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PREFACE

Tc adequately assess the impacts of the continuing action
upon the environment, the Office fcor Environmental Studies, Waterways
Experiment Station (WES), Vicksburg, Mississippi, was contacted in
early 1972 to conduct an extensive envirommental inventory and assessment,
Certain parts of the inventory and assessment were performed for WES
under contract by the Missourl Department of Conservation, Southern
I11linois University, Tllinois Natural History Survey, and Colorado State
University. A listing of the reports which were prepared as a result of
this study, and are utilized frequently in this environmental statement,
are shown below:

Johnson, J. H., et al. 1974, Environmental analysis and assessment
of the Mississippi River 9-ft. channel project between St. Louis,
Miggouri, and Cairo, Illincis. U. §. Army Eng. Wat. Exp. Sta.,
Vickeburg. Cont. Rep. Y-74-5.

Ragland, D. V. 1974. Evaluation of three side channels and the
main channel border of the Middle Mississippi River as fish habitat.
U. 5. Army Eng. Wat. Exp. Sta., Vicksburg. Cont. Rep. Y-74-1.

Schramm, H. D., Jr., and W, M. Lewis. 1974. Study of Importance
of backwater chutes to a riverine fishery. U. S. Army Eng. Wat.
Exp, Sta,, Vicksburg. Cont. Rep. Y-74-4.

Simons, D. B., S. A. Schumm, and M. A. Stevens. 1974. Geomorphology
of the Middle Mississippi River. U. S. Army Eng. Wat. Exp. Sta.,
Vicksburg. Cont. Rep. Y-T74-2.

Terpening, V. A., et al. 1974, A survey of the fauna and flora
occurring In the Mississippi River flcood plain between St. Louis,
Missouri, and Cairo, Illincis. U. S5, Army Eng. Wat. Exp. Sta.,
Vicksburg. Cont. Rep. Y-74-3.

Coples of the studies are available for review by contacting the library
of the U. 5, Army Engineer District, St. Louis, 210 North 12th Street,
St. Louls, Missouri 63101.
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STATEMENT QOF FINDINGS
MISSISSIPPI RIVER
BETWEEN THE
OHIO AND MISSQURI RIVERS
REGULATING WORKS

1. I have reviewed and evaluated, in light of the overall public interest,
the documents concerning the proposed action, as well as the stated views
of other interested local, state, and Federal agencies and the concerned
public. I have also evaluated other pertinent data and information rela-
tive to the operation and maintenance of the 9-foot navigation channel on
the Middle Mississippi River between the Ohio and Missouri Rivers (miles
0-195). As part of this evaluation I have considered various operation
and maintenance altermatives including a "no asction" alternative.

2. The possible consequences of these alternatives have heen studied for
environmental, social well-being, and economic effects, including regional
and national economic development and engineering feasibility. Significant
factors bearing on my review include consideration of the conflicts which
arise from implementing operation and maintenance procedures so as to
provide for a year-round 9-foot navigation channel while at the seme time
being cognizant of the need for the preservation and enhancement of the

- environmental quality of the Middle Mississippi River (miles 0-195). Other

significant factors bearing on my review include:

a. The 9-foot channel project, is & part of a well-integrated trans-
portation network which serves the Mid-West, the nation, and the world.

b. The communities along the river are dependent upon the environ-
mental, recreational, and economic opportunities which the Middle
Mississippi River and the 9-foot chamnel project provides.

¢. The 9-fool chamnel will continue to play an important role in
shaping the fulure of the Mississippi River system and its associated

values to the communities served by its economic and envirommental benefits.

d. The Middle Mississippi River is valued for its esthetic and recrea-

"tion potential even though at present it is only mecderately used because of

poor access due to very little Federal ownership along this section of the
river. These and other environmental values are in need of further con-
sideration and recognition.

€. The River is a dynamic system and in order to be fully aware of
the nature and significance of its changes continuing envirommental studies
must be initiated.

.




3. I find that operation and maintenance of the Middle Mississippli River _
9-foot navigation channel is absolutely necessary if the project purposes, - b
as estsblished by Congress, are to continue to be met. A blockage of B
commercial navigation, with extremely significant economic consequences
would result should operation and maintenance activities be halted.
However, operation and maintenance as currently practiced does conflict,
in varying degrees, with the envirommental vaelues of the river system.

In order to slleviate or minimize these conflicts and to assure management
and development of the river resources in the best interest of the public,
I have prepared and forwarded, for consideration for inclusion in a con-
gressional resolution, pertinent information regarding the framework for
initiating & comprehensive river management plan. Approval of this reso=-
lution by Congress would provide an muthorized means for funding and
incorporating the total river and related land resource requirements and
potentialities, in accordance with national economic development and
environmental gquality objectives, into the presently authorized nine-foot
naevigation project.

L, T believe that the increasing environmental, conservational, and special e
interest concerns regarding the effects incidental to constructing and L
maintaining the nine-foot navigation project indicate a definite need for o
&8 coordinated study of the total demands on the rlver system and that the ' S
action described above is the proper approach for satisfying this need. ;,g

5. In addition to the above described action, I will continue to pursue .
the development of a post-authorization change for fish and wildlife
purposes, to the extent that it is either acted upon separately or
completely integrated into the river management plan defined above.

6. Based on a thorough analysis and evaluation of the various practicable
elternative courses of action for achieving the stated objectives, I find
that the operation and maintenance of the Middle Mississippi River as
currently practiced, sutject to the actions identified above, is consonant
with national policy, statutes, and administrative direectives; and that on
balance, the total public interest should best be served with continuation
of the operation and maintenance of the project. However, within a S5-year
period, based upon the information obtained from the studies and actions
recommended herein, the impacts attributable to operation and maintenance
activities and the feasitility and effects of practicable alternatives
should be reevaluated to assure that proper consideration is given to ;
meintaining the Middle Mississippi River and, as necessary, the :
Environmental Impact Statement should be revised and updated.

< ;L,.‘,,..AL@:,-
29 Svlndun (G5 THORWALD R. PETERSON [
Colonel, CE )

District Engineer
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I concur with the preceding Statement of Findings.

Z3 La!-b ‘/]5/ f{xoxscn |

Major General, USA
‘ Division Engineer

I concur with the preceding Statement of Findings.

' . sl Craw
S Ayt VAT6 ERNEST GRAVESW

h {Date) Major General, USA
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SUMMARY SHEET

MISSISSIPPL RIVER BETWEEN OHIOQ AND
MISSOURI RIVERS (REGULATING WORKS)

( ) Draft (X) Final Environmental Statement

Responsible Office: U.S. Army Engineer District, 210 North 12th Street,
St, Louis, Missouri 63101 Phone: (314) 268-2822

l. Name pf Action: (X) Administrative { ) Legislative

2. DPescription of the Action: The project, authorized in 1927,
conslete of the continuing attainment and operation and malntenance
of & 9-foot-deep by 300-foot-wide navigation channel within the
Mieglgsippl River between the Ohio and MissouriRivers by the use of
channel contrection dikes, protective bankline revetments, and any
necespary dredging.

3. Environmental Impacts: The purpose of this EIS 1is to investigate
envirommental changes which have occurred on the Middle Mississippi
River that may have been brought about by the 9-foot navigation
project. As mentloned above, the 9-foot channel project was author-
iged in 1927; however, first attempts to improve the river for navi-
gation date back to 1824, A major river such as the Middle Mississippi
River constltutes a very complex hydraulic system which 1s dynamic

in nature and constantly in a state of change. Numerous studies to
improve navigation and to provide flood protection in the floodplain
have been made during the past 150 years. Many changes have taken
pldce Iin the sclence of river mechanics based upon data as it became
avallable and the state of the knowledge is still expanding on this
subject. Most recently the science of river mechanics has been
expanded to include the assessment of environmental impacts caused

by tlie efforts of man to develop the natural river system. The
information presented in this EIS pertains to present day river con-
ditions and is compared to available data on natural river condi-~
tions to present what effects development of the river system has

had upon the riverine envimonment, The continuance of the 9-foot
chamnel project will, no doubt, facilitate the normal economic
expangion of waterborne commerce and stimulate industries dependent
upon this mede of transportation. Continued maintemance of the
project insofar as bankline stabilization is concerned is essential
to prevent the ultimate destruction of flood protective works presently
in existence and those which may be constructed in the future. Such
stabilization of the river into a fixed configuration protects the
inhabitants of the floodplain, urban and rural communities, and many
thousands of aczes of productive farmland, The contraction of the
river by dikes, to improve the navigation channel, in the past has




eliminated side channels but at the same time created new side
chamnels. Sufficient expertise does not exist to accurately predict
future configurations of the river relative to slde channels and
other physical features of the river., Some of the existing side
chammels may eventually fill up and new ones may or may not form.

It 18 unrealistic to predict, based on the wide variation of flows
that occur annually, that the surface banklines of the river chanmnel
will be at or close to the riverward end of dike systems which
would mean a bank to bank width of 1,800 feet or less. Cessation

of the ongoing efforts to obtain and maintain the authorized project
in an effort to maintain the river system in its present environ-
mental status would not alter the processes which are now going on
due to the dynamlc nature of the river, In reaches where dredging
takes place {primarily in river crossings), the placement of dredge
material within main channel dike fields will cause a disruption

to benthic (bottom~dwellling) organisms, that serve as a food source
for fish, The narrowing of the river, and its subsequent channel
bottom scour (deepening) has caused low flow discharge stages to
become lower as compared to the past, which in turn, provides less
water for existing fish habitat along border areas and side channels.
Similarly, the construction of flood protective works has been a
cause for an increase in flood stages for the same flow.

