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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 its policy, on January 15, 1973, the St. Paul District
of the U. S. Army Corps of Engineers contracted with the North Star Research
and Development Institute to prepare a report assessing the environmental
impact of the Corps of Engineers' operations and maintenance activities on
the Mississippi River from the head of navigation in Minneapolis, Minnesota
to Guttenberg, Iowa. Included also are the Minnesota and St. Croix Rivers
from their respective heads of navigation at Shakopee and Stillwater, Minne-
sota to the Mississippi River. This portion of the Mississippi River basin
will subsequently be termed the '"Northern Section' of the upper Mississippi

River, or the "study area”, or the St. Paul District.

The Corps of Engineers has been active in the Northern Section since the
1820's, when they first removed brush and snags from the river to permit navi-
gation as far north as Fort Snelling. Later in the 1870's, further improve-
ments were made, primarily through construction of wing dams, to deepen and
maintain the channel. Presently, the river in the study area consists of a

series of pools, which were created by the construction of navigation locks

and dams in the 1930's. Several recreation areas along the river were also

built by the Corps.
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The purpose of the envirommental impact study is to assess the impacts,
both positive and negative, of the Corps' activities on the Northern Section.
In addition, the study is to provide a broad background of information for
periodic reassessment and more detailed analysis of impacts. The activities
are defined as operations and maintenance activities and mainly include oper-
ations of facilities (locks and dams) and maintenance of the navigation chan-
nel (dredging). Although the environmental impacts of earlier operations are
also being sought, most of the information will concern the impacts of the

present nine-foot navigation system.

The studies are designed not only to identify the impacts, but to as-
sess 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 the natural ecosystem and on recreation, and many
others. As a result of identificatlion and assessment of the impacts, it will
be possible to suggest ways of operating the facilities and maintaining the
navigation and recreation system to amplify the positive and minimize the
negative results of the Corps'activities. The study will provide a comprehen-
sive basis for the St. Paul District to prepare an environmental impact state-
ment consistent with the National Environmental Policy Act of 1969 and the
policy of the U. S. Army Corps of Engineers.

Scope of Current Report

‘ The present report covers the entire study program only from January,
1972 through Ncvember, 1973. The report contains both historical information
and data collected in the field from activities such as water quality investi-

gations and sampling of riverbank vegetation.

Research Approach

Three aspects of the research approach used in the study are: (1) the

benchmark point in time, (2) data collection and analysis on the natural




systems, and (3) data collection and analysis on the socioeconomic activities.

Benchmark Time Period

In order to analyze the impact of the activities of the Corps of Engi-
neers on the Northern Section of the Upper Mississippi River, it is necessary ;
to select point in time which can serve as a benchmark. This benchmark is
the year activities related to the nine-foot channel were initiated. Because !
the nine-foot channel project constructed in Pool 1 began in 1930, this year .
is taken as the benchmark. The pre-project condition of the river at and up-
stream from Lock and Dam 1 is taken as prior to 1930. Wing dams were built
and Corps' activities on other channel projects took place prior to 1930. The
pre-project information was obtained from available reports and from a variety

of other sources cited at the end of each 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 par-

ticular pool. The Northern Section of the upper Mississippi River was sub-
divided into fourteen distinct segments for purposes of study of the natural
environment: Pools 1 through 10, Pool 5A (lying between Pools 5 and 6), the
Upper and Lower St. Anthony Falls (SAF) Pools (a single report covers both

pools), the Minnesota River and the St. Croix River. A segment was assigned

to an investigator on the natural sciences team as listed below:

Number of Total
River Pools Length in Principal
Involved River Miles Pools Investigator Organization ;
5 92.4 Upper and Lower  Roscoe Colingsworth  North Star
Pools, Pool 1, Research ;
Pool 2, Minne- Institute {
sota River, and Minneapolis, :
St. Croix River. MN :
1 18.3 Pool 3 Edward Miller St. Mary's Col~ ]
lege, Winona, MN !
1




4 82.6 Pools 4, 5, 5A Calvin Fremling Winona State

and 6. College, Winona
MN
2 35.1 Pools 7 & 8 Thomas Claflin Univ. of Wisc.,

at LaCrosse, La
Crosse, Wi

1 31.3 Pool 9 James Eckblad Luther College
Decorah, IA
1 32.8 Pool 10 Edward Cawley Loras College

Dubuque, 1A

Because different problems arise in different segments of the river, each in-
vestigating 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 pre-
senting the data in a final report. This required that North Star develop a
reporting format that could be used for all pool reports so that the series of

reports would have maximum utility and comparability.

Analysis of Socioeconomic Activities

The socioeconomic analysis for all pools in the study area was conducted
by a team including Dr. C. W. Rudelius of the University of Minnesota and
William L. K. Schwarz of North Star. 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 re-
view and updating to the investigator analyzing the natural systewms for that
pool, The suggestions of these investigators were incorporated in the socio-

economic portions of each pool report.

Report Objectives

Because 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, this study is being carried out and

reported on by pool (and tributary).

The present report deals only with Pool 1 on the upper Mississippi River,
described in detail in subsequent pages. Background information that applies
to two or more pools in the study area appears as a portion of each appropri-
ate 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 as-
sessment of the impacts of the Corps of Engineers activities related to Pool
1. Specifically following this section, the report is in the format required
for the Environmental Impact Statement, and seeks:

1. To identlify the environmental, social, and economic impacts of the

Coxrps' activities related to Pool 1.

2, To '‘entify aad, where possible, measure the beneficial contributions
and ~tvimental aspects of these impacts and draw overall conclusions
about .ne net effects of Corps' activities.

3. To recommend actions and possible alternative methods of operations
that should be taken by the Corps of Engineers and other public
agencies and private groups to reduce detrimental aspects of the pro-
ject.

4, To identify additional specific research nceds to assess the impacts
and increase the net benefits of Corps' operations.

The report includes an analysis of natural and socioceconomic systems. The
natural systems include terrestrial and aquatic plant and animal life as well
as the nature of the land and quality of the water. Socioceconomic systewms in-
clude industrial activities, such as income and employment generated by bharge
traffic or activities in operating the locks and dams and commercial {ishing;
recreational activities, such as fishing, boating, or hunting that are affec-

ted by Corps' operations; and cultural considerations, which include archaeo~

logical and historical sites.
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1. PROJECT DESCRIPTION

The present Corps of Engineexs' projecct in Pool 1 (Mississippi River

Mile 853.3 to 847.6, Figure 1) consists of the operation and maintenance of
a dam and two locks and maintenance by dredging of a navigation channel of
nine-foot minimum depth. The Corps' facilities include: (1) a fixed-crest
dam, with provision for hydroelectric power production; (2) two navigation
locks; (3) a control station, observation platform, guide walls and other
structures; and (4) masonry to protect the bluff. The operation of these
facilities provides for the passage of commercial and pleasure craft. Main-
tenance includes dredging the channel to assure the minimum depth, clearing

of debris, and repairing the locks and dam.

AUTHORIZATION

The present nine-foot project was authorized by Congress by the Rivers
and Harbors Act of July 30, 1930, as amended by Public Resolution No. 10,
February 24, 1932, and by the Act of August 26, 1937 (See Table 1). Lock
and Dam 1, completed in 1917 as part of the six-foot project, was modified to
accommodate nine-foot~draft traffic in 1930. A second lock was added in 1932
on the landward side of the original lock. Additional acts have provided for
locks and dam operation and care, harbor enlargement and channel dredging,

and park and recreational facilities.

HISTORY

In 1824, a year after the sternvheceler "Virginia" initiated navigation to
Fort Snelling, Congress authorized the Corps of Engineers to improve navigation

of the Mississippi River by removing snags, wrecks, shoals and sandbars.

The first comprehensive improvement of the river for navigation was autho-
rized by the Rivers and Harbors Act of June 18, 1878 (See Table 2) to obtain
a 4,5-foot channel from the mouth of the Missouri to St. Paul. The Act of 1894

extended this project from St. Paul to Minncapolis by means of two dams at Mile




J

ANOKA

COON RAPIDS DAM—— O STILLWATER

EAYPCRT
ST, ANTHONY FALLS D HUCSON

LOCK &8 paM

O SAVAGE

[©]
SHAKOPEE

20 MILES

° 1
© Jorpay  Letax

Figure 1. The Mississippi River and its Major Tributaries
in the Twin Cities Area (FWPCA, 19066)




Rivers and
Harbors Acts

—8—

Table 1. Congressional Authorizations

Pertaining to the 9-foot

Channel (OCE, 1970).

Work Authorized

Documents

January 21, 1927

July 3, 1930,
amended by Public
Resolution 10,
February 24, 1932

January 26, 1934

August 26, 1937

December 22, 1944

March 2, 1945

Survey of Mississippi River
from Missouri River to
Minneapolis to determine
feasibility of 9-{t. Channel

Modify permanent structures
under construction to accom-
modate 9~-ft. Channel; complete
survey for 9-ft. Channel.

Chief of Engineers granted
discretionary authority to
modify plans as deemed advis-
able, construction of a para-
1lel lock at Lock and Dam No. 1
dredging at head of pool.

Operation of snagboats,
operation and care of
locks and dams.

Adopted 9-ft. project from
Illinois River to Minneapolis
dredging at head of pool.

Public park and recreational
facilities.

Changes or additions to pay-
ments, remedial works, or
land acquisitions authorized
by Rivers and Harbor Act of
August 26, 1937 (Housc Docu-
ment 34, 75th Congress, lst
Session), as Chief of Engi-
neers deems advisable.

House Document, 69th
Congress, lst Session

House Document 290,
71st Congress, 2nd
Session

None

House Document 137,
72nd Congress, lst
Session

None

None




Table 2. Congressional Authorization Pertaining
to Navigation Projects in Pool 1 Prior
to the 9-foot Project (OCE, 1970).

Rivers and

Project Harbors Acts Work Authorized Documents

4.5 foot July 8, 1878 Adopted Project from House Document 75,
St. Anthony Falls to pt. 6, 43rd Congress,
Alton, Illinois 2nd Session

5-foot August 18, 1894  Extended project from Senate Document 109,
St. Paul to Washington 53rd Congress, 2nd
Ave. Bridge by conustruc~  Session
tion of two locks and
dams

March 3, 1899 Authorized completion House Document 164,

of Lock and Dam 2 at 57th Congress, lst
Mile 850 and construc- Session
tion of Lock and Dam 1
at 847.6

6-foot March 2, 1907 Modification of Lock House Document 741,

March 2, 1919

September 22,
1922

December 4, 1928

and Dam 1 for 6-foot
channel, power develop-
ment; abandomnent of
Lock and Dam 2

Dredging a turning
basis the full width
and length of the
Minneapolis Harbor

Dredging to landings
in main river and
sloughs

Modification of Minnc-
apolis Harbor by dredg-
ing

6lst Congress, 2nd
Session

House Document 1512,
63rd Congress, 3rd
Session

None

House Document 24,
70th Congress, 2nd
Session
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847.6 and 850.0, and the Acts of 1899 snd 1901 authorizced complction of thesec
facilities. The Rivers and Harbors Act of 1907 provided for raising the
height of Lock and Dam 1 for the six-foot channel project and for power pro-.
duction. Construction was completed in 1917, resulting in the flooding and

abandonment of Lock and Dam 2 at Mile 850.

The Acts of 1919, 1922 and 1928 authorized the dredging of the Minnea-

polis harbor and to landings in the main river.

This lock was rebuilt in 1930, after the lower miter gates of the origi-
nal lock failed, to accommodate the newly authorized nine-foot deep channel,
which was authorized by the Rivers and Harbors Act of 1930 as amended and by

subsequent Acts.

MAPPING

Numerous surveys of the Mississippi River have been made by the Corps
since the mid-1860's. The Corps published a series of charts of the 4.5~
foot channcl projecct for the Mississippi River Commission (MRC Charts), show-

ing river soundings, wing dams, bottem type and land use, from 1894 to 1907.

