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THE CHANNEL MAINTENANCE APPENDIX

PART I

CHAPTER 1

INTRODUCT ION

THE ROLE OF THE CHANNEL MAINTENANCE PLAN IN THE GREAT STUDY

GREAT was formed to find a better way to manage dredged material place-
ment on the Upper Mississippi River. Several other objectives were identified

early in the study, but the climate of public opinion that existed when the

study began and events since then have pointed out the overwhelming need for

a solution to the problem of the placement of material dredged from the river
1channel.

With this problem as the primary focus, studies were undertaken, pilot

projects proposed, ad hoc task forces formed and charged, data collected and

analyzed, and conclusions reached. The results of these activities led to

the selection a new set of dredged material placement sites.

The problem with dredged material placement is the harmful impacts on

the biological habitat if material (1) covers the biologically active bottom

of backwaters, (2) diverts flows through backwater sloughs substantially alter-

ing habitat characteristics, (3) inundates areas of open water near the main

channel that provide cover and spawning areas for game fish, or (4) erodes

from placement sites into adjacent backwaters. Other possible problems

with dredged material placement include the placement of large mounds of sand

on beaches previously used by boaters for picnicking and camping and the

adverse effect dredged material placement may have on flood stages.

The CMP (channel maintenance plan) was designed to solve as many of

these problem at individual sites as possible, while maintaining the uses

of riv and its resources. Therefore, the function of the CHP in the

GREAT I study is the hub around which the other study elements revolve.

II
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All other work either contributed, or is directly related, to the CMP.

Without the CMP, the rest of the GREAT I final report becomes a compila-

tion of vaguely related conclusions and recommendations.

The GREAT I members have examined and reexamined the CMP, looking for

better alternatives, better data, and better supporting recommendations.

The results of their efforts are documented in this appendix. The CMP is

not perfect, and better approaches to the problem will probably be developed

as more and better information becomes available and as the river and the

people who use it continue to change and grow.

But the CMP presented here will work. It will safeguard the river's fish

and wildlife resources while providing for maintenance of the navigation

channel and meeting the need for water-based recreation of many kinds. Further

improvements can and should be incorporated as they are identified. The changing

character of the river, changing laws and regulations, expanding knowledge,

equipment availability, changing national policies, and funding limitations

are a few of the factors that require flexibility in any long-range plan.

The intent and objectives of the plan are as important as specific

recommendations.

JINFORMATION CONTAINED IN THE CHANNEL MAINTENANCE PLAN

The CMP is composed of two major items - a detailed DMPP (dredged material

placement plan) and a set of supporting recommendations for dredging and chan-

nel maintenance. The DMPP is described in detail in this volume. The support-

ing recommendations, described in the GREAT I main report (Volume 1) are also

critical elements of the CMP.
*1

00.1 Part I - Narrative

Part I presents the objectives adopted for preparing the river manage-

ment plan. A table describing the DMPP is included. It contains the critical

data decision makers will need. Part I also describes how the DMPP was

developed, how future dredging volumes were estimated, and the philosophy

2



behind each pool's DMPP. It concludes with a discussion of several special

features of the DMPP and an explanation of how dredging might be done in

emergency situations and in the near-term future. General information,

such as approximate riprap costs, approximate diking costs, and CIMP elements

affecting the entire study area, are included in Part I for easy reference.

Parts II. III, IV, and V - Pool Plans and Exhibits

These documents detail the CMP and the information developed by the

GREAT I Team in preparing the CMP. The contents are in a pool-by-pool format

for easy reference to those data that are site- (or cut-) specific, such as

site descriptions, dredging volume estimates, and dredging cost estimates.

i
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CHAPTER 2

OBJECTIVES OF THE CHANNEL MAINTENANCE PLAN

Federal laws and regulations require that certain principles and

standards be followed.in planning for water and related land resources.

In Section 103 of the Water Resources Planning Act (Public Law 89-80), the

Water Resources Council, an independent executive agency, was charged

with developing "Principles and Standards for Planning Water and Related

Land Resources." The Principles and Standards were established and pus-

lished in the Federal Register on 10 September 1973, 13 months before the

creation of the GREAT partnership team in October 1974. The purposes of

the Principles and Standards are to:

1. ". . . provide the broad policy framework for planning activities

and include the conceptual basis for planning."

2. ". provide for uniformity and consistency in comparing,

measuring, and judging beneficial and adverse effects of alternative plans."

3. ".. . provide more detailed methods for carrying out the various

levels of planning activities, including the selection of objectives, the

measurement of beneficial and adverse effects, and the comparison of alter-

native plans for action."

The Principles and Standards required that the GREAT I study consider

National Economic Development (NED) and Environmental Quality (EQ) during the

formulation of any plan for action and that any plans developed must strive

to meet these two objectives:

1. National economic development is enhanced by increasIng the value

of the Nation's output of goods and services and improving national economic

efficiency.

4
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2. Environmental quality is enhanced by the management, conservation,

preservation, creation, restoration, or improvement of the quality of certain

natural and cultural resources and ecological systems in the study area

and elsewhere in the Nation.

The GREAT I Team developed six specific objectives that any channel

maintenance plan should strive to meet:

1. Provide for continued and practical maintenance dredging of the

9-foot navigation channel on the Mississippi, Minnesota, St. Croix, and Black

Rivers. Any plan would have to allow the Corps of Engineers to fulfill its

congressional mandate to maintain a 9-foot channel for commercial barge traffic.

2. Safeguard the wetland habitat and backwaters of the river from the

detrimental effects of dredged material placement. The primary goal through

GREAT was to reduce and/or eliminate the adverse elfects of placement of

dredged material on fish and wildlife habitat and the floodplain.

3. Protect the quality of water in the river from.the adverse effects

of dredged material placement. Sediments In some reaches of the river are
polluted. The CMP seeks to ensure that dredged material placement in these
areas and areas of suspected pollution will not aggravate water quality

problems.

4. Avoid increasing flood stages. Encroachment on the floodplain has

risen steadily with development of the navigation channel. Therefore, flood-

plain management was a concern.

... 5. Provide for continued use of the river's main channel border. Banks

and islands created by dredged material placement have provided recreat4

boaters with beaching, picnicking, and camping sites. These sites should be

maintained as well-designed recreation areas.

6. Establish a beneficial use market for as much dredged material as

possible. Highway departments and developers have use for sand, and dredged

material can be removed from the floodplains for these users. An attempt was

made to place dredged material at sites users could reach.

5



CHAPTER 3

QUICK REFERENCE SLt44ARY OF THE CHANNEL MAINTENANCE PLAN

At its most basic level, the GREAT I CMP is a statement of where material

from each historic dredging cut should be placed. The reasons for picking

these "selected sites," descriptions of the sites, an assessment of the costs

and impacts, and an estimate of the volume and frequency of dredging are

integral parts of the CHP. The following table briefly summarizes these

factors. It is provided as a quick and ready reference and summary of the

GREAT I CMP. A more complete assessment or evaluation is provided in the

pool-by-pool presentations in Parts II, III, IV, and V of this volume and in

the GREAT I Environmental Impact Statement.
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CHAPTER 4

CHANNEL MAINTENANCE PLAN DEVELOPMENT

The channel maintenance plan presented in this appendix is the result

of three phases of development: initial compilation, review by the Plan

Formulation Work Group (from an interdisciplinary perspective), and review

by the GREAT I Team (from an interagency perspective).

INITIAL COMPILATION

Early in the study, on-site information was gathered for as many

potential placement sites as possible. The data gathered included loca-

tion, ownership, most likely area available, road access, type of shoreward

access, type of riverward access, ground cover, and adjacent land use

features. This information is on file in the St. Paul Field Office of the

U.S. Fish and Wildlife Service.

A task force from the PFWG (Plan Formulation Work Group) was assigned

develop a first-cut dredged material placement plan. The task force was

composed of one representative each from the Corps of Engineers, Fish and

Wildlife Service, and the Minnesota and Wisconsin Departments of Natural

Resources. The task force assembled information on potential sites from

several sources (including the on-site information described above), prepared

working estimates of projected dredging volumes, and identified major gaps

in information about the more promising candidate sites (see sample

Matrix B on page 24).

Two iterations of plan formulation were carried out by the task force

before presenting a first-cut selected plan to the PFWG. The first was an

attempt to place sites for each cut into the following categories (see

sample Matrix B on page 24).

Regional placement Habitat enhancement

Centralized placement Most probable future without GREAT
(1)

Selective placement Beneficial use

Removal from floodplain

(1) Not to be confused with the selected plan.

1 ______21
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After seeing how the candidate sites could be included or modified to

achieve the objectives implied by these categories, the task force prepared

four comprehensive plans for dredged material placement for further

consideration:

1. Most Probable Future Without GREAT (MPFW/OG): A calculated guess

as to which dredged material placement sites would be used in the future

complying with existing State and Federal regulations.

2. Removal from Floodplain (RFFP): A plan to achieve total removal

of material from the floodplain either through direct placement out of the

100-year floodplain (assumed to be 1965 high water) or by removal by others

for beneficial uses.(1)

3. National Economic Development (NED): An attempt to satisfy the

NED objectives specified in the Principles and Standards. This plan would

generally involve placing material at the least cost possible or at sites

benefiting commerce.

4. Environmental Quality (EQ): A plan that strives to satisfy the

*EQ objectives given in the Principles and Standards. This would generally

mean placing the highest priority on habitat and water quality protection

in selecting dredged material placement sites and methods.

As an aid to analysis, a display of some of the known impacts at place-

ment sites (with emphasis on the sites included in the NED and EQ plans)

was prepared. (See sample Matrix C on page 28.)

From this information and a continual flow of new information from the

functional work groups about the sites considered most seriously, the task

force drafted a first-cut, selected dredged material placement plan. This

plan completed the creative work assigned to the Channel-Maintenance Plan

Task Force. This phase took 4 months of continuous work by the task group.

The results of its activities are recorded in the minutes of the Plan Formu-

lation Work Group which are on file in the offices of each GREAT I Team

member agency.

(I) No removal for beneficial use was presumed unless a documented desire
for material was in-hand.

27
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INTERDISCIPLINARY REVIEW

The Plan Formulation Work Group undertook the first of two major reviews

of the Channel Maintenance Plan developed by the task group. At the time,

it was more correctly called a dredged material placement plan because it

was concerned almost exclusively with placement of the material and not

with the channel or factors affecting its maintenance. Studies by the

DRWG (Dredging Requirements Work Group), CTWG (Commercial Transportation

Work Group), SEWG (Sediment and Erosion Work Group), and MENWG (Material

and Equipment Needs Work Group) which wuuld affect this aspect of the. CP

had not been completed, and, at best, only preliminary findings were

available.

Dredged material placement sites for each cut were considered, voted on,

and approved, with each member of the Plan Formulation Work Group approving

or rejecting sites or proposing conditions on the use of a site based on

the perspective of his work group and its representative disciplines. No

objection to a site was considered unless a substitute site was provided,

or appropriate conditions detailed by the objecting faction. Approval was

by consensus. If no agreement to change the task force's suggestion could

be reached, the task force plan would stand and pass on to the next review

by the GREAT voting membership.

in this way, the dredged material placement plan was approved and recom-

mended by the Plan Formulation Work Group. It was called the selected plan and

displayed in the draft Channel Maintenance Appendix (dated September 1979).

This plan was circulated for public and agency review from September 1979 to

March 1980.

INTERAGENCY REVIEW

The GREAT I Team met in April 1980 to consider all comments received on

the selected plan and approve a channel maintenance plan. Studies had been

completed which altered assumptions made about maintenance of the channel.

Items such as safety near structures, rate of shoal development, tributary ero-

sion control, navigational maneuverability needs, and hydraulic effects of

changes in underwater structures were considered, and adjustments were made

in estimated dredging volumes generally increasing the estimated-volumes.

29
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The Team followed a complex but very effective procedure in approv-

ing a channel maintenance plan. For lack of a better term, the process

was called "consensus/caucus". Pools were examined individually. Motions

to approve or change aspects of the plan within each pool were made. If a

second agency wished to support the motion with a slight change, it would

offer a "friendly amendment" which could be accepted or rejected by the

originator of the motion. Through a series of these friendly amendments,

many of the conflicts or concerns of the agencies could be resolved. When

no more amendments appeared forthcoming, the meeting moderator would ask

for objections. If no objections were voiced, the motion passed by consensus.

The motion failed if objections were expressed, but it was not neces-

sarily lost. A second round of amendments and changes to the motion aimed

at removing the stated objections followed. This procedure could be re-

peated several times until all objections were resolved. If it appeared

that an objection(s) could not be resolved, any member of the team could

ask for a "caucus." At this point, the Team would recess into caucus

(the Federal agency and the State representatives would meet in two separate

groups). Votes on the motion would be taken in each group, and the results

of the vote reported when the Team reconvened. If the majority of both

caucuses voted for the motion, the motion passed; if not, the motion failed.

SThis process served to allow all concerns to be aired and forced considera-

tion of those concerns by other members of the Team.

The CMP presented in this appendix is the result of the GREAT I Team's

action. It has been approved through this process and is recommended by the

Team for immediate implementation.

i-"
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CHAPTER 5

DREDGING VOLUME PROJECTIONS

The first step in preparing the CMP and determining which detrimental

effects of dredging could be mitigated, ameliorated, or hopefully avoided

was to determine what volume of material had to be dealt with. If the

volume was small and decreasing, a little care added to past practices

might be sufficient. If the impacts were significant and the volumes were

increasing, a totally different solution would have to be found. In every

case, the degree of impact (economic, social, and environmental) would be

a function of the volume of material dredged.

The DRWG prepared a working estimate of projected dredging volumes

early in the plan formulation process as a beginning for site selection

and plan evaluation.

EVALUATION PROCESSES

A number of assumptions were made about dredging trends and effects

of new techniques and channel modifications on those trends. The assump-

tions (discussed later in this chapter) were checked, verified, and modified

3 during the study through field testing in the maintenance dredging program,

mathematical model studies, physical model research, and consultation through

the CTWG with licensed pilots working on the river. The final dredging

volume projections for each cut are given in Parts II, III, IV, and V of

this appendix.

PROJECTION AND BASE PERIOD TIME FRAMES

The Team determined that a maintenance dredging plan would be established

through the year 2025. Factors affecting maintenance dredging quantities

would be considered in three time frames:

1. Present - 1985 (short term). - This period could be affected by

GREAT coordination but existing equipment capabilities would limit alternatives

until GREAT findings and recommendations could be implemented.
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2. 1986-2000 (midterm). - The lower cost and more easily implemented

GREAT I findings and recommendations could be implemented and the channel

maintenance program would take advantage of research results.

3. 2001-2025 (long term). - Higher cost recommendations and proposals

which require further study could be programmed to be effective during this

period.

HISTRICAL VOLUMES

To allow projections related to historic dredging, a base period

encompassing a representative hydrologic cycle was required. Records in

latd 1930's and early 1940's were discarded because the channel was estab-

lished during this period and dredging requirements were above normal. Record

flooding for the Mississippi River occurred in 1952, 1965, and 1969. The

last 30 years of record were affected by the extreme high-flow years when

compared with the total hydrologic record. Therefore, the 1955-1974 period

was selected because it includes the high flows of 1965 and 1969 and also

encompasses the low-flow periods on both sides of the high water as a

balancing effect. It also represents the most current condition of use and

channel and wing dam system. During this period, dredging to a depth of

13 feet was standard with the exception of 1965 and 1974, and advance mainte-

nance dredging was practiced.

In summary, the 1955-1974 period was considered to be the most repre-

sentative period available and would be conservatively high because of advance

channel maintenance practices. Average annual dredging quantities were com-

puted for each historic dredge cut during that period.

MANAGEMENT ALTERNATIVES

Two types of projected dredging volumes were needed to develop and evaluate

alternative dredged material placement plans. To evaluate the environmental and

economic impacts of any alternative, a without GREAT plan to use as a base line

was needed. A with GREAT set of dredging volumes was also required to develop

a recommended plan for dredged material placement. The following two projections

were developed:
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1. Most Probable Future Without GREAT (MPFW/OG). - This projection of

dredging volumes assumed GREAT I had not existed. Changes in volumes and

placement methods would result from political, economic, and technological

influences exclusive of GREAT I. Some of the same results of the GREAT

dredging research would eventually be implemented. In some instances, even

more stringent restraints on dredging may have been imposed because construc-

tive dialogue between agencies may not have occurred.

2. Most Probable Future With GREAT (MPFWG). - This projection of

dredging volumes assumed that the findings and recommendations of GREAT will

be implemented.

FACTORS AFFECTING [REDGING VOLUMES

Depth of Dredging

Reduced-depth dredging began as a pilot project during the 1975 channel

maintenance season. In 1975, dredging was done to an average depth of

12 feet instead of the standard 13 feet. Initially, dredging quantities

were reduced 28.2 percent. In 1976 and 1977, with average dredging depths

of 12 and 11.7 feet, respectively, dredging quantities were reduced 27.9

and 35 percent, respectively. The Corps hesitated to recommend direct ap-

plication of these data because: (1) flows were unrepeesentatively low

during this period and (2) the reduction might be temporary if more frequent

I dredging becomes necessary (dredging less on each occurrence but dredging

more frequently, without a substantial change in total quantity dredged).

To better understand the long-range potential of reduced-depth dredging,

studies of sediment transport and accumulation were done at Colorado State

University for GREAT I. These studies show a potential to maintain a

navigable depth with significant reductions in volumes at several locations

(see Dredging Requirements Work Group Appendix and supporting documents).

The study concluded that, at those sites where reduced-depth dredging is

suitable, dredging volumes can be reduced 25 percent.

Therefore, to estimate future volumes, adjustments were averaged over all

cuts with 15 of the 25 percent occurring in the period 1986-2000 and the

remaining 10 percent occurring in 2000-2025. Implementation of reduced-depth
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dredging practices is expected for each specific cut as detailed studies of

shoaling rates at that cut are completed.

For the MpFW/OG, it was assumed that similar studies would be done in

time, but the impetus to conduct the studies and implement the findings

would not be as strong. Therefore, the first 15 percent of the possible

25-percent reduction would not occur until 1986-2000; any further reduction

would occur after 2000.

At a number of sites, the ability of a vessel to maneuver is more

important than at other sites, particularly at approaches or near rigid

structures. A vessel's ability to maneuver is hampered as the water becomes

shallower and is severely hampered at depths less than 3 feet below keel.

At these sites, no reduction for reduced depths is calculated and reduced-

depth dredging is not recommended. The following table lists these cuts.

3
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Dredging sites where reduced-depth dredging is not

recommended because of adjacent rigid structures
Pool Cut No. Name

USAF 1 Above and below Broadway and Plymouth Avenue Bridge

2 Above and below Lowry Avenue Bridge

3 Below Minneapolis, St. Paul, and Sault Ste. Marie
2 Railroad Bridge

1 1 Upper approach to locks and dam 1

4 Above Lake Street Bridge

6 Above Franklin Avenue Bridge

7 Below Lower St. Anthony Falls lock and dam

2 1 Above locks and dam 2

8 St. Paul-Harriet Island

9 Above and below Smith Avenue Bridge

10 Lower approach to locks and dam 1

3 9 Lower approach to locks and dam 2

5 8 Lower approach to lock and dam 4
5A 1 Upper approach to lock and dam 5A

6 Lower approach to lock and dam 5

6 3 Below Winona railroad bridge

4 Above Winona railroad bridge

5 Island 71

6 Lower approach to lock and dam 5A

7 1 Upper approach to lock and dam 7

7 Lower approach to lock and dam 6

8 10 Above and below La Crosse railroad bridge

9 10 Lower approach to lock and dam 8

10 1 Upper approach to lock and dam 10

6 East Channel

10 Lower approach to lock and dam 9

Minn. 5 Savage Bridge

St. Croix 3 Hudson

35

- - -i- w ~ ............-- - -



Width of Channel at Bends

One of the subjects addressed by the CTWG was width constriction at

bends as an impediment to safe navigation of barge tows. In a related

effort, the DRWG was investigating ways to minimize dredging quantities

and had identified bend width reduction as a possible way to greatly reduce

dredging quantities. With the dual purpose of obtaining an insight into

these two areas, the CTWG conducted a survey of 10 experienced towboat

pilots. Procedures used for the survey are discussed in the CTWG and DRWG

Appendixes. As a result of the survey, 17 reductions and 9 increases in

dredging widths were recommended (see the following table).

These recommendations were made by the most experienced operators and

may not provide a safe channel for the average pilot. Therefore, bend

widths or channel alignments should not be changed without first obtaining

input from a cross section of licensed towboat operators and the towing

industry; for example, the Upper Mississippi Waterways Association and

American Waterways Operators. Their knowledge of the river and its many

operational characteristics cannot be ignored and is better than any in-

tuitive decisions made by persons less familiar with barge and towing

technology.
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Possible bond width changes_

h,mt.,-1 width (feet)
Area River mile Pres1 1Li) Change SugRested

Increased width

Grey Cloud Slough 827.3-828.0 400 +50 450
Boulanger Bend 820.3-821.5 450 +50 500
iruesdale Slough 808.2-808.8 350 +50 400
Four Mile Island 807.2-807.8 450 +50 500
Head of Lake Pepin 785.2-785.6 450 +50 500
Reads Landing 762.4-763.3 450 +50 500
Below Reads Landing 761.5-762.5 450 +50 500
,ule Bend 747.8-748.8 450 +50 500
B,--sy Slough Bend 731.0-731.7 450 +50 500

Reduced width

EBwanger Bend Lower
Light 818.4-820.3 450 -50 400

Below Wind Creek 800.0-800.7 500 -50 450
C:ats Island 758.0-759.5 500 -50 450
1 low West Newton 746.4-746.9 500 -50 450
,,inters Landing 708.0-709.0 500 -100 400
R.3-.. Arrow 695.8-69b.8 500 -50 450
Sand Slough 694.4-695.2 600 -100 500

-.isville 689.7-690.2 500 -50 450
Ila-nd 126 677.2-678.2 500 -50 450
Fad Axe Bend 674.0-675.0 600 -250 450

sing Upper Light 663.8-665.0 600 -100 500
lew Lansing 600.3-661.0 600 -100 500

Gordons Bay 645.5-643.5 600 -50 550
M ississippi Gardens 642.5-643.5 550 -50 500
Aalusing Bend 628.6-629.3 600 -100 500
W val using 627.2-628.0 600 -100 500
Ferry Slough 615.6-616.3 600 -150 450

(2 Aftcr dredging.

In the acts authorizing the 9-foot navigation project, Congress left
river bend widths to be determined by the Corps of Engineers. Procedures

for mathematically determining optimum widths are being developed and

,. . tested by the office of the Chief of Engineers. A discussion of findings

of this effort is included in appendix A of the Dredging Requirements

Work Group Appendix. That appendix also contains a table of historic

and suggested width information for each bend on the Mississippi River

from river mile 615.1 to river mile 846.7. This information was provided

to the pilots during the survey mentioned above.
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The change in dredging quantity was calculated for each bend by adjust-

ing by 75 percent for a 150-foot modification, 56 percent for a 100-foot

modification, and 31 percefit for a 50-foot modification.

For the MPFW/OG condition, the GREAT I Team recognized that navigation

of a vessel in restricted channels requires a great deal of skill under a

wide variety of conditions such as river currents, shoaling, changing water

depths, wind, visibility, recreational traffic that is not always cognizant

of the "Rules of the Road," and vessel maneuvering characteristics. While

the most skillful pilot can handle most of these conditions without diffi-

culty, the river navigation system will eventually be managed to accommodate

all levels of expertise.

As adjustments are made, the GREAT I Team assumed that the bends where

increases were suggested would be widened, but the possibility of reducing

widths would probably not surface. Therefore, for computing dredging volumes

for the MPFW/OG, increased bend width factors were included but decreased

bend width factors were not.

Not all the bends identified in appendix A of the Dredging Requirements Work

Group Appendix coincide with dredge cuts; in fact very few of them do and some

have never been dredged. As stated above, the Dredging Requirements Work Group

computations include a 75-percent reduction in dredging volume for a 150-foot

modification in bend width, a 56-percent reduction for a 100-foot modification,

and a 31-percent reduction for a 50-foot modification. This gross percentage

change in dredging volumes would only be valid wher the limits of the bend

and the cut coincide. Adjustments were needed to change this figure into a

working factor that can be applied in computing projected dredging volumes.

• :In one case, bend width reduction, the adjustment is straightforward. The

.* percentage reduction in dredging volumes described above would affect only

that part of the dredge cut that is in the limits of the bend. As shown in

the following figure, this proportion of the cut is b/(a + b). To determine

the factor that bend width reduction reduces the dredging volume, multiply

this ratio for each bend and cut by the appropriate gross percentage change.
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I% f cut,

ADJUSTMENTS FOR BEND WIDTHS

SCHEMATIC OF RIVER BEND FOR CALCULATING DREDGING VOLLIE
CHANGES AT BENDS

The other case where bend width is increased requires a slightly more

complex analysis. As the width of the channel is increased within the limits

of the bend, additional dredging is required beyond the limits of the cut

to obtain this wider width. Rather than examine each cut's historic shoal-

Ing pattern, it is assumed to be a linear relationship of full increase at

point "d" to no increase at point "e" (see the above figure). The propor-

tion of the cut changed is then (b + 1/2 c)/(a + b). This ratio is multi-

plied by the appropriate gross percentage change to determine the factor

for increasing dredging volumes. Whe e the limits of the cut totally con-

tain the limits of the bend, the gross percentage change is multiplied by

the ratio of the length of the bend to the length of the cut. The actual

adjustments in dredging volumes are shown in the following table.
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Modification of Side Channel Openings

Channel maintenance dredging is required along the Mississippi River at

many locations where substantial main channel flow enters backwater areas

through side channels. Lower flows in both the main channel and side channel

result in accumulation of sediment (shoaling). Shoaling in the main channel

is removed by dredging. As shoaling occurs in the side channel, the cross-

sectional area becomes smaller resulting in higher velocities until the

system becomes balanced. GREAT has recommended opening several side

channels which may increase shoaling and dredging in the main channel.

The St. Paul District has authority to reestablish side channel openings

that have been directly affected by dredged material placement. A limited

program has been initiated and is projected to continue until 1985. The

number and magnitude of the sites are small. Therefore, a token increase in

dredging requirements of I percent was estimated in the short-term without

GREAT.

On the basis of research and recommendations of GREAT, more side channels

are being opened than would have been programmed without GREAT. The impact

is not viewed as significant, but it was an increase. An increase in dredging

requirements of 2 percent was projected for the 1977 to 1985 period. It is

anticipated that management actions after 1985 would increase flow loss into

the backwaters. Thus, a 2-percent increase was projected for the midterm

(1986-2000).

GREAT I is also recommending closure of some side channel openings.

These closures would increase flow velocity and, hence, sediment transport

in the main channel adjacent to the closures. At these cuts, a net decrease

of 5 percent is applied during the time period that the action is most likely

to occur. A list of these cuts is in the following table.

Dredge cuts adjacent to side channel closures(l)

Pool Cut No. Name

2 4 Pine Bend Foot Light
5 3 Lower Zumbro

4 Fisher Island
5 Below West Newton

(1) Dredging volume decreased as a result of increased flow velocity in the
main channel.
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Placement Site Maintenance

Current dredging practices and equipment limitations result in some

placement of dredged material in the floodplain. During high flows, some

of this material may erode back into the river system. The

volume of material which is eroded and the portion of the material that is

subsequently dredged have not been determined. An estimate in the pool 5

(Weaver Bottoms) area indicated about 16 percent of the material dredged

historically could not be accounted for in placement areas. This loss

occurred over a 40-year period and is not apparent to the casual observer.

Other areas are subject to varying conditions and this one reach estimate

should not be applied to the entire system.

Restraining material on land with berms would reduce this impact when

compared to open water placement. A 1-percent reduction was applied to both

plans based on current berming practices compared with those during the

1956-1977 period.

Wing Dam System Maintenance and Modification

Modification or repair of the wing dam system has the potential of dic-

tating where shoaling occurs. Wing dam designs might be improved at desired

sites to increase the river velocity and sediment transport through critical

locations where dredging and material placement are undesirable. Removal

or modification of the existing wing dams could reduce the river velocity

and sediment deposition at other sites where dredging and material placement

are more advantageous. This could reduce dredged material transport cost

to reach desired placement sites or reduce the overall amount of dredging

required.

Colorado State University conducted intensive research on this factor in

pool 4. These study findings are summarized in the Dredging Requirements Work

Group Appendix. Preliminary results indicated that a dike field in a problem

area would cause erosion of the channel bottom by restricting the effective

42

has-



4

width of the channel. A potential 1- to 2-foot increase in channel depth was

projected. Because the historical average face of the dredging cut is 3 feet,

a significant reduction in dredging quantity would be feasible.

The Corps reviewed existing records and alerted its field crews to

note evidence of wing dam and closing dam deterioration. The wing dam pattern

and/or alignment was briefly reviewed to identify sites with obvious design

review requirements. Wing dams or closing dams showing significant evidence

of deterioration are listed in the following table. The Dredging Requirements

Work Group also identified areas where modifications to channel control struc-

tures might reduce dredging requirements. These areas are listed in the

table on page 44.

Wing dams or closing dams showing significant evidence of deterioration

Pool Mile Bank Description

4 759.2 Right Dam 2

4 756.8 Left Dams 56 and 57

5 750.0 Right Closing dam 4

5 746.6 Left Roebucks Cut

5 745.7 Left Closing dam 41

5A 736.5 Right Dams 1 and 74

5A 732.0 Right Closing dam 60

6 728.0 Left Wing dam 87

6 724.3 Left Wing dams 64-67

7 711.6 Left Closing dam 8

7 .706.8 Right Dams 42 and 36

7 705.2 Left Dam 72

8 688.3 Left Wing dams

9 666.9 Left Closing dam 6

.4
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Wing dam system modification areas suggested for further investigation
River mile Name Suggested modification

745.5 Below West Newton Add one or two wing dams along the right
bank, across the channel from wing dam 55,
and below the existing wing dam on the
right bank.

730.4 - Betsy Slough, In this reach, remove or shorten wing dam
732.0 Wilds Bend 66 (mile 732.0, left bank), add two wing dams

on the left bank at approximate rivet
miles 731.4 and 731.2, shorten wing dam 88
(mile 730.4 - 730.7, left bank), and add
one wing dam on the right bank at river
mile 730.8.

713.0 - Above Richmond The existing wing dame along both banks
713.5 Island should be extended.

706.7 - Dakota, Minnesota, Shorten wing dams 18 and 30 (mile 709.1 -
709.0 and Winters 709.2, left bank), and extend wing dam 19

Landing (mile 708.3, left bank) downstream toward
the wing dam identified as "Hound of Riprap"
Top El. 652.0" (mile 707.9, left bank).

Shorten wing dams 42 and 43 (mile 706.8 -
706.9, right bank). Wing dams, right bank

(mile 708 - 709) appear to be ineffective
because a deep channel runs through the
field.

690.5 Above Brownsville At this site, shorten wing dam 65 (left

bank) and lengthen wing dam 33 (right bank)

664.6 - Lansing Upper Light Remove or shorten wing dam 13 (mile 664.7,

774.7 left bank), and add a wing dam on the
right bank (approximate mile 664.7).

From research findings and field observations, the Channel Maintenance

Task Force concluded that the rehabilitation of 12 to 15 sites in the next

50 years could reduce dredging volumes 15 percent over the system. Whether

all of these specific actions could be justified and implemented is question-

able. Therefore, reductions for wing dam system maintenance and modification

were limited to 9 percent for the MPFWG and 6 percent for the MPFW/OG.