4, Adverse Envirommental Impacts: To adequately assess the impacts
of the continuing action upon the environment, the O0ffice for
Environmental Studies, Waterways Experiment Station (WES), Vicksburg,
Missisglppi, was contacted in early 1972 to conduct an extensive
environmental Inventory and assessment. Certain parts of the inven-
tory and assessment were performed for WES under contract by the
Missouri Department of Conservation, Southern Illinois University,
Illinois Natural History Survey, and Colorado State University (CsU).
The effects of the 9-foot channel project upon the environment are
mainly based on conclusions contained in the CSU study which are:
eventual loss of side chamnels as fish and wildlife habitat, narrow-
ing of the river channel and its further corresponding loss in
aquatic habitat, less water for side channels due to lower river
stages, Iincreased flood stages due to development within the flood-

plain, and utilization of the floodplain by man,

2. Alternatives: The following types of alternatives are discussed
in the environmental statement.

8, Maintain existing action.
b. Cease all operation and maintepance,

¢. Locks and dams.

d. Post-Authorization Change - to include environmental con-
siderations in project purposes.



6. Comments Received:

U.5. Senator Thomas F. Eagleton

The Homorable

United
Urited
United
United
United
United
United

States
States
States
States
States
States
States

Mra. Leonor K. Sullivan - Member of Congress

Department
Department
Department
Department
Department
Department
Depar tment

of the Secretary

United States Department
United States Department
United States Environmental
Advisory Council on Historic Preservation

Federal Power Commission

Natural History Survey
State Geological Survey
Archeological Survey
State Highway Commission
Department of Conservation

Illinecis
Illinrois
" *Illinois
Missouri
Missouri

of
of
of
of
of
of
of

of
of

Housing and Urban Development

Commerce

Agriculture Forest Service

Apriculture Soil Conservation Service
the Interior

Health, Education, and Welfare
Transportation Reglonal Representative

Transportation United States Coast Guard
Transportation Federal Highway Administration
Protection Agency

University of Missouri - Columbia, Missouri Archeological Survey
Migsouri Department of Natural Resources

Missouri Chapter of the American Fisheries Society

Waterways Journal
Sierra Club
Bootheel Regional Planning Commission and Economic Development Couneil
Union Electric Company
Tha American Waterways Operators, Inc.
Mrs, Marty Nelson

7. Draf£ Statement to CEQ 13 June 1975,

Final Statement to CEQ
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1. PROJECT DESCRTPTION AND HISTORY

1.1, LOCATION

The existing 9-foot Channel prcjiect was authorized by Congress
in 1927 for the purpose of obtaining and malntalning a 9-foot deep by
300-foot wide channel for navigation within the Mississippi River between
the Missourl and Tllinois Rivers from St. Louis, Missouri, southward to
Cairo, Illinols (PLATE 1-1).

The Mississippi River can be divided by its physical character-
istics into three segments — the upper, middle, and lower Mississippi
River. The upper portion of the river extends from Lake I[taska, Min-
nesota, to the mouth of the Missouri River, a distance of 1,171 river
miles; the section known as the Middle Mississippi River extends from
the mouth of the Missouri River to the mouth of the Ohio River, a
distance of 195 miles; and the lower river, about 964 miles in length,
extends from the mouth of the Ohio River to the Culf of Mexico. The
relatively small reach known as the Middle Mississippi River is the
hub of an interconnected inland river system, providing passage from
the East via the Ohio River, from the North via the Upper Mississippd,
from the Great Lakes via the Illinois Waterway System, from the North-
wast via the Missouri River, from the West via the Arkansas River, and

from the Gulf of Mexico and southern parts via the Lower Mississippi
River (EE&IE_}:Z).

1.2 HISTORY AND AUTHORIZATION OF THE PROJECT

The first steamboat to enter the Middle Mississippi River
was the GENERAL ZEBULON M, PIKE, which arrived at St. Louis in August
1817, The first work performed by the Federal Gowernment for improve-
ment of the Middle Mississippl River was authorized by Congress in
1824, This work provided for the Corps of Engineers to remove snags
and trees from the river channel which were a hazard for wooden hull
vessels, The work also included the removal of standing timber frem
the high bankline which was subject to falling into the river by
erosive action to prevent the formation of additional obstructions
to navigation.

Between 1836 and 1840, Lieutenant Robert E, Lee, of the
U.S5. Army, Corps of Engineers, built the first channel stabilization
works within the Middle Mississippi River. He designed and constructed
two dikes within the St. Louis Harbor area to direct the current of
the river so as to remove a large sandbar in front of the City of
St, Loulis which was seriously curtailing river traffiec.
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Despite the apparent flourishing of steamboat traffie,
safe, navigable waterways did not exist. Even during period of high
water, the rapid build-up and migration of sandbars continued to
- 1imit navigation depths. The difficulty of navigation during this
pre-channel stabilization era was attested by Pilot I. H. Baldwin,
for example, who stated that when the river had fallen to bankfull
stage after the flood of 1B44, he found it difficult to chart a
navigable chamnel between St. Louis and the Qhio River.

With the exception of snagging operations and timber clearing,
Federally finmanced chanmmel improvements essentially ceased during the
period between 1840 and 1872. Some minor isolated improvements were
performed by local interests. '

In 1880 the river between high banks was wide and generally
shallow, with the channel being occasionally divided by bars and
islands, Depths at low water were usually 3-1/2 to 7 feet, with low-
water channel widths varying frow 125 to 3,600 feet. At bankfull
stage, depths at channel crossings were 10 to 15 feet, with widths
of 4,000 to 7,000 feet. Depths at flood stages were 25 to 60 feet,
with widths of 7,000 to 25,000 feet.

Due to the fact that there had been a significant increase
in the width of the river between 1824 and 1880, with an attendant
decrease in channel depth, the first comprehensive channel improve-
ment project was authorized by Congress in 1881. The plan called for
constructing bankline revetments and permeable dikes to contract the
low water flow of the river to a width of 2,500 feet between dike
ends. The intent of the project was to develop and maintain a low
witer navigation channel 8-feet deep and 200-feet wide. The plan
also called for the reduction and/or the elimination of flows through
sloughs and secondary side channels so as to confine low-~water
discharges to the main stem of the river for navigation.

This authority served as the basis for subsequent river
regulating works until 1927 when Congress authorized the U.S5. Army
Corps of Engineers to obtain and maintain a 9-foot~deep channel due
to the increased river traffic and a demand for deeper draft vessels,

The existing 9-foot Channel project was authorized by

Congress in 1927 for the purpose of securing a 9-foot-deep by 300-foot-
wide channel for navigation within the Mississippi River from St, Louis,
Missouri, to Cairo, Illinois. 1t was assumed that a channel having

a depth of 9 feet below a low-water reference (datum) plane, based on

a minimum project flow of 40,000 cfs {cubic feet per second), could

be obtained through the construction of channel stabilization works

to constrict the low-water channel to a width of 1,800 feet between



opposite dike ends by means of pile dikes and bankline revetments,
The low-water project flow was increased from 40,000 c¢fs to 54,000
cfs in about 1933, when it was felt that advantage could be taken of
low-flow augmentation from upstream reservoirs on the Missouri River.

By 1960, it was evident that the 1,800-foot contraction
plan, which consisted of over 800 timber pile dikes, was not capable
of maintaining a 9-foot channel during low-flow periods. For a time,
it was thought that this was due to the fact that many of the pile
dikes had deteriorated and were losing their effectiveness. However,
by 1965, numerous pile dikes had been converted to stone-fill dikes
and still a dependable 9=-foot channel had not developed.

Subsequently, the Corps was authorized in 1966 to construct
a prototype reach in a typical troublesome portion of the river, using
a 1,200~foot contraction widih between dike ends, for the purpose of
developing additional' empirical design criteria which would assure
auccesaful implementation of the 9~foot Channel project. Prototype
reach construction was initiated in July 1967 and completed in
March 1969, No dredging has been necessary within the prototype
reach since its completion, while the objective of river regulating
works, l.e,, dikes and revetments, is to develop a dependable navi-
gation channel with an accompanying reduction in the costly dredging
operationsg, 1t is felt that dredging will never be entirely eliminated,
especially at troublesome channel crossings.

To obtain a 9~foot chanmnel with the least amount of con-
tractive effort, reaches of the river are currently being contracted
to a 1,500~-foot width between opposite dike ends. Preliminary inves-
tigation has revealed that the 1,500-foot contraction width, with
additional contractive effort at troublesome channel crossings and
the aforementioned dredging, is capable of achieving a dependable
year round, 9-foot navigation channel,

The authorizations pertaining to the existing project are
listed 1in Table 1-1.



Table 1-1.

Project Authorizations

Description

Documents and Reports

Jun 3, 1896}
Jun. 13, 1902)
Mar 2, 1907)
Mar 3, 1905
Mar 2, 1907
Jun 45, 1910

Jan 21, 1927

Jel 3, 1930

Project for regulating works
adopted in 1881. (To obtain
a minimum depth of 8 feet.)

Dredging incroduced as part
af the project

These acts practically abroga-
ted that part of the project
for Middle Mississippi which
pioposed regulating works.

Regulating works restored to
project and appropriations
hegun with a view to comple-
tion of improvement between
Ohio and Missouri Rivers with-
ir. i2 years at an estimated
cost of 521,000,000 exclusive
of amounts previously expended.

For a depth of 9 feet and
width of 300 feet from Ohio
River to northern boundary of
City of St. Louis, with eg-~
timated cost of maintenance
increased to $900,000
annually.

Project between northern
boundary of City of St.
TLouis and Grafton (mouth
of Illinois River) modi-
fied to provide a channel
9 feet deep and generally
200 feet wide with addi-
tional width around bends,
at an estimated cost of
$1,500,000, with $125,000
apnually feor maintenance,

Sess.