The six-foot channel, which was authorized by the Act of 1907, was sur-
veyed by air in 1927. This survey, was published in 1930 as the "Drown Sur-
vey" and reissued as the "Flowage Charts" in 1933-34 in order to include land

use.

In 1938 the Corps published chuarts of the survey of the new nine-foot
channel, the "Continuous Survey', showing ri- or sovadings and sandbars. Sever-—
al editions followed, as "Navigation Charts", and cwphasized aids to navigation.

The current (1972) edition Is bascd on a 1264 acrial survey and presents updated

information and a more compact format than the previous edition.




CORPS FACILITIES

Lock and Dam 1, which is the sccond oldest of 28 such facilities on the.

Mississippi River, is located at Mile 847.06 near the TFord plant and the Min-
nesota 0ld Soldiers Home. It was completed in 1917 as part of the six-foot
project, and rebuilt in 1930 to accommodate nine-foot-draft vessels. A
second lock was added in 1932 on the landward side of the original lock (See

Figures 2 and 3).

i The facility presently consists of (1) the two navigation locks; (2) a

574-foot fixed-crest dam,152 feet of which has been modified for hydroelec-
tric power production (by the Ford Motor Company); (3) guidewalls, a control
station, an observation platform, and related structures; and (4) bluff pro-
tection (See Figure 4). Total cost of this facility was $6,252,334, includ- %

ing the original lock and dam, bluff protection and recreation facility.

Locks

The o0ld riverward lock was rebuilt in 1930 due to the failure of the

lower miter gates in August 1929, Originally, a structure suitable for nine-
foot~draft navigation was to be constructed based upon the design pool level
for the new Lock and Dam 2 which was then under construction. However, due
to probable seepage damages, interests in the South St. Paul stockyards area
of Pool 2 obtained a court order limiting the elevatio: *o whi~, the pool

could be raised to 685.7 m.s.l.* Later, in 1934, tio. -ourt approved the rais-

ing of the pool to elevation 687.2, which was 1.9 feet less than its designed
height. As a result, there is a depth of only 7.5 feet over the lower sill
at flat pool or about & feet at normal tailwater elevation, hence the lock
has had little use except for an occasional locking of pleasure boats, cmpty

barges, or shallow-draft towboats. [

When this riverward lock was built, its landward wall was constructed of

* Mean sea level, 1912 adjustment.
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adequate width with two emptying and filling tunnels to serve also as the
riverward wall of the second lock when it would be constructed. The land-
ward lock was built in 1931-32 as a safeguard to maintain river traffic to
and from Minneapolis. Minneapolis, as a result of the failure of the origi-
nal lock, was without barge line service for over a year, and it was deter-

mined that a recurrence should be avoided if at all possible.

The downstream sill of the newer lock has a top elevation of 677.2, pro-
E viding a depth of about 10.8 feet at normal tail water elevation; hence, this

landward lock handles practically all traffic through this facility.

The original lock was to serve as an auxiliary, but now is kept half full
in order to brace the weakened wall between the locks. Both locks are 56 by
400 feet. Each lock is closed by a pair of miter gates and the level changed
35.9 feet by gravity flow through filling and emptying ports (See Figure 4,
Sections B-B, X-X and Y-Y) by a system of valves and pipes.

Due to the use of gravity for filling and emptying the locks, only a

relatively small amount of electric power is required for the operation of

the gates, valves and lights of the lock and dam.

Dam Description

The plan and sections for the dam are shown in Figure 3 and 4. The dam
is an Ambursen-type concrete structure and for the greater part is supported

on ah alluvial fill consisting primarily of sand, gravel and limestone slabs.

A portion of the dam and apron, however, is supported on timber piling. Along
its upstream face is a stcel shect pile cutoff wall. There is also a row of
steel sheet piling along the toe of the apron as a preventive measure against

scour.

During maintenance, the crest and the downstream face was resurfaced

‘ (1949-53), and a major portion of the apron has been replaced and a baffle

'’ - . ORI | it ol Jaas. L N S
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wall was constructed on the apron to induce a hydraulic jump to overcome
serious scour below the dam. This work was completed in 1953. In 1952 the
dam was stabilized by placing sand fill in the interior to reduce the possi-
bility of failure by sliding. Three of the eight sluice gates in the dam
were rehabilitated and hydraulic machinery to operate them was installed in
1954. Under present pool conditions, the dam maintains a normal head of
about 38 feet during the navigation season and about 36 feet during the win-

ter season. In general, the dam is in good condition.

Winter Operations

In order to clear ice from gate pockets, an air bubbler system is pro-
vided at the upper and lower miter gates, and heaters have been installed on
both miter gates. The heaters, in the side and bottom seals, consist of im-

bedded tubes containing a heated and circulated antifreeze solution.

Due to extensive erosion of the sandstone bluff and adjacent to the land-
ward lock, it was found necessary to protect the exposed sandstone with a pre-
formed concrete section retaining wall. Work on this wall was completed in
1956. A contract for 210 feet of protection of exposed rock above the mason-
ry was completed in August 1965. A contract for a final 1,064 feet of pro-

tection was completed in November 1966.
Lands

Land in Pool 1 owned or controlled by the United States Government:

Fee title 32.80 acres
Flowage easement 263.67 acres
Total 296.47 acres

CORPS OPERATIONS AND MAINTENANCE

The project now consists mainly of the operation and maintenance of Lock

and Dam 1, and the maintenance of the navigation channel by dredging of

2
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accumulated scdiment to maintain a minimum nine-foot channel, 200 feet wide.

Occasionally the Corps also dredges the Minneapolis harbor at Mile 852.6.

Lock and Dam Operations

Lock and Dam 1 was built to the minimum elevation necessary to maintain
low flow navigation of the channel, in order to minimize flooding of adjacent
lands. The low dam elevation and small pool capacity relative to flood vol-

ume prevents operation of the dam for flood control.

Pool elevation is maintained at 725.1 feet above mean sea level (1912
adjustment) when the 2-foot high flashboards are in place. During the win-
ter and floods, these boards are lowered, allowing pool elevation in winter

to drop to 723.1 {eet.

Locking Prioritics

A priority system for vessels locking through has been established by
the Secretary of the Army, as follows:

1. U. S. Military vessels

2. Vessels carrying U. S. mail

3. Commercial passenger ships

4. Commercial tows

5. Commercial fishing boats

6. Pleasure boats

Channel Maintenance

During the year, changes in hydraulic efficicncy of the river (i.e., its
ability to maintain in suspension continually its load of scdiment) along the

length of its channel results in areas of sediment accumulation in Pool 1.

These areas are dredged by the Corps of Engineers to remove this hazard to com-

mercial navigation, using clamshell dredges such as the Derrickbarge 767.




Dredging and spoiling arc carricd out by one of two procedures, depend-

ing on the proximity of the dredge site to the spoil disposal site on the
shore. If the shore is within reach of the boom of the clamshell dredge,

the dredged river sediment is cast directly upon shore. Alternatively, when
the dredge is beyond reach of the spoil site, the sediment is cast into barges
and towed to the spoil site (See Figure 5). At the spoil site the sediment

is dropped back into the river by releasing the side gates on the barge (See
Figure 6). The sediment is then redredged by another clamshell dredge (D.B.
771) and cast upon the spoil site, whereupon it is pushed away and levelled

by bulldozers (See Figures 7 and 8).

Dredging to maintain the nine-foot chanuel in Pool 1 by the Corps began
in 1938, It has since produced annually an average of over 125,000 cubic
yards, or 22,000 cubic yards annually per river mile (See Table 3). This
volume per mile is the highest in the St. Paul District (Table 4). Most of
this sediment is spoiled either on the left (east) bank down from the Frank-
lin Street Bridge, or on the right (west) bank downstream from the Lake Street
Bridge. Apparently there is a trend to smaller volumes of sediment dredged
in Pool 1 since 1954 (See Figure 9). However, in certain years larger vol-
umes were produced, especially after the floods of 1965 and 1969. Another
trend, evident in Figure 1 (Appendix A, IV), is the progressive downstream
aggradation of the river bottom in Pool 1, and subsequent need for dredging.
Thus dredging in the 1940's was necessary betwcen Mile 850 to 853; in the 1950's,

from Mile 849 upstream; and in the 1960's to prescnt, from Mile 848 upstream.

‘The large volume of spoil removed from Milc 852 in the early 1950's is
probably due to the construction of Lower St. Anthony Falls Lock and Dam and
the floods of 1951 and 1952, The latier {lood 2lso ncecessitated the recon-

struction of the Upper St. Anthony Falls Dam.

Changes in total area of islands, water surface and spoil were completed I
from 1895 and 1935 survey maps (MRC, 1895; Corps of Engineers; 1935), and from
1973 aerial photos (S.P.D.~NCS, 1973a). Between 1895 and 1932, during which




Figure 5. The Clamshell Dredge Derrickbarge 767 Deepening
the Nine-Foot Navigation Channel on the Mississippi
River. The spoil is Dropped into Waiting Barges
which Transport it to the Spoil Site (Colingsworth)

Figure 6. Spoil Barges Showing Side-Mounted Gates for

Dropping the Spoil at the Spoil Site (Colingsworth)
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Figure 7. The Clamshell Dredge Derrickbarge 771 Redredges
the Spoil Dropped by the Barges and Casts it
onto the Spoil Banks. Note the Figures in the
Right Foreground (Colingsworth)

Figure 8. The Newly Deposited Spoil Piles are
Levelled by Bulldozer (Colingsworth)
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Figure 9. Annual Volume of Sediment Dredged from Pool 1

(S.P.D.-NCS, 1973)
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Table 3. Annual Volume of Sediment Dredged in Cubic
Yards, in Pool 1 from 1938 to 1972
(S.P.D.-NCS, 1973).

r
|
I
!
Ld:ZA ISP

3 Volume Dredged Volume Dredged
Year Cubic Yards Year Cubic Yards
1938 40,518 1955 57,839
1939 30,864 1956 84,448
1957 174,993
1940 221,314 1958 48,020
1941 28,381 1959 43,256
: 1942 103,378
j 1943 192,271 1960 33,477
1944 97,464 1961 19,162
1962 32,963
i 1945 361,840 1963 63,932
‘ 1946 85,005 1964 2,921
1947 118,321
1948 129,434 1965 346,780
1949 42,131 1966 97,780
1967 78,875
1950 222,056 1968 26,253
1951 173,702 1969 301,184
1952 406,076
1953 196,991 1970 72,983
1954 173,870 1971 68,921
1972 219,999
Annual Average 125,640

Annual Average/River Mile 22,042

e B T A g
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Table 4. Quantity of Sediment Dredpged per Year from the Missisoippi River
and Navigable Tributaries in the St. Paul Eugincers Dictrict
(Calculated from data from S.P.D,.=-1CS, 1973)
Average Annual
Average Annunld Volune Per Yom
Volume Per Year Per River Mile
Pool or Tributary (o cubic yards) (n_cubic yards) 1
b
St. Anthony Falls 23,522 5,470
: 1
Pool 1 125,640 22,042 5
Minnesota River 12,253 834 i
Pool 2 175,126 5,422
i ! T
!
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 1
Pool SA 152, 302 15,865 i
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 Annuval Volume, -
Total 14 St. Paul District 2,143,207
Average Annuat Averace Annual

Volume per Pool 153,086 Volume per Mile 8,850
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time Lock and Dam 1 was built to it-. present elevation, the water surfiace
arca incrcascd 104 percent, from 268.8 acres to 548.6 acres (Table 5). Dur-
ing this period the total area of islands decreasced from 72.0 a:res to less
than 1 acre. Between 1932 (a drought year) and 1973 (during spring high
water) the water surface inercased 27 percent, {rom 548.0 acres to 695.7
acres, while spoil areas incrcased from 0 to nearly 46 acres. Presently

there arc no islands in Pool 1.

