
,' AD-A126 969 GREAT I: A STUDY OE THE UPPER MISSISSIPPI RIVER VOLUME 1/5,
3 MATERIAL AND EQUIPMENT NEEDS COMMERCIAL
TRANSPORTATION U GREAT RIVER ENVIRONMENTAL ACTION TEAM

UNCLASSIFIED SEP 80 F/G 5/L N

mmmhmhmhhhhhl
mhhhhmmmmhhuo
EEmhhhhEmhhshI



1111 - ~ 2 2.2

11IN 1.8

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF S7ANDARDS- 963-A



VOLUME 3

MATERIAL & EQUIPMENT NEEDS

COMMERCIAL TRANSPORTATION

SELECTE r
'4-4 04 19 088 APR1t9 1Wl

DWSRIBUTION STATEEN AD
IApproved4 for public releose D

Uitb-- Unlimited

AWA~ Il



UNLCASSIVEI

SECURITY CLASSIFICATION OF THIS PAGE IWhmau Date Enteed__________________

READ INSTRUCIONfsREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT N4UMBER 2.GOVT ACCESSION No. 3. RECIPIENT'S CATALOG NUMBER

14. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

GREAT I STUDY OF THE UPPER MISSISSIPPI RIVER,
Volume 3: Material & Equipment Needs, Commercial6PEFRIGO.RPRTNMR
Transportation. 6 EFRIGOG EOTNNE

7. AUTHOR(@) S. CONTRACT OR GRANT HUMBER(s)

Great River Environmental Action Team

0. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA A WORK UNIT NUMBERS

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U.S. Department of the Army September 1980
Corps of Engineers, St. Paul District 13. NUMBER OF PAGES

1135 USPO & Custom House, St. Paul, MN 55101
14. MONMITORING AGENCY NAME & ADDRESS(if different froim Controlling Office) 15. SECURITY CLASS. (of this report)

15s. DECL ASSI FICATION/DOWNGRADING.
SCHEDULE

14. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (ofh abn.stract rneermdn t.Bock"2. II dlffkotem Report)

18. SUPPLEMENUTARY NOTES

19. KEY WORDS (Coniinue an. revee side If necessary and identify by block number)

Dredging
Hydraulic dredging
Mechanical dredging
Waterborne transportation

2L AIM, ACr (Cfbrnase m revere -g N nieesay a" #~fly4 by block nmberm)

)Volume three is divided into two parts. Part A describes the operating
capabilities of dredging operations; hydraulic dredging, mechanical dreging
and clamshell dredging.

Part B describes present and future problems and needs of commercial river
transportation on the Upper Mississippi River from Minneapolis/St Paul,
Minnesota to Guttenberg, Iowa.--

C-.

OD ijMM W3 EDITINo Or I NOV 69 I OBSOLETE

SECUITY CLASSIFICATION OF THIS PAGE (When Date Enterod)



Aoos80a Fer

OUTLINE -I- GRA&i

DTIC TAB
GREAT I Uannounced

SEPTEMBER 1989' 9.0e Justificatlon' .

VOLUME I MAIN REPORT Distriution/
Availability Codes

TECHNICAL APPENDIXES 'Avail and/or
Dit Special

VOLUME 2 A. FLOODPLAIN MANAGEMENT

B. DREDGED MATERIAL USES

C. DREDGING REQUIREMENTS 0Original contains olorplates: All DTIC reproduct-

VOLUME 3 D. MATERIAL AND EQUIPMENT NEEDS ions will be in blUck an'd

E. COMMERCIAL TRANSPORTATION white,

VOLUME 4 F. WATER QUALITY

G. SEDIMENT AND EROSION

VOLUME 5 H. FISH AND WILDLIFE

VOLUME 6 I. RECREATION

VOLUME 7 J. PUBLIC PARTICIPATION

K. PLAN FORMULATION

VOLUME 8 L. CHANNEL MAINTENANCE

PART I - NARRATIVE

PART II - POOL PLANS AND SITE DESCRIPTIONS -

MINNESOTA RIVER, ST. CROIX RIVER,
ST. ANTHONY FALLS AND POOLS I AND 2

PART III - POOL PLANS AND SITE DESCRIPTIONS -

POOLS 3 AND 4

PART IV POOL PLANS AND SITE DESCRIPTIONS -

POOLS 5, 5A, 6, AND 7

PART V POOL PLANS AND SITE DESCRIPTIONS -

POOLS 8, 9, AND 10

VOLUME 9 M. ENVIRONMENTAL IMPACT STATEMENT



MATERIAL & EQUIPMENT NEEDS



TABLE OF CONTENTS

ITEM PAGE

INTRODUCTION 1

BACKGROUND 2

WORK GROUP PARTICIPANTS AND COORDINATION 2

SCOPE OF THE STUDY TASK 3

ACTIVE CONDUCT OF THE STUDY 4

DREDGING EQUIPMENT SEMINAR 6

WORK GROUP ACTIVITIES 8

SUMMARY OF FINDINGS AND RECONNENDATIONS 12

EXISTING EQUIPMENT AND DREDGING PRACTICES 15

EXISTING EQUIPMENT 16

Hydraulic Dredges (Cutterhead) 17

Mechanical Dredges (Backhoe) 17

HISTORIC PRACTICES 24

POSSIBLE NEW EQUIPMENT TYPES AND RECENT DEVELOPMENTS 25

New Developments in Hydraulic Dredging 25

New Developments in Mechanical Dredging 25

Riverine Hydrology 27

Pneuma Pumping System 28

Hopper Dredges 32

Clamshell Dredges 32

Drag Beam Method of Agitation Dredging 32

Direct Hydraulic Loading of Barges 34

Hydrablic Unloading of Barges 35

Mechanical Unloading of Barges 36

"Wagger" 37

Hydrocyclones 37

IMPLEMENTATION OF SELECTED PLAN 39

OTHER RIVER MANAGEMENT OBJECTIVES 41

PILOT PROGRAMS DURING GREAT 42

SIDE CHANNEL OPENING PILOT STUDY AT BUFFALO CITY 42

CHANNEL DIMENSIONS AND RELATED DREDGING 45

_ I



TABLE OF CONTENTS (CONT)

ITEM. PAGE

LEGAL FRAMEWORK AND CONSTRAINTS 47

MORATORIUM ON PURCHASE OF DREDGES AND DREDGING
EQUIPMENT 47

INDUSTRY CAPABILITY PROGRAM 49

PUBLIC LAW 95-269 51

SECTION 404(T) MND OTHER REGULATORY RESTRICTIONS 52

Iowa Dredging Regulations 53

Minnesota Dredging Regulations 56

Wisconsin Dredging Regulations 59

PROBLEMS AND NEEDS 61

GREAT STUDY OBJECTIVES 61

STATEMENT OF PROBLEMS 63

EXISTING EQUIPMENT SHORTCOMINGS 66

NEW EQUIPMENT REQUIREMENTS 67

PLAN FORMULATION 68

CHANNEL MAINTENANCE 69

Possible Placement Sites 69

Alternative Plan Development 70

Channel Maintenance Plan 71

Channel Reliability 71

Selected Material Placement Plan 71

Selected Equipment Needs Plan 72

Special Report - Isle La Plume 73

Special Report - Reads Landing 73

OTHER RIVER MANAGEMENT ACTIVITIES 75

Management Purposes 75

Construction and Equipment Needs 75

DEVELOPMENT OF DREDGING COST ESTIMATES 76

IMPLEMENTATION OF SELECTED PLAN 77

EVALUATION OF SELECTED PLAN 78

NATIONAL ECONOMIC DEVELOPMENT EFFECTS 78

ENVIRONMENTAL QUALITY EFFECTS 78



TABLE OF CONTENTS (CONT)

ITEM PAGE

RECOMM*ENDATIONS 79

THE DREDGE WILLIAM A. THOMPSON 79

MECHANICAL DREDGING EQUIPMENT 79

DREDGING FORECASTS 79

HYDRAULIC LOADING AND UNLOADING OF BARGES 79

DREDGING ESTIMATES 80

READS LANDING 80

FISH AND WILDLIFE MANAGEMENT 80

TABLES

MATERIAL AND EQUIPMENT NEEDS WORK GROUP ACTIVITY SUMMARY 11

MECHANICAL DREDGES 13

HYDRAULIC DREDGES 14

APPROXIMATE HOURLY PRODUCTION RATES 22

JOB EFFICIENCY FACTOR 22

DEPTH OF CUT FACTOR 23

ANGLE OF SWING FACTOR 23

MATERIAL LOADABILITY FACTOR 23

SUMMARY OF COSTS FOR BUFFALO CITY SIDE CHANNEL OPENING 44

MATERIAL AND EQUIPMENT NEEDS WORK GROUP PROBLEM LIST 65

IMPLEMENTATION OF OTHER RIVER MANAGEMENT RECOMMENDATIONS 76

FIGURES

HOE ATTACHMENT WITH TRACTOR LOWER 18

PNEUMA, PUMP 31

ATTACHMENTS

Number

1 PROCEEDINGS OF DREDGING EQUIPMENT SEMINAR

2 PLAN FORMULATION LEVEL COST ESTIMATES

3 ESTIMATE FOR DREDGING WITH BUCKET-CHAIN AND HYDRAULIC
BACKHOE DREDGES

4 RELATIONSHIP OF INDUSTRY CAPABILITY PROGRAM ESTIMATING
PROCEDURES TO DREDGING COST ESTIMATES

5 PLAN EVALUATION LEVEL DREDGING COST ESTIMATES

6 PHOTOGRAPHS AND EXHIBITS

10r 01



MATERIAL AND EQUIPMENT N~EEDS

WORK GROUP

INTRODUCT ION

The word "dredging" carries negative connotations for many people.

It comes from the verb dredge, which means to drag up or clear earth

as from a channel, making it deeper or wider. The earth that is re-

moved is called "spoil" - another word with negative connotations.

These connotations attached to the words illustrate the semantic prob-

lem facing readers of the Great River Study documents. It is natural

for anyone to interpret what he reads on the basis of his own concep-

tions. Unfortunately, many people conceive of dredging as digging

up silt, mud, gunk, and trash from a river bottom and dropping it on

shore, "spoiling" the shore for everyone.

To illustrate this problem of interpretation, consider a sandbar

on the river - clean, white sand formed into an inviting beach ringed

with young willows and shrubs. This sandbar was made from spoil

dredged from the bottom of the river. In reality, all but a very few

of the many beaches along the Upper Mississippi River are pro~duced

directly from dredging.

Using the word "material" instead of "spoil" helps by implying

(correctly) that the dredged sand is a useful substance. But the

most difficult concept to portray is the need for the clearing of

the channel - dredging - in the first place. The Mississippi River

is one of the largest waterways in the world. Vessels of many sizes

ply the waters of this mighty river bringing the world market closer

to the agricultural regions of the Upper Midwest.

The river does not always cooperate in this very necessary func-

tion. In response to the weather and other natural forces, the river

throws sand and shoals in the way of passing vessels. The sand and

shoals must be cleared -dredged -and the sand -spoil -disposed of.



BACKGROUND

Congress has directed the Corps of Engineers to maintain the

9-foot navigation project on the Upper Mississippi River. This proj-

ect was established by creating a series of pools behind dams with

locks. In the slack-water pools behind these dams, sediments accumu-

late from natural movement of solids along the main channel, deposi-

tion from numerous tributaries, and redeposition of previously

dredged material. These sediments must be periodically removed to

keep the navigation channel open.

Historically, in this portion of the Upper Mississippi River,

dredged material has been placed in shallow areas adjacent to the main

channel or on natural islands. In some cases, placement has adversely af-

fected valuable acreages of productive fish and wildlife habitat. Accord-

ing to the findings of the Environmental Impact Statement for Operation

and Maintenance of the Upper Mississippi River 9-Foot Navigation Channel,

the Government-owned plant and equipment are limited in their ability to

place dredged material in areas and by methods that are compatible with

total resource management. Consequently, a Material and Equipment Needs

Work Group was established within GREAT and charged with sggesting new

or additional equipment or new ways of using existing equipment to reduce

the adverse impacts of channel maintenance activities.

This main challenge to the work group is joined by another of equal

importance. This second challenge is to develop equipment needs and

cost estimates for implementation of the recommendations of the other

work groups.

WORK GROUP PARTICIPANTS AND COORDINATICN

Knowledge of dredging equipment and techniques is peculiar to

only two groups in the United States - the Corps of Engineers and the

dredging industry. Resource management agencies, such as most of the

Corps partners in the GREAT study, have little need for large-scale

dredging expertise. As a result, active membership on the work group

was sparse at best. The States and other Federal agencies by and

large preferred to provide input and monitor the work group on a

chair-to-chair level and through the Plan Formulation Work Group.
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It was not that these other agencies had a lack of interest. The con-

verse is more the case as evidenced by the support given to the dredging

equipment seminar (A Better Way of Doing Business - Dredging: The

Challenge, the Technology, the Opportunity) described later in this appen-

dix and in Attachment 1.

SCOPE OF THE STUDY TASK

The charge given to the MENWG (Material and Equipment Needs Work Group)

basically stems from one of the study objectives adopted by the Upper Mis-

sissippi River Basin Commission and the GREAT study partnership team in

October 1974. This objective is to:

"Assure necessary capability to maintain the total

river resources on the Upper Mississippi River in an

environmentally sound manner."

The Material and Equipment Needs Work Group was formed to~ achieve

a major portion of this objective. To accomplish this, work group

activities fall into three areas:

1. Determining the available dredging capability in public and

private ownership.

2. Suggesting which types of equipment are best suited and

cost effective for implementing a recommended channel maintenance

plan.

3. Suggesting which types of equipment and techniques are best

suited for implementing the recommendations of the other work groups.

Early in the study, a plan of action was developed to guide the

work group's actions. The steps adopted at that time were to:

3
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1. Research historical dredging operations to list available

options.

2. Inventory all available dredging related equipment operated

by the Government or private industry.

3. Determine equipment needs and costs for potential alterna-

tives in dredging requirements developed by the Dredging Requirements

Work Group and alternative placement sites developed by the Plan

Formulation Work Group.

4. Coordinate with other work groups to determine equipment needs

for the recommendations of those work groups.

5. Prepare recommendations for future equipment needs to accomplish

GREAT study objectives.

6. Draft the Material and Equipment Needs Work Group Appendix.

ACTIVE CONDUCT OF STUDY

Recommendations involving equipment cannot be developed until a material

placement plan is relatively fixed. Equipment to implement this selected

plan can then be recommended. However, the approaches used in selecting

placement sites depend on what equipment is available to do the dredging.

Early in the study, several types of dredges, both traditional

and exotic, were reviewed to get a rough idea of how they might be used.

The MENWG, along with the other work groups, concluded that five

methods" would be considered during plan formulation:

1. A 20-inch hydraulic cutterhead dredge (the William A.

Thompson).

2. A 12-inch hydraulic cutterhead dredge (the Dubuque).

3. An 8-inch auger-hydraulic dredge (a Mudcat).

4

-ia



4. A pneumatic-displacement dredge (the Pneuma pump developed

by SIRSI, Inc.).

5. A barge-mounted clamshell dredge (the Hauser).

Major factors in selecting these five methods were the production ratis

and operational characteristics information available.

From presentations made at the dredging seminar, field observations

of some newer dredges, and meetings of the Channel Maintenance Task

Force (see the Plan Formulation Work Group Appendix), the MENGC and

the Plan Formulation Work Group concluded that other dredges should

be considered. The Mudcat was dropped for main channel dredging because

of its lower production rate. Horsepower requirements and fuel consump-

tion rates coupled with lower production rates also eliminated the

Pneuma pump. A bucket-ladder dredge and barge-mounted backhoe were

added after cost information was available (see the Channel Maintenance

Appendix).

Costs were determined for bucket-chain and hydraulic backhoe d.-dges

with a production rate of about 70 percent of that of the Dredge TLfmpscn.

This Si7e dredge was selected because:

1. The Thompson is included in the Corps Minimum Fleet Requir

ments (see section on Public Law 95-269) and will be available for

emergencies at sites such as Reads Landing, Crats Island, and above

Brownsville, Minnesota.

2. It seems compatible with fleeting, loading, and maneuvering

barges.

3. The best information available on bucket-chain dredges pertains

to this size.

5
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Except for the bucket-cha.La dredge, published cost information is

available for all the equipment types considered by the MENWG. The

MENWG estimated the cost of building such a dredge and used that value

in preparing dredging cost estimates (see Attachment 3).

Working from a familiarity with these methods, the Plan Formulation

Work Group developed a set of selected material placement sites. In the

closing stages of the study effort, the MENWG prepared cost data for

implementing the recommended channel maintenance plan as documented in

the Channel Maintenance Appendix.

During the study, close coordination was maintained with two other

work groups - Dredging Requirements and Dredged Material Uses. These

work groups more thaA any others affected the approaches taken by the

MENWG.

DREDGING EQUIPMENT SEMINAR

As the NENWG began in-depth investigation of new and innovative

dredges and dredging techniques, it became apparent that the most

efficient way to gather the needed information on the state-of-the-art

in dredge design and new techniques was to invite knowledgeable

individuals to address GREAT on problems typical to this study area.

It also became apparent that others in the study area could benefit

from this first-hand contact. The idea of a seminar at which these

people would present their information to GREAT, the work groups,

and others grew into first a request to the GREAT I team and finally

to the Upper Mississippi River Basin Commission for help in staging a

major workshop-seminar on river dredging.

H. Ronald Kreh, in comments made at the Dredging Equipment Seminar

(see Attachment 1), made the following points which very clearly describe

the approach taken by the MENWG:

1. If you do not have a placement site, you cannot dredge.

6



2. If the dredging is to be done, the placement site must be accept-

able to everybody.

3. Once you have picked a placement site, you can talk about dredge

technology and dredging methods.

4. The placement site, whether it is on shore or in open water, and

the distance from the dredge cut to the site determine the method of dredging.

5. The Corps will not be acquiring much new equipment. Under Public

Law 95-269, the Corps will be getting out of the dredging business so any

new dredging technology has to be attractive to contractors.

~. Dredge technology can only be a solution to a dredging problem

if contractors are willing to invest money in a physical plant that can

solve the problem.

The costs of dredging are often the key factors in selecting a place-

ment site that is acceptable to everybody. In almost every case, costs must

be estimated f or various dredging methods to see if cost is actually a

major consideration. Three levels of cost estimates were developed by the

HENWG during the GREAT I study.

Preliminary level - Based on costs incurred by the Corps with its own

equipment and calculated using Corps accounting procedures.

Plan formulation level - Based on published contractor rental rates

and used to develop the channel maintenance plan.

Plan evaluation level - Based on estimating procedures developed by

the Corps for preparing Government estimates of contracted dredging projects

arnd used to evaluate the recommended channel maintenance plan.

The procedures are discussed in detail in Attachments 2 through 6.

7
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At its quarterly meeting in August 1978, the Upper Mississippi

River Basin Commission voted to jointly sponsor the seminar with GREAT.

The Western Dredging Association (a subdivision of the World Dredging

Association) also assisted in the seminar.

More than 250 people from across the country attended the seminar

on 31 January and 1 February 1979 in St. Paul, Minnesota. The seminar

and its findings are discussed in more detail later. The proceedings of

the seminar are attached to this report (see Attachment 1).

WORK GROUP ACTIVITIES

From the start of GREAT I, a major share of the work group's

activity was education oriented. First, the emphasis was on self-

education for the members of the study intimately involved in developing

a material placement plan and, later, education of those not closely

related to the study but who are by necessity involved in dredging on

the Mississippi River. The enactment of section 404(t) of the Water

Pollution Control Act Amendments of 1965 (Public Law 92-500) brought

several State regulatory agencies into direct contact with dredging.

The remainder of the work group's efforts concentrated on develop~-

ing costs of dredging, not on a dollar per cubic yard basis, but on a

very comprehensive, placement site-by-placement site and dredge cut-by-

dredge cut basis. Without this level of detail, recommendations of a

certain set of placement sites and methods of dredging would be very

subjective.

The following is a simplified listing of specific actions taken

by the work group:

1. An inventory of locally available equipment, both public

and private, was developed.

2. Other Corps offices were canvassed for pilot projects and

experimental techniques tried.

8
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3. Drag beam agitation dredging tests done by Savannah District

and shallow water bulldozer tests done by Seattle District were reviewed

for possible application in the GREAT I area.

4. Several means of concentrating slurry discharges including

sludge separators, vibrating screens, and hydrocyclones were reviewed.

5. Extensive reviews were conducted of tests of the Pneuaa pump

dredging system, especially tests conducted by the Waterways Experiment

Station and Wilmington District.

6. Endless chain ladder-bucket dredges were investigated inten-

sively. The study was not very broad-based because of time constraints.

Domestic manufacturing firms with ties to European shipyards were major

sources of information.

7. A seminar on dredging equipment especially suited to rivers was

staged and incorporated into the GREAT study.

8. Detailed cost estimating procedures for several combinations

of plant required for different dredging situations were developed.

9. The cost estimating procedures were used to estimate costs to

dredge particular cuts and place the material at specific sites.

10. Investment costs for the specialized equipment needed to assemble

a bucket-chain dredge were obtained. Preliminary estimates showed that

it might be competitive, but no valid prices were available for manufacture

in the United States.

11. Barge-mounted hydraulic backhoes were observed at small harbor

clearing and large levee construction projects. The Mudcat dredge was

used at two pilot projects -Fort Snelling, Minnesota, and Buffalo City,

Wisconsin.

9



12. An accounting procedure was developed to document per hour and

per day costs for different types and sizes of dredging plants.

13. Strategies for implementing the more significant resource

management recommendations (for example, Weaver Bottoms island creation)

were developed.

14. Strategies for placing material at particularly sensitive

or extraordinary sites were developed (see Special Report and Special

Project, page 69).

A summary of MENWG activities is given in the following table.

10
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Material and Equipment Needs Work Group activity summary
Refer-
ence

number Activity name How accomplished Description Remarks

Display list of avail- By work group chairmen. A list of all known See attachments.
able equipment types equipment types avail-

able currently in
public or private
sector.

2 Canvass Corps offices Correspondence with Throughout the study,
for pilot prolects, etc. other offices. Corps offices were

contacted for the
latest information on
techniques and equipment.

3 Review of Pneuma By work group chairmen. Review pilot project Little application tc
pump dredge ind test/case study riverine dredging.

oocumentation.

4 Review dewatering By work group chairmen Prototypes were ob- Little need in light
devices or members, served in operation on the approved channe. maite-

some devices. Conclu- nance plan.

sions reached on others

based on literature
were confirmed through

correspondence with
observers.

Pneuma pump tests By work group chairmen. Observation of field Not suitable for channel
test and review of maintenaice because of high
WES findings, fuel and horsepower require-

ments, extreme noise levels,
and low productivitv.

6 Bucket-chain dredge By work group with Review of production Appears suitable for riverine
investigations significant input blueprints and published dredging; may have noise

from Twin City Ship- literature, conversa- problems (OSHA restrictions).
yard, Inc; DWE Gmbh tions with operators Twin City Shipyard may soon
(West Germany); and and designers, and pre- be building one for U.S.
other Corps offices. liminary in-house de- dredging firm.

signs and cost estimates.

7 Dredging equipment Work group chairman A 2-day seminar on types See Attachment i.
seminar with UMRBC and of dredging situations on

Western Dredging the Upper Mississippi
Association staff. River and several types

of dredges to fit those
situations.

8 Dredging cost Work group chairmen. A computer program for Done in three stages de-
procedures estimating dredging scribed in Attachments '-5.

costs for individual
cuts and placement
sites.

9 Site-specific dredging MENWG and Plan Formu- Using the cost estimat- See Channel Maintenance
cost estimates lation Work Group. ing program, costs were Appendix.

prepared for each cust
and placement site in
the selected channel
maintenance plan.

I0 Bucket-chain invest- Work group chairmen. Shipbuilding cost See Attachment 3.
ment costs, estimate.

I Backhoe and Mudcat Work group chairman Observation and "hands-
pilot projects and Fish and Wildlife on" trials of the

Work Group chairman, equipment.

12 Accounting procedure Work group chairmen. Document the per-hour See Attachment 6.
cost rates for the
cost-estimating programs.

13 Resource management Work group chairman Suggestions on how to See Channel Maintenance
recommendation and Plan Formulation physically implement Appendix.
strategies. Work Group members, some of the more signifi-

cant GREAT recommendations
dealing with specific
sites in the study area.

14 Material placement Work group chairman Suggestions on how to See Channel Maintenance
strategies and Plan Formulation physically Implement some Appendix.

Work Group members, of the more vexing mate-
rial placement problems
in the channel mainte-
nance plan.
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SUMMAARY OF FINDINGS AND RECOMM~ENDAT IONS

In recent years, dredges have acquired a reputation as environ-

mental villains, earned or not. A dredge is, however, just a machine-

a tool. To condemn all dredges is similar to declaring all knives

lethal weapons. Just as a knife in the hands of a skilled surgeon is

a very useful and beneficial tool, a dredge in the hands of a skilled

and knowledgeable dredger can become a very useful tool for both

channel maintenance and environmental benefit.

While it is not important for most of the people involved in GREAT

to have a high level of knowledge about a particular dr~dge's operating

characteristics, it is important that they have knowledge of the capa-

bilities of different dredges. By this knowledge, we do not simply

mean that they know the Dredge William A. Thompson can move 1,000 cubic

yards of material per hour or can move it up to 10,000 feet with the

Boosterbarge Mullen. What we mean is that they know that, for mechanical

dredging methods, the distance the material is to be moved is much

less significant than the manner in which the material is handled at the

placement site. And for a hydraulic dredge to operate efficiently, it

must be able to bury the cutterhead into the face of the cut (at a depth

1 1/2 times the pipe diameter). Also, clamshell dredges have lower produc-

tion rates in shallow cut areas because the bucket cannot be filled on

each cycle. This type of information is shown on the following tables

reprinted from the May 1974 Journal of the Waterways, Harbors and

Coastal Engineering Division of the American Society of Civil Engineers,

"Development and Future of Dredging," by Adolph W. Mohr.

12
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EXISTING EQUIPMENT AND DREDGING PRACTICES

Dredging has been used to clear waterways for thousands of years.