Annual Report, 1881,
p. 1536

H. Doc. 50, 6lst Cong.,
lst Sess., and H. Doc.
168, 58th Cong., 2d
{(Contains latest
published map.)

Rivers and Harbors Com-
mittee Doc. 9, 69th
Cong., 2d Sess.

Rivers and Harbors Com-
mittee, Doc. 12, 70th
Cong., lst Sess.



Table 1-1, Project Authorizations (cont'd)

Degscription Documents and Reports
Mar 2, 1945 Modified to provide for con- H, Doc. 231, 76th Cong.,
struction of a lateral canal © 1st Sess.

with lock at Chain of Rocks,
at an estimated first cost to
the United States of about
$10,290,000, with $70,000
annually for maintenance and

operation.
Sep 3, 1954 Modified to provide for con- H. Doc. 230, 83d Cong.,
struction of a2 small-boat 1st Sess.

harbor opposite Chester,
I111., at an esgstimated first
cost to United States of
£57,700, and to local in-
terest of $58,700.

Jul 13, 1958 Modified to provide for con- 8. Doc. 7, 85th Cong.,
struction of a fixed-crest 1st Sess.
rock-f111l dam (Dam 27) 900
feet below Chain of Rocks
Bridge at a firat cost to
United States of 55,810,000,
including $8,000 navigation
aidas.

1.3 * GENFRAL DESCRIPTION OF THE AREA

That portion of the Mississippi River which lies between
the confluences of the Missouri and Ohio Rivers is commonly known as
the Middle Mississippi River. Flowing in a general southeasterly
direction, this reach of river has a length of *about 195 river miles. 1/

Rolling topography characterlzes ‘moat of the surrounding
.ragion adjacent to the river, with elevations ranging from 400 to 1,900

st above mean sea level., The only region with extensive rugged

topography is the submountainous Ozark Uplift section which 1s drained
 principally by the Meramec River in Missouri and the Big Muddy River
"in Illioois.

1! River miles within the Middle Mississippi River are measured in an
vpstream direction. River miles 0.0 and 193.0 are at the con-
fluences of the Ohlc and Missouri Rivers, respectively. St. Louis,
Hissouri is Iocated at mile 180.0.



The present river, from St. Louis downstream to river
mile 46, near Thebes, Illinois, follows a course between low alluvial
banks in a flood plain bordered by the moderately high sedimentary rock
bluffs of Missouri and Tllinois. The distance between bluffs averages
about filve miles for this entire reach except for one locality at
river mile 189, where it attains a maximum width of 12 miles.

The river enters a narrow rock-bound gap called the Thebes
Gap, at mlle 46, This water gap is about 7 miles in length; 3,000
feet 1n width; and extends downstream to Commerce, Missouri, mile 39.
Upon leaving Thebes Gap, the river flows south in the much wider flood
plain of the lower Mississippl Valley. .

With the exception of three localities, the river gemerally
flows on a bed of alluvial material derived from prior glaciation
cycles, with bedrock at a considerable distance below the stream bed.

The drainage area of the Middle Mississippl River drainage
basin, as measured immediately downstream of the confluence with the
Missourl River, is sbout 700,000 square miles. The principal tribu-
carles ot the Middle Mississippi River are the Meramec, Kaskaskia,
and Blg Movddy Rivers, which drain a combined area of about 12,000
gquare miles, and have average annual discharges of 3,000; 3,600; and
1,800 cfs, respectively.

- The surrounding bi-state region of Missouri and Illinois
which 1s adjacent to the Middle Mississippi River has a temperate,
semi~humid c¢limate as characterized by a mean annual precipitation
and temperature of 37.5 inches and 56.2 degrees Tahrenheit, respectively.
The formation and movement of ice during the winter months of January,
February, and March can be a hazard to navigation and cause destruc-
tlon to chamnel stabilization works. Floating ice occurs en an
average of 43 days per year.

Discharge measurements, as taken at St. Louls, Missouri, in-
dicate a mean annual discharge of approximately 175,000 cfs, with known
maximum and minimum discharges of 1,300,000 cfs and 18,000 cfs,
respectively.

The average annual discharges of the Missouri and Upper Mis-
slssippl Rivers of 80,000 cfs and 95,000 cfs, respectively, combire
lmmediately ahove St. Louis to form the flow for the Middle Mississippi
River. The flood seasons in the Missouri and Upper Mississippi River



basins occur primarily during the perlod Mavrch to Jduly.  FExcept for
periods of drought, the low-water scason is gencraltly during the
winter months, December through PFebruary.

Fragmentary and intermittent river stage records werc kept
in St., Louis, Missouri, between 1837 d 1560, The Efirsit coniinuons
records of stage on the Mlssissippi Riggr were initiahﬂyjn 1861 when
the present gage was established in St. - gis; at mile 17%.5 zhove
the mouth of the Ohio River. This gageazg-the main reference gepe
for the Middle Mississippl River. As of this date, thare are 20 gages
cn the Middle Mississippi River. -

The variation in stage is wide, rauging from -6.2 fesv in
1940 to 43.3 1in 1973, as measured on the 5t. Louis gage. Bankiuvii
stage, i.e., flood stage, at S5t. Louis, is 30 feet. Average siage 13
conaldered to be approximately 11 feet. A discharge~duration cuvw:o,
covering a perlod from 1955 to 19€8, is shown in Figure 1-1. A we-

cent stage—-discharge curve is shown in Figure 1--2.

Approximately 90 percent of the sediment load of the Muddls
Mississippi River, as measured at St. Louis, is contributed by ti-
Missouri River (Jordan, 1965). The flows of the Migeouri and Upp.ev
Mississippi Rivers are not fully mixed as they pass 3t. Louis, &
distance of 15 miles downstrsam of their confluence. The susperndtad
sediment concentration near the west bank of St. Louis can he zg wnion
as 2,400 parts per million greater than that of the east bank.

Suspended sediment discharges taken at St. Leule vange oo
4,250 to 7,010,000 tons per day and average approximately 300,360 @3
per day. The measured suspended sediment discharge at 5t. Louis nerings

Analysis of the suspended sediment rweverls a composiii-«o .
approximately 47 percent clay, 38 percent silt, and 15 percaui sawi ~ic
particles.

The channel of the Middle Mississippi Rivev of feday is
"quite different from that of the 1880's which was.chavsicerized bv .y

The present river is characterized by deeper and mors siable

alinement with fewer mid-channel bars and islands. The avaraz

slope is about 0.5 foot per mile and velocities generally ian

3.0 to 6.5 feet per second, except during timem of {lood.
nring b

The present channel boundary has a relatively low siv n @ .
No typical large meander loops are present from the upper tLerwi
mile 195.0 downstream to mile 25,0, There is ope large &-tvoe
loop called Dogtooth Bend from mile 25.0 to 10.0. 1This wmeandar L. .
been extensively protected by revetment works to prevent the rivi i ivi-
cutting & new chanmnel, which would shorten the river by several it s
cause extensive damages to the flood plain, and temporarily increaas.
current velocities to the point where it would bo difficult to mavige .

wt
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1.4, PROJECT DESCRIPTION
1.4.1. DIKES

As of June 1974, over 800 dikes have been built under the
authorized project (Table 1-2). They are normally constructed extend-
ing riverward from the bankline either perpendicnlar to the main flow
or inclined at a slight downstream angle (PLATES 1-3a through 1-31).
Thelr purpose is Lo confine the lew flows within the main channel and
temporarily increase the velocities within the contracted reach, thereby
increasing the river's ability to carry sediment, and thus deepen the
channel by the resultant bed scour. Dikes may also be used to move
the channel into a new alinement and/or to offer bank protection as
a secondary goal.

_ In addition to confining flows within the main channel, chute
closures were constructed withln side channels adjacent to the main
channel to confine the flows during periods of low flow.

The sedimentation and eventual loss of these slde channels as fish and
wlldlife hahitat is a toplc of concern that will be discussed in detail
later.

The slackwater created between adjacent dikes within the main
channel causes the sediment-laden water of the Middle Mississippi River
to enter these areas and to form sand bars between them, The natural
depositional patterns are such that a temporary side channel can be
created landward of this sandbar and adjacent to the existing high bank
(Figure 1-3).

Table 1-2. Regulating Works - Mississippi River
(River Mile 0.0 - 195.0 Above the
Mouth of the Ohic River)

PROGRESS: As of 30 June 1974

Regulativg works are considered to be operative if they are
expesed, at some river stage, to the river currents. Those which are
not are considered to be Inoperative.