Bank Protection (Mississippi River)

The Upper Mississippi River channel has relatively stable banks and main

channel bank erosion is not considered a significant contribution to sediments

requiring dredging. Recognizing that main channel bank erosion does contribute
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sediment, theCorps of Engineers and Colorado State agreed on a 1-percent

reduction in dredging volumes if the erosion was stopped. It is recognized

that riprap bank protection is valuable as fisheries habitat and, in

extreme cases, is necessary to retain channel alignment for reasonable

navigation. The Plan Formulation Work Group felt 1 percent was con-

servative and increased the projected reduction to 2 percent. This

reduction was posted in an earlier time frame for the MPFWG condition

than for the MPFW/OG.

Tributary Sediment Supply

A sediment trap with a capacity for 313,800 cubic yards was dredged on

the Chippewa River in May 1965. The trap was dredged to catch sediment be-

fore it reached the Mississippi River. An area of 780,000 square feet was

deepened from approximately 9 to 20 feet. The site was 2,400 to 4,000

feet upstream of the Chippewa River confluence with the Mississippi River

channel. Monitoring of the sediment trap showed the area had filled

by the fall of 1966. Initial reaction was unfavorable because of the

short life of the trap. However, dredging was not required at Reads

Landing in 1966 and 1967 under normal flow conditions. Dredging re-

quirements in lower pool 4 in 1967 dipped 95,000 cubic yards below average

annual requirements.

The DRWG conducted several studies of lower pool 4 and the confluence

of the Chippewa River. These studies are documented in the DRWG Appendix

and supporting documents. From these studies it was concluded that a maxi

mum reduction of 50 percent of the sediment supply coming from the Chippewa

River would potentially reduce dredging requirements by 50 percent immediately

below the Chippewa-Mississippi River confluence. Furthermore, the effect

of this reduction would move downstream on the Mississippi rtiver at about

1 mile per year. The overall effect of this reduction would also subside

as one proceeds downstream with no measurable benefit below lock and dam 5.

The following table shows the reduction computed for each cut in lower pool 4

and pool 5 resulting from potential actions on the Chippewa River.
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Site-specific dredging volume reductions from erosion protection on the

Chippewa River
Reduction (percent)

Pool Cut Name 1986-2000 2000-2025

4 5 Reads Landing 50 50

4 Above Crats Island 37 50

3 Above Teepeeota Point 33 50

2 Grand Encampment 30 50

1 Beef Slough 20 50

5 8 Lower Approach L/D 4 0 25

7 Mule Bend 0 25

6 West Newton 0 25

5 Below West Newton 0 25

4 Fisher Island 0 25

3 Lower Zumbro 0 25

2 Sommerfield Island 0 25

1 0 25

GREAT did not include in the CMP the dredging required in the Chippewa

River to create and maintain this sediment trap. This dredging was omitted

because of the uncertainty of the sediment trap as a channel maintenance

feature. Other less costly measures may be taken in the Chippewa River

which wifl provide the sediment reduction desired, or it may be possible that

no placement site for material from such a trap will be acceptable. If the

sediment trap approach is implemented, an additional dredging site should

be added to the CMP.

The dredging volume reduction for sites immediately affected by the

Chippewa River were modified because of the potential impact of a sediment

reduction project in the Chippewa River. These dredging volume reductions

are projected to be 34 to 37 percent (see the following table). The Team be-

lieves a total reduction estimate of 84 to 87 percent for a shoal such as

Read's Landing was unrealistic. Therefore, rather than adding the 50-percent

reduction for the Chippewa River sediment reduction to the other reduction

factors, the Team agreed to assume a total reduction of 50 percent for Read's

Landing and lesser reductions for dredging farther downstream.
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GENERAL DREDGING REDUCTIONS

The changes in dredging volumes for each cut were computed as described in

the previous section. The following table summarizes the general adjustments

applied to all cuts in the GREAT I study area. As noted, many of the adjustments

used in computing an estimate of dredging volumes are site-specific. A tabu-

lation of these calculations for each cut is shown in ta!,le 2 of Parts II, III, IV,

and V of this appendix.

4
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General dredging volume adlustments(1)
Percent change

Time period Factor With GREAT Without GREAT

1975-1985 Depth of dredging -15(2) .2)
Width at bends (3) (site specific)
Modification to side channel
openings +2,(4 )  +1

Wing dam maintenance and modification -3 -2
Placement site maintenance -1 -1
Bank protection -2 -

Typical adjustment for 1975-1985 period -19 -2

1986-2000 Depth of dredging (additional) -I0 (2) -10
Modification to side channel openings
(additional) +2 (4

Wing dam maintenance and modification
(additional) 3 -2

Bank protection (additional) -2
Siltation of backwaters -3 -3
Tributary sediment supply - (site specifis). (5 )

Typical additional adjustment for
1986-2000 period -15 -17

Total adjustment from 1975 -34 -19

2001-2025 Depth of dredging (additional) (2) -15
Wing dam maintenance and modification
(additional) -3 -2

Typical additional adjustment forI 2001-2025 period -3 -17

Total adjustment from 1975 -37 -36

(1) Factors to be applied to average annual dredging volumes.
(2) No reduction at approaches to rigia structures such as locks, bridges,

piers, and other structures which pose potentia] safety hazards.
(3) Both increases and decreases in volume from the table on page 40 will be

applied to the with GREAT volume computations. Only increases in volume will be
applied to the without GREAT volume computations.

* (4) A decrease of 5 percent is used at those cuts where GREAT is recomending
side channel closures adjacent to cuts, thus reducing the effective flow area
and increasing flow velocities and sediment transport capability. This factor
is applied during and following the time period that GREAT expects the side
channel alteration to occur.
(5) The Chippewa River is the only tributary in the GREAT I area on which

treatment to reduce sediment transport is expected. Studies documented in the
Dredging Requirements Work Group Appendix show this reduction will affect only
lower pool 4 and pool 5.
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The following two tables summarize the estimates of dredging volumes

for the with and without GREAT conditions. These adjustments would reduce

some of the major dredging cuts from high problem areas to areas of moderate

concern; others would remain significant issues.

Comparison of dredging volumes (1986-2025)
Total volume dredged Average volume dredged
(1,000 cubic yards) per job (cubic yards)

Without Without
Pool With GREAT GREAT With GREAT GRE2AT

USAF 1,505 1,630 24,300 26,300
Pool 1 3,034 3,309 22,000 24,000
Pool 2 4,136 4,623 32,800 36,700
Pool 3 2,734 3,052 36,000 40,200

Pool 4 (U) 1,455 1,595 42,800 46,900
Pool 4 (L) 4,794 7,110 42,100 62,400
Pool 5 3,062 4,683 23,600 36,000
Pool 5A 2,370 2,592 32,900 36,000

Pool 6 1,184 1,290 17,900 19,600
Pool 7 2,172 2,528 31,000 36,100
Pool 8 3,679 4,318 35,400 41,500
Pool 9 2,322 3,405 27,000 39,600
Pool 10 1,528 2,008 28,300 37,200

Minn. 720 786 13,300 14,600
St. Croix 1,269 1,385 52,900 57,700

Total 35,964 44,314

Average per job 30,800 36,900
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CHAPTER 6

POOL DISCUSSIONS

INTRCDUCTION

This chapter provides brief narrative descriptions of the CHP recommended

for each pool. These descriptions are intended to make the CMP more under-

standable to those not familiar with every dredge cut and placement site in

the GREAT I area. Placement sites are referred to by the numbering system

used in the CMP. The sites are shown on the maps of each pool located in

Chapter VII of the main report. More detailed CMP maps are located in Parts

II through V of this volume.

ST. ANTHONY FALLS POOL

The navigation project above St. Anthony Falls was completed in the

mid-1960's. One of the requirements for completing the project construction

was an agreement with the city of Minneapolis, Minnesota, to sponsor the project.

The city is obligated to provide lands needed for the project, its operation,

and its maintenance.

The Channel Maintenance Plan Task Force (CMPTF) discussed the material

placement possibilities with representatives of Minneapolis, evaluated these

possibilities, and, with knowledge of the city's riverfront development plans,

prepared a recommended plan.

Site U.01 in the Upper Harbor (1) has been used for material placement,

but the city plans to develop the site for riverfront public use and will
.1

provide an alternative site. The proposed site is U.02 which is also in an

industrial area. The third site the CMPTF considered was U.03, a privately

owned sand and gravel stockpile site. The landowner is willing to take the

material and has a use for it. The GREAT I Team did not take specific action

in recommending this site. In both cases, the material would be removed for

beneficial use.

(1) Commonly used name for the Upper St. Anthony Falls Pool.
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The GREAT I Team added a condition on the r se of site U.02 - the material

must be removed before the next seasonal high iter. This condition should

not cause a hardship because Minneapolis uses the material for sanding icy

streets in the winter.

POOL I

In pool 1, Minneapolis is not required to provide placement sites.

In recent years the city has requested and received most of the dredged

*material from pool 1. The Corps has been dredging with a clamshell dredge

and barging the material to the Minneapolis Coal Dock (site 1.01). The

CMPTF recommended that this plan be continued with some occasional shore-

line placement to renew the existing beaches and provide some more variety

of habitat in the gorge area. No other sites in the pool have capacity

to handle the volumes dredged.

The GREAT I Team expanded on the selected plan and will allow, during

emergency conditions, the use of historical placement sites with the condi-

tion that the material be removed to site 1.01 before the next seasonal

high water.

MINNESOTA RIVER

This portionof the 9-foot channel project was not included until the

mid-1960's. Before that, companies with terminals on the Minnesota River,

primarily Cargill, Inc., maintained a navigation channel. In 1967 and 1968,

the original construction dredging was done under contract with a 16-inch

hydraulic cutterhead suction dredge. Major items of the dredging work were

(1) Two-Mile Cutoff, (2) Four-Mile Cutoff, (3) Six-Mile Cutoff, and (4)

Petersons Bar. The three oxbow cutoffs were dredged, and closing dams

were built at the upstream ends of the old channels. At Petersons Bar,

the flow of the river was diverted from the right to left side (facing

downstream) of a rock outcrop in the riverbed.

The Lower Minnesota River Watershed District is the local sponsor for the

Minnesota River project. As such, it has certain responsibilities for mainte-

nance of the channel. These responsibilities include providing the land areas

needed for dredged material placement.
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Immediately after construction, the watershed district set about to

fulfill this responsibility. With no record of historic dredging on this

new, deeper, and straighter channel, it was assumed that dredging could

occur at any place along the 14.7 miles of channel, most dredging would be

done with hydraulic dredges having a range of about three-fourths mile,

and larger sites would be needed in the upper reaches of the project. Under

hese assumptions, the watershed district bought land or easements at

roughly 1 1/2- to 2-mile intervals along the channel. With approximately

10 years of records, GREAT has been able to make better estimates of ex-

pected dredging requirements.

All of the sites originally purchased for placement are still available

except for restrictions imposed by floodplain ordinances. A few sites now

lie within the boundaries of the Minnesota Valley National Wildlife Refuge

but these sites will be replaced by the Fish and Wildlife Service if they

are taken for the refuge development.

The consulting engineer for the watershed district worked with the CMPTF

in identifying potential placement sites, evaluating those sites, selecting

placement sites for the various plans, and recommending sites for the selected

plan.

J. L. Shiely Sand and Gravel Company assured GREAT in a letter datedI June 28, 1977 (see the following page), that material dredged at several sites

near the mouth of the Minnesota River would be accepted at Shiely's

Lexington Avenue storage yard on the Mississippi River (site 2.18 - RM 843.3)

if the material was delivered to the conveyor system at the base of the bluff.

The yard is part of its Twin Cities operation and is normally a distribution

point for sand and gravel mined on Grey Cloud Island (RM 825). Gravel and

quarried limestone are loaded on barges at Grey Cloud Island and transported

to any of several riverside yards. The barges are unloaded by clamshell.

The gravel and limestone are stockpiled and trucked to the customer.

At the Lexington Avenue storage yard, the stockpile sites are on top of

the river bluff. Two sets of railroad tracks are at the bottom of the bluff

between the yard and the river. A conveyor system moves the material from

the riverbank to the stockpile.

56

j~v



J. L. SHIELY COMPANY

1101 SNELLING AVENUE NORTH , SAINT PAUL.MINNESOTA 55108

TELEPHONE: 646-8601

June 28, 1977 .C l" o

JAN 10 1979

Mr. Carl Schenk, Planner 31.JJ OF
Mississippi River Corridor PLANNING
Metropolitan Council
300 Metro Square Bldg.
7th. St. & Robert St.
St. Paul, MN 55101

Dear Mr. Schenk:

Harold Rehfeld of the City of Lilydale referred your letter
regarding dredge spoil disposal sites to me. We have a tract of
land on the west bank of the Mississippi immediately upstream
from the 1-35E Lexington Avenue Bridge. This tract has been
quarried and from time to time parts of the property have been
refilled. For certain locations along the river this site
might have use as a dredge spoil disposal site. We htave the
capability of unloading barges if the material is relatively
dry and granular.

If you need further information feel free to contact me.

,'ey truly yours

Lely, III
ice resident-Operations

JLS, III. d
-! ~ cc: Harold Rehfeld

INDEX NO._______________

ROUTE

JUN2 9 I1(I

iiCIbV l.l " ) c V)IIN(tlI.
A tu4c, C .dQ Not Coped C] No.,

FILE-_
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For the dredging operations, the dredging plant would bring loaded

barges to the unloading site. Shiely would unload the barges and store the

material on the stockpile site for its own use.

Cut 2, Four-Mile Cutoff, has only been dredged once in the history of

maintenance on the Minnesota River (in 1969). The dredging was to correct

dimensions from the original construction dredging. The channel has remained

stable. The GREAT Team does not believe that this site will require dredging

in the future. If the site needs dredging, site MN.28, the site used during

construction, was selected for placement of the dredged material.

The Lower Minnesota River Watershed District originally purchased MN.07

to serve Cut 3 - Peterson's Bar. Title has been transferred to Bloomington,

Minnesota, and the site is included in the Lower Minnesota River National

Wildlife Refuge and Recreation Area.

The main factors influencing the choice of MN.30 as the primary site and

MN.06 as a secondary site are described in the following table. As in cut 1

(site 2.18), the selected site is subject to the wishes of the landowner.

Therefore, even though the selected site is large enough to hold all the

material, a secondary site is shown. The first step toward using MN.30 isI to get the permission of and a long-range agreement with the landowner. This

step is the responsibility of the Lower Minnesota River Watershed District.

Some dikes or bermas may have to be placed in the quarry floor to keep the

dredging separate from any quarrying that might be going on, and any slurry

water must be handled if the material is delivered by pipeline.
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Factort in site selection on the Minnesota River

Factor MN.30 MN.06 MN.07 MN.13

For Out of the Potentially out Adjacent to cut. Out of floodplain.
floodplain, of the floodplain. Previously used Beneficial use as

Beneficial use Potential for bene- site. quarry backfill.
as quarry ficial use. Landowner willing
backfill or Landowner willing to accept material.
landfill to accept No containment struc-
cover, material, ture needed.

Landowner No containment
willing to structure needed.
accept No pumping of slurry

material, water required.
No containment Possibly within
structure reach of hydraulic
needed. dredge.

Against Just beyond Quality habitat, In floodway. Beyond reach of most
reach of even though tempo- Material must be hydraulic dredges.
most hy- rary, for upland removed by truck. Return water must be
draulic game would be Poor road access, pumped.
dredges. lost. Adverse impacts Privately owned.

Return water on Minnesota Farther from the
must be River Trail. river than MN.30.
pumped. Containment dikes

Privately needed.
owned.

The GREAT I Team suggests that, to use this site, every effort be made to

dredge only the lower end of the cut and dredge directly, with hydraulic dredge,

to site MN.30. If this is not possible, a mechanical dredge plant placing

material on shore opposite MN.07 or at the salt dock just above 1-35 and

trucking to MN.30 would be the recommended method.

Cuts 4 and 5 together form the most difficult dredge material placement

Ir i problem on the Minnesota River. Locks and dam 2 influence water levels to just
.b upstream of the project. This effect slows water flow and decreases the river's

sediment transport abilities drastically in the first 2 or 3 miles - the areas

of cuts 4 and 5. The watershed of the Minnesota River is different from most

of the other tributaries to the Upper Mississippi River in the GREAT I area.

The upland areas are overwhelmingly agricultural, and not as many areas of

stream bank erosion are present. Those areas that do erode yield a much higher
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proportion of silt and fine sand particles than the other tributaries,

including the Mississippi River above Minneapolis. Therefore, material

dredged from the Minnesota River cannot be used for some of the beneficial

uses of other dredged material (for example, street sandings). Thus, the

potential market is limited.

JThe entire left bank of the river is in the floodway; most of the right

bank is zoned industrial with a high potential for development. In 1975 and

1976, the Twin Cities Level B Study spent considerable time discussing

potential placement sites with all the landowners in the area and the water-

shed district. These discussions have continued with the watershed district

taking an active role. Assuming that it would be possible to reach all

potential sites between the river and the Chicago and Northwestern Railway

tracks, few sites were identified which would best fit into the landowners'

development plans and provide access for removal. Possible means of reaching

the site with dredge line were explored. Overall, site MN.03 provided the

best combination of:

1. Access from the dredge.

2. Access for removal.

3. Negligible habitat impacts.

4. Negligible flood effects.

5. Suitability to landowners' plans.

6. Negligible cultural impacts.

The site is a grassy meadow. It is bordered on two sides by railroad

sidings which connect the Chicago and Northwestern lines on the south and the

Minneapolis, Northfield and Southern Railway tracks on the west (across

County Road 31). Vehicle access to the site is off County Road 31. Overland

access to cut 4 is not difficult; only a channelized portion of the Credit

River outlet would have to be spanned.
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Access to the upstream end of cut 5 is considerably more difficult.

The Minneapolis, Northfield and Southern Railway track is on a rock fill for abo

2,000 feet south from the bridge and earthen fill the remainder of the way to

where it crosses over Highway 13 in Savage. No culverts or breaks are in this

fill. To reach MN.03, the pipeline must either cross under the track at the

river, or a connection through the embankment must be built.

MN.14 is closer to cut 5 than MN.03 but the problems of crossing the

Chicago and Northwestern Railway tracks, frontage roads, and the four-lane

divided roadbed of Highway 13 make it less attractive.

Maintenance of the channel on the Minnesota River depends on cooperation

among the Corps, the Lcwbr Minnesota River Watershed District, permitting

agencies, and the local landowners. Fortunately, the volumes to be dredged

apparently are not unreasonably large and throughout a season the channel has

remained quite stable, which is to say that sedimentation rates are more

closely related to spring runoff than summer storms. It would be desirable to

study sediment transport with the objective of reducing total dredging

volumes. However, the expected volumes, based on the short history of the

project, do not appear to warrant a high priority for such study.

POOL 2

The most difficult dredged material placement problems occur in down-

town St. Paul (cuts 7, 8, and 9). The area near the river is so develop-

mentally volatile that it is very difficult to find a site that will stay

relatively unchanged for even 10 years. On the other hand, some construc-

tion which could use the material is usually imminent or being planned.

The GREAT I Team selected a plan that would:

1. Provide a site(s) that would seem to have some longevity and

be available for removal to other sites, construction projects, or other

uses.
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2. Illustrate that some work being contemplated now should use dredged

material and recommend that it be used in these specific areas.

The second most difficult area to select sites for is the area immedi-

ately below the Pig's Eye Metropolitan Sewage Treatment Plant (cuts 4, 5,

and 6). These cuts have much higher levels of contamination than other cuts

in the pool.(l) Therefore, more care in choosing sites is needed to protect

the backwater areas and main channel waters from the dangers of resuspended

contaminants. Each site examined was assumed to be diked with potential

total containment of dredged slurry.

At cut 1, the GREAT I Team selected a site near the lock approach ad-

jacent to the lock structure where the material would be used as fill.

For cuts 2 and 3, the two candidate sites were sites 2.35 and 2.24.

Site 2.35 was selected primarily because it was in an area that could be

easily diked if needed for pipeline placement. Site 2.24 is part of the

Spring Lake rehabilitation proposal by the Twin Cities Metropolitan Council

and C. F. Industries.

The proposal for altering the head of Spring Lake is one of the special

features of the GREAT I CMP described in Chapter 12 of this appendix. Under

this proposal, some channels into Spring Lake would be blocked and an extension

of the natural levee would be constructed. The actions would reduce erosion

at the head of Spring Lake and prevent encroachment of land areas, by sedi-

mentation, into the lake. In addition, the dredging required at Pine Bend

Foot Light might be significantly reduced.

The Spring Lake proposal was being developed when the CMP was assembled.

The GREAT I Team saw several problems with the proposal which would have to

be solved before it could be considered. Therefore, another site was
.1

selected for all the material. If these problems are resolved, several of

which have been addressed in Chapter 12, site 2.24 should be the selected site.

(1) All cuts in pool 2 showed a level of contamination high enough that the
GREAT I Team recommended diking and 7-day retention of slurry water. Percola-
tion of water through dikes and the underlying soil was factored into all
sizing and cost computations. The material would be available for beneficial
use and there is road access to the site but it is doubtful that any material
would be removed. The native soil at the closest developing area is very
easily shaped and is excellent for fill and building material.
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Some of the concerns involve hydrology, water quality, fish and wildlife

management, institutional concerns, and economics (e.g., what are the

effects on flood flows and dredging volumes, is the natural spring water

feeding Spring Lake of sufficiently high quality and quantity to affect

the lake's condition, can a suitable fishery be developed and maintained,

is there broad support from both private and public interests for the

project, and can cost savings be realized in maintaining the navigation

project, respectively).

With the acceptance of the project at site 2.24, material from cut 4

would be diverted, as needed, from site 2.10 to 2.24 and material from cuts

2 and 3 would be diverted, again as needed, from site 2.35 to 2.24.

Site 2.10 was selected for cuts 4, 5, and 6 because, of the several

sites considered, it best met several criteria. It provided enough area

to construct a diked retention area, removed material from the floodplain,

made material available to Dakota County (the county had shown a need for

1,700,000 cubic yards), and showed little potential for groundwater pollution.

The St. Paul Barge Terminal (cut 7) is the highest total volume dredgingIsite in the St. Paul District with a total expected volume of 2,028,000 cubic
yards to be dredged in the 40-year study period. In recent years, this

material was placed on shore near Holman Field (site 2.15). The area bounded

by the shore, the St. Paul flood control levee, access roads to the Holman
Field terminal building, and the seaplane dock (the limits of site 2.15)

is, for all practical purposes, filled to the same height as, or higher than,

the levee. The shoreline, including that facing the seaplane dock, has now beet

riprapped. Thus, site 2.15 is no longer a candidate for a long-termIj site as described at the beginning of this discussion. A more complete

discussion of all sites recommended for this cut and the obstacles to imple-

mentation of each are discussed in Chapter 12, Special Features of the CMP.
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POOL 3

Three cuts in pool 3 have significantly lower dredging volumes and

frequencies than the other cuts. For these three, GREAT I chose placement

sites that would have reasonably few negative impacts.

Every effort was made to accommodate the needs expressed by the city

of Hastings. The primary site for cut 9 is a temporary stockpile site,

site 3.47, along a city street. Site 3.46 was recommended, though not

always as the primary site, for cuts 4 through 8. It is a stockpile site

near the downtown area having moderate land access. In addition, the

GREAT I Team recognized plans under way by the Corps of Engineers and the

city of Hastings to develop Lake Rebecca Park by making material available

for park development if any fill is needed.

The Minnesota shoreline between Hastings and lock 3 is inaccessible by

land. Sturgeon Lake and North Lake are backwater marshes that are beginning

to show the same symptoms as the Weaver Bottoms. The Wisconsin shoreline

between Prescott and Diamond Bluff plunges directly to the main channel

water surface from the top of the bluff broken only by the roadbed of the

liu:lington Northern railroad tracks.

Goodhue and Dakota Counties, Minnesota, and the city of Hastings have

expressed a need for large amounts of material. Even though portions of the

material would be used adjacent to pool 3, the lack of access sites pre-

cludes meeting any of the counties' needs with pool 3 dredged material.

Hastings may be able to justify bringing material in from near Prescott.

Prescott, Oak Grove Township, and Diamond Bluff, Wisconsin, all showed

a need for moderate volumes of material. GREAT I sees these communities

satisfying their needs from nearby sites with access (sites 3.34, 3.27, and

k3.09, respectively).

Site 3.09 was chosen for cuts 1, 2, and 3 because of its larger

potential volume; the volumes dredged approximately equal the capacity of

the site.
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Sites for cuts 4, 5, and 6 are difficult to chuose. Those sites

immediately available are marginal at best either because of capacity

limits, negative impacts, or difficult access. This, plus the nature of

the tributaries associated with those shoals, led to the recommendation

for sediment entrapment structures on intermittent streams in Wisconsin.

Site 3.34 does not have capacity for all the material from cut 7 in

the configuration planned for the site. The beach on the St. Croix River side

of Point Douglas is the most heavily used beach area with land access on the

St. Croix River. Parking is extremely limited and a very dangerous traffic

condition exists on every summer weekend. Attempts have been made to dis-

courage its use in the past, because of this traffic condition, without

success. Rather than discourage its use, those in authority have opted to

try to make the area as safe as possible, and steps have been taken to plan

and design a safe recreation area encompassing most of the peninsula. Site

3.34 can serve either as a parking lot to support the beach area or as a

stockpile area for material to be used elsewhere.

The largest single problem to be faced while dredging pool 3, according to

to the CMP, is moving dredged material from the loaded barges to placement

site 3.09. Almost,without exception, the easiest and least detrimental

means of moving the material is in a pipeline. The distances from the closest

mooring place to the placement site is beyond practical movement mechanically

(by end loader, dozer, etc.) and the material is not easily moved by conveyor
belt. If the material can be bottom dumped from the barges and dredged inland

with a pipeline dredge, the problem is difficult but not insurmountable.

If this cannot be done, the costs of dredging will increase substantially

to cover specialized equipment which unloads the material as slurry directly

from the barge, dries the material sufficiently to be handled by conveyor,

or substantially increases the reach of hydraulic dredges.

.5
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ST. CROIX RIVER

The portion of the lower St. Croix River which includes the 9-foot

navigation project has been declared a National Scenic Riverway. The

documents and management governing this scenic riverway recognize the

importance of maintaining the channel in harmony with the intense

recreation use. The following quotation from the Lower St. Croix National

Scenic Riverway Master Plan dated February 1976 exemplifies the basic

philosophy from which GREAT I worked to develop plans for the lower St. Croix

River:

"A spoil disposal plan should be developed so that dredge spoil

material from the 9-foot channel would be used to supplement

existing beach areas or to establish additional recreational

sites outside the floodway."

Beyond the scope of the National Scenic Riverway are many conflicts in use and

( planned use on the St. Croix River. The Minnesota-Wisconsin Boundary Area

Commission was established as a Governor-appointed citizen bistate review

commission to help deal with these conflicts, needs, and pressures.

In developing plans for the St. Croix River, the CMPTF carefully reviewed

all potuiLlal s1ites witb the executive director of the Commission before

selecting any sites and reviewed all plans with them before recommending a

selected plan.

The primary factor in selecting sites was providing safe areas for

boaters to use the placement sites. GREAT I felt that once the sand was

placed, there was no doubt that it would be used. The channel maintenance

plan must therefore protect the boating public as much as possible by plac-

ing the material in safe places. The lists of sites show the order of prefer-

ence for using the sites.

At the higher volume cuts, sites that showed any potential for bene-

ficial use removal while still having any sufficient on-site capacity without

removal were recommended after needs for beaches were satisfied.
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At the sites at Kinnickinnic Bar, questions of land ownership and

State park development must be answered before placing material. (See

Chapter 7 for further discussion of these concerns.)

POOL 4

Although Pool 4 is divided by Lake Pepin into lower and upper sections,

the pool is dealt with as a single unit here. Cuts 1-5 are located in the

lower section and cuts 6-11 are located in the upper section.

The selected material placement sites for cuts 1, 2, and 3 are identical.

In fact, the three cuts function as a unit as far as placement operations

are concerned. All rely heavily on beneficial use by four identified markets

in Wisconsin. Cuts 4 and 5 are also tied together but to a much smaller

extent. They place some reliance on the Wabasha Gravel Pit and beneficial

use in and around Wabasha.

To fully understand the relationship of cuts 1, 2, an. 3 with placement

at the small-boat harbor (site 4.02), a "budget" of material used and stored

must be shown.

Four markets were identified in the Marketing Study (see Dredged

Material Uses Work Group Appendix). These markets are the Wisconsin Depart-
Ment of Transportation (61,000 cubic yards), Buffalo County (1,500,000

*cubic yards), Alma Village (400,000 cubic yards), and Alma Township (20,000

cubic yards). The Task Force split the Buffalo County requests between

pool 4 (730,000 cubic yardd) and pool 5 (770,000 cubic yard,,.
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Lower pool 4 material budget (cuts 1, 2, and 3 to site 4.02)

Item Amount (cubic yards)

Demands and capacities

Buffalo County 730,000

Village of Alma 400,000

Wisconsin Department of Transportation 61,000

Township of Alma 20,000

On-site capacity (4.02) 367,000

Total capacity 1,578,000

Dredging volumes

Cut 1 - Beef Slough 235,000

Cut 2 - Grand Encampment 522,500

Cut 3 - Above Teepeeota Point 972,000

!Total volume dredged 1,729,500

Excess volume dredged 151,500
(9 percent)

(1)
Use of site 4.02 depends on the establishment of a bulkhead line. The

request which begins this process under Wisconsin law must come from a local

governmental unit, in this case either the city of Alma or Buffalo County.

Cuts 4 and 5 are immediately downstream of the Chippewa River. This

reach of river has been the subject of the most intensive and broad-based

studies within the GREAT I effort. There are references to this problem

area in practically every report and document prepared by GREAT I. In

particular, refer to Chapter 12 of this appendix and the Dredging Require-

* ments, Material and Equipment Needs, and Fish and Wildlife Work Group

Appendixes.

(1) 'isconsin Statutes Section 30.11 authorizes the Deoartment of Na:.l
Resources to -ermit placement of material in navigable waters only if it is
placed behind a bulkhead line. A bulkhead line is a surveyed line which de-
scribes the limits of a fill and can only be used to regularize a shoreline. A
bulkhead line cannot be used to create land for the riparian owner.
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The two overriding considerations which arose in preparing the plan

for upper pool 4 were the nature of material at cut 6 (Wacouta Point)

and the requests for material and a potential industrial harbor develop-

ment in Red Wing, Minnesota.

Dredging at Wacouta Point requires unusual handling compared to other

cuts along the river because of the high level of PCB contamination in

the sediment. A thorough discussion of the problems at Wacouta Point is

in the Dredging Seminar Proceedings. Sites 4.37 and 4.38, both gravel

pits, were chosen because the material would be least likely to cause

further contamination of the river and would have the least overall environ-

mental impacts. High costs of building containment areas ruled out many

of the sites which at first glance seem preferable. Site 4.48 is a

temporary stockpile and/or rehandling site. Site 4.57 was selected as the

primary placement site for cuts 7, 8, 9, and 11 because of the site's

accessibility and the fact that it has already been greatly disturbed by

landfill operations. Site 4.57 in Red Wing has been a productive wetland

in the past but very little habitat value remains since the city used it

for a landfill.

The following material budget for site 4.57 shows how the material

is to be distributed. The CMPTF discussed all of the several sites around

Red Wing's upper harbor with local officials before deciding on site 4.57.