Most of the world's major ports would not exist without the assistance

of hydraulic dredges. The first recorded hydraulic pump was built in

1836, and a successful suction dredge was built in England in 1861.

The Suez Canal was excavated by as many as 60 hydraulic dredges that

removed 97 million cubic yards over a 10-year construction period.

The Panama Canal was started by the French group that worked on the

Suez. They dredged from 1862 to 1889 without success. The U.S. Army

Corps of Engineers tackled this project in 1902 and completed it in

1914 using both hydraulic and mechanical dredges. The present canal

is maintained by a rock drilling plant, 15-cubic-yard dipper dredge, and

a 28-inch cutter-suction dredge. These three pieces of equipment annually

move the same amount of dredged material as the St. Paul District has

historically moved with the Dredge William A. Thompson.

Navigation problems on the Upper Mississippi River were recognized-

as early as 1824 when the Federal Government authorized removal of snags,

shoals, and sandbars; excavation of rock in several reaches of rapids;

and closing off of meandering sloughs and backwaters to confine flows

to the main channel and thus ensure more adequate depths for navigation

in times of low water. The first comprehensive improvement of the

river for navigation was authorized by the River and Harbor Act of

18 June 1878. A 4 1-foot channel from the mouth of the.-Missouri River

to St. Paul was established. This channel was maintained with bank

revetments, wing dams, longitudinal dikes, and dams at the headwaters

of the Mississippi River to impound water for low-flow augmentation.

In 1890, the 4 1-foot channel was extended to Minneapolis, Minnesota,

requiring removal of boulders and dredging of bars. In 1907, a 6-foot

channel was established in response to the River and Harbor Act of

2 March 1907.
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The additional depth was obtained primarily by construction of rock

and brush wing dams, low structures extending radially from shore

into the river for varying distances to constrict low-water flows.

The 6-foot channel was further improved by construction of locks and

dam 2, completed in 1930.

In 1930, Congress authorized the 9-foot channel navigation proj-

ect on the Upper Mississippi River between the mouth of the Missouri

River and Minneapolis. The authorizing legislation (River and

Harbor Act of 3 July 1930) provided for a navigation channel of

9-foot depth to be achieved by constructing a system of locks and

dams supplemented by dredging.

EXISTING EQUIPMENT

Dredges can be classified into two distinct types - mechanical

and hydraulic. (See tables on pages 13 and 14.) Many different

combinations have been devised to meet varying conditions. The

mechanical dredges lift bottom sediments out of the water by means

of bucket devices attached to chains, cables, or levers. Hydraulic

dredges use a moving stream of water to make a slurry of the material

to be mowed.

Channel maintenance in the study area is normally accomplished

with the Dredge William A. Thompson, a 20-inch hydraulic cutterhead

dredge, and the Derrickbarge Hauser, a 4-cubic-yard deck-mounted

crane. Early in the study, most of the dredging contractors in

the area were contacted to determine what equipment they had avail-

able. Extensive checking was done with other Corps of Engineers

Districts in an effort to locate equipment or methods that could

be applied to the unique problems present in this section of the

Mississippi River.
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During the GREAT study, two major additions were made to the St. Paul

District channel maintenance floating plant. The first was a 20-inch

booster dredge, the Boosterbarge Mullen, which has been added to the Dredge

Thompson fleet. The 12-inch hydraulic dredge Dubuque was acquired for

use, with modifications, on smaller channel maintenance dredging sites

and to be paired with a clamshell operation to unload barges.

Hydraulic Dredges (Cutterhead)

The basic principle of hydraulic dredging is described in the table on

page 14. Cutterhead dredges are anchored in the dredge cut with two spuds

at the stern. Lateral movement of the dredge is controlled by hauling

winches near the bow which are connected by cable to remote anchors.

Pulling on these hauling winches rotates the dredge about one spud. Work-

ing in combination, the spuds and hauling winches give the dredge the

ability to swing from one side of the cut to the other as it "walks" into

the face of the cut.

Mechanical Dredges (Backhoe)

A backhoe is a commonly used excavator. It is most often used in

trench construction where versatility, accurate control of the digging

operation, and maneuverability are important. Available sizes range from

small units mounted on the 3-point hitch of a farm tractor and used for

trenching drain tile or underground cable (digging depth of about 6 feet

with a l0-foqt reach) to machines capable of loading large dump trucks

with a single bucketful.

The backhoe is usually mounted on a tracked undercarriage and turn-

table. A boom arm extends from the body of the machine, and a dipper arm

is hinged from the end of the boom. The dipper arm extends from the end

of the boom into the cut. A bucket on the end of the dipper arm does the

digging and excavating. It is hinged to swing through approximately 1700.

During the digging operation, the dipper arm is extended and the boom

lowered into the cut. The bucket is filled as it is drawn across the

excavation toward the machine. When the bucket is filled, it is rotated

upward toward the machine and lifted from the cut. The following figure

shows the range and typical dimensions of a large hydraulic backhoe.
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As a 3eneral rule, backhoes operate most efficiently when swinging

horizontally through 600 from digging to dumping. Increasing the swing

from 600 to 90' decreases productivity by about 14 percent for most equip-

ment on the market today. For most operations. the operators would position

any barges alongside the dredge spud barge centered on the pivot point of

the backhoe. The average swing would then be 90*. Because of the geometry

of the spud barge and limits that it would place on the angle of excavation,

all dredging would occur within 30' (in each direction) from the center line

of the dredge.

In essentially every operating mode, the backhoe would be positioned to

work off the end of the spud barge. If this end is considered the bow, we

would expect a minimum of two spuds to be placed on the stern. For reasons

explained later, these two spuds would be no farther apart than the dif fer-

ence between the backhoe's longest and shortest limits of digging for the

depth that it will be digging (below the deck).

In a dredging operation, a backhoe has the unique ability to propel

itself through the cut using the boom and dipper arm without any outside

power source or positioning cables and anchors. If there is little current

in the area to be dredged, the movement can be easily done by the operator

with almost no loss of effective dredging time. When a move is necessary,

the operator tucks the bucket close to the machine and anchors it into

the river bottom. Both spuds are then raised and the dipper arm extended

keeping the bucket anchored in the river bottom, thus moving the spud

barge back. The spuds are lowered, anchoring the barge, and the dredge is

immdiately ready to resume dredging, perhaps without even removing the

bucket from the river bottom. Depending on how fast the spuds can be raised

and lowered, an experienced operator should be able to perform this

maneuver in the time it takes for one to two cycles (anywhere from 30 seconds

to 2 minutes).

If there is some current in the cut area or if the transport barges

tied alongside would pull the dredge off line, a second procedure, keeping

one spud anchored at all times, would probably be used. The operator again
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tucks the bucket close to the machine anchoring it in the river bottom.

The port spud is raised, the backhoe is swung to the right 30* as the

dipper arm is extended pivoting the dredge on the starboard spud. With-

out moving the bucket, the port spud is lowered and the starboard spud

raised. Again, without moving the bucket from its anchorage, the backhoe

is swung to the left through 600 as the dipper arm is extended further

pivoting the dredge on the port spud. The spuds are once again lowered and

raised, and the backhoe returned to center as the dipper arm is extended.

The dredge is now parallel to its initial position farther along the cut the

distance between the port and starboard spuds. Again, depending on how fast

the spuds can be raised and lowered, this maneuver should take no more than

three to six cycles (3 to 4 minutes).

This procedure may not be the most productive for larger cuts or cuts

where large areas are to be dredged with shallower cut faces. It is more

suited to cuts where the cut faces are deeper, and it is more advantageous

to limit the width of the dredging cut to less than 60 feet. If the

swings of the backhoe are limited to 300 on either side of the dredge center

line, the effective excavation width is limited to approximately one-half

the maximum digging reach of the backhoe arm at the depth beine, dredged.

If the swing can somehow be extended to 600 on either side r," t.- cente:

line, this width can be doubled.

Where channel geometry and other factors allow, another dredging maneuver

may be more productive. A maneuver cycle would begin with the dredge at

a 600 angle to the center line of the cut. For this discussion, the dredge

is assumed to be angled to the left. As all the excavating within reach of

the backhoe is completed, the bucket is anchored in the river bottom near

the right-hand limit, one spud is raised (e.g., the port spud) and the back-

hoe swung from right to left moving the barge somewhat closer to the center

line of the cut. The amount of this swing should be de-ormined by the

operator depending on his skill, judgment, and geometry of the spud barge.

The spud is lowered and excavating continued until the dredge has moved

from 600 left of center line to 600 right of center line. The other spud

(starboard) is then raised, and, by whatever means the operator chooses,

the dredge is returned to 600 left of the center line of the cut. If the

two spuds are as far apart as the difference between the backhoe's longest

and shortest digging limits, the dredge will have advanced through the cut

by that distance and will be ready to begin another pass.
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The time needed to step the dredge through each pass should be no

more than one digging cycle depending on how fast the spuds can be raised

and lowered. The time needed to return the dredge depends on what means

the operator chooses. The simplest method is to walk it back using the

arm of the backhoe to pivot the dredge around one spud. If a tender is

standing by, it may be faster to have it push the dredge back to its

starting position. Swing anchors and cables should not be used unless

it is known before the job starts that no loading would occur off the

port side (in this example, it would interfere with the docking and

loading of transport barges).

The operator has an option of digging on the return pass. For the

first part, the only excavation would be near the backhoe, and a full-

width excavation would not develop until near the end of the pass.

Trial and error in the field would determine if this would be a wise

maneuver.

With a wide sweep operation such as this, a prudent operator may try

to keep transport barges being loaded on the side of the dredge toward

which he is moving, effectively cutting his average swing angle from 90'

or more to about 750 and increasing his productivity from 86 percent of

a 600 swing angle production to 93 percent of a 60' swing angle production

rate for most machines. This can only be done on a continuous basis if

the draft of loaded transport barges does not exceed available water

depth in the undredged cut area.

Production Rates. - Production rates for various backhoe units operating

in different materials are readily available from manufacturer.. One

leading manufacturer has published the following data for two of its

backhoes digging from grade level to a maximum 20-foot depth, 600 swing to

load trucks parked at grade level, and effectively operating 50 minutes

per hour.
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Approximate hourly production rates (cubic yards per hour)
Item

Backhoe specifications 750-horseDower backhoe 375-horsepower backhoe
Bucket capacity, PCSA
heaped (cubic yards) 4.5 5.5 6.25 9(1) 2 3 4 5
Bucket duty rating E.H.D. H.D. M.D. L.D. E.H.D. H.D. M.D. L.D.

Material types

Common excavation 340 430 505 - 140 220 320 -

Sand and gravel 440 550 650 875 190 300 445 530

Common earth 400 495 585 790 180 275 400 480

Moist loam, sandy clay 460 575 675 910 210 320 465 555

Clay, hard dense 380 470 555 - 155 245 365 -

Clay, wet sticky 325 400 475 - 130 210 - -

Rock, well blasted 360 450 - - 145 235 - -

Rock, poorly blasted 280 350 - - 105 180 - -

(1) Estimated.

This same manufacturer also publishes four factors which can be used

to more closely estimate the production rate that can be expected on a

particular job. These factors are shown on the following four tables.

Job efficiency factor
(1)

Working
Job minutes Job efficiency

efficiency per hour (percent of 60 minutes.) Factor

Excellent 55 92 1.10

Average 50 83 1.00

Below average 45 75 0.90

Unfavorable 40 67 0.81

(1) Factors are the same for all backhoe units.
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Depth of cut factor
Maximum Avtryc _e Factor

depth depth 750-horsupowcr 375-horsepower
(feet) (feet) backhoe backhoe

10 5 1.15 0.97

15 7.5 1.00 1.15

20 10 0.95 1.00

25 12.5 0.85 0.95

30 15 0.75 0.85

35 17.5 0.65 0.75

Angle of swing factor

Swing in degrees Factor

45 1.05

60 1.00

75 0.93

90 0.86

120 0.76

180 0.61

Material loadability factor(1)

Bucket loading Factor

Easy digging 0.90 - 1.00

Medium digging 0.80 - 0.90

Medium-hard digging 0.65 - 0.75

Hard digging 0.40 - 0.65

(1) To adjust for variations in bucket heaping.
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To estimate the productivity on a job, this manufacturer suggests

that the approximate hourly production rate for the type of material and

bucket size being considered be multiplied by each of the factors for t!kt_

job to determine what production rate can be reasonably expected.

The Material and Equipment Needs Work Group knew of a contractor using

a machine very similar to the 375-horsepower example shown throughout this

appendix. This contractor is using this machine with a 4-cubic-yard

bucket and is getting approximately 250 cubic yards per hour production.

This backhoe is sitting idle approximately 20 minutes per hour waiting for

barges, is digging an average of 15 feet deep (below deck), is swinging

through an average of 900 to load barges, and has medium to easy digging.

Working backward through the factors and capacity chart with these data, it

can be assumed that the material being dredged acts similarly to moist loam

and sandy clay.

HISTORIC PRACTICES

Before 1937, St. Paul District had no dredges to maintain the

navigation channel on the Upper Mississippi River. Initial construc-

tion and maintenance were accomplished by Rock Island District. As

early as 1871, Rock Island dredges and snagboats were used to clear

sandbars, pull debris, and construct wing dams in the St. Paul District.

These efforts provided a 3 -foot navigation channel.

From 1878-1906, Congress authorized funds to clear the channel

by dredging, closing bypasses, and building lateral canals. These

authorizations resulted in the 4 -foot channel project which was

directed by Rock Island District.

In 1907, Congress directed the Corps to maintain a 6-foot channel.

Over $52 million was spent on channel improvements which included im-

proved dredging and continued wing dam construction. Locks and dam 2

at Hastings, Minnesota, was completed in 1930 as part of the 6-foot

channel project.
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In 1930, Congress authorized the 9-foot channel. This project
(1)

was an economic boost during the Depression. Commercial transporta-

tion on the river was diminishing in response to the introduction of

the steel rail, and the water project was necessary to revive the river

transportation system. Between 1930 and 1939, Corps activity concen-

trated on building the 29 locks and dams over 669 miles of the river.

In 1930, St. Paul District assumed responsibility for a portion

of the river development. The major dredges included three hydraulic

dredges (the Pelee, Vesuvius, and Cahaba) and a few others brought

from other Districts. The District acquired the hydraulic dredge

William A. Thompson and the mechanical dredge the Derrickbarge 1Iauser

(formerly Derrickboat 767) in 1937. These two pieces of equipment

have done most of the dredging in the District since the 1937 naviga-

tion season.

St. Paul District maintains a 9-foot channel on 242.5 miles of

the Upper Mississippi River, 14.7 miles of the Minnesota River, 24.5

miles of the St. Croix River, and 1.4 miles of the Black River. In

addition, its dredging plant performs maintenance dredging on 314

miles of the Mississippi River in Rock Island District.

POSSIBLE NEW EQUIPMENT TYPES AND RECENT DEVELOPMENTS

Because most of the dredging done in the United States is in

harbors and doastal waters and developing and building new dredging

plants is expensive, the Corps uses older, existing machines where

possible (that is, where they can be adapted to meet the new demand)

and designs new equipment for the coastal waters. In recent years,

the innovative techniques and designs have come from Europe or Japan,

but they are still only variations on the methods shown in the

tables on pages 13 and 14.

One of the most exotic of the recent developments is the Pneuma

pump dredging system developed by Dr. Giovanni Faldi of SIRSI (Italian

Corporation for the Research of Water Use). The Pneuma pump is a

solid displacement pump operated by compressed air, which acts as P

piston. The Pneuma pump is described in detail on page 28.

(1) About 90 percent of the labor was from relief rolls.
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New Developments in Hydraulic Dredging

Two innovations have been added to cutterhead hydraulic dredges

that have increased their efficiency and added depth. One is mounting

a centrifugal pump on the ladder near the cutterhead to increase the

depth that can effectively be dredged. The other is a bucket wheel

in place of the cutterhead which increases digging efficiency in

harder materials. Neither of these has specific adaptation to

Mississippi River dredging in the GREAT I area.

One of the success stories in recently developed Corps dredges

is the Currituck. The Currituck is a self-propelled, split bottom

barge to which drag heads and pumps have been added so that it func-

tions as a small self-loading hopper dredge. Its primary purpose is

to maintain navigable depths in shallow-draft inlets and use the

material for beach nourishment by dumping material into the surf

zone of nearby eroded beaches. In operation, dredging coarse sand from

coastal inlets, it fills in 15 to 20 minutes (270 cubic yards) and, depend-

ing on length of haul, has a productivity of up to 1,000 cubic yards

per hour. It nourishes beaches by nosing up on the beach as far as pos-

sible (7 1/2 feet of draft) and dumping the hopper (4 1/2 feet of draft

unloaded). Wave action and propeller wash as the vessels backs away

from the surf zone carry the sand onto the beach. There have been no

major breakdowns and few minor ones. It operates with a crew of three.

This operation has shown itself to be economically feasible and

environmentally sound.

New Developments in Mechanical Dredging

One very old method of dredging has been used successfully in some

areas. Slips and docks in Savannah Harbor have been cleared by dragging

a 5-ton beam over the sandbar with a 4,000-horsepower harhor tug. The

harbor tugs do this maintenance in their stand-by time. This method

has also been used in some areas for channel maintenance with smaller

beams and smaller tugs. In the particular case of Savannah Harbor, the

material removed from the slip may be contributing to shoaling of the

Federal navigation project.
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-Endless chain ladder-bucket dredges were first used in Europe in

1778. The first one was powered by two horses and could deliver 30

tons per hour. Ladder-bucket dredges grew in capacity and dependa-

bility and for the next 100 years were the workhorse dredges on

European waterways.

The first hydraulic dredges were developed at the same time as the

United States was getting into the dredging business. The General

Moultrie was one of the first hydraulic dredges and was used by the

Corps to dredge the port of Charleston. Because of this historical co-

incidence and the growth of hydraulic dredging technology over the next

60 years with a corresponding growth in dredging needs, the Corps and

the American dredging industry developed little mechanical dredging

capability. Europeans, with their experience with ladder-bucket

dredges, knowledge of the capability of mechanical dredges, and differ-

ent harbor and channel requirements, maintained and continued to

develop mechanical dredges while developing their hydraulic dredging

capability.

Technological developments such as new driving methods, measuring

and control techniques, position fixing and communication devices, and,

above all, scale enlargements kept bucket-chain dredges in competition

in Europe. The use of bucket-chain dredges in the western hemisphere

has been limited to isolated mining operations. The energy crunch and

environmental awareness of recent years has brought the bucket-chain

dredge into the spotlight. Previous concerns for economy (least-cost)

are gradually being replaced by concerns for efficiency (doing the

most with the least). A bucket-chain dredge plant can move granular

material with less horsepower and at higher densities than some other

types of dredges.

RieieHyrlg

Much interest has developed in recent y-ars for letting the

river dredge itself. Altering flow characteristics or modifying the

flowage channel is one of the ways this can be accomplished. A more

detailed discussion of this can be found in the Dredging Requirements

Work Group Appendix and In Dr. D. B. Simons' presentation in Attachment I
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The dredge design and manufacturing indtustry has made significant

steps in recent years toward improving the operation ard efficiency of

its product. Three factors acting in concert have played a role in

this progress: environmental concerns, energy efi, iency, and unpre-

dictable labor costs. How the new designs accommodate these factors

will become apparent as we look at some of them individually.

Pneuma Pumping System

The Pnruma pump was developed by Dr. G. Faldi of SIRSI, Florence,

Italy. It is a solid displacement pump with compressed air acting as

a pisto and as the driving force.

The standard pump body has three sheet steel cylinders with the

diameter about equal to the height. At the bottom of each cylinder

is an inlet pipe for the dredged material slurry, at the top is a

pipe for compressed air, and a slurry outlet pipe. The outlet pipe

is enlarged immediately above the cylinder to contain a sphericz'

valve and seating of abrasive-resistant rubber. The steel outlet

pipes from the three cylinders combine with a flange to which a

flexible discharge pipe is bolted.

The pump operates on a two-stroke cycle of compressed air enter-

ing and displacing the slurry into the discharge pipe and fresh slurry

entering while spent compressed air escapes to the atmosphere. As the

compressed air enters the cylinder, the inlet valve remains closed

and the outlet valve is opened by pressure sufficient to overcome

the combined head of liquid depth, further height of pumping and

friction. The compressed air supply is shut off at the bottom of

its stroke (that iE, when the cylinder is nearly empty) and the com-

pressed air pipe is opened to the atmosphere causing the outlet valve

to close. The external liquid pressure then opens the inlet valve

and the slurry beneath it is forced into the cylinder, driving out

the remaining air but being prevented from rising up the compressed

air pipe by the floating valve which closes the opening. The cycle

is then repeated.
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It is the combination of the three cylinders which is significant.

The compressed air supply and exhaust are regulated by a distributor

which opens and closes passages to overlap the cycles of the three

cylinders so that the discharge of the second cylinder begins when

the first is completed continuing in turn to the third and then the

first again. The discharge is therefore uniform and continuous. There

are usually 1 to 3 cycles per minute. A similar result can be obtained

from two cylinder pumps which are sometimes used for fixed installations.

The Wilmington District, Corps of Engineers, and the U.S. Army

Waterways Experiment Station recently tested the Pneuma pump on the

Cape Fear River and Masonboro Inlet (Wilmington, North Carolina).

One portion of this test simulated conditions on the Upper Mississippi

River.

The testing was conducted in two parts. The purpose of the first

part was to find, measure, and document the performance of the Pneuma

pump while the more basic variables were changed one at a time. The

purpose of the second part was to establish the operational feasibility

and economy of practical assignments.

The effects of type of bottom material, dredging depth, and speed

over the bottom were tested while the Pneuma pump discharged into the

Currituck.(I ) An effort was made to keep this evaluation as scientific

as practical, placing less emphasis on economic considerations.

A Pneuma pump (model 600/100) was mounted on the Workboat Snell.

The pump and connecting hoses were hung from a 15-ton telescoping

cable crane and the distributor was mounted on the deck. Two

1,050-cubic-foot per minute (115-pound per square inch) compressors

were on the deck. Only one was used in the shallow water (less than

15 feet), a situation similar to Mississippi River dredging.

(1) The Currituck is a 300-cubic-yard self-propelled hopper dredge

described on page 20.
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Preliminary results of the test show that the Pneuma pump is

adequate for specific applications. The high mass concentrations

claimed for silty materials (1,250-1,350 grams per liter) seemed to

be substantiated. It is probable that these concentrations were not

reached in the sandy materials on the Cape Fear River because only

inappropriate nozzles were available for testing at this site. The

dozer blade type nozzle would appear to give better concentration

and production rates. Additional tests using these nozzles would be

advisable, but the MENWO suggests that further tests of this device

for main channel maintenance dredging would not be justified for

reasons explained later. The Pneuma pump may be suitable for some

side channel, fish and wildlife management, and recreation purposes.

The Pneuma pump's use as a channel maintenance-production

dredge seems inappropriate because of its high horsepower require-

ments and energy inefficiency. The best advantage of the Pneuma

pump seems to be the extremely low resuspended bottom sediments

(turbidity) that it produces. This makes it useful in highly pol-

luted areas or where there have been spills of heavier-than-water

pollutants.

The Pneuma pump could be adapted for use in the GREAT I area for

these limited applications. One modification would be a barge equipped

with a modified dredging ladder and power winches (see the following

figure).

The test also raised questions about the discharge distance that

the pump alone Lan reach. Data have been gathered but the results have

not been compiled.
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Hopper D~redges

A hopper dredge is a self-contained, self-propelled vessel

that hydraulically loads material into its hold with on-board pumps.

It can move under its own power to a deposition site where, for shore

placement, it can pump out with the same Pumps used to load the

hopper, or it can bottom dump the material through doors in the

vessel's hull. The unique feature of most hopper dredges is their

ability to load material while under way without use of spuds or

anchors. This type of vessel is well suited to channels where pipe-

line dredges would present a navigational hazard and also in locations

where deposition locations are not available within economic pumping

distances. This type of dredge is not used to excavate very hard

material. Hopper dredges range in size from 300 to 12,000 cubic yards

A hopper dredge with hydraulic self-unloading capability would

be suitable for portions of the selected channel maintenance plan.

This type of dredge could be used efficiently where shoaling rates

are slow enough to allow a productivity rate of less than 300 cubic

yards per hour, when overflowing of the hoppers is acceptable, and

where hydraulic unloading of the hopper can be done. The Corps

should not pursue this type of dredge for permanent use on the

Upper Mississippi River, but may find it profitable to bid a hopper

dredge on some of the maintenance dredging.

This type of dredge would have the advantage of smaller total

plant investment and labor requirements while sacrificing some

degree of productivity. For instance, the Currituck could be com-

petitive on dredging at sites such as near Weaver Bottoms in pool 5

and placing material at the various side channel closings identified

as site 5.30.
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Clamshell Dredges

Atlas Clam Dredge, Inc., has an automated clamshell dredging device.

The open dredging bucket is dropped at high speed through a digging well

in the deck of a specially designed pontoon section barge. As the bucket

passes through the digging well toward its highest point, an electro-

mechanically activated chute is placed in position below the closed

bucket. The bucket is opened and dredged material is dumped on the chute

and diverted into a receiver. The dredge operates on about 50-second

cycles and moves about 120 cubic yards per hour with 2- to 3-cubic yard

buckets. It needs a crew of only two or three because the hoisting

machinery and chute movements are automatic. Depth limit can easily

be set and the movements included in automation setup.

Drag Beam Method of Agitation Dredging

Agitation dredging is perhaps the oldest known method of dredging

for channel maintenance. Usually this method involves scarifying the

material (if needed) and physically moving it by such methods as pro-

peller wash or dragging.

Savannah District has used two types of dragging with some

success. In the Savannah harbor, slips and docks have been cleared

by dragz.ng a 5-ton beam over the bottom with 4,000-horsepower harbor

tugs. This method has been very effective ard cost efficient. The

tugs dredge while they are standing by between calls to their normal

duty.