The operative length listed below is a compilation of scaled
dimensions, taken from current hydrographic surveys or other data, plus
new construction. As a general rule, new surveys generally result in a
negative change of operative dike length because portions of old dikes
are being buried uwnder fills, Inoperative works burled under fills and
subsequently wuncovered are sutomatically returned to operative gtatus when
hydrographic surveys, or other data, indicate they are again effective,

12



Table 1-2, Continued

DIKES
Operative
River Mile Length
Locality (Above Mouth of Ohio River) lin. fr.
Greenfileld Bend, Missouri, 0.0 - 6.0R 2,000
Cairo Protection, Illinois 0.0 -~ 8.0L 10,050
Hurricane Island, Missouri 6.0 - 11.0R 1,250
Boston Bar, Illinois 3.0 - 12,.0L 7,600
Missourl Sister Island, Illinois 1 0 - 16.0R 4,600
Grand Lake, Illinois 2.0 - 20.0L 2,800
Thompeon Towhead, Missouri 16.0 - 19.5R 9,050
Dogtooth Bend, Missouri 19.5 - 26.0R 5,900
Brookas Point, Illinois 20.0 - 28.0L 10,900
Price Landing, Missouri 26.0 - 33.0R 11,200
Price Towhead, Illinois 28.0 - 32.0L 2,300
Goose Island, Illinois 32.0 - 40.0L 16,800
Powers Island, Missouri 33.0 - 40,0R 9,600
Thebes Reach, Illinois 40.0 - 47.0L 11,350
Graysboro, Missouri 40.0 - 47.0R 3,800
Giboney Island, Illinois 47.0 - 54.0L 21,180
Cape Girardeau, Missouri 47.0 — 57.0R 2,950
Devil'’s Island, Illinois 54.0 - 61.5L 8,900
Sctenimann, Missouri 57.0 - 65.0R 24,450
Willard, Illinois 61.5 - 68.0L 10,750
Neelys Landing, Missouri 65.9 ~ 75.0R 6,650
Hanging Dog Island, Illinois 68.0 - 75.3L 15,700
Wittenberg, Missouri 75.0 - 85.0R 2,250
Grand Tower Island, Ill. & Mo. 75.5 - 83.0L 3,000
Wilkingon, Illinois & Missouri 8§3.0 - 94.0L 6,400
Seventy Six, Missouri 85.0 -~ 96.0R 3,150
Liberty Bend, Illinois 94.0 - 100.0L 1,250
Liberty, Missouri 96.0 - 103.0R 19,100
Rockwood, Illinois 100.0 - 109.5L 11,500
Crain Island, Missouri & Illinois 103.0 - 109.5R 16,600
Kaskasgkia Island, Tllinois 109.5 - 116.0R 8,500
Chester, Illinodis 109.5 - 116.0L 15,900
Ste. Genevieve, Mo. & Ill. 116.0 - 127.0R 18,750
Ste. Genevieve, Tllinois 116.0 - 127,0L 22,100
Fort Chartres, Tllinois 127.0 - 132.5L 4,600
Establishment Island, Missouri 127.0 - 136.0R 11,460
Fish Bend, Illinois 132.5 - 144.0L 41,050
Danby Landing, Missouri 136.0 -~ 146.0R 19,600
Calico Island, Illinois " 144.0 -~ 153.0L 34,900
Cornice Island, Missouri 146.0 - 157.0R 7,550
Sulphur Springs, Illincis 153.0 - 158.5L 13,060
Chesley Island,  Missouri 157.0 - 163.0R 1,360
Pulltight, Illinois 158.5 - 167.0L 14,960
Twin Hollows, Missouri 163.0 - 172.0R 4,480
Horsetaill East, Illinocis 167.0 - 172.0L 3,600
Arsenal Island, Illinois 172.0 - 178.0L 750
St, Louls Harbor, Missouri 172.0 - 183.0R 0
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Table 1-2. (Continued.

Operative
River Mile Length
Locality (Above Mouth of Ohic River) 1in. ft.
East St. Louls Harbor, 1llinois 178.0 - 184.0L 650
Sawyer Bend, Misscouri 183.0 -~ 190.0R H
Cabaret Island, Illinois 184.0 - 191.0L 3,600
Wilson Island, Missouri 190.0 - 195.0R 1,700
Mouth of Missocuri Kiver, [11. 191.0 - 195.0L 0
Total 482,600
REVETMENT
Greenfield Bend, Missouri 0.0 - 6.0R 22,700
Cairo Protection, 1ilinois 0.0 - 8.0L 8,300
Hurricane Island, Missouri 6.0 — 11.0R 13,400
Boston Bar, Illinois 8.0 - 12.0L 6,760
Missouri Sister Island, Tllinois 11.0 - 16.0L 2,400
Grand Lake, Illinols 12.0 - 20.0L 38,750
Thompson Towhead, Missouri 16.0 - 19.5R 350
Degtooth Bend, Missouri 19.5 - 26.0R 32,150
Brooks Point, 1llinois 20.0 - 28.0L 9,500
Price Landing, Migssouri 26.0 - 33.0R 24,900
Price Towhead, Illinois 28.0 - 32.0L 950
Goose Island, Illinois 32.0 - 40.0L 20,700
Powers Igland, Missouri 33.0 - 40.0R 13,000
Thebes Reach, [llinoigs 40.0 -  47.0L 750
Graysboro, Migsouri 40.0 ~ 47.0R 5,200
Giboney Island, Illinois 47.0 - 54.0L 2,180
Cape Girardeau, Migsouri 47.0 - 57.0R 37,100
Devil's Island, Illinois 54.0 - 61.5L 24,100
Schenimann, Missouri 57.0 - 65.0R 0
Willard, Illincis 61.5 - 68.0L 8,450
Neelys Landing, Missouri 65.0 - 75.0R 0
Hanging Dog Island, Illinois 68.0 - 75.5L #]
Wittenberg, Missourl 75.0 - 85.0R 8,180
Grand Tower, Tllinols & Missouri /5.5 ~ 83,0L 16, 400
Wilkinson, I1l1linois & Missooari 83.0 - 94,0L 20,300
Seventy Six, Missouri 85.0 - 96.0R 16,800
Liberty Bend, Illinois 94.0 - 100.0L 27,400
Liberty, Missouri 96.0 - 103,0R 12,100
Reckwood, Illinois 100.0 - 109.5L 8,440
Crain Island, Missouri & lilinois 103.0 - 1I09.5R 4,300
Kaskaslla Island, I[1linois 109.5 - 116.0R 23,400
Chester, Il1linois 109.5 -~ 116.0L 7,070
Ste. Genevieve, Mo. & 111. lis.0 - 127.0R 23,260
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Table 1-2. Concluded.

Operative
River Mile Length
Locality (Above Mouth of Ohio River) lin. ft.
Ste. Genevieve, Illinois 116.0 - 127.0L 23,600
Fort Chartres, Illinois 127.0 - 132.5L 22,000
Es:ablishment Igaland, Missouri 127.0 - 136.0R 19,280
Fish Bend, Illinois 132.5 - 144.0L 13,500
Danby Landing, Missouri 136.0 - 146.0R 25,400
Calico Island, Illinois 144.0 ~ 153.0L 7,700
Cornice Island, Missouri 146.0 - 157.0R 16,600
Sulphur Springs, Illinois 153.0 - 158.5L 2,400
Chesley Island, Missouri 157.0 - 163.0R 9,650
Pulltight, Illinois. 158.5 - 167.0L 6,800
Twin Hollows, Missouri 163.0 - 172.0R 18,400
Horsetall East, Illincis 167.6 - 172.0L 0
Arsenal Island, Illinois 172.0 - 178.0L 4,330
5t. Louls Harbor, Missouri 172.0 - 183.0R 38,450
East St, Louls Harbor, Illinois 178.0 - 184.0L 20,800
Sawyer Bend, Missouri 183.0 - 190.9R 36,550
Cabaret Island, Illinois 184.0 - 191.0L 7,100
Wilson Island, Missourdi 190.0 - 195.0R 4,400
Mouth of Missouri River, Ill. 191.0 - 195.0L 20,750
Total 737,000

As of June 1973, over 482,600 lineal feet of dikes are
operative, within the reach of river from St. Louis, Missourl to
Cairo, Illinois.

Wooden pile dikes, which have been built in the past, were
permeable enough so as to pass water through them quite freely
(Figure 1-4). Thelr success depended upon their ability to slow the
current passing through them and induce sediment to deposit between
adjacent dikes. Substantial sediment deposition must take place for
a significant contractional effect throughout a reach of river to be
realized. Sufficient velocities and high sediment concentrations
must be present so that the coarse sediment fractions can be induced
to deposit by a moderate reduction in velocity as they pass through
the permeable dikes.

Due to the increased cost of labor and the abundant availa-
bility of stone, pile dike construction on the Middle Mississippi River
ceased In about 1963-65. When necessary, existing pile dikes were
converted to impermeable stone dikes. Decreases in sediment concen-
tratlona and particle sizes due to reservoir construction on the
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FIGURE 1-3, DIKE FIELDS IN THE MISSISSIFPI RIVER
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Missourl River in the 1940's would possibly have reduced the effective-
ness of permeable dikes if the transformation to impermeable stone
dikes had not been made. Pile dikes were subject to deterioration by
exposure to the elements, ice floes, damage by towboats, and even by
burning when friction by moving piles within a cluster would cause
self-ignition.

Stone dikes do not depend upon tbe deposition of sediment
for thelr contractional effect te the extent as permeable dikes. When
the tops (crowns) of dikes are exposed above the water level, depositiom
between them occurs when sediments are brought in by eddy action.

Quarry-run stone is normally used in the construction of
stone dikes (Figure 1-5). 1In addition to size-class specifications,
limitations are placed on the maximum size of stone and amount of fines.
Sufficient bank protection and underwater stone blankets are provided
both upstream and downstream of where the dike ties into the bank cto
prevent the scour that would otherwise normally occur adjacent to the
high bank due to eddy currents caused by water level differentials.

The crown of a dike normally slopes downward from the top of high bank
riverward for at least 300 feet to minimize bank scour.

‘ Of the over 800 dikes present in the Middle Mississippi
River, new stone-fill dikes and timber-pile dikes converted to stone-
f111 dikes number about 500. The remaining 300 dikes are timber-pile
dikes which are generally in a state of disrepair.

1.4.1.1. Dike Design Criteria

Due to the characteristics of a dynamic alluvial river such v
as the Middle Mississippi, it would be futile to attempt to describe
optimum design criteria and procedures for the utilization of dikes in
any specific location since no two situations in the same river are
alike. Experience has shown that each reach of a river must be treated
individually, and that work performed in one reach will affect adjacent
reaches.