This provided the best compromise between the city's desire for fill at several

locations and the logistics of bringing the material to the site from the

dredge.
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Dredged material budget, site 4.57
(Fill for industrial harbor and beneficial use removal)

Item Quantity (cubic yards)

Beneficial use demands and capacity

City of Red Wing 180,000

Goodhue County 160,000

On-site capacity 605,000

Total demand and capacity 945,000

Dredging volumes

Cut 7 - Below Red Wing highway bridge 395,500

Cut 8 - Above Red Wing highway bridge 85,500

Cut 9 - Cannon River 427,500

Cut 11 - Above Trenton 93,500

Total dredging volume 1,002,000

Excess dredging volume(l) 57,000

(I) To be placed in secondary placerent sites for cut 7 (4.47 and 4.54).

I

Material from cut 11 at Trenton, Wisconsin, is to be placed at site 4.63,

a private floodplain forest area that has been developed for recreation use.

The Red Wing Wildlife League would be responsible for further development of

the placement site once the material is delivered.

POOL 5

The recommended plan for dredging and material placement in pool 5 is

a classic example of "regional placement" as described in the 9-foot

Navigation Channel Environmental Impact Statement. One of several large

placement sites will be used for material from all cuts in the upper half of

the pool. The specific site to be used will either be an agricultural.

field on the Minnesota side, a pasture area north of Buffalo, or a site adjacent

to the Alma power plant rail loop. If the material is placed at either of the

Wisconsin sites, Buffalo County will take large volumes of the material for

beneficial use.

Dredging in the remainder of the pool is adjacent to and 1etween Weaver

Bottoms and Belvidere Slough. The recommendations of the "Phase I Study

of the Weaver-Belvidere -rea, Upper Mississippi River" led to the selection

of sites for this portion of the pool.



Weaver Bottoms has been a major ioncern of the GREAT I Team since

early in the study. The Weaver-Belvidere study suggested several specific

actions involving blocking side channels and constructing islands within

the Weaver Bottoms area. These are identified collectively as site 5.30.

By recommending site 5.30, GREAT I implies that all placement will be

according to recommendations of the Phase I Study of the Weaver-Belx re--

area (or subsequent studies of the same area done after the GREAT study is

completed). The Weaver Bottoms channel closures without island construc-

tion would only provide the dredging capacity needed for approximately 5 years.

If islands are not to be built in the Weaver Bottoms area, alternative place-

ment sites for the lower four cuts will need to be developed for the period

1990 to 2025. For a more complete summary of the Weaver Bottoms area see

chapter 12.

Five markets for dredged material were identified in the Marketing

Study (Dredged Material Uses Work Group Appendix) for material dredged in

pool 5 and placed on the Wisconsin shore. Buffalo County's st~ted need of

1,500,000 cubic yards was arbitrarily split between pools 4 and 5 with

770,000 cubic yards assigned to a placement site in upper pool 5.

Ie Upper pool 5 material needs

Item Quantity (cubic yards)

Buffalo County 770,000

Wisconsin Department of Transportation 131,000

Buffalo County 12,000

Belvidere Township 20,000

Cochrane Village 10,000

;-.Total 943,000

In addition to these identified needs for material, Dairyland Power has

recently expressed interest in using material either dredged near the Alma

Power Plant or delivered to a site with access near the plant.
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POOL 5A

No overriding scheme or concept has emerged from the planning process

for pool 5A. Early attempts were made to accommodate a potential habitat

enhancement project at site 5A.35 using dredged material to build islands

in Pollander Lake. Further assessment of the concept by the Fish and

Wildlife Work Group showed a preference for using material from the

immediate area to build the islands.

In most cases, attempts were made to balance the benefits of removing

the material from the floodplain and providing for beneficial use near

Fountain City with the benefits of not limiting the choice of equipment

and keeping costs low.

POOL 6

All the expected dredging in pool 6 is within 3 miles of Winona; the

largest volumes are downstream of town. Winona is a medium-sized city

located on a bottomland terrace with little room for growth without spread-

ing onto the river bluff, The local economy has in the immediate pas-

3 been largely based on the three colleges in town. Recently, a locally

based manufacturing and commercial economy has been developing and expanding

into areas near the river and along railroads on the downstream side of town.

The local flood protection project being built by the Corps of Engineers

will remove this area from the floodplain.

This development has generated a desire for fill material for building

sites and other uses. Site 6.17 is an area suggested by the city (Winona

Port Authority) as desirable for the next development in the industrial

park area. This site is reasonably near the main channel and can be reached

from shore using hydraulic dredges. Sites 6.27 and 6.19/6.20 are also in the

city r material would be stockpiled for use in other areas.
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With these demands for material in the Winona area, GREAT I felt that

every reasonable attempt should be made to satisfy this demand while taking

advantage of the proximity of most of the dredging to the city. In addition,

one of the institutional problems encountered elsewhere on the river is

avoided here. That is, "can the material be made available to private

parties without compensation?" At the time the CMP was assembled, site

6.17 was owned by the Winona Port Authority, a public body which could ac-

cept the material with no difficulty under current regulations.

POOL 7

Pool 7 is probably the most difficult pool in the GREAT I area to select

placement sites for. The channel through the pool stays very close to the

bluff line on the Minnesota side. In fact, for almost the entire length of

the pool, there is only enough room for the railroad tracks and the highway

along this bank. Any low or level areas are built up with single-family and

vacation homes. The Wisconsin shore is dominated by Lake Onalaska and the

Black River bottoms both of which effectively block any access to pi cement

for beneficial use. The entire bottomland except for Brice Prairie is in

the La Crosse District of the Upper Mississippi River Wild Life and Fish

Refuge, perhaps the most valuable and productive unit in the refuge. With

these constraints, the selection of placement sites is determined not by

which site fits the criteria and objectives the best, but by which site

fails the least.

The market study identified several moderate demands on the Minnesota

side; however, because of the scarcity of placement sites, these demands could

not be satisfied within pool 7. Much the same is true of the Wisconsin side

with one notable exception. Site 7.06 at lock 6 would serve the two identified

users in Wisconsin. The Corps of Engineers needs 1,000,000 cubic yards of

fill to be used on site near lock 6, and Trempealeau County needs 216,000 cubic

yards which would be taken from site 7.06. This volume can practically be met

with dredging from cuts 6 and 7 only.
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Site 7.04 was once considered as a major site for the pool. Two major

drawbacks of the site prompted closer examination. First, it is subject to

erosion into the Black River Bottoms. Second, the paved road from Trempealeau

would have to be extended an additional mile or more to ensure access for

the beneficial users identified.

Late in the study, site 7.05 on the Minnesota bank near lock and dam 6 became

available because of a change in ownership. The Minnesota Department of Natural

Resources purchased the fish pond area in 1980 to develop a boat access and

parking area. Fill material will be required for this development.

POOL 8

The primary placement site for cuts in upper pool 8 (and a portion of pools 7

and 9) is 8.06. The beneficial use demand identified in the La Crosse area was

a major reason for selecting this site. During the study, the Wisconsin

Department of Transportation expressed interest in using dredged material for

fill on a construction project in La Crosse (Lang Drive). The large amount Qf

material involved helped generate interest in providing a beneficial use stock-

pile site for material in or near La Crosse. The city-owned landfill on Isle

La Plume (site 8.06) appeared the most attractive because it provided the best

combination of barge and truck access. However, GREAT I was reluctant to

include the imminent construction of Lang Drive as a long-term market feeling

that, by the time site 8.06 was operational as a permanent placement site,

the construction would have been completed. Therefore, use of any material on

Lang Drive is not included in beneficial use demand estimates.

In the lower reaches of pool 8, the Team chose sites which provided for

hydraulic dredging of several high-volume cuts and also provided for beneficial

use of material dredged. Material from cuts 1 and 2 is recommended to be

placed at site 8.22 just outside of Stoddard and material from cuts 3, 4, and

5 is to be placed at site 8.30 near Brownsville. Several acres of type 3 and 4

wetlands will be lost in use of site 8.30. However, the Team judged that the need

for a hydraulic placement site for the three Brownsville cuts and the beneficial

use potential at the site justified this loss.
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The primary reasons for recommending that some of the material from

pool 9 be barged past sites 8.22 and 8.30 to Isle La Plume were that:

1. Site 8.22 would be very difficult to reach by barge.

2. Site 8.30 will have a very close capacity budget with material

being delivered from cuts 3, 4, and 5 of pool 8.

3. Once material is loaded on a barge, the cost to move barges

additional distances is not expensive compared with loading and unloading

costs.

Pool 8 material needs, 1985-2025 (1977 estimate)

Site User Quantity (cubic yards)

8.06 City of La Crosse 700,000

Wisconsin Department of Transportation 192,000

La Crosse County 1,000,000

On-site capacity 2,500,000

Total 4,392,000

8.22 Vernon County 220,000

Bergen Township 50,000

Stoddard City 6,000

On-site capacity 2,400,000

Total 2,676,000

8.30 Brownsville 50,000

Hokah Township 20,000

Houston Township 300,000

On-site capacity 2,500,000

Total 2,870,000
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POOL 9

Throughout the pool, two approaches to material placement evolved from

the CMPTF's deliberations. For cuts 1-6, the predominant theme was to

strive for the best balance for each cut. For the remainder of the cuts

(7-10), regional placement near Genoa, Wisconsin, was selected.

Three markets were identified in or near Genoa. Site 9.40 is the only

site considered by the CMPTF to have aeptable access to serve these

markets and was the preferred site for cuts 7-10.

The CMP calls for the excess material to be barged to site 8.06 (Isle

La Plume). If additional requests for material develop, this need for long

distance transportation may be eliminated.

For cut 6, head of Battle Island, sites 9.11 and 9.33 present an

opportunity to place dredged material from this moderately lajie volume cut

in a pair of nearby sites with moderate adverse effects. Site 9.11 is

easier to reach with hydraulic equipment. Therefore, it is the preferred

site.

* Gradation analysis of the material from cuts 5 and 4, De Soto and Indian

Camp Light, show fine to medium sand with only traces of pilt, making the

material very suitable for a large number of beneficial uses. Site 9.07 in

De Soto has access for removal. Three markets have been identified and the

site is recommended as part of the selected plan for cuts 4 and 5. Access

and site development problems still need to be worked out for this site.

Planning for placement of material from cuts 3 and 4, Lansing Upper Light and

Indian Camp Light, is difficult for several reasons. They have been high-

volumehigh-frequency dredging sites. Few potential placement sites are out of

the floodplain because-the edge of the floodplain is at the toe of the bluff for

all practical purposes; the low population in the immediate area does not gener-

ate the large beneficial uses found elsewhere; and the floodplain is an ex-

tremely rich habitat area harboring endangered species and commercially harvested

fish, clams, and furbearers.
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In formulating the placement plans for these two cuts, the CMPTF first

tried to accommodate the beneficial uses that had been identified in De Soto

and Lansing. Although the CMP calls for material from cut 4 to go to

De Soto and cut 3 to Lansing, GREAT I would support flexibility where the

dredging and a waiting user do not follow the plan's specifications exactly.

One such case might be if both Crawford County in Wisconsin and Allamakee

County in Iowa were planning to use dredged material from a current dredging

season for sanding ice-covered roads the following winter and dredging was

imminent at Lansing Upper Light only. It would be prudent and within the

intent of the CMP for some of the material to be placed at site 9.07 in

De Soto as well as a site in Lansing even though the CMP states that Lansing

is the recommended selected placement site for dredging at Lansing Upper Light.

The CMP does call for the material from cut 4 to go to De Soto (site 9.07)

and beyond(site 8.06), while material from cut 3 goes to Lansing (site 9.26,

etc.).

The demand for material at and the on-site capacity of site 9.07 are

not large enough to handle all the material from cut 4 let alone cut 5. The

material from cut 5 should go to the site which would cause the least amount

of problems for placement from cut 4. Material from cut 4 should go to

site 9.07 because the techniques of unloading barges are more suitable to

site 9.07 than pipelin~e placement. The CMP implies through the site

specific recreation enhancement recommendations that material barged past

these enhancement sites could be used at these sites. For example, it would

be within the intent of the CMP that if one dredging operation at Indian Camp

Light exceeded the available capacity at site 9.07 by a reasonably small

amount, say 5,000 cubic yards, that rather than move that material to site

8.06 it may be more desirable to distribute that 5,000 cubic yards along the

riverbanks at the recommended enhancement sites 9.18, 9.19, 9.20, and 9.39.

Several possible placement sites in and around Lansing were identified

evaluated. None of these sites have capacity for all material from cuts*

1, 2, and 3. In fact, only site 9.47 has enough capacity with beneficial

use requests to handle material from the smallest volume cut (cut 2).
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GREAT I concluded that the minimum overall impact and the greatest cost

savings could be achieved by recommending a group of sites and putting a

priority on the order in which sites should be considered. For cut 2

(above Atchafalaya), the dredging volumes are so small that all material

is to be placed at site 9.47 and at least 25,000-cubic-yard capacity (one

dredging job) should be reserved at that site. For cuts 1 and 3, the order

in which the sites should be considered is site 9.26 (adjacent to marina in

Lansing), site 9.47 (area near substation about 2 miles east of Lansing),

and site 9.03 (city of Parkland near the downtown Lansing area). Site 9.28

(the Village Creek marina site in Lansing) is recommended for use only if all

objections to the project by the U.S. Fish and Wildlife Service are resolved.

POOL 10

The cuts in pool 10 seem to fall into five groups of two and the reason

for dredging at each group seems to be based on a riverine hydraulic factor.

Three of these groups are just downstream from a significant tributary

and the other two are at sudden expansions in cross-sectional area allowing

velocities to slow and carrying capacity to decrease. In four of these

five groups, the same factor causing the need for dredging also supplies

upland areas where material placement sites can be located with minimal to

moderate impacts.

Leitner Hollow, Sioux Coulee, and the Wisconsin River are the three

tributaries seemingly tied to cuts 9-10, 7-8, and 3-4, respectively. Sand-

bar areas formed downstream from the confluence of these streams, and per-

haps aided by past dredgings, provide placement areas adjacent to or near

the cuts. The CMP for the most part takes advantage of these opportunities.

At cut 9, the available capacity at sites 10.16 and 10.40, with beneficial

use, is short of the expected dredged volume.

Site 10.04 on McMillan Island is preferred over site 10.18 for dredged

material from cut 2 because 10.18 is well used by recreationists and signifi-

cant additions of material would drastically affect this use. Site 10.04 is

an abandoned gravel pit with standing water which may be considered a hazard

by many people. Both sites are within easy reach of pipeline equipment.
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In the immediate area of Prairie du Chien, the river divides and

navigable channels are maintained on both sides of Island 172. This increase

in cross-sectional area and flow conditions at the head of Island 172 con-

tribute significantly to the need for dredging in the East Channel.

The city of Prairie du Chien and several other bodies have expressed

an interest in using material in or near Prairie du Chien. The CMPTF

initially chose site 10.09 in Prairie du Chien as a good dredged material

placement site for cut 6. However, the GREAT I Team recognizes signifi-

cant controversy regarding future dredging of the East Channel at Prairie du

Chien. Factors involved in this controversy include concentrations of en-
dangered mussel species (Lampsilis Higginsi) located in the historic dredge

cut, recognition of cultural resource values at prospective dredged material

placement sites, low frequency use of the channel for bulk commodity

movement by barges, active litigation involving barging facility expansion,

and anticipated commercial navigation use and facility requirements to the

year 2025. The GREAT I Team believes decisions regarding future use and

dredging in the East Channel are beyond the scope of GREAT I and must

ultimately be addressed by higher authorities (perhaps Congress). On

this basis, the GREAT I Team chooses to make no recommendations on this

issue.

I
MORE DETAI LS

For a more detailed description and analysis of placement sites and

pool plans, examine Parts II through V of this volume. These detailed sec-

tions include cost estimates, ecological impacts, and alternative analysis

of all placement sites and plans recommended. Parts II through V immediate

follow this narrative section of the CMP.
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CHAPTER 7

TEAM ACTIONS ON SELECTED PLAN

The GREAT I Team met in April 1980 to consider all comments received

on the selected plan developed by the CMPTF and Plan Formulation Work Group

and approve a channel maintenance plan. Studies had been completed which

altered earlier assumptions made about maintenance of the channel. Items

such as safety near structures, rate of shoal development, tributary ero-

sion control, navigational maneuverability needs, and hydraulic effects of

changes in underwater structures were considered, and adjustments were made in

estimated dredging volumes. Work group members and the staffs of member agen-

cies had closely examined the sites being seriously considered along with

possible alternatives and mitigating measures. Newer information on material

transport equipment was now available, and Public Law 95-269 had been passed

requiring that a large portion of channel maintenance dredging be made avail-

able to private contractors.

The process used by the Team to consider these factors is outlined in

Chapter 4 - Channel Maintenance Plan Development. The following is a record

of the Team's actions.

UPPER ST. ANTHONY FALLS POOL

Motion by Wisconsin: "Material placed at U.02 be removed by the

City of Minneapolis before the next seasonal high water" be added

as a condition on use of site U.02.

No objection - motion passed.

Motion by Department of Transportation: The city of Minneapolis be

urged to locate a site within reach of cut No. 3 (below Soo Line

Railroad Bridge) to allow for dredging with pipeline dredge.

No objection - motion passed.
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Note: The city of Minneapolis is the local sponsor for the

navigation project above the St. Anthony Falls locks and is required by

memorandum of agreement to furnish all lands needed for maintenance of

the project.

POOL I

I I Motion by Corps of Engineers: The Corps of Engineers should

purchase fee title or easement for site 1.01 to ensure con-

tinued use of the site for material placement.

No objection - motion passed.

Motion by Minnesota: "Material placed at site 1.01 within the

identified floodway should be removed before the next seasonal

high water" be added as a condition on use of site 1.01.

No objection - motion passed.

Motion by Department of Transportation: During emergency dredging,

use of historical material placement sites is acceptable, with the

condition that the material be removed to site 1.01 before the
next seasonal high water.

No objection - motion passed.

POOL 2

Motion by Department of Interior: Approve selected plan sites for

cuts 1-6.

No objection - motion passes.
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Motion by Department of the Interior: For cut 7, delete selected

plan sites (2.14, 2.15, 2.13, 2.02) and substitute sites 2.30,

2.35, 2.02, 2.13 in preferential order, citing loss of types 3

and 4 wetlands.

Corps of Engineers suggests adding very specific condition on

use of site 2.14 - that it only be used if the runway extension

project is approved and then only as part of the construction of

the runway.

Motion withdrawn pending attachment of condition on use of site 2.14.

No objection to adding condition.

Motion by Department of the Interior: Approve selected plan sites

for cut 7 and add site 2.40 in preference before site 2.02 and

after site 2.13. Site 2.40 is to be along the right bank of the

river behind a proposed retaining structure (similar to sheet

pile). Use of this site would result in reduced dredging volumes

(part of area now dredged would become part of disposal site) and use

of material for development either through removal or on-site

construction.

Note: Use of this site would result in a narrower turning basin

and may require participation by local sponsor.

No objection - motion passed.

MINNESOTA RIVER

Motion by Minnesota: Approve site 2.18 for use at cut 1, deleting

consideration of MN.27.

No objection - motion passed.

(1) Site referred to as 2.40 is the sheet-pile basin built along the

inside of the bend at cut 7. See special features of the GREAT I CMP.
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Motion by Minnesota: Approve selected plan sites for cuts 2, 3,

4, and 5.

No objection - motion passed.

POOL 3

Motion by Minnesota: Eliminate consideration of site 3.43 citing

objection to open-water material placement. Single purpose is beach

nourishment and apparent capacity with beneficial use demand at site

3.09.

No objection - motion passed.

Motion by Wisconsin: Add two conditions on use of site 3.09 for

cut 1:

1. All material barged and rehandled in the water must be rehandled

in an enclosed basin with inland transport by pipeline dredge (for

j example the Dubuque).

2. An NPDES (National Pollutant Discharge Elimination System) permit

is required for any return water.

Department of the Interior requests motion be tabled - motion tabled.

Motion by Wisconsin: For cut 4, substitute site 3.27 for site 3.21,

citing position of site in the floodplain and types 3 and 4 wetlands.

Objection - Corps of Engineers - insufficient volume at site 3.27.

Motion by Wisconsin: For cut 4, delete site 1.21 with all material to

go to site 3.44.

Substitute motion made from floor to delete site 3.44 from consideration

without approving or deleting site 3.21.

No objection - substitute motion passed.
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Statement by Minnesota: Site 3.46 has been identified as being in the
floodway (preliminary finding) in the Hastings Flood Insurance Study.

State suggests that the condition for removal before seasonal high water

be considered for this site.

Motion by Wisconsin: A package for the entire pool be approved as follows:

Cqu Sites (in preferential order)

1 3.09

2 3.09

3 3.09

4 3.27, 3.09, 3.34, 3.46

5 3.27, 3.09, 3.34, 3.46

6 3.27, 3.09, 3.34, 3.46

7 3.34, 3.46

8 3.46, 3.34

9 46

with three conditions:

1. Minnesota's statement about site 3.46 be included.

2. An enclosed rehandling area be used for in-water rehandling

with site 3.34.

3. At site 3.27, the intermittent stream be diverted, an enclosed

rehandling area be used, and a WPDES (Wisconsin Pollutant Discharge

Elimination System) permit be obtained for any return water.

The chair ruled to consider cuts 4, 5, and 6 independently.

Objection to approving cuts 4, 5, and 6:

Corps of Engineers - permit requirement on site 3.27 citing insufficient

area to provide settling needed to meet WPDES criteria.

Department of Transportation - citing higher cost of using the sites

in the order shown.
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Motion to amend the motion by the Department of the Interior:

For cut 3, site 3.10 needs to be designated as a rehandling site

if needed.

No objection - motion to amend passes.

Motion to amend the motion by the Department of the Interior: Corps

of Engineers and Wisconsin determine, on a site-by-site basis,

whether an enclosed rehandling site is needed (intent of motion is

to provide policy guidance for remainder of channel maintenance

plan implementation).

Motion to amend the motion tabled.

Motion to amend the motion by the Department of Transportation:

For cut 6, substitute site 3.30 for sites 3.27, 3.09, 3.34, 3.46,

citing reduced costs.

Many objections - motion to amend fails.

Motion by Department of the Interior- To remove cuts 4, 5, and 6 from

motion on the floor and approve, in preferential order, sites 3.27,

3.09, 3.34, and 3.46 with the following two conditions:

1. Negotiations will take place between the State of Wisconsin

and Corps of Engineers regarding the use of sites 3.27 and 3.09.

Talks will address the need for enclosed containment, size of site,

and terms of WPDES permit.

2. Site 3.46 will be used only to the level of removal before

seasonal high watet.

S. Objections: Department of Transportation- excessive costs.

Corps of Engineers - condition results in nonapproval, with part

of the approval occurring in the future

Caucus called: State results - passed motion unanimously.

Federal results - passed by majority.

Motion passed.
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Motion by Minnesota: Approve selected plan sites for cuts 7 and 8 and

approve sites for cut 9 (in preferential order, a site on right bank

in municipal park along lock access road as a stockpile site for use

by the city of Hastings (3.47), a site in Lake Rebecca Park, and site 3.42).

Corps of Engineers requests amending motion to delete Lake Rebecca as

an alternative, citing that present development plans for the park have

excess of material.

Minnesota declines change.

Department of the Interior requests amending motion adding condition

on use of site 3.42; it will be used only if further sediment analysis

shows material is unpolluted and is of physical character of in situ

material at site 3.42.

Minnesota accepts change.

No objection - motion passed.

ST. CROIX RIVER

Motion by Corps of Engineers: Approve in preferential ord(r, sites

SC.12, SC.13, SC.15, SC.16, SC,26T (an island to be built in shallow

water a distance off beach at Point Douglas), and site 3.34 for cut 1.

Motion by Wisconsin to amend the motion - Delete site SC.15, citing

land ownership concerns at a privately owned island. Amendment not

accepted by Corps of Engineers.

Motion amended by Corps of Engineers: Add condition on sites SC.12,

SC.13, and SC.15 that dredged material placement will not connect to

privately owned island.

Wisconsin objects to sites SC.12 and SC.13, citing location in

the floodplain.
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Caucus called: Federal result - approve unanimously.

State result - majority approve.

Motion passed. Wisconsin is recorded as the dissenting vote.

Motion by Department of the Interior: Approve site SC.21 for use from

cut 2.

Motion by Minnesota to amend the motion: add site SC.27 (in Afton State Par

at river mile 8.2) as a secondary site. Amendment accepted.

No objection - motion passed.

Motion by Wisconsin: Approve, in preferential order, sites SC.22, SC.24, an(

SC.25 for cut 3.

Motion by Minnesota to amend motion: Delete site SC.25. Amendment accepted

Corps of Engineers objects, citing preference for list provided by Lower

St. Croix Management Commission Technical Committee. Motion failed.

Motion by Corps of Engineers: Approve, in preferential order, sites SC.Oi,

SC.22, SC.18, SC.03, SC.04, SC.05, SC.06, SC.28T, and SC.24 for cut 3.

This is the Lower St. Croix Management Commission Technical Committee list

deleting site SC.25 and adding the condition on sites SC.01, SC.03, SC.04,

SC.05, SC.06, and SC.28T that material placement shall be for recreational

enhancement only.

No objection - motion passed.

POOL 4

Motion by Wisconsin: For cut 1, eliminate site 4.69, citing loss of

habitat and open water. Add the following conditions on site 4.04:

1. Complete removal before seasonal high water.

2. All material barged and rehandled in the water must be rehandled

in an enclosed basin with inland transport by pipeline dredge.

3. A WPDES permit is required for return water flow.
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Minnesota moved to amend the motion separating site 4.69 from the motion

and deleting it from the plan.

No objection - motion to amend passed.

Department of the Interior moved to table the motion until later discus-

sion on the pool.

No objection - motion tabled.

Motion by Department of Transportation: Approve site 4.10 for cut 2,

citing loss of habitat at site 4.04 and cost savings.

Wisconsin moved to table the motion, citing possibility of reaching

resolution at site 4.04, opportunity to accommodate beneficial use at

Alma, and potential loss of habitat at site 4.10.

No objection - motion tabled.

Motion by Wisconsin: For cut 3, substitute, in preferential order,

sites 4.18, 4.20, and 4.25 for selected plan.

Minnesota objected citing apparent lack of fully developed concept for

using these sites. Motion failed.

Motion by Corps of Engineers: Delay consideration of cuts 1-4 until Team

members have opportunity to reflect on the potential sites and the inter-

relationships of the cuts and sites in this reach of the river.

-I No objection - motion passed.

*' Motion by Minnesota: Approve site 4.24 for use at cut 5, recognizing

Corps of Engineers investigation of technical feasibility of using the

site.

* No objection - motion passed.
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Motion by Wisconsin: Approve selected plan for cut 6.

No objection - motion passed.

Motion by Minnesota: Approve cut 7 with deletion of site 4.49 from

consideration, citing objection to open-water placement (beach nourish-

ment) and destruction of aquatic habitat.

Wisconsin suggests that no beach nourishment be allowed at site 4.49, and

that sites 4.54 and 4.57 require special handling and close coordination

with Red Wing Harbor Commission.

Amendment accepted.

No objection - motion passed.

Motion by Minnesota: Approve selected plan sites for cuts 8, 9, and

10 with condition on site 4.57 approved before.

No objection - motion passed.

Motion by Department of the Interiot: Approve site 4.02 (including the

area between the marina access road and railroad tracks) for cuts 1, 2,

and 3 with the condition that a bulkhead line be established before use.

By Wisconsin law, the request for bulkhead line must begin with local

government (in this case, the city of Alma).

Motion by Wisconsin to amend the motion: Site 4.20 be approved as the

secondary site for cuts 1, 2, and 3. Amendment accepted.

No objection - motion passed.

Motion by Department of the Interior: Approve sites 4.25 and 4.24, in

that order, for cut 4, with sites 4.20, 4.18, or 4.19 to be used as

rehandling sites. Some material may be left at sites 4.19 and 4.20

permanently.

No objection - motion passed.
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Motion by Department of Transportation: For cut 11, substitute site

4.67 for site 4.57, citing proximity to site, relatively low volumes,

and cost savings.

Department of the Interior objects - site is roosting area for

bald eagles.

Corps of Engineers objects - probable increase in cost to comply

with State and Federal standards.

Motion failed.

Motion by Wisconsin: Eliminate site 4.29 from consideration at cut 5,

with site 4.25 being substituted as a secondary site.

No objection - motion passed.

POOL 5

( Motion by Wisconsin: Approve sites 5.28, 5.24, and 5.26 in preferential

order for all cuts in the pool with the condition on site 5.26 that it

be the preferred site if studies under way by Dairyland Power show that

it has a beneficial use market or need for the material.

Department of Transpbrtation objects - prefers sites 5.30 and 5.03.

Corps of Engineers objects - limitation on types of equipment and

difficult access to the site.

Minnesota objects - site 5.24 is near scientific natural area, aesthetic

impacts, and no access.

Motion failed.

Motion by Department of the Interior: Approve site 5.30 for cuts 1, 2,

* 3, and 4 and site 5.24 for cuts 5, 6. 7, and 8, with the condition that

* , an enviromental study be done on placement on the scientific area. If* - !
site 5.24 is not acceptable, 5.28 is approved for use.
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In response to discussion, the Department of the Interior split the

motion into two independent motions and added a condition to

site 5.30 that an EIS (environmental impact statement) be prepared

and calculation of required flood easement be done before use.

The motion was tabled on cuts 5, 6, 7, and 8.

Corps of Engineers objects to conditions, citing a questionable need

for the EIS as part of the Channel Maintenance Plan and the impli-

cation that the Corps of Engineers is rpsponsible for EIS preparation.

The Department of Transportation objects to deletion of site 5.03

for cut 1, citing increased cost and limit on choice of equipment.

Motion failed.

Motion by Minnesota: Approve site 5.30 for cuts 2, 3, and 4 unconditionally.

* 1Wisconsin objects, citing uncertainty of need for EIS and floodplain

studies.

Motion failed.

Motion by Wisconsin: Because of difficulties in reaching consensus on

many portions of the Channel Maintenance Plan, attach the following

statement to the Channel Maintenance Plan with the intention that some

restrictions and conditions that are not presently clear or well defined

are superseded by this statement:

"Specific details of the GREAT recommended Channel Maintenance Plan,

including material placement site design, should be developed

between the Corps of Engineers and the appropriate Federal, State,

and local authorities to achieve compliance with laws and

policies."

No objection - motiopm ..
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Motion by Department of the Interior as substitute for tabled motion:

Approve, in preferential order, sites 5.24, 5.26, and 5.28 for cuts

5, 6, 7, and 8, with the condition that economic, environmental, and bene-

ficial use studies on sites 5.24 and 5.26 be completed before use. Material

should be placed at site 5.28 if study findings are not in favor of use

as a placement site.

Objection by Minnesota, Department of Transportation, and Corps of. Engineers.

Caucus called: State results - majority in favor.

Federal results - majority opposed - proposed to make a new

motion.

Motion by Federal caucus: Approve, in preferential order, sites 5.24,

5.26T (a portion of site 5.26 suitable for temporary stockpile only

and in proximity to rail loop for possible loading of rail cars) and

site 5.28 for cuts 5, 6, 7, and 8, with condition that economic and

environmental studies on all three be completed before use.

Motion by Minnesota to amend the motion: Change list of sites and

preferential order to sites 5.26T, 5.24, 5.26, and 5.28 and studies

to include all four sites.

No objection - motion passed.

Motion by Department of Transportation: Approve, in preferential order,

sites 5.03 and 5.30 for cut 1 and site 5.30 for cuts 2, 3, and 4.