Savannah District has also cleared small shoals in its

channel areas by dragging a 2-ton beam (14-inch H-pile) with a

600-horsepower tug. Both methods appear to be effective for small

areas and where the material can he dragged to nearby deeper waters.
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Direct Hydraulic Loading of Barges

During the GREAT I study, it was suggested that barges could

be loaded directly by a hydraulic dredge. lhe rationale for this

siiggestion is that a hydraulic dredge can efficiently (at today's

pri;es) remove sand from the channel bottom while a barge is the

most efficient mover of dredged material over long distances. It

was felt that significant cost savings could be realized. Several

parties with experience in hydraulically loading barges were con-

tacted. The most notable results of this survey are:

1. Cape Girardeau Sand Company, Cape Girardeau, Missouri,

operates a 14-inch suction dredge about 50 miles above the Ohio River

for mining river sand used in concrete. Most of the material is in

the range of mortar sand and is similar to the Mississippi River

material found in the St. Paul District. The pumped sand slurry is

deposited directly into compartmented deck barges of 26 by 100 feet.

These carry about 300 tons with a draw of 6 to 7 feet. The material

is moved about 4 miles to a land area where it is removed by a deck-

mounted crane. This mining operation has been used for 57 years.

2. Winter Brothers Sand, St. Louis, Missouri, mines sand from

the Merrimac River. It pumps unclassified sand out of the river with

a 16-inch hydraulic dredge and loads it directly onto compartmented

deck barges sized 26 by 100 and 26 by 120 feet. These barges carry

300 and 500 tons, respectively. Holes in the side of the deck com-

partments allow overflow water to return to the river. The barge

drafts are 61i feet and it takes 35 minutes to fill a barge. The

barges are moved approximately 20 miles downriver and unloaded into

the classifying plant with a 4-cubic yard bucket.
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3. Basic Materi i I Company , St. Louis , Mi ssouri, ises iI ()- 1:1,;,

hydratilic dre.dge to load directlV onto deck bar~es having 4-foot higi,

cargo compartments. The barges art 26 by 100 fc. t, drai t. to 8 f. -,

and load in 15 minutes.

4. Bussen Quarries, St. Louis, Missouri, does the majority of

the commercial dredging in the St. Louis area. It operates 16-, 14-,

and 12-inch hydraulic dredges which pump directly onto deck barges.

The company operates nine deck barges and has transported material as

far as 20 miles.

In all these cases, the barges are loaded to overflow and the

water (with some suspended solids) is allowed to overflow until a sig-

nificant portion of the load is the coarser sediments which have

settled out.

Hydraulic Unloading of Barges

The work group examined two hydraulic methods of unloading material

from barges:

1. Bottom dumping the material at the suction head of a small

dredge. The material would be resuspended in a slurry and pumped in-

land to the placement site.

2. Adding water to the barge to suspend the material in a slurry

which can be removed by a centrifugal pump and moved to an inland

placement site.

The first method seems more adaptable to the Upper Mississippi

River because:

1. The complement of equipment is more flexible. The smaller

hydraulic dredge would also be available for channel maintenance dredging.
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2. Most of the material dredged in the area is suitable for

rehandling in this manner.

3. The plant can easily be dismantled and moved to a new

location in less than 2 days after a period of operation of probably

less than 2 weeks and still be competitive. This operation is

typical of dredging volumes and frequencies in this area.

Mechanical Unloading of Barges

The unloading of loaded barges by some type of mechanical device

is as varied as any contractor's imagination. Basically, any type of

earthmover or dry materials handling device can do the work. From

what the work group has witnessed, the selection of one device over

another is more a matter of personal choice or availability than one

of careful investigation and analysis. Also, the cost effectiveness

of several types seems comparable for the same range of productivity.

Those operations which the work group felt worthy of further considera-

tion were:

1. A crane or backhoe stationed at the placement site which would

unload the barges and place the material onshore. Dozers, endloaders,

bottom dump scrapers, trucks, or conveyors would distribute the material

into the placement site.

2. Ramps on shore allowing endloaders to directly unload the

deck barges with other equipment as needed.

All of these methods are in use at terminals or construction sites

in the GREAT I study area.

36

.... . . . - - . . l i i iI I i I I l II I•



Wagger"

For use on smaller hydraulic dredges (up to 12 inches), a rigid

truss replaces the first two pontoons of the discharge line. The

truss is anchored by a set of spuds and is attached to the dredge

body by a pivot. One set of hydraulic rams on the truss pivots the
0

dredge through a full 180 . A second ram advances a telescoping

portion of the truss through 20 feet without repositioning the spuds.

This eliminates the need for swing anchors and cables and permits a

wider swing.

Hydrocyclones

A hydrocyclone is a contained-force vortex. The less dense slurry

is drawn from the center of the vortex and out the top of the device

while the denser slurry is drawn out the bottom of the device at the

funnel end of the vortex. Hydrocyclones have been suggested as a

means to decrease the water content of a slurry from a hydraulic dredge

or increase the density of a slurry to be handled in a placement site.

Frequently, it is not efficient to transport the entire volume of

water to a placement site, nor is it desirable to limit the turbidity

of return flows from a diked placement area (if the area is too small

or too full to allow settling).

Laboratory and field tests have been conducted. All of the

tests have been plagued with a lack of consistency. Behavior and effects

observed in small-scale models are not confirmed in larger-scale versions.

Available test results show that:

1. On clay slurries with low solids content, the hydrocyclones

perform well in clarifying the effluent and concentrating the slurry.

2. On most dredged materials, hydrocyclones perform from below

expected to poor primarily because of the combination of high solids

content, small particle size, and high viscosity.

3. The hydrocyclones are very successful at recovering sand

from dredged material.
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Therefore, hydrocyclones are poorly suited for use on the Upper

Mississippi River. The areas in which they would perform best - where

it is desirable to separate dredged sand from slurry - are where they

are needed least. In these areas, the dredged material is known or

suspected to be clean and unpolluted. Thus, no clarification or con-

centration is needed. Below Lake Pepin, the sand underlying the place-

ment sites is significantly thicker than the sand layer above the lake.

This layer allows the slurry water to percolate at a faster rate which

further diminishes the need ior a hydrocyclone.

In the areas where a hydrocyclone is most desirable, tho

dredged material is not conducive to efficient operation of the

hydrocyclone. In lower pool 2 and upper pool 4, the bottom sedi-

ments have higher levels of pollutants, primarily organics and

heavy metals that are bound to fine sediments. It would be desi -

able to separate the clear water from the sediments and return it

to the river. Also, the percolation rate in these areas is slower

than below Lake Pepin so the containment areas must be larger to

attain the needed retention time. Concentration of the slurry

would help reduce the size of the containment areas. However, hydro-

cyclones do not work well on the type of material found in these

areas and their value is questionable.

The work group made a field investigation of a variation in hydro-

cyclones. This particular device was a mechanical settling tank

with a filtered effluent. The only place this concept appears to have

value as part of a dredging operation would be in highly polluted

situations and with small hydraulic dredges. A major drawback which

must be overcome for this device to become useful is a filter element.

Studies by the Waterways Experiment Station for the Dredged Material

Research Project (DMRP Manual - Treatment of Dredged Materil) found

that an element capable of removing suspended solids from large

volumes of water has not been developed.
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IMPLEMENTATION OF SELECTED PLAN

The selected material placerient plat, is a resource-oriented

strategy for the placement of dredged material regardless of the type

of machinery available. The Channel Maintenance Appendix describes

these resources and what actions involving channel maintenance dredg-

ing are required to protect, enhance, or exploit these resources.

The trt-nd in newer dredges has been toward lower manpower

requirements for suIstained production rates. The investment

made in a piece of equipment remains fairly stable, but the wages

of the operators and labor force will fluctuate. Therefore, automation

in the dredging equipment and the smallest unit that can do the job

are usually most desirable.

In many people's minds a necessary recommendation of the GREAT

report should be to: (1) retain the William A. Thompson and modernize

its plant to facilitate new techniques on the Upper Mississippi River,

(2) dispose of the Thompson in favor of a fleet of smaller hydraulic

and/or mechanical dredges, or (3) develop a dredge designed specifi-

cally for implementing the selected plan.

Recommendations of this type imply two assumptions that are not

necessarily valid.

1. The values of society concerning our resources can be accurately

predicted over the next 40 years. With this predictive capability,

the equipment needs could be defined and a plant suitable for this region

could be developed.

2. The Corps will be required to perform the channel dredging

with its own equipment.
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In the first case, the two basic dredging methods, hydraulic and

mechanical, are not likely to dramatically change in the next 40 years,

but the devices will undergo technological improvement which the Corps

should take advantage of.

In the second case, the Industry Capability Program, designed to

spur competition and constructive growth in the dredging industry,

has been in operation for several years in one form or another and has

been formalized in Public Law 95-269. The program allows privately

owned dredges and Corps dredges to bid competitively on dredging jobs

and will eventually relieve the Corps of much of the dredge ownership

responsibility it now has. This bidding process, if fully extended

into the GREAT I area, could allow the most efficient and effective

dredge plant to do the dredging (presuming that the organization with

the most efficient and effective plant would have a competitive

advantage). By promoting competition, not only between the Corps and

the industry but more importantly between dredging contractors, the

latest available techniques and machinery capable of implementing

GREAT's selected plan could be expected to do the dredging.

Although two dredging plants, the Thompson and '-auser, have been

doing all the channel maintenance work on the Upper Mississippi River,

they will not always be available to St. Paul District. Therefore,

even without the requirements of Public Law 95-269, some dredging

would have to be done by contract. Now that Public Law 95-269 is

becoming effettive, it appears that the chances for competition be-

tween dredging firms are improving. One of the main concerns of the

MENWG during the study was that the only competition developing would

be between the Corps and one or two local contractors and, as a result,

little economy of operation would be realized.
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The dredging cost estimates displayed in the Channel Maintenance

Appendix show that a barge-mounted backhoe dredge could be very cost

effective for much of the dredging on the Upper Mississippi River.

This finding opens the market for dredging contracts to another large

group of contractors - general, sewer and water, and highway contractors.

Trhe option appears attractive for a contractor who owns a suitable

backhoe to temporarily mount it on a barge and use it as a dredge. Thus,

competition between contractors would be stimulated.

Preparing contract documents for dredging on the Upper Mississippi

River will always he a major problem. Shoals develop most often from

hiigh flows during spring runoff and from heavy summer rains in the

tributary basins. The time span from the initial hydrologic event to

the shoaling of the main channel does not permit the preparation of

plans and specifications and a bidding procedure. The only procedures

which seem viable are to negotiate a rental contract o-r a unit price

plus retainer with a contractor for an entire season. Any special

conditions would be negotiated as dredging is needed. Better forecast-

ing techniques and a higher level of river engineering would significantly

reduce the contracting problem (see the Dredging Requirements Work

Group Appendix, particulirly the portions on river hydraulics).

OTHER RIVER MAN~AGEMENT OBJECTIVES

Several of the other work groups have as objectives better management

of the resources in the river valley. Some of the recommendations being

developed call for some type of construction but not something that could

easily be contracted. In these cases, the Material and Equipment Needs

Work Group concluded that a plant owned by one of the management agencies

and available to a resident manager for the agency to implement the

recommendations appears to be practical. These smaller special plants

could be:
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1. A portable dredge plant for dredging in backwaters and

off-channel areas for fish and wildlife management purposes.

2. A recreation enhancement plant which could move from site

to site shaping, keeping down unwanted vegetation, planting areas

where appropriate, etc., to make those sites best suited for recreation

more attractive and possibly divert heavier recreation use from areas

that could not support it.

PILOT PROGRAMS DURING GREAT

During the study, several pilot projects and studies were under-

taken to gather data and test management actions. Whenever possible,

more than one test or data gathering effort were combined in one

pilot project. The work group benefited from these cooperative

efforts.

SIDE CHIANNEL OPENING PILOT STUDY AT BUFFALO CITY

During 1975, many requests for side channel openings in the reach

of the river covered by the GREAT I Study were made. These requests

were carefully considered by the Side Channel Work Group. The Buffalo

City project was selected for demonstration. This project consisted

of dredging an access channel to the city, moving the material approxi-

mately 7,000 feet, and placing it where Buffalo County could construct

a combination road raise and floodwall.

The 8-inch hydraulic dredge used for this project was a rented unit

named the "Mud Cat". The "Mud Cat" was being considered by the work group

as having potential to perform dredging at the low-volume sites or where

the dredging cut face is shallow. This dredge is small anough to be trans-

ported to the job site on a semitrailer. It propels itself along a 3/8-inch

steel cable so it must be anchored at each end of the cut. It has a rotat-

ing 8-foot auger ahead of a pump; this auger moves material back into the

pump inlet.
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The disch arge floatiug and land lines are not different from

st indard f ixtures. Two anxiliary booster pumps (trailer-mounted)

were used to trarlsport the material up to 7,000 feet to the placement

F i . T!,ese pumps provided m.,rc th ir ,c'ough power.

It,- outfal t system kis is' ed ,ot 80 feet of standard shore pipe

with 2-inch holes on 1-foot centers along the lower side of the pipe.

The pipe rested on oil drums placed under each joint. Most of the

solids and about one-half the water dropped out through the holes

with the remainder flowing out through the end of the line. The

initial installation for filtering of solids consisted of a snow

fence covered with burlap. This filter did not work so the dredged

material was used to build a containment dike that formed a settling

pond. The settling pond was approximately 575 feet by 25 feet,

and had an outfall consisting of five 8-inch pipes through the berm

and directly into the river. The pond proved to be very effective

and trapped a significant amount of fines in the area. Buffalo

County expected to use this material as topsoil for grassed areas.

The costs of operation were very favorable considering that this

was a new operation. Some time was lost as a result of training, ob-

taining supplies, and correcting the problems of control of the return

water.

The overall cost of dredging and transporting to the deposition

arca was computed at $2.14 per cubic yard. The cost of dredging only

was estimated at $1.31 per cubic yard with the movement of the material

to the beneficial use site cost at $0.83 per cubic yard. If a four-

shift operation had been run, the estimated cost could have been re-

duced to $1.65 per cubic yard, on the basis of fewer days of rental

of the machine. These costs include a Federal employee benefits charge

of 33 percent and an additional District overhead of 14.4 percent.

The benefits apply only to basic wages and not to overtime so the cost

of overtime was not a significant consideration. (Costs are in 1975

dollars.) A summary of the costs of this operation is given in the

following table.
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Summary of costs for Buffalo City side channel opening

Item Amount

Total costs

Equipment rental

$23,694.12 + 60 days $394.90/day
$394.90/day X 37 days - $14,611.30

Labor

Regular $6,225.12

Overhead ($6,225.12 X 1/3) 2,075.04

Overtime 3,510.24

Total 11,810.40

Fuel, supplies, and miscellaneous 2,008.17

District overhead (0.144 X ($11,810.40 + $2,008.17)) 1,989.87

Total 30,419.74

Assume 14,200 cubic yards of material dredged.

Cost per cubic yard = $30,419.74 + 14,200 cubic yards $2.14/cubic yard

Dredging costs only

Equipment rental

$16,865.12 + 60 days = $281.08/day

$281.08/day X 37 days = 10,399.96

Labor (Use 2/3 of hired labor)

$7,340.50 + 2/3 $4,893.67
Overhead = $4,893.67 X 1/3 f 1,631.22

Total 6,524.89

Fuel, supplies 672.12
District overhead (0.144 x ($6,524.89 + $672.12) 1,036.37

Total 18,633.34

Assume 14,200 cubic yards of dredged material.
Cost per cubic yard = $18,633.34 + 14,200 cubic yards = $1.31/cubic yard

Estimated costs for four-shift operation

Equipment rental

$394.90/day X 16 days $6,318.40

Labor

$529.84/day X 16 days $8,477.84
Two Sundays, I time 264.92
Supervision 1,073.29
Benefits 3,151.87

Total 12,967.92

Fuel, supplies, miscellaneous 2,008.17
District overhead (0.144 X ($12,967.92 + $2,008.17)) 2,156.56

Tota! 23,451.05
Assume 14,200 cubic yards of dredged material.
Cost per cubic yard = $23,451.05 + 14,200 cubic yards , $1.65/cubic yard

(23-percent savings)
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C84#.EL DIMENSIONS AND RELATED DREDGING

The only reliable recorded information on channel dimensions before

1956 is data on location, dates, and quantities of dredging. Data

from 1943 indicate that 11 feet below low control pool was a common

depth of dredging with the depth occasionally being 15 feet below

low control pool. In 1945, the average depth was 13.7 feet. Direc-

tives issued for the 1946 season established 13 feet as the standard

for normal 9-foot channel maintenance. No records on width of dredg-

ing were retained.

Since 1937, the Dredge William A. Thompson has done essentially

all dredging in the GREAT I study area. The Thompson has been well

suited to the 13-foot depth because dredging to this depth generally

calls for a 3-foot dredging face. In terms of volumes dredged per

unit of time, this dredging face is near the optimum for a 20-inch hy-

draulic dredge. Before GREAT, the use of the-Thompson was considered

sound judgment because it had the lowest cost per cubic yard of material

dredged.

This work group questioned whether cost per cubic yard is a

reasonable criterion for measuring the cost effectiveness of dredging

operations. The taxpayers money spent on channel maintenance is not

intended to buy the movement of sand from one place to another but to

buy a channel large enough to allow navigation. Thus, the taxpayers'

money is better spent if the Corps spends $2 per cubic yard to move

25,000 cubic yards of sand ($50,000) than $1.50 per cubic yard to move

40,000 cubic yards ($60,000) as long as the channel is maintained.

This argument also supports the finding of the Dredging Require-

ments Work Group that dredging volumes may be significantly reduced.

These findings show that, in many cases, dredging to a shallower depth

can reduce volumes significantly. At reduced depths, a 20-inch

hydraulic dredge cannot move sand as efficiently and costs per cubic

yard increase.
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The volume of material to be removed at a dredge cut is determined

by the depth and width of the cut. The volume often determines the

environmental impacts and dredging costs. Studies quoted in the

Dredging Requirements Work Group Appendix show that, generally speaking,

as depth is decreased the width needed to maintain directional stability

increases (but is seldom in a direct ratio). In addition, many site

specific factors affect the relationship between depth and width.

Once the channel dimensions are established and a placement site is

selected, the choice of dredging equipment is often intuitively ob-

vious or at least the list of appropriate methods has been limited.

However, the equipment that is available may influence the choice of

placement site and perhaps even the dredging dimensions.

To help ensure that the best knowledge available is used to

determine channel dimensions, hence dredging quantities and costs, the

MENWG supports a "channel dimensions team" as suggested by the

Dredging Requirements Work Group.
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LEGAL FRAEWORK AND CON'STRAINTS

MORATORIUM ON PURCHASE OF DREDGES AND DREDGING EQUIPMENT

Beginning in the mid- to late- 1960's, controversy developed

over Corps vs. private industry dredging. The dredging industry

opposed the Corps plans to replace several older dredges and build

several new dredges claiming the willingness and, if the work wa.

offered, the ability to acquire the capability to do the work of

the new dredges. The Corps took the position that its responsi-

bilities could not be met without its own dredging fleet.

The House Committee on Appropriations stated in its "Report

on the Corps of Engineers FY 1973 Budget Request" (House Report

92-1151):

"The Committee has placed a moratorium on all proposed

plans for replacement or modification of dredges which

are not presently under contract, including hopper dredges,

pending the comprehensive study of the national pipeline

dredging requirements which the Deputy Secretary of the

Army for Installationa and Housing has agreed to undertake

pursuant to the recommendations of the General Accounting

Office in its report on May 23, 1972.

"In summary, the GAO report outlines the Corps' alternatives

for accomplishing the dredging workload, including: (1)

maintaining the current level of effort with existing Corps

plant, (2) taking over a larger share of the program by ex-

panding the Corps plant capability, or (3) curtailing the

Corps role and/or getting out of dredging completely. The

Comptroller General also recommended that the Corps of Engi-

neerq should furnish the results of its comprehensive study

to the appropriate Congressional legislative committees for

their consideration in providing guidance as to the federal

role in meeting the future national dredging requirements."
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The Senate concurred with this statement (Senate Report 92-923)

and added:

...(that the) comprehensive study must include

consultation with the dredging industry, including their

views and recommendations on ,various alternatives for

meeting the national dredging requirements."

This study was commissioned by the Chief of Engineers and is the

"National Dredging Study" by Arthur D. Little, Inc.; it is often re-

ferred to as "The Little Report." It was completed in 1974.

From the results of this study, the Chief of Engineers concluded

that a program to solicit bids for work traditionally done by Corps

dredges was desirable. The program would determine the interest

private industry had in doing the work (TOM - test of the market) and

the capability of the industry to do the work at reasonable prices and

on time (ICP - industry capability program). The Corps already had

authority to develop these programs. The details of the IC'P are pre-

sented in a later section.

The moratorium was of considerable concern early in the GREAT I

study because it specifically "placed a moratorium on all proposed plans

for replacement or modification of dredges." Therefore, GREAT could

not easily recommend new or different dredges and the options were

severely limited. A recommended plan that included a new or different

dredge would have considerably less chance of being adopted than if the

moratorium were not in effect. The Team and work group decided to pro-

ceed as if the moratorium did not exist. If a new or different dredge

was needed, the justification would have to be strong enough to over-

come the constraint of the moratorium. In this case, a backup plan

relying on existing equipment would also be developed to meet the GREAT

objeccives as nearly as possible.
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The moratorium did not significantly affect St. Paul District

operations. The District acquired the Dredge Colorado from the

Water and Power Resources Service (formerly the Bureau of Reclamation)

during the moratorium with the specific approval of Congress and the

Office of Management and Budget on the condition that it will:

1. Be used only as a booster unit for the Thompson.

2. Not be converted to a dredge.

3. Be rehabilitated by St. Paul District.

Public Law 95-269. discussed later in detail, also lessened

some of the constraints of the moratorium. This law describes a

11minimum federally owned fleet" of dredges and states that this

fleet "shall be maintained to technologically modern and efficient

standards, including replacement as necessary." This law removed the

need for GREAT to develop an "existing equipment" plan except as a

tool in plan formulation.

The acquisition of new dredges by the Corps is still carefully

reviewed by Congress during the budgetary process. Therefore, GREAT I

plans which include a new or different dredge must also determine and

evaluate the future use of existing plant.

INDUSTRY CAPABILITY PROGRAM

The original intent of the ECP as proposed by the Chief of

Engineers was to determine the capability of the dredging industry to

perform, at reasonable cost and in a timely manner with hopper dredges

and sidecasting dredges, the dredging done in the past by the Corps.

The use of cutterhead, dustpan, and mechanical dredges was added.
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Several meetings were held with industry representatives to

discuss details of the program during the development of procedures.

Significant differences in cost accounting, labor commitments,

wage and salary policies, overhead expenses, and staffing charges

were identified between Corps and industry procedures. These

differences called for substantial changes in the estimating pro-

cedures used by the Corps for work done under the ICP. The new account-

ing procedures are documented in Corps regulations ER 1110-2-1300,

ER 1130-2-307, and ER 1125-2-15.

In the past, the industry and Corps selected dredging projects

for the ICP through a complex series of steps. The industry began by

indicating interest in bidding on particular jobs. The Districts sent

lists of these sites to the Division offices. The Divisions forwarded

these lists to the Chief of Engineers after attempting to package the

work into easy units for bidding. On the basis of the types and amounts

of work, the Chief of Engineers allocated ICP dredging to the Divisions.

A minimum of 25 percent of Corps dredging nationwide was to be avail-

able for contract. The selection of jobs to be advertised was left

to the Divisions.

In practice, North Central Division has reserved (not advertised)

enough work to keep Corps-owned plant active even if some of the work had

been listed by the industry. The rest of the dredging was then combined

into units for bidding. The contracting was handled by each District.

Starting in spring 1979, all dredging in which the industry ex-

presses interest will be advertised; none will be reserved for Corps

dredges. Corps dredges will not be dispatched, except in some emergency

situations, until bids have been opened on these jobs. W This change in

policy resulted from issues raised by industry representatives at the

National Dredging Meeting in November 1978 and from evaluation of the ICP.

(i) The St. Paul District has chosen to ask contractors who have submitted
bids if they would be willing to negotiate a work order for the dredging in
case an emergency arises before dispatching its own fleet.
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In coastal areas and harbors, shoals develop slowly enough so

that contracts based on unit cost can be developed, and prLecontract

surveys are accurate enough at the time of dredging to he rel Ii abIhh*

for pay quantities. However, on the Upper Mlississippi River, shoals

can develop much faster than the 30 days needed to advertise a dredg-

ing contract. Also, the volumes of dredging often change right up to

the moment of dredging and a unit price or lump sum contract becomes

very unwieldy. Therefore, this section of river was exempted from

the policy change for 1 year. For the 1980 dredging season, St. I'au1

District plans to advertise a plant rental contract with standby

payment provisions.

PUBLIC LAW 95-269

Public Law 95-269, passed on 28 April 1978, basically takes the

ECP out of the status of a trial program and makes it law. The

moratorium on acquiring new dredging equipment is replaced by the

statement: ". . . shall be maintained to technologically modern and

efficient standards including replacement as necessary." Also, as a

part of this act, the Corps is directed to prepare a report determining

the minimum federally owned fleet required to perform emergency

and national defense work." The report on the hopper dredge require-

ment of the minimum fleet has been submitted to the Secretary of the

Army, the Office of Management and Budget, and Congress. The report

on nonhopper dredges is in draft form and is scheduled to be sub-

mitted to Congress in (date not yet established - the language in

the law is ". . . within two years after enactment..

The law stresses that:

1. As much dredging as possible be done by private industry.

2. The Corps maintain a modern minimum dredging fleet to provide

for national defense and emergency operations both in the United States

and abroad. This fleet is to be fully operational at all times.
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Specifically, it requires that dredging be done in the most economical

and advantageous way to benefit the Nation.

The following instructions on shifting from nearly exclusive Corps

dredging are given in the law (exclusive of minimum fleet requirements):

1. The Corps has 4 years to shift to contract dredging the

industry has shown capability to perform.

2. As the industry grows to assume more of the dredging work

load, tb- Corps-owned fleet will be reduced.

3. The Corps-owned fleet will be no smaller than that needed to

carry out emergency and national defense work.

4. The Corps will reserve the amount of work necessary to keep

the minimum fleet fully operational.