Bridges

Nine railroad and automobile bridges span the Mississippi River in Pool
1 (See TFigure 1 in Appendix A,II). Seven of these bridges are located in the
upstream, more urban-appearing portion of the pool, from the Milwaukece Road
Railroad Bridge (near the Shriners' Hospital) and 1-35W Bridge (adjacent to
the Cedar Avenue Bridge). Vertical clearance of the bridges range from 29.4
to 101.1 feet above norxrmal pool elevation (725.1 feet, mean sea level, 1912

data) (Table 6).

Table 5. Changes in arca of water surface, islands and
spoil in Pool 1 bLetween 1695 and 31973

Year Water Surface Arca % Change Tsland Arca Spoil Arca

1895 268.8 T 72.0
1047
1932 548.6 1
27%
1973 695.7 45.7
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Table 6. Upper Mississippi River Bridges
Pool 1, Mile 847.6 to 853.3
(S.P.D.-NCS, 1969)

Miles Height (feet) (3)
Above Type Year  Above Project Pool
Ohio Bridge of Use Comp. Elevation (725.1)
River Location Struct., (2) (4) (1) Owner
853.25 Mpls.-Cedar Ave. Truss H  Un.Const.(N) - Minn. Dept. of H.
(I-35W)
853.15 Mpls.-~Cedar Ave. Conc. H-p 1929(R) 101.1 City of Mpls.
Arch
853.0 Mpls.-Nr. U. of Truss R 1924 29.4 N.P. Railway
Minnesota
852,69 Mpls.-Wash. Ave. Girder H-P(5) 1965 70.1 Minn. Dept. of H.
851.8 Mpls.-Dartmouth Girder H-P 1964 64,87 Minn. Dept. of H.
Ave.
851.5 Mpls.-Franklin Conc. H-P 1923 93.94 City of Mpls.
Ave. Arch
850,7 Mpls.-nr. Shriners' Truss R 1902 76.2 Milwaukee R.R.
- Hospital
849.9 Mpls.-St. Paul-Lake Steel H-P 1888 78.2A Mpls. & St. Paul
Street Arch
847.8 Mpls.~-St. Paul-~ Conc. H-P 1927 85.8A Mpls. & St. Paul
Ford Pkwy. Arch
Operation of movable bridges is governed by Code of Federal Regulations, Title 33,
Chapter II, Sections 203,555 and 203.560 (g) (13).
(1) All elevations are mean sea level (1912 adj.).

(2) H-Highway, P-Pedestrian walks, R-Railroad.
(3) A-Crown of arch. !
(4) N-new bridge, R-remodeled.

(5) Pedestrian deck above vehicular deck.
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2. ENVIRONMENTAL SETTING
NATURAL SETTING

The present natural environmental setting includes the project from the
construction of nine-foot channel in 1930 to the present because this is an
ongoing project. The environmental setting without the project, in this
case prior to project construction, must be reconstructed from publiched in-

formation.

Ecosystems

The ecosystems of the upper Mississippi River and its valley in Pool 1
may be divided into several reaches and into various components or subgroups
for more detailed description. Thus, Poul 1 may be divided into two reaches:
(1) the Upper Reach, that portion from St. Anthony T'alls to just below the
Washington Avenue Bridge in which the banks are crowded with buildings,
bridges and industry; and (2) the Lower Reach, that stretches from just below
the bridge to Lock and Dam 1, containing mostly undeveloped banks, recre-
ational areas, and dredge spoil deposits (See Figures 10A and B, 11, 12 and
13A and B; also Figure 1 in Appendix A, IV).

The various elements of Pool 1 ecosystems have been divided into two
aspects: physical and biological in this report. The first is the physi-
cal aspect, including geologic, climatic, and hydrologic components. The
section on biological aspects or systems includes floral and faunal compo-

nents as part of terrestrial and aquatic ecosystens.

It cannot be overstated, however, that such divisions disguise the often
numerous and complex interactions between components within these river valley
ccosystenms as well as with components eclsewhere ian the watcrshed. Thus, wher-
ever possible, the characteristics of components in Pool 1 will be discussed
in relation to the Twin Cities aréa, as well as to the entire drainage basin.
Interactions with areas outside of the basin may be dcalt with in a very gen-

eral manner.

WOUREPVRN S, LI i K R S Y

Ty v .- --:



-28-

Figure 10A. Aerial View Upstream of the Upper Reach of Pool 1, Showing
the Location of Transect 1AA and the Barge Terminals on
the West (Right) Bank of the Mississippi River Near the
Washington Avenue Bridge (Colingsworth)

_770"
—750"'
—730' road

44° 58' 30" N
93° 15' W
riprap

navigation channel

Figure 10B. Profile of Transect 1AA, Mississippi River
Mile 853.1 (Gudmundson)
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Figure 11. Aerial View Upstream of the Lower Reach of Pool 1. A Dredge Spoil
Bank of the Mississippi River Downstream from Franklin Avenue Bridge

44° 57' N
93° 13' W

dredg;\"—*——-___.~__________,,/'dredge spoil

spoil navigatior channel

Figure 12. Profile of Transect 1BB, Mississippi River Mile 851.1 (Gudmundson)

v
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Figure 13A. Aerial View Downstream of the Lower Reach of Pool 1.
Dredge Spoil Piles are Located on the West (Right)
Bank at the Lake Street Bridge. Transect 1CC is
Located just Upstream from the Ford Bridge in the
Background (Colingsworth)

‘-. I : , 44° 55' 05" N
EM,...,A.\_WL.-" : : 93° 12' W
- A = K\
navigation channel
Figure 13B. Profile of Transect 1CC, Mississippi
River Mile 848.0 (Gudmundson)
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Physical Aspects

Topography and Climate

From its source in Lake ltasca downstream to Lock and Dam 1, the upper
Mississippi River has a drainage basin of 19,700 square miles (Figure 14).
This large.watershed consists principally of level to rolling terrain. Sce-
nic bluffs 100 feet or more in height occur along some portions of the River
and its tributaries. The present topography is derived mainly from drift
left by the Pleistocene glaciers and subsequently modified by erosion, plants

and animals, and more recently, by man.

Presently the climate,which is moderately continental and grades east~-
ward from dry subhumid to humid, combined with the influence of soils and
man's activities,has led to a vegetation gradient. Thus the extensive
mixed pine-hardwood forests bejeweled with numerous lakes and streams in the
northeast, give way to former prairie--now productive, open farmland in the

southwest dotted with marshes and laced with ditches and streams.

Upstream from the Twin Cities the Mississippi River meanders between
banks 15 to 25 feet high through a broad but shallow glacial outwash valley.
Then, at St. Anthony Falls it descends 75 feet and flows eight miles to Fort
Snelling through a 100 feet deep gorge scoured out by those falls. Near
Minnehaha Creek the Mississippi drops another 38 feet, at Lock and Dam 1.
Downstrcam from Fort Snelling, where it is joined by the Minnecsota River,
the Mississippi is contained by another broader but deeper valley, once

carved by a huge glacial meltwater river.

Geology

The upper Mississippi River watershed is underlain by a seriecs of Pre-
cambrian igneous and metamorphic rocks north of Big Lake, Sherburn County,
Minnesota. Downstream this basin is underlain by Cambrian, Ordovician and

Devonian sandstones and limestones to the east and south, and by Cretaccous
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shales to the southwest and beyond the watershed (Sec Figure 15 and Figure
16).

In the last million years at least four glaciers gouged their way ac-
ross these rocks and through the Twin Cities (See Figure 17), then receded
and left hills and valleys formed from drift or rocky debris which they had
transported long distances. Deposits left by the last one, the Wisconsin
Glacier, were brought in several phases, first from the northeast by the
Superior Lobe (See Figure 18). This drift consists of red sands and pebbly
deposits. Later the Granteburg Sublobe of the Des Moines Lobe brought buff-
colored sands, clays, and rock from the Cretaccous shales, more or less
covering much of the previous deposits. Such deposits, if unstratified, are
termed till; if transported and sorted according to size by glacial melt-

waters, they are termed outwash.

These several glacial advances stagnated at various times and places in
Minnesota and elsewhere, dumping huge mounds of rock, stone, gravel, sand
and clay. The mounds were formed at the terminus of the glaciers and gen-
erally conformed to their shape; thus, they are termed "end" or "terminal
moraines. Terminal moraines and other tills and outwash, which have been
subsequently modified by climate, vegetation and man, form our present soils

and topography.

Most of Minnesota lies between 1000 and 1500 feet above mean sea level,
with higher elevations in the northeast and southwest corners of the state
as well as around the Mississippi River hecadwaters and in southern Otter-
tail County. Within the Mississippi River watershed, elevations below 1000
feet border the Mississippi River and its tributarics. Sharp relief occurs
along the Mississippi, Minnesota and St. Croix Rivers where erosion has cut

through underlying bedrock, forming sharp scenic bluffs.

The valley presently occupied by Pool 1 was formed during the northward
recession of the Wisconsin Glacier over 10,000 years ago as the present floor

of the Minnesota River's valley was being lowered by a great rush of glacial
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meltwater. This was the Glacial Lake Agassiz located to the west and north.
Today, the Minnesota River and, downstrcam from Fort Snelling, the Mississippi
River, meander through this broad and deep valley, 200 to 300 feet below the

upland.

At St. Paul, near the present location of Holman Field, Glacial River
Warren plunged over a rock lcdge into a preglacial channel (See Tigure 19);
other preglacial valleys were apparently filled with sediment. This falls
receded upstream to the gite of the present Yort Snelling, where it divided.
The main falls soon became extinct when it encountered auother preglacial
valley about three miles up the present Minnesota River. The St. Anthony
Falls were born as the River Varren Falls eroded past a tributary: the
present Mississippi River. Similarly, as St. Anthony Falls receded upstream
from Minnehaha Creek, Minnehzha Falls began. As the larger St. Anthony Falls
eroded the soft St. Peter Sandstonc from under the harder Plat:.ville Lime~

stone, the decep gorge was formed in which now lics the present Pool 1. These
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soft rock formations are exposed along the river bluffs in Pool 1. These
and deeper formations dip about 20 feet/wile tovard a low point on the Mis—
sissippi River just south of the Undversity of Minnesota, forming the Twin

City artesian basin (See Yigurce 16).

Climate

The climate in the upper Mississippi River basin varies from dry sub-
humid in the west to humid near Lake Supcerior, with the Twin Cities in the
larger, moist subhumid central region. The average temperatuce varies from
about 45°F. to less than 40°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. 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 im-

portant.

The soils in the upper Mississippi River watershed 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 prairice southwest.  The Twian Cities soils are
primarily pedalfer and vary from sandy clay loaws en till to loamy sands
which were deposited in slow-watcer reaches and a few small areas of clayey
soils deposited in standing water (Sce Figure 20). Vell-dirained sites and

northern exposures have lightcer soils with less organic material.




Figure 19. Map Showing Preglacial and Interglacial River
Valleys of the Twin Cities Area (Schwartz
and Thiel, 1963)

The soils along and on top of the bJuffs in Poel 1 are generally medi-
um and coarse sandy soils of variable thickness. These soils are character-
istically well-drained, acid and low in nitrate and phosphate. The slope is

under 127 and the percolalion rate is gencvally less than 10 minutes poer inch.

In the river valley, dark, organic river-hottom soils seasonally inun-
dated and poorly draincd are present only at the University river flats and
lower portion of west Riverside Park. Other low, sandy soils occur as dredged

spoil deposits at River Miles 849.50, 851 and 852.
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Groundwater

Large quantitics of groundwater are present here in the highly permeable,
surficial sand deposits. Many lakes and streams are located in these depos-
its. 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 composition
from the Mississippi headwaters to the Twin Cities, except that in the Cities

they have only 1% to 10%Z of the iron content.

In the Twin Cities and 13 surrounding communities, the Mississippi River
supplies the water. However, there are also a large number of wells in this
area which are used mainly for industries and air conditiomers. Total ground-
water 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 sup-
plies a medium hard water (average 412 ppm hardness as CaC0q in 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 (USGS, 1970).