It is generally agreed that dike fields with stepped-down
crests are more effective in providing a comparatively uniform contrac-
tional effect (Franco, 1967). With a system such as this, the eleva-
tion of each succeeding downstream dike crest 1s lower in elevation.
Flow from the channel moves around the end of the high dike into the
area behind the high dike and toward the next lower dike downstream.
The faster moving surface currents continue in a relatively straight
line, whereas the slower, sediment-laden bottom currents move Into the
dike field and deposit their loads of sand. The downstream dike of any
two dikes should be overtopped for a sufficient length of time before
the next upstream dike is overtopped so that there will be a reasonable
period of time for the sand-carrying bottom currents to be diverted into
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the area between the two dikes. The design of an "ideal" stepped-down
arrangement becomes almost impossible in many reaches of the Middle
Migsiseippl River due to pre-existing dikes which are built to rela-
tively high elevations.

The height to which a dike is to be bullt 1is generally dependent
upotn the effect desired. Where bank protection is desired, such as
on the ocutside of a bend, the dike may be built to a relatively high
elevation, Generally speaking, dikes are built for the purpose of
providing en increasing greater contractional effect at lower river
atages. The majority of dikes are designed to contract flows up to
about midbank stages. '

During the past five vears, the trend has been to build
dikes to lower elevations so that the resultant sandbars which develop
between ad jacent dikes will be lower in elevation and subsequently
submerged for greater periods of time, thus precluding substantial
vegetative growth which would cause increased deposition to occur.
This was done in an attempt to develop the authorized navigation
channel and to lessen the impact of the project on existing aquatic
habitat.

The spacing between adjacent dikes i3 generally dependent
uvpon the prevailing conditions at 'a location; however, the distance
between dikes usually varies from one to two times the dike length,
Generally speaking, the dike spacing and contraction width determine
#hd degree of contraction, whereas the average height of dikes within
a dike field determines the amount of contracticnal effort at a particular
river stage.

Chute closures are a form of dike used to restrict the flows
of water through backwater chutes and sloughs in an effort to confine
the low water flow to the main channel. The closures are usuvally con-
structed of the same material as dikes. Some chute cleosures are, in
actuality, landward portions of earlier constructed dikes which caused
the formation of small islands. The backwater region benind the newly
created man-made island became known as a chute and the existing por-
tion of dike within this backwater area thus became known as a chute
closure.,

1.4.1.2. Future Dike Construction

At present, the results of model tests and actual experiences
with the river stabilization works in place indicate that a plan using
a 1,500-foot low water contraction between dike ends with Edditional
contractive effort of troublesome channel reaches and with selective
dredging of problem reaches, will be sufficient to insure a dependable
navigation channel. 1In general, an extension (usually 300 feet) of existing
dikes, which now provide an 1,800-foot contraction, and some new dikes,
will be required to provide for a 1,500-foot contraction plan.

1.4.2, BANKLINE REVETMENTS

Bank stabilization works play an important part in waintaining
a navigation channel (Table 1-2) (Plates l-3a through 1-31). 1If concave
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banks on the outside of a river bend were allowed to erode for sustained
reriods of time, excessive channel widths and poor navigation alinements
would result, accompanied by a probable decrease in the river's ability
to transport sediment in that segment of the stream. A secondary benefit
of the bankline revetments 1s the protection of numerous agricultural
leveea which are situated near the edge of the river. The banks on the

opposite side of a dike field are normally protected by revetment to
maintsin the alinement of the navigation channel.

The earliest forms of river bank protection consisted of
placing stone revetmént on a pregraded bank and sinking a lumber mat-
tress into the stream with rock (Figure 1-6).

Hand-placed stone riprap was used in numerous locations during
the depression era as a method of stabilizing caving banks. The hand-
placed riprap has a very neat appearance and has proven to be quite
durable in many locatlons; however, the increasing cost of labor has
eliminated its use.

The present method of bank protection on the Middle Mississippi
River makes use of either quarry-run or paving stone. Quarries are
adjacent to the river at numerous localities within the reach which
can gupply good quality limestone. The stone is loaded on flat-top
barges and placed on the bank by a barge-mounted dragline.

1.4.3. DREDGING

Dredging currently plays an important role in maintaining
a dependable navigation channel by removing excess sediment from regions
where navigation could be hindered. Ideally, it is desirable that
stabilization works, such as dikes, chute closures, and revetments
be designed in such a manner so that practically all the sediment that
enters a reach would also leave the reach at the downstream end. How-
ever, due to the ever-changing transport capacity of a stream from
section to section, certain reaches of a river will experience bed
scour while depositlon of sediment will occur in other reaches.

Although the dikes are designed to reduce the amount of
maintenance dredging, considerable dredging is still required to main-
tain a dependable navigation channel. PLATES 1-4a through 1-4j 1il-
lustrate the extent of dredging required in this stretch of the
river for the period 1969 to 1974, The wide fluctuation In discharge
makes it virtually impossible to design a nmavigation channel within an
alluvial river which will have a uniform transport capacity at all
times. For example, the rapid fall in stages followlng a major flood
event may allow insufficlent time for the excess sediment to be "flushed
away" which was deposited during the high water period. In addition,
high water flows willl be diverted via overbank flows and secondary
channels, thus robbing the main channel of some of 1ts sediment trans-
port capacity. Conversely, the contraction exerted by exlsting dikes
are sometimes insufficilent to provide sufficient scouring action during
extreme low stages.
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Although a relatively short segment of river, such as the
l4-mile prototype reach discussed previously, can be contracted to
eliminate the need for dredging, the segment of river immediately down-
stream will temporarily exhibit increased dredging requirements due to
its inability to transport the material which was scoured from the
river bed in the contracted reach. In addition, as the contractional
effort which produces  increase in stream velocities is continued,

a point could be reached in which the self-armoring tendencies of an
alluvial river bed could he resistant enough so as to preclude further
deepening of the channel; at which point, the stream velocities could
begin to attack the channel banklines and the dikes themselves. Also,

it should be remembered that towboats would experience difficulty in
maneuvering if velocities are temporarily increased excessively.

The St. Louis District presently uses two types of dredges
to maintain the navigation channel from St. Louis to Cairo, Illinois;
a dustpan and a cutterhead dredge. Due to the non-cohesive nature of
the sand-size material, the dustpan dredge is used more frequently.
The purpose of a dredge is to remove the sand and silt-size material
from the bottom of the main channel and deposit it outside the naviga-
tion channel.

The Dredge KENNEDY is a dustpan dredge {Figure 1-7). It has
a 28-foot wide dustpan and moves upstream in a stralght line loosening
the sediments in the river bottom with the aid of high-pressure water
jets. Immediately behind the water jets, suction intakes are provided
which pull 1n the loosened material and discharge the sediments
through a 24-inch diameter floating pipeline, generally 1,000 feet long,
outgide of the navigation channel boundaries. A series of 28-foot wide
parallel cuts are made untll the desired channel width is achieved.

The Dredge STE. GENEVIEVE is a cutterhead-type dredge which
conslsts of a series of r=volving circular blades which can cut through
coarser and more cohesive materials (Figure 1-8), A suction intake
1s positioned within the blade assembly which collects the loosened
sediments and discharges the material through a floating pipeline up to
3,000 feet in length, outside of the navigation channel. The dredge
makes a sweeping motion as it moves dovnstream and is able to make a
300-foot wide cut in a single pass.

Since the river consists of an alternating series of deep

pools and shallow crossings in which the thalweg crosses from one side
of the river to the other, the dredging localities are usually at the
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crossings where the sediment transport capacity of the stream is re-
duced. To maintain a winimum nine-foot navigation channel through these
reaches, during low river stages, dredge cuts are usually made te a depth
of nine feet below the low water reference plane elevation {project
depth). Material from the dredging operations is usually deposited within
the river adjacent to the main navigation channcl. Although coordination
is maintained with the proper state and federal agencies regarding the
placement of dredge material, it is folt that the subject of placemcnt is
one of the issues in this environmental statemenl and will be addressed
furthexr in subsequent sections. Indications are that the placement of
dredged material can, in addition Lo blocking off the ecutraces to side
channels if Improperly placed, cause damage tc the benthic communilics
which are present in the main channel border areas.

In summary,. it should be noted that some dredging in conjunction
with dikes will always be required to obtain and waintain a dependable
navigation channel.

Lodlh CHALIN OF ROCKS {CANAL & LOCKS)

In 1945, Cougress aulhorized the constructlion of a lateral
canal aund lacks at cthe Chaln of Rocks. The Chain of Rocks Reach extending
along the northern boundary ol s, Louls and b, Louls County, has been
a hazard to river tralfic since the carliest days of navigavion en the
Mississippi. At two locatiouns in this reach, ledges of rock extend irom
rl:e east bank undcr the river channct, These tedges act as submerped
dams, causing a sharp increasce in slope of the river, which in turn
increases the wvelocity of the water, The high velocities produced in the
Chain of Rocks Reach made this scclion exceedingly dangerous and Jdifficult
to navigate, and cven the most powerful towboats were l[oreed to divide thedir
tows and take smaller groups ol barges through the reach.

The approved project allowed for the bypassing of this hazardous
reach of the river and included a lateral canal on the east bank (Illinols
side) of the Mississippi River between river miles 184,00 and 194.5, with
a 1,200-foot main and 600-[Loot auxiliary lock at the downstream end ol
the canal approximately due west of Granite City, [l1linois, and levees on
both sides of the canal. Construction of these facilities began in 1945
and the project was completed in 1953.