5. The minimum fleet report will be prepared and submitted to

Congress within 2 years.

6. No work will be done by contract if Corps plant is available

to do the work and the lowest bid is over 25-percent more than the

cost of dredging with the Corps plant.

7. All Government cost estimates must be based on the same fac-

tors (for example, overhead, depreciation, insurance, and capital in-

vestment interest) as the contractor's bid.

SECTION 404(T) AND OTHER REGULATORY RESTRICTIONS

In 1977, the Clean Water Act of 1965 (Public Law 92-500) was

amended to include section 404(t). This amendment requires the Corps

to obtain State permission for dredging the Inland Waterway System.

In the GREAT I area, the Corps must ask for and be granted all the
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necessary dredging, placement, and fill permits from the regulatory

agencies in Minnesota, Wisconsin, and Iowa. Each State's approach

to this authority was discussed at the Dredging Equipment Seminar.

The States' positions are given below.

Iowa Dredging Regulations

Iowa's jurisdiction over its border rivers was recently expanded

through the Federal Clean Water Act of 1977 (Public Law 95-217). It

now includes regulation of the Corps discharge of dredged material

into the public waters of the State to meet applicable State discharge

standards.

Three agencies in Iowa are directly involved: the Iowa Conservation

Commission, Natural Resources Council, and Department of Environmental

Quality. The coordinatior mechanism within the State is the Governor's

Interagency Resource Council.

The Iowa Conservation Commiission has jurisdiction over the sov-

ereign lands and waters of the State. As it pertains to meandered

streams within or bordering Lhe State, State property is determined

to be that land below the ordinary high-water line. In addition, the

commission is concerned with fish and wildlife resources primarily

through the Fish and Wildlife Coordination Act. It is also the major

recreation development agency within the State and is concerned with

timber growth.

As a result of the aforementioned responsibilities, a permit to

satisfy section 404(t) is required for dredging and placement below the

ordinary high-water mark. In addition, the commission's concerns for

fish and wildlife resources must be considered under the Fish and

Wildlife Coordination Act.
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The Iowa Water Quality Commission of the Department of hiviron-

mental Quality regulates the quality of the waters of the Stat thlough

the adoption of water quality and effluent standards. These st inards

are primarily implemented through the issuing of discharge permits. On

10 August 1978, the department was delegated responsibility for

issuing National Pollution Discharge Elimination System (NPDES) per-

mits pursuant to the Clean Water Act. At the present time, the depart-

ment has adopted no effluent standards for dredging operations; however,

the practice appears to have been affected by the water quality standards.

The most important standards limit increases in turbidity of a

receiving water from a point source to 25 Nephelometric turbidity

units. Total allowable dissolved solids are 750 mg/l (milligrams

per liter) in a stream with a flow rate equal to or greater than

three times the flow rate of upstream point source discharges. These

standards apply to all classes of waters. In addition, section 401

allows the department to review 404 permits for their impacts on State

environmental quality standards.

Subsection 19.3(l)(e) of the Water Quality Commission's rules

specifically excludes dredging and fill discharges from permit require-

ments. In such a case where effluent limitations are not applied

through permit, primary concern is limited to the maintenance of water

quality standards.

Pursuant to this concern, it will be necessary for the Corps to

submit a proposal for the conduct of a monitoring program related to

dredging activities for approval by the department before the initiation

of dredging.

The Iowa Natural Resaprces Council is responsible for floodplain

management and regulation. A permit is required from the council

before dredged material can be placed in a floodplain or floodway.

An administrative waiver may be granted to applicants for dredging

projects, provided the project is minor in scope and cannot appreciably
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at tect flood fl oW. In view of thL magni t udo of r:my drc(giig pr) t ,

it will be necessary to clearly show that any dredged material placed

within the banks of the Mississippi River is located in noneffUctiVw

flow areas. If this cannot be shown, it is necessary to make forial

application for council approval requesting a variance from normal

criteria.

The State has been actively involved in GREAT's programs.

GREAT recognizes the multiple demands/needs for the Mississippi

River resource. The State encourages the Corps to comply with

GREAT's recommendations as they apply to channel maintenaince on thc

Upper Mississippi River 9-foot channel project.

To satisfy the needs of 404(t), the State will continue to

work within the framework of GREAT, but will require the Corps to

obtain a State permit(s). The Iowa Conservation Commission will

assume the lead role in coordinating a State 404(t) permit. A

permit procedure was outlined for the 1978 season. This procedur.

is being further evaluated for possible changes.

Assigned staff members from the Iowa Conservation Commission,

Department of Environmental Quality, and Natural Resources Council

are involved in the On-Site Inspection Teams of GREAT as determined

necessary by the agencies. If conflicts arise during the on-site

evaluations, the matter will be referred to GREAT for resolution.

If the matter is not resolved to the satisfaction of the State, it

will be referred to members of the Governor's Inter-Agency Resource

Council for resolution. A unified State of Iowa 404(t) permit will

be issued where possible.

Fourteen days before a site specific evaluation, the Corps is

requested to send to all Iowa On-Site Inspection Team members the

following information:
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1. Ldentii cation of the proposed dredging site.

2. Detailed chann I condition -r ..'hich identify dredg-

ing requirements.

3. PIIys teal, chemi .L, arid hi .1,,gical analyses of sediments

to be dredged in accordance with tue approved monitoring program.

4. Identification of the proposed placement site(s).

5. Characteristics of the proposed placement site(s) (for

example, topography (existing and proposed), vegetation, ownership,

location with respect to floodway, and containment plans.

6. Analysis of environmental impacts of dredging and placement

(that is, effects on fish and wildlife, water quality, flood stages

and existing developments, vegetative cover, recreational use,

and relationship to State lines).

The State wishes to emphasize the desirability of placing

dredged material in areas where beneficial uses can be made of the

material. In every case where dredging is required, the Corps should

make every effort to place material at beneficial use sites.

Minnesota Dredging Regulations

In Minnesota, two agencies, the Pollution Control Agency and the

Department of Natural Resources, carry out the primary regulatory

functions which affect placement of dredged material. Both agencies

are mandated under existing laws and operate under existing regula-

tions to control dredging and the discharge and placement of dredged

materials.

The Department of Natural Resources requires permits for work in

public waters. Its authority is defined in State statutes (chapter 105)

and in regulations promulgated in 1978 which define the standards and
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criteria for granting permits to change the course, current, or cross

section of public waters. Public waters are any waters of the State

which serve a material beneficial public purpose. Permits are re-

quired for any fill activity below the ordinary high-water mark of

-lhese waters.

The Department's policy limits the placement of fill in public

waters and their shorelines to preserve their natural character and

maintain suitable aquatic habitat for fish and wildlife. The Missis-

sippi River is designated by Congress as both a fish and wildlife

refuge and a Federal navigation project. These public purposes

deserve State protection. Permits are issued for the placement of

dredged materi~il after a site-by-site review and evaluation of the

potential impacts of the proposal and alternatives.

During the 1978 dredging season, the Corps was required to apply for

only one department permit for the placement of dredged material from

the 9-foot navigation channel project. The department issued a permit

to the Corps for this site after evaluation of alternative dredging

and placement methods. The Corps provided on-land placement

of material above the ordinary high-water mark at substantially

all sites last year. For 1979, as in 1978, the department will re-

quire thle Corps to obtain permits after reviewing each site on an

individual basis in accordance with the regulations applicable to

work in public waters.

Thle Pollution Control Agency' s authority to regulate dredge and

fill activity derives from Minnesota statutes (chapters 115 and 116)

which define the authority of the agency to protect water quality and

specifically define dredged material as a pollutant to be regulated.

'The agency opposes open water placement and requires that supernatant from

hydraulically dredged materials be treated before being returned to waters

Of HIC Stat.
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During the 1978 season, the Corps and the Pollution Control Agency

signed an agreement in lieu of permits when the late passage of the

Clean Water Act did not permit enough time for the required administra-

tive procedures to issue permits for the 1978 season. The stipulation

was highly successful in that the Corps was able to place all

dredged material on land, with confined on-land placement sites

provided for hydraulically dredged material. Also, the

stipulation did not result in any channel blockages. Provision

for emergency dredging procedures was included in the stipulation,

and a procedure for obtaining exceptions to the permit requirements

was established. During the 1978 season, the Corps requested four

exceptions. Three of the exceptions were granted by the agency board;

however, only one of the exceptions was used because the Corps was

able to provide on-land or confined on-land placement of all other

dredged materials. Even where the exception was used, reduced dredg-

ing requirements allowed the material to be placed substantially

on-land.

Studies were conducted during the 1978 dredging season, including

effluent monitoring, comprehensive water quality sampling, sediment

sampling, and bioassays. These studies will be used to determine

requirements or mitigative measures for future permits.

For the 1979 dredging season, the Corps and the agency have

initiated the State administrative process for permits which includes

a public notice and public hearing. The primary condition of the pro-

posed agency permit continues to be on-land placement of dredged materials

with confined on-land placement of hydraulically dredged material.

Provisions for emergencies and impending groundings have been included

as well as a procedure for obtaining justifiable exceptions to theL

conditions of the permit. Strict compliance with State effltv.*t limits

will not be required; however, effluents will be monitored and the

Corps best effort at obtaining compliance will be accepted as the

interim limitation. Interim limitations and a I-year permit duration

will allow the following to he considered in Future permit requirements.
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1. The GREAT final report which is scheduled to be released

in fall 1979.

2. The results of sediment and water quality analysis conducted

during 1978 and 1979.

3. The Corps budgetary process, since the 1980 season is the

first season that the Corps was able to allow for consideration of section

404(t).

Interagency coordination in Minnesota has been primarily conducted

through the GREAT on-site inspection team process and by the personal

efforts of the participants in the permitting programs. Open lines of

communication are maintained between the agency, Department of Natural

Resources, and all participating agencies of GREAT.

Wisconsin Dredging Regulations

The following is a summary of Wisconsin statutes that apply to

the Corps dredged material placement activities:

1. Section 30.12. - This statute is the substantive law in

Wiscpnsin which totally prohibits the open water placement of dredged

material, even for such purposes as beach nourishment. It only allows

the Department of Natural Resources to authorize a "structure," which

is defined as anything having a discrete shape, function, and utility,

and which does not result in the creation of land. Under section

30.12, the department can authorize the placement of dredged materials

in the navigable waters of the State only if it is carried out in

conjunction with the construction of a structure, such as a breakwater.

The use of dredged material for beach nourishment or for filling be-

tween groins is not allowed under this statute.
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Section 30.11. - This statute enables the department to

authorize the placement of dredged materials in the navigable waters

of the State only if the material is placed within the limits of a

bulkhead line. A bulkhead line is a surveyed line which describes

the limits of a fill, and it can only be used to regularize a shore-

line. A bulkhead line cannot be used to create land for the riparia,

owner.

3. Section 147.025. - The discharge of dredged or fill materials

into other"waters of the state," as that term is defined in section

147.015(13), Wisconsin Statutes, requires a discharge permit pursuant

to section 147.025, Wisconsin Statutes. In addition, the discharge of

effluents from existing confined placement facilities constructed by

the Corps under section 123 of Public Law 91-611 requires a discharge

permit pursuant to this section in accordance with section 6 0(a) of

the 1977 Clean Water Act.

In addition, section 60(b) of Public Law 95-217 requires that

Federal agencies obtain water quality certification pursuant to section

401(a) of Public Law 92-500.

The State's stringent statutory standards for approval of dredged

material placement, combined with court decisions, led to the following

conclusions:

1. Dredged material cannot be placed in open water.

2. Bulkhead lines and structures can only be permitted in very

isolated tases and, for all practical purposes, do not exist on the river

because of the volume of the material dredged and strict requirements

of the law.
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PROBLEMS AND NEEDS

The basic objective of the Great River Study is to develop a

civer system management plan that will incorporate total river re-

source requirements. Conflicts often occur between the actions of

agencies having management responsibility on the river. These con-

flicts are but one of the problems associated with dredging. Where

problems result from neglect of economic, environmental, or social

factors, the environment, the people, and the Nation are the losers.

The problems of channel maintenance dredging go beyond the scope of

just the resource management aspect. The majority of these problEn: -

both resource management and channel maintenance - are addrcs :(d by

other work groups of GREAT.

To help identify the extent and severity of these problems, a

series of public meetings was held in winter 1974-1975. From

Minneapolis to Lansing, Iowa, the range of public attitudes and

concerns was recorded. At each meeting, the GREAT program was ex-

plained and people were urged to express their opinions. They

responded positively with honest, realistic, and highly useful sug-

gestions to GREAT. People who live along the river and these who

use it frequently were concerned about lost beauty and degrd'aticn

of the river's recreational values. Fish and wildlife and mainten.7nce

of the 9-foot navigation channel were recognized as large-scale

matters that required official regulation and review. Loss of

favorite fishing pools, blocking of small-boat channels by sand,

and marring of the river's beauty were realities that cut deeply.

GREAT STUDY OBJECTIVES

Following these meetings, an extensive list of problems was

compiled. After the list was developed, the Team reali2.ed that it

was not equipped or charged with responsibility to address all
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the problems. A list of criteria, based on the study objectives,

was developed. These criteria defined the range of problems the

Team would address. Guidelines used to identify problems are as

follows:

1. The problem demonstrates a need to define Federal, State,

and local government roles or a need for change in policy (such as

created by traffic congestion at locks).

2. The specific problem or need is located or has significant

impact within the riverine area.

3. The public has indicated concerns regarding the importance

of a particular problem through newspapers, organization position

papers, public meetings, or other means.

4. No other established single or joint body organization (either

public or private) is currently addressing the problems or needs; or, if

so, the party involved does not have tne capnhility to adequately carry

on the effort.

5. The problem or need, as well as possible solutions, has

interstate or intergovernmental implications.

6. GREAT is in a unique position to pursue further study relating

to the problem or need.

7. The problem reflects areas of conflict requiring a course

of action.

8. GREAT has the capability to integrate the specific need with

other major problems and needs of the river in reaching a solution.

9. A solution or recommendation to the problem or need can be

realistically expected within the time and money constraints of GREAT.
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STATEMENT OF PROBLEM-IS

The Material and Equipment Needs Work Group found that most of

the problems identified at this point did not apply to their study

objective which was to ". .. assure necessary capability to maintain the

total river resources on the Upper Mississippi River in an environ-

mentally sound manner." These identified problems from the town

meetings were:

1. Economics of dredged material transportation remain the

largest problem.

2. Removal of material by barge to a suitable placement site

should be investigated.

3. The amount of machinery and expensive equipment used for

channel maintenance is appalling and perhaps unnecessary.

4. The Corps made mistakes in building locks and dams.

Corrective measures seem to add problems. Are expenditures justified

on these costly mistakes?

5. Studies should be economically oriented to show funding

needs, manpower, equipment, etc.

6. Could financial support be found for a conveyor system to

move dredged material to the top of the bluffs?

7. Piping material many miles inland and using water for irri-

gation should be studied.

8. Better dredging equipment that can move material greater

distances should be acquired.
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Additional problem statements were derived from the 9-foot channel

environmental impact statement, framework studies on the Upper Missis-

sippi River, interagency correspondence relating to dredging, and

depositions made at litigation procedures concerning dredging on the

Upper Mississippi River.

The criteria listed in the previous section were applied to the

identified problems. The following table shows the results of the

screening process for the work group. Following the problem identifica-

tion column are five columns. The first two show the problem's rele-

vance to the GREAT I study and the work group. Problems relevant to

the work group but not the GREAT I study were excluded. In many in-

stances, a problem first thought to be relevant to a work group was

eliminated from consideration through the screening process. The

column marked "Time frame" indicates the time period in which the

problem should be solved. The letter "S" (short term) represents the study

period (1975 through 1979). The letter "M" (midterm) is the period up

to 15 years following study completion. The letter "L" (long term)

represents a time period 15 to 40 years following study completion. The

last column of the table explains the reason for addressing or excluding

a problem.

64



02 0 w.

04 4J V44.
Go* mu 2 0 w lC- 9
m00 JJ10 C:4 0 0

0 >,.A 4 0 a).4~
104 4- u ca ig 0

0) 002 2 -4 H w (A 4-J .,4 .4 Ia. U) 4d
4 1 0 :1 U4 41j I 41J j>

0 2 V 4 0 2 C.0 Cd r - 41J r 0 2 5 4 O ,
04 -0.0 00q w C6 0 0 w 4- w
o1 0 ~ 41 02 H0~ 002 4 W-"

cc a.0 u : 1 0 -

td c EI-4 d) a 400 JJ 04 ,4
004p0Cu0 9: o41 V

02.oE- 000C . 4J.-
02~~~~4JtL 4.0002 -1w> i

V020 0241.4 w .0.
u 0 0 ON 4- C:-5 a200U'. 0 4 Cu

0202 . 0. 14.-.4 0 2 02 2 p v c

-di

.0

0 04 44

00

0 4*

0~~: 0 20

c2r >4 >4

-H
04

0

Ccc

-dd

0 1 -41
0. 6

tv02

02 > 020
co m 0.

1Z4 C4

02 65

Oft!02



The work group was to find later that most of the problems to be

addressed surfaced during the formulation of the material placement

plans and centered around means to implement a selected channel

maintenance plan. These fell into three distinct areas:

1. Material transport problems. - What is the best way to get

the material from the dredge cut to the placement site?

2. Material placement problems. - What is the best way to

handle the material once it gets to the placement site? Is it a

slurry or in a hopper at near in-place density?

3. Dredging problems. - What type and size equipment is most

compatible with the transport and placement techniques suggested as

solutions to the first two problems?

EXISTING EQUIPMENT SHORTCOMINGS

The main shortcoming of the dredging plant owned by the St. Paul

District is size. For the volumes and frequencies developed for the

selected channel maintenance plan, the Thompson appears too large and

the Hauser and Dubuque appear too small.

Even though the Dredge Thompson has effectively dredged in cuts with

very shallow faces (less than 1 foot), it is sized to-dredge most effi-

ciently at cut faces of 3 feet or more. It was designed and built in the

late 1930's to meet the dredging requirements expected at that time. In

that respect, it has functioned as designed. During the early days of the

9-foot channel project, the Thompson dredged almost exclusively in the St.

Paul District and its identical sister ship, the Dredge Rock Island, was

fully occupied in the Rock Island District.

Beginning in 1958, the Rock Island was transferred to the Great Lakes

and then to Mobile District where it was rechristened the Dredge Collins.
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Since then, the Thompson has been doing the dredging for both the

St. Paul and Rock Island Districts. During the recent period of

low dredging volumes (1975-1977), the Thompson has been available

for additional dredging and has been used on the Illinois Waterway

and Ohio River.

This gradual reduction in dredge use illustrates the advances

made in river engineering technology, the stabilizing effect age has

on the river, and the gradual restrainment of the channel by sedi-

mentary and dredged material deposits. These factors combine to

reduce dredging requirements. The net result is that a smaller

hydraulic dredge could handle the expected dredging load in the

St. Paul District. (Three possible exceptions are at Reads Landing,

at Crats Island, and above Brownsville where shoaling rates can be

very rapid.)

NEW EQUIPMENT REQUIREMENTS

The existing St. Paul District dredging plant has significant

deficiencies in relation to GREAT I's se-ected channel maintenance

plan. To determine what equipment changes may be needed, a set of

'equipment criteria' was developed to show extremes of work that the

plant should be able to perform. If the Corps were to do all the

channel maintenance dredging with its own equipment and with hired

labor, this set of criteria would have to be refined and probably

expanded before any particular type or size dredge could be recomn-

mended. Because it is very unlikely that the Corps will be doing

all the dredging for the foreseeable future, these criteria would be

more wisely referred to as a general guide only.

These criteria are:

1. One-half of the total dredging volume will be moved more

than 1 1/2 miles.

67



2. Of the recommended placement sites, 80 percent can receive

material hydraulically (directly from a hydraulic dredge or hydrauli-

cally pumped from barges).

3. Of the recommended placement sites, 30 percent must leave

the material so that it can be removed tor beneficial use.

4. Of the dredge cuts, 10 percent require a production rate

in excess of 250 cubic yards per hour.

5. Equipment should have a reaction time of 1 1/2 days to reach

any cut in the study area.

6. Dredging depths range from 12 to 16 feet.

7. Dredging cut faces range from 0.5 to 2.5 feet.

PLAN FORI4JLAT ION

Since its inception, GREAT I has had as its primary goal the

environmentally and economically sound placement of material dredged

to maintain the 9-foot navigation channel ot the Upper Mississippi River.

Dredging and placement must be addressed on a short-term as well as long-

term basis. kIor tnis reason, the Team developed a set of dredging

recommendations before each dredging season and evaluated the dredging

following each season. In addition, the Team established a procedure

for notification and on-site inspection of each proposed dredging event.

Although the study effort emphasized channel maintenance, the Team's

work groups have developed apprcximately 300 recommendations relating

to all uses of the river. A number of these recommendations address

channel maintenance; however, most relate to management of the many

other uses of the resource. These recommendations are based on extensive

research carried out as part of the study and on the expertise of the

work group members.
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CHN$JEL MAINTENANCE

The Team proceeded from a description of hc'u cne channel mainte-

nance dredging has been done through site selection and evaluation,

material placement plan development and evaluation, to a recommended

channel maintenance plan. The MENWG forms the last step in this

chain of endeavors, the implementation of the plan.

The Channel Maintenance Appendix describes in detail the steps taken.

This appendix contains only a brief summary of each step and an explana-

tion of involvement of the MENWG in the process.

Possible Placement Sites

The Dredged Material Uses Work Group identified several possible

placement sites for each dredge cut. At least one site was picked for

each cut which emphasized a particular resource management goal or

dredging strategy. The goals, called material placement categories,

were selective placement, regional placement, centralized placement,

beneficial use, habitat enhancement, removal from floodplain and most

probable future without GREAT. These categories are defined in the

Plan Formulation Work Group Appendix.

The MENWG prepared dredging cost estimates for each cut and place-

ment site on the basis of costs incurred by the Corps at the time and

the depreciation formulas used on Corps-owned equipment (the preliminary

level). These costs were meant to provide input into the next step of

plan development. Unfortunately, these costs were not sufficiently con-

sistent from one piece of equipment to another to be of much value.

As a result, better, more consistent estimates had to be prepared.

These preliminary level estimates were used in selecting sites for the

material placement plans.
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Alternative Plan Development

Five material placement plans, each a complete and independent

plan for the 40-year study period, were developed by the Plan Formula-

tion Work Group. Guidelines for the selection of placement sites for

each dredging cut are described in detail in the Channel Maintenance

Appendix. The five plans were:

1. National economic development (NED).

2. Environmental quality (EQ).

3. Removal from floodplain (RFFP).

4. Most probable future without GREAT (MPFW/OG).

5. Selected.

The selected plan is meant to be the most balanced that could be

developed with information available at that time and is the "first

cut" of a recommended channel maintenance plan.

One of the major inputs to the selection of sites for the matrifl

placement plans was the dredging cost estimates prepared by the MENIG

(the plan formulation level). Costs for three dredging methods were avail-

able - a 20-inch hydraulic dredge, a 12-inch hydraulic dredge, and a

2-cubic yard rated clamshell (barge-mounted 25-ton derrick). The cost rates

used were based on contractors' equipment rental rates (the Blue Book) and

average 1976 salaries. The program listing and rate documentation are in

Attachment 2, Plan Formulation Level Cost Estimates. Production rates

used were based on St. Paul District experience with the Thompson, Dubuque,

and Hauser. Later in the study, dredging cost estimates for bucket-chain

and hydraulic backhoe dredges were available at comparable levels.
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Channel NIaintenance Plan

The M117NWG analysis of the selected material placement plan was

a detailed cost estimating procedure for the selected plan. The pro-

gram listing and cost rate documentation are described in detail in

Attachment 5, Dredging Cost Estimates. These costs were based on aver-

age 1978 wages and equipment costs and followed, as much as possible,

the procedures for preparing Government estimates for dredging operations

according to Engineer Regulation 1110-2-1300.

ChanneL Reliability

The Dredging Requirements Work Group Appendix describes the relation-

ship of channel dimensions to the reliability of the channel. Three

sites are discussed in detail: Reads Landing, Crats Island, and Wilds

Bend. At these sites, closures occur often. The relationship among

these closures, channel dimensions, equipment production rates and re-

sponse time, and barge transport costs are discussed in detail. These re-

sponse times and production rates will have to be considered in preparing

contract conditions and/or if St. Paul District does decide to invest in

new or additional dredging plant.

Selected Material Placement Plan

The "selected" material placement plan (forerunner of the channel

maintenance plan) was a reasonable attempt to balance the values of the

various resources and needs of the river. The approach taken is described

in detail in the Channel Maintenance Appendix.
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Selected Equipment Needs Plan

Several factors tempered the work group's attempts at recommending

particular equipment for maintenance of the Upper Mississippi River

9-foot navigation project. One of the work group's initial goals was

removing the moratorium on new dredge acquisition (see Legal Framework

and Constraints, page 47), and recommending a particular dredge for

the Upper Mississippi River. As contractor interest grew, the ICP

program developed, and more detailed dredging costs were available,

it became apparent that developing a recommendation for one particular

dredging plant would be difficult at best and not very desirable.

Therefore, the goal of a selected equipment needs plan is to suggest

types of equipment that may not have been considered before for the

Upper Mississippi River and to suggest one or two types of equipment

that would probably be the most desirable, productive, or effective

in various dredging situations.

The MENWG found that contracted hydraulic equipment is avail-

able to compete with Corps dredges and that contracting problems

can be lessened. Also, with certain types of mechanical dredges,

the pool of potential contractors expands greatly to include general

construction contractors (sewer and water, excavation, highway, etc.).

Thus, competition within the private arena will be encouraged. This

competition is desirable if a significant portion of the channel mainte-

nance is to be done by contract.

The selected equipment needs plan consists of suggestions on

management of the Corps fleet and its contracting procedures rather

than hard and fast equipment recommendations:

1. The W. A. Thompson should be kept active as an integral

part of the national mint.Lum dredge fleet.