Department of the Interior and Minnesota object, citing Minnesota

riparian rights law which would result in private ownership of

site 5.03 as soon as connection to land was made.

Motion failed.

Motion by Department of Transportation: Approve site 5.30 for cuts

1,2, 3, and 4.

No objection - motion passed.
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POOL 5A

Motion by Minnesota: Remove consideration of site 5A.35, citing majority

support in the Fish and Wildlife Work Group for material used to build

habitat enhancement features to be taken from the Immediate area.

Motion by Wisconsin to amend the motion - substitute motion to approve

site 5A.25 for all cuts in the pool with site 5A.22 as secondary site.

Minnesota cautioned that ownership of site 5A.22 may be in question.

Wisconsin amended its own motion (in response to general discussion):

For cut 6, approve site 5A.22 as primary site with site 5A.23 as secondary.
Minnesota suggested an amendment to the motion: Approve, in preferential

order, sites 6.17, 5A.25, and 5A.22 for cuts 1, 2, and 3.

Objection by Corps cf Engineers - belief that better sites are

available.

Objection by Department of Transportation - excessive costs and

limitation on choice of equipment.

Motion failed.

Motion by Department of the Interior: Approve selected plan for entire

pool substituting, in preferential order, sites 5A.32 and 5A.25 for

5A.35 for cuts 1 and 2.

Department of Transportation objects, citing high costs and

limit on choice of equipment.

Motion by Department of Transportation: Approve site 5A.04 for cut 1

and site 5A.08 for cut 2.

* Department of Interior objected, citing belief that better sites
were available.

Wisconsin objected, citing loss of habitat and potential

- secondary erosion.

Caucus called: State results - majority approved.

Federal results majority against.

Motion failed.
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Motion by Corps of Engineers on behalf of Federal caucus: Approve

selected plan with substitution of site 5A.04 for cut 1 and site 5A.32

for cuts 2 and 3, with site 5A.35 as secondary site for cuts 1 and 2

if details of enhancement project are developed.

Many objections - motion failed.

Motion by Wisconsin: Approve, in preferential order, sites 5A.32 and

5A.25 for cuts 1 and 2, and approve selected plan sites for cuts

3, 4, 5, and 6.

Minnesota objects only to cut 5, citing uncertain location, boundaries,

and ownership. It may be an area now being acquired as part of a

wildlife management area.

Motion by Wisconsin: Approve, in preferential order, sites 5A.32 and

5A.25 for cuts 1 and 2 and approve selected plan sites for cuts 3, 4, and

6.

No objection - motion passed.

Motion by Minnesota: Approve, in preferential order, sites 5A.23 and

5A.36 (adjacent to lock structure near control house) for cut 5.

No objection - motion passed.

' POOL 6

Motion by Wisconsin: Approve selected plan for cuts 1, 2, 3, 4, 5, and 6.

Delete site 6.11 from consideration at cuts 2 and 3, and add the condition

that material be removed from sites 6.11 and 6.27 before the next seasonal

high water.

No objection - motion passed.
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POOL 7

Motion by Wisconsin: Approve site 7.01 for cut 1, including a proposal

to excavate and shape the site to provide needed capacity.

Motion by Corps of Engineers to amend the motion by substituting approval,

in preferential order, of sites 7.20T (area immediately upstream of the

lock on the right bank) and 7.01 for cut 1.

No objection - motion passed.

Motion by Wisconsin: Approve, in preferential order, sites

7.20T, 7.01, 8.06, and 6.17 for cuts 2, 3, 4, 5, 6, and 7, citing

general opposition to open-water placement at site 7.06 and open-

water placement, creation of stagnant area behind site, and floodplain

impacts at site 7.12.

Corps of Engineers and Department of Transportation object,

citing increased costs.

Motion failed.

Motion by Department of the Interior: Approve site 7.06 for cuts

5, 6, 7, and 8.

Wisconsin objects, citing open-water placement.

Department of Transportation objects for cuts 5 and 6 only, citing

increased costs.

Motion failed.

Motion by Corps of Engineers: Approve, in preferential order, sites

7.20T, 7.01, 7.06 for cut 2; site 7.06 for cuts 3, 4, 5, and 7; and

site 7.04 for cut 6.
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The chair separated the voting on the motion into three portions:

For cut 2, Wisconsin objects, citing open-water placement.

For cuts 3, 4, 5, and 7, Wisconsin objects, citing open-water

placement.

For cut 6, Wisconsin and Department of the Interior object, citing

possible secondary movement into Lake Onalaska and lack of access

for beneficial use.

Motion by Wisconsin: Approve, in preferential order, sites 7.20T,

7.01, 7.06, 7.05, and 8.06 for cut 2; site 7.06 for cuts 3, 4, 5, and 7;

and site 7.05 for cut 6.

No objection - motion passed.

F POOL 8

Motion by Wisconsin: Approve selected plan for all cuts with sub-

stitution of site 8.30T (the upland portion of site 8.30) for site 8.30

and the condition on site 8.22 that identified cultural resource site

be avoided.

No objection - motion passed.

Motion by Wisconsin: Approve selected plan for cuts 9 and 10.

Resolution from Houston County brought into discussion. GREAT's site

8.07 is apparently not the one referred to in the resolution.

/o objection - motion passed.

POOL 9

Motion by Wisconsin: Substitute site 10.40 for 10.17 for cut 1.

Many objections - motion failed.
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Motion by Iowa: Approval of selected plan for all of pool 9.

Motion by Wisconsin to amend motion: Substitute, in preferential

order, sites 9.47 and 9.41 for site 10.17; substitute site 9.07 for site

9.08 citing realty company's recently built office on site 9.08; and

substitute, in preferential order, sites 9.15 and 9.11 for site 9.40.

Amendment not accepted by Iowa - brought to vote.

Many objections - motion failed.

Motion by Department of the Interior: Substitute for motion on the floor

approval of the following sites for the corresponding cuts (sites shown

in preferential order):

Cut 1 - Sites 9.47 and 9.41

Cut 2 - Site 9.47

Cut 3 - Sites 9.26, 9.47, 9.03, and 9.28

Cut 4 - Sites 9.07 and 8.06

Cut 5 - Sites 9.07 and 8.06

Cut 6 - Sites 9.11 and 9.33

Cuts 7, 8, 9, and 10 - Sites 9.15, 9.11, 9.33, and 8.06.

Corps of Engineers objects, citing perceived difficulty in per-

mission to use site 9.47.

Motion by Department of Transportation: Approve sites in previous motion

for cuts 3, 4, 5, and 6, with sites 9.11 and 9.33 enlarged as needed to

hold material.

No objection - motion passed.

Motion by Wisconsin: Approve, in preferential order, sites 9.15, 9.11,

9.33, and 8.06 for cuts 7, 8, 9, and 10, with sites 9.11 and 9.33

enlarged as needed to hold material.

Motion to table motion made by Department of Transportation.

Motion tabled.
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Motion by Department of Transportation: Approve site 9.34 either left

of channel or right of channel for cut 1.

Objections by Department of the Interior and Wisconsin, citing wet-

lands.affected, secondary erosion potential, and lack of beneficial

use possibility.

Motion failed.

Motion by Iowa: Approve, in preferential order, sites 9.47, 9.41,

and 9.35 for cut 1.

Department of Transportation objects, citing high costs and limit

on type of equipment.

Wisconsin objects, citing reference to Higgen's eye clam in the

area of site 9.35.

Motion by Corps of Engineers: Approve, in preferential order, sites

9.47 and 9.41 for cut 1.

Department of Transportation objects, citing unreasonable costs.

Department of the Interior requests caucus.

Caucus results: State result - unanimous support.

Federal result - majority support.

Motion passed.

Motion by Department of the Interior: Approve, in preferential order,

sites 9.47 and 9.26 for cut 2; site 9.26 is necessary to ensure needed

capacity for cut 2 dredging.
I

No objection - motion passed.

Motion by Wisconsin on cuts 7, 8, 9, and 10 is brought from the table.

Department of the Interior notes that the fish hatchery has expressed

willingness to remove material as needed from site 9.15.for its own use.

No objection - motion passed.
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POOL 10

Motion by Iowa: Approve selected plan for all cuts in the pool.

Department of Transportation notes site 10.33 was approved by

Plan Formulation Work Group subject to approval as a lockage

waiting area.

Motion by Wisconsin to amend motion: Delete site 10.33 from consideration.

Accepted by Iowa.

Motion by Department of the Interior to amend notion: Substitute bite

10.04 for site 10.33. Accepted by Iowa.

Objection by Corps of Engineers - small amount of dredging and

setting up pipeline are not worthwhile. The Corps prefers site 10.02

with rehandling.

Motion failed.

Motion by Wisconsin: Approve, in preferential order, sites 10.02 and

10.03 for cut 1.

No objection - motion passed.

Motion by Corps of Engineers: Approve selected plan for cut 3, adding

site 10.24 as secondary site for cut 4 for use as a rehandling site

for use of site 10.01.

Corps of Engineers amends motion in response to discussion: deleting

,.' site 10.24 as a secondary site on cuts 3 and 4 and adding condition

that site 10.24 is to be used as the rehandling site with mechanical

dredging equipment.

No objection - motion passed.

Motion by Wisconsin: Approve site 10.04 for cut 2.

No objection - motion passed.
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Motion by Wisconsin: Approve, in preferential order, sites 10.01 and

10.40 for cuts 5 and 6.

Objection by Department of Transportation - high costs cited.

Objection by Corps of Engineers citing limit on choice of equipment

and other reasons.

Motion by Department of the Interior: Approve, in preferential order,

sites 10.09 and 10.41T (an area south of Bloody Run Creek and west of

Highway 18) for cut 5.

Objection by Wisconsin, citing National Historic Registry status

of St. Feriole Island.

Motion by Iowa: Approve, in preferential order, sites 10.41T and 10.09

for cut 5, citing city of Prairie du Chien's land use plans identifying

site 10.09 as a possible industrial site.

* No objection - motion passel.

Motion to delete site 10.09 as secondary site for cut 5 by Wisconsin

approved.

Motion by Department of Transportation: Approve site 10.09 for cut 6.

Objection by Wisconsin, citing high clamming activity in east channel,

evidence of Higgen's eye clam in the cut, and low dredging volume.

Department of Transportation called for caucus.

Caucus results: State - against motion.

Federal - for motion by majority.

Motion failed.

Motion by Wisconsin: GREAT should not identify site for cut 6, citing

the following rationale:
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The GREAT I Team recognizes significant controversy regarding future

use of the East Channel of the Mississippi River at Prairie du Chien,

Wisconsin (R.M. 633.0 - 636.0L). Elements of this controversy include

concentrations of endangered mussel species (Lampsilis Higginsi) located

in the historic dredge cut, recognition of cultural resource values

at prospective dredged material placement locations, present low

frequency use of the channel for bulk commodity movement by barges,

active litigation involving barging facility expansion, and anticipated

commercial navigation use and facility requirements to the year 2025.

The GREAT I Team believes decisions regarding future use and dredging

in the East Channel are beyond the scope of GREAT I and must ultimately

be addressed by higher authorities (perhaps Congress). On this basis,

the GREAT I Team chooses to make no recommendations on this issue.

No objection - motion passed.

Motion by Wisconsin: Approve site 10.40 for cuts 7, 8, 9, and 10.

SMotion by Department of Transportation to amend the motion: Consider

each cut separately,

For cut 7: no objection - motion passed.

For cut 8: no objection - motion passed.

For cut 9: Corps of Engineers objects, citing possibility of mitigating

impacts at sites 10.23 and 10.16.

Department of Transportation objects, citing capacity of site 10.23

to hold all material.

Motion by Department of Transportation: Approve site 10.23 for cut 9.

Department of the Interior and Wisconsin object, citing loss of wetland

and secondary erosion potential into Gordon's Bay.

Department of Transportation calls for caucus.

Caucus results: State rejects unanimously.

Federal approve by majority.

Motion failed.
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Motion by Wisconsin: Approve site 10.17 for cuts 9 and 10 with

removal before seasonal high water. All excess material to go to

site 10.40.

Corps of Engineers objects, citing limit on choice of equipment.

Department of Transportation objects, citing insufficient capacity

at site 10.17; hence, de facto approval of site 10.40 as a primary

site which is too costly.

Motion failed.

Motion by Wisconsin: Approve site 10.17 for cut 9 with removal before

seasonal high water. All excess material to go to site 10.40.

Corps of Engineers and Department of Transportation object, citing same

reasons as for previous motion.

Motion by Corps of Engineers: Approve, in preferential order, sites

10.16 and 10.40 for cut 9 with removal from site 10.16 before high water

as beneficial use demand develops with on-site stabilization of re-

maining material. Approve, in preferential order, sites 10.17 and 10.40

for cut 10 with the same conditions on site 10.17.

No objection - motion passed.

J
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KCOST COMPUTATIONS AND COMPARISONS

I NTRODUCTI ON

Past assumptions have been that the dredging and placement practices

required to minimize adverse environmental impacts would probably exceed

costs of "present practices" or the manner of dredging before GREAT. The

questions have been: "How much more?" and "Is it worth it?"

As in other substantive issues that brought about the formation of

GREAT, the study process has clarified information needs, resulted in

study/analysis efforts, and developed recommendations to provide the

information for improved decision making in the future.

Costs shown in this appendix are still being refined. However, they are

accurate enough to provide usable relative costs for different sites for

a particular piece of dredging equipment. The cost figures ate not accurate

enough to compare costs for different dredging equipment types for a par-

ticular site.

Quantitative cost estimates were not always available when the Team had

to make decisions on the CHP. In these cases, qualitative cost elements,

such as distance from cut to placement site and amount of preparatory work

required, were considered with other factors in selecting the placement

plan.

COST COMPUTATIONS

1K In Parts II, III, IV, and V of this appendix, costs are shown for

dredging each cut and delivering the dredged material to the recommended

placement site. These costs are shown for seven different dredging plants.

An example of the display is shown in the following table. The GREAT I

Team felt it was most productive to provide a cost estimate to take material

to one site versus another by several types of dredging equipment. In that

way, the CMP would provide a reasonable choice of placement sites while

retaining flexibility of equipment choice. With this approach, it is easy

to look at cuts individually or in small groups and reach some conclusions

as to equipment choices. However, it is difficult to look at all 105 dredge

cuts and make an equipment choice suitable for the entire study area.
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The GREAT I Team deliberately chose not to recommend that a specific

type of dredge be acquired by the Corps. Instead, the Team recommended

that a certain variety of equipment be available - either privately or

publicly owned - to take advantage of individual operating characteristics

to suit individual sites.

COST COMPARISONS

The data given in the following table attempt to describe the cost of the

CMP by adding the average annual costs of dredging each cut into the first priority

placement site. This was calculated using an average cost for all hydraulic

dredging methods for distances less than 6,900 feet between cut and placement

site, and an average cost of all mechanical dredging methods for distances

greater than 6,000 feet between cut and placement site. This information

is valuable only as an indication of the general scope of the cost of the

plan. GREAT's goal was to develop a sound channel maintenance plan using a

multidisciplinary approach with secondary consideration for the cost of

implementation. To obtain a more precise estimate of the cost of implement-

ing the CMP, several assumptions must be made. These assumptions are the

type (or types) of equipment that will be used, what percentage of the work

is likely to be done by contract plant, what makes up the dredge plant

(e.g., number and size of barges and towboats), what percentage of a worst

case year is the plant to be sized for, and in what order would cuts be

dredged in a particular year. With these assumptions made, a total cost

per year to support the dredging plant and contract work can be calculated.

The GREAT I Team felt that the responsibility for a more detailed

analysis properly rests with the Corps and did not proceed beyond the work

described in this appendix and the main report. Therefore, costs were a

comparative factor, not a determining factor when selecting placement sites

for the DMPP.
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Estimated average annual costs for the GREAT I Channel Maintenance Plan (1)

Place- Job
Dredge ment Dredging Frequency longevity Average annual

Pool cut site cost __ -(percent) (years) cast

Minnesota River

MN 1 2.18 $55,000 30 3.3 $16,500
MR 2 MN.28 58,000 10 10 8,800
MN 3 MN.30 238,000 25 4 59,500
MN 4 MN.03 30,000 30 3.3 9,000
MN 5 MN.03 55,000 40 2.5 22000

Total for Minnesota River pool 115,800

St. Croix River

SC i SC.12 116,000 40 2.5 46,400
SC 2 SC.21 94,000 5 20.0 4,700
SC 3 SC.01 466,000 15 6.7 69,900

Total for St. Croix River pool 121,000

Upper St. Anthony Falls pool

U 1 U.02 78,000 65 1.5 50,700
U 2 U.02 134,000 55 1.8 73,700
U 3 U.02 130,000 35 2.9 45,500

Total for Upper St. Anthony Falls pool 169,900

Pool I

1 1 1.01 122,000 30 3.3 36,600

1 2 1.01 369,000 20 5 73,800
1 3 1.01 99,000 55 1.8 54,500
1 4 1.01 139,000 50 2 69,500

1 5 1.01 134,000 45 2.2 60,300
1 6 1.01 114,000 55 1.8 62,700
1 7 1.01 80,000 90 1.1 72,000

Total for pool 1 429,400
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Estimated average annual costs for the GREAT I Channel Maintenance Plan (1)(Cont)
Place- Job

Dredge ment Dredging Frequency longevity Average annual

Pool cut site cost (percent) (years) cost

Pool 2
2 1 2.30 $53,000 10 10 $5,300
2 2 2.35 224,000 10 10 22,400
2 3 2.35 448,000 10 10 44,800
2 4 2.10 196,000 40 2.5 78,400
2 5 2.10 172,000 20 5 34,400
2 6 2.10 60,000 20 5 12,000
2 7 2.02 312,000 60 1.7 187,200
2 8 2.16 72,000 40 2.5 28,800
2 9 2.37 61,000 75 1.3 45,800

STotal for pool 2 459,100

! Pool 3
3 1 3.09 170,000 25 4 42,500

3 2 3.09 148,000 20 5 29,600
3 3 3.09 252,000 20 5 50,400
3 4 3.27 162,000 30 3.3 49,100
3 5 3.27 187,000 30 3.3 56,700
3 6 3.27 141,000 10 10 14,100
3 7 3.46 127,000 30 3.3 38,500
3 8 3.46 25,000 10 10 2,500
3 9 3.47T 50,000 15 6.7 7,500

Total for pool 3 290,900
Pool 4

S 4 1 4.02 58,000 40 2.5 23,200
4 2 4.02 165,000 35 2.9 56,900

4 3 4.02 144,000 75 1.3 110,800
4 4 4.25 118,000 70 1.4 84,300
4 5 4.24 1,161,000 65 1.5 774,000
4 6 4.37 437,000 10 10 43,700
4 7 4.49 150,000 25 4 37,500

* 4 8 4.57 87,000 10 10 8,700
4 9 4.57 221,000 20 5 44,200

C 4 10 4.63 169,000 10 10 16,900
4 11 4.57 88,300 10 10 8,800

Total for pool 4 1,209,000
Pool 5
3 1 5.30 91,000 15 2.7 33,700
5 2 5.30 119,000 30 3.3 36,100

5 3 5.30 79,000 60 1.7 46,500
P. 5 4 5.30 97,000 65 1.5 64,700

5 5 5.26T 68,000 65 1.5 45,300
5 6 5.26T 173,000 35 2.9 59,700
5 7 5.26T 154,000 25 4 38,500
5 8 5.26T 36,000 30 3.3 10,900

Total for pool 5 335,400
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Estimated average annual costs for the GREAT I Channel Maintenance Plan .(Cont)
Place- Job

Dredge ment Dredging Frequency longevity Average ,.
Pool cut site cost (percent) (years) co ,
Pool SA
Sx 1 5A.32 $194,000 25 4 $48,500
5A 2 5A.32 86,000 35 2.9 29,600
5A 3 5A.32 117,000 35 2.9 40,300
5A 4 5A.25 135,000 30 3.3 40,900
5A 5 5A.23 155,000 50 2 77,500
5A 6 5A.23 86,000 5 20 4,300

Total for pool 5A 241,100Pool 6
6 P 6.17 147,000 30 3.3 44,500
6 2 6.17 52,000 15 6.7 7,800
6 3 6.17 184,000 30 3.3 55,800
6 4 6.19 123,000 20 5 24,600
6 5 6.27 32,000 30 3.3 9,700
6 6 6.27 37,000 40 2.5 14,800

Total for pool 6 157,200
Pool 7
7 1 7.20T 112,000 10 10 11,200
7 2 7.20T 143,000 25 4 35,800
7 3 7.06 111,000 45 2.2 5,500
7 4 7.06 145,000 40 2.5 58,000
7 5 7.06 97,000 10 10 9,700
7 6 7.05 183,000 35 2.9 63,100
7 7 7.06 58,000 10 10 5,800

Total for pool 7 234,100
Pool 8

8 1 8.22 92,000 5 20 4,600
8 2 8.22 90,000 5 20 4,500
8 3 8.30T 167,000 15 6.7 24,900
8 4 8.30T 185,000 50 2 92,500
8 5 8.30T 115,000 55 1.9 60,500
8 6 8.06 207,000 60 1.7 121,800
8 7 8.06 169,000 15 6.7 25,200
8 8 8.06 130,000 10 10 13,000
8 9 8.06 96,000 20 5 19,200
8 10 8.28 102,000 25 4 25,500

Total for pool 8 391,700

9 1 9.47 138,000 5 20 6,900
9 2 9.47 99,000 5 20 4,900
9 3 9.26 83,000 60 1.7 48,800
9 4 9.07 218,000 25 4 54,500
9 5 9.07 188,000 5 20 9,400
9 6 9.11 120,000 30 3.3 36,400
9 7 9.15 37,000 5 20 1,900
9 8 9.15 91,000 45 2.2 41,400
9 9 9.15 120,000 25 4 30$000
9 10 9.15 92,000 10 10 9,200

Total for pool 9 243,400
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Estimated average annual costs for the GREAT I Channel Maintenance Plan(1)(Cont)

lPlacr- 
Job

Dredge ment Dredging Frequency longevity Average annual

Pool cut site cost -(percent)_ (years) cost

Poei 10
i i 10.02 $170,000 '5 20 $8,500
10 2 10.04 113,000 20 5 22,600
10 3 10.01 56,000 30 3.3 17,000

10 4 10.01 51,000 5 20 2,600
10 5 10.41T 132,000 5 20 6,600
10 6 No site selected
10 7 10.40 162,000 10 10 16,200

10 8 10.40 205,000 25 4 51,300
10 9 10.16 110,000 25 4 27,500

10 10 10.17 29,000 5 20 1,500

Total for pool 10 153,800

Total 4,551,800

(1) Only primary sites are shown. All costs are estimated as if preparing

a Government estimate for a dredging contract. Included are mobilization costs

to and from Fountain City for each job. Price levels are 1978 averages.

See section on "Cost Comparisons" for a discussion on the accuracy of thesei cost estimates.

I
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CHAPTER 9

PROCEDURE FOR ESTIMATING EROSION PROTECTION COSTS AT MATERIAL PLACEMENT SITES

Generally, GREAT I agreed with the philosophy that material should be

removed from the floodplain to eliminate impacts on wildlife habitat from

direct placement and secondary movement. However, the GREAT I recommended

channel maintenance plan recognizes that funding limitations and other con-

siderations will prevent removal of all material from the floodplain. In

many cases where material is to be left in the floodplain, it should be

stabilized to prevent secondary movement. In some cases, riprap is the

desired means of stabilization. In other cases, careful placement of the

material, shaping of slopes, vegetative buffer zones, or revegetation can

accomplish the same results.

( Riprap reduces the value of the area for recreation. It also makes it

much more difficult to restore a site to near natural conditions if in the

future the site is no longer needed. Riprap placed below the waterline is

desirable for fish habitat.

Cost estimates of riprap called for in the Dredged Material Placement

Plan (DMPP) were developed by adapting standard design procedures for riprap

used by the Corps of Engineers into a general form which could be used for

any site. The final cost estimates shown in the table on page 116 provide

for riprap designed to protect placeTent sites up to a 5-year flood stage.

The cost estimates may vary as a result of site-specific design specifications.

Cost estimates were based, in part, on the following design criteria:

1. Riprap thickness for the placement sites would be 12 or 18 inches

depending on the site location. On "straight" river stretches, on the inside

of bends, and in backwaters, 12-inches of riprap would be used. On the outside

of bends, 18 inches of riprap would be used.
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2. Riprap placed below water (low control pool elevation) would be 50

percent thicker than riprap placed above water.

3. All riprap would have a bedding or base layer to support it.

This gravel bedding would be one-half the thickness of the riprap blanket

it supports.

4. Riprap slope ratios would be 4 (horizontal) to I (vertical).

5. The structures would be built of graded rock.

6. The structures would meet Corps construction standards.

Using these basic criteria, general riprap costs were calculated for

necessary placement sites assuming that the sites would fit one of six con-

figurations (see the following figure). The configuration of the site would

determine how much and what type of riprap would be needed to protect a dredged

material placement site from erosion. Configurations "E" and "F" represent

sites off the main channel. These sites are less subject to erosion than con-

figurations "A" through "D". Therefore, no riprap costs were calculated for

placement sites fitting configurations "E" or "F" unless the sites were in

or on open water where they would be subject to erosion caused by boat wakes or

wind.

Riprap cost estimates were further refined according to four general designs

or typical cross sections of the riprap blanket constructed. The figure on page 113

shows the designs used to calculate the costs. Design I would be used in back-

water areas to protect against erosion from boat wakes. Design II would be

used on sites in the floodplain on stable land. Design III would be used

*for sites directly on the riverbank, and Design IV would be used for sites

on riverbanks already showing erosion problems. The riprap structures were

*designed to protect against 5-year flood stages.
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f B F

XXX- APPROXIMATE
RIPRAP LOCATION

CONFIGURATIONS

A - Rectangular Site Adjacent To Main
Channel, Long Axis Perpendicular
To Main Channel

B - Rectangular Site Adjacent To Main
Channel, Long Axis Parallel To
Main Channel

C- Square Site Adjacent To Main
Channel

D- Island In Main Channel
E- Rectangular Site Away From Main

Channel, Long Axis Perpendicular
To Main Channel

- " F- Rectangular Site Away From Main
Channel, Long Axis Parallel To
Main Channel

TYPICAL PLACEMENT SITE CONFIGURATIONS USED

TO CALCULATE RIPRAP COST
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DESIGN 1: For boat wakes in
open backwater areas.

Ripropsite

53' below

channel /Backwater low control
~Poo I

DESIGN 3r On stable floodplain land adjacentto main channel.

Placement site

V -Mai n channel

On main channel - no known
DESIGN T. erosion problems._Place mentI site

5' belo
hannl / low control pool

DESIGN IM - On main channel -erosion problen*

am

known to exist.
s its--

Main

Channel -12' below low control
pool with a 2' base

NOTE: All slopes are 4
horizontal to I vertical

TYPICAL CROSS-SECTIONAL DESIGNS

USED TO CALCULATE RIPRAP COST
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The table on page 116 displays cost estimates for riprap protection.

Each combination of site configuration and typical cross section is shown

for both a location on the outside of a river bend (requiring 18-inch

layers of riprap) and areas other than the outside of a bend (requiring

12-inch layers of riprap). The drawings from the figures on pages 112 and

113 are duplicated on the table. The perimeter shown in the table is the

total distance around the placement site. The length of this perimeter,

which is presumed to be riprapped, is in the proportion shown on the site

configuration. To determine the difference in elevation from low control

pool to 5-year flood elevation for a particular site, refer to the detailed

site description in Parts II-V of this appendix.

By following a step-by-step procedure using the following table,

the approximate cost of riprapping a site (average 1978 dollars) can

easily be found:

Step 1: Determine which of the four site configurations (shown at the

top of each section) most closely resembles the site in question. Turn to

the first section of the table with that configuration shown.

Step 2: Determine which of the four typical cross sections (shown

under the site configuration) most closely resembles the site in question.

Turn to the first section of the table with that cross section.

Step 3: Determine if the site is on the outside of a main channel

bend (subject to direct erosion from current) or in some other location.

Turn to the page with the appropriate statement shown between the two

graphic illustrations. This is the page on which you will find the dollar

value desired.

Step 4: Determine how far above the low control pool elevation the riprap

should extend. Find the column heading with this value. The table heading refers

to a 5-year flood elevation. GREAT I used this point for estimating the amount

of riprap needed.
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Step 5: Go down this column to the value opposite the perimeter of

the site in question. This figure is the estimate of the cost of riprapping

the site.

By comparing charts or columns, you will be able to interpolate values

for particular situations which may not fit the tables exactly.

The illustration for the site configuration shows the ratio between

riprapped and unriprappedperLineter used on each section of the table.

- 1
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CHAPTER 10

PROCEDURE FOR ESTIMATING SITE ACQUISITION COSTS

METHODS TO DETERMINE LAND MARKET VALUES

In the development of the channel maintenance plan, various land

tracts were considered as possible placement sites for dredged material.

In most instances, sites considered are owned publicly, and no land acquisi-

tion cost would be necessary. However, 32 of the 94 sites in the CMP are

privately owned. In these instances, the market value of the tract was

estimated and considered with other costs (for example, costs for equipment

and riprap) in the development of the plan.

The basic valuation method for the areas from lock and dam 3 to lock and

dam 10 was developed by the U.S. Fish and Wildlife Service for the purpose

of revenue sharing on the Upper Mississippi River National Wild Life and Fish

* Refuge and is discussed in greater detail in the "Appraisal Report, Upper

Mississippi National Wildlife Refuge, Revenue Sharing FY 79, North Central

Region." The valuation method for the areas north of lock and dam 3 was

developed with the assistance of the Fish and Wildlife Service.

As a result of the complexity of commercial parcels and the availabilityI of construction permits and zoning regulations, these estimates may vary

considerably. The costs of acquisition determined by the GREAT I Team are

meant to be used for plannIng and site selection only. If acquisition becomes

necessary, a thorough real estate appraisal would have to be done.

VALUATION METHOD, MISSISSIPPI RIVER, LOCK AND DAM 3 THROUGH LOCK AND DAM 10

"* A market approach was used to estimate the value of each marketable tract

along the Mississippi River from Red Wing, Minnesota, to Guttenberg, Iowa.

Actual sales were analyzed by multiple linear regression where variance in the

sale price is accounted for by statistically significant variables which were

also considered important in establishing value in the marketplace.
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In all, 66 sales were analyzed. Information on these sales was ob-

tained from the counties, Departments of Natural Resources, or conservation

agencies and appraisers, all of whom are considered reliable sources and

are as close to the subject property as possible. These sales were tested

for size; date; acres and percent of crop, pasture, and timber; distance

from Red Wing; farm use; development potential; and location.

The variables which were significant at the 5-percent level include date,

distance, remote (location),farm, and development potential. Size was in-

cluded, but was not significant at the 5-percent level. Inaccuracies would

result if large tracts were used. This factor was controlled by the average

floodplain sale of 100 acres. The formula that best fits or the mathematical

model that best explains the differences in price is:

Market value --597.070 + (9.623 x Date) + (-0.040 x Size) + (0.591 x

Distance) + (229.134 x Remote) + (504.058 x Farm Potential)

+ (135.367 x Development Potential).

Where: Market value - probable purchase price of the tract.

Date - the month and year for which the value is calculated

(example October 1979 is 79.83 and March 1978 is 78.25).

Size - number of acres in the tract.

Distance - number of river miles downstream from Red Wing,

Remote - 1 or 0 to indicate the remoteness of the tract

(0 for a remote site). A tract is considered remote if it

is more than 10 miles from a community and there is no

building or activity near the tract.