Immediately above thie lecks the canal was widened for a distance
of 6,750 feet to a bottom width of 700 [eet, in order to procure material
required for levecs and to provide harbor facilities for industrics in
Alton, Wood River, Granite City and other cities in the areca,

Inicial development of the Granite Clty larbor was started by
the Bi-State Development Agency in 1953, Bi-3State now owns the lower half
of the harbor and Tri-City Regiomnal Port District the upper half of the
harbor,
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1.4.5 LOW WATER DAM (DAM NQ. 27)

In 1958 Congress authorized the construction of rock fill dam
across the Mississippi River at Mile 190.4, about 900 feet downstream from
the Chain of Rocks Bridge., This dam was built to insure a minimum depth
of nine feet at low water over the lower miter sill of Locks No. 26 at
Alton, Illinois. This structure (Dam No. 27) has a fixed-crest elevation
of 395 feet m.s,l. and a 700-foot [ixed spillway section with crest
elevation of 391 m.s.l, to facilitatce passage of ice and silt. The dam
raises the low waler to elevation 395 m.s.L. extending the pool at this
elevation to the locks at Alton.

1.3 SUMMARY OF PROJECT BENEFITS AND COSTS

The derivatien of project benefits has been shown above. Total
Project Federal cost as of 25 August 1975 is $207,053,000 (Appendix A=-1Y,
The average annual benefits and costs are $45,937,000 and $11,736,000,
respectively, thus yielding a benefit/cost ratio of 3.9 to 1.

1.6 RELATED STUDIES
1.6.1 TWELVE-FOOT CHANNEL STUDY

There is an authorized Corps of Engineers study of the feasi-
bility of providing a 12-foot navigation channel on the Mississippi
River from the mouth of the Ohio River to Minneapolis, Minnesota, and
on the Illinois River from its mouth to the Great Lakes. The Phase I
Report on this study indicated that it is not econemically feasible to
achieve a l2-foot project on the Mississippi River upstream of the
Iliinocis River at this time, but that continued study from the Ohio River
to rthe Illinois River and thence to Chicago is justified, but at this
time has been suspended.

The key to the entire 12-foot preject is the open river reach
extending from the Obio River to the lower end of the Chain of Rocks
Canal at mile 184. Preliminary analysis has been made of three basic
alternate means of obtaining and waintaining a 12-foot channel in this
reach. These were (a) dredging, assuming regulating work for the 9-foot
project were in place and being maintained; (b) regulating works with
residual maintenance dredging; and (c) creation of a slackwater system
(dams). -
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Of three alternatives studied, dredging would appear o be the
most desirable upon casual observation, However, the preliminary cost
estimate for this alternative did not include {a) the cost of "Planned" dredged
material disposal sites; (b) of additicnal dredging equipment and main-
tenance of the same; or (c¢) the costs to navigation interests due to
temporary stoppage when rapidly falling stages result in shoal water
at many crossings simultaneously. Recognitlion of the fact that dredging
‘&8 a solution is never ending,and that a realistic look into the future .
does not indicate any reason for optimism so far as supplemented flows
for navigation is concerned, gives further reason to be wary of this
alternative, The continuing heavy maintenance dredging also presents
an ever-increasing problem of spelil disposal.

Regulating works,congisting of stone dikes and bank revet-
ment, ranks next in cost, The increase from a 9-foot to 12-foot depth
would require additional dikes as well as the extension of existing
dikes, resulting in a greater contraction of the channel under low
flow conditions, Close coordination and cooperation between the Corps
on one hand and pertinent State and Federal agencies on the other,
‘would be required in order to make this an envirommentally acceptable
alternative.

The creation of a slackwater system by the construction of
low-head navigation dams and locks is the most positive means of pro-
viding the 1l2-foot channel dimensions under all river flow conditions.
Even though location of such dams would be carefully made so as to
create the least possible interference with river bottom drainage, and
slso so that the pool at the dam under full pool conditions would remain
within high banks, the cost of this alternative makes it most unlikely
as 8 chosen appreach. This alternative could probably be justified only
&8 a last resort should flow depletions, primarily from the Missouri
Riwar, become intolerable in the future.

1.7 PLANS OF OTHER FEDERAL. STATE, AND LOCAL AGENCIES

Plans of other local, Statc, and Federal agencies that are
related or were developed in conjunction with the project, as presented
bty the Corps of Engineers, are presented below.

1.7.1 FEDERAL AGENCY PLAKNING PROPOSALS
1.7.1.1 St. Louis Harbor'Study

A multi-agency study on the feasihility of a St. Louis harbor
faellity is presently ongoing. The St. Louis District has been auth-
ofized to determine the advisability of providing jmproved commercial
Warbor facilities at and in the vieinity of St. Louis, Missouri. This
Mithorization offers the opportunity for a comprehensive study of
polutions to identified spdimentation nroblems, and should, in cooneration
with local municipal governments and other Federal agencies, permit in-
dapth atudy of both sides ‘'of the river; need of Lmproved.harbor
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facilities; and need for the possible creation of a completely new off-
channel harbor, which, in conjunction with truck, rail, and air trans-
portation, could provide a truly integrated transportation capability.
The harbor study was at one time considered as only the area between
mlles 172 and 191 or between River Des Peres and Watrkins Creek. This
area has successively been extended (1} from Jefferson Barracks Bridge,
mile 169 to Watkins Creek, mile 196.2, (2) lower limit of Jefferson
County, mile 138.8, to upper limit of Madison County, mile 208.8, {(3)
and presently a request to extend the area upstream to uppermost limit
of St., Charles County, mile 236.4, is in the Qffice, Chief of Engineers
for approval. In addition, funding in the harbor study is such cthat
completion date continues to be pushed back and is now set as FY 1980.
In addressing the District's operation and maintenance actions as they
percain to this portion of the River, it is important to note that no
formal channel contraction plan exists for the harbor, with the exception
of the Mosenthien Island reach from miles 184 to 190, After the Spring
1973 flood, the main channel reverted to the left bank chute along
Cabaret Island, precluding any further harbor development in Sawyer BRend,
as well as increasing current attack and ercsion on Cabaret Island.
Between November 1967 and April 1975, more than 130 acres have been lost
from Cabaret and Mosenthien Islands, compounding the dredging problem

at the lower Chain of Rocks canal access., With the aid of WES model
studies, the St. Louls District anticipates two phases of construction.
The first phase (which has been completed) will control the erosion and
also return the channel to Sawyer Bend,

Locks 27 and the Chain of Rocks canal also lie within this reach, and
erosion from wave wash due to passing tows will be controlled with revet-
ment a4s necessary.

1.7.2.1 Missouri Department of Conservation

The Missouri Department of Comservation has indicated an
interest in the project and possible alternatives. This agency's
meetings with the Corps of Engineers concerning the regulation works
are detailed in Sections 9.1 and 9.2. The Missouri Department of
Conservation has no plans for the area which conflict with the project.

1.7.2.2 1llinois Department of Conservation

The Illinois Department of Conservation has no formal plans
which would affect the project. This agency has also been included in
meetings with the Corps of Enginecrs concerning the rtegulating works
and possible alternatives.

1.7.3 LOCAL AGENCY PLANS

No plans for the project hy local agencics are known at this
time.
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2. EXISTINC ENVIRONMENTAL SETTING
2.1 PHYS ICAL. ELEMENTS
2.1.1 RIVER GHANNE]L, CONFICURATION AND STACES

Although bydraulic data were presented for the segment of
Miggissippi River under study in the previous porticen of the environ-
mental statement, a presentation is appropriate regarding the existing
physical configuration of the river and its associated side channels.

At present, the Mississippi River has a width of approximately 3,200
feet between high banks. Extending riverward from these high banks are
dikes which hawe a width of approximately 1,B00 feet tetween their
opposite riverward ends and/or opposite high bankline for the purpose

of confining the f[lows to provide adequate navigaticn depths.

A by-product of these successive dike contractions has been
the creation of numerous side channels adjacent to the main channel.
These side channels were formed by the subseguent vegetation of sandbars
which were created by the slackwater conditions between adjacent dikes.
The mechanics of formation of these sandbars was generally such that an
open water area existed between the island and the riverbank (see
Figure 1-3). Quite often, adjacent sandbars (or islands) joined to-
gether; thus forming a side channel of considerable length.

Due to reduced flow velocities through the dike fields and
the natural processes of the river, the side channels, which are
formed by high dikes tend to become filled with sediment, and often
disappear because of the passage of sediment-laden flows entering from
the main channel. As new dikes are being built, and the subsequent
formation of sidechannels takes place, older side channels are being
filled with sediment, Many of the existing side channels may eventually
fill ug and new ones may or may not form, This would be true even if

e construction were to cease,

It should be mentioned that some side channels are of a
particular configuration which enables them to exist for a relatively
long period of time. For example, a cutoff channel on the inside of a
peoint bar will pass significant flow, particularly during high stages,
due to its shorter path om the inside of a Tiver bend which enables it
to be somewhat self-scouring. Alse, the entrances of some side channels
are located on the outside of a river bend which allows for a smaller
portion of the sediment to be carried into the side channel ani sub-
sequently deposited.

In addition, the main channel border areas between adjacent
dikes in the main chamnel are reported to be valuable habitat areas. 1In
the past, the ultimate effect of the dike fields has been to fill
these areas,
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In describing the existing river, mention should be made of
the changes in stage for past similar flows, although this topic will
be discussed in the "impacts" portion of this statement. The deepening
of the riverbed by the scouring action of the dikes causes a lowering of
river stages for past similar low flows; thus, in effect, Teducing the
amount of water available for the relatively shallow side channels. 1In
contrast, flood stages are now higher, due to the net effects of levees
and "tilization of the floodplain by man.

In summary, the existing Middle Mississippil River system from
St. Louils south to Calro consists of essentially a single channel stream
with an average width of about 3,200 feet between high banks with an
adjacent series of connected side channels, which for the most part,
were created as a result of successive dike constructions.