2. A large capacity hydraulic backhoe dredge and support fleet

of tenders, barges, dozers, and end loaders should be avaiiable for bidding

on channel maintenance dredging.
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3. The Dubuque should be outfitted for channel maintenance dredg-

ing (increased freeboard, more sophisticated navigation and location

instruments, additional pipe, and perhaps a booster) and used on as

much dredging as it is suited for.

4. The Dubuque, Hauser, and Mudcat should be considered sepa-

rately for dredging sediments from backwater areas and accomplishing

othier resource management needs.

Special Report - Isle La Plume (Placement Site 8.06)

Through the efforts of the Wisconsin Department of Natural

Resources and the Dredged Material Uses Work Croup, a large demand

for dredged material was identified in the La Crosse, Wisconsin, area,

including demand for 100,000 cubic yards of material each year for

3 years. Site 8.06 has good truck access and barged material could

be eab~ily transferred from barges or dump scows. It is close to

downtown La Crosse and is accessible to potential customers.

Site 8.06 is an abandoned landfill on the southwest edge of

Isle La Plume. Its most recent use was as a landfill for construction

debris. The Solid Waste Division of the Wisconsin Department of

Natural Resources has declared that the leachate from the site does

not cause a water quality problem at present.

Special Project - Reads Landing (Placement Site 4.24)

Reads Landing, just below the mouth of the Chippewa River, is

one of the most frequently dredged sites in the St. Paul District and

produces a large volume of dredged material. In the past, the material

was placed primarily along the left descending bank in an area known as

the Nelson-Trevino bottoms. Since 1974, efforts have been made to Place

the dredged material on top of previously placed sand and avoid fill-

ing 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 major problems.
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When it became necessary to dredge the area again in 1979, the

material was again placed in the containment area. However, much of

the available capacity of the site had been used in 1977 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 areas. The containment area could be expanded;

however, it is increasingly apparent that continued use of this site

would have significant adverse environmental impacts.

One of the alternative sites considered in the various material

placement plans was 4.24, an abandoned gravel pit located northwest

of Wabasha, Minnesota, between U.S. Highway 61 and the Milwaukee Road

Railroad Company tracks. It is estimated to have about 1.25 million

cubic yards capacity without significant filling above the surround-

ing topography. The site could be used for at least 15 years on the

basis of average annual dredging requirements.

Site 4.24 also has the potential for material removal for bene-

ficial use which would increase the amount of time the site could he

used. The site would have to be purchased or leased and approximately

1 mile of shore pipe which could be left in place would have to be

installed. A supplemental booster pump may also be necessary.

The MENWG, working with St. Paul District Operations and Mainte-

nance Branch representatives, estimated the cost of using this site,

using a site on Drury Island which would be the most likely undisturbed

Bite, and removing material from the present containment site so that

it could be reused. These estimates indicated that site 4.24 would

be the least costly. The estimate for the recommended site did not

include the costs of a booster pump or land acquisition. If a booster

pump is needed, the cost per dredging operation would increase by

approximately $15,000 and the cost per cubic yard would increase about

$0.23. Land acquisition, if necessary, would also increase costs.

The tentative route and photographs of the pipeline alignment are

shown in Attachment 6, Exhibits and Photographs.
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This proposal is discussed in more detail in the Channel Maintenance

Appendix.

OTHER RIVER IKWGEMENT ACTIVITIES

Management Purposes

The GREAT I report identifies several purposes beyond those of

the 9-foot navigation project which either are part of an agency's~

existing responsibilities or are recommendations for additional

(or changes in) authorities. These purposes include fish and wildlife

management, recreation, pollution control, and erosion abatement.

The MENWG, in examining the large number of recommendations mnad., by

the GREAT I Team, noted that six of these purposes, in particular,

implied a type of action where a dredge would be used. These purposes

involved sedimentation of both granular bed load (sand from stream hank

erosion) and sedimentation of suspended solids (silt and clay particles

from upland erosion). Some of the approaches foreseen by the work

group are remedial - dredging the material after sedimentation -

and others are preventive - preventing erosion.

Construction and Equipment Needs

The "Other River Management" recommnendations are listed and

summarized in the following table. The reader should refer to the main

report for the specific recommendation and its supporting rationale.

In all cases, if an agency has the authority to take action regarding

une of the recommendations and is able to get adequate funding, it

should pursue cooperative arrangements with the Corps to do the work

in conjunction with the Corps channel maintenance work.
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Implementation of other river management recommendations
Recommenda-

tion Equipment needed Needed
number Recommendation (e.g., type of dredge) action

Further Rehabilitation of Weaver Small hydraulic dredge Funding
study Bottoms (island creation) (12-inch Mudcat or
21 Pneuma pump)

Further Backwater restoration Small dredge of Funding
studv program (dredging of any type and
20 fire sediments) authority

Action Intensive maintenance Barge-mounted Funding

item and installation of medium dut ljonstruction
3 riprap equipment

Action Site plan for each Landscaping equipment Acquisition
item placement site of equip-

iO ment and
funding

Action Fort Snelling back- Small dredge Authority
item water channel (preferably and
27 hydraulic) funding

(1) Suggest this work be done by contract or Hauser plant depending
on assigned work load.

DEVELOPMENT OF DREDGING COST ESTIMATES

Three levels of cost estimates were developed. Each was developed

to the best detail available to the MENWG at the time it was prepared.

These cost estimates are described in detail in Attachments 2 and 5.

Several trends became apparent as the results of the plan evaluation

cost estimates for the the selected plan were compiled. Generally, the

results tend to favor a variety of equipment. This once again supports

the position *hat for the good of the resources in the river valley

as well as the dredging industry a strong program of contractor com-

petition for channel maintenance dredging is desirable. Some of these

trends are:
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1. With short distances to placement sites, hydraulic (pipeline)

methods tend to be less expensive.

2. At sites with smaller volumes, smaller pieces of equipment

seem more efficient.

3. Unloading barges by bottom dump and hydraulic dredge is

not usually cost effective except when the placement site is more than

1,000 and less than 4,000 feet inland. For distances less thani

1,000 feet, unloading by crane, backhoe, or front end loader is more

cost effective. Lower investment and ownership costs keep the costs

of this operation competitive. Beyond 1,000 feet for mechanical un-

loading and 4,000 feet for 12-inch hydraulic dredge movement,

trucking is needed.

4. For channel maintenance dredging of any significant scale,

the MENWG felt that a "Mudcat" dredge is not a heavy-duty machine

capable of sustained high producticn in the material usually encountered.

5. The bucket-chain dredge was competitive and should be

explored by the Corps or the dredging industry. Its biggest drawback

is that it is a specialized machine that cannot be used for another

purpose; a hydraulic backhoe can be used for other work. The ability

to meet OccupationaL Safety and Health Act (OSHA) requirements is

questionable.

IMPLEMENTATION OF SELECTED PLAN

The key to cost effectiveness of GREAT I's channel maintenance

plan is the success of efforts to develop competitive bidding between

dredging contractors. The one piece of equipment that would seem to

suit essentially all portions of the channel maintenance plan is a

large capacity hydraulic hackhoe. It seems unlikely with the invest-

ment by the Corps in the W. A. Thompson that another large investment

in dredging machinery by the Corps is in the offing, particularly not

in a hydraulic backhoe. With an effective contracting program., the
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goals of resource protection envisioned with the channel maintenance

plan can be ensured through careful contract preparation and inspection.

The converse is true of the aspects of dredging related to other

resource management goals and needs such as recreation and erosion

control. It is much more difficult to write items such as scattered

items of beach nourishment into a channel maintenance contract than

to divert hired labor forces to do the work. One cost-effective way

to solve this dilemma would be to reserve this work and perform

it with hired labor by Government dredges for those dredging jobs on

which private industry did not secure the bid.

EVALUATION OF SELECTED PLAN

The GREAT I selected plan will be very difficult to accomplish

without major changes in fleet or contracting procedures from pre-

GREAT practices. Fortunately, these changes are being or have been

made. Any gains toward accomplishing the selected plan without the

interest and investment by the private dredging industry will be lost

and the schedule for implementation of the plan will be delayed 5 to

10 years (time necessary to request funds for, have money appropriated

for, and acquire the equipment needed).

NATIONAL ECONOMIC DEVELOPMENT EFFECTS

The major national effect of the equipment needs portion of the

GREAT I report will be to spur competition within the dredging industry.

As competition develops in one region of the Inland Waterway System, the

advantages of this competition will spill into other regions generating

the national effect.

ENVIRONMENTAL QUALITY EFFECTS

Aside from the more direct environmental quality effects outlined

in the other appendixes and the main report, the principal effects of

the selected plan will be in the area of fuel economy.
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RECOMM'ENDAT IONS

The recommendations of the GREAT I Material and Equipment Needs

Work Group follow.

THE DREDGE WILLIAM A. THOMPSON

The Thompson is an efficient dredge capable of many years of useful

duty. However. it is too iarge to maintain exclusively for the 9-foot

navigation project in the St. Paul and Rock Island Districts. The Material

and Equipment Needs Work Group recommends that the Thompson he included in

the minimum dredge fleet to the maximum extent possible. Also, the ad-

visability of increasing the horsepower rating of its main engine should

be explored to take full advantage of its pumping and dredging -apability

while dredging larger cuts in other parts of the inland waterway.

MECHANICAL DREDGING EQUIPMENT

A high-volume mechanical dredging plant should be available for

dredging in the GREAT I area. This plant should be capable of dredging

all cuts suited for mechanical dredging and transporting the dredged

material to the placement site called for in the channel maintenance plan.

The MENWG has no preference for public or private ownership but cautions

that, if the decision is made that the plant be held privately, contract-

ing procedures which would make it available for a significant portion

of a season~ s dredging at a fair price must be developed.

DREDGING FORECASTS

All efforts to improve forecasts of dredging volumes, frequencies,

and locations should be encouraged to improve and ease the preparation

of dredging contracts.

HYDRAULIC LOADING AND UNLOADING OF BARGES

Pilot tests should be conducted of loading and unloading dredged

material slurry from a barge. The work group made cursory investigations
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of several techniques but did not reach any definite conclusions about

their use in the GREAT I area. Any tests on either technique should be

done as a demonstration to which private industry operational personnel

as well as interested governmental personnel would be invited.

DREDGING ESTIMATES

The plan evaluation level cost estimating program should be adopted

as a tool to assist Corps of Engineers officials in preparing Government

estimates for dredging.

READS LANDING

The proposals outlined in this appendix and in the Channel Mainte-

nance Appendix for placement of material at the Wabasha gravel pit

(site 4.24) should be pursued and implemented as early as possible.

FISH AND WILDLIFE MANAGEMENT

The effective management of the fish and wildlife resources on the

Upper Mississippi River often requires actions to remedy the effects of

upland erosion and sedimentation in backwaters or to construct certain

small-scale habitat enhancement projects. To accomplish these actions,

the resource management agencies, either collectively or separately,

should acquire a small portable dredge capable of reaching inaccessible

areas to do this type of work.
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ATTA8CHMENT 1

PROCEEDINGS OF

DREDGING EQUIPM~ENT SEMINAR



By this reference the proceedings of "Dredging - A Better

Way of Doing Business, The Challenge, The Technology,

the opportunity" are made an attachment to the Material

and Equipment Needs Work Group Appendix to the GREAT I

report. Copies are available through:

Upper Mississippi River Basin Commission
510 Federal Building
Fort Snelling
Twin Cities, Minnesota 55111
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ATTACHMENT 2

PLAN FORMULATION LEVEL COST ESTIMATES

INTRODUCTION

This attachment describes the second of the three levels of cost

estimates prepared by the MENWG (Material and Equipment Needs Work

Group). The first level was meant to provide a display of information

on each cut and placement site in the material placement category matrix,

Matrix B, from which alternative plan costs could be extracted. The

third level was meant to provide a detailed evaluation of the cost of

implementing the selected channel maintenance plan and to be used for

dredging equipment recommendations.

The plan formulation level cost estimates were developed as a tool

to be used by the Channel Maintenance Task Force to select sites for

the material placement plans. They were based on published equipment

rental rates (the "Blue Book") and production rates derived from Corps

experience. Three methods (20-inch hydraulic, 12-inch hydraulic, and

clamshell) were compared. The estimates were used in selecting the

sites for each material placement plan. Later, costs of the same

relative accuracy and precision were developed for a barge-mounte

backhoe operation and a bucket-chain dredge. These additional data

are shown in the Channel Maintenance Appendix but did not figure it.

the choice of sites.

PURPOSE FOR PLAN FORMULATION LEVEL

Three factors dictated that more definitive costs had to be

deri-red for developing material placement plans from the display of

sites by material placement category:

1. The preliminary level cost estimates were based on inade-

quate data.
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2. The study time in which to develop the material placement

plan was short.

3. Site-by-site analysis on a quick turnaround was needed.

Format-Chane

The programs written for the preliminary level estimates were

designed for large numbers of similar sites and similar dredging

operations. The operation of the program was completely batch and

required large amounts of precoded and prechecked input data.

Because of the wide diversity of placement sites and the chance for

input error, a batch output was only partially usable.

The need soon arose for cost comparisons between sites for

similar operations, which did not develop within the material place-

ment categories. To meet the need for faster turnaround of this

information by the Channel Maintenance Task Force and to overcome the

shortcomings of the batch program, the program was modified to be

interactive.

Cost Rate Change

The preliminary level cost estimates were based on Corps costs

following the accounting system maintained on District-owned equipment.

Because many of the dredging support costs that the Government incurs

are charged against operational and other accounts, these cost rates

di not reflect a true picture of the total operating costs which, for

example, a contractor would have to charge against his dredging opera-

tion. Because of the urgency in assembling material placement plans,

the Channel Maintenance Task Force decided to change the cost rate

analysis to be based on contractors' rental r. tes as published by

the Associated General Contractors, Inc. (AGC), in the "Blue Book".

Each dredging situation was paired with a particular component of

equipment within each dredging method.
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The "Blue Book" data on rental rates for deck barges, scows,

and towboats was not adequate to be directly usable in the same manner

as the cutterhead dredging methods so adjustments were made based on

recent Corps dredging-related construction contracts.

Dredging Method Change

Five dredging methods were shown on the preliminary levels - the

three mentioned above plus the Mudcat and the Pneuma pump. These latter

two methods are described in detail in the MENWG main report. Both

were dropped from further consideration as channel maintenance dredges -

the Mudcat because of its low production rate and the Pneuma pump be-

cause of its high horsepower and fuel requirements.

ASSUMPTIONS

All production rates, incidental material handling costs, and

equipment selection an. apability assumptions for plan formulation

level cost estimates were based on St. Paul District experience, exper-

tise from District personnel, and limited input from local contractors.

General

1. All cutterhead dredges and the Mudcat produce 15 percent

solids in the slurry at all times.

2. The Pneuma pump produces 40 percent solids In the slurry

at all times.

3. 100-percent containment of the slurry was assumed to be

7 days of retention.
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4. A dike is defined as a structure to physically contain

the dredged material.

5. Berming is the deployment of two additional dozers to

direct the dredge discharge during dredging.

6. When the placement site is farther from the cut than can

be reached by the pipeline length of the hydraulic dredges, a proce-

dure called "bathtubbing" is followed. Step-by-step this process is:

a. A site suitable for bathtubbing is assumed to be avail-

able within 1,500 feet of the dredging cut.

b. An amount of material equal to the volume to be dredged

is removed from this intermediate site by mechanical means (dragline or

clamshell)and transported to the placement site by barge.

c. The material is moved from the barge to the placement

site by a method appropriate to the dredged material and the placement

site. These methods will be described in later assumptions.

d. If required, a diked containment area is built at the

intermediate site.

e. The cut is dredged hydraulically with placement at the

intermediate site.

f. The intermediate site is restored to nearly its original

condition.
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7. The following cost rates are assumed for each piece of

equipment:

Equipment Per day rental cost Per hour operating cost

20-inch dredge $1,922 $99.00
1,000-hp tender 360 30.00
380-hp tender 174 13.20

175-hp tender 90 4.30

120-foot deck barge 342 7.75
150-foot deck barge 921 21.40
Anchor barge 270 10.50

Hoist for anchor barge 106 3.80
20-inch booster 560 13.10

12-inch dredge 281 60.75

8-inch Mudcat dredge 1,305 22.50
Mudcat transport unit 249 22.60
8-inch booster unit 114 7.00
Skiff 30 9.60

Derrickbarge (25 ton) 948 85.80

Cranebarge (20 ton) 632 41.00
200-cubic yard dump scow 552 31.90
500-cubic yard dump scow 828 48.00

Pneuma pump dredge 4,119 180.00

80-hp dozer 65 0
130-hp dozer 80 0
20-hp dozer 45 0

20-Inch Hydraulic Dredge

1. It would not be used on the Minnesota River.

2. The equipment complement depends on the distance from dredge

cut to placement site as follows:

Up to 1,750 feet 1,750 to 8.,000 feet

L 20-inch dredge 1 20-inch dredge

I 1,000-hp tender 1 20-inch booster

3 380-hp tenders 1 1,000-hp tender

I 175-hp tender 4 380-hp tenders

1 anchor barge with hoist 1 175-hp tender

I ancior barge with hoist
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3. The cubic yard per hour production rate and productive

hours per day functions are shown on pages 6-2 and 6-3.

4. For cut to placement site distances less than 2, 750 feet,

w~bilization requires 1 day. For more than 2,750 but less than 4,400

feet, mobilization requires 2 days. For more than 4,400 up to

8,000 feet, mobilization requires 3 days.

Diking (When Needed)

1. All diked areas are square.

2. All sites are assumed flat and level before work begins.

3. Dikes are built of material excavated from the interior of

the basin.

4. Costs of constructing dikes are based on St. Paul District

experience with contracting the construction of similar diked contain-

ment areas.

5. Basin and dike size are functions of seepage rate, retention

time, volume of slurry pumped, and a limit on dike height.

6. Basins are sized to hold all dredged material plus all slurry

pumped minus water lost through seepage minus any effluent that might

develop after the required retention time.

7. The detailed print-out will show the flow (in cubic feet per

second) that will develop in an outlet structure.

8. All dikes have the same cross-section: 10-foot level top, 1:10

outside slope, and 1:4 interior slopes.
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9. To calculate area required, a square area measured from

toe-of-slope to toe-of-slope was used.

10. The diked areas were managed and rehabilitated by several

means depending on frequency of use. If used less often than every

5 years, the dikes were collapsed and the site left in a slightly

rolling appearance. If used every 3 to 5 years, the dikes were

vegetated or otherwise made stable until the next use. If used at

least every other year, the site was not reshaped or modified except

for erosion protection.

11. To compute the area required at a site f or the entire study

period (40 years), the material on the site is assumed to be piled

in a pyramidal shape with 1:8 side slopes to a height one-fortieth

the length of a side. If the upper limit (defined in the input for each

site) is reached before the total volume is accommodated, the length

of the pile sides is increased without increasing pile height.

Berming (When Needed)

The rental cost of two dozers for the entire time of dredging

operations and mobilization is added to the dredging cost.

Trucking

Costs are based on volume of material to be moved by a complement

of equipment including trucks, end loaders, conveyor belts, and dozers.

The frequency of dredging determines the appropriate combination.

Barge Unloading (When Needed)

1. Costs of direct unloading by barge were on a cost per cubic

yard based on information provided by sand and gravel operators in the

study area.

2-7
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2. In-water rehandling of the material calls for transport

in split-bottom dump scows, a 12-inch dredge stationed near shore,

scows to unload above the cutterhead, and hydraulic transport in-

land to the placement site.

3. If the placement site is more than 3,000 feet from a suit-

able location for the 12-inch dredge, the material was pumped to a

temporary site and trucked to the placement site.

12-Inch Hydraulic Dredge

1. The equipment complement in all direct dredging situations

was:

1 - 12-inch dredge

1 - 1,000-hp tender

2 - 380-hp tenders

1 - 175-hp tender

1 - Anchor barge with hoist

2. The cubic yard per hour production rate and productive

hours per day functions are shown on pages 6-2 and 6-3.

3. For cut to placement site distances less than 1,750 feet,

mobilization requires 1 day. Other distances require 2 days.

Clamshell Dredge

1. The equipment complement for the dredging operation (loading

barges) and placement operation (unloading barges) in all situations was:

1 - 25-ton rated barge-mounted derrick (Hauser)

1 - 25-ton rated barge-mounted crane (Wade)

1 - 1,000-hp tender

1 - 380-hp tender

2 - 175-hp tenders

2-8
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2. The cubic yard per hour production rate and production hours per day

functions are shown on pages 6-2 and 6-3.

3. Cost of transport was a function of distance and volume and was based

on information supplied by sand and gravel operators in the study area.

4. All mobilization required 1 day at each dredging cut.

PROGR~AM LISTING

The program used is listed on the following pages. The assumptions in

the previous section form the basis on which the program logic rests. Care

should be taken in using this program on any other waterway because the

seepage rates and production functions are directely tied to the conditions

on the Upper Mississippi River.
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?NEflFR D;KVr. LiN!n. TRUCK. etPMt. ANSWPP. g1WTtH. WATER. ?-Siytp
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1004 FORMAT.f/&6I4MO YMU WiNi JuqY TWF STIF AUmMARV PATHFR THAN ?941 "ETA
Iit rn Polo'kIiIji?i
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NEw f$J i PM,"I

T hu cost data generated by use of the program described in the

previ.-us section were the only dredging cost data used in selection

of piacement sites for the material placement plans. It was discovered

that information developed by the MENAG ];Ke in the study on dredging

costs by clamshell, backhoe, and bucket-cnain dredges could be adjusted

to parallel the costs generated by the plan formulation level cost

estimating program. These adjusted costs were developed and are shown

on the pool summary sile,:-s in the Channei Maintenance Appendix.

Dredging cost rates for plant operations (see Attachment 3) were

prepared for bucket-chain and hydraulic backhoe dredges as part of the

plan evaluation level cost estimating program. Preliminary computations

done while the plan evaluation program was being prepared showed that

either of these two dredge types may have economic as well as other

advantages for implementing GREAT's selected plan. The decision was

made to prepare a simple time and movement program for various comhina-

tions of barge loading (dredging) and unloading equipment and various

combinations of towing configurations and developing these costs with

plan formulation level wage and cost data. The equipment components

and costs for each component used in this exercise are shown on the

Exhibits

The operational assumptions were that:

1. While operating, a clamshell (tie Hauser) would load a 175-

cubic yard barge in minutes, a hydraulic backhoe in minutes, and

a bucket-chain dredge in 20 minutes.

2. It takes 2 minutes to exchange an unloaded tow for a loaded tow.

3. All costs assumed 15 hours of productive work per day.
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A. ar.s :r, ,ss-umed to u. a u1i7 :ar*: a:.

and all tenders are ,Oh0 hp.

6. The only barge configurations in this exercise wtre i-, -,

and 4-barge tows.

The average speed for a I-barge tow was i60 feet per minute:

.or a 2-barge tow, i40 feet per minute; and -cr a -.-barge tow, 400 feet

ptr minute.

3. Each lockage took 25 minutes.

The following tabl-s oresent :ost estimates r r ydrau'ic :ackaoe

:u -dder-:ucket 'r-<u&-.

- -- ~ ;~~'~ . -



Plan Formulation level dredging cost rates for plant operatins
L~idder-bucket dredge, 600-hp, 24-iour operation, ;icrtual drcdg o tp-:,t ,

2 ~~ Ldder~-bucket $3,256,700 50 G (.

iL,90Q
.. 30,000 50 430

clvli t" ,

Or L 1,vr n I000 .-6i,000 40 _.261)
jrh~ 14D .i4fU_00 11) .- a60

i90 in . ,00 0 0

1 '-'q'Q4 a'ooo U :

frill 3'0 _-0

To t a 1 2. 5

PA'.ROLL ,rc.t~~ rJ n hxl a, --- - -

3 Leverm , 5.4 0- ... ...

3 ,jatci Lx.inee, x: . . 51 - ---

cjtr 'erat. rs n s~ .v~ 3,908,700
J~~e. tern 5.75 . . . ,

3 *ie..4.60

MeS A-t. x t 15 .5109
Generl .xtxl i A.100_

- Iro , < re- _____ '' 6 80
t
ac,.i aI.- S<it I"r .. ~ 6 8

19 Sub,t- 9a 94. 'a5 an:.. N- V S15 6 S4 0
.. ta rx 54~r .-_r

_______ '"T- -v.... (' , f)3s

.06k
PAY RC'U h.p,v. r,t v L. s U

Dredg. Mate.

- TenderMatr

Deckhanda P!_______

Yard .,.-I :h-,e-'t

Subtotal

.eek

To t., 1- 0.

3 1 l



ur.iu I 3K~~c ,(irLfdg-lI i opurat- ionT oin v

B "A'lOCop -ato-rs

51 4

- 20,4 2

'-'13 0 3C;
Pt 0.-r Sr

-Dredge t:9Su:pi, ta en. A5'3

Tender .;rers 't" P.-ftin -_rS3
_______ to -0Per pratnron' S3,41(0(6)

-Tender -rotors

T-ender V1C:e - - PART

-Deckhant PiEl~iNE 'S.cv

-Stewards Floatin; line ___

_Mess Act--dants Shorel ine___

-Yard a-s hnremen Total__
suhTotal

Work ys-i71 Pan - t.> -kiing dn- MO'fnt:- tete' m~'t,-on.m r it

Monthly w t 14 week" -----

Taos I:or<Cad fring. Pk1-r

Tnto t



12-inch hydraulic dedg(, in-w urt r r :t n ii 1

-- - .1. n .- . '

tC In .., .*"r'.. .. - --

office persorn.-

Chiet Sur,. . . . . .

_Sur-,"O

Ifnspector

Subtotal

Taxes, insurance and 5urse' .,.

fringes ( ) _Sk I and C,.t ,''. , __... . ..

Total -.

PAYROLL (Operatiors, Dred i g) Hour ! r t' D. r 1,_

Leverman S

Watch Engineers, Strikers - ffic. natrge c"cr ..

Dredge Mates Trac or t raiioer .--

EquinTent Operators - Tender _IpelI,_e (_50_;

-quipnent Operators - On ______- c-ts fros .rt A 1 2,580(4)
Welders Total depreclatloo

___eIJe r s_____
.- Oilers. OTHER OWNEFPfi P COATS

__._De e ptha d s
Interest on investment ( S -- ,,th

Stewards Yard cost ____-

__ -Mess Attendants

General Dump Foreman Insuranc_

Dump Foreman Season mobillZ-tic,.