Potentiometric studies (1970-71) of the water surface in the Prairie du
Chien-Jordan aquifer in the Twin Cities indicate two groundwater recharge
areas (See Figure 21). These include mainly southwestwardly inflow from an
area bounded by White Bcar Lake to just west of Afton. Southcastward and
eastward inflow through Lake Minnetonka area constitutes the second ground-

water supply to Pool 1.

Hydrology

Runoff in the upper Mississippi River basin varies from one inch in the
westernmost extent to eight inches in the northeast, with four to five inches

in the Metropolitan area. Evaporation is greatest in the southwest, at 34
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inches, and decreases to less than 24 inches in the northeast. The Twin

Cities lose about 30 tc 31 inches per year by eviporation. Some runoff is
! Y Y i

stored in six upstrecam reservoirs, built between 1861 and 1912 to augnent
low flow for navigation. After construction of the locks and dams and cs-
tablishment of the nine-foot channel, this higher minimum flow was used to

offset pollution.

Average (1907 to 1945) daily discharge of the Mississippi River at St.
Anthony Talls is 5,510 cfs; this data provides a rcasonable estimate since
only a few intermittent tributaries cnter Pool 1. Maximum discharge was
91,000 cfs in 1965 and the minimum was 462 c¢fs in 1934. The greatest dis-
charge of record prior to construction of Lock and Dam 1 was 73,500 cfs in
1881.

The average water velocity in Pool 1 is about 0.5 mph at normal stage,

but may reach 5 mph at extreme high discharge.

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 of bridges at this discharge is 160.0 fect and 32.4

feet vertically at the Northern Pacific Railroad Bridge at Mile 853.0.

Biological Aspects

Terrestrial Vegetation

The native vegetation in the Upper Mississippi River watershed located
in Minnesota and western Wisconsin formed a gradient firom tall-grass prairie
in the southwest to deciduous (hardwood) forest to mixed deciduous—coniferous
(hardwood and softwood) forest to the northeast (See Figure 22). Contact
zones between the plant communities occurred as mosaics of peninsulas and
islands rather than as distinct, separate belts. Climate, topography, expo-

sure, soils, animals, fire and human history are important determining fac-

tors in vegetational pattern.
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The Twin Cities area lies in an island of prairie vepetation, where un-
disturbed, in a westward-extending peninsula of mixed deciduous—-coniferous
forest (Minncsota Department of Conservation, 1965). 1t consists of whitc
pine, yellow birch, and maple on heavier soils, and red and jack pine on
sandicr sites. On sandy soils to the northwest of the Twin Citics, there
is an island of the dricr deciduous forest. Small to medium-sized oaks pre-

dominate in this forest.

West and south of these forests lies the tall-grass prairie region which
included bluestem and bunchgrasses and a rich assortment of nitrogen-fixing
legumes. This prairie has built up the soils of this area to a rich level of
productivity. Urban and agricultural development has disrupted or removed
nmuch of this vegetation on the level uplands. A few small patches are pre-
served in the park area on the bluff top on the right bank of Pool 1. Size-
able segments of Phragmites-dominated prairie probably remain in drier bottom

lands and steep-sloped terrain.

A cross-section from the river, across the floodplain and up the bluff
face, shows vegetational zones representative of Pool 1 (See Figure 23). The
vegetation changes from rich, moist grassy meadows and bottomland woods to
northern hardwood forest, then dry upland forest near the top, to prairie

grasses on the dricr blufftop.

On the floodplain in the Twin Cities arca, exposed sand and mud deposits
become vegetated by herbs such as teal grass, millet, smartweed, and others
(See Table 7, Wallace et al., 1969). This herb layer continues under the
river bottom forest, which consists of elm, maple, willow, cottonwood, and

other trees.

In Pool 1 the few acres of floodplain are located in the upper recach of
the pool and are occupied by a park, parking lot or industry. On the left

band of transect 1AA is the University of Minnesota's coal dock, behind which

is a rocky slope, towered over by a cliff of Plattcville limestone (See Figures

24 and 25; See Table 1 in Appendix A IV).

oA
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Silver maple

g e,
- . ’

Figure 23.

N

"

Nl

Typical Vegetation Zones Along a Transverse Section
from the River to the Bluff Top (Lavrence and Gudiaundson, 1973)
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Vegeration Comnon to the Hebitats of the Upper Miuscicocippid

River Valley and Bilufi Tops in the Twin Cities Arca

(Wallacce, Mclarg, Roberts and Todd; 196Y)

Habitat Type

Mad{lats, sandy
shores

liver—botton
forest

Upluand hardwoods
(Big Woods and
aspen-birch)

Dry oak savanna
and dry uvplands
(oall opendngs,
barreas and

sopen--oal), and
tranGiiion Zouvs

Brush praivic

Grassy mecadows
(prairic)

Occurycace and Succeics

Rare in the metropnlitan arvca. Often included in the

viver-hottom catepory.

Varics greatly.  Sewn areas contain sparlveeds, wild
millet, {al) panicum, teal grass and cocklcbur,

Forests that occur adjacent to the rivers and mainly

on floodplains, }

. ¢
Woody: c¢lm, ash, cottouweod, box cldey, onks, basc- i
‘wood, naple, willow, aspen, hockbervy, with occasicnal ‘
pinces and arbor vitae in Lhe pine region. i
Herlbaccous:  some smartweed, wild millet, fall g

panicum, teal grass,” and cocklebur.

Woody: "Big Woodst--oaks (Lur, white, red, and black),
elm, basswood and maple dominant; with ash, bornbean,
spen, bireh, wild choerry, hickory, butternut, black
walnut.

spen-birch--eventually become hardwood forests, in-

cludes ash, elm, maple, bassvood and oaks,

Woody: oak openings and barrvens--scattored trees and
proves of oaks (mostly bur oak) of scrubby form with

some brush and thickets and occasionally with pincs.

). .

Aopen-0nt temds aonea, pencyally donse, butoounll o da
h

-

most pleces, with centtoered ortes and Tov ol LGy,

and basowond,

Cracs cnd brosh of aopen, boalos =08 Tend o8 o 130U
oalt and heaod dn tiee north) but wodnly ook and hos !

in the south,

Villow prairie (prairic with clumps of willows), grass.




Figure 24. Left Bank of Transect 1AA, Mississippi River

Mile 853.1. University of Minnesota Coal Dock
is in the Foreground (Colingsworth)

__770'
—750' 44° 58' 30" N
-—730' road ) 93° 15' W
; riprap
navigation channel
b= O] Transect =
28° 4— =I—b b b =P 208°
=l gr sa,gr gr =
L/B Transect 1AA River Mile 853.1 R/B
left right '
bank bank
Figure 25. Plan and Profile of Transect 1AA, Pool 1 (Gudmundson)
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Both riverbanks are covered by spoil on Transicet 1Bb and are necarly de-
void of vegetation (Figures 26 and 27). Behind thie spoil is a dirt and rock

slope towered over by cliffs of St. Peter sandstone and Ulattevillelimestone.

The left bank of Transcct 1CC is similar to the banks at 1BB, but lacks
the spoil (See Figures 28 and 29). 7The right bank consists of limestone
blocks forming a sloping wall about six feet high, with vegetation penetrating

the joints. Above this wall is a steep, grassy slope,

The bluff slopes have a variety of vegetation, depending on the density
of the tree canopy and amount of disturbance. Cottonwood, river maple, box
elder, red maple, green ash, basswood, and slippery elm are common tree species
on these slopes (Sce Tables 8, 9 and 10). The 1CC transect also had bitter-
nut hickory, paper birch, black locust and northern red oak. River grape and
Virginia creeper are common under the denser tree canopy and were the only

vegetation under the canopy on the left bank Transecect 1CC.
More open canopy, such as on the right bank, Transect 1CC, has more vari-
ety, including staghorn sumac, sedges, grasses, daisy f{leabane, field horse-

tail, false indigo, white sweet clover and milkweed.

Vegetation on Spoil

The zonation and succession of vegetation on the floodplain has becn
studied by George (1924) and on sandy spoil on the left bank downstream from
the Franklin Avenue Bridge by Cooper (1947). George's study dealt mainly with
plant succession on floodplain areas which produced three stages or communi-
ties:

1) the Populus-S$alix community, consisting of pioncer cottonwoods, wil-
lows and several non-woody plants growing on open gravel flats which
are flooded cvery spring but are very dry the rest of the year;

2) the Populus-Acer community, a forest made up of cottonwoods, surviv-
ing from the above pioncer community and the silver (river) maple,
located on river terraces or old flood plains in moderately moist
habitats; and
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Figure 26. View Upstream of the Left Bank of Transect 1BB, Mississippi
River Mile 850.6. The Spoil Pile is Located Just Upstream
from the Abandoned Lock Visible to the Right Center. Trees
Cover the Dirt and Rock Slope and the Brim of the Bluff
(Colingsworth)

44° 57' N
93° 13' W
dredge _7 dredge spoil
spoil navigation channel
«—+ b b E—0-0%

Transect 1BB River Mile 850.6
L/B R/B

Figure 27. Profil and Plan of Transect 1BB, Mississippi
River Mile 850.1 (Gudmundson)
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Figure 28. Left Bank of Transect 1CC, Mississippi
River Mile 848.0 Showing Tree Covered
Lower Slope and Exposed Sandstone and
Limestone Cliffs (Colingsworth)

' N |
44° 55' 05" N
93° 12' W
gt —
300' pavieation cha
-y QUi ..
b b =) 266°
mu, de mu,sa,de sa Agi
Transect 1CC River Mile 848.0 R/B

Figure 29. Profile and Plan of Transect 1CC,
Misgissippl River Mile 848.0 (Gudmundson)
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8. Plant Occurrence on the 1AA Transcct, Pool 1,
Mississippi River Mile 837. (Colingsuorth
and Cudeondson, 19733

Cucurbitaccae

Left (east) Ronlk Right (west) Bank

Cucumber fawmily P :
Yarthenocissus inserta Virginia creeper r %
Gramineae Grass fawily P i
Solidago spp. goldenrods by ;{
Rhus sp. sumac P :
Populus deltoides eastern cottonwood r
Acer nepundo box elder P

Fraxinus penwnsvlvanica,  green ash
var. subintegervima

Acer rubrum
Asclepias spp.
Compositae
Melilotus spp.
Ulinus spp
Cirsium spp.
Rumex sp.

red maple
milkweeds
Compouite family

laBiavBiaeBia-Ria-ia~ o]

swveet clovers P
elmg P
thistles P !
sorrel, dock Y

"o 30 fect 20 /¢ o

LA g d (o" I./‘ "-/’) /un'.'/;
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e

- —-.—..}-—--—-. i e {._ e e e R -
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o /0 e e /e :
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Table Y. DPlant Occurrence on the 1BB Trousect, Pool 1,
Missisaippi River Mile 50050 (Colinpsworth
and Guarandson, 1973)

est (TR T OO M
Shore— | (i Shoye- § I
Specics . Cline _fﬂ-;l_m hnu  QuLr.
Ulmus thomasi, rock eln P
Salix i sandbar willow r
Salix am loides, peach-leaved willow P
Populus _d_r_? toides, eastern coltonwond P b
Cycloloma .1L1'1pl1 cilolia, winged pigweed 27
_\_If_r_b_a_‘ cu 7, mullen 5%
Elymus canadensis, Canadian wild rye 137
Setaria VLrldl“, green foxtail 127
Taraxacun officinale, common dandelion <1%
Parthenocissus inscrta, woodbrine e 107
Gramineac, Grass family 607
Lactuca sp., wild lettuce P
riparia, riverbunk grape Y
SPP. gyldungd r
cus sp., elder P
rubra, red mulberry P
im common burdock P
Asclepias sw L“ca common wilkweed P
atoyium rugosum, whitce bonesct p p
Ulous rubra, sl ippery eclm P 257%
Glechoma hederacea, ground ivy P
Tilia awmericana, American basswood 507
Fraxinus Dmmﬂvly_anicq var.
subintegerrina, green ash 25%
Leonuris cardiaca, common motherwort p
Salecola tcenuifolia, Russian thistle r
Bare soil (sand) 607
Leaf, litter 10.. 100/ J
Yoo fldedes iunk T s T e
Ho <o T s ) &
‘ — I-—--—-.-l- ~-.]._. j-pm e ”": e i e I P, | | P
B/‘J’/{ L dvin A ‘0 AL ':'\" e
S Nt I SRR ,
Veg et fiewy o T L o 7
[V :,}7 te I
i
[l//( 7 (J'/'r L) L
b / feat
0 it g £e _v,/o R 16’0 il S
] i | ] oo ! { i
e — ..
i f Core 9/’9;/ /z‘.://ufrlé-ﬁ(
P i
co it
e 2 e e e 225
B O e e 1 -
e B d 'L_ o e R S MR '3/';,-’”'
VepariZon

Eenaiinch S Mlhttat e

e




Table 10,
Missisaippi

Plant Occurrence on the

River Mile

1CC Transcecet, Pool 1,

853.1.