2.1.2 . REGIONAL GEOLOGIC ELEMENTS
2.1.2.1 Phuysiography

The United States has been divided into a number of physioc-
graphic divisions called provinces. Boundaries, in some cases, are
quite sharp in nature; in other instances, these dividing lines re-
present broad generalizations., Fenneman's (1938) divisions havebeen used
in this report, and parts of the following provinces occur in or near
the atudy area: (a) Coastal Plain, {(b) Ozark Plateaus, {c¢) Central
Lowland (east and west of the Mississippi), and (d) Interior Low
Plateau, Flate 2-1 depicts the boundaries of these physiographic
provinces in the Middle Mississippi River flood plain.

a. Coastal Plain. The Ccastal Plain is a topographic
feature, the surface of which dips generally seaward. Significant
Inward deviations occur in the vicinity of (a) the Mississippi River,
(b) northeast Texas, and (c) the Rio Grande.

The southern part of the study area to the latitude of
Cape Girardeau, Missouri, is included in the Coastal Plain (see Plate
2-1). Specifically this part of the Coastal Plain Province is knowu
ag the Mississippi embayment, a broad structural trough between the
Appalachian uplift to the east and the Ozark highlands to the west,
gubmerged during a large part of its history. When this embayment
emerged, the Mississippi River followed its axis to the Gulf of
Mexico. Despite the fact that aggradation does occur, the trough
between the bluffs is due largely to excess ercsion.

An important divide in the Mississippi embayment is Crowley's
Ridge, a remnant of the higher nearly level plain in which the present
alluvial trough was carved. It extends from Thebes, Illinois, socuth-
westward to Helena, Arkansas, and is assumed to have served as a divide
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between the ancient Mississippi and Ohio Rlvers, Presumably dvring
the Pleistocene epoch the Migsissippi broke through this ridge and
joined the Ohio at its present locatien, Cairo, 1llincig. From

Cape Girardeau to Commerce, Missouri, the Mississippi flows through
high bluffs in a gap of a ridge of hard, massive limestone and shaie
of Ordovician age.

b. Qzark Plateaus. The Ozark Plateaus 1is an area of 44,000
square miles mostly west of the Mississlppl River and south &f the
Missourl River. Although the majority of this physiographic province
is in central and southern Missouri, portions of it do extend into
southwestern Kansas, northeastern Oklahoma, northwestern Arkansas,
and eastern Illinois., Fenneman (1938) describes the form of the Ozark
Plateaus as ". . .that of an asymmetrical dome steeper on the east
than on the west and breaking off rather abruptly on the south."

The entire region, which is one of strong rocks and submature dissection,
is too steep for agricultural even to the west. The proviuce is un-
glaciated, and the bedrock topography has been modified by deposition

of loess over the entire area and alluvium in stream valleys.

Major subdivisions of the Ozarlk Plateaus are the Bostun
Mountains, Springfield Plateau, St. Francois Mountains and the Salem
Plateau. That portion of the study area falling within the Czark
Plateaus is wholly within the Salem Plateau. The Salem Plateau consists
of remnants of a maturely dissected rolling upland surface, preserved

largely on Cambrian and Ordovician rocks, even though some rocks of later
Paleoczoic age rewmain on the north and northeast flanks, Much of the
: of the Salem Plateau has been destroyvyed by stream action

(M ssouri Geological Survev and Water Resources, 1967).

The Ozark Plateaus ranges on both sides of the Missgissippi
River from Cape Girardeau teo Grand Tower, Illinois,and from Grand
Tower north to Festus, Missouri,on only the Missourl side of the river
{(see Plate 2-1).

In the Missouri portion of the Ozark Plateaus beds dip
steeply westward, and a series of cuestas is well developed. The most
important of these are the eastward facing Crystal and Burlington
escarpments. The Crystal escarpment owes its existence to Lhe friable
St. Peter sandstone (Ordovician) outcropping under the edge of strong
middle Ordovician sandstones. The less resistent S5t. TPeter sandstone
erodes and leaves the overlying rocks unsupported causing them to
break loose. This cyeclic mechanism maintains the prominent escarpment.
The Burlington escarpment, the most persistent of all escarpments in
this province because of the cherty and resistant Burlington limestone
(lower Mississippian), follows the Missouri River to its mouth, crosses
to the Illineis side of the Mississippi and again returns te the west
side of the Mississippi at Ste. Genevieve, Missouri. In the Illinois



portion of the Ozark Plateaus, the Ozark dome extends in a more linear
uplift and is referred to as the Shawneetown Ridge. The Illinois

rocks in ascending order from Ordovician to Mississippian are strong
limestones. Beds dip northward toward the syncline of central TIllinois.
The steep bluffs of the Mississippi River reach a height of 400 feet

as 1t flows through the Ozark Plateaus province.

¢. Central Lowland. Fenneman {1938) considers the Central Lowland
east of the Mississippi River and that to the west of this river as
major subdivisions of the Central Lowland physiographic province, and
he devotes a single chapter to each subdivision.

d. Central Lowland Fast of the Migsigsippi River. The
Central Lowland east of the Mississippil ranges from east of Lake Ontario
to the Mississippi River. The boundary from northern Ohio to around
St. Louls 1s approximately at the edge of the glacial drift, and according
to Fenneman (1938)'"Glaciation dominates most of the landscape, but
it probably created as much variety as it destroyed."” In the portion
of the central lowland physiographic province east of the Mississippi
Biver there are three subdivisions: (a) Great Lake section, (b) Drift-
less section, and (¢) Till Plains.

The study area falls entirely within the Till Plains (see
Figure -2-1a), The character of this subdivision, now one of little
relief, was due to complete burial of preglacial features. It is
difficult to differentiate between the Ti1ll Plains and the Great Lake
section to the north of it. Fenneman(1938) states that "If justification
of the two sections be attempted on geologlic terms, the Till Plains
section may be distinguished as that portion of the glaciated area east
of the Mississippi River wherein the movement of ice was less controlled
and diverted by deep valleys.'" Cuestas and lowlands are more dominant
in the Great Lake section.

In the T111 Plains the main preglacial structural features
are the northern part of the Cincinnatl anticline, which brings
Ordovician rocks to the surface and the southern Illinois syncline
which ". . .retains its carboniferous coal measures even where the
surface is very low."{Fenneman 1938) On the west side, these lowlands
of southeastern Illinois border the trench of the Mississippi River.

The ‘Illinoian ice sheet covered all of the Till Plains
including the southern section, but the Wisconsin sheet did not reach
western or southern Illinoils. Below St. Louis ice climbed the dip
slope of the Mississippian cuesta to the west. Where the Illinoian
drift was not covered by the Wisconsin, 1t is covered with loess. The
origin of this loess is believed to be "glacial flour," distributed
first by water, then by wind lifting it from the flood plain. Along
the Mississippl this material may reach a thickness of 50 feet.
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The rocks in the Till Pilains section have been worn down many
hundreds of feet. Fenneman (1938) believes that "...the Till Plains
section was reduced tec a peneplain at least once, and parts of it
several times. The Mississippi in this area flows through a trench
400-500 feet deep. Much of this 400-500 foot deep trench is now filled
with sand and gravel and finer alluvium, on which the Missigsippi now
flows. The young trench south of Thebes was not eroded that deep,
and at places the river flows on bedrock,

e, (Central Lowland West of the Mississippi River. This
pertion of the Central Lowland province lies, as the name implies, to
the west of the Mississippi River and extends across the Great Plains
of the central United States and Canada. The same general descriptors
apply to this portion as to the eastern portion of the province. The
turee subdivisions are (a) the Westernm Young Drift section, (b) the
Dsage section, and (c} the Dissected Till Plains. The study area
is located in the Dissected Till Plains.

In general this section is a flat till plain in a sub-mature

to mature erosicn cycle with a relief being 100-300 ft. It is covered

by loess, varying in depth from a few feet to a maximum of 90 feet adja-
cent to the large rivers. Fenneman (1938) states that, "This section is
distinguished from the Till Plains on the east and from the (western)
Young Drift section on the north by the stage it has rveached in the post-
glacial erosional cyele.,”™ Older Paleozic rocks beneath the Mississippian
are found in only the narrow valleys of the two rivers. The land sur-
face seems continuous with a peneplain east of the river (Till Plains
‘section). There are two glacial stages recognized in the Dissected Till
Plaing: {(a) Kansan and (b) Nebraskan. Eighty percent of this area now,
however, has an erosicnal surface, hence the name Dissected Till Plains.

Specifically the study area is located within the southeastern
porticn of the Dissected Till Plains and ranges on the Missouri side to
the Mississippi River from Festus, in the Ozark Plateaus to the northern
terminus of the Middle Mississippi River flood plain at St. Louis. The
Dissected Till Plains are located across the Mississippi from the Till
Plains section of Illinois. Thickness of loess cn the bluffs (average
40-50 feet) has obscured clder relief. The river flows through a 400-
500-fcot deep trough on the east boundary of this province.

f. Interior Low Plateau. This province falls completely out-
side the Middle Mississippi River floed plain, The interior low plateau
is contiguous with the Ozark Plateaus in south Illinois some ten miles
cast of the Mississippi River (see Plate 2-1). The terms "low'" and
""plateau” seem to be contradictory, but they refer to relative elevations,
gince rhey describe an area situated between the Till Plains, the Coastal
Plain, the Ozark Plateaus, and the Appalachian Plateau. The sections
making up this province are (a) the Highland Rim, (b) Nashville Basin,
(¢) Bluegrass section, and (d) Shawnze section.
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It is the Shawnze ec.....n. taat 1s of interest because of its
proximity to the study area, specifically the Shawneetown section of the
Ogzark Plateau. In this section according to Fenneman{1938) the rock succession
18 ". . . depressed in a syncline pitching northwestward . . . ." The
atratigraphic sequence ". . . beveled by an old surface now dissected is
gaccountable for the major features of relief." Two prominent cuestas

form a wide area of rugged topography.