Yard and Shoreman La up ( month ear,

Other Supplies, hardware

Subtotal Repair and leo docking

Total other ...ers-p costs $114_9420(5)
Wore hours tweek

Pay hours/week
OTHER OPERATING COSTS

Monthly wages 4.34 weeks
Fuel Cost

Taxes, insurance and

fringes L_, ) (2) _ hours/month X

$48 410 R.P. X
Total $48,410

.gallonhour1H... X

PAYROLL (Operations, Transit) Hourly rate $_ /galion - _ _ 'no-th

Water and lubrlcants

W atch Engineers Pipeline (50T oi pipellne

Pilot oosts from Port IT_)

Dredge Mates Supplies, sub istance

Tender Masterr $63,930(6)
Total other operat'ng costs

Tender Operators

Tender Hates PART III

Decki ands PIPELINE C.(Tn .

Stewards Floating line _ _$

.less Attendants Shoreline

Yard and Shorenhen Toa
___--____Total

Subtotal

Work Hours Pay Note A le a nR dass rctr -orth. tnter sortniv tAs dt adea

veek

Monthly wages (4.34 weeks

Taxes, insurance and frLngs PARI TV

-- DATA INPUT.

Total Variable
Vari*h (] Tho,, ", is ,("

1,862 484 4401 2459
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rotIt

,eh everetrl- 
S

u ilers. 7~j 1. F-

-'Oekhl. - A

Genera: Dun;' l.,r--

D.poes _______-

r and Otorertar sr .Sr* I

- Other le___ na____

Subtota: Re- ar I,- n- .

,o' h ' " l- 1 t. her -

PayC -hours weeK0-E

Monthlvw- es -j , week,

Taxes. :susrn,:e an,!

,.ringes __ - _-I-I --

Tat.. AR,_02f 1L.0

PAYROLL Operations, .ranst 1-ur! rate- .- -.. , -

Wetch F.R.ne;5r iel

-__Dreudge Mates - - u ;:' 05

lender Masters

_Tender O)perators

-__Tender mates 11AR

0. .Dekhands P: N 'T

- Ste.ard F- vi- ;!

Mess Attendants ShoreIn te

Yard and Shoremee.

Subtotal

week -

Tm.vs. jnaras e sa [i5-,CARCT

- ,I),5 OA ' ;N ''

31 V., 1, ir
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Hydraulic backhoe, 250 hp, dredging operation only

$600,000 2 --OG4t-

.r 130,000-

~ ~ 63(50 __260-

15,000
- Inspecto r

St~tota. ____' -&-l -34-
rices. insranoc -,,,: sur. .

fris -- _ )_-- __ _ Skit,_______ -,,i .ct @ 3 .00__

Tot al $9,950 (1 ,"
PAYROLL (Oprat- !,t.u redcitt ___late

- Leterian r, pt
___Watch Engineers, ,trt.-rs tr:v

DrdeMaces 5oobiebtr. t .Q2 140

Eqjti'ent Operatort n ______827 00

-Oilers. 
TI " F, P

-Stewards Interestt ,i-cu'.fi -- $U , 160 onith

M4ess Atterdants .dr.t cu

General Otep F.--ean - -___i' a.v2..-D.00

____Yard and Shtrertat 1,4' Ip r 500
i0ther ________ swppiic. har .:are sl Z a

Subtotal Repair att 's " -7t6a
Wok h e- -k Tttai Othiir tuesi s5L 2~$47, 870

pay ithors .we,

Ronthly wag;eu 4. , weeks OTHER tPEiRATZ':.; 01O-s

Taxes, insurance and Fuel Cast

fringes (__) 24.400 X~iortst

Total -- - -t60U H.F. K

PAYRPOLL (.prtiuns. ra.eit- I's t rare S -____ Titlat $8,230 -n th

attnEngieers'-tter a-d trcn 300
rs'tirl' -t

-Dreeize MSrt 0 r r- , :' . 'ttate 13.650
lender M sters tI___$ 2,18

- Tender Optrteoti's-. i r, aid .. 'tS 2,
,edjer Fistes - ---- PAP T 1

- D-tkhattds -PI ' . .1, ,

__ 4Cs Attenmda-,

'Yard ant i ,'e't-

Subhtotal ,tial

S~e- I. -.- '. '"'c t ter -M tnl s- ivn

monthly .iaXe t4. 34 .,.~

Taxes, Ieita r c i , in.:

-'A.
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!vdrauLic backh,-, 250 'ic, ;nloading barges

back1oe O0 . ... ;

21v11 EI .a r

m -,ht ...... (InclIuded_ _' J fl.:JL ...
:,,rv.,,,ron- . ."" - a

Sdredge) -.. --...
Sobtot .1 Li -

:axes, lnsnrance and

Tot. I

?AYROLL !Oper.-tn. " -

-- Derrick oeratc-r "-
.rch Engfneers, Str:.er.

Dredige Mates --

Zqut -'ent 'pe rat, ",,

Lqutiynent ,)perator. - ..-

Welders

-Oilers.
-eckh d.. Same as -

800-hp
.MES Att C~ats ba,'khoe
General Duop F-remar,

Dump Forer.n

Yard and Shorenan -

Other ----- - - 3
Subtotal . '- O)..

Work luswo- .

?AV houts .e

Monthly wages -. * 'eeks

Taxes. ilsurance And

Total S49 0 o 950,

PAYROLL (Opertton. s ran. i, .,.. r-i. SOh5 +., - . ,

-Watch Englneers - - - .

pilot s. .pp . ,-, --

Tender Oprat.rs

Te*nder 'L-es ~7:
-eDckhands - PIP;:'; c:'-

Steards Fl-tirg !in,

....Mesa Attendants Shoreline

YTstd and Shoranen

Subtotal Tat a I

dork flours Pay 4 AAe]l Sore: Ass~m or riln K .,.t-- - 'nihl. Enter- 0Omt 1.v C p ZB lvide

.wo::hly ago@el (4.34& weeks

T0l8, lnuran , and fr3Ira.. PAPT I

(-%) DATA I 3P;!t

Total 2-Le ",,. , (3

*Use 1 crew from ,- --

Section (2) ' ,
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TYPICAL OUTPUT

ExampiOs of LYPfcat output from the plan fV rmu iit en *.. I ,Ot

estimating program are shown in Attachmicnt 6.

Output is availahle in two forms - F ite summary onv iml site

summary plus detailed description. Examples ,, eicii e OC'e,.

SHORTCOMINGS

The major shortcoming of the plan tormulatioa lcvel

mating program was within the structure of the prormr., 1,-

Intertwined logic steps made editing and upciati g r a o, rie: Lx-

tremely difficult. This shortcoming in and of itself led t t ,t

of the program as a u-;efui tool. beyond the p1 in f'rmul ,,

Within the sLructurc of the program, cost rates iid .,mrep

equipment could not be changed. For example, adding teniers to o:e

of the hydraulic plants called for thorough reediting of the data,

the computational functions, and the tracking logic within the procram.

A further complication was the fact that rising owner-rship and ful

costs and wage rates were not included as part or any cost I-unctIo s eXCept

to the extent that they were included in the quoted rates from ACC's

"Blue Book."

STORAGE OF DATA AND COMPUTATIONS

The complete file of output from the plan formulation steps is

filed at the offices of the St. Paul District, Corps of Engineers.
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ATTACHMENT 3

ESTIMATE FOR DREDGING WITH BUCKET-CHAIN AND HYDRAULIC BACKHOE DREL-FS

BUCKET-CHAIN DREDGE

Introduction

Several factors are involved in estimating dredging costs. Primary

among these are the productivity of the unit and initial price o, tile

equipment. Productivity determines the amount of time a plant will he

on the job site and purchase price is a good indicator of repair costs,

operating costs, and fuel uses. Once a piece of equipment is selected,

the necessary crew can be determined to accomplish the desired production

rate.

In the case of the bucket-chain dredge, the desired productivity

was fairly easily determined. From field experience with the Dredge

W. A. Thompson, the Derrickbarge Hauser, and the tenders Lyon and Butler,

a desired minimal production rate of 600 cubic yards per hour was selected.

This rate appears to be adequate for dredging fast developing shoals

in the GREAT I area while avoiding use of an oversized dredge at other

sites.

Largely unsuccessful efforts were made to have construction price

estimates prepared by firms involved in dredge manufacturing. To fill

this void, a highly subjective estimate was prepared by the work group

(see the table on page 3-5). Based on this estimate and advice on

dredge operation from Mr. Helmut Neuer of DWE, Deggendorf, West Germany,

estimates for dredging the 9-foot channel project following the GREAT I

plan were prepared.
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Investqent Cost Estimate

Ihe table n page 3-5 documents in J etai I the cost t i. r,,-

pared for a bucket-chain dredge. hi Lthlt c ofirmitic;- -r.

authoritative sources or detailed investigaticn, the ;t ,-

should be used with caution. To help tile teader asse-.> '_ ._

this information and its validity, the assumptions madeo c:J ,

sources of information follow:

1. Hull. - As a starting point, several prices on barg-s,

mostly deck barges recently purchased by St. Paul District, were

compared. A 110- by 26- by 6-foot deck barge purchased in 1976 at

$137,000 was selected as a representative. This price was updated to

1978 and adjusted to the 150- by 60- by 8-foot dimensions selected

for the dredge. Fabrication of the ladder well was estimated to in-

crease the cost 50 percent and the ladder support superstructure

increased the cost an additional 50 percent.

2. Main Engine. - A similar dredge (mechanically) to the "Veli"

was assumed. In this case a 600-hp main engine was chosen at $13,000

delivered. These costs assume all power requirements (except electrical)

will be provided hydraulically from this one main engine. The dredge

will not be self-propelled. All power requirements other than tihe main

dredging machinery will be electrically powered from an on-board

generator itemized elsewhere.

3. Hydraulic Power System. - ThL hydraulic system is powered

through one 600-hp rated hydraulic system pump. The bucket chain will

be powered by two hydraulic motors, each rated at 250 hp mounted at the

upper end of the ladder. Four swing winches will be mounted on the

deck, one on each corner, each powered by a 15-hp hydraulic motor.

Cables from the winches will be fed from booms extending 8 to 12 feet

3-2
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below the surface of t e water, allowing the barges and shuttle

tenders to approach without fear of snagging. A traction winch mounted

on the bow and a hoisting winch (tabulated elsewhere) will also be

hydraulically powered. Costs of hydraulic lines, cable, anchors, etc.,

.issociated with the hydraulic system and winches are i.ot expected to

exceed 20 percent of the itemized hydraulic system components.

4. Bucket-Chain and Ladder. - The buckets shown on existing

bucket-chain dredges appear similar to backhoe buckets with interchange-

able teeth. One-half-cubic yard backhoe buckets list for S3,000 each

in 1978 catalogs. The chain is a machine-gear chain fitted to the

forged and machined drive and idler pulleys. The pulleys are assumed

to be 24 inches in diameter and at least 4 inches thick. The ladder

is assumed to le a truss roughly equivalent to two 24-inch-wide flange

beams. Rollers will be spaced I foot apart at the top and bottom of

the ladder. The digging end of the ladder is supported and controlled

by winch and hydraulic motor mounted on a frame forward of the bow.

Accessories and specialized equipment mounts are not expected to exceed

15 percent of the basic ladder, bucket, and chain costs.

5. Side Casting Conveyor. - Local suppliers in the Twin Cities

area felt that a 70-foot conveyor belt system with a 3-foot-wide belt

would adequately handle the dredged material at this capacity. A unit,

including motor, li:ts for about $30,000.

6. Superstructure. - The cabin includes minimal galley provisions,

dredgemaster's office, engine room housing, and other crew support

facilities. The shop facilities would be housed in tile cabin structure

and include a reasonably complete machine shop. The pilothouse and

flying bridge house all operating controls and the remote navigation

controls described elsewhere. Masts and antennae are self-explanatory.
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7. Electric and Automatic Control Systems. - All electrical power

on the dredge is supplied by a 100-kw generating system powered by a

100-hp engine. In addition to the standard wiring and navigation aids

(lights, radar, etc.), three control systems were included. First is

an automated ladder control system which would control depth of

digging, speed of chain, and the swing of the vessel by controlling

the swing winches. This system is combined with an automated vessel

positioning system (for initially positioning the dredge in the channel)

which is itemized as the vessel positioning control.

A steerage remote control system is provided so that a 1,000-hp

or larger tender can be lashed to the dredge for transport and be piloted

from the bridge of the dredge. It is felt that the superstructure of

the dredge would seriously impair the visibility from the tender.

8. Cost Summary. - Accessories and outfitting of the dredge are

not expected to exceed 15 percent of the construction cost of th(

dredge. A 20-percent allowance was made for contingencies and omissions

in this cost estimate. Design of the dredge is not expected to exceed

15 percent of the construction cost. Factors for sea trials and trans-

portation to St. Paul District were included.
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5vtru ti ss t em

.p ha)lati on " , Iu 0 0 1 ,§. 1 ,O
Lader tri- m.r- : ,0 O0 Ea i'' 2 , 0

1nst I: Lat.on -, 1 1,5C0 Jo' 700 1 0
Swlng win. :. Ea 2,000 8, : 00 t,00
Swing wi: !I stor !1 1, Ott 4 U00 E.uc0 1 80 3, 20n

r&s t i t -c, ,i ' E C, ,0., , 5')
0

.rat in'h :. r F-aims,, -, 050 1 DI)
Troc.'t.: win~ci S.Et, FY., Ai%) .00 E. ..n 530 1 53,3

t
nes and m is, ae.ne.- Lr.r s..m 5,,,00 >50(0 Lump sum >6>5 1 ,800

2 pe, ren t

Subtotal f cir iiignt'.::!

h draulic s st em :33,000 9 , "'5

Rc-ket chain ind >dder
Buckets ti ' 1 Nt 3,000 30 90.1)'O Fc:. ) 2,300 30 6 ,ot
Chain Fact 10,300 2 20,000 Each 6,000 2 12,A'0
Ladder LF 450 50 22,500 LF 350 40 14,000
Drive and idler pulleys Each 1,500 4 6,000 Each 650 4 f. )O
Bow frame ladder derrick Lump sum 10,000 1 10,000 Lump sum 7,000 1 7,300
Ladder wisp.: L,, , 7,Ouu 1 7,uu Each ,IJU 5 4,uu

La~der winch m-tor iE.i&h 2,1O0 0 2,000 Each 1,b00 1,6O
Chair r, I lers Each 210 1:4 20,000 Each 153 80 12,':,:
Accessories W!5 percent' l.ump s m 16,0 " 26,70), Each ' 33 1 ,

Subt.ct for ucket-cnwin
and lter 203, 0C iG 9, 60

Side-casting conveyer Lump sum 30,000 1 30,000 Lump sum 16, O 1 16300

Superstructure (other than
ladder supports)
Cabin Lnmp sum 20, 00 20,000 Lump sum 5, 100 1 , OL
Shop facilit ies Lump sum 20 ,OOo 20,000 Lump sum 3, " 1 ,00f

Pilot house and
flying bridge Lump su 7,t"0t! 7.000 Lump sum 2, -: , 2 , O

Masts and antena Lamp scm 15,05 C 5,'000 Lump sum 2,I 0" -,OOC

Total superstructure 6.' , )t '', , 0 ,

Electric and automatic

control svstems
Electrical generator a. I *1 t )0 1 1t..00 Each b,001 1 6,00
*,iriug and navigation
aids Lump sm 8,,.:: 8,3:0 Lump sum 3,, , In : W

Vessel positioning

control lump aim 0'),300 I 100,000 Lump sum 90,03 1 ,1¢,',
Steerage remote
control Lump slim 20,1 oit 20,000 Lump sum 

2
0,,'3 1 ... :, 01

Subtotal electric and
automatic systems 14 4,l00 1M, )30

Cost summary
null 1,496,300 356,nuu
Engine and hydraulic system 133,000 97,700
Bui et chain and ladder 203,500 12Q 800
Conveyor 30,000 1, 000
Superstructure 62,000 12,000

Electric and automatic systems 144,000 109,000

Accessories and outfitting
(15 percent) 310,200 110,000

Construction costs 2,379,000 845,100

Sea trials (15 days) 15,000 10,000

Contingencies In cousitrict Ion
(20 percent) 4?5,800 l6q,0 ,'

Design (15 percent) 356,8(0 126,700

Transportat ion it) 2:, ,00o

Total cost ,h25",70h , l I, 80,

(1) Prel iminary eartimat e based in oil rt uu -pmeat dredge assvt II,
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i" e assur.tticna us- I r tc ,00-u i v .d . : .'. (J "

_ir r.I ,, i~t <s irht,- . wr i ye' ,l e iO i ' '?rp'::: .

:ket-<.... ' uredge , un,,, dad g the b'.rge> it I, p .- ,-t> J_ HLL-'.

Although i d Je,, an dlInading device :t ts 'n- ir:-ju u as a

dredge a, .;c' ''. , ith tst-p 'rc D ia:'t L -i;, ea,;i\ Tsn.' u~n as a

dredge. T is ,timiir si,'sii iLi detai " a hc ta -: pa2c 3-8.

'he apprcaclh -sed is p - SIi pinz thi etimte -. ,s idcntia: to the

bucket-chain drcdg.a stimate. Assumptions made wer,_e:

1. Hull. - Same process as for b:icket-chain dredge. No special

fabrication is needed.

2. Hydraulic Backhoe. - A 750-hp machine was selected.

The list price for a semiautomated track-mounted rig was used. Basic

attachments were boom and dipper for a 40-foot digging depth and 60-foot

reach at grade level. Medium duty equipment would be a 6 1/4-cubic yard

(PCSA-heaped) bucket and has approximately an hourly capacity of 650

cubic yards digging in sand and gravel (50-minute hour, 83-percent job

efficiency, 20-foot maximum depth of cut, 60' swing loading onto trucks).

This unit also is available with a 9-cubic-yard light duty bucket, inst'n-

lation cr the deck is assumed tc be 5 percent cf the list nrice f the I.. ck2.

3. Spuds and Anchors. - The dredge has three spuds each 50 feet

long, fitted with adjustable collars which attach the spuds to hydraulic

rams. A pair of rams raises and lowers each spud.

4. Electric and Automatic Control Systems. - Similar but less

sophisticated systems are provided. No remote steering is needed be-

cause visibility is not impaired by the dredge.
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5. Superstructure. - No cabin, shop, or pilothouse facilities

are provided. They are not needed when the backhoe dredge is part of

a bucket-chain floating plant. If costs of using the backhoe as a

dredge are being prepared, an office barge and shop barge must be

added to the plant.

6. Cost summary. - Similar arguments to those presented in the

bucket-chain discussion hold true here.

250-CUBIC YARD BACKHOE DREDGE

As in the case of the bucket-chain dredge, a smaller version of

the backhoe was also evaluated. The machine chosen was very similar to

the larger unit. It is a 375-hp machine with the same basic attachments

and has a 35-foot maximum digging depth and a 50-foot reach at grade

level. Medium duty equipment would be a 4-cubic-yard (PCSA-heaped)

bucket.
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BUCKET-CHADi 'REDGE FLOATING PL/44T

During the dredging opteration the tw,tal f loating 1 nt ;, mi

to a bucket-chain dredge would le split iiito thre ,ur,-ti,,::s: r -

transporting, and unloading. The dredging plant would 'ic the dr~o'.

and its immediate support as listed in the following table. The :. -

mit t operation would be the backhoe dredge and its iMmedi t supp r,

listed in the table on page 3-10. The transport fleet would ;, ;, t

tenders and barges. The exact number of tenders and h~irgts wil ,.;a',

on the distance from dredge cut to p mcement s L2. It is -,ssu-!r

the tenders used to transport barges would also be usd '.t tt.

dredges. For that reason, the dredges, both htilck-'a .n r I-iow,

are not self-propelled.

Fither the bucket-chain or backhoe dredge can b .i,.

small hydraulic dredge for unloading the barges at t, .

This system is discussed elsewhere in the appendix.

Bucket-chain dredge - dredging plant
Number Unit Investmrt tost

1 Bucket-chain dredge $3,257,000

1 400-hp tender 130,000

1 Work barge 63,000

1 Equipment barge 140,000

1 Fuel barge 15,000

I Swing anchor barge 10,000

1 Crew launch 8,000

1 Survey launch 280,000

2 Skiff and outboard t,000

Total investment 3,909,000
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Bucket-chain dredge - disposal site plant
Number Unit Investment cost

1 Backhoe dredge $1,355,000

1 400-hp tender 130,000

1 Work barge 63,000

1 Equipment barge 140,000

1 Fuel barge 15,000

1 Crew launch 8,000

2 Skiff and outboard 6,000

2 Bulldozers (130-hp) 90,000

1 Office barge 5,000

Total investment 1,812,000

COMPARISON OF INVESTMENT COSTS

Occasionally, the comparison among investment costs of various

pieces of equipment can be the deciding factor in choosing the equip-

ment to be used. The following table shows the comparison among

several types of dredging equipment assembled into working plants.

This table should be used with caution because of the differing

types of operation, production rates, and secondary effects (e.g.,

turbidity) of each, but it does serve to give some insight into the

comparisons that can be made. In all cases, the plant tabulated

appears to be the best suited all around for dredging on the Upper

Mississippi River.

Comparison of investment costs
Type of equipment Investment cost

20-inch hydraulic dredge (3,000 $10,855,000
feet of line)

16-inch hydraulic dredge (3,000 7,755,000

feet of line)
12-inch hydraulic dredge (2,000 2,943,000
feet of line)

Bucket-chain dredge (2 tenderq, 6,741,000
4 barges)
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ATTACHMENT 4

RELATIONSHIP OF INDUSTRY CAPABILITY

PROGRAM (ICP') LSTI'AAT INC, PRO'Ei_'Pi-I ""

DREDGING COST ESTIrlATES

The cost estimating procedures ;et 1orth i:- Corps 4, ln.;in-crs

Engineering !egu atia)n 1i10-2-1300 rt !it, r,.si oi ,'r: vttrs

negotiation and effort between the (,)rns .ind the dredging industry.

It describes a detailed procedure for estimating production rated,

crew sizes, fuel requirements, support plant, deprcciation, interest

on investment, end down time. The intention is to thorough ly document

how Government estimates and industry bi'ds are preparid. Each esti-

mate is calculated for one dredging operation such as in .a ship eana]

or harbor approach lasting a significant time lonzger than fey days

and in shoals that are much slower to develop tai n on t' Vpp .r

Mississippi River.

In adapting these procedures to an evalu ation ot (LA'7 I s i,,-

unaint-enanc, plan, as much as possible of t i , arigni. r d.

was retained. Prn,1diction rates anid operaticn cl t t

curves were usL d ":ut cut faco et:timates and 1c d11t,

shallow face; were ad t-ceI to lo.-c 1't It t ,ef IcX

The methods of estimating labor costs, depr(-ciat ,p r:.ti.,nal

costs, and costs of ownership were not change," Ioi tl ,ro i 1 " ions.

As mentioned in other attachments, equipment investT)e:t c,> and

other costs were not available in some :'cases. In thes1 1 ns.. -ne!,

costs were estimated and are documented in this app.nd t: to the (h.T I

report.

The GREAT study process began before the ICP existed. .\t that tire,

GREAT's primary interest regarding equipment wan how to conduct business

within the restraints of the moratorium. As more an, Irrr, P., t i ona i ) t

for contracted dredging developed, LEAT's cmphasia shi t kl away fr ,) r o,

owned equipment to contract procedurta and costs of Iiedgi,' individuat

sites by various equipment types.
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ATTACH--MENT 5

PLAN EVALUATION LEVEL

DREDGING COST ESTIMATES

I NTRODUCT I ON

This attachment describes the third of the three levels of cost esti-

mates prepared by the MENWG (Material and Equipment Needs Work Group). The

first level was meant to provide a display of information on each cut and

placement site in the material placement category matrix (Matrix B) from

which alternative plan costs could be extracted. The second ie.l was

developed as a tool to be used by the Channel Maintenance Task Force to

select sites for the material placement plans.

The plan evaluation level cost estimates were meant to provide a de-

tailed evaluation of the cost to implement the channel maintenance plan and

to develop data on which to base dredging equipment recommendations.

The estimates produced are largely based on ER 1110-2-1300 - Government

Estimates and Hired Labor Estimates for Dredging with some modifications for

local situations as explained later. Because the present Government fleet

available numbers only 3 of the li dredging plants included in the plan evalu-

ation level program and the interest shown by both local contractors and me:rbors

of the GREAT T team in having maintenance dredging done hy contract, the

plan evaluation level estimates assume the work will be done under co!)tract.

PROGRESSIVE DEVELOPMENT FROM PLAN ?ORMULATION LEVEL

Of primary importance foliowing the Dredging Equipment eminar was GcvVLc)-

ment ot mechanical dredging data equivalent to hydraulic dredging data

already in hand and being improved. Three basic types were explored: the

barge-mounted crane-clamshell, an endless chain bucket ladder dredge, and

a barge-mounted hydraulic backhoe. Investment costs for the bucket ladder

and hydraulic backhoe were prepared (see Attachment 3).

5-1
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The plan formulation level program assumptions are based primarily on

ER 1118-2-1300, issued in February 1978. The purpose of this regulation is

to provide the estimator with general data, procedures, average values, and

a format for guidance in preparing Government estimates and hired labor

estimates for hopper dredging and hydraulic pipeline dredging. This

regulation also outlines the procedure required to determine the total con-

tract costs, or the total hired labor costs. With this as a base for both

procedure and format, a comprehensive data base for preparation of monthly

dredging plant costs was developed for all dredging plants. These actual

computations are shown later in this attachment and are consistent, as far

as possible, with Appendix C of ER 1110-2-1300 (see attachment 6).

PROGRAM DATA

Daily cost rates for the various dredge plants (or portions of dredge

plants) are computed on Tables of Daily Cost Rates for Plant Operation. The

costs shown in each part are used as various components of the total dredging

cost once the production rate and time necessary to do the dredging are

determined.