(Colingsworch

and Gudmundson,

1973)

Species

Right (west) Bank

Left (east) Bank

Asclepias syriaca common milkweed P
Rhus typhina staghorn sumac P
Robinia pseudo-acacia black locust P
Gramincac spp. Grass family P
Quercus rubra var. northern red oak P
borealis
Eupe for}um Tugosum white bonesct P
Anorphin tfu1Lco;a false dindigo P
Acer negpgdo box elder P
Populus balsamifera balsum poplar P
Cypcraceae Sedge family P
Melilotis alba white swcet clover P
Avctium minus common burdock P
Erigeron annuus daisy fleabane P
Salix 3n§93£3£ sandbar willow P
EqULéétgmlékyane field horsetail P
Populus deltoides eastern cottonwood P
Acer saccharinum river maple P P
Vitis riparia riverbank grapes P P
Parthcnocissus inserta woodbrine P p
Fraxinus pennsylvanica grecen ash P P
var. subintegerrima
Tilia americana American basswood P
Ulmus spp. elms P
Betula papyrifera paper hirch P
Acer sp. maple P
Carya cordiformis bitternut hickory P
RARE TR AN ee
]
PP ,e il Foot e N So
- ] —_— - B D s
Sl S.Ley ' ! { ! 1
)'-(Dix’c I FesCAry s /c e /apc
v.m\(
Fen?( Jend v,
s #o 20 Lot 20 /» o
bl | il | 1 ..
i t { et
Alrss,

Bl \_ [

: f'm"(- or (f/ Faf reed /

,z l‘l—‘l‘f




~54—

3)  the mature floodplain forest of the terraces, dominated by silver
maple survivors from the Populus-Acer forest, American c¢lm, and
white ash.

During the carliest piocncer ycars, cottonwoods and willows grow together on
the wet lower levels. Farther up and away from the water, the willow can

grow only in fine soil which can retain much water or in moist sand, whereas
3 the cottonwoods, with their larger root systems can reach down to the water

underncath the higher dry coarse gravel arecas.

Cottonwood sced germination is drastically affected by the time of {lood-
1 ing. For iwnstance, a large crop of cottonwoods in 1922 wuas due to an cxtreme-
ly high flood that year, which reccded and left a bare, mcist soil just when
the seeds were viable. The young seedlings of 1923, however, werce completely
destroyed by a rise of the water after germination. Because sandbar willows
reproduce by runners as well as by seed, they are not subject to fluctuations

in numbers to this extent.

More new information on floodplain succession would be useful: of the
season of seed dispersal of the major floodplain species, the rate of decline

of the spring floods, and time of deposition of spoil.

The species which will colonize dredge spoil during the season it is de-
posited depends largely on the date of deposition. If this occurs before
July 15 in the Twin Cities arca, and a thin layer of silt forms the upper-
most layer about 6 to 8 inches above the water table, prompt establishment
of trec scedlings can be expected, especially of cottonwoods, peach-leaved
willow, American elm, box elder, silver maple, and the very important shrub:
sandbar willow, This vegoetation wonld provide cnoush cover imrediately to
improve the appearance of the spoil as carly as the second yecar, and would

reduce blowing of spoil sand into the backwaters oi back into the channcel. [

The moisture gradient from the shore to the top of the spoil, as indi-
cated by the depth of dry sand, apparently results in a zonation of the de-

veloping vegetation (See Table 11, Figure 30). Bare, saturated sand recently

(Y 2 O T D A S T
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Table 1l. Vegetation Zones on Sendy Dredpe Spoil (Cooper, 1947)

Vegetation ©oZones®
Comwon Name Scicentific Nauwoe 1 2 13 TER Y 6 7 ¥
Trees
| Cottonvood Populus deltoides P P 1r
‘ Peach-lecaved willow|Salix anypdaloides P
{ Herbs
Soft-stem bulrush Scirpus validus by
f Stick-tights Bidens sp. D |
\ 280
i Barnyard grass Lchlgocl]oa crusgalli P
' Love-grass Eroprostic sp. b D
Cocklcbur Xanthium sp, P D P
Bristly foxtail Sp. D
Strong-smalling sia graveolens I
clamnyweceds
Common saltwort Salsola kali P b
Smartweed Polygonum sp. ?
* Abundance: D = dominant

¥ = prescnt

Seeese 7 z_ 2 /i

Liss.River ! I ’ “A’,/--.\A'_ . ___.-~/:"_’,_‘:.—’T:— P S a

Tt it b e e IO R

- AR ¢ " ¢ . . ” , [ »
(7»)£ \'A{e' @ o.c8" I 5 £-57 ¢ §

Figure 30, Vepetotion Zomes Slon o o o ot fven tis Micoloejasd Niver

(in Pool 1) to the Top of Sandy Dredge Spoil (Cooper, 1947)
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exposed by lowered water level (Zone 1) had a few palclics of soft-stem bul-
rush (Sce Tuble 11). As the depth of dry sand increases away from the shore
the dominant herb was sticktights (Zone 2), love-grass (Zone 3), and cockle-
burs (Zone 4). 1In Zone 5 the depth was similar to that of Zone 3 and corres-
pondingly, love-grass was dominant. 1n Zones 6 and 7 the dry sand was
successively deeper, with first bristly foxtail dominant, then a few scattered

pioneers of mainly the common saltwort at the highest elevation. Bark frag-

-

ments present in Zones 2 and 3 reduced moisture loss, cncouraging the estab-
lishment of herbs. A few cottonwvood seedlings occurred in Zonces 2 and 4, and
1 to 2 year-old secdlings were found scattered in Zone 5, with the dry ridge
1 top in Zone 4 and dryer Zones 6 and 7 lacking tree scedlings. Other sites
studied by Cooper indicated that succession from the very moist (hydric) and
very dry (xeric) culminated in the moderatcely meist (mesic) basswood and

sugar maple bottomland forest (See Figure 31; Sco Table 2 in Appendix A IV).

The effect of moisture is also secen on the 1YY transect (See Table
12), located just downstream from the spoil site shown in Figure 13A. Near
the shoreline stands a band of cottonwood saplings and a few river maple (See
Figure 32). Behind the trees is a band of snartweed and cocklebur which gives
way to love-grass and other grasses. Farther away from the shoreline the drier
spoil supports only winged pigwecd., After a bare area there are some scattered
3 small willows; closer to the bluff sand-bar willows are numerous,and farther,
cottonwood and elm. DBasswood and cottonwood dominate a low moist area just
below the west (right) bluff, perbaps an old spoil site. The herd layer be-
neath the forest canopy includes black nighshade, ground ivy, Solomon's seal,

dandclion, burdock and nettles.

A comparison of photographs ¢f spoil sites taken in 1956 and 1973 indi-
cates that vegetation of spoil by trees ncar the water is indced obvious af-
ter 17 years, however, no vegcetation prows on the hicher, drier sites (Compare

Figures 33 and 11; and Figurcs 34 and 12). Revegetation is slowed by continued

spoil deposition.
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Figure 32,

Zones of Vegetation on the 1YY
Transect, Mississippi River
Mile 849 (Senechal)
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Wildlife. Wi Jlife is diverse in the upper Micsissippi River hasin,
varying from large mammals such os moose, bear, wnd deer to small furbenrcors
such as mink and river otter (See Table 173).,  Also nuwerous pecece,diving and
dabbling ducks and other bivds miprvate throneh the watershed in Spring and -
Fall. PMore recent data (Wallace et al., 1969) rupeesits a wide diversity of

animals in the Twin Citics area (See Table 14).

Few animals occur in Pool 1 other than insccts, bivds and mon due to the
lack of habitat, frequency of disturbance and rowming domestic cats. However,
a beaver house with three individuuals has bLeen observed oa the left bank at
Mile 851.3, iu a low area between two spoil piles at the outlet of a storm

sewer.

Birds which have been reported in the Twin Cities area and their migra-
tion schedule is given in Table 4 in Appendix A, 1V. About 280 species of
birds have been sighted, of which 97 are common summey residents and nest in
the area. Another 98 species are present in small numbers, often as spring
and fall migrants. Irregularly secn bird species, i.e. single sightings,
account for another 85 species. Probably considerable numbers of these birds
frequent the varied and relatively continuous and undisturbed bluff and flood-
plain hubitats in Pool 1. The trees along the bluff faces and tops, as well
as on older spoil deposits contain numerous spring and fall migrants, and pro-

vide nesting sites for summer residents also.

Only ore bird, a mallard, was secn in Yool 1 betwecen April and Rovember,
1973, compared with 130 birds upstream in the St. Anthony Falls pools and 243
birds downstream in Pool 2 (Sce Table 15). However, numerous other birds in-
ciuding sparvrcws, blue jays, grackles and robins conld be heard in the trees

which cover the bluffs.

The rost significant difference between Pool 1 and the pools up- znd
downstream which may account for the low observed bird population, is the

lack of protected backwaters such as at Nicollet and Hennepin Islands. Fur-

ther study may reveal a larger songbird population in Pool 1 comparcd with
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Table 13. Gume Aniwals, Cance Bird:. and Furbearers
: of the Upper Mississippi River Basin, 1960
(rws, 1970)

. Alccs clees
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ARLEIODE Lo Avtitocopra e
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e

BAOOSE o oe v venen e ROt D0 v iinenaneenenenen. Colnlialivie
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BINN Vieadeadh o oL P & BT Sl DL

Commaafnipe .o .. .. v Copella g

Qroashot et oo e e [ PP 08¢

ey Forzans corolin:
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1
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C.Vox Squitred Lo L.

1 t. Gray Squireel ..o, .
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Table 14

Habitat Typc

Deep marshes

Shallow wmorshes

Wel ncadows

Mud flats, sundy
shores and bogs

Wooded und shirub
SWAMPH

River bottomn
forests

Upland hardwoods

Dry cak savenna
and dry uplonds

Brush prairie

Proirie Toosd

Crinss

-05-

ool NVogetation

Vil laoo,

the pive o
the Plefftoy (atter
Robiorie, 100y

Anls Com oo toe

ol
[ D
LWANCH

froam the
1

Foltory,, votd ol

to

Shecies

snaken, Uaotleny coot, prebes, rails,

I'roses; vater
blackbivds, marsh bivda, blue=winged teal, nnllard,
herons, black tern; wuskrat, mink.

? 3 3
sy oS

Frops, tonds, and other wpbibdons avd reptildes;
coot, grebes, blueineed teal, rallard (noe

¢
1

tailed doer.

Leopard frogs, salananders, snakes, other arphibi
and reptilen; hervons, pheasant, neating watericowl,
marsh song-bivd

lay red fon, white-tailed decr.
Nesting ducks, other marsh and shore birds, songbirds;
small mawnals, deer,

Spring pecper, svarp tree frogs; woodecock, narsh aud
sony birds, herens, wood duck (uesting); siall roaents

and shrews, beaver, ninl, racoon, and deer,
b b 3

Green frog calamnndeis; snakes turtles; wood dll(‘.k53
> > H s

forest songbirds s uplimd gamebirds; cot tontail rabbit 1y
& ! > »

raccoon, gray fox, white-tailed deer.

