and its level.

* rookery - the nests and breeding place of a colony of birds; the colony of

birds.

runoff in inches (in.) - the depth to which the drainage area would be covered

if all the runoff for a given time period vere uniformly distributed on it.

'I I
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savanna - grassland with trees upaced so far apart that their crowns are sepa-
rate and the grass receives direct sunlight.

side channel - departures from the main channel or main c-hannel border. Atnormal river stage, a current: occurs in these channels.

slough - body of water through which there is no current at nonmnl river stage.
Muck bottoms and an abundance of submergent and emergent vegettin are
characteristic. The slough category lies somewire between the side chan-
nel and lake and pond categories.

spoil - waste material removed in making an excavation.

streamflow, discharge - the volume of water passing a point, per unit time,
measured in cfs or in cubic meters per second.

tailwaters - water areas immediately below the dams. They are affected byI the movement of water through the gates and locks, and they change in
size in response to changing water levels.

tainter gate - movable gate of a dam which is a horizontal cylinder segment
mounted on a steel framework attached to a horizontal downstream rod so
it may be adjusted up and down to affect water 1-ow and its level.

thermocline - a layer in an incompletely-mixed body of water where the tem-

perature during the summer drops rapidly (more than 10C. per meter) asI the thermometer is lowered.

till - unsorted rock, sand and gravel deposited by the melting of glacierI ice.
UMRCBS - Upper Mississippi River Comprehensive Basin Study.

UMRCC Upper Mississippi River Conservation Committee.

watershed - drainage basin or drainage area.

weathering - the geologic process of decomposing rocks by the action of the
forces of weather.

wing dams - low structures extending radially from shore into the river for
varying distances to constrict low water flows. They were constructed
of rocks and brush mattresses to establish a deeper main channel.

zooplanktonic -pertaining to the animal life of plankton.

'I,
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10. APPENDIX B: ARCHAEOLOGICAL INFORMATION

A study conducted by University of Minnesota archaeologist Jan E. Streiff

indicates that there are no records of archnoLological sites within tho St.

Anthony Falls Pools. However, she reported that thc Falls area is listed in

the National Register of Historic Places. Her description follows:

St. Anthony Falls Historic District and Pillsbury "A" Mill - an area

on the east and west banks of the Mississippi River at St. Anthony

Falls including Nicollet Island. The St. Anthony Falls district

was the origin of the city of Minneapolis. The Falls area was

rich in Indian folklore, before it was first seen and described

in 1680 by Father lennepin. The Falls, about 75 feet high and

several hundred yards wide, were originally valued for their scenic

beauty and the area became important as a tourist attraction.

Later, the Falls provided power for lumbering and flour milling,

and in 1882, became the location of the first hydroelectric plant

in the Western Hemisphere. Construction of a concrete apron over

the Falls to halt their once-rapid erosion generally diminished

their scenic beauty. The Falls were bridged in the 1880's by a

stone arch railroad bridge, still in constant use, which is said

to resemble a Roman aqueduct. The lower lock and dam were com-

pleted in 1959 and the upper lock and dam in 1963 by the Corps of

Engineers.

Structures and sites considered worthy of preservation in the area

include: Ard Codfrey Cottage, Lady of Lourdes Church, Nicollet

Island, the Third Avenue Bridge, Stone Arch Bridge, and the Pills-

bury "A" Kill, built in 1881, then the largest flour mill in the

world, and still in operation today.

The Third Avenue Bridge was not altered to accommodate the navigation

channel. A truss replaced two arches in the Stone Arch Railroad Bridge. This

I
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was necessary because the arches were narrow and aligned obliquely to the

channel, providing insufficient clearance to commercial barge traffic. Thle

truss has maintained the structural integrity of the Arch Bridge. The adverse

impact of the truss upon the aesthetic appeal of the bridge could be amelio-

rated if the color of paint was changed from grey to a tan which would blend

with the color of the stone.
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