ITEM DESCRI-TIONS AND ASSUMPTIONS

HYDRAULIC DREDGES

Part

a. Payroll (supervisor and engineer) documents the central

office and field office supervisor staff costs for the operation.

All nonshift people who supervise or inspect the overall dredging

operation are to be accounted for here.

These costs were assigned to the dredging operation on a 5-day

work week rate rather than the 6-day work week for the operating crew.

Also, when travel time exceeded 2 days total, only 60 percent of

this rate was charged during mobilization. The reason for this is

that under usual conditions the civil engineer, chief surve

surveyor, and inspector would not be employed by the dredgE
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b.~~ ~~ "'\ [ op k -, rt ,I:s dr e6dg!, s .

Job during dredging.

This crew labor r ,te ts charged to the dredgiiin operat i , r

the entire time the dredge is :r.itted tci.t dredging prOj L: X. k.

for certain mobilizatLion conditins :ntuti)nrd he-low.

c. Payroll (operations, transit) is the staff on the job during

certain mobilization and set-up conditions:

(1) At those times when the days needed to actually dredge

the cut indicate that the plant could easily be moved on weekends.

(2) When total travel time to reach the dredging site

exceeds 4 days.

Travel time and mobilization is computed from Fountain City,

Wisconsin. The work group felt that using a full crew during travel

from this central location would compensate for privately ownCd

dredges traveling a longer distance with a reduced crew. Also, this

reflects present Corps practice during mobilization of the Dredgec

Thompson.

Part II

Ownership and operation documents the investment and depr'ciation

of equipment. The life shown is what is used by the Corps "n depreciit-

ing the present equipment. The monthly costs column is actually a

straight-line depreciation to zero value at the end of the equipment

lifetime. The total investment in plant is at the bottom of the

"value" column. The values shown are meant to be replacement costs

at 1978 price levels. Where these costs were not known, estimates

were made by comparing known costs of similar equipment or assembling

a value from the "Green Guide" published by Equipment Guide-Book

Company.
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Other ownership costs docu!-ents the costs of owning the equipment-

interest, supplies, repairs, etc. Interest on investment is computed

as simple annual interest on the total investment divided by the months

per year of operation. The error introduced by this approach is within

the precision of other factors.

Yard cost, supplies, and repair are derived from the "Contractors'

Equipment Manual" published by the Associated General Contractors of

Am~erica. This organization supplies factors for average hourly repair

and maintenance expense in percent of new acquisition cost. This

factor includes labor (35 percent), parts and supplies (45 percent),

shop overhead (8 percent) , f leet support (8 percent) , and outside repairs

(4 percent). Shop overhead and fleet support are part of the final

yard cost factor. Parts and supplies are shown as supplies and hard-

ware, and outside repairs are shown as repair and dry docking. The

average use hours per month were adjusted to 315 hours per month. The

yard costs, supplies, and outside repairs are the total of the dollar.

amounts from the last three columns of the following table.

5-4
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Added to the monthly yard costs is 50 percent of the annual

charges for dockage and storage at the dock which would be charged

against the dredge by the Fountain City Boat Yard. The other 50

percent is the only item under the layup item.

Insurance costs a.re premiums paid for marine liability, property,

public liability, and plant insurance.

Season mobilization is assumed to be 6 working days per year.

Costs inc aded are depreciation on the entire plant for 6 days and

6 day s otfwages for the "transit" crew in Part 1.

Fuel costs are based on the total major horsepower items in the

assembled plant. The horsepower of the basic dredge and any floating

boosters is increased by 30 percent and added to that of the tenders

and bulldozers. Again, any error in costs introducted by these

assumptions is within the precision of the other items.

For supplies and subsistence costs of quartered plant, a $25 per

capita per day charge is assumed; otherwise $35 per day is used.

The pipeline costs should include the factors shown on page 26

of ER 1110-2-1300.

The computations in the program all assume an average of 26 days

of dredging per month.

1MtCRANICAL DREDGES

Because mechanical dredging is not a one-unit dredging and trans-

porting operation, the approach used for hydraulic dredges does not

apply. Instead, each operation (dredging, transporting, and unloading

barges) was computed separately and the most efficient combination of

the three was used. The accounting procedures and assumptions explained

in the previous few sections were followed for mechanical dredges as

well except where noted.
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The .'o:npItedL drelviig cost rate sheets included here are based on

best available (in 1978) replacement cost data at 1978 price levels. Since

that time more reliable replacement cost data have become available.

However, the TINPWG did not have the time or resources to recompute the

dredging cost rates. The table on page 5-50 shows the differences between

the newer replacement costs and the replacement costs used in the plan

evaluation program.
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DREDGING COST RATES FOR PLANT OPERATION

20 inch Dredge 1800 H.P. 24 hour operation 1800 feet transit distance
-5) -TbT (All costs and wage rates

in 1978 average dollars)
P _ ' PART [i 6

PA R~'I (Supervisr and OWNERSHIP AND OPERATION (__ month/year operation)

Engineer) wnthly rate Plant galue (estimate) Life MonthlcoEts

IrIt ...... ,..r S Dredge ( Thompson $ 945-Q0.. O _5fl_years S 31..5fl
1S.r*cint,,dent 2000 Rooster Dredge () -

1.,plan 1900 1,000 H.P. Tenders

I .,i F.,gi..er 1900 __Z_! 400 H.P. Tenders @ 33-.00 -5- -- 200
(ii I Egin.er 1 1.200 H.P. Tenders 1- ,-00 -51160
01ti Prrsonnel 1--9B8- 4I ork barges 1'60 ,r00 0  _4& 67

_ Chict Sor.. or IWU __Equipment barges 200,O0 -40-
J~surv.. r 900 F I t-r barges

4 Inspe tor 1000 --- '- nhor barges 40 U 40

8 Subtt.l 11i500 I ew l.s . h . 4 ..Of0 .40_
l,ls nsr.26,ond 299 1 Sorcey launch 2BffDMO AD- 11 7()

froi~g 1__AyA', 2990 kkff and outboard @ -3-,-0.O ---- - 2-50-
rotHo 14.49t0 1 _Hois (_ T.)

PAYROLL (Operations, Dredging) Derrick ( T.)
Hourly rate B.ild...r3 0 H.P.@ 55,000 20 920

_ LE h ng... S 10.70 _.--Pickup trucks 500 4 210
atDced gie tes 10-40t rOffice barge (trailer)

2.Equipment Operators - Tender ~Tractor/trailer
Pipeline (50% of pipeline 11,319,000 20902 sqipm.nt Operators - on land 7.60 costs from Part Il1)

_ We lrs 2 Total depreciation 41,550 (4)
__-Oilers. ______

-.Deckh,,nns. 7 .00-- OTHER OWNERSHIP COSTS

1 Ste..rds 9.50 Interest on investment ( 117) S
2 02.5mDonth

-_,Mess Attenants 6.40 Yard cost
;eneral Do-p Fr.man Insurance _-4 10

_Dump Foreman Season mobilization

Yard and Shoreman Lay up ( 6 month/year) 880
27 Other 2.1.4..Supplies, hardware

27 Subtotal 231.4 Repair and dry docking

Irk 
5 6hurs/week Total other ownership costs $413,0 0 (5)

Pay 64hc...s/week -
1 '

7 
0 

M0,nthv .... ages (4.34 weeks 64,280 OTHER OPERATING COSTS

laxes, insurance and Nji lost

fringes (_21_") 13,500 2) Turs/month X

Total 36=H-r. X

.047gallon/hour/H.P. X

PAYROLL (Operations, Transit) tourlv rate $ .6 5  /gallon -s 49, 4 0 0
/month

2 1 10.70 Water and lubricants 500

pilot 10.70 Pipeline (50% of pipeline

Dredge Mates 10.40 costs fron Part 111) 2,090

Tender Masters 9.80 Supplies. subsistence 17.550(
Total other operating costs s69,540 (6)

Tender Operators

Tender Mates PART III

6 .Deckhands 7 PIPELINE COSTS I S
.Stewards Poatingi 1000

Mess Attendants Shoreline 800
Yard and Shoremen
Subtotal 164.30 Total 4180

Work 40 W,,,rs Pay
Pay 40A hours/week Note: Assume 26 working days per amth. Enter monthly costs Slvlded

Monthly wages (4.34 weeks -28,520 by working days in Part IV.

Taxes. insurance and frinRes 5,990 PART TV
(21 %) 34,510 DATA INPUTS

total (3)

Variable Subseripts (1)2 0l 1 8 ( 1 ) ( 2 ) ( )( )IV THO, 557 2992 1327 1598 15887 26411 39 )
cl 1 V V DmREDR(1o2o.15w 26'

(a) (b) RARI, X) 5-8
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20" Inch Dredge 1800 H. P. 24 haonr operation C', n rd ,
(a) (0)

IA~ l p r , sq .r ,.L • ", I . "

., Thompson . 9 !S51,('fl, 51 ii *tni
I .2000
I ... 1900 1 . . .2 ,Oo 5( 14 (

h .... ,1900 2 330,000 50 22n0I ,* , ,: .,.,,. 1 7 _0 Q I -h .. . . . .. 1 o so 6 t

250,oo ZI 104 0
''I HMO 4L:;Jj~l.10~(

8 11-, 5-00 i . 8. ()0 340
2o . 2 O.U0 /b26 14,490 (1) 2 :' .. ...... ' 3.Qu " 2-0

F. r *- - Ii t "

Al Fel. t t ,

3 .. 10.70 2 130 H.P. - (50,

3 . ,, ... . , - ,,-, 10.70 1 , " l
6 ,, , .. 10.40
2 ." w . . .... . T.,dcr 9 .80 "

2 ..... 7 .60 !"t1 4177 oOn2 ";! .... 8.5 : ......... i~ : 67 1U

12 k - 7.00
1 .... -9-.5 ... ' .. . .. ,.... , 1 215,1(,0

3 ... . 6 ..4. 0
I ,,. .. 10.706 . 4,30(

8 -y" .... , ...... 7.60 ..,.,, 6 .. ... , 880
- 1 35,370

, 34 122! 5

." 64 ...... 23170

100560
I I , 21120 3 15

121680 .067
A,6 K,, ... M .. .. ..5

2 10.70 , .
2 *. K ~10.70 3.(I

M.. ' T. .. I0.70 l,, " .. ... . . 3

6 . 7.00 :.--
1 9.. ..... . . , I 80,

6 ~~~ ~ ~ 10 !,, IT,,l, .0 i':.

, ". : 6.40 1,..th I . SO 1 ((0
, !... ; ...... 164 . 3 :,, (81.,

19 ... 

-

'"40 " .. . .. 28 5 10 . .. l . ,.. .. ",, !.

AR i21" 5990
34500

',7 4r 0 z,"' ',
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DREDGING COST RATES pOR PLA= OPETON

20" Inch Dredge 1800 H.P. 24 hour operation 4400 Dredging operation only

(a) (b)

PARmll.. (Superv'sr and OWNERSHIP AND OPERATION 6 month/year operation)
Engineer) 'onthilf rate Plant value (eatice) Life Mnby costs

Prol ,t panagr . Dredge (Thompson $ 9,450_p90 50 ser, $ 31500

1 Sunerintendent _Z00 -- Booster Dredge ( _

1Captain 13 - 1 1,000 H.P. Tenders 428,..Q0 0 .. .J43.
Chief Logi, er 1900 -2- 400 H.P. Tenders @ 35 6 _ A31
Civil Engineer T70_0 1 20 H.P. Tenders 18alan a -5a 600
Offce Pr..nnel 1000 1 Work barges 160,000 40-.
inte Surveyor 1100 _Equipment barges ____ _ _0

iiurvyor -9.O [ _Ful-water barges _________ 40__1040_
1 napect- rm ____ _ Ie1y anchor barges I10,000 40Q. 40
Subtotal ... [..,.re. launch .8,000- 4A 30

Jaxes. insurance an I urvey launch 281170cL 4.tringe. (26 %) 2990 2
skff and outboard @l . 50

Total 1 .... .74_0(1) Hoist ...__T.) _.. ___00 _4_210
PAYROLLDredging) HourlDerrick ( _ T.)

3'yti (Le cran s 2ui raeB~ulldoz,,s 130 H.P @5 "'WU 2v- 920
Leverman trucksfl- 5-,000 4_ 210

__Watch Engineers, Strikers .7 [
.6-Dredge mates Office barge (trailer)

2- Equinment Operators - Tender Tractor/trailer -- _

2 1iuilnst Operators - On land 7.60 Pipeline (502 of pipelineWedr .5 costs from Part 111) 11,747,000 5820
4. weiiers 8.25 Total depreciation 46llcL. (4)

* l ers.-_____

14 IDeckhand.s. _ .7100 OTHER OWNERSHIP COSTS

1stc-W.rdo . 95fl_ Interest on Investment (11%) s 2 1536&onth
Ness Att.nd.. z. 6-..4.....0 Yard cost....

IicGner-1i Dump Foreman 107 Insurance Am
.ump Foreman Season mobiitration 28.,740

_. Yard and Shoreman Lay up ( 6  
,0th/er) 880

other Supplies, hardware 135,370
45 subtta 376.1 Repair and dry docking

6r h----/wcek 7,tal other ownership costs $430,530 (5)
Pay 6 horsor/week

Kmnthls wgcs (4.)4 weeks )THER OPERATING COSTS

xe.,I n a104460 Fuel Cost
frLn esc ",) 21940 (2) 

3
1 _ hours/onth X

Tt, 1 126400 46DIL_.P. x
.Of12_galion/hour/H.P, X

PAYROiL. (operations, Transit) fiurly rate $ . _ C;/gallon s 63, 10 9month
2 Watch Egineers 1.0. 70 Water and lubricants 500
7 Pilot 10. 70 Pipeline (50 of pipeline

3---rcdge Hates 10.40 costs from Part 111) 5,820

-__-Tender Mast.rs ... . 8 Supplies, ,ubstnc.. 2k60(6)
Trender Operators .Total other operating Costs $ 98,020 (6)
render Mates PART III

_6 l-e 
k
hands --- - PIPEI.INE COSTS

9.50 Sand _1193 -ards 6.40 Floating line 3400 $ _ 9 sI T
S_Hess Attendants Shorline lOG-Yad.n Soe- Shoreline i000 SO --150"

Yard alnd S lrentlen ____

sobtotAl L 3 Total 11632
40W,,,W k ,r ,

y., 4 0o , .. , r ek 6 Not*: Assume _ 26workig day. per momt. Knt.r mont Ly costs avioma
,t,; ........ (4 . .... se i )85"l hy worh i days in Part IV.

Tases. lnsurafnp and fringes

21 X) P5T90 V
ht.,a 34500-- mI DATA INPUT.

Variable Suhscrtpts ()

('yTHOD, 4862 1327 179 ' 165A?9 C 5  
'  

(SI

IRAWGP, 1 3



20' Inch Dredg e.1 '' ,.pcr it ,, . . .. .

(a) -

'i',', ,, , .. 70(10 Thompson # (,45n,0 o (! 31 .)i
.. . . .7000 .. .. . .37 80, 000 ,( 0 (,, 1

.W... 1900 1 428,000 50 1,()U

1900 3 ,, 330,000 50 3,
I .-1700 ...- 180,000 .0 5

100 2

9 25n,000 40 2,100

low 10 000 40 40I : ... ... 10.0. __" A,, : . ... .. ... >I LO 40 4

8 .t .. 1 .. ... 8,000 40 30
1 280.000 40 1,200

0At 21 T, .. . . 3.000 4 250

i>A' tI. . ;- rt .. t I dt I I n , 55,000 20 920

3 .vr.. .10.70 2 I: '' 130 H.P.4 '!0
3 , h - .. .. .. . t r 1 0 - 7 0 E 1. . . 5 , 0 0 0 4 2 1 0

3( 4 0 ... f,< I, ....... ...... ...
6 M >.0 10.40

4 [qi i.. . .. ender 9.80 t . ,

- 7.6....t ,,'.,0t 1 V !6,647,000 11, 80

2- ., r.. 8.25 .. , . 68,)30 (W )

1 4 " 
. 00k 1 

," 
1. 7 it R t N :R I I I P LA

I - 9 . 5 G - t, tt.. ... . ...'it ', ., ',t ... 1 1 , 3 0 5 , 2 0 0

3 , . , .A6.40 .,, . 67,800

..... .. . 10 .70. 4 ,300
- ...... .. ll i .. i.. 23 ,870

.,-,,, -0. -I t"It..... , 7 .6 0 - -. 1j, 111' (6 ....... .. ..,88 C

39t it., _ , .. ..... 188,130
47t . ..... 16,740

; ..... , .... ...... - ' .... 607.010 (tV)
"Pnv6- i6 ... ik 

25320

'lit H 11 1A : t %'t

M , thti L. h 4 4. 1 w ttks 1 0 9 8 9 0 ", .tIt' , j, ist;X,Utt-tttid

t rji t- 23080 315 1-,
132970 6760

.067 ... ''  ...". 6 5 12, -40 .
PA'IRI'.1 (O pt r.it Ion s , Ir tns it) l t . t 1, 6 5

2 I nxtl vt t t nt ... .. . 1 0 . 7 0 X , . . . t i,5 ,0,0(

2- P ilt 10 .70 i1t,. i , '.l .I ;, < , .11 130

3- ... -10.40 30,i5 .(

" t,,n .,, ts .'tt... ,,, ... , 278. (t!.  ( (ft')

On er tptratirs
. (n ,r L tes. 00 'P 1 1 1 1

6 ,. ,,..9.5070 -- "
.. .t " " l ,, , 7. 7 0 0 0 2 9 8 2 0 .8 6 0

" - ,.v, t 1000 1.50 I ,500
...... It I .... 16 4 .-3-

...... ........ ......., ' " , 5 9 9 0 PAR I v
21 ,

34500 < ti

5114 1 327 2651 2 147 1 ()f;)
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DRPEIMN COST RATES FOR PI.A;T OPERAI I,,

16 inch Dredge 1200 II.P. 24 hour operation 1700 feet transit distance
(a) (b)

P...'f i 5A5I 1_T I_

PAYR"I.I. (Supervisor and 06NERSHIP ANII Cl IGAiON 6 m r T- r, -1

Elig ineocr I -o,.thly ra.te P 'i t *.i.'til.ti , '

'r..... M . . . .d i R6bers - - - 96.0 _50.. 22,050
1 S .n.rit..dent 2000 &,,,.t,r ir, (. .
_I C.. ,l n 1900 1,001, H.P. endi.

Chi Engineer 1900 - oo ._ . n. I.,.rv 3-fl88 R 1 10
Civil Engineer 1700 2_ 20 H.P. 1id- @ .... 2,30n
M - Plier inel ~ 100nl -L. I-k barAn '
Chiet Survevor I MIFfuipmont barges 40

jS.ur.evor -0-- 250,000 40 ,00
I_ ls.petor 000 I Belily anchor barges _10000 40 40

8 Subtoital 2 .. i ..... - 8,000 40 70
[aes.. in.uran' and 1 Sur... la .... 280..000 40 1 %200

ring es ( 4) 0 (1) A _ Skill .il.d .... b...r @ - 3,000 -4 5,000
__ nt I _ _

PAt ROIL. (Operations, Dredging) Hourly rate -Drik 0

3 Lever-.n 10.70 2__ .. 130 I T 55,000 20 920

2 _wtib Engineers, Strikers 10.70 3 i,kup i......d - 5,000 4 630

2 Dredge Mates 10.40 -t- i " (ehrg, tr.. , e., 5,000 6 140

2 Equinent Operators - Tender 9.80 _-r tor/traih .

2 quipment Operators - On land 7.60 Pipeline (502 of pipelinc
i.t flro.m Part 1I1) 8,363,000 1,830

_L Welders 98. .l5tal d .epr. .i.i 37,780 (4)
_ . Oilers.

:Dkhands. 7 OTHER OWNERSHI I COS1S

____Ste.ards ,_Interest in iis .,tt 1153,300..
Mess Attendant . ___.,rd .tt 33,950

1 G.en.ral Dip Fo.ren 10.70 ,......e 3,00
Dumpt Foreman Season ohi ilat ion 14,790

6_Yard and Shtrenin 7.60 lay up ( 
6 .o.hve..) 790

Other ........ .... Hpp Is hardware 95,460
27 Subtotal 229-65 Rep.,l .... iry dok io, 8. 505

Wirk 56 h.rs.eek rital ohe, r...w shi l, 309,800 (5)
Pay 64 h.ors/.week 144700

Monthly -ages (4.34 weeks 63,800 OTHFR OIPERATINI COSTS

Taxes. insun.e and I3,490 3i1 ('us
fringes ( 2) (2) hours/month X

Tt.l 77,200 262t.P. x
,067-- -galon/hour/Hl P X

PAYROL.L (Operations. Transit) Hourly rate .65 /gallon - 35,940., ... ,,
2 - t Kngi .... 70 Water and lubricants 500

2 pilot 10[-O70 Pipeline (507 of pipelinecosts from Part 111) 1 ,830

_Z Dredge Mates 1040-- Supplies, sbsistane 24,570

72_ Tender Masters 9.-8 --

Tender Operators Total other operating to.sts 62.840 (6)

Te.nder Rates PART 1 1

__6.__ Deck.d. 7.00 PIPELINE COSTS .ta.i

Stewards 1000

__Mess Attendants Fotn it 0
Shoreline 700-yard and Shoremen

S-ar 125.2 Total 3660
Suatotal .....

Wak 4O .. r, .v 50M Noe: As.... 26 uwo kint dasr per m.onth. t.nter nt h i . l tv,,

P4u h.. . . weks 21740 by working lays In Part IV.ionthi; wage , (4. 14 weeks -

raxe%. insuranue and fringes
S21+, .451 .- AIT IV

, .... i26310- , DAIA I NpI TT

VaRile Dld, 5 5V 2( 4 (5!4

(MI"THOI),

RIANl;f X)
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, - ..% - ,,4- . . .. , ,,-

i . nch Dredge 120(1) 11.1. 24 hour operat ion 2', f c f<t t r;in11 it di t i1 ,

....... Robers 6,615,000 50 20,T
1 .2000

1900 1 , 428,000 50 1, 4(1
1 1900 1 . 330.000 50 1. 1(
1 . ... ,,..... 1700- . 2 w . 180,000 50 2,30()

1000 1 '. " 160,000 40 670

I -& .... ... 11W)0 1 200,000 40 830

,0 0_ ,8 .... 4H,,,,.

1150. 0 8, 000 4() 70
1 01 .. . ..... , 280,000 4( 10200

ri ...... . .2990 4 . . . 0 3,000 4 5.(1
i ... 14490 (1) . ...._

3 . 10.70 2 "I '- 130 1!.P. (1 55,Q00 20 920
2 1,,n, .. .tk.., 10.70 3 P . . . 0 5,(I0o0 4 63W
4 1,<. , l. . 0 .40 1 ,,.,.l,,,.< , i,, , 4 0 6140}

2 , . . . . .- ,nd.r 9,80.
2 , , , . 7.60 ... 2.:, ;. 87,q0 0,oo 2.580
2 ,-. r,-., 8.25 - . . .. ..... '39,0q 0 (4)

t fll[{', I N N'i[ ' t ,

kh....-id. . . .. ....,-.... - 16 1170 . .

... . 3 ...... .... . . ... 37 00 0
. ,10....... 10 .0 . 3000

[)ll'l) W~l,. ..... S....... . b ] l "[ ... 15 290
6 ),,-. ... ,j i-oria, ..... 1 .60 - ,...,p 16 _t..., .... 79 0

.... -- 3,, ,l, i... . ,,- w.. . 104040
32 >; ,,. 272.7 7.r, ... t, ,,, i, 2 0

'k 56 k,,,:! ... . .... h:. .. 330,560 (5)
IX,,',64 175a- .kA! 

N, 
174,,, l ...... ... "< "75 750 ,Il l' ,iIN !

133,:.'. (=..- :15910 3 1 5
1...... .

91660 3620',1. X
.067 --- H.P,,h x,49.,660

rtI3,,Il. ,,-r3,tn.... r.,,,.I3) i-u":" r."," .65 . , ,.. 49 ,660

2 .. . i..,... 10.70- . . . j, . 500
2 - r.,,8 3-3, 2,580
2 I,,.I. .... 9.80 s.pi.....,, 29,120
2 9.80.r .8n 1. -160 (6)

t.!.r t'' - IARI I 1

6 *'.kh. 7. 00 ii .,. I !! , ---
d . , i , ! , 1400 2.75 3850

If-.. A..'. ' .. 1000 1.30 1300

33 , 
r  125.2 51 50

4 0 , , ,,,
21740 N.... I,, -., ..... r., I . , e l~lt. tir ,.l, V X n 3,

, 174
4570 "P " P, ' ""

...... 1 .W5 ~ f 5!' 1:'714 il',8 (



!IRFI;IN; (OST RATES FOR PLANT OPERATION

16 inch Vrcd1.w 1200 t.P. 24 hour operation feet transit 31stance
(a)

.AH I I I

, ,.1 l-.'r AiN VWNil Pil ItIRAI h 6 I t illtvea optrat ion)
i. ',I .. .. . .. (tistim _t) _ I - uthly C-st,

1 .. ,J ( Robers $6,65.000 5D- y.a. $22,050
1 .. .. . 2 0 0 0 .. ,--.-------

1 1900 I1,0 Ii.P. I-, ., 42a,000 50 --1,W4
! -.. .. .... .9 G0 W O Ho .. le nd " '. 3 31 0 , W 0 5 0 . 1 , 1 w

£ llli~ 1-700- 2- lOt I[.)- Ii iitt- .33 ,00 50
11 . , ri i i , rk ha rt. ,.- . . . . .9

1100 .. .ip..t ...... 200,o 00 40 ---830
1 900 F-av--r t,,rge, .259QO00 46 1,000

pt1000 1eli; anchor ba.rges 10.000 40 40
.'M tA 11500 2 .. I ...... @ -- 4 00 40 -- - -0

L S-e Loin,. ...-h 2a0- 000 40 . 1,211
2990. k--Skiff .nI out.board @ - 3.0 0 4- -5-14490(1) ,t _

,i, 1< ini ) It : .t -D ri-k ( 1'.)