Jood froe, salamanders; snakes, including pilot black
snake, rod-bellied sunle and Procon snzke; rufifod
flying squirvrel, veccoon, gray fox, red fox, wvhite-tailiad

deerx.

creuses

ruffed grouse, I.‘.;L-;;s;a ity spotted and striped

Snaties: I
te-tailed deor.

<y
clhuanks, red fox, woodehoeok, whi

inod Taris, bobholink,

Filldooer.

Proaivice cons!
vesper Sparien, lark
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whitcetail jacirabbit, 33-linced aud Frauklin ground
squirrels, badger.
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Conmion egret
Lrcrican bittorn
Mallord

Coot

Wood duclk
Theasant
Woodpecker
Yellow-shaited flicker
Gracile
Sparrow
White--throated sparrow
Spotted sandpiper
Bank swallow
Belted kingfishor-
Black tern

Teal

Black duck

Hooded merganser
Pied-billed greve
barn swallow
Osprey

Red--talled hoek
Croon herun

Crow

Black-crownad nizht heron

Comzon torn

Canada foose

19

W

HOoRE e N W N

Total No. individ./pool

—

N

L7

20

17

o N W N W

Table 15, Bird Abaudoace o e Bie Vidleyve dn the Toln Citics
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the St. Anthony Ialls pools because of the much reduced tree cover alone the

banks in theee upstream pools.

Herons may be seen flying over or roousting, in the Lock and Dam 1 avca.
These ave probably from two lurge rceokerics at the downstream Lip of Pig's
Lye lsland, opposite the St. Paul stockyards. The larpest one ic a 170-
nest black-crowned night heron and couwmion Awerican cgret roolery, sanduiched
between a large barge flecting basin on the west and a large havge terminal
on the east. These waterfowl are quite sensitive to non's activitiecs; for
instance, they have becen reported to abandon thedir roolery wvhen highvay con-

struction approached within a mile (Partceh, 1973).

Hater Quality

Water use in Pool 1, as in adjacent pools, is variced, including supply
for iadustry, navigation and recreation and acsthetic enjoyment by a larpe

metropolitan area (See Figure 35).

Generzlly water quality is good in Pool 1 compared with downstrcam water
quality, except for bacterial levels (FWPCA, 1966). During and just after
rainfall somc or all of numerous storm sewer discharges increase bacteria to
levels which create a health hazard. llowever, water quality throughout Pool
1 permits a wider usage than in Pool 2, although in 1966 water quality ex-
ceeded the maximum level of pollutants for such uscs as potable water and
swimning and other water contuct sports. In 1973, however, swiiming was
popular at several sites in Pool 1. One of the wmost popular siteswas ad-

y

jacent to the abaudoned lock upstrecam from the Lake Strect Bridge.
Daily records of some water quality paraseters are available for mid-
1967 to mid=1969 and serve to illustrate the seasonal variation of these para-
Cors dun the Nlsedassippi River in the Twin Cities arca.  Sene voriation {ron
thewe data may occur between Anoka and Pool 1 due to industrial storm sewer

. This may be especially true of the temperature downstream L{rom

Ve Pland,
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Drily flow whichi is recorded at Anoka (anmd ot St. Paul) by the U. S.
Geoulopical Survey, rauved between 2000 ¢fs and 25,000 ofs (Figure 2 dn Ap-
pendix A, IV). At St. Anthony Falls the lowest flow wns 462 cfe, in 1932 and

the maximun vas 91,000 cfs, in 1963,

Water temperature, digsolved oxygen (DO), pll and specific conductivity
are automntically monitored by EPA at the Riverside Power Plant. The data
from mid-=1967 to mid-1969 illusirates the seasonal variation in these para-
meters. Water temperature ranged from a winter low of about 32°F to a sum-
mer high of 85°F (Figuve 3 in Appendix A, IV). Dissolved oxygen ranged from
a low of about 5 wmg/l (milligrams per lirer) in summer to a high of about
17 mg/l in vinter. CGenerally the DO has two periods of low concentration:
during low flows in summer and under the ice in winter (Figure 4 in Appendix
A, IV). By comparison the DO record at Grey Cloud TIsland for the same period
shows that the DO coucentratien may reach zero mg/l (Figure 5 in Appendix

A, 1V). Day to day variation also is greater within the Twin Cities.,

Specific conductivity and pl occasionally show marked fluctuations, but
no marked seasonal pattern. pll ranged froam 6.5 to 8.5 (Figure 6 in Appendix
A, IV). Specific conductance ranged from 200 to 450 micronhos (Figure 7 in

Appendix A, 1V).

Additional water quality data is recorded at the Minneapolis Water UVorks
in Fridley. 7The 1973 data (through Augusat) ds included at Table 3 in Appondiz

A, TV,

Downstream {rom T'ool 1 the water quality decrecases considerably due to
the turbidity aud Lacteria bhrevsht by the Minoceosta River, aid Lo treated
sewage and industrial effluents; the sevaye comos from 16 plenis, the largest

of which is the Hetropolitan Wastoewater Treatiwent Plont.

At the base of Lock aud Dam 1 the turbulance increases the dissolved oxy-
gen content of the river, apparently causing fish and watcrfowl to congregate.

Sport fishing is popular below the dam. And, as many as six black-crowned

night herons have been attracted to the area.
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The main water quality problem below Pool 1 comes from the discharpe of
the Metropolitan VWastewater Treatment Plant, the South St. Paul Scvage Plant
as well as 16 cther sources enter Poel 2 from tlic MW site dowastrean to
Lock and bam 2. Thesc decrease the dissolved oxygpen (D0), benthie orpanisws,
and percent of game fishi in the total fish pepulation. At the same tiwe, un-
desirable characteristics increase, such as coliform bacteria and pathogens

(Sce Tigure 36) 1973 data is in Tables 5 and 6 in Appendix A 1V,

Aguatic Vegetation

The Twin Cities area riverince aquatic vegetation may be groupcd into
habitat types, such as deep and shallow marches (greater and less than three
feet deep respectively) and wood and shrub swamps (See Table 16).  However,
such habitats are not found in Pool 1 due to the deep gorge and to cxicnsive
developrent in the upper reach of the former floodplain. No aquatic vegcta-
tion is known to occur in the main channel.  Apparently, no studics were
made of the aquatic vegetation in Tool 1 prior to the construction of the
Ford Dbam in 1917.

Table 16. Aquatic Vegpetation in the Mississippi River in the
Vicinity of the Twin Citics (Wallace, ¢t al., 1969).

Habitat Specics

Deep Marshes Cattall, bulruzh, reed grace, vorad-sten o d bulruch, ond

wild yviceo  In open arcas:  pond veed, coontail, water nil-
A

foll, waterweods, duckveod, vhitco vater 1ily, spatlerdach
and otlvr aquatic:.,

-y

it .
€« M 1ty v
BN PR AR S ol

1 B
weod, seoacteed) reed

Shallow Marshes Cravsces, balrvabog
Srdlie it et 0P

and giaal bur recd, and wet willow growths.

Vood and Shrub Underarowt b ross, doclareed, svartvecd, and others.,
Swanps

il, ariovhesd, piclerel-

y ViCe cul=grana, sedue
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Aquatinr Animals. More than 120 specices of fish are found in the upper
Mississippi River Basin (Sce Table 17). Sixteen of these specice are recorded
from Coon Rapids and 48 have been recorded in Pool 2. 0Of these species the
smallmouth bass, northern redhorse, sheepshead and carp have been reported in
Pool 1, although the information is incomplete (See Tables 18 arnd 19). No
commercial fishing has been done in Pool 1. Sport fishing is light (Cunning-
ham, 1973), although a recent article reported good smallmouth bass {ishing
(Henucssey, 1973).

Besides painted turtles, no othey aquatic animals have been sighted,

although the few shallow arcas probably may have amphibians.

Bottom scdiments graode in Pool 1 from rock and coarse sand, near St.
Anthony Falls Lower Lock and Dom, dovnstream to fine sand and anaercobic silt
See Piguees 37, 38 and 39).  Farther downstircas the oryanic coatent of the

bottor sedivent continuecs to incrcaese (Sce Figure 40).

sjenthic woeroinve riebrates® show a downntrean trend of dncrceasing nushers
ot individuals but decroaning varicty (kinds or species) per square foot (Sec
Table 20).  he increase dewnstream in Pool 1 in nurbers of Chirononddace and
Clivsodhaet. o agrees vith the increase in erganic content and the decrease in
soedinent particle size, which also aprees with the obscrved decrease down-

styeaw in the inner current.

There hove boon tvo preview studics of the bonthic imuerainveriebratos
fno the Dicsioesippd Biver in the Toin Citics arcas Pawley (Y%47) vororted on
ctam collect tons rele by hers ol D apd previons coientiste since 10040 Her
stndy show s thet the e ab by nperics Joa o0 Dooveon ot (Gilo Bahy
Eowiles upstrean from Tronecet UAA) and Jdnie er Clile €17.6, betweon Tran=
secte 2¥Y and 200) (See Table 21)0 The corparaltively lower density of clan
specice in 1973 ia provaoly due Lo ihe Tesaar emppling ofvort than in v uley's

work, and to the significant dccrease in watcer quality and current (due to

Lock and Dam 1) in the Misslissippi River since 1864,

*Bot tom-dwelling organisms lacking backbones and visible to the naked eye.
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Profites Drawn Looking Downstream (South)

Bottow type: wu o mad, sa = sond, de = debris, gr = ogravel or rocle.
= sample plot (quadrat), + = plotless tree soxple (point quaricer),
{ bank, b = bottom sanpled L

r( 42 lJ'
_77o'k
Figure 37. —-750"~&-4*”F“—
—730" road

== top of

DAL

44° 58" 30" N
93° 15' W

rip
~'w'\./-.,~/ !
navigal 1on chennel

3 @ \ 'I'rnns;ort’ E

=T b b o 2080
;; ) s, 1 gr , =
Transect JAA River Mile 853.1 R/B .
; right "§<f‘£2
bank S
Fg 0 e e
z 2,7 ?

i — 790"

- 770!
Figurc 38. —— 750'

— 730!

gy ., ,_J l 1 ..I
e droedee spol
d]'L‘dHC . \\'--.._.-]--...-.._I// ]
. avigs o chorme
Sp()'L] navigation chmm

Vit

-
—
1

b cTrancect o O-Ci o

A
4+
™ ———
ogl
S
o]
=

1l

Transcct 1BE River Hile 850.6
L/B R/B

Figure

£y
C A
39, '/'}
ST AL R
e e s e S i.,ﬂl,.vwwl;,‘wh e e o e e e et e e 'v.\ 4 13 4
el 8 T s bl aemem w4t Am—— s
i - ———— ; 1t -
RN " i L '
I . »?'“ Tt T Tl z""' stoenes
’ AL , Voo, 0
800 f\-— Iy o= 1 L e tis e e mn s e v | ) ~— 200
. X )
T, et ) Taby oo wthe e \

L/B Transcet 1CC River Mile 848.0 R/B

SCALE: 1' = 100"
Schematic Diagrams of Riverscape Profiles, Plant and
Animal Sampling Locations, and Bottom Types at Each
Standard Transcect in Pool 1 (Gudnundson, 1973)




———
T
\\\\‘

e — L =T
.
A LU

e
Q
,_‘."g\ i
7
P

ST. ARTHONY FALLS
LOCr AKD DAM

N D

I-l‘l! H A et \"’l

UGAT COMIn
,./.".:.:./~\~. . “ s

CHASl /a Ll
j \-Pum MALTING
COMPANY
3
\‘«'(
/\,J

N

[
3,§;'
N

YLE SUEUR

s

ECre

CREEN GIAKT COMPARY

I
MSSD
SSPSTP

N\
o 1R L TO

ELUS £45 740
vk

Figure 40.