Farm Potential - 1 or 0 to indicate suitability for the growing

of crops (1 for suitable soil and land cover

-conditions).

Development Potential - 1 or 0 to indicate suitability for either

commercial or reside: tial development.

Tracts in the floodpli..n are always conside

unsuitable.

Displays of the per-acre market values under each combination of remoteness

farm potential, and development potential factors for tracts between Red Wing an

Guttenberg for June 1978 are on file in the St. Paul District office of the Corp!

of Engineers.
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The appraisal report referred to above concludep that for tracts between

lock and dam 3 and Red Wing the values computed for Red Wing should be used.

Actual sales show that the resulting price may fluctuate +$65 per acre

when value of land of all types is estimated by this equation. The actual

fluctuation of lowland marsh and timbered lands will probably be lower be-

cause of the narrow range of uses it has and the specific interest of a typical

buyer.

The price estimate represents the most probable sale price of the land.

Prices of individual tracts within each of the marketable units will vary;

however, the typical prices will have a tendency to be grouped near the esti-

mated value.

VALUATION METHOD, MINNESOTA RIVER AND MISSISSIPPI RIVER NORTH OF LOCK AND DAM 3

Market values were also developed for privately owned lands considered

for dredged material placement along the Minnesota River and the Mississippi

River above lock and dam 3. Actual sale prices of land acquired as part of the

Lower Minnesota River Refuge and recreation area along the Minnesota River were

used as base cost. Minnesota River and pool 2 estimates were presumed equal

I to the average land sale along the Minnesota River. Pool 3 estimates are

based on a 75-percent reduction of the average land sale along the Minnesota

River. In addition, the estimated costs were developed considering the

location of a site. Sites were divided into three categories:

1. In the "floodway."

2. In the "flood fringe" and out of the "floodway."

3. Out of the floodplain.

The following table lists the estimated cost of land per acre in each

area by category.
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Estimated cost of land Rer acre
Cost Der acre

Category Minnesota River and pool 2 Mississippi River pool 3

1. Flobdway $1,200 - $1,500 $900 - $1,125

2. Flood fringe 5,000 - 6,500 3,750 - 4,875

3. Out of the
floodplain $25,000 $18,750

For category 3, out of the floodplain, an easement or lease agreement

may be feasible because fill at many of these locations appears to benefit

the landowners.

ADMINISTRATIVE COSCS

Administrative costs for land acquisition in the entire study area

were determined by the size of a tract. The following table lists the

percent of the market value used to calculate the administrative cost by

size category. These administrative costs are acquisition costs in addi-

tion to the market value of the properties.

Percent of market value used to calculate administrative cost
Size of tract (acres) Percent of market value

0.1 - 10 75

11- 40 50

More than 40 40

ACQUISITION COSTS

The GREAT I Channel Maintenance Plan includes approximately 100 material

placement sites. Most of these sites are owned by the Federal Government

(Corps of Engineers or Fish and Wildlife Service) or local governments.

Private parties own 54 sites.
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These sites cover a full range of types from remote wetlands to

industrial parks to upland meadows. In all, nine different descriptions

of land cover (shown in the EIS) fit these sites. The most prevalent is

wetland. The following table lists the basic land cover descriptions for

these sites.

Types of land cover for privately owned sites in the CMP

Previously Commer- Wooded
used place- cial/ Wooded and
ment indus- Upland bottom- agri- Wooded Agri- Resi-

Wetland site trial meadow land cultural wetland cultural dential

MN.03 2.15 U.03 M.06 4.63 3.46 3.27 4.19 8.28

2.13 4.03 MN.30 2.35 5.26T 3.42 5.24 10.17

2.14 4.18 2.02 10.40 10.16 4.20 5.28

SC.24 4.20 2.37 10.03 4.49 8.22

3.09 5A.25 2.10 4.63

3.42 6.11 2.18 7.01

5.26 10.01 4.37 9.41

5A.32 4.38 9.11

6.17 4.48 9.33

9.07 4.24

10.04 4.25

10.41 9.47

For many of these sites, acquisition will not be necessary. The majority

of the industrial sites do not need to be acquired, but permission to use them

or easements should be obtained from the owner. Sites MN.06, MN.30, 2.13, and 6.17

*are zoned industrial. Material placement on these sites would increase their indus-

trial development potential considerably. It would not be in the Government's nor

the region's best interest to acquire these sites. Again, permission to use the

sites or obtaining an easement are preferred.
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For the remaining sites, acquisition would not be required in all

cases but should be pursued for several to guarantee their use as place-

ment sites. Costs were estimated for these sites using the valuation

methods described above. None of the sites could be described as remote

and none had farm potential without development potential. Five sites had

farm and development potential and two had neither farm nor development

potential. The remaining sites had development potential - usually

recreationally oriented commercial development. The estimates ranged from

$1,000 for a 1-acre site in pool 7 to $380,000 for a 40-acre site in lower

pool 2.

-I
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CHAPTER 11

PROCEDURE FOR ADDRESSING BENEFICIAL USE OF DREDGED MATERIAL

One of the objectives of GREAT I was to identify and develop ways

to use dredged material as a valuable resource. The DMUWG (Dredged

Material Uses Work Group) had that objective as its primary mission.

The work group conducted several studies. Its conclusions and recom-

mendations are found in Volume 2 of the GREAT I report, the DMUWG Appendix

The concept that material should be made available for beneficial

use played an important role in development of the channel maintenance

plan. If material is placed where it can be removed for beneficial use,

some of the adverse impacts (e.g., the isolation of backwaters, the

burying of valuable terrestrial and aquatic habitat, or the need for addi-

tional land to confine material) associated with the placement of dredged

material can be reduced. An assessment of the effects of the CMP found

in the Environmental Impact Statement of the GREAT I report confirmed

this assumption. In addition, the DMUWG determined that the beneficial

use of dredged material can provide economic benefits to the region ana

that the total demand for material throughout the study area exceeds the

total volume dredged. The difficulty is that the dredging and the identi-

fied markets often are not near each other.

The value of dredged material for beneficial use varies widely depend-

ing primarily on location and timing. Where a specific user can be identi-

fied, a reasonable estimate of the value of the material can be made. If,

for example, the cost to the user of material from the least cost alterna-

tive source is $2.00 per cubic yard, transportation costs for the user

are the same from the proposed stockpile site and from the alternate source,

and no additional processing cost is required to make the dredged material

acceptable for the intended use, the value of the material at the stockpile

site can be considered to be $2.00 per cubic yard. This cost can be compared

to the increased cost of making the material available for beneficial use
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(cost above that necessary to place the material at an environmentally

acceptable site that does not provide for beneficial use). If the value

of the material is greater than the increased cost, the material should

be made available for use, ignoring for now the question of who should

pay the increased cost. If transportation costs for the user are not

equal, processing of the material is required, land must be purchased

for the stockpile site, or the environmental acceptability of the alterna-

tive placement site is questioned, the value assigned to the material ia

the stockpile changes and the analysis can become much more difficul.

If a specific user cannot be identified but uses are expected to develop

if the material is made available, it is impossible to document what value,

if any, the material might have. St. Paul District cost estimators were

reluctant to attach any value to dredged material under these conditions

but speculated that the value could range from $0 to $0.25 per cubic yard.

In preparing a Channel Maintenance Plan, the GREAT I Team did not

assign values to the material as a means of offsetting any costs of

dredging. In areas where material has been placed in a "beneficial use"

site and is being removed (for example, material used by the city of

Minneapolis for street sanding), GREAT I selected placement sites that

would encourage the practice to continue.

The marketing study identified several parties desiring material and

estimated the volume of material required to satisfy their needs. Two types

of uses were apparent - annual demand which is continual, and one-time de-

mand, such as fill for land development. These uses were incorporated into

the CMP where significant adverse impacts could be avoided at alternate

sites.

The Wisconsin Department of Natural Resources is doing a follow-up market-

ing study to further identify dredged material beneficial use demand. This

survey goes beyond the initial marketing study by quantifying demand from

private companies who have a possible need for material now that Team approved

CMP sites are known.
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The GREAT I Team was confident that beneficial use demand for material

would develop in some areas even though no demand was identified in the original

marketing survey. In these cases, a site that would encourage beneficial

use to develop was chosen only when other factors were nearly equal.

Impacts at these sites were predicted assuming none of the material was

removed.

The volume expected to be removed from each beneficial use site or put

to a beneficial use at that site is presented in chapter 3. Also in chapter

3, a possible removal for beneficial use amount is shown for many sites.

This amount is the total that may be removed from a site if material is

placed there (i.e., the total demand of all beneficial users who stated a

desire to remove material from that site). This figure could result in

some double counting of demand when users identified more than one site

from which they would remove material. The data collected in the Dredged

Material Marketing Study were not precise enough to avoid this duplica-

tion. However, GREAT I apportioned beneficial use demands to adjacent

placement sites when this duplication occurred to more accurately develop

the CMP.

Several unresolved questions remain concerning the use of beneficial

use demand in the plan formulation process and how beneficial use should be

handled in the daily operation of maintaining the 9-foot navigation project.

1. What value should be placed on the material in calculating

maintenance costs and benefits?

2. What, if any, should the cost sharing be for providing the

material at a beneficial use?

3. What should government policy be on making material available, and*1

any requirement for cost recovery, to State and local governments? To

private parties?

4. If the material is to support another Federal program, how should

costs be allocated?
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Despite these-uncertainties, GREAT I concluded that demand for dredged

material for beneficial use should be accommodated whenever possible. When

placed in the river floodplain where there is no beneficial use, dredged

material is an undesirable waste product that destroys aquatic and terrestrial

wildlife habitat. When placed at an accessible location where beneficial

use demand does exist, dredged material is a valuable resource, fostering

I safer roadways and economic development.

i
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CHAPTER 12

SPECIAL FEATURES OF THE CHANNEL MAINTENANCE PLAN

Many of the actions recommended in the GREAT I CHP are novel when compared

with historic dredging practices and past demands of State and Federal natural

resource agencies. However, GREAT believes that several actions warrant

special attention: the Weaver Bottoms rehabilitation program, the placement

plan for Read's Landing, the placement sites for the St. Paul Barge Terminal,

and the Spring Lake rehabilitation project in pool 2. The following descriptions

are meant to provide some of the details necessary to understand these special

features of the CMP.

THE WEAVER BOTTOMS REHABILITATION PROJECT (POOL 5, PLACEMENT SITES FOR
CUTS 1, 2, 3, AMI 4)

Biologists and sportsmen alike are concerned about the changes occurring

in the Weaver Bottoms in pool 5 north of Winona. Since the creation of the 9-foot

navigation project, this backwater area has changed from a highly productive

deep-water marsh to a relatively unproductive shallow lake with marsh vegetation

on the perimeters.

In 1975, the FWWG (Fish and Wildlife Work Group) awarded a contract for an

' iextensive study of the 4,000-acre backwater lake to determine what might be

done to restore its original habitat values. Results of the study indicate

that the Weaver Bottoms could be restored substantially by building blocking dams

made of dredged material between the bottoms and the main channel and possibly

by building dredged material islands in the open-water area. The dams and islands

would be built with dredged material cores and riprap or vegetated outer sur-

faces. Details of the study and recommended actions are in:

1. Fremling, C. R., D. R. McConville, D. N. Nielsen, and R. N. Vose.

The Weaver Bottoms: A Field Model for the Rehabilitation of Backwater Areas

of the Upper Mississippi River by Modification of Standard Channel

Maintenance Practices. Winona State University and St. Mary's College,

Winona, Minnesota, 1976.

2. Nielsen, D. N., R. N. Vose, C. R. Fremling, and D. R. McConville.

Phase I Study of the Weaver-Belvidere Area, Upper Mississippi River, Winona

State University and St. Mary's College, Winona, Minnesota, 1978.
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The study recommends incorporation of the rehabilitation measures

into the COP. GREAT has conditionally recommended implementing the

project (Further Study Item 21). If all recommended actions are taken,

including island construction, the project would provide beneficial use

for all dredged material from cuts 1-4 of pool 5 for the 40-year planning

period. The initial recommended actions are displayed in the following

figure.

f1I
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Partial closing dams are recommended at Murphey's Cut, MN 3 (see

the following figure); Botsford's Cut, MN 6 (see the 'figure on page 195);

and the old mouth of the Zumbro River, MN 10 (see the figure on page 195).

Complete blocking dams armored with riprap are recommended at MN 4 and

MN 5 (figure on page 195). Dredged material blocking dams with facings

riprapped are to be built at MN 7, MN 11, MN 12, and MN 13 (see the

figures on pages 195 and 196).
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The amount of dredged material needed to complete the side channel modi-

fications is estimated at 258,300 cubic yards. At an assumed annual dredged

material production rate of 41,500 cubic yards from the shoal. at Xt. Vernon

(cut 1), Sommerfield (cut 2), Lower Zumbro (cut 3), and Fisher Island (cut 4)

it will take 6 years to complete this phase of the restoration project. Dur-

ing this time, island construction can be further evaluated and construction

could begin when the other modifications are completed.

The cost of these rehabilitation measures is estimated to be $1 million

more than the cost of traditional dredging and material placement methods

for cuts I through 4 over the 40-year planning period. Traditional methods

would cost between $5 and $6 million.

The following tables present some of the design assumptions used to
develop this proposal (also see the figures on pages 194, 195, and 196).

Material placement volumes for rehabilitation
Dimensions_(feet) Volume

Placement site Width Length Depth Cubic feet Cubic yards

MN-3 75 -250 ev 6 112,500 4,167

MN-4 250 125 11 343,750 12,731

MN-5 250 125 "-10.5 328,125 12,153

MN-6 75 -"150 6.5 73,125 2,708

MN-7 -500 - 125 - 5 312,500 11,574

MN-10 -- 75 - 275 - 15 309,375 11,458

MN-lI 250 - 400 7.5 750,000 27,778

MN-12 -500 - 400 " 9 1,800,000 66,667

MN-13 375 -627 " 7.5 1,757,812 65,104

Total volume 214,340
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Volumes of material to be dredAed, 1)

Dredge cut Per Job Total for 40- ZW diod

Cut 1 (Mt. Vernon) 22,800 136,000

Cut 2 (Summerfield) 27,700 332,000

Cut 3 (Lower Zumbro) 21,700 520,000
Cut 4 (Fisher Island) 25,800 671,000

Total 1,659,000

According to Simons and Chen (Nielsen et al., 1978), the proposed clos-

ings will reduce dredging requirements by 25 percent. Thus, there will be

an excess of 1,083,495 cubic yards of dredged material [(1,659,000 cubic yards -

214,340 cubic yards) (0.75) - 1,083,495 cubic yards]. This u41M would be

used for core material for the islands proposed for the interior of the

Weaver Bottoms.

The Weaver Bottoms rehabilitation project is a prime example of the progress
achieved by GREAT in making necessary dredging in the river main channel com-

patible with natural resource values in the remaining river floodplain. The

interagency cooperation approach turned one of the worst dredged material place-

ment problems in the St. Paul District into an exciting program for restoring

fish and wildlife values in a 4,000-acre backwater marsh.

READ'S LANDING

Read's Landing (see the following figure), Just below the mouth of the

Chippewa River, is the most frequently dredged shoal in the St. Paul District.

.* Dredged material volumes from this site are among the greatest in the District,

and the shoal at this site is among the fastest developing on the Upper Missis-

sippi River. From 1974 to 1978, the channel shallowed to less than 9 feet

three times and vessels grounded twice because of the delta of the Chippewa

River.
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In the past, the material dredged from the Read's Landing shoal was

placed along the left descending bank in an area known as the Nelson-

Trevino bottoms, site 4.29. Before 1974, material was placed along the

shore wherever it was most convenient to the dredging operation. Since

1974, efforts have been made to place the dredged material on top of

previously placed sand and avoid filling of undisturbed wetland areas.

* To maximize use of the historic placement site, a sand-diked containment

area was built during the 1977 dredging season. Material dredged in 1978 was

placed in the containment area with no apparent problems.

When it became necessary to dredge the area again in 1979, the material

was placed in the containment area. However, much of the available capacity

of the site had been used in 1978, and, as material filled the containment

area, seepage through the sand dikes increased. A combination of seepage

runoff and sloughing of the steep outside slopes resulted in encroachment of

material into previously undisturbed wetlands.

The containment area can be expanded. However, it is increasingly

apparent that continued use of this site would have significant adverse

environmental impacts. Expansion of the containment site will further dis-

turb a major roosting area for bald eagles, fill in additional side channel

areas, and destroy additional bottomland hardwoods.

One of the alternative sites considered in the various material place-

ment plans was site 4.24, an abandoned gravel pit located northwest of

Wabasha, Minnesota, between U.S. Highway 61 and the Milwaukee Railroad

Company tracks.

It is estimated to have about 1.25 million cubic yards capacity without

significant filling above the surrounding topography. The site could be

b" used for at least 15 years on the basis of average annual dredging require-

ments. Site 4.24 also has the potential for material removal for beneficial

use which would increase the amount of time the site could be used. It is

also important to note that a major sand and gravel company has a processing

facility within one-half mile of the quarry.
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Two estimates for placing material at site 4.24 were prepared. Both

presumed using a 16-inch pipeline cutterhead dredge under contract. The

first, shown in the following table, estimates dredging directly from the

dredge cut to site 4.24. The table on page 203 represents a two-step

operation - moving material from the present containment site at site 4.29

to site 4.24 and then dredging into the now empty containment site until

filled. The table on page 206 provides a comparison of the two approaches

for getting material to site 4.24.

Estimate for dredging directly into site 4.24i ' - Cost

Item Per month Per workday

Investment costs

$10,700,000 total investment + 12-percent
interest cost/year $8,200

6 work months/year + 26 weekdays/work month

Depreciation

Dredge $24,000
Booster 8,800

In-water pipe (1,500 feet x $2.75/
foot/month) 4,100

Shore pipe (6,000 feet x $1.30/
foot/month 7,800

Two 200-hp tenders 2,200
One 400-hp tender 1,100

One work barge 700
One fuel-water barge 1,000
Two dozers 1,800

Total 51,500 4,000

Fuel costs

325 work hrs/mo x 7,000 hp x 0.067 gal/hp/hr x $1.20/gal
26 workdays/mo 7,000

Yard costs

$40,000/mo
6work moB/12 mos x 26 workdays/mo 3,100
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Estimate for dredging directly into site 4.24 (cOnt)
Cost

Item Per month Per workday

Supplies

$112.000/mo. 
$8,600

6 work mos/12 mos x 26 workdays/mo

Superintendent and captain salaries
$3,800/mo

6 work mos/12 mos x 26 workdays/mo 300

Wmges

3 levermen (3 x $10.70/hr x 1.3 x 8 hrs/day) 340
3 strikers (3 x $10.60/hr x 1.3 x 8 hrs/day) 330
4 mates (4 x $10.40/hr x 1.3 x 8 hrs/day) 430
6 equipment operators (6 x $9.80/hr x 1.3 x 8 hrs/day) 610
10 deckhands (10 x $7.00/hr x 1.3 x 8 hrs/dav) 730
1 dump foreman (1 x $10.00/hr x 1.3 x 8 hrs/day) 100
8 shoremen (8 x $7.00/hr x 1.3 x 8 hrs/day) 580

Total 3,120

Per diem

37 people x $40/day/person x 7 days/6 workdays 1,700

Total (not including transit costs) 35,700

Transit, setupq, and breakdown costs

130 mi(1)/5 mi/hr + 8 hrs (2) + 8 hrs (3) = 1.75 days/job

24 hrs/day

Assume job - 87,000 yd3

Costs - 87.000 vd3 x $35,700/workday + (1.75 days x $35,700/workday)

190 yd x 14 hrs/day

.t =$1,168,000 + $62,500 = $1,230,000/job

J $1,230,000/ ob 3

87,000 yd /job $14.14/yd (job takes 32 workdays)

(1) Round trip from La Crosse.
(2) Setup time.
(3) Breakdown time.
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Estimate for placement at site 4.24 with temporary storage at site 4.29
Cost

Item Per month Per workday

Moving material from site 4.29 to. 4.24

Investment cost

$10,400,000 total investment x 12-percent interest/yr $8,000

6 work mos/yr x 26 workdays/work mo

Depreciation

Dredge $24,000

Booster 8,0O0

In-water pipe (1,500 ft x $2.75/ft/mo) 4,100
Shore pipe (6,000 ft x $1.30/ft/mo) 7,800
One 200-hp tender 1,100
One work barge 700
One fuel-water barge 1,000.

Four dozers 3,700

Total 51,200 3,900

Fuel costs

325 work hrs/mo x 6,400 hp x 0.067 gal/hp/hr x $1.20/gal 6,400
26 workdays/mo

Yard costs

$40,000/mo 3,100
6 work mos/12 mos x 26 workdays/mo

i Supplies

S $112, 000/mo 8,600
6 work mos/12 mos x 26 workdays/mo

Superintendent and captain salaries

$3.800/mo 300
6 work mos/12 mos x 26 workdays/mo

Wages

3 levermen (3 x $10.70/hr x 1.3 x 8 hrs) 340
3 strikers (3 x $10.60/hr x 1.3 x 8 hrs) 330
3 mates (3 x $10.40/hr x 1.3 x 8 hrs) 320
6 equipment operators (6 x $9.80/hr x 1.3 x 8 hrs) 610

6 deckhands (6 x $7.00/hr x 1.3 x 8 hrs) 440

1 dump foreman (1 x $10.00/hr x 1.3 x 8 hrs) 100
3 shoremen (3 x $7.00/hr x 1.3 x 8 hrs) 220

Total 2,360

Per diem

25 people x $40/day/person x 7 days/6 workdays 1,200

Total (not includinR transit costs) 34,300
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Estimate for placement at site 4.24 with temporary storage at site 4.29 (cont)
Cost

Item Per month Per workday

Transit, setup, and breakdown costs

130 mi(1 )/5 mi/hr + 8 hrs (2) + 8 hrs (3 )  1.75 days/job
24 hrs/day

1. Assume job - 400,000 yd
3

Costs - 400,000 yd3 x $34,3 0 0 /workday
350, yd /hr x 22 hrs/workday 

+ (1.75 days x $34,300/day)

1 - $1,782,000 + 60,000 - $1,842,000

p i :$4.60/yd (3 (job takes 36 workdays)

400,000/yd3 -:
2. Assume job - 1,000,000 yd3

Costs - l.000,090 yd x $34,300/workday
350 yd-/hr x 22 hrs/workday + (1.75 days x $34,300/day)

= $4,455,000 + $60,000 = $4,515,000

$4,515,000Jb - $4.52/yd (job takes 91 workdays)
1,000,000 yd /job

Dredging material into site 4.29

Investment cost

$750,000 total investment x 12 percent interest/yr $5,800

6 work mos/yr x 26 workdays/work mo

Depreciat ion

Dredge $24,000
In-water pipe (1,500 ft x $2.70/ft/mo) 4,000
Shore pipe (2,000 ft x $1.30/ft/mo) 2,600
Two 200-hp tenders 2,200
One 400-hp tender 1,100
One work barge 700
One fuel-water barge 1,000

Two dozers 1,800

F e co t$37,400 2,900

;:' Fuel costs

325 work hours/mo x 4,300 hp x 0.067 gal/hp/hr x $1.20/gal 4,300
26 workdays/mo

Yard costs

$40. 000/mo 3,100

6 work mos/12 mos x 26 workdays/work mo
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Estimate for placement at site 4.24 with temporary storage at site 4.29 (cont)
Item Cost

Per month Per iorkd.ay

Supplies

$112,000/mo 8,600
6 work mos/12 mos x 26 workdays/work mo

Superintendent and captain salaries

$3,800/mo 300
6 work mos/12 months x 26 workdays

Wages

3 levermen (3 x $10.70/hr x 1.3 x 8 hrs/day) 340
3 strikers (3 x $10.60/hr x 1.3 x 8 hrs/day) 330
4 mates (4 x $10.40/hr x 1.3 x 8 hrs/day), 430
6 equipment operators (6 x $9.80/hr x [.3 x 8 hrs/dav) 610
10 deckhands (10 x $7.00/hr x 1.3 x 8 hrs/dny) 730
1 dump foreman (1 x $10.00/hr x 1.3 x 8 hrsid3y) 100
6 shoremen (6 x $7.00/hr x 1.3 x 8 hrs/day) 580

Total 3,120

Per diem

35 people x $40/person/day x 7 days/6 workdays $1,600

Total (not including transit costs) 29,700

Transit, setup, and breakdown costs

130 mi( 1)/5 mi/hr + 4 hrs (2) + 4 hrs (3 )  1.4 days/job

24 hrs/day

Assume job - 87,000 yd
3

3Costs - 87000yd x $29 700/workday + (1.4 days x $29,700/workday)
275 yd /hr x 15 hrs/workday

- $626,000 + $42,000 = $668,000

$668 000/Jqb .68/yd3
87,000 yd /Job 7 (job takes 21 days)

The following table compares the two estimates. On the basis of these

estimates, dredging directly to site 4.24 costs about 15 to 25 percent less than

temporarily storing material at site 4.29.
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Comparison of estimates for the two dredging procedures

1. Assume 400,000 yd3 can be emptied from site 4.29. With a dreiging fre-
quency of 65 percent and an average size per job of 873000 yd . si~e 4.29
would have to be cleaned out every 7 years (400,000 yd /(87,000 yd /yr x 65%))

a. $1,842,000 (cost of cleaning out site 4.29)
x 0.1864 (interest and amortization for 7 years at 7 1/8 percent interest)

343,300 (average annual cost of cleaning out site 4.29)

b. $668,000 (cost of dredging to 4.29)
xO.65 (annual frequency of dredging)

434,200 (average annual cost of dredging to site 4.29)

c. $343,300

434,2 00 3
777,500 (average annual cost of two-step option; $13.72/yd 3)

d. $1,230,000 (cost of dredging directly to site 4.24)
x 0.65 (annual frequency of dredging)

799,500 (averaze pnual cost of "direct to site 4.24" option;

14.14/yd )

Therefore, if 400,000 yd is emptied from site 4.29, the option that pumps dredged

material from site 4.29 to 4.24 has an average annual cost advantage of $22,000
essentially an even choice within the ranges of accuracy for the assumpt ions maae.

2. Assume 1,000,000 yd3 can be emptied from site 4.29. With a dredging

frequency of 65 percent and an average size per Job of 87,000 yd

site 4.29 would have to bS cleaned out every 18 years.
(1,000,000 yd /(87,000 yd x 0.65) = 17.7 years).

a. $4,515,000 (cost of cleaning out site 4.29)
x 0.1003 (interest and amortization for 18 years at 7 1/2 percent)

452,800 (average annual cost of cleaning out site 4.29)

b. $665,000 (cost for each dredging to site 4.29)
x 0.65 (annual frequency of dredging)

434,200 (average annual cost of dredging to site 4.29)

C. $452,800

434,200 3
887,000 (average annual cost of "two-step" option; $15.88/yd3)

d. $1,230,000 (cost for dredging from river to site 4.24)
x 0.65 (annual frequency of dredging)

799,500 (average alnual cost of "direct to site 4.24" option;

$14.14/yd )

Therefore, if 1,000,000 yd3 is emptied from site 4.29, the option that pumps

dredged material directly to site 4.24.,from the river has an average annual

cost advantage of $87,500.
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Comparison ol estimates for the two procedures (cont)

NOTE: This analysis assumed that if the "direct to site 4.24" option is

chosen, nothing will have to be dose to the present material place-
ment site. However, if 200,000 yd would have to be moved from
site 4.29 to 6ite 4.24 to satisfy environmental concerns, site 4.29

would have a capacity of 1,000,000 yq - enough for 18 years
(assuming a capacity of 1,200,009 yd at site 4.24). If the average
annual cost of moving 200,000 Nd to site 1.24 is $104,312 (first

cost of $1,040,000 (200,000 yd x $5.20/yd )), the advantage of
dredging directly to site 4.24 would be offset. However, some recrea-
tional benefit may be associated with removing 200,000 yds from the

present placement site and discontinuing its use.

The data in the table on Dape 203 show that costs will not be t'-.r

critical criteria for choosing a dredged material placement method. Matters such

as State regulations and policies will have greater influence in the choice.

For instance, political pressures and permit requirements may make necessary

the permanent removal of the material now in place at site 4.29. If the

material has to be removed, the amortized cost of removal should be added to

this analysis. Some or all of the cost savings shown in the table on page 203

would be negated.

Use of site 4.25 (see the figure on page 199) for Read's Landing material

placement would present much the same set of challenges as site 4.24 and the

costs would not vary greatly from those shown here for site 4.24. Site 4.25

should not be actively considered for the Read's Landing cut until all other

avenues have been explored because it is the primary placement site for the

Crat's Island cut and its capacity is needed to maintain a navigable channel

through lower pool 4.

The notoriety of Read's Landing (the groundings, the containment sites,

etc.) has created public interest in the problem and suggestions for the

use of the material. One example is documented in the Section 107 Small-

Boat Harbor Study at Lake City, Minnesota. The study recommends a sand fill

breakwater which requires 164,000 cubic yards of sand. The material in place

at site 4.29 is suitable for this purpose. To be used, the material would

probably be loaded onto barges with a power shovel or backhoe, transported the

more than 5 miles to the breakwater site, unloaded, and shaped with backhoe or

dragline equipment.
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The costs for this operation had not been prepared by the time this

appendix was printed but preliminary estimates showed that $3.50 to $5.50

per cubic yard appeared reasonable. The comparable cost of mining material

from site 4.29 to site 4.24 is $5.16.

Although the channel maintenance plan for Read's Landing is not as

mutually acceptable as the Weaver Bottoms project in pool 5, the fact that a

viable solution to the problem emerged from the process is a credit to the

GREAT I interagency approach. If the CMP for Read's Landing is implemented,

a major dredged material placement problem will be turned into a service

to both the environment and local economy.

ST. PAUL BARGE TERMINAL MATERIAL PLACEMENT SITES

Selecting placement sites for material dredged from the St. Paul barge

terminal (or turning basin) is a major problem. This site has the largest

dredging volume of any site in the St. Paul District, and the sediments in

the shoal are more contaminated with traze metals and chemicals than those

anywhere else in the District. Therefore, the great volume of material

j dredged from the basin must be completely contained to meet State and

Federal water quality standards. The lack of placement sites within reach

of the Corps hydraulic dredging equipment further complicates this problem.

GREAT developed two alternative placement sites that would provide ade-

quate capacity and acceptable containment for most of the material to be

dredged (see the following figure).

Site 2.02

Site 2.02 is next to the traditional dredge cut on the east side of

the channel. The site is between two major railroad corridors at the north

end of Pig's Eye Lake and marsh. More than 100 acres of this area is an

abandoned landfill with adequate capacity for a 100-percent containment

structure. The site is well protected from erosion.
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Site 2.02 would make an excellent material placement site for the

St. Paul barge terminal dredging. However, two matters would have to be

resolved before the site could be used.

The Corps would probably have to purchase the property. The Chicago,

Milwaukee, St. Paul, and Pacific Railroad (Milwaukee Road) owns the property

and leases it to the city of St. Paul for storing diseased trees (see the

following figure). The Milwaukee Road has filed for bankruptcy and is

selling property through Federal court supervision. Therefore, the property

may be available at a reasonable price. However, action may need to be

taken quickly because the city of St. Paul may also want to purchase the

property.
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The second matter is that a permanent pipe or culvert will have to be

placed through the railroad dike between the river and site 2.02. This can

be done without interrupting rail service. However, the Rock Island Railroad

owns the track involved, and it has also filed for bankruptcy.