In the eastern part of the sectliom a thin and porous sandstone
cover has allowed access of surface waters to the underlying soluble
limestone, and as a result, there are numerous sinkholes and caves,
including Mammoth Cave. In the western part of the Shawnee gection,
which'1ls located near the study area, the two cuestas continue almost
to the Ozark uplift of southern Illincis. There are numerous faults
south of the two cuestas in this area, but Fenneman(1§38) atates that
". . . since the faults antedated that last peneplain they do not affect
the landscape, except where the rocks on opposite sides (of small streams
which follow their faults)differ in hardness.” This portion of the
Shawnee section is equal to that of the nearby cuestas. In this area is
the great flnorite district of the United States.

2.1.2,2 Historical Geology

The oldest rocks in the Mississippi Valley region are not ex—
posed within the project area. Precambrian metasediments and gneissic
granites are exposed to the west in the St. Francois Mountains of Mis-
sourl. These rocks range in age from 1.2 to 1.45 billion years.

The widespread extrusive and intrusive igneous activity of the
Precambrian in Missouri ended approximately 1.2 billion years ago. This
was followed by an extremely long period of erosion during which a barren,
rugged landscape of hills and valleys was etched into the igneous terrain.
The geologlc record is not resumed until about 540 million years ago when
the inifial deposits of transgressing Late Cambrian seas began to
mantle the eroded Precambrian granites and felsites.

The Paleozoic era encompassed nearly 350 million years. In the
Misaissippi Valley, and throughout the central United States, it was a
time of alternmate inundation and regression of semi-tropical or tropical
epeiric seas. The marine phases were the most persistent. Between the
marine phases, subaerial erosion produced low-lying landscapes and suc-
ceeded in removing parts of the stratigraphic section that had accumulated
in the earlier periods of depositien.

Paleozoic history began with the deposition of clastic sediments.
They were the initial strand line deposits of a transgressing sea. As
the marine transgression continued, finer clastics and eventually car-
bonate rocks were deposited. This interval of time is represented by
Cambrian formations, which are not exposed in the Mississippi Valley, as
well as the Lower Ordovician, Roubidoux, Cotter, Powell, and Smithville
units,
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Near the close of Early Ordovician time, the sea regressed pro-
ducing a well-known regicnal uhconformity that marks the top of the Cana-
dian Serles. This regression was apparently synchronous with the uplift
of the Ozark area to the west. Once again, the record resumes with depo-
sition of a clastic unit, this time the Ordovician Everton and St. Peter
Sandstones. Thelr deposition is followed as before with calcareous sedi-
ments (the Dutchtown, Joachim, Plattin, Decorah, and Kimmswick Formations).

Following a post-Kimmswick regression, inundation resumed and
the fine clastics of the Maquoketa and other Cincinnatian Formations were
deposited. This was followed by a minor regression of the sea. Alternate
transgressing and regressing of the Silurian Sea produced the Alexandrian
limestones., Finally the sea deeply submerged the entlre region and the
Bainbridge limestone was deposited. Strata of these systems are occa-
sionally thinner, often missing hecause of erosion, somewhat more clastic,
and less extensive than previous deposits., Following a minor regression
of the sea marking the close of the Silurlan period, a great thickness of
Devonian limestones was deposited. Devonlan rocks rest unconformably
on formations as old as Ordovician, reflecting a major erosional hiatus
during which Early Devonian and some Silurian and Ordovician strata were
stripped away. Near the end of the Devonian limestone depositional period,
there was major faulting and uplift:followed by a long periced of erosion
during which much of the Devonian limestone was removed.

Renewed subsidence during the Mississipplan Period brought
initlal deposition of fine c¢lastics and varlably cherty, often crineidal
limestones, Chouteau, Burlington, and Keokuk Formations. This was fol-
lowed by a period of deep water deposition of Meramecian and Chesterian
dediments. The Mississippian throughout the central U.8. is charac-
terized by these widespread deposits of carbonates.

Near the end of the Mississippian, the seas regressed on a vast
scale producing one of the most extensive regional erosional unconform-
itles of the North American Continent. The reason for this great re-
gression is usually attributed to crustal uplift or possibly tilting.

The post-Mississippian pre-Pennsylvanian unconformity represents
a lengthy period of subaerial erosion and landscape evolution. TIn many
parts of Missouri, Karst topography developed on the Paleozoic limestenes,
particularly the Burlington Formation. Subsequently, many of the sink~
hole and other solution features were filled with younger Pennsylvanian
sediments of the Atokan.

By the time the sea advanced again over the Mississippi Valley,
erosion had reduced the landscape to a relatively low-lying plain. Con-
tinually regressing and transgressing seas produced cyclic deposits of
shale, limestone, sandstone, and coal which are particularly thick to the
east in the Illinols Basin. In Late Cretacecus and early Tertilary times,
the sea invaded the Mississippi Valley for the last time: The rock
record of these marine incursion is in the extreme southeru part of
the project area.
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Cenozoic sediments mantle much of the upland and floed plain
areas of the Mississippi Valley. They are composed primarily of glacial,
alluvial, and aeolian (loess) deposits. Most of northern Missouri and
Illinois was covered by glacial ice during the Kansam, Nebraskan, and Il1-
inoian Pleistocene stages which filled depressions and valleys and left
a mantle of glacial drift in the uplands. JIce age mastodons, sloths,
pecarries, bears, and wolves roamed the landscape. During the Nebraskan
advance, the ice reached an arc somewhat morth of the present course of
the Missouri River. The second or Kansan invasion moved southward over
the present course of the Missouri River. A third advance, the Ill-
inoian, may bhave penetrated the extremem eastern edge of Missouri and
covered most of Illinocis. Although the Wisconsinan glaciers did not
advance so far south as the project area, deposits of Wisconsinan Age
form most of the valley sill and terraces along the Middle Mississippi
River, as well as large amounts of loess on the bluffs, especially on
the east side of the valley.

In addition to the coarse glacial drift deposits, the silt-
sized wind-blown deposit known as loess was widely deposited throughout
the state during the Pleistocene interglacial stages.

The Pleistocene was followed by the Recent Epoch, during which
running water has been the dominant force shaping the landscape of the
Miesissippl Valley. Recent depesits consist predominantly of alluvium
deposited by the Mississippi River and its tributaries.

2.1.2.3 Stratigraphy

a. General, The age of the rocks exposed at the surface
of the study area ranges from Quaternary down through lower Ordovician.
Figure 2-1 is a generalized geological column for the Middle Missis-
sippl Valley showing the geological ages, and Plate 2-2 is a map of
the regional geology of the study area. Names of geologic units are
nct always the same in Missouri and Tllinois as mapping was done by
different agencies at different times. Below is a brief description of
mapped uvnits in the Middle Mississippi Valley (Havre and Koenig, 1961;
McCraken, 1961; Willman, 1967).

b. Paleozoic Era.

{l) Ordovician System.

(a) Conadian Series.

{.1) Roubidoux Formation. The Roubidoux Formation consists of
sandstone, dolomitic sandstone, and cherty dolomite. In eastern Missouri,
10 percent of the formation contains sandstone and most of the rock is
cherty dolomite. The sandsteone is composed of fine-to-medium-grained
quartz sand which characteristically is subrounded and frosted. Gray and
brown colors are predominant on weathered surfaces, but the color of the
fresh sandstone is commonly light yellow, tan, or red at the surface and
white in the subsurface. The dolomite in the Roubidoux is finely crys-

talline, light gray to brown in color, and thinly to thickly bedded.
Individual %eds contain brown Lo gray, banded colitic, sandy chert.
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The Roubidecux normally is sparingly fossilifercus, but some of
the chert locally contains numerous fossils, chiefly mollusks. In many
places the sandstone is characterized by exceptionally well-preserved
ripple marks, mud cracks, and crossbedding. 1In the western part of the
state, the formationm containsg three distinct sandstone units; one near
the base, one near the middle, and one neat the top. The sandstone units
are quarried for building stone at many places in Missouri.

The outcrop area of the Roubidoux occupies a large part of
southern Missouri, and the formation is present throughout the subsurface
of the state downdip from the outcrop area.

The thickness of the Roubidoux ranges from 100 to 250 feet.
The formation's greatest thickuness is at the southwestern part of the
Ozarks, and its least thickness is along the northeastern part of the
area.

(.2) Jefferson City Formation. The Jefferson ¢ity Formation
is composed principally of light brown to brown, medium to finely crystal-
line dolomite and argillaceous dolcmite. Lenses of ortheoquartzite,
conglomerate, and shale are locally present in the formation. A
stratigraphic succession of the Jefferson City Formation in one locality
is rarely duplicated in another locality, although there is a similarity.
Finely crystalline, argillaceous dclomite called "cotton rock' is char-
acteristic of the formation. An equally important rock type found in many
exposures is thickly bedded, massiue, brown, medium crystalline dolomite
that weathers with a coarsely pitted surface. This is the informally
designated "Quarry Ledge' of the Ozark region that is present 35 to 40
feer above the base of the formation. In the past, rock obtained from-
this unit was very popular as a dimension stone.

The Jefferson City is exposed around the periphery of the
Ozarks and is recognized in the subsurface in all of northern and western
Missouri by its characteristic type of oolitic chert. Several insoluble
redidue zones within the formation contain siliceous spicules which are
commonly referred to as '"spines." The thickness of the Jefferson City
ranges from 125 to 350 feet; its average thickness is 300 fFfeet.

(.3) Cotter Formation. The major part of the Cotter Formation
is composed of light pray to light brown, medium to finely crystalline,
cherty dolomite. 