A, ?
\Hw——"— ;?\
\\,51 | ?
ATHNEAPOLIS L. K"“ 3 g
MINNEAPO \ (\

N
| e
v »,

f

|

-78-~

(ic' STCRDIA FALLD

STILLVWATE R

}L
/A

A— MSCD

(.1
‘ PRI,
RN (c FRESCOTT
NS

LOCH 8D LM \\.‘

NUMELR 2 %

2N
%\\1
. Vs
LOTK £ ho (oM S

KUM: " ’

f‘f‘_D VNG Al ‘ ..

Sand ond/or recks and rulble Lottom

tixture of sond ond orgonic sludge bottem
OrocPiC(!uCQL bottom
din o S Poat Sonttary District

tiinnceps
South S b c.:,i Cowoge Trectment Plont

SCALE
o 5 15

25 Miles

[ .

Distribution of Bottom Sediments
(FWPCA,

1966)




AT Y
xTpucidy ug 21qel -
wol, padeiaae elep :3JON

()4 we kx4 6 w7 6 S €T 12 9 01 <9 Nuu\nﬂmsvw>av=« ‘ON
4 € € S 4 v 4 v S € € 6 Nuu\mxwa “ON
199 91 91 _ 9 T € Waoan
11 ! 4 sUpIOT i gny
i V1AVHIO0IIT0
I
T VANIGINIH
| u T V@0dAD3T13d
'
T sepriaadosaTyd
1 svpTrI3g :e393doddTd
1 1 b4 1 8 aeprury e193d0370)
€
o T T T :exaidyasuaydz
M~
!
T T
S T 9 9 1 L o€ cexajdoydtay
T
€
[4
S L 6 4 ST € Y S 0T € 4 aT 1e123d1q
VID3SNI
202 XX?T q9Z Yve 20T q4qT XXI1 VVT g9 20N EER VYR
4 23pnTs pueg puesy | TAARID ITTISR pues® § T9AvIYH; pueg 03 ITTESR puegy pursy puegy VXVL
1 opn | 8pnTs | ysyo0y pues s}20Y gpues SH20Y | Toarvxg | Toavay syo0y | mxuom“
7 100d 1 1004 STIRd Auoyiuy °3G ]
SwSTUPJIQ oIyjuag Jo S2UBPUNQY ]

€L6T UT B3IV SI9IIT) UTML 34yl UT ISATY TAAISSTSST 9Y3 ut
S$23el1qalasautordey d1yluag jyo (3oojy axenbs iad) souepunqy adeasAay Q7 oTqQul




Tabte

21.

Distribat fong
River in tie
Dawley, 1947)

"I',‘ D
(&} vt

T . .
C.oloy '
i L

r ol

kot lns
R R A O
7

!

Al e d

HOTEREYTN

Doy .
RN L TR

Plagic!ta
S
Leptodea

I'res

+oniniuor

Lt ween
2YY and

D roecgernt

Crons

SO o

AN

s
1
e
\
]
.
N

Ll)(

.
FEQ RSN

M

(l 1o




AD=AL110 34% NORTH STAR RESEARCH INST MINNEAPOLIS MN ENVIRONMENTAL~~EYC F/¢ 13/2
ENVIRONMENTAL IMPACT STUDY OF THE NORTFI!N SECTION OF THE UPPER=<ETC(U)
NOV 73 R F COLINGSWORTH) B J GUDMUND:! DAC'ST-TM-OO”
UNCLASSIFIED

. NN

' AEEEENERENRNES
'HEEEENEEEEEEES
? Illlllllll==




)

m“ |O 7 22

32
ol

129

L
= Je

Ji2s it e

fao

MICROCOPY RESOLUTION TEST CHART

NATIONAL RURE AL o STANTARD e




-81-

In a 1964 study by Uokanson (1968) benthic animal communitics werce
corlected at Coon Rapids (Mile 866 above St. Anthony Falls) and on the pre-
sent 2YY transect (Mile S$21.3, Pool 2). A comparison of the 1964 data with
that of 1973 shows a decreasce in diversily and abuadance upstream from the
Twin Cities and in the sandy bottom (wmid-channel) downstream from the Twin
Cities (See Table 22). 1ln the muddy bottom downsiream from the Twin Cities

(Spring Lake bottom) diversity remained the same but abundance doubled.

Threatencd Species

Several lists of tlircatened (or rare and endangered) plants and animals
have been compiled. No threatened species were found in Peol 1 during the
present study and none have been reported previously. A more detailed sur-
vey is warranted, especially for prairie species in the prairie remnant in
the Mississippi Park (between West River Boulevard and the brim of the bluff)

at 36th Avenue.

These lists of threatened species include species protected legally and/
or other non-protected species whose populations are known to be or are sus~
pected of being dangerously low, either locally or nationally. Species rare
locally but not in adjacent states, i.c. species at the limit of their gco-
graphic range, are included in some lists. This inclusion serves to encourage
maintenance of a broad genetic (breeding) pool to help insure survival of the
whole species population. The inclusion of these species also serves to on-
courage the maintenance of a broad diversity of plants and animals for iHinne-

sotans to enjoy.

The variety of ]jﬂts.of threatened species is duee to tvo difficultics
vhich are encountered in compiling such a list., The first difficulty is the
definition of a threatened specices, i.e. at what population size and survival
rate (birth rate vorsus death rate) dows a species population become in dan-
ger of extinction. Secondly, there is a lack of specific information on the

current population size and breeding success of many spccies.
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Plants. A list of rarc and endangered plants in Minncsota was compiled
by the Minnesota Departmenl of Natural Resources (MY DNR, 1971). This list
contains a total of ten plant specices, including five plants found in roist
prairies, three plants found in open hardwoods, end two plants found in the

northern conifer forests (Sce Table 23).

Morley (1972) compiled an extensive list of threatencd plant species in
several categories. His list of plants legally protccted in Minnesota in-~
cludes all species of the orchid family; all species of 1lily, trillium and

gentian; and trailing arbutus (See Table 24).

A second category in Morley's list included those rlants rare in Minnec-
sota and all of North America: a total of four plants. uJne of thece specics,
the Minncsota trout-lily or adder's tongue, is found vowhere else but in Min-

nesota.

Morley included a third category containing 252 plants which are rare in
Minnesota bul are more or less abundant in adjacent regions. A total of 36
of these species are found in one or more of the following metropolitan coun-

ties: Hennepin, Ramsey, Washington, Dakota and Scott (Table 25).

Morley's fourth category includes those plants typical of our native
grasslands. This list includes 122 plant species. The native grassland
habitation is the "most poorly represented [in the University Herbarium] and
in greatest danger of eradication in the state.” A more detailed study is
urgently necded to determine if the drier portiens of the spoil banks do har-
bor these threatened planis, or, if not, then to determine the potential of

the spoil sites to previde a refuge for native grassland plants.

Barthelemy (1971) includes threc plant species in his list: two cacti

and a legumne (Sce Table 26,

Animals. Barthelemy's (1971) list includes thirty-six rare and endan-

gered animals, including threc reptiles and amphibians, one mammal and 29
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Table 23. Rare and Indangered Plants of Minnesota
(MNDNR, 1971)

Moist Prairie Habitat

Wild orange-red 1ily, wood 1lily, Lilium philadelphicum

Shooting star, Dodecathcon meadia

Small white lady's-slipper, Cypripedium candidum
(orchid)

Prairie phlox, Phlox pilosa

Blue-eyed grass, Sisyrinchium angustifolium

in Hardwoods in the Southeast

Fairly open hardwoods

Fairly open coniferous
forests

Bluebell, Virginia cowslip or Lungwort, Merteansia
virginica

*Minnesota trout-1ily, Erythronium propullans

*Adam-and-Eve root, Aplectrum hycmale (orchid)

Northern Forest

Yew, Taxus canadensis

Ram's-head lady's-slipper, Cypripedivm arietinum
(orchid) '

*has always been fairly rare
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Table 24. Rare and ¥ndangered Plants of Minncsota with
the Countics in Which They Have Been Found
(Nature Conscrvancy - Morley, 1972}

Plants rare in Minnecsota and in all of North America

Cruciferae; Mustard Family
Draba norvevica, Whitlow-grass: Cook,

Toy TS TR T TR BT AT R TR TR, 0 T TR TR TR S SRR

Leguminosae; Pea Family .
Lespedeza leptostachva, Prairie Bush-clover: Cottonwood,
Crow Wing, Goodhue,

Liliaceae; Lily Family :
Erythronium propullans, Dwarf or Mimmesota Trout-1lily or
Adder's Tongue: Goodhue, Rice. Found nowhere else
in the world,

Orchidaceae; Orchid Family i
Malazis paludosa, Bog Adder's Mouth: Clecarwater, Ottertail, !

Plants legally protected in Minnesota (the protection is weak,
and nceds strengthening) .

Ericaceae; Heath Family
Epigaca repens, Trailing Arbutus,
Gentianaceae; Gentian Family
Gentiana, Gentian, all specics,

Liliaceae; Lily Family
Lilium, Lily, all spccies

Nymphacaccac; Water Lily Family
Nelumbo lutea, Lotus Lily.

Orchidaceae; Orchid Tamily
All Species.,
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Table 25. Plants Rare in Minnesota but More or Less
Abundant in Adjacent Regions (Morley, 1972).

PLANTS

FOUND IN (COUNTY)

Angiosperms; Flowering Plants

Alismataceae; Water Plantain family
Sagittaria graminea, grass- )
leaved arrowhead

Araceae; Arum family
Arisaema dracontium, Green dragon,
dragon root

Araliaceae; Ginseng family
Panax quinquefolius, ginseng

Campanulaceae; Bluebell family
Specularia leptocarpa, western
Venus' looking-glass

Caryophyllaceae; Cactus family
Stellaria alsine, chickweed

Cistaceae; Rock-rose family
Helianthemum canadense, frostweed

Compositae; Sunflower family
Coreopsis tinctoria, golden
coreopsis

Convolvulaceae; Morning-glory family
Cuscuta polygonorum, smartweed
dodder

Cruciferae; Mustard family
Arabis laevigata, smooth rock
cress

Cyperaceae; Sedge family
Carex formosa
Carex plantaginea
Scleria triglomerata, tall nut-
rush
Scleria verticillata, low nut-
rush

Droseraceac; Sundew fanmily
Drosera linearis, slender-leaved
sundew

Grawincac; Grass fondily
Echinochloa walteri, cockspur
grass

Juncaceae; Rush family
Juncus articulatus, jointed rush

Ramsey, Washington, St. Louis

Dakota, Winona, Houston

Once widespread from Houston to
Jackson to Mille Lacs to Wash-
ington Counties, now nearly ex-
terminated by herb-hunters

Ramsey

Ramsey, Winona

Fillmore, Houston, Winona, Wash-
ington

Blue Earth, Hennepin, Ramsey
Freeborn, Hennepin
Clearwvater, Todd, Hennepin,
Houston

Ramsey

Hennepin, Winona

Anoka, Hennepin, Ramsey

Blue Earth, Dakota, Hennepin,
Scott

Hennepin

Wabasha, Washington

Ramsey
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Table 25 (Continued).

PLANTS

FOUND IN (COUNTY)

Angiosperms; Flowering Plants

Leguminosae; Pea family
Astragalus ceramicus, rattle-pod
Lythraceae; Loosestrife family
Decodon verticillatus, swamp
loosestrife
Najadaceae; Naiad family
.Najas olivacea, bright-green
naiad
Onagraceae; Evening primrose family
Gaura biennis, biennial gaura
Potamogetonaceae; Pondweed family
Potamogeton diversifolius,
Rafinesque's pondweed
Rosaceae; Rose family
Rubus folioflorus, blackberry
Rubus latifoliolus, blackberry
Rubus rosendahlii, Rosendahl's
blackberry
Rubus semisetosus, blackberry
Rubiaceae; Madder family
Galium verum, yellow bedstraw
Scrophulariaceae; Figwort family
Aureolaria pedicularia, false
foxglove
Besseya bullii, besseya

Gerardia auriculata, auricled
gerardia
Gerardia gattingeri, Gattinger's
gerardia
Gerardia purpurea, large purple
gerardia

Solanaceae; Potato family
‘Solanum triflorum, cut-leaved
nightshade

Umbelliferae; Parsley family
Hydrocotyle americana, American
marsh pennywort

Verbenaceae; Vervain family .
Verbena sinplex, narrow-lcaved
vervain

Xyridaceae; Yellow-eyed grass family
Xyris torta, slender yellow-eyed
grass

Ramsey

Anoka, Chisago, Hennepin

Anoka, Ramsey

Hennepin Houston

Anoka, Ramsey

Ramsey, Washington, St. Louis
Isanti, Ramsey

Ramsey

Anoka, Ramsey

Hennepin, Lac Qui Parle, St. Louis
Hennepin, Washington, Houston
Dakota, Goodhue, Hennepin, Ramsey,
Scott, Washington

Blue Earth, Dakota, Nicollet
Nicallet, Wabasha, Winona, Wash-

ington
Hennepin

Clay, Hennepin

Chisago, Washington, Houston

Fillmore, Rock, Scott

Anoka, Hennepin




Table 206.