Site 2.40T

Site 2.40T is along the main channel border Immediately adjacent to the

St. Paul Metropolitan Airport (Holman Field). The proposed design is to build

a sheet pile wall parallel to the existing shoreline for approximately three-

quarters of a mile and place dredged material behind the sheet-pile wall.

The main channel border to be cut off is the primary shoaling area in the

turning basin. The isolated area could adequately serve as the containment site

required to meet water quality standards.

The St. Paul Port Authority is the riparian landowner and may be willing

to pay for the sheet pile if the containment area could be used for develop-

ment after it was filled. Although State and Federal permits would be required

for the filling and development, the site is a good candidate because

alternative sites are lacking and the habitat and water quality at the site

are relatively poor. Also, the reduced width at the basin would increase

sediment transport capability and reduce dredging requirements at the cut.

Again, the interagency effort fostered by GREAT I has turned a very diffi-

cult problem into a situation where the environment and economic development

could benefit. GREAT I believes that implementing one of these two plans is

the best possible approach to dredged material placement at the turning basin,

given existing equipment and technology.

SPRING LAKE (POOL 2)

The proposal to incorporate channel maintenance in lower pool 2 with

enhancement of Spring Lake (a large backwater lake in pool 2) is not an

approved element of the CMP. Several questions regarding the proposal could

not be answered adequately at the time the CHP was approved. The Team
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recognized the proposal's potential benefits to channel maintenance and

the area's natural resources. It has urged the Corps of Engineers to

complete the investigation of the proposal. If the Ongoing River Resource

Management Team (see Chapter VIII in the main report) approves the proposal,

the Spring Lake enhancement project should replace the CMP's provisions for

cuts 2, 3, and 4 (see the following figure). The proposal would enhance

a commercial harbor, eliminate the need to purchase or acquire an easement

for site 2.35, eliminate the need to barge material from cut 4 to site 2.10,

and improve the recreation and fish and wildlife quality of Spring Lake.

2
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The Proposal

The idea of enhancing Spring Lake by blocking off the flow of

Mississippi River water was first presented in a report titled Spring

Lake by R. C. Einsweiler. The report was prepared in 1973 for the Twin

Cities Metropolitan Council. It pointed out that heavily polluted water

from the river was adversely affecting this potential recreation area.

The report proposed that river flow be prevented from entering the lake,

thereby allowing the natural springs supplying the lake to continuously

flush the lake out.

The quality of river water in this area is particularly poor because the

Metropolitan Waste Treatment Plant discharges effluent- several miles upstream

at Pig's Eye. In part because of the river water's high turbidity and ccn-

tamination levels, Spring Lake has poor aesthetic appeal and wildlife habitat.

If the inflow of poor quality river water could be stopped, Spring Lake

should become clearer and cleaner. It would be more suitable for broad-

based water recreation and would enhance vegetation growth around the lake.

In 1979, C. F. Industries of Rosemount, Minnesota, also proposed block-

ing the flow of river water into the upper portion of Spring Lake. It has

barge loading facilities on the west side of the river just upstream of

Spring Lake (see preceding figure), and sedimentation in its barge slips

is a problem. Representatives of the company believe cutting off flow

which passes from the river, past the company's barge slips, and into

Spring Lake would alleviate the sedimentation problem. In a 28 July 1979

meeting with the Corps of Engineers, they proposed cutting off flow from

the river (see Exhibit I of this document).

CMP Application to Spring Lake Enhancement

During its development of the CMP, GREAT I considered using dredged

material from cuts 2 (Boulanger Bend Lower Light), 3 (Boulanger Bend),

and 4 (Pine Bend Foot Light) to build partial or complete blocking dams at the

upstream inlets to Spring Lake and extend the dike along the east side of the

lake. The upstream blocking dams would be built first and would require
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riprap armoring (similar to the Devil's Cut dam in pool 5A). The dike

extension between the river channel and Spring Lake would be constructed

next.

Mr. Dennis Cin, Chief, Maintenance Branch, St. Paul District, Corps

of Engineers, outlined an approach for this work. Sheet piling cells would

be constructed as needed from the end of the existing dike and progressing

downstream. Riprap armoring would be needed at least along the river

side of the new dike sections.

GREAT I did not include this approach in the CMP for pool 2 because

information on possible impacts was lacking. Specific concerns included

possible impacts on flood stages which might affect residences on Grey Cloud

Island. However, GREAT did consider the proposed CMP very promising.

With this proposal, proximate placement sites for cuts 2, 3, and 4 would

be provided for the entire planning period (1985-2025). C. F. Industries

would have a better barge loading facility. Dakota County could develop an

attractive recreation area. Wildlife habitat would be improved. And the

sediment transport capability of the river in this reach would be improved,

resulting in a reduced need for dredging.

GREAT urges the Corps of Engineers to complete the investigation of

the Spring Lake enhancement project. Also, GREAT urges the Ongoing River

Resources Management Team (GREAT's successor) to reconsider this proposal as

the CMP for cuts 2, 3, and 4 once an adequate investigation of its possible

impacts has been made.
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CHAPTER 13

ALLOWANCES FOR EMERGENCY CONDITIONS

INTRODUCT ION

Maintaining a navigation channel in the Upper Mississippi River is a

complicated problem. In rivers, shoal development is a function of several

interrelated factors including effective flow area, main streamflow,

tributary flow, sediment supply, differences between tributary and main

stem flow, channel curvature, and seasonal high-water cycles. The inter-

relationship of these factors causes shoals in the 9-foot channel of the

Upper Mississippi River to develop rapidly and their behaviors to be

difficult to predict. As a result, emergency situations such as barge

groundings or the development of an impassable channel occasionally occur.

The GREAT I Team examined several examples of channel closure emergency

situations and determined a sound response to these situations.

0 EMERGENCY DEFINITION

The first element of the Team's recommended response was a definition of

what would be called an emergency. Two definitions were adopted - one for

emergency and one for imminent closure. These are presented in Chapter VII -

"Recommendations" of the GREAT I main report as "Policy Item Number 3."

Essentially, an emergency dredging situation exists when ". . . dredging is

required to free a grounded vessel or remove shoals in the channel as a

result of a vessel freeing itself." Imminent closure was defined as when

. . the actual water depth is projected by the District Engineer to be

i.- 10 feet or less within 14 days or less" or ". . the channel width is less

than 85 percent of the normally maintained width."

217

... . _, - . . .



EMERGENCY CONDITIONS

When the Corps of Engineers determines that an emergency dredging situa-

tion exists, as defined above, immediate notice will be given to the U.S. Coast

Guard, the appropriate Federal and State regulatory agencies, and representa-

tives of the On-Site Inspection Team for that pool. Equipment will be

mobilized directly to the site and dredging will be accomplished as expedi-

tiously as possible to restore navigation. As soon as a passable channel is

restored, the emergency condition ceases to exist.

The material placement sites should be chosen based on the following

priority:

1. Sites shown in the channel maintenance plan.

2. Temporary placement sites shown in this report.

3. Other sites as determined by the Corps of Engineers.

The placement site selection process will include consultation with the On-SiteI Inspection Team, coordination with regulatory agencies, and consideration of

environmental values to the extent practical under the existing situation.

IWtINENT CLOSURE CONDITIONS

The imminent closure provision is intended to avoid the need for emergency

dredging by preventing foreseeable closures of the navigation channel. When

an imminent closure condition is recognized, the Corps will follow the same

notification procedure used for emergency dredging, including furnishing appro-

priate agencies scientific information justifying the imminent closure pro-

jection. Before beginning dredging, however, the Corps will take additional

depth measurements at the site to determine if the shoal will stabilize at a

depth of 10 feet or greater.
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The placement sites should be chosen based on the following priority:

1. Sites shown in the channel maintenance plan.

2. Temporary placement sites shown in this report.

3. Temporary sites approved by other appropriate regulator-. agencies

with subsequent removal to the channel maintenance plan sites.

The two major differences between "emergency" and "imminent closure"

are in the dredging conditions described above and in the last resort choice

of placement sites. As a last resort in an emergency, the Corps of Engineers

can choose the placement site. As a last resort in an imminent closure situa-

tion, other agency concurrence must be given to the placement site.

AJTER DREDGING ACTIONS

Within 30 days of the emergency or imminent closure dredging, the Corps

willprovide the following information to appropriate regulatory agencies:

(1) nature of occurrence that necessitated the emergency or imminent closure

dredging; (2) sounding data; (3) dredging depths; (4) volume of dredged material;

(5) type(s) of dredging equipment used; (6) method(s) of dredged material

placement; (7) available data concerning the chemical and physical composition

of the sediment; (8) duration of dredging operation, including beginning and

end dates; (9) project alternatives considered including alternative dredging

methods and placement sites; (10) discussion of mitigative measures that were

considered and used; (11) discussion of any biological effects; and (12)

written projections of water surface and depth.
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CHAPTER 14

INTERIM GUIDELINES FOR DREDGING AND DREDGED MATERIAL PLACEMENT (1981-1985)

The GREAT I long-range CMP is meant to be fully implemented in the 1986

dredging season. To continue the good working relationships and coordii1ation

established during the GREAT I study from the end of the study until 1986,

GREAT I has prepared interim guidelines for dredged material placement and

continued coordination of channel maintenance activities. While equipment

and funding constraints will not allow total compliance with the GREAT I CMP

until 1986, the guidelines listed below should be adhered to to the maximum

extent possible for dredged material placement in the interim period.

PURPOSF

The interim plan is to guide the Corps of Engineers in dredging and

dredged material placement through 1985. After 1985, full compliance with

the GREAT I CMP will be possible. Provided is a recommended procedure for

the Corps and affected States and agencies to follow when dealing with dredg-

ing and dredged material placement.

PROCEDURE

I. The primary guide for the interim is the long-range CMP approved by

GREAT I. The placement sites and methods detailed in the CMP should be used

in the interim whenever possible. Where the Corps does not have control over

approved CMP sites, a systematic acquisition program should be immediately

initiated. The CMP has been thoroughly evaluated and debated by GREAT and

warrants highest priority.

2. When the CMP cannot be followed, the On-Site Inspection Team (OSIT)

should determine the best material placement met od and site. The OSIT a.

its procedures are described in detail in another section of this report.

This interagency team should have the experience and perspective to make

wise and viable recommendations regarding dredged material placement.
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a. Beneficial use sites have the highest priority when the CMP

placement sites cannot be used. Short-term beneficial uses for

dredged material may arise in the interim. If such uses do materialize,

dredged material should be provided whenever possible.

b. The second priority for placement site selection when the

recommended CMP sites cannot be used is placement of material on exist-

ing sites. In such cases, the OSIT will specify what measures should

be taken to substantially limit erosion or secondary movement from

such sites.

c. Temporary material placement sites and existing containment

sites can be used in the interim if the CMP site is not attainable.

However, as specified in the CMP, these sites should be emptied

periodically to ensure the integrity of the dikes and the capacity to

handle emergency dredging volumes. If the OSIT concludes that a

particular containment site cannot be used without a high risk of

further wetland loss, an alternative site should be chosen.

P 3. When the Corps equipment is not adequate or available for a given

project, privately owned equipment should be sought and the recommended CM?j site or the OSIT's highest priority site should be used. All potential

contractors should be directly contacted in such cases.

4. Reduced-depth dredging should continue to be used and evaluated

during the interim period.

SUMMARY

In the interim (1981-1985), the GREAT I CMP should be implemented

-', whenever and wherever possible. When equipment or cost limitations make

use of the (CP for a given site impossible, the OSIT procedure (as described

in this report) should be used to determine the best placement site and

method. Private equipment and reduced-depth dredging are to be used in

the interim where appropriate.
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CHAPTER 15

TYPICAL STOCKPILE DIMENSIONS

For the majority of decisions involving dredged material placement, the

impacts of placement are not solely related to where the placement site is

located. Often, the amount of damage done depends on how much material is

placed at the site, how much area is covered, and the height and shape of

the material pile. Usually, volumes to be dredged are readily available

from the Corps of Engineers. But, historically the translation of these

volumes into site dimensions (areas, heights, etc.) has been left to the

skill, experience, and biases of the Corps of Engineers technicians.

To allow all involved with future dredged material placement decisions

the opportunity to analyze alternative placement site configurations, we have

provided the following table. The table allows one to determine what site

dimensions are possible for a given volume of dredged material. It is divided

into two primary sections, one for relatively small volumes of dredged material

and one for larger volumes. The variables which are provided are length,

width, height, and volume. The calculations used to produce the table pro-

vided for appropriate side slopes.
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CHAPTER 16

ESTIMATE OF DIKING COSTS

I NTRODUCTI ON

Construction of dikes to contain material dredged hydraulically, as

well as the slurry transport water, is necessary in some portions of the GREAT

I study area. Dikes are defined here as major earth walls intended to con-

tain dredged material and slurry on a given site. Complete or limited time

containment of the slurry is desirable when water quality of the slurry is

exceptionally poor or when adjacent habitat is exceptionally valuable.

The following table of diking cost estimates is meant to provide the

user with a general range of earthwork volumes and costs required to build

containment dikes of native material.

DIKING INFORMATION

Four primary factors affect the size of a containment structure:

volume of material being dredged, number of days retention desired, rate at

which dredged material slurry is delivered to the containment area, and

rate at which slurry water seeps through the dikes and substrata.

To use the table, select the dredge proauction rate closest to what

you are assuming and the location of the placement site (above or below Lake

Pepin). Turn to the appropriate table and locate the nearest dredging

volume and days retention for which you wish information. The table will

provide the cubic yards of earthwork required to construct the dikes by

excavation from inside the diked area, the length of dike required

measured along the center of the dike at the top, the approximate height

of dike above the surrounding landscape, the average depth of the basin

inside the dike measured from the top of the dike, the area needed to

build the dike measured around the toe of the outside slope, and ar

approximate cost to construct the dike shown.

Average dredging production rates for 20-, 16-, and 12-inch cutterhead

suction dredges are shown (600, 450, and 200 cubic yards per hour, respec-

tively), plus an average delivery rate for a 12-inch dredge operating as

a device to rehandle material delivered by dump scow (275 cubic yards per hour).
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PRnVIfnF. TOTAJ rn7.ITAI'-mFNT nF si 11PRY

260
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PAGE 9

VOLUME~ DAYS COST AREA r)EPTH HEIGHT LENGTH tARTHWO4K
ORFOGEl RFTFNT~rnN OF PASIN nF DIKE OF DIKE VOLUME

25000, 0 S 7alQ. 4, 7,5 1364,9 7221,
I 11010. 6. 9j9 7, 1828. 16241.

$ 12160. 9. It. A, 2132. 25I15.
3 S 9166. 9. l'ip A, 2152. 25758..

4 9366, 9. 11. A, 2152. 25758..
5 9366. 9. It* As 215?,0 25758..

6 S 93bs, 9. 11: A, 2152. 25758,.
7 s 936. 9., t As 2152. 25758..

270,0 s57487: 4. 7. Was8 7921a
7. 9.P 7. 1840. 16593.

P 1186p. 9. lip Ae 2136* 25125,
-Is 9277, 9. 11, A, 2204, 2755?.*

d1 S 9?77. 9. it' A. 2204. 27552,*
5 S 9277. 9. 11 A 2204. 275S20*

7 S 9277. 9. it. A, ?204. 275529*

30000. 0 S7588.~. 7. 2;' 1452, 8602.
1 10651, 7. 9. 7, 1856. 169kb,

$ 11620. 9. 11,s As* 21400 25282,
5 9104. 10. it. A, 22S?. '29253,.

4 s 9104. to. 1.. A, 2252. 29253,.
S s Qio0i, to. 1. A* P252, 29253,.

*6 s 9104, 10, it. A, 2252. 29253,.
7 s 9100, 10. it. A 2252. 29253..

320, 0 s 7691, A., 7. 5.1488, 9229s
1 5105645, 7. 9,. 7, 1872, 17440'
P 511419, 9. it. 2, 144. 25440,
I s 9ps?, 10, it1.. A* 2296. 30841,.
a S 9252. 10. it. A@ 2296, 30841,*
5 s 9752, 10. 11.a 2296: 30841..
A S 9p22 10. 11. A, P296, 30841..
7 '9?52, 10, it. As 2296: 30841.*

P~IrM~ES TOTAL CnTIMN nF SLV.JRY
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PAGE 10

VOLUMF fAys COST ARFA DEFPTH H~y(jHT LkNGTH LARTHwnR(

DRFDGFIn RTFNT~fnN OF BASIN OF D!$F UF DOr VOLUMF

S.00 Fl 50 1R3 5 528. 9697,

P st1?eSQ 9. II. 188. 17814,

3 5 97470 to. 12. of ?336. 32491.*

a 9747, to, p .236 290

1 %1037n. 7. in, 7. 1916. 18574,
p $10077. V4. it. A: 2160. ?59171

A 1S1 86 11. 12 . , 2356. 33239,
$100,k it. 12. 2* P12. 3555,.*

q.IohA, 1 1. 1?. 00 2412. 3555,.*

7 s i036R. 1 1. 1?. Q. ?4 Q. 55A*

465nlon, 0 s 401 5: P. A, 1660, 1241606
$113 1 i.7. 19i48 19S186,

s1 0753. 9. 1~ 1. 217b. 265.63.

%11443. 11. 12'. 2. 360. 1342qp,
4 115r 17. 12. 1?. 0, ?8n. 38391,*

A si1i7. 12. ip. 2030 38391..

7 s1517. 1 p., .p PuAn. 3839t,

si10401 . 8. in, 7,18. ??A

P * 1057n. q. P1 ~ 192. 27MlS4.

5 slep8?, l?. 13. ?. 53h.6,o,

A *12?8?, 12. 13. ?. 53h. 40,4,

7 I;?8p. 12, 1. . P536, 4q4,

*PPIIV~r) S THTAi rw4T l~lMNT OF StfiRRY
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PAGF I11

VOLUME ()AYS cost AREA DEPTH HETLIT LFNTH tAPT~wflRK
DREDGED RFTFNTIMN OF AASTN nF DTKF UF '-!wF VOLLImF

55000. s 9no?. 6. Q' 1h, 1776. aqs
I Si029A, 8. ') : 71 201?. ?1701,

$10396. 9. It, A ?2(A. 77n
3 Stl?17. 11. 1?.. 0. P3hA. 336 111.
4 s$3193, 12. 13, Q.?b?* 3AlR

SI3P1?7. 13. 13 1mfk a33a,
6 s13A12?. 13, 13: in, P58 u 317LI
7 s13fl12 13, 13.In p54:*

6000 0s 9~S 9. 7. 1828. lb241.
s 10?9. 8. inp 7. P0114. 22260.

2 S1024Q, 9. It.. A, ?2?Ua,1;04
3 5~11220, 11. 1? P?37e 3399A,
Li $ 12q90.s 12. t13. P5 212. 3904kA,
r. S13h99. 13. 13. tn, 263b. 456640*
6 1136994 13, Il. In, ?63b. 56 *
7 3136899, 13. 11. In, ;-63h. uba',661*

A500 0s 94I89. 7. Q. 7, 1876. 17S63,
I S1077 S, In. A. >()7?. P31L4n.

P $10690. 10. ItoR ru, P96
3 SlIiPS9 it. 12. PiPU ,3S

%12069, 1Q, 13. * 516. 4vD UAS,
5 s~a7p, . ,~,pt33.

6 sa,6. I. 13. in. 28760
7 ;Ia L. 13, ?n 676. 7w,

7000ob 0 5 9675. 7. In 7 19241. 18A31,
S10P36. S, A*, R. ?OdJ 21r.

p s 99A J0. 11. sk, 2260, P613
1 S1.10P. I I. I?. 9. 3qb. ;47696

4I $1 2F9b* 12. is. 251b Pblb*
- 51 41U29 0 3 . 13. 1 A?8 *g IS b194,

I,.6 SILSA4Aqs t4. III. 10, P712, a* U ,
7 $14A49, 114, ia In$ "71P. a 94qh,*

*PROVIMES TOTAL CONTAINMENT OF SLIRRQY
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L; $ A@0 Y 10,, C, 9 T p ,•X ,

k F I~ F

s a Q 0 1, 1 -.r
, Q()j. 1C. I". ,* ? . V, 7,r,.

1 4 h 7', 1 1. 1 .IiR~" u2 137
7 ;15 @7* ", 1.. 1(, .

8000o $ 5 . 8, 9 0*In. "o.

Booo1 ,qQ . €8, 11.*; .?o1? # T

I1 ol 12 o l6u 7

P $1007* 10. 11.0 n 0 10 .

S14120. 11. p fl ?glb.

6l 12,**91. tL2. !3 1 * ?7 . 'Aq;}qA

7; S S*1 1 ,. , In, ;>P76* . 1
I $19'9?, 5 7o. n, 7T2 . ilqqqk,

$!A2) ;, 1 5 j?, 7Cu.

@soon. 9 09P. A. I).? o?.

I q.' 10. I I. ;) 1 2P•

3 %1 1 02 , 12. 1 . . n7 ;,

5, $112eSP 13. 17,. i, P,$ J,~

6 l I *1. !. I., tn. ?71i. ;g*k
7 16?0 I 1 4j. t.

q~n~o* 0 10017, 10to Ps ?~2

1 91Ol . 0 * ? . 3

3 $10,2a. 1, ?. 1, ~a . .

S 1'JP2'. 13. !3. I, ; . 1.,

41 715U P /19 4 Q h

7 %1 b AOS. S 15, ; T t'. K3 7QQ,

is POOfVIN26 T4TAi. r0 T AI 'F T r) P
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APPRnxIMATE flIwIMG COSTS AND AREAS

16.INCH DREDGE (450. CuI. YDS. PER HOUR, 20 tIRS, PER DAY)
ABOVE LAKE PFPTN
ALL AREAS ASSUMED SQ~UARE
AVERAGF 1978 PRICE LEVELS PAGE Is

VOLUmE DAYS COST AREA DEPTH HEIGHT LENGTH LARTHwORK
DREDGEO RE:TENTIO1N OF BASIN OF DIKE OF DIKE VOLUmE

500 178. 1 03 800. 1716.
I S Sass. 4. 7. lia168. 88uooe

p S 5458. 4, 7, I;,. tabs 8640,*

3 $ 5as8. 4. 7. so 1abs. 885400*
S S 5 58 . 4, 7 'P 5, 468, ll
5 S 5458, 41 7,.5 1468. 6,,
6 SSR a. so 1468, 8640.*

75on, 0 s 932S, 2. 5'. I* 91b 69,
1 S 71.2q, 51 S* , 1676, 176.
2 S 712Q. 5. 8: A, 1b76. 12762,*

4 S 7129, 5. 8, A 1676. 12762,*
4 S 7i29. S. 8. is, i676. 1276?..
ri $ 7129. 1. a. A, 1676, 12762.*

7 S 11290 5. 16 1676, 12762,*

lboon. n 7175. 2. S. . 1008, 3180.
I 1l3n77' 6. 9" 6 179u'. 1204.

1 8145, 7A 9, 7. 1844P 1 67i2.*
$ 8345. 7. 9? 1844" t67j26.

4 S 814S, 7. 9p 7t 844, 167i24*
5 5 834S, 7. 9.. 1844, 16712,*

$ 8145, 7. 9,7 1844, 167j26.
7 S 8145. 7. 9. 7 1844. 16712,*

120, 0 S 653a, 2. S, 4, 10848 386t7,
$ 11956. b. 9, 7, 1808. 15774,

2 S 904s. S. 1o, 7, 1976, 2029?6*
1 S 9043, 8. 10. 7. 1976. 202920*
LI S 9043. a. 10. 7. 197b, 2029?.*
15 $ 9043. 8, 10. 7. 1976, 09,
lh $ 9043, 8, to. 7. 1976. 20292..

7 9 n43' 8. 10. 7, 1976. ?029?4.

*P~nVIrMES TnTA. CONTAINMENT Mf SLIIPRY
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PA(;F P/I

VOLUME DAYS COST APFA OEPTH H.ETUHT LFNGTH. LAT44k

DREDGED) RETFNTION OF B~ASIN OF D)IKE. U DIKE VnL(J#AF

150000 m s bt9s, 3. be 1 1. 1152. U59pe
t11328, 6. 9. 7. 1832. 1635iA,

5 9361. a. 11. . 2100, ;~n3,

3 S9361, a. it. ?too ?4100.
'I s 916t, 8. it'. 2100 Pl0431

15 s 936t. 'R. it. A.2100. PLA0a3,*

6 s 9361. Fie it. a,2100. 2aOU3,*

7 S9361 * 8. Ile A 2100. p4nu3,*

1750.0 S6061, 3. 6~ J 2? 5233.

1 s10923. 7. * , .IR 16836,

2 5 9?6M 9. it. A, P208. 27720.*

3 S9p6b * 9. it. Oa. ?2OA. 2772n,*

14 s 92bu, 9.* 11 it. 2. ?7720.*
s s 92eS1. 9. It. A* 220. 2772.**

6 s 9264 * 9. A,?20~. 2772n,*

7 S9264, 9. it* A, 2208. ?772n.*

20000. 0' S 6090, 3. 6. 1268, b9?hs

5107171 7, 9. 7. 876. 17563.

W 133A, 10, it& A,* 2240 . P87314,

3 s 9361. 10. 12, m. 2304. 312014..I 4 5 9361, 10. 12. 2. 304. 100
5 S 9361. 10. 12. Ike 2304. 31?0o.

6 S 9361, 10, 12. A, 2304. 3120".'

7 s 9381, 10. 12. A 23014.

22500. 0 56196. 3. 7. . t32r)b s61.

I siosas, 7. 9. 7 1896. 1180hi,

s 1099. 10. It. . ?25P. ?q253.
3 $1 0172. . , 392.

* PoVr:nE T(OTAi rn\TAI'E- .T (F Sil:,PP



PAGE 15

VOL~UMt D&YS CORT ARFA DFPTN HETGHT LFNGTH EARTHwORK

DRFr)CEn RFTFNTlfntv OF BASIN OF UIKE (IF DIKE VOLUt4P

25n00. n b1607, 4. 7. S, 1364. 7221,
$10454, 7. to: 7, 192o. 18102o
%107070 1o. it. 4, 22b8. 2977S.
sil a55. 12. 12. 9. 2a7b, 381824*

$1~105S. 12. t2. 0, 2476, 381820*

q 111.a5S. 1?. 12' 4, P476: 381R?.*

$114ll~5S, 12, 12. 4. 2476. 381A?.*
7 $ U~S, 12. 120 .?Sb 88.

2750fl, n T'60* (I .5 tJ08. 7921"
41017S,. 7. to: 7. 1940: t9?2L1.
siPl in,93 It 1. 2280. 30307.

3 S13AU0. 12. 13. 9.2540 * 41161.
a $12477. 12. 13. 10. 2552. i41590.*

C; 512417. 12. 13. in, 2552. * a 900*

6 s12a177. 12. 13. 10. 2552. 41S900*

7 $ 1'U77, t2. 13. In. 2552. 4ii590.*

s0000, 0 S 6701. U, 7. ~ .1042. 8602.
1 110322. 7. In. 7. 1960. 19755.

7 S1061?. 10. its A6 2296. 30841.
1 $13776. 12. 13. in. P548. 41369.

%1I ,349~R, 13. 1-;. in, 2824. a496no*
51s30I8A. 13. 1-;. in, 2624o '4960,*
*I q348A. 13. 1% f). ?2u. 14960,*

7 3UR, 30 13. 1. 6U U406n,*

3250M. 148aU,7,t . 9229o
In.?r, 7, 10 7 98f) . 20294,

P IA~ p0 1?. A, p30M. 3 1. )
sot i P~ 1? 13 1in 2560. 4213

U I41557' In:, 21 0 b92. LIRs23.*
5 ~ U5%* U, I*In, P692. L8523,*

I-Ai457 , 13, 1n. 2692. 8P,

7 iaU'S7 IA: 3 In. 2692. 48SP31*

*pqrnvI ',f" lUTAI C( AI'If-kT fF St.t'IRR

267
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PAGE 16

VOLUME DAYS COST AREA DEPTH HEIGH4T LFNGTH tLAR1T4,jflik
DREDGED RFTFNTIMN OF RASINi OF DIKF UF O1'F VflLUmE

35000. 0 $ 7097, 5. 8. 152R. 4A9q7.
1 $10278. a. 10. 7. P00o. POQR1I,

2 %10723. 10. 2 ,P2d I3)

3 513817. 13. 13. in, P56. 42ah
*1 $15521, 14. 14'a 1n, 27b 1736A*

5 115521. Ia.* 14P 10.;76. 573

6 SiS52l. 14. I~a. in, ?)75be 13$

A&0000. 0s 7478. 5. he A 159h. 1113%
1 510236. 8a. 7. P'-bjo* 21
2 $10844. it. 12'. 9. 2348. 3An
3 S14067. 13. 13. i.P~' 465
46 $1720,5, i5. 14. In. 27qb* anj

5 17096. 16, 14, 11. ;)87 6b*3?e
6 517L196. lb. 14. lie P87t,. %83?n,*
7 517496. 16, 14. tii ?876. S93 2n,*

45000. 0 s 7983, 5. 8.l 660. 124,%0,
I 510198. 8. 1o0. ~ ,207t,6.?Q

2 5110t66. it. 12. 9 237b. 3399A,
3 S14220. 136 13. e 2612. 4SQ

4 S17319. IS. Ia. lie ?812. Sa-_9
5 $2'1932. 17. 15. 11, 298A. 6516?,.

6 521932. 17. 1';. lie ?9880 5A,
7 3?193?. 17. 15. II198.1.6,

50000. 0 $ 8281. 6. 9 . 172n. 137na,
1 %10142. 9. it. . 2112. *li
2 $11322. It. 121 o,/pJ()4. 3StsP.
3 $14U02, 13. 13. in. 23,)1 051Q
a $117480 15 II. 14. liI pb4gM r, 3 Lhp

$23411. 17. is.. 3000, bn~
$ 27150. 18. Is. 301A. 7 15'.

7 SP715n. 18, I% Cie

*PP0vIME41 TOJTAL COKITAINUE YT nFl Sl lippy

268
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PAGE 17

VOLUME DAYS MRlT AREA DETH4 I4EIGMT LENGIN EARTH4WORK
OpVorEfl RFIENTInN ()v sAS'fj OF UIK OF DIKE VOLUME

sso, 8sb?, 6. q. he tI76 1419830
1 1007 9* ~ ,A, 2148* 255989

%1606, 11. 130 n 2652, 46360v
U 1771. . 1J. 1. ?8441, S6710.

$;'Un3h, 17. is. 11. 301h. "695pp
sl2375ai, 19, 16. 1?. 3166, 77034,

7 *1297r, 19. 16. 12. '418. 76013,*

60000. n M0 b. 9. 7, 1828. tb241,

S qqb q. it, A. P184'. 26726.
SIJA144,. 11. 1? 1. Q. 2456, 37363,
$ UA27, 1SL. 13 . 10. 27. 413o5,

Is,8Q 15. l'. 1.1. 2860. 57511,
SPUA91, 17, ils. lie 3032, 6704S,

7 j94 1 6, p0, 16. ip. 3272. 84526,*

S500 4 124. * 7 9. 7. 1676. 17563.
* 9A33, q2. it. A* 2218b. 28391

$12101 12. 12. of 2216. 2896

A %4?U*19, 13. in, 1192. 78623,
79 SlJ't63, t1, 17, 11. 328,0 S861.0

%14?4 19 10 , 1192 78693oA
7 112I451n pl. 17. i9, 3328, $sell9,

6laA . 6 I shIa*, p1 296, 5972'.