Plants

Lotus amerteasr, birdsfoot-trefoil

Mamatlaria vivipara, cactus

Opuntia hwalfusa, prickly pear cactus

Amphibians

Cricket {frog
Red-backed salamander
Commmon ncwt

Reptiles

Blue-tailed skink
Wood turtle
Blanding's turtle

Birds

Sprague's pipit
Baird's sparrow
Yellow rail
White pelican

Egrets: 1., Common (American)

2, Cattle
3. Snowy

Rare and Endangered Plants, Amphibians,
Rirds ond Mammals in Minnesota (Barthelemy, 1971)

Birds (Continued)

Trumpeter swan

Bald eagle

Osprey

Peregrine falcon
Marsh hawk

Sandhill crane
Piping plover
Wilson's phalarope
Avocet

Western willet
Caspian tern

Great gray owl

Hawk owl

Boreal chickadee
Chestnut-collared longspur
Lark sparrow
Sharp~tailed sparrow
Le Conte's sparrow
Grasshopper sparrow
Henslow's sparrow
Yellow-breasted chat
Prothonotary warbler

Mammals

Star-nosed mole

leptiles
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birds. Of these the sandhill crape, osprey and Americon (common) cgret oce

cur in the Twin Citics arca.

The 1ist of rare and endangered specices compiled by the U. S, Fish and
Wildlife Service (1970) includes two mammals, four bivds and one fish (Tuble
27). Although Pool 1 is within the geographic ranpe er migration of these

species, none are likely to occur in Pool 1 duc to lack of habitat.

Pre-project Environment

A few old photographs and several studies suppest the nature of the

4

habitat in Pool 1 prior to the nine-foot chamnel project.

A view dowmstream taken in the 1890's from the Upper St. Anthony Falls
Dam shows a narrow, rapid Mississippi River litterced with logs of the lumber-
ing industry (Figure 41). The exposed floedplain on the right bank is par-
ticularly littered with lumber, shacks and construetion. In the foreground
is the Stone Arch Bridge and farther downstream the (now absent) 10th Avenue
Bridge. Buildings beyond on the right bank indicatc approzimatcly the head
of the present Pool 1. ©Note the bare bluff under these buildings and a bare
area downstream on the left bank, ncar the present site of the University's

power plant.

A map of the Yool 1 area in 1895 (MRC, 1895) indicates that the Mirsis-
sippi in this reach had 14 islands (See Figure 42). The fast current and
shallow depth may have impeded navigation. Several quarrics were located
on the west (left) bank between the Lake Street Bridge and Franklin Avenue

Bridge.

An cxample of the environmental changes wrought by impounding the Mis-
sissippl River is provided by a scries of photographs at St. Asthony Falls.
Much of the river bottom below St. Anthony Falls Lower Dam lies exposed in

the 1926 photograph (Figure 43). The bluffs on the right bank near the stecam

clouds are bare of cover. Residential and industrial development on the




e R TE A o
-t
E
-80-
Table 27. Rarc and bndangered Aninals of the Upper
Migsissippi River Basin (FWs, 1970)
Aninal e Prosent Disotyibution
Indiana Bat Midwest and eastern United States fream the
1 Myotis sodalis vestern edge of Ozarlt Repion in Oklahenn
Status endangered with estimated to central Vermont to southern Wisconsin,
population 500,000, ) and as far south as northern Florida.
Timber Wolf Lake Superior Region of Hichigan, Wiscon-
Canis lupus lvcaon sin, and Minnesota.
: Status endangered with estimated
1 population 300-500.
4 Southern Bald Eagle Nests primarily in Atlantic and Gulf coaste
Haliaeectus lecucocevhalus but ranges northward in sumicr to
Status endangered wiith about 230 northern United States and Cunada.
active nests in 1963.
; American Percgfine Falcon Breeds from northern Alaska to southern
] Falco peregrinus anatunm Grecnland south to Baja California; winters
Status rare with estimated population in northern United States.
! 5,000~10,000.

N. Greater Prairie Chicken
Tympanuchus cupido pinnatus
Status rare within Basin.

Greater Sandhill Crane

Grus conadeusis fabida
Status rare with an cstimated popula-
tion of 2,000 east of Rocky Moun-
tains,

Lake Sturgeon
Acipenser fulvescens
Status rare with estinated size of
l population unknown.

Resident locally in prairic habitat from
central scuthern Canada south to northcast-
ern Colorcodo, northvestern Kansas and
northeastern Oklahoma cast to northern
Michigan, Indiana, Wisconsin, J1llinois and
Missouri.

Preeds locally from southern British Colum-
bia, ecast to southern Hanitoba including
Minnesota, Wisconsin and HMichigan.

Distributed througliout Great Lakes Drain-
age with reccords from Mississippi aund St.
Croix River

P
e
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Figure 42. Preproject Environment (about 1895) of
Pool 1, from the Franklir Avenue Bridge
to Minnehaha Creek (MRC, 1985)
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floodplain is seon such as the University power plant (Figurc 44). 7The co-
ment ahutment on the left bluff is the Cedar Avenue IDridgee then under con-

struction.

By contrast the bluffls presently (1973) scom better vegotated and the
river is of sufficient depth to cover the entire bottom of the valley (Fig-
ure 45). Development is extensive aleng the floodplain and blufi top,and
barc soil is seen at the Shiely sand and gravel yard on the right buank in-

mediately downstream from the St. Anthony Falls Upper lLock.

An example of the vegetation and animals in the Tuvin Cities area prior
to the project is available in the study by Leiswan (1959). He mapped the
vegetation of eastern Spring Lake from the General Land Office Survey Maps
(Sce FTigure 46). lie also summarized the notes by late Dictrich Tange of the

vegetation and animals in Spring Lake in the 1920's and carly 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
Spring Lake. Oaks fringed the bluff tops, while open prairie with aspen
groves lay beyond. Studies by Lange indicate that the dominant plant of the
marsh at Spring Lake was the bulrush, Scirpus sp., with many cottonwoods and

willows along the margins (See Table 3 in Appendix A, IV).

Therc are also apparcntly no records of the early animal populations in
the Pool 1 area. Lange's studies of Spring Lake show game fish abounded in
the lake, muskrats built their houscs throughout the march, and countless
ducks used the marsh and lake as a stopping point on their annual spring and

fall niprations.

Studies made by Ceorge (1924) suggest a successiorzl stage {rouw willow
to cottonvood on a fioosdplain dowvnstvens of the Tord Plaut (Sce Table 28).
This was accompanied by an overall increase in individuals which occurred as
the flood level increased elevation. A decrease in flood level clevation

during the next year may have caused the reduction in individuals observed;

however cottonwood remained the dominant tree.
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Figure 46. Map of Spring Lake Civil land
Office Survey (Leisman, 1959)
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An extensive study of ithe Mississippi River from the Comden Lridge in
Mimncapolis to Winona was undertgken in 1928 (Wickhe, 19233 Woodward, 1930;

and Reinhard, 1931).

The condition of the Mississippi in the lwin Citics was descrilied by

Reinhard (1931) as folliows:

"Ihe Mississippl River enters the Twin City area at Camden, 802
feet above sca level. Station No. 1 is located in north Minneapolis
at the Comden Avenue Bridge. The stream here has a velocity at or-
dinary stages of about one mile per hour and the bottom is for the
nost part f£irm and sandy. The average slope above Canden to little
Falls dis 2.6 fect per wmile although the slope of the entire Missig-
sippi above the Minnesota River is only 1.4 feet per mile. At this
station the river has fairly wecll recovered from the wastes discharged
by municipalitics in the upper stretches and hos not yet received any
sewage from the Tuvin Clity arca.

Shortly after enteying Minvcapolis the river passes over the St.
Anthony TFalls vhere it drops 70 feet and in so deing leaves the
prairie and clay banks for a chonnel that lics for many miles he-
tween rocky bluffe of linecctone and sandstone. Two miles above the
confluence of the Minneoota, the river again falls a distance of 33
feet at the Twin City Lock and Dam, which wvas constructed in 1914.

Station No. 4 is located directly above this dam in the pool of
relatively quict water which extends about five miles upstream. The
Minneapolis sewage and part of the St. Paul wastes are discharged
into the river above this point., As a consequence the bottom of the
pool is covered with a thick sludge deposit and foul conditions pre-
vail during the summer cspeciallyat times of low water discharge.

At Yort Snelling, a few miles bolow the Lock and Dam, the Migssis-
sippl is joined by the Mivnescla, a river which does little to al-
leviate polluted conditions in the wmain stream., Fifteen miles
further on, at Inver Grove, Stetion No. & is lecated. The river
has now rceeived the combined scvrre and inducirial wastes from
Minncapolis, St. Paul,South St. Paul, and llowport. Pottom sludges
ond thely ergonici: dndicale a uvengt state of peavy pollution.  The
next sampliong point on the river iIs Station No. 9, abeve Nastinges
and above tho conitucnce of the St. Cioix River. The water here is
deeper and the curceat move ranid.  Dotton sludees arve still heavy
but no additioral severo has been addod bolien Inver Grove and this
station.

In the interval between llastings and Red Wing the Mississippi
receives the waters of the St. Croix from the cast and those of the
Cannon from the west. The former is a clean stream with a discharge
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sulficient to improve appreciably the sanitory quality of the His-
' sissippis the latter teibutary js dtsell affeered by conciderable

? pollution but its discharpe is too slight to have any marked cifect
on the main stream. Below theee trvibutarics aad abowe the town of
the Red Wing, Scation No. 13 is located.

4 From the mouth of the Minnecsota River to the State line the Missis-
sippi is a broad, placid stream averaging 1,000 fect across the main
chanuel, About five wiles below Red Wing the river fills out its
gorge and forms a lake approximately 22 miles dn length and about

2 miles in average width., 7This ccction of the river is known as

Lake Pepin.”

' and 14 of St. laul's sanitary sewers emp-

All but one of linneapolic
tied into Pool 1 in 1928 (Wooduard, 1930). Thesc scwers fouled the vater
throughout the pool, causing obnoxious smells expecially during periods of
low flow and high toiperaturc., In general the Micsissippi River watcer in
the Twin Cities was heavily polluted, unfit for consumption and posed a
3 health hazard to the public and livestock. TFish had becn nearly eliminated

from ;his reach.

Large quantities of suspended solids from these sewers were deposited
in Pool 1. The oxygen resources decreased from about 4.5 mg/l in June and
July of 1928 at the Washington Avenue Bridge to about 0.5 mg/l, at Lock and
Pam 1 (Sce Figure 47). Pollution tolerant planktonic and benthic organisms

comprised 607 and 1007 respectively of their total populations. Total bac-

teria amounted to about 200,000 pcr ml throughout the year.

The pollution from the Twin Cities in 1928 decreased the concentration
of dissolved oxygen and inereased the concentration of bhucteria and the bio-

chemical oxygen demand (5-day demand) downstream to lake Pepin (Table 29).

Although fish were eliminated from the river from Minnespolis to Hast-
ings, pollution did not seem to have a significert effcct upon the phyto-

plankton (frce-floating, microscopic plants) (Sce Table 30).
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