C; sps0o, 18. 1%. ips 3060. 69684,
%,; IA5so, 19. Its. I P 3204, 79723,

7 i~pA, 1. 7, ~,3340, 8951b.

, vw'v rq TIT AI (J7N)ATMUNT (Fl SI ilPIWY

269



PAGE 1A

VOL m R C5 APF A r)F PTH HE TUI L F NG IH hAR'TtHUnW

DP0 G E r kF T FN T I'j r1f PA$jTN flF O'i. F I)1kF VfnLftF

75O00, 0 S 9'qoL' 7. In. 7. l~h#4. ?u02?.
I %~ 9S93, 10, it. A, 228o. 303070
2 i2 A 5 3 12. 13. 0.52A. 410' (1C;

A 156sI6. L, in. sP732. SOk

43 S15A12. 1zh, 1a 29~ 1. .#,rS;

$35747. lb. 15. 1P, 32(3 f 037

800n 9h34I, 8. In. 7 ?08F, 2155p,
* 6 3.P 20. I?. 1q. ?31?. Al13pA,

7 $ I 2q S, 12, 17, . I ,~ P1si . 01qo

8500 S I So 82, , 10 7 IA, ?75?, . 91 4AM

I $19185, 10. 15. 0. 1 , 2 , #3 1 s 4

fS $37;0, 0, 1 A3 p3 0n 12P A ,7

1$46143, ?1. 17. 1 ., 6 (J. 007

9o~.A S 9724, 8. 1(. 7. P052 225n
1 $1i01 eS. 10. 1?. Q

2 134135S 13, 1 p%7 tb0, U6u
A si6553, is. iu. in. P72 ,41
1 s>2129. 17I. I 5i. I1 I ;)Qi,

C; I$P~24 , 18, 1 6, ltv. 72;2
IS $3771, P0, 16, 17A. 1A Ub, A231q,
I -S117 21 21. 17. 11, ;37p . Q3?5 ,

900) SRVIE TOTAL CNAI EN 11F P092 ;)73

S Ioc~c; I . 2; 32. 33kg

p r5 . 1 .1 .1mpoI4 A
-~ ~ Si---l - - ----- --- -P - - -- -



~ApppfxTMATE nj1~(N(; COSTS ANnr AREAS

jtj.TNC;t rPF(F (ij~n, Cuj. yflS. PER HojJR, ?o HR$, PL.R DAY)

AEL~ (AK PFPTN
ALL AWV AS ASSMt St411ARE
AvFWA(;F IQ79 PRICt: LFVFLR

PAGF 19

Vftl"4 P)AYr roST ARFA 0EPpT" HET(I4T LENGTH9 kARTHWORK

r)Ror I r TFr~ or! I t I ASIN OFp DIKE OF iI'(r VOLUmF

n $i 718, 1 . d00, 17i6.

4.?70. 3. 7. C; 131b. 6553'*
7. L&P;) 3. 131b* 655'

S J7. 3. 7. C;,131b. 65S3.'

4 ~J77m, 1. 7. 5 1316. bS53 *

75'1PQ25. 21 15 91b, 2L169,

f s~ags, /4. 1L472, 8917.'

5 %59 * 7. 5. 147?2. 89t7.*

A ~i~. a~ 7. 1472 8917, *~7

7 1 S'q. ' 7. 1472 i'17,*

I (nl)n 7~ IV~7,. 2. l. ie 1008.,10

I ?' 1. ,'5, . S 158 41m, 1036.

bSJ 0 s. 1,58R, t 1036.'

73 1) 5 f). A A. 158, 1 1036.*
C;0 tb3. ~ .A A: 108, 103,*

h lt a N l , 15, S. '. sfe . 10,0

~7 4 1e3 S, 1681 .AO I 2Ao, i

C; 4).tvr~ I r.,PF. to; . 2Iahi
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VOLUME 1) A Y c IOS ARFA p F PT H w~ F I GT L' %I I A K,

i 5t)fl 0 619S, 3. hist,

776 l~A, 6.A i70.r , *Q,

A s 77tg, t), 9.v. i76h 0 *f- ,

a$ 77 9 h ,, i 4h 4,1
A 77bP, h. 9 1 76r,. I"A

A S 77(3a, is. Q. I. 17ho. U .

7 ,.776A, 6 9. # 7o

30 . qP1 6.. 7,

Q .Rp3 6, 6t)7

7 B~ $2I3 h . Q. 7. $~. f? A%

720000.3, A. Ph 7.I~4

sO~l 67090 S. 1bM,

81106. 7. 9. 7. 18o lbS9h.

At 8~46 7. Q. 74 M a.~,
a ~ r, h .;~6 7. F.k. ~ 7;

22OO (oa6 7. 9, 7, t,~

6rt , SU' . A . 7I rq

I OP o~J 7. 9. 7. 1 1 /IC4*

A?0 A 0~ 4IA 7. 7, ,C;p 0

14 1)PO~ 7. 9A. 7. A ,~

1 ~ ', 7. 70* qe. 04 4 ;

A $0'i 7. I,7, I0e1d IMNa0it

* P14!iV i)fLc% T(IT Al r. likil AlI1 4 K-1 (IF SI i Qky
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PACE at

VOLUME DAY COST AREA DEPTH HEtGHT LLNT ATWR

DREDGEJ) RETENTION OF SASYN OF DIKE OF DtKr 'VOLUME

25000, 0 3 6307: 4. 7; so 1364p 7221.
I SS0, 5. a. 66 1636.0 11973.

2 510616, 7. 9.9 7, 1644. 167120
3 S 9023. 7. top 74 1972, 20157.,'

4 s 9023, .7. top 7. 1972p 20157.

Is s 9023. 7. top 7. 1972 * 2015?00
6 s 9023. 7, to. 7v 1972p 20157.'*
7 s 9023, 7. to'. 7. 1972. 201570o'

27,500. 0 s 6500, 4. 7p so 1406, 792t.

I $ 8ei80. 5. 8, 6. 1b6,~ 12363.:
2 s 987L). 7. 9p 79 1646,p 16831o

3 $W633, 8, to, 7, 2000. 20961.

4 S 9150. 8. 10. 7. 2006. 21123.*

)5 s 9150. 81 to. 7. 2008. 21123.'
6 s 9150. a. to. 11. 20081 2t&9

7 s 915no 8. 10** 7, 2008: 21123,'

30000. 0 s 6701, 4. 7' 4;, 1452P 8602.
I s 8a5?, 5, 8. 6, 1672, 12664,

2 s 9735, 7. 9. 7, 1652, 166369
3 510L175. a. to. 7, 1996P 208439
4 s In,,B, 10 7. 2040: 22116..

Is % 9250, so to. 7. 2040 . 211t6 *
6 s 925n. 81 to'. 7o 2040' 22116.'

32500, 0) s 6A86. 4J. 7. le 14868 9249,
I S 8c; I. b, s:,6 1692. 131b1o
? s 96460 7. 9. 7, 1656, 169560

3 s1~R . to: 70 t99b: 20643.
4 s 9323, 8. to. so 2072. 23140.'

s s 9323. S. i0. A, 2072* 23140.'
h S 9323. 8, to. A, 20223140..
7 S 9323. 1%. 10" no 20720 23t46o'

*PROVInES TOTAL CONTAINMENT OF StLuRRY
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PAGE 11.

VOLUME DAYS COST AREA DEPTH HEIGHT LENGTH IARTMWORK
DREDGED RETENTION OF BASIN OF DIKE 0 DIKE VOLUME

35000. 0 S 7097. s. 6 5. Sp lie
1 S 6561. 6. 9, 4. 1e13 1O5O7,
2 S 9605, 7. 9, To 164, 17196
3 5S1242. 6. lop To 1992, 0701.
4 951.93" a. 10, A* 2O9a, lS 0,

6 S 9351s 6. 10, 237399*

40000. 0 5 7478. S .86 6. IS96P 1 1394

1 s 8684, 6, 9, 6. 1748 14416e

2 S 9533. 7. 9, T. 1680. 17966.
3 510085. 6. 1o 7, 1992, 10705
4 510343. 8, op is, 2096 1-36900
5 937, 90. . 2136, 211,5.*
6 S 9375 , 1190 I, 2136. 15135,.
7 s 9375, 9. t1. 8, 2136. 15a15,

6sooo, , 5.78,3 . 4 ,. 16, 1240.

I s 883S, 6. 9, 6.1786 153ts.
2 S 9546. 7, top 7. 9O0. los*,
3 5 9983, 8 t0,. 7, 19960 20643o
4 510212. 6. to, 8, 208S.. 1390
S s 9346o 9. 11. 8. 2172, 264019e
6 S 9352, 9. 11. 8. 2168. 26139.*
7 S 9352, 9, 11 8, 2166, 24339,'

SO000. $ a641, 6. 9. 6. 1720, 13784.
5 8996. 6. 9., iSlo, |113,

2 S 9553. 7, tOp 7. l920, 16703.
3 5 9922. a. 10, 7. 2004, 211e1
4 510111. a. 10 8 2060, 13436,
5 51013S. 9. 11. , 21S6. 59916.
6 5 9312. 9. II . 2192'. 37094*

7 S 9312, 9. it, 4, 2192. 2704ta-o

• P~nvlmE![ TOTAL CONTAINMENT OF SLJRRY
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PAGE 23

VOLUMeE DAYR CORT ARFA DFPTH 'ETGHT LENGTH EARTHWOR9

DREDGE!) RFTFNTIflN OF BASIN OF 01KE OF DjlcE VOLUME

55000. 0 5 8567. 6. 9. 60 1776. 14983o
S 9031, 7. 9. 7. 1860. 17076.

p S 9572. 7. 10. 7. 19140, 192241.
3 $ top,8. 10 7. 2012. 21262.

14 00o3h. 1. In. A, 2080. 23439.
S $1070. 9. it. A, 2141 2S440,

6 s 99750 9. it. A, ?2014 ?7552.

7 9?64, 9. It.A 2208, 27720,*

600n 0 bA60, b. 9. 7, 1828, 1621,
I 9P'89, 7. 9. 7. 1896. 18064.

2 1 9598, 7, to. 71 1960. 19755.
3 14 Q831. S. in0. 7v 2020. 21544,

a 99714., a. In* A, 2080. 23438.
5 slonin, 9. 11: As 2132, 25125.

sqqbb* 9. it. A, 21814. 26726.

7 $ 9?50, q. Its A, 22160 268,

S9Uij2, 7. 10, 7, 032 189611.
P $ 96149, 8. in. 7. 19614. 20431a

S 9921, 8. 10A 7, 2036,s 21972,
S4 5 99?. 8. in. A, 208'44 P'3439,

%1 99p . t1, 2128. 24968,
S 992q, 9. Il , 2172, 264110

7 S 9833, 9. j A, 2216b. 27A866

70000, 0 % q3iJ3, 7. 10, 7. 19214, 18A30,
I S 9514?, 7. 10, 7, 1968, ?0022.
2 S 968Q6 8. in. 7, 2008, 21123.
3 & 9813, 8. lop 7. 2014A, ?24oS,

Li S 9A88 8. to. st, 20814. 234139.
S $ 9Q4 q. 11' As 21210. 21181?.
6 S 990p, 90 it: A0 21b0. ?259179
7 S 9$1510 q. It. ?, 192. 270541,

*PRr)VInES TOTAL CONTAIN~mENT nF SLURRY
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PAGE 2'0

VOLUME DAYS COST ARFA DFPIH I4ETyGHT LFNGTH LAI.TI4pkK

DREDGED WETENTInN (IF 9ASIN OF DIKE OF DIxE VnLI)MF

75000, 0 S 9SOIA. 7. to.. 7, 1968. 200?21
t 4 96346 a. 10,. is noO. ?OaI.
2 $ 9725, A. to, 7. 203i?. Ptfk3".
3 8 9797. a. 10, As toEf. ?6p
4 5 9852, a. t0: P* 092, P173Q,
% s 96740 9. it, .210
6 S967t. 9, It. A 1f. ?5
7 598409 9. 11 7f, P 0'%3 Ss

80000. o 3 96340 8. 10 7. 0,
3 9692. 8a10 7. 2032. ?R~

2 S 9753, a, s0. P. 056.
3 3 9799, 8. to; As* P076. 329
4 a 96s, a. 1o. pto 209h. 73,n
S $ 9841, 9. 11oP 21 2 u. * P'16457,
6 3 984?, 9. 9 .?'u
7 8 9831. 9. 1 ?6

85000. 1) S 9724. 8, 102f7,2052
1 S 974S. a. to0s As 20aL. ?2Aa,4,
2 10 A?8 8. . AA. 73a~p,
3 S9790. a. t0. A, ?092. PA739.
14 S990s, 9: it. Af Plos. ?04hA
5 S g812. 9. 1t A.0 ?2n2. P465 7,
6 S 98f1S* 9. it: Fk. 2132. pb1?r.
7 S 9RII, 9. it. As2144 P514

90000, 0 -$ 9765. 8. to A 2092. 379
1 S 977n~. 8, ?o ~ 291. 2389Ao
p 5 9779* a. . A, 210a. 2495
3 S 9779. 9. As P108, ?4.h

975. . 1. 116. P45 O's
S 977 9 120. ?.4657.,
A 9789. 9. Ai.. 2. ?19MA

S 978ACA 9. it. . 23 Pt.

.P4OVIot.R 707AL (rOtTApINMFNT OF SHIjPy
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APPROXIMATE DIKING COSTS AND AREAS

l2wIlKH DREDGE (20ne Cue YDS* PER HOUR, 20 MRS, PER DAY)
ABOVE LAKE PFPTN
ALL AREAS ASSUMED SQUARE
AVERAGE 1978 PRICE LEVELSPAEa

VOLUME DAYS COST AREA DEPTH HEIGHT LENGTH EARTHWORK
DREDGED RETENTION OF RASIN OF DIKE Of DIKE VOLUME

5000, 0 S 3745, 1., 4. 3. 600. .1 716
i s 6988, 4. 7.,s 1344, 6946s
2 sS5I52, 4A, 7. 15, 1az8. 82206'

3 s SI512, 4,. 7. 5, 1428, 6110..
4 5 SI512, 4A. 7. so 1428. 8220.0

6 8SI512, 41, 7. 5.1428, 8220..
7 sSI512, 41, 7. 0 1426: azao,.

* 70, a. s 3269, 2. 5, is 916, 2469,
1 S 6286, IA. 7. 5 1380. 7891,
2 s 6718. 5. a.6 1624P 11692..
3 S 6718. S. a, 6 1624. 116920
4A S 6718. 5, a. 6. t6?o* 11692,.
5 s 6718, 5. 8. A, 1624, 11691,.

6 s6718. 5, 8, 60 1624, 11692*
7 S6718, 5. 8, 6. 624. 116920

tood 0 S 3306, 2, 5S. too$008 3180.
1000I s 6114. 4, 7. ,146 6004.

2 S 8201, 5. 8be6 1676, 12762.
3 s 7470, 6. 9, 6, 1776, 14963,.

'5 7870. 6, 9? 6, 1776e 149830'
5 s 7870, 6. 9, be 1776P i49630.
6 7870. 6. 9 he 177, 14963,'

-7 s 7870. 6, 9. 6, 1776. 14983,.

(1 S 3S05, 21 5. 4o 108' 3667..
t 6171, 4A, 7, 13. 1452. 6602.

2 5 813R, 6. 8, be 1646. 13262*
3 S 9'i03, 7* 9. 7, 186'i. 17691,
aI 5 8680, 7to 7, 10, 7 . 190ai 114,I:) s 680, 7. 10. 7, t904e 18194,.

8680, 7. 10. 7, 1904.. 18194,*
860, 7. 1o: 7. 1904'. 18194,*

PROVIr'ES TOTAL CONTAINMENT OF SLURRY
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PAGE 26

VOLUME DAYS COST AREA DEPTH i4EyGHT L.ENGTH LARTMWORK
DREDGED RETEWTION OF BASIN OF DIKE OF DIKE VOLUNF

150004 0 S 3797. 3. bp 4, 1152, asses.
1 S 6320. 4, 7. 1488ag, 92299
2 S $163, 6 0 9q, 60 172, '13784,
3 5 9354, 7. top 7. 19006 1868.
'I s 9181, 8. 10. 7. 2016. 21403..

S 9itt a, 10. 7, 2016. 21403*t
6 9161. 8: 10. 7. 2016. 214o3o.

7 S 9181, a. 10*. 7. ?016, 21403..

170.0 S 4083. 3, km,4 121?, 5233.
1 6448, 5* F.S 1520. 9733.

2 S 8198. 6. '. he 17140 1421?.
3 39325. 7, 10. 79 1916.: 18574,
4 S9865. 8. to', A, 2060. ?2698

Is S9369 * 9. It, A, 2112. 24349,*
6 5 9369 * 9. it. A, 2112. 24349,.
7 S 9369, 9. it. A, 2112. 24349,*

20000. 0 3 4409, 3. b" 1.268. 5926,
I S 66379 5. '.#, 5* 10328,
2 S 8293, 6, 9. 6 1764, 147S7,I3 S 9330, 7. to0 7 1932. 189648.
4 5 ge15, a. in: A, P072. 2314A,
5 3 9290, 9, it* Oa 2200. ?7385,.
6 S 9290, 9, 1 A, P200. 2738,.*
7 S 92.90, 90 11, Fk, W2oe Ma3ss*

Basco. 0 3 07370 3, 7. 4;0 t3zo, 66ise
1 S 6845, so ge 6. 15841, 10947.
2 3 8368, 6, 9. 6, 178a, I5204,
3 3 9351, 7, 10, 7. J9A 191lab,
a 3 97780 a. 10, P, 2088. 235S90

5 59697, 9. 11, .A2 277t~k,
r6 S 9l9pe 10, it. Oka 2280. 3030?,.

7 S 9092, to, 11, . 2280. 303O?,

PROVInES TOTAL CONTAINMENT nF SLLI9RY
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PACE 27

VOLUME DAYS COST AREA DEPTH HEIGHT LENtH LARTHWORIN
DREDGED RETENTInN OF BASIN OF DIKE OF DIKE VOLUME

as0oo. 0 i 5020, '4, 7. so 1364,P 7221.
I s 70640 5. 60 6e 1616P, 11990.
2 S 84644 be 9, 70 1806, 15774*
3 S 9369. 7. so 7 W64p 19681.
4 S 9747. 6a11 . 210.0 24043.j. 96t slo. 1. 12 12610 JIBOS4

$100921. o a q. 2348 321105
7 3 991s, 11, 12. 9. 235i* 33049s.

275fl 0 s S3'460 '4. .5 0 79210
s 7252. so 8. 4 1644, 12163.

2 s 6%73. 6, q. . ii, 16241.
3 9392. 8. to, 7. 960, 20296.

s5 917, 9. it, S. I112, 20349,
5 S 9533. 10. it. 8. 2232P 2G665

6 5100966 t0. 12. 9. 2336, 32491.
7 510725. lie 12. 9. 2420. 35750..

3000016 0 s 5659, '4. 7. q9 1452a 6602.O
t s 7410, 5. s: 6. t672.0 12664.
2 $ 8693. 7, 9. 7, 1652. t66369
3 S 9a433, 6. to, 7. 1996, 20643.

9692b~q. go Its so 2124. 24612.
5 S94840 10. It, as 2240. 21734.

32S00. 0 S 5936. 14. 7, so 1488, 9229t
S7603. 6. 9, a. 1700. 13270.

2 s ss100 . 9'. To ts 672 17140.
3 s 9057. a. to. 7. 2012. 2126a.

a S 9666. 9. it.. go 21'40, 25282.
s s 99. t0o it. A4, 2252. 292S3.
6 310263. It. 12. 9. 2356e 33239s

* '7 5113766 it. 12. 4. ?44$8. 36953l

*PRnvInES TOTAL CONTAINMENT OF SLuRRY
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P AGE 20

VOLUME9 DAYS COS.T AREA DEPTH H4EIGHT LENGTH L.ARIMwORK
DREDGE(O RETENTION OF BASIN OF DIKE OF DIKE VOLUME

353000, 0 S 6223. 5,. a. so 1528, 989,
1 s ?79s 6*, 9, #10 1728. 13896.

2 s 8891, 7. 9, 7. t892* 17939,
3 S 9494, 8 lop 7. ?228 PIAMA
4 S 9636, 9, i A, 2152. 257se.

9 s 9328, 10, i1. A. 2264 p 9600.
5 10297: 11, 12 ,26. 373423
7 9.9 I, 1:o 236 37363

40000. 0 s 6726. 5. 8. 0: I596. 111359
1 S8138. 6.9.6 78o* 1504

2 3 9063. 7. 10. 7. 1932: 18964a
3 S 9540. 8. 10. A# ?064. 2?,4

a 9565. 98 Itp PAo 210 6727.
5S9380. t0, it, P1,ZLI 304&A60

6 510550. it. 1?, 9. 2384. 3438s,
7 511627. 12. 12. 9, 2'4?2, 37974,

45o00 0 3 7224, 5. a. 61 tb6o, 12460.
I 3 8032, 6. 90 7, 1828, 162416

2 s-923t. 7. to-, 7. 1972, 20157.
3 $ 93640 8. Iola A, 2096. 73890.s
4 3 947t, 9. it. At 2?08. 2772n.

9623. 10. 12' A 230084 31386,
6 310697. it. 11.* a 349645,

PRV7 E stOeT COTA2 MN 248F SLURR

5000. 0 7649 6 9'' fi 17o. 1784



F ~--PAGE 2

VOLUME DAYS COST AREA DFPTH HETGHT LENGTH LARTfWnkl

DREDGED RETENTION OF BASIN OF DIKE OF DIKE VOLIIME

5sooo. 0 s 6038, 6. 9. 6 1776. 14963.

1 S.69446, 7. to; 7, 1920. 16702.

2 S-94421 a, 10. 7, 20448. ?240150
3 1 9 t. 9. 11. A, ?160. 25917.

3 9226. t0, it' A, 226e. 296o3,
s 510140. 11. t2 9. 2356, 33239,

6 111132. 11. 12, , 2440. 36546,

7 St2190. 12. 13. Q. 25o0. '007?,

60000. 0 S 83766.*9 7. 188, l24 1.
I s 9131. 7. 10o7 1964. 19888A,

2 S 9a92. 9 . to: A, 2084 23439.
3 3 9475, 9, It' A, 2086, 26A89.

44 S 9296, 10, it: A, 2288' 304482,
5 $10353, 11: 12. 9, 2376: 3399A,

* 811429v 111 12. 9, 2460. 37569.

7 sl25l, 12. 13. 9. 2540 41161.

6SO00, 0 S 8687, 7. 79 7, 187b 17563.

I S 9291, 6, l0 7, 2004. ?1121,

2 S 9919. 9, it.. , 2120. 2a6'47.

3 593776, 9. ti A* ?220. psel,
4 1 9954. to. 12. 9. ?312. 313RP.

S1063 . 11. 12 . 2400. 3965.

6 $511722 12, 1. 2484. 396A0.
7 21189. 12, 13, in, 256. 4181?.

700000 0 3 0935, 7, to. 7, 192. 18830,
.5 ,9394, s 1. .. 2'144, 22260s

2 S94960 9, i.A, 22, 278

925?, 0o. 11' A, 22U8. ?9079.

a S 967?, 10. 12. 9, ?340. 12 s.

. S $10916. ti. 12 A, 2424. 3595f,

6i 111963. 12. 13, . 2504, 9413,

7 S129400, 13. 13. In, 257b. 41b26d9

a PROVIDES TOTAL CONTAINMENT OF SLIRRY
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APPROXIMATF DIKING COSTS AND AREAS

t~e!NCH DREDGE (200, C11. VO'S. PER HOUR, 20 MRS, PER DAY)
RELOW LANE PEPIN
ALL AREAS ASSUMED SQUARE
AVERAGE 1978 PRICE LEVELS

PAGE 3t

VOLUME DAYS cost ARFA DEPTH HETGMT LENGTH LARTHWORK
-DREDGEO RETENTInN OF RASIN OF DIKE UF DIKE VOLUmE

5000. 0 5 3705. to . 3* 800 116
I S 443a, 2. 5'. 3. 952. 2724,
2 s 2071. 2. 5s is 976, 2936..

3 s 2071, 2. s. Its 976, 29310.*

& S 2071. 2. 5. is 976, 2934..
7 s 2n71, 2. 5. N 97b: 2930..

7504). 0 S 3Pb9a 2. 5. Is 9lft. 2069.(I S 3388, 2. 5. Its 94(), 26a44
? S 1955* 21 S' is 95b, 2758..
3 $ loss, 21 S: 3. 956, 2758..
'a S ss55 , 2. So t, 95ev. 275..

5 S i9ss' 2. 5. . 5e 275JA..
6 % loss. 2. S. a 9S6, 2758..

3 S 1Q55 I. 2. 5., too" 32758.

1000 S 3506, 2. 4. 10040 3143a

IT, * PRpvTO TOT 1 S.7 1004. 31-

6 % 381. , So3283



F PAGF 32

VOLUME DAYS COST AREA DEPTH F(j4 LENGTH tA~T94wnkv
DREDGED 4ETENTIflN OF SASTN OF DJQk UF DIKF vlh'.~

15000. 0 S 3797. 3. 61 a. 115. 14SAP
I S 3797. 3, 6. a 11132. %Ap,

2 $ 3797. 3. 6. " 1152, s?
3 S 3797. 3. 0a 115?. ass8?,

4 S 3797. 3. 6. a, 115?. 41%8?.

s S 3797. 3. 6. fie 152. assg?.

5 3797. 3. 6'. 0,152.US?
7 S 3797. 3, 6& n' 1152. 4S8?.

17900. 0 S 4083, 3. 6. 1212. 5233'
t 34083. 3. 6. tat12?. SP33.

a 483 , . ,1212. SP331

3 S406. 3 6 , 121?.S);3
4 4083, 3,6a 212, 5?33.

S 84083. 3. 6. . 1212. 5233o
6 5 4083, 3, 8 . l 121?4 23
1 3 4083. 3. 6. 0e 2120 5233.

20000, 0 S 44099 3. 61 1268, 96
t S 4576. 3, 6. 0 12b'4. S0
2 S 4376. 3. a 1?64. 596A8.
3 $ 4376, 3. 6.0, 1264,. 5A68.
4 5 4376, 3; 6. 1i2b41, 5860k.
S S 4376, 3, 6,r * 1261U. SPA,

S 4703, 3 , -61 1 .to51'

3 _____ 473 3,7011b sl



PAGE 33

VOLUME DAYS COST AREA OEPTH HEIGHT LENGTH LART"WnhK
DREDGED RETENTIn,' OF BASIN OF DIKE UF DIKE VOLUMF

SO00. 0 5020. 46. 7. so t3640 7221.
1 5 S020, 4, 7. 5. t364, 722t,
2 S 5020. 40. 7. S, t3b, 72 1.
3 S 5020. 4. 7. v. t36a. 7221,

$ S020, 4. 7 t 36a ?221,
00 S0. 4. 7. 0364 7221.

5020, 4. 7 " 136a. 7221.
SS.020. 4. 7 Cie 1364. 7221.

27500. 0 1 S346. 4. ,. 0o 1408*
I3148, 44 7, So 1408, 721.
2 S S3460 4. 7. 0 4' 1408, 7921.
3 5 S3'480 4i 70 so t'408. 7921.
4 S S48. 4A 7. Se 140. 7921.
S 5 S349. 4o  ?. s laos. 7921.
6 S346. 4. 7. so laOs. 7921.
7 S 5348. 4 7. 5. 14S8. 7921.

uoo. 0 S 5659o 4. 7. so ab2.062.
t S 622. 40 7, So 1448, 8527.

. S 5622. 4. 7. S. 1448, aria.
353622. 4, 7. S, 1a4, 85?.4 622i. '4. 7? Ile 148 8527.

sbal. '4. 7.p S 1449. 82827
6 S U21 4. 7p So t448, 85327.
7 3S5622. 4. 7. 56 1448. 8527.

320.0 S 5936. '4. 7,. lase,88 9229.
I $ 5936, '40 7.s s. 1486, 9229.
2 $ 9936, 4. 7. 5. 1466, 9229.
3 5 5936. 4. 7.. is. 14468, 9229.
'4 S S936, 4. 7. 15. lass 929
5 S 5936, '4. 7. l. ass, 29
6 S 5936. 4. 7 . 5. 1488se. 9229.

S 5936. 44. 7. S. 1468, 92.

'PROVIDES TOTAL CONTAINMENT tOF StuRRY

285
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t! PAGE 34

VOLUME DAYS COST AREA DEPTH HETGHT LFNGTW EARTHwORK
DREDGED WETENTIMN OF RASTN OF UIKE OF DIKE VOLUMP

30oo. 0 s 6?23. 5. A. q, 1528. 98q7,
s 186l, 5. R. C i2e 9815,

2 s6186, 5 , , IS24, 98Ise
3 S 6b6, S, 8. Se 1524, 9815.
4 3 ba6, S. 6. Re 1524. 981,

S S 618b. 5, 6, Wi 152u 9615.
6 $ 6186. 5. a, PR IS240 961s,

l7 3 6186. 5, 8. so 1524. 961S.

40000. 0 S 6726, 5. 8. A. 1596, 11135.
t S 6726. S. 8* A, t596. 11135.

2 S 672A. S. 8. 6. 1596 11135.
3 S 6726. 5. 8. 6. %96b. 1359
4 3 6726, 5. 8 6. lq. 1113s

s S 6726. 5. a. A. 15q6. 11135.

6 S 6726. S. a. be iS9b. M15.
7 S 67260 S, 8, A, IS6%. 11t3s

45000, S 7224. S. A. 6, 1660. 12460,
1 & 7224. S. 8, A, 166%. 12460,
2 S 7224. S. 8. A. 1660. 12460.

3 8 7224, S. 8' A, 1660, 12460.
4 S 7224, S. 8. A, 166). 124609

$ S 7224, S 8 A, 1660. 12460,

6 S 7224, so 81 he 16b0. 1246A
7 7?2, 8. 6, 1660. 12460.

5000 0 S 7674o b, 9. f,% 1720. 1378a,
I S 7639, 6, 9. 6, 1710, 13680,

a S 7639, 6, 9 6, 1t16 13680,
3 1 7639, 6 9. he 1716. 13686,

4 s 7639, 6. 9. A, 1716, 13680,

6 7639o 6. 9. 6, 1716. 136890
7 S 7639. 6. 9. i, 1716. 13680.

* PROVIDES TOTAL CONTAINMENT OF SLURRY
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f PAGE 35

VOLUME DAYS COST AREA DFPTH HEIGHT LENGTH EARTHWORK
DREDGED RETENTION OF BASIN OF DIKE Of DIKE VOLUME

550. 0$ , 6 9 0 a 1776P 149S 4.
s . 806, 6. 9. he 1772, 14977.

P s~ 8036. 6, qe 6, 1772., 1497?.
3 s 8036, b* 9 fie 0772. 149770

si gn836, 6. 9. 6. 1772 1497?.
$y 80)369 b* 9. 6,1772, 14977.

6 s 8036. The 9,., 1772. t49776
F7 S 8036, 6, 9. 6, 1772. 1497?,

6000 o s 87, 7. 1628,1 16241.
;8177, ,9,7, 182kg, 16236.

p 8 77. *9 7* 1624. 162369
s 8177, b, 9. 7. t824p 16236.
s 8177, be 9. 7, 182a, 16236s
S 8377. 6. 9. 7. 1824: 16236.

6 $ 8377. 6. 9' 7. 1824. 16236.
7 S 817%, be 9: 7. 124, 162436.

65000, 0 8687, 7. 9. 7, 1876. 17563.
s 8687. 7. 9. 7* 1676, 17563.

P $ 869,8 7, 9,1 7, 1876P 17563o
1 s 8687, 7. Q 7, 1876.. 17563.
4s S 8697. 7. 9. 7. 1876, 17563a

S 8687, 7 9. 7. 187a, 17563.
s 6 687. 7. 9. 7. I87*, 17563f,

7 5 8687, 7. 9. 7. 1876. 17563.

700,A $893si 7. 10. is Iq2is, 16630s
6 911, 7. to* 7, 1920, 16702.
M 911, 7. In: 7. 1920is872

A s fkt, 7. 1 OP 7, 1920, 1870?.
s f'9 1 qt 7. 1n op 7 1920, 18702,
s 8911, 7. In. 7, 920, 16702,

89,I 1920's 18702.
7 8911. 7., 1n. 7. 1920. 1670?,

*PQrtlr'EFS TUTAL CONTAIP41FNT OF SLURRY
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PAGV 36

VOLUME DAYS COST AREA 0FPYM HFTIiI LFNGIH LARIHWrOtNI
OREOGED RETENTinN OF BASIN OF DIKE UF PIVF vnLIMiF

75000. 0 3 9126, 7. 10. 7. 1968. 20?2
I s 9105. 7. t0, 7. 19611. 19888.
2V S 9105. 7. 10. 7. 19611. 191411k

3 9105s. 7. t0o 7. I9bisa 198Ag

5 9105. 7. t0o 7, 19611,. 198fig,

5 S 9105. 7 10o 7. t9b6t 9Rsk

6 S 9105. 7. 1I. 7. 1964. 19A88.
7 S 9105. 7. 10. 7, 196u. 19AAAS

80000. 0 $ 9280, 8. lo 7. ol, 10

1 S 9?611. a* top 7. 200s, ?11?3.

2 S 926b1, 8f 10. 7. ?nos. 21IA.

3 3 9?64'. a. in. 7. POOR, P1?.
4i S 9260. Be 10. 7. ?008, P11pl,

5 92611. a. In. 7. OR Pil

6 S 9?b4, S. In. 7. POOp,. ?l1?31

7 s 92611, 8. 10.0 7, 2o'~$, Pl1P3,

85000. 0 £ 9393, 8. to. 7, 05?, 23n

t S 9382, as 10, 7. - (mF ?'. 2 4o5,

2 S 9382, 8. In.. ?our- an;
3 S 938?, 8. 10. 7. P01, P2Ps

4 s938?. 80 tn 7, ?0"540
s 39382, a. In. 7. P0L48, ?2n
6 S9382, 8. n 7. pOL48.

7 $ 938?. 80 7, . 08

90000. 0 s 94153, 8. In * .P0
9 2, P3I739,

*I s 91147, a. in. A,?S. P3fQ

2 5 9447, 8. in ~ As ?061a. ps

S 9447, 8. 1. (%A, P0MM, . 3%pfo

4 s 944?, a. I1n. A , 08

5 S 91147* a. in. A , . 68 , 7SQ
6 3 9447, 8. in. A, P 0 $3 p3ti R9
7 s 914470 8. A0 , ?3068,

*PRr)V~nR~E TOTAL cnN~TAINMENT OF S(_I,#iv

288



APPRnXIMATF DIKING CflSTS AND AREAS

1?.!'NCm flR~r'L (P75. Cu,. YOS' PER HOUR, 20 HRS, PER DAY)
RE 4ANLtj ING mATFRTAI FROm 00M;4 scows
ABNEv LAXF PFPYI
ALI AWFAS ASSIJPAEI lqQIIAQF
AVFeQAGF '1978 PQIrL LFVFLS

PAGE 37

VOLUMF oAv~q rOST ARF-A PEPTH HFIGH1 LFNGTH LART~wflkK

nWEDEfl0I kFTFNTI'N OFl IASYN nFl l)!'F OF DIKE VOLUmE-

s0000 1) bn5P. i. Son.00 1716.
I s 5104L. a. 7. 144J8, 82,

P s S104, 4. 7.. i4ag, 8527.*
A *, 5104. 4. 7. 1448, 8527,*

s 534 4. 7. Re6u8 527o*
S5104. 4. 7. C; 144'8. 8S527 0*

A 530'i. 4. 7. 1. 411k~P 8527 ,*
% 3O. . 7. 1448: 8527,*

7'0,A QQ'. 21iX 916. ?9.q
k bill. La. R.1; 1526, 9721,

P ' QL*3 s~ . 0" 1652. 12?67.*

A bn/4 ; A. . 165?.227,
f,041. S. A. 1652: 12267.*

A .bou.;. S. A. . 1652. 12?67,*
7 43 5. 8 A, 16S2, 269

10000. AAGA00 2. 10 t. lOm,38
It ?q A7, S. A 15448, 10?443,

$ An98 h , 9. 7. 1868, 15774,*

s 8nA 6. 9: 7, 1808. 157744.*
s enM09, t' 9 '. 7, 1808, tb774.*

12500 . 9S, 2 ' oa 38567,
1, 537. 5. 8A, 1576, t0770.

P s 974~%, 7. Q. 7, 187h, 17563,
3 S 8AQ7, 7. if) 7. J9'44. 193S5.*

41 S A7 7. I.7. 19144, 19355.,*
C; s 8897, 7. 7, 1944. ig4, 19355,

% 88A97. 7. 1.7. 1944 13,s

* *P~flVTMR5 Tf7AL- CONtAlhoMEN? PF SI.1JPpy
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PAGF 3A

VOLUmE DAYS COST ARFA DFP1TH WT1 6HT LFNGTHA tARTwnkx~d

DREDGEn RFTENTIMN O1F RASYN rlP' [)1K UF IDtKF V0LMHP

15000. aAq 3. h.9I 3, '

I S 7t,73. 5. 8'0 hbM tJA

3 5 9623, 7. 0. P O

S9;)89 8. in. A, 06
s 9285,, 8. In. A. 705,

7 s 25 . 1,A. P056.,25o

17500. 0 S 4~326, 31 I 1212. SP33.

1 S 76a?2, 5. AP 0, 1636. 11973,

2 S Q54ir 7, 10, 7, 19t2. 181146o

3 s10i87, 9. 1 . A. pl?ss. 'e
a S 9362. 9. 11,. A: 2160. 910

S s936?. Q6 A, 210 5917,*
$ s Q3*?1 9. i. A: 2180'm 25QI7,*

7 5 9 3b?, 9. 110 A, 2160. 25917,*

20000. 0 5'&1~7 . 3. A. 68. 1268.

1 7752. s . 1,~ 166'4 2955A.

2 S QS27, 7. 101% 7. 1932. I 96LJ

1 $10073. 9. it. A: ?jinO P52AP,

LI S9104, in. li. A. 22?5i?, pps

S q,90LJ, 10. 11, A ?2.?
6 S 0 4, t0, I1 A , ??2 991

7 $ 9i0U. 10. lie A, 2?52. 292S3.*

225000 0 S 4Q1F. 3. 7. t, b2t

I s 7885, 6, fk, A, 692. 1361

2 s 9553. 7. to0. 7. t952. 19hlQ.

3 s 9979, 9. it. pk, P152. 27A

4 St0137, 10. 12. Q, ?32o. 317aA,

5 s 9747, t0, 12, PP 336, 1?'JQI.*

8 S 97i47. 10. 12's ?. 336.,291'
7 S 9747, 10. 12. 3. ?33E'

*P~RnVIDES TOTAL CONIA'kMENT OF St-uRRy
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PAGE 39

Vfll UmI. r PA vS C STI AREA OFP TH HEIGHT LENGTH tARTHWORK
DRFnGffI RP ~T F sT IrP OF BASIN OF DIKE OF DIKE VOLUME

0 7 'tQ I . s, 1364. 7221.
.5 7999, 6. 9P 140 171h. 13680a;

p qqq I o lo 7, 7 1968 20022.
1 $ 9ql 90 11. ?, 1614 28077,
4 10P37. 10. 1?. 9. 2332: 32301,.

$1 tObs. it. 12's 9. 2418. 35551.*
sioh0As, 11. 12. 0, ?416 : 35551..

7 $10hb65, it, 12. 0. ?418. 35551..

2 7c;on. n;59. 7. 4;. 1408. 7921,

P97, 8 in. o. 9, 96. ?s8.
9A2?. 9. .It. A, 2180o 28727.

sl0293. 10. 12: 9. 2344, 32872.
$ 116411, 1?. 12' 9,o 2488.0 38613..

h %116441. 1.2. t2. go 2488. 38813..
7 $11644, 1?. 12. 9. 2488', 38813..

3000m, n s 57gg* 4. 7. 145 8602.
$ ?8?, . 9 78 14866

P 9S96, 8. in: 7. 2004. 21121.
3 S 9759. 9. it 8 2192" 270511.

sl10362. it. 1?.b 0. 2352. 33049.I A12l5t, 12. 1.2, 9. CO96, 39014.
Sl 2q411, 12. M3. In, 2556: 111812..

7 st2rlIU. 12. 13. in, 2558, 11812..

32bms~ o4, 4.* 7* t, 1488, V22 9,
8 111t* 1b. 9. $1, 1792. 15428.

p#20 8. i6o n: 7. 20211. 21885.
3 h 6711 9. it.. At 2208. P7720,
41 s0a37. it. 1?* 0 2364. 33423,

r, % 12106, 12, 6: 9 2508. 39653,
6 *1 3a1A 3. 1j. I m. 2620' 44728..
7 s1ait 13, 13. Im, ?620: 14728..

.PP(IvlrFS, TCITAI (0NTAI1PNrT MF SLURRY

291



PAGF 40O

VOLUmk flhy54 COST AREA rDVPTH H.TL'HT L.FIG1I-4 LAPT~wnwK
OREOGEP 'OFTFNTIMN OIF BASIN OF ()IKF UF DjIE vOL"OAF

35O000. 5 3? 5 bM 9A447*
5 181;iin* be 181. lbCOi,

ip s 9629. a. 10"7 ?046, 221i#!.
3 s 96144. 9. At.,P 2?20. PPfa

$ 104;76, it. 12p Q4 237b. 339Q9M
3 12404,. 12. 13'P as 2516. aU)3

6 S14149, 13. 13. in, 26440, 1i59o1
7 143370 t'4. 13. in, 2680" a7R.

'(006.0 S bA20, .19, 11~
I s 8790, 71 9p 7 18600 17196t

2 S 96S9, a, to. A, 2076s. 3s,
3 S 9o5#, 10. 11' A, P24% 907q,
4 st0a18. 11. 12" 4. P?0ao/4o,%

S 12SO.5 Jae 13p 0. PS~32. a73

$ 16.)046 144. 144. it), P7E'a. ;?*

4So,0 S 7306. S. 8 .1660. ian
1 8995, 7. In. . 190tq R3n

2 1 9655. 9. 1 * A, 2 10A. ?41 Qb,i3 s 93 2 8. 10. it. 4, 2276. 301290
a 111615. it. 1?. 90 ?a420,
5 $12767* 12. 13. 16. ?5 41596,G
6 $144086, 13. 13. the P668. * a 3pl
7 5161s. is. 14 1 i ?7 7 f~,. ,7

S0000, 0 S 7747, 6. 9. 17?() 17P,

I S9?00. 7. T,. 7,2 16Q
P 9631. 9.,1 ? 514no
3 $ 9626, 10, 1?. A, P304. 31?0a.

$ 1 P94, I1I , I1P. 10. P444. 367 0

7 SJ6399, I5, fa. In, ?79,?. S37996

*PPOvlr'FS TOTAL rONTAINMENT OF. SLII9PUy
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PACE 461

VOLUME DAYS COST AREA DEPTH HEIGHT LENGTH EARTHwoRK
DREDGED RF1'ENTInN of BASIN OF DIKE Of DIKE VOLUM4E

55006, 0 s 8105. 6. 9A. 00176 14963*
1 3 9333, 8. 10, To 199?, 20705,
2 S 9573 * 90 I 1'. Re 21 6. 26563.
3 S 9970. 10. i2, 4, W3as 3211?.
4 Sll~b7. 12. Ia. 4. 24614e 37776.

A 516. 14, 14, ins 27200, 463,
7 $16527, ISO Ia'. lie 2804, 5537

65000o. q'.7~2 ~ 9 1676,. 17641

S, 948, . i. 2.208. 2310

sia~, 1. 12. Q 31 3329.
4 12157, 12, 13, q, 38813.

S. 13459.0 3 13. 1. 2628,b 4429'8.
1i~7 4. 1 ap 1. 2736. 50734.

7 5lflb, 5, Ia. 1.26 3 0, 56165.

non 8986 21, 7. 92, 18 830.I?63
1 94 9so SO 11. as 2082. 2349
2 59153, 10, It*.A 2268. 26735.
3 510790, it. 1?, , 2140. 33960
4 %12399. 12. 13. 9 2534, 409723

5 14019. 13. 13,'. 1. 268 1623
6 15626. 14. 141 too 2736', 51740

528 95 .o. 26' 56,960.

* ~ 9?5 to,~lE IOtA COTANEN O LUR

SiO90'11 Ia 9 2108 2930

-p



PAGF '4?

VOLUME DAYS COST AREA r)FPTH4 HET1GHl LhNGTH LRymwnkx~
DREDGFM RETE..ITIMN OF RASIN OF DIKE OF D)IKE vnL(iME

750000 0 5 9173, 7. to. 7. IqbRl. 200??,
q. ttS As9 214'4 240

2 S 9476. t0, 12. A. 7 30oo 3102?p
3 S11n7s. 11. 1.. 9. ?432,a.3p
4 S127t3. 12. 13. it), '4s.1812.

s 514366 13. is. Iel, 2668. '473.21
6 $15923. 14. 14l. i, 2768A 152511,

60000, 0 S92, 8 .21. 2?7

I S9492. q. it, A, P-180, ?6727,

p S9796. to. 11. as ?2L18. ?2117,

S11n3m. 1.2. 11.s pQp 375b9
di $12~97 13. 13 in.Tb 2620,Is 14. 14. 1(4. In.. usni.-N99S

6 slbi53. 15. 14. in, P294" r,3?7.
-. 7 $17739, 16'0 144 11. ?8A0. .0~sg7.

8P0c0v 0 ES 943U.L OaNEN 10. 70 052 p9Y

I $_11 . q t.Is2 1 .? 7 A

? $1121.it. ?, . 236, 3?34



AP0knXTMAtE DIKING COlSTS AND AREAS

-:o"C PFn Pf C1,Y s. rWIouR MRS, PER DAV') PG

VOLUP4F 1)Ay VT ARA DPH HI4GHT LENGTH4 EARTHWORK
DRDEnI (FTFf-'TtrMN OF AiSIN OF DIKE OF DIKE VOLUM4E

S 3?2fl. S. bp.A 1168, 4743*
s 3flLn. 3. h. 4.fb. 7,
% ?20, 3. b 4: 1168; 4743..
%3?20, 3. 6. 11 i68.
i3?20* 3. 6. La, 1168, .473

4 31?2fl 3. h. '4. t168. 4g3o*
s . 3?2(6, 3. 6, 4, 1168. 73g

A S 349 2. A916, 49
5 5 6?'n. 3. 6a , 9afSoo

P 5 3A85. 3, 6. 4. 1264, S6*

s 398S, 3. 6. ii. 1264.5880

S 348s, 3. 6'A 1264, 5866,*
S 3ABS, 3. 6. 1264 56686

lonon, S 3AoA* 2. . ,1008, 3180a

P 5 'M7A, 3. . ,1200. 8514,

7 4po, 3 7 116. 6553,.

3 4?376i, 2. '. 1316 6SS3**

4 £5'J7A, S, 7. No 1316. 6946..

S S £s'aoA 3,. .7. 1q. 1316,4 6S46..

I 1ti s IJ45P. 21 10A £54. 3867p.

S 5c3 0hSA 36. 7. 15,a l316Lt

S 44h 295 34'644,

4 446, 4 7. ;, 144. 444'



PArF 41

VOLUME DAYS COST AREA DEPTH HfTLFHT LFKGIW tAP1HMRWK

DREDGED RKTFNTInN OF kASTN nF VJKE OF DTIWF vt'LIMF

15000. 0 5 a691O 3. 6. 1, fie.

s 459. 3. d10

S 4q5b, 44, 7, I.? 7(177.*

S 4S5h. 4, 7'sI S 7n77.*

1700 S 41 h M3,6 3.b7 13s,?. t7.

t s 4469n, 3. 6. li IA,

2 S 4973. 31 7. c; 13 k)n
3 5SP563, /4. 7. Re 13Q4( * .

4 % 44486, 4., 7 . c. 13 u 4 . bof
s 44486, 44. 7. 1 i3u ,t QI*i

6 S448, 4. 7. ~ 1344*601
7 S 44486, '4. 7. 1. 3444*

Z000O. I) S 4617, 3. 6,e 5i 2g 92A,
V~ ~ 4751," 3. 6. i ?/.16?.

1 4A29, 3. c; 1. ?96 9f

3 44Qbl, 3. 7. 1. 31e. bs41i
44 s 4?70, 3. 7. h.136

6 s 4J?70, 3. 7.0 C; 1316. 553.*

6 % 70 . 7 36 s,3

7 S 27n. 3. . 136. 691,

k*,0 PRV0 s 491Ai 7.P~T 1NMI 32kT .W S6i0

S~~~~ 296 . ,116 53

S -4AJ S-~ . 7. r,, 131h,-- ---



PACE as

VOLUME DAYS COST AREA DEPTH M4ETGMT LFNGTH LARTMWMIK
DREDGED RETENTIMN OF BASIN OF DIKE OF OjXE VOLUME

Moo,00 0 $ 5179. 4. 7.o so 1364,~ 7221.
1 S 5179. '4. 7. K, 1364. 7221.

2 5179. '4. 1364-. 7221.
3 sS019, '4. 7. 136'4. 7221.
'4 S S179. 4. 7P 1.36La. 72.l
Ci S 517q, '4. 7, 13b'4, 7221.
6 S 5179, 4. 7. 136tA* 7?21,
7 S 5170. 4. 7. 5. 3b4 7pp1.

27500. 0 55491 , 4. 7* 5.a0 79?I1.
S 5491 . '4. 7. c;, 10 9e ITQ? I,

2 S S491, '4 . 7. G; 140s.IQ)
3 $ 5491. 4. 7. luop,.791
'4 S 5441 , 4. 7.P 5,i

'5 55491. 4. 7. 1, 71,I
6 5 509 . '4. 7. c, 140O!. 7921.,

7 S 5491. 4. 7. 14OF 7q2 l.

30000.r) S5789, 4. 7. 1452?. 86(17,
$ S575?. 'I. 7. 1448. 85;)70

P S 5752. 4. 7. 8.1J~~ 527.
3 S S72*. 48 837

as5752. '4. 7. 144A 8527,,

b S 5752. '4. 7. 1. WASQ 8527.

bnoo S654, /1. 7. 148. 9229.

32500, 4, 7, logs 922Q

605M4, 4.7. f;. 1488 . 9229

PRovirIEs TOTAL CONTAINMENT OF SLIURRY

297



PAGE ah

VOLUME DAYS COST ARFA ofpTm 4WETG$T LEtyGTH. hARTdwnRXg
DREOSED RCTENTJON tOF BASIN OF O)TKf UF Oiq~ vflLtImp

350, 0 S 633?. 5. . .i52A. 980?,
I S P132. S. A' Se s.g 9897,
p S 633t, 5. I. , 18. 9897,
3 S 6332. 5. A. v;, 152s. 9897,
4 S 6332. 5. A8, v, Il, 87
5 S 6332, 51 A, r4, 1528. q97,
6 s 633?, 5. 8. , 1518, 147j S 33. S. 8. 4; 1518 98970

400a S 6A20, S. 8 ,1596. Ml39.,
I 6820, 51 8,6,196. 1113s,

7 s 6820. 5, A.. 15qa, 113r,,

4500 5 7A20, S: 8. t6q6, ii
s s 73o0, S. ap Sqb 1A, 1113sn.

3 S b36. S. a, AA be 66,11r,

4500 0 S73 0k 5, S. A, ts I6O ?aLbet
I S 7306, S. AP * , ibiso, 1246m~f,
2 s 73060 5. Ft A. lE,60," 16M 0A
7 s 306. 5. A A 16~i I 2Jt'

500* 77a0,6, S. F4. holoo 1274,
1 s 7707, 6, 9,. A, i7?o, 2hi6 S 7707. 6. A. A. ??Q 13Anj

3 s 7307.6, 9.A,.7o

4 s 7747, 6, q* he i712,, 137fa,
3 5 7747, 6: q: As 7,20. 1378 4,
6; s 7747, 6. 9, . h 720, ll
7 5 7747, 6, 9. !, 72o, IPR

*PFRovInhS TOTAL CONTAINMENT MF jll1"Wy

298



PAGE 07

VOLU ME nAyq Cor ARFA DEPTH HEIGHT LENGTH LARTHwORK
ORFDnEM kFTFNTIN OF RAS!N OF DIKE OF DIKE VOLUME

580nn. 0 .8 0 6. 9. 6 1776, 14983,
S8103, 6. 9 , 1772, 14977,

A103,ol 6, op~ 6. 1772, 14t77,
I 8103. be 9. h 1772. 14977,

6 103 e. 9. 1772, 970
. $ 810t3 6. Q, 6, 1772. 14977e
6 s 8101. 6: 9. 60 1772: 14977,
7 31 813 6. he I 1772. 149770

60000. A S 843A, t, 9. 7, 1828. 16241a
I S 8437, h. 9. 70 182uA 16236o

1 8La37, t, Q. 7. 1824. 16236,
A s 8437. b 9. 70 1824e 16236.
4. % 8a237, 6. 9. 7. 1824. 16236

! P437, . a 7, t824. 16236,
S RA7. 6. 9. 7. 1862, 16236,

7 4837. be Q, 7, 11824* 16236.

y oo, $874p, 7. 9. 7. 1876, 17563.

874 ;, 7. 9. 7. 1876, 17563,
p 8 74Pi. 7. 9, 7. 1876, 17S63,
7 . 74?, 7. 9. 7. 1876, 17S83,

s 874p, 7. 9. 7. 1876, 17S636
87P 7 . 9. 7, 1676' 17563,

68 i71;00 7. 9. 7, 1876.: 175634
7 ~,874P. 7. 9. 7. 1876, 17563.

7000n, n, 7. in. 7., 1'924, 18830,
% 8op. 7 i n. 7. 1920, 187020
f 8Oe6P. 7. in. t. 920. 18702.

'A v oe 7. 1n. 7, 192O. 18702,
42 $ AQh-. 7. In. 7. 192.0 1870?o

*Qb9?, 7. in. 7, 1920. 1870?.
A ~ 69,P 7, tIn7 192o* J8702,

7 x 84?. 7. lC. 7. 1920, 1870?.

V Pr'VlrNI TOT At r(flk-FN-T~~~* OF SLIIQRV

299
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PArf 44p

VOLUM4E OAVS COST AREA DFPT'4 WFTGHIl Lrk;T~ t.AQTHPR'K
OREOGED RETENTIMN OF BA37N nF OIPAE OF 'OIw' vnL'l

75000. 0 s 9173. 7. In 7, 1qbk
*I s 9M,3 7. 1.7. qhA. ? p

7 s 9113, 7. t,7* ,fM
3 s 9i13* 7. 07*ib*

a s 9173. 7. 0
Is s 9173, 7. 1. 7.68

I s 9173, 7. 10. 7.b p

50000* 0 % 9324, 13. to. 7, ?012. IA7
I s 930A. a. in. 7. )f 4?ti1
2 s 930A. 8. In. 7. 2 0IIG
3 s 9108. 8. 17* p7.), 1 A
4 s 910a8. A. n 7. 200A. ?I Ip

S s 9'3oR. A. In*. 7. ?)O0A*
b s 930A. S. I (I. 7, ?0o,4. PII.;

7 93A g. ~In. 20" pi11?'.

850. o S 9434, S. in. 7. s?
I S 9a34, a. In. 7. p05?.

3 94Q30, R. In. 7. Po0%.
3 S 9434. ti. i,7. Pos? ?N,
a S 9434, LR to 7. ;)0%2. ps%
s s 9434, 8. n 7. 2ipuS?,rlm

$ 9L434, B. . 7. pe0%.n
I s 94340 A. In. 7. P20%,n

I $ 9486. A . I m. ( A P 3 1;
2 S gah A . I o. Po.A P sr q
3 S 948A , 4. 1n 1, ?08$A Ag 7i.,a
a S 9486, 8. 1 n, p a, 3

s 1i qAts. g . In, rQ

7 5 qA6, '. o0 A. AjE~

.PonvItER TOTAL CflNTA1Pl4NT 1.ws v
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CHAPTER 17

ESTIMATES OF BERMING COSTS

The assumption made about berming for the purpose of estimating dredg-

ing costs was that two dozers would be needed during dredging to help

direct flow away from areas to be protected. Typical operation of this
equipment would be two dozers intensively maintaining small dikes or berms

to direct the flow or perhaps digging sink holes in the placement site

which would collect slurry water.

The costs shown in the following table are for two appropriately

sized dozers added to the dredge plant. The days shown in the first

column are the actual days of dredging. The costs reflect total costs

of adding the equipment to the fleet including mobilization and staffing.

Average 1978 dollar values are used.

I
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CHAPTER 18

TRUCKING COSTS

Trucking costs are the c)sts of moving dredged material from one

on-land placement site to another using front-end loaders and trucks. The

costs would be the responsibility of the Corps of Engineers when normal

4 channel maintenance equipment could not place the material directly at an

environmentally sound or large enough placement site. For example,

material is trucked from site 4.49 to site 4.38 at Red Wing because the

quality of the dredged material is poor at Wacouta Point and site 4.49

is too small. If a beneficial use for the material is available some dis-

tance from the original placement site, trucking costs would be estimated

in the same manner. However, the user of the material would be responsible

for the costs. For example, the Fish and Wildlife Service would be re-

sponsible for trucking costs to move material from site 9.15 at Genoa or

site 9.37 at Blackhawk Park to the Genoa National Fish Hatchery (site 9.24).

Trucking costs have been included in CMP cost estimates where trucking

would be the Corps of Engineers responsibility. If trucking is needed to pro-

jvide beneficial use, trucking costs were not included. This procedure was

used even when trucking material from a site for beneficial use is necessary

to ensure adequate capacity of the original placement site.

Some of the assumptions made in estimating trucking costs are:

1. For small volumes trucked over short distances:

a. One truck and driver would be used.

b. One loader and operator would be used.

c. No access improvements would be needed.

d. The rate of removal of material would not be critical.

2. For large volumes trucked over long distances:

a. A large fleet of trucks would be used.

b. Two loaders would be used.

c. Some maintenance of access roads would be needed.

d. The rate of removal of material is important.
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3. For frequently used sites with large volumes:

a. Loading equipment would be permanently on the site.

b. No restoration work would be done on the site.

4. For sites which are infrequently used, restoration would be required.

To use the following trucking cost tables:

1. Determine the one-way distance (up to 20 miles) dredged material

would be trucked and find the sheet in the table with the corresponding dis-

tance labeled at the top.

2. Determine the total volume of material to be trucked and find the

closest corresponding volume in the left column.

3. Determine the frequency of use of the placement site. Td do so,

determine which cuts will use the site, find that cut and placement site

combination in the pool plan descriptions (see Parts II-V of this volume),

and find the dredging frequency listed for that cut on page two of the

three-page description. Find the corresponding frequency across the top

of the table.

4. Locate the dollar figure in the frequency column at the appro-

priate volume line. The cost given is for doing one trucking job and

is also given as a cost per cubic yard.
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Technical Assistance to Local Interests -

NCSED-HF C.F. Industries - Mississippi River, R.M. 823.8

TO MEMO FOR THE RECORD FROM Levee & Channels DATE 31 Jul 79 CNTI

Design Section Westall/jg/7593

1. On 25 July 1979, I met with Mr. Joe Robinson and Mr. Don Seiford of
C.F. Industries in Rosemont Township, Minnesota, to discuss a sedimentation
problem in the companyts barge channel on the right side of the Mississippi
River at mile post 823.8, just across from Gray Cloud Island. Inclosure 1
is a copy of Navigation Chart No. 154 showing the location of the barge
channel. Inclosure 2 is a copy of a map traced from a 1970 aerial photograph
showing the C.F. Industries barge slips, entrance channel, and the upper end
of Spring Lake. This map with soundings (taken 1 and 25 July 1979) was supplied
by Mr. Joe Robinson.

2. The problem at C.F. Industries is shoaling in the barge channel. In-
closure 3 is a copy of a map showing the condition of the barge channel on
26 September 1978. Inclosure 4 shows the condition of the channel on 1 July
1979, and Inclosure 5 shows the channel condition as of 20 July 1979.

3. The problem at C.F. Industries is produced by the fact that the entrance
to the barge channel is on the upstream end of Spring Lake. The elevation of
the lake is governed primarily by the elevation of the Mississippi River about
2.5 miles downstream from tae eagrance to the barge channel. As the slope of
the river increases with increasing discharge, the elevation difference be-
tween Spring Lake and the Mississippi River at barge channel entrance increases.
More water flows into Spring Lake via the barge channel and the other two open-
ings carrying river sediment with it.

4. This problem is also related to maintenance dredging on the Mississippi

River. Inclosure 6 is a copy of Navigation Chart 154 showing the historical

dredging locations on the Mississippi in the vicinity of Spring Lake. In-
closure 7 is a table summarizing dredging statistics on the Mississippi. The
average annual dredging volume at the three sites adjacent to Spring Lake is
about 36,000 cubic yards.

5. It is fairly obvious that part of the dredging problem on the Mississippi
is caused by escape of water from the main channel through the three openings
at the upper end of Spring Lake. Inspection of the upper end of Spring Lake
indicated that most of the escape flow went through the barge channel entrance
(marked 1 on Inclosure 2) and the next opening downstream (marked 2). The
third opening (marked 3) is small and is affected by large sediment deposits
in the upper end of the lake. Since the barge channel is maintained for barge
traffic, more and more of the flow is being concentrated through this opening.

Also, the rock revetment at the outside of the bend on the main channel is gone
and the channel opening is eroding and getting larger. The approximate erosion

~I i
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NCSED-HF 31 July 1979
SUBJECT: Technical Assistance to Local Interests -

C.F. Industries - Mississippi River, R.M. 823.8

line is shown on Inclosure 5. A sand spit is forming on the left side of the
barge channel and sediment is being deposited closer to the barge slips. Sedi-
ment is also collecting in the upper end of Spring Lake, and the two small is-
lands, marked I and 2 on Inclosure 2, are now connected.

6. The following recommendations are offered to: a) relieve sedimentation in

the barge channel; b) retard sediment accumulation in Spring Lake; and c) keep
more flow in the Mississippi River and possibly reduce maintenance dredging in
the vicinity of Spring Lake:

a) Reconstruct the damaged rock revetment at the barge channel entrance
(Inclosure 2).

b) Build a low, notched rock structure across the opening at the head
of Spring Lake (Inclosure 2).

c) Riprap the bottom of the small inlet channel to prevent it from
getting larger (Inclosure 2).

The details of the above three recommendations are to be designed by the
Engineering Division, St. Paul District.

7. The benefits of preventing sediment from accumulating bear directly on the
concerns of industry and navigation, flood plain management and the environmental
setting of the area. This would appear to be within the purview of the GREAT
team. I recommend that the above be implemented, possibly in coordination with
the maintenance force of C.F. Industries.

7 Incl WILLIAM G. WESTALL
as
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