3 s,,r, .7 2 I-t . 130 H.P. @ -_55,000 20- 9202 1. 10.70 3 Pitkp tr,,'k. @_ 5,000 4 630
2 1, :,. .. . iker, O 1 it he t barge (trailer) 

5 ,O00 6 140
4 10.40 .. 40
2 .i t Fpr, - linder 2 Pipelin. (50% of pipeline 8,791,000 4,0902 ...... . 11 ... ... ..... -- tl . . t r . Part 111)

2 .. 1 ,i Total deprelation 41,440 (4)

12 - ,< kh,, . 7 .00 OTHER OWNERS P COSTS

ikInterest on Investment I 161,"Omonth

M-,. At t.o....i Yard i.t 37 .00

Iu IT.........eason . belizati -1-5,630
6 . ,r.. i ...-I .o . 7 _s 60 lay tp ( .month/ . .ar) - 790

t I" I Soppl , .... hrd ....re O04._40
34 tIt... i-.. 286 .7 .- e di Ir d i li ti ,,l 9 .2 70 330 ,560 (5)

... -, o.k i ll ,,it,i . n...hi -.. . 3 5.5",'641 ..... -Neck t _ ...
O Si'll I H R N lilthT

M,,hi... .. --- t1 -k. 79639 F} RAII N o

i n- . ran i ,. ...... -16720 i3t:,

itii 2 - 1 2L7 (2) Ioils th X

96359 36213, I-- .067- -. i.,I i/hoiir/1.'. X

',I4 1,I t"i. Iit ions. IrIs lt) ,url, rate .65 gi l . $ 49,66 ,,th
10.70 i. and.... .ru lr,iii,. 500

10.70 iliIt.- (5ti it Ppeilin210.40 ,,, tr', '.,,t ti 4,090
2 >0.40 Suppli, M. . ,, .'

2 . - r. t9.80 S 1 1 .... l...., n it t 85,190 (6)
lll,,Mte A t l i t htrp r ill. ,S <.6 h ratt 7.'0r,0 tl r1;

---it-s VARI Ill

lit liiB,2500 $ s 2-75- s 6.875
* .. At ti,t,,it I - - Shore Ifle 1000 ....

125.2 .. i.. 1 8,175
40 rbiI45010 Nit: A .i..e .. tln day, Per ,mo.nth. ,tnter mo .ni .costs divided

k 21740 iv working I , in Part IV.

r. . I I" " 4570 PAHI ISV

'21 26310 ,IAA i ,1''1T

; ,t ,I l x}

(Mrlo, 557 3706 1012 1594 12 71'4 3 17 (') (Ni

*RANI 7 7

5-14



DRECDGING COST RAI S FOR PLANT OPERA ,iN

16 inch Dredge 1200 H.P. 24 hour operation 6000 feet transit distance
(a) (b)

PAYROLL. (Supervisor and OWNERSIP ANI- Pi.PRA l cth 'e r 1,j-rat i-n
Fngineer) W.nthly rate Plant .ti t e I) M, I , -t

.,_Project HS-aKer -- rdge -__Robers- , $6,615sO0_ 50. 22.050
Sueintendent 2,000 Roctet T trA,, I

1Captain 1"900 1 1.00 ki. 1roro,.. 42a 0 5Dn I."o
1 iChief Engineer 1.~90 -2L.400 it.". lenders @1Wf
1 Civil Engineer .1Q 2. 200 H.P. Fnd.rs @s

_Loffice Personnei .. 0.. lLWork bargs lMOO 40 670
_ Chief Surveyor I 10c) Equip....t barg1s 200,000 40 830

FJ-Surveyor ueI-water barges 
2 j4 000 40 1,000

__nspector 
i -Belly anchor barges 10 000 - 40

Subtotal 1 o 2 _-... n...h @ 1000 -40- 40
2 i ln00s 8-~00 -40- 7-0

taxes, insurance and L ..Survy l.unch 280DOf 4-0- -1,200
fringes (21Z) 2,990 _4 Skitff and outboard@ -3.000 - -5,Oo

Total 14,490 (1) Hoit H __T._

PAYROLL (Operations. _____Derrick (_ T.)

3LLera . Dredging) Hourly s0 e 42_.ulld,zrs
1 3 0 H.P. @ 55,000 20- 920

2 Watch Engineers, Strikers 10. 70 -3-Pkp trucks 5,00 4 -- 6-
4 Dredge Mates 10.40 *1 _ office barge (trailer) 5,000 6 140
3 Equitment Operators - Tender 9,80 Tractor/trailer ...

Pipeline (50% of pipeline
qucpment Operators.. On land 7 costs from Part i1) 9,121,000 7,525

2 Welders R Total depreciation 45,970 (4)
Oilers.______

OTHER OWNERSHIP COSTS
12-Deckhands. -7 00 167220

Stewards Interest on investment ( 11 ) St

_ Mess Attendants Yard cost 39 410
__.General Dump Foreman 10.70 Insurance 3.0-.

-Dump Foreman Season mobilization 17. 150
6 Yard and Shoreman 760 Lay up ( 6 month/year) 790
-Other - Supplies, hardware I 10,82.Q

35 Subtotal 296-5 Repair and dry docking - 7-3 2

Work 56hours/week Total other ownership costs S348,260 (5)
PayEC--hours/week

Monthly wages (4.34 weeks 82,370 OTHER OPERATING COSTS

Taxes. insurance and CFr Cost

fringes (__.22) -1-7-32) hours/month XTo t 1 __9_a6 _0 4=-., P. X
Total 99, 70-67 alon/hour/HD X

PAYROLL (Operations, Transit) Hourly rate 65 /gallon - s

Watch Engineers 
1 0_ 70 Water and lubricants 500

Pipeline (50% ol pipeline
_L Deg atsW 4 osts from Part 111) 15,0502 Dredge ares -L-4O suhlai... ,stanre. 31,850

3 Tender Masters Supplies02,550 (6)

Tender Operators _ Total other operating costs , 55 (6)

Tender Ma.es PART III

_._Deekhands 7.00 PIPELINE COSTS Sand Rock

Stewards o n 5000 -...... 137 "5O
Mess Attendants Shoreline 1000 -

Yard and Shoremen Shoel 1005

Subtotal 135. Total 15050

Work Hours Pay N-4O0 Note: Asume 26 working days per month. Lnter monthly costs aivtded
Psy 4D hours/week 

___

Monthl) wages (4.34 weeks 249- by working days in Part IV.

Taxes, inaurance and fringes PARTlT

(21%) 49DATA INPUTS

Total ')2'60.- (3)
Variable Subscripts (X)

DREDGE 557 (3) (4) (5) i () (0
(METoD. 3833 '091 1768 13395 344
RANGE, X)
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IDRFIX;IN; rCS' RATi' S F T AI

16 iHP 24 hour operation 8500 feet transit distance
(a)(h

PKYRoll. upervi-or and OWN R.FS10 4i A 'CI' i' RAI ION 6 " . -,tFngfineeri h-y_-t 
-o -n vI 00 5,0.t e I2It-poil li- $___________ R6 1 s -0- I

. Pr,,l,+t m,,,++e, S rd, e Robers 6.. . -- , .- h f " %0 GO 50 .. 22,050"Suerntenjn -2000 .r .rj0 O H.P. 2,646,000 50 8,820I captioo 1900 i.11. ....u .... 000 50 1.80
- Chief L..iueer 1900 -oI0 H.. -4-nd8 33fl_000 50 2200I1 Cilul Engineer 2_QQ 2 2-0 i.T. _3-0,r@ 5180_0050 2,300

... rrso Peu .....100 J 6-orf r --8-0 .-88 2, 3W
-I Chiet Srvevor £qipmeo 4 har 88 _ S--Survvr... I _F...ar,,es 250,000 40 1,000

ASptora 100 Bellv anchor barges 1 O0 00 6 40
r S unt a 50 c-w.a L b. @ 8,000 40

Eaxes, insur~me and L _Survey I oii 8.-h0
fringes ___ 2990 _ lu -2D 00 4- 1 "00Total T"9-0() _4Skiff and outboard @300 _- 0
PAYROLL (Operations, Dredging) Hourly rate _ , rick ( T.)

3 t.everan S 10.70 2___Bulld...r.. 130 HP @ -- 55,-00 20 9202 Watch Engineers, Strikers 10O 70 Pl'ickup trucks @ 5000 4- 6301Dredge Mates. 0.40 j.. Office barge (trailer) 51004
5 Equi.Ment Operators Tender 9.80 - Tractor/trailer 

-_- -2 Vq+pm,.nt Oper.tors - On land 7 Pipelinst o P tp ltn1 11,767,000 10-,960Olers .
Total depre, iati 58,230 (4)

I Dc ckhands. __ 0 OTHER OWNERSHIP COSTS
_ Stewards 

Interest on investment (11 .,215730 .___Mess Attendants JO___70 Yard cost .A,0.Gener,.l Dump Foreman 10.70 Insurance
. Dump Foreman 

Season Mobilization _19 gs6 Yard and Shore.an 7.60 a up 6 month/.ear 79037Other.. .. 
Supplies hardware 137,19037 SuRttal 3 Repair .d drv dokin .12,205

Work 9tours /week 
Total other wnershipPay hoursweek Totalother 437690(5)

Monthly wages (4.34 weeks 87800 OTHER OPERATIN(; COSTS
Taxes. insuntce and 3Iu~l Costfringes %) 40 (2) 3M hours/month X

Total 106240 53ZOH.p. X
Q O _7gallon/hour(.p P.

PAYROLL (Operations ansit) ".oury rte lq __ga on /o H2,980 ...

2 j10.70 "$- 65 nS- nth
Watch Engineers Water and lubricants 500

2 P ilot 1 Pipeline (50, of pipeline

Dredge Mates -costs from Part III) 10,960
I,3Tender Masters Supplies .... bsist 118, 10 (0

___Tender Operators Total other operating costs 118,110 (6)
Tender Mates FART IIl

____Dechand 7.PIPELINE COSTS
_ Stewards 7500 R I
____Mess Attendants Floating line 1000 Z.75 "20-625Yard and Shoremen Shoreline 000-

Subtotal T__ Total

Work 
4 0 wo ....r Pay 21,925

Pay .40ha-rs/week -- ___0"- Note: Assume --- w ol*VtnR davs per month. tnter onini .-,, cets ,, ,e,lMonthiy wages (4.34 weeks 2J 44 by working days in Part TV,
Taxes. insurance and fringes 4920 PART IV21 4920.....T

21 tai 2DATA INPtITS

rota I . (()
V +t++ ble+ Subsir 110 51t X

DRFX; 5 (2) (31 ( I
"(M .TNOt, 4086 1091 2240 16834 454 1

RANCE, x) 
9
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9 RFIX:IN(; COST RATES FOR PLANT OPIERATION

12 inch Dredge 1200 H.P. 24 hour operation 1500 feet transit distance

p .'. ARI H 6

I'A'tRol I (Supervisor and OV.NFRSI l
' 

AN!) RATION I - nsnth/yoar pr.Itlon)
h1 in vr) ,,rthlv 'Iatt: llm . . . . i,.1- (estimate) JIf .0 th y co t

I. ... ,.,n.,.. S . .. Dr-.,lg, ( Dubuqu -- _) $ 2, 175, 00- -50-y.ea.s $ 7. 25 0

.5 8,...... rsi ..... l... 2Q0 -0 ....... l,,e .... ____ ...

..... . 00 ., dr 42 , W -506 1,430

1330,000 1001 1700- 1 200 H.P. lenders .3,00.

.5 i goo ..... -7O-- 2 W-rk hr :es @ 160,000 40 1.330
5 hic So rrcvor Equilp-.nt targes -- -

-5 .. "..or - - - 1 FIil-.,, har.- " 25l0l - .4-0 -L, 1411
I lo,;- t,, 1000 1L Bel~ly anchor barges Lin, .0. -4. 40

7100 1 -- t- launch ,00 -- ---- 30-
... inuran a4lid 14_9 Survey launh 28a-,00- 40- 590

_--) a _kf and outboard @ -0 -4- - -
(I5l 859 0 _ (1) ji,ist 3.0 -4-.,___

A , , , Ig ) Derrick ( T.)
r3.e s10.70 2 1)1lidozer. 80 HP @ 3000Q0 20 500

, t,h i rs, Strikers 10.70 2 Pickup trucks @ 5 0_4 420
2- . . .... ~l rtrike~rs0-4 1 ce barge (trailer) 5 ---6-

1Tractoritrailer
lutiillelt Op0crrs -Tender 9.8.o Pipeline 1502 of pipeline 3,742,000 1,530

2 .O. . per..tor, - . , ,, --- -.-60 .osts Icro, Port 11) 15,650 (4)
-1 , Ic-ur 8.25 Total depreciation 1 0

- o .,,,,ni. 7. 0 OTHER OWNERSHIP COSTS
11 s6 ,0 ..

--4 
Interest on investMent ( ___9) ,,,

v.s A lt Yard cost - R9
S... .r .,1 ,,- ........n0.......Insurance - 5

l Iuml, 'u cv :. m Season mout li zatifon 8 -
4 ,., ni od. -,!,an 7 -60 L.), upI 05__ 1, c. a rI _ 225

tIcr t h. SuppI ie, hardware 47,460
20s,,t,,ti 176.65 Repir anti dr, docking 24 0

56_,,. /.,-,,k Total other ow. nership cots ;48,940 (5)
'o,' 64 c',r... ek 1t31_ 07

OIIER 11' ERA'ING COSTS
M"I'.I'. an... . H 1."ceks 49090 Pol Cost
,.,. i..r.... n. ...... 10310 315 hours/month XItli ..... v " .. . ..10 10 ) __-_

59400 3120 H.p. x
.6Z__gaIl on/ho,,r/ h.P. x

P,'l ,I, I t.e)0r.ti .o... Ir.,sit) I ourl, rate s .65 /gallon s $ 42800 _month

2 10.70 Water and lubricants 500

2 'il. 10.70 PipelIne (504. of pipeline

2 I~r... .. 10 .4 0 c.. ts f rom Part 1 1) 15 30

1 . 1 ",r , ,r'9...8 0 S u.pe s , ..a. .ta n c e t .3 0 3 0 ( 6 )

i-ot . 1r operating costs 0 (6)
,c.l er IIl,t' r!''' . . .. -'t!4 ;.,-. kl,i,. -. 00 - 1 P I III CIsIR

. ,I,. . .,, r ,io,,1000 s . . . 0 2 S-0

. "e",lnt' ... Shore I ine 500 1.10 550
-' 3050

'1 101.4 Total

40. ,. . 26
-'40 ..... ..... k, 4060 Note, A. sume o "ing days per month. Enter month l co a. dlvia. d

I k . 1762-0 by working days in Part IV.

, I,,o.; '11I 1lli*,' 213700 PART TV

21320 - TA INPUT S

Variable guh-srlpt, (X)

DtT( 3~3(16 2Y5 8Mt 60 A1-6) (7
(MFTHI,), 5729 2424

RANIIr, 51 10



DREDGING COST RATES FOR PLANT 0)ERAI ICN

12 inch Dredge 1200 H.P. 24 hour operation 2500 feet transit distance

P,'T I PART II 6
PAYROLl (Supervisor and ONFRSHII AND 011RAIION M I I-,r pc.itl-1 1

Engineer) "onthlv rate Plant - 1-t ii'.1tc) I I'

Pr.,ject Manager $ Dredge ( Thiuque- ) $'Z--175,00_ - 5 . 7,2 50
.5 Superntendent +2 oQ Boostec Dredge .cp, 1.0o,.. d.. 428 000 50 1.430
- Captain -1 -_ 1.000 II.P. lende-rs 2 ,0 5,3
1 Chief Egineer 1 400 H.,. ren,,ier 330OQ 50 1,10
1 Civil Engineer .70 200 .P. lenders

5 Offic Personnel 1000 2 
iork barg1-, @ 16n fl, O 440- 10330

5 Chief Surveyor 1100 __ Eq. pp.... barges

5Surveyor 90bg 4
__Inspector 900 1 Bel-w..r barges 25e- 40 1,40

Subtotal_ - . rew launch 8_.000 30

Taxes. nsuran and 
5  Survey 1.nch @ 280,000 408

fringes (1'4') 9 - _ Skiff and outboard @ , 0--QQ 4 330
Total -3-(1) _ _lot ( T.) 4______

PAYROLL (Operations, Dredging) Hourly rate .)

3 Levernan H 1 - - ull ...... 80 HP @ 30,000-- 20- 500
2 Watch Engineers, Strikers in- 7n 3 tPickup trucks 3 -5 0Q0- 4-- 62-5
2 Dredge Mates 1 4  

Office barge (trailer) - O -6- -
-Tractor/t rat ler2 Equipment Operators - Tender 9 SO Pipeline (505 cf pipeline

2-Equipment Operator.. - On land ' costs from Part Ill) 3,750,000 2430
_Welders Total depreciatio- 16880 (4)
-_Oilers.
Deckhands. 7.00 OTHER O6NERSHIP COSTS

Stewards Interest on Investment ( s 68750 . h

Mess Attendants Yard cost 16890
-I General Dump Foreman .. 0.7 Insurance 2500

Dump Foreman Season mobilization 887a

4 Yard and Shorean 7 Lay up ( 6 month/year) 725
Other Supplies, hardware 4437 5

23 Subtotal 2 Repair and dry docklng 4230

Work 56 hours/week Total other ownership costs

Pf&- hours /week iiIi
Mon.th'y wag-s t4 34 weeks 55680 OTHER OPERATING COSTS

Taxes, insurance and - Fuel Cost

fringes (_2__%) 1169__0 (2) 315 hours/month X

Total 67370 31201H.P. x
A__7gallon/hour/H.P. X

PAYROLL (Operations, Transit) bHourly rate $__69 /gallon. 42800 ,

2 Watch Engineers s 10.70 Water and lubricants
2 Pilot 10.70 Pipeline (50% of pipeline 2430

costs from Part 111)
2 

Dredge Mates 1..l~ 40Supis bitac
.Tender Masters 9 Suppli subsistance 2r013

Tender Operators Total other operating costs 6,660 (6)
Tender Hates PART III

-- Oeckhands W PIPELINE COSTS Sand k
-Stewards Floating line 1500 s S_2a __ -3150_

___Mess Attendants Shoreline 1000 A 1-00-
___Yard and Shoremen

Subtotal 10] .. Total 4850

Wore 
4 0 

Hours Pay
Pay -_bhours/week Note: Assume __ working dsys per month. Enter monthly costs dtvlvied

Monthly wages (4.14 weeks 6 by working days In Part IV.

Taxes, Insurance and fringes

21%) 3700 P TV

Total 2132 (3) DATA INPUTS

Variable Subscripts (X
() (2) 0) €) (

DREDGE 330 (6) (7) (H
(METHOD, 2591 820 649 5627 2564RANGE. X)
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)REDfIN6C COST RATES FOR PLANT OPERATION

12 inch Dredge 1200 H.P. 24 hour operation 4000 feet transit distance

(a) (b)

PARt _11

PA) R0i tS"pern lior , nd WNIRSH IIP AND 'IWERAlIIN i 6 - -nth/vear operation)

tngnv'cri cmthIY r.te Plant fstu (etiate) ie Mon )) e(sts,

S-IDubu-ue _ -2,175_000 50yea... 7_.Z 0.5 !""I" t l ow)* . o ,r '. D_ . .. q._ _ .. .* 5 Stic, rtist,.ndi't - O S,.ster [)rtdloc .. .. ) __ - -

I ,ptLi,1 1,000 H.). lenders 49.,000 _M
1 h ., ,... 1900 _ .00 H., ,nde.. 33 l, 0 -54 L I, nn

tt n, ineer 1700 j 200 H.PI. 1-'dvrs Ark___

. , ', i .......... 100_0_ _2 ,,rk barg.. - 1,330
1; Chit u S rvevr II0 - Equipment barges _

..... barge, 250,000 40 1 040
iis"et'r 1 Belly anchor barges 10,000 40 40
1 _ eon~h 8.000 _40-

... 1490 .5 ..urvey l.., h 280_,000 40580
r.. ._Ski f and outboard @ 3, .__6 30

T L 18590 (1) - Hist ( T.)

PAYROLl. (Oporat ions. Dredging) Yet. kate ( .) _rri k - T.)

3Hourly rote --- Bulldozers 80 HP @ 30,000 20 500
3 jee...n s 10.70 - Pickup ... cks @ 5,000 4 830
_2 Wti' Engin.er. Striker. 10.70 rk5 0
2 Dredge Mte..s 10.40 1 Office barge (trailer) .000 6 140

3 quiment Operators - Tender 9.80 _Tractor/tr__ler

Pipeline (50, of pipeline

2 quipmnt Operators -On land 7.60 costs from Part 1Il) 3,941,000 4300
_ Wldrs 8-25 Total depreciation 19800 (4)

-O lers.

-- O . OTHER OWNERSHIP COSTS
__r" eckhands.

&tewards ___0_Interest on investment (11%) s72 2
50 month-Stewrdss7 

2 0 /.t

Mess Attendants Yard cost 18210
1 General Dump Fortman 0 Insurance 3000

Dump Poren.on _ Season mobilization 106LO

4 Yard and Shorema 7.60 Lay up ( 6 month/year) 730
Other _ Supplies, hard.are 52670

27Subttal 232 -5 Repair and dry docking 4700 162200 (5)

swrk 56 iours/,w.ek Total other ownership costs S

Pay 64 horsweek O PA4C880 -

M,,nthl,., gs (-.34 weeks 64580 OTHER OPERATING COSTS

saxes. insurance and ()ous/mont

irin,es ( ?1 ) 1_357 (2)u

rot l 78140 = H.P. x
.U67 galon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate S_ 65 /gallon - s45540 /.onth

2 Watch Engineers.10 0 Water and lubricants 500

2 'Hot 1070 Pipeline (s02 of pipeline 4300
2 -Tt costs from Part 111)

2 Dredge Mates -. 8T- Supplies, subsitane 24570
T2. ender Masters Total other operating costs $ 74,910 (6)
Tender Operators

Tender Mates PART III

Deckhands 7.00 PIPELINE COSTS
St ewards -Floating line 3000 S R

Mess Attendants Shoreline 1000 J I *UT
_Yard and Shorenen 12 5.2 Total 8600

Subtotal

Work 
4 0

H.,,rs Pay 500 Note: Assume 26 working days per month. Enter montnty costs dlvided

Payo h,,urs/week

Monthiy ages (4.4 weeks 21730 by working days in Part IV.

Taxes , insurance and fringes 4560 PART IV
21 %) 26:290 DATA INPUTS

Total -- - -()
Variable Subscripts (X)

3 (2) () (4(7
D0 0 1011 762 6234 28"

(METHOD, () ()( HOV,12
RANGE, X2
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1'r1
DREDGING COST RATES FOR PLANT OPERATION

12 inch Dredge 1200 H.P. 24 hour operation 6500 feet transit distance
(a) (b)

P,. I I PART I I
PAYROLL (Supervisor and OWNERSHIP AND OPERATION (6 .onth/year operation)

Engineer) monthly rate Plant Value (estimate) Life Monthly eAts

-- Proje.t Manager $_ Dree (_uD e 2,----- 175_000_ 50ye... yea250

5 uerintendent 2000 Ioo.ter Dr.oieOO HP_) 870.00Q _5a09
- C.ptain 1 1.000 H.P. Tender. 428,00 _ _5a 1-430

1__Chief Engineer 1900 1_400 H.P. Tenders 330,. 00 __ -5- - 0
L Civil Engineer 1700 1_20o0 H.P. Tenders 180,000- -50- 600

.,fice Personnel IJO)-- 2 Work barges 160-O00-- -40-
Chief Surveyor Equipment barges

,
5  S.rv.yor 900 Fuel-water barges 2540 1,040

- 1- Inspe:tor 000--- 1 Belly anchor barges 40 - 40
Subtotal -1 __trew launch 8000 -4- 30

roe.. , is..r..e and 1S49.urvey launch @ 2,30.Olno 4_0_ Sf inge s  7.X 14 9 0
frige -9___0_ _ Skiff and outboard@ .. , L ---4- _610

Hois t-(90__THl (- T.)

PAYROLL (Operat ions, Dredging) Derrick ( T.) 0 2
3 Leermn Hori rae -

2
B.ild . W HP (a ;b & ~ 23 L ..... . $ 10 .70 - - o

__2_ Watch Engineers, Strikers 10.70 4 
Pickup trucks @ 5 000 4 830

3 Dredge Mate. 10.40 ot)ffice barge (trailer) 6-___-
___ 140

3 Equinment Operators - Tender 9.80 -Tractor/trailer

Pipeline (50% of pipeline
Equipment Operators.. On land 7.60 costs from Part 1I11 4,811,000 7080

-2Welders 25 Total depreciation 25480 (4)
Oilers.

OTHER OWNERSHIP COSTS1--iDeckhands. 7 i0 11]-Stewards Interest on investment ( _%) $__
8 8 

,
2

OQnonth

Mess Attendants Yard cost 21.230
1 General Dump Forenn 10.70 Insurance __3.__0

-Dump Foreman Season mobilization

4 Yard and Shore.an 7. 60 Lay up ( 6 month/year) 730
Other _ Supplies, hardware 59,830

30 Subtotal 256-9 Repair and dry docking 5 0

;,,rk 56 ho.or /week Total other ownership costs $190- 0 (5)
Pay 6i hours/week 4. 64 4O

Ho .l lv ges (4.34 weeks OTHER OPERATING COSTS

raes. i.. ,ce and 1350 3 1 el cost

trin; ) 4990 (2) hours/.onth X

3.. 3 4 3 6 D-H.P. x
O '7gallon/hour/H.P. X

PAYROL ... prt ions. Transit) Hrlrlv6 /garae 5- /m59,810/=onth

2-. Engie 1.. 0.7 Water and lubricants 5-0'
2 lit E-0-7*D 

Pipeline (50% of pipeline
2 , Pihlot -Tu. WUcosts from Part Il) 7,080

2_ Dlr.,e M tes 9.80 Supplies, ubsistance

2_ lender Masters

Tender operators . Total other operating costs s9_.44.69 (6)
lender Mtes PART III

6 _Deckhands 7. 00 PIPELINE COSTS

.Ste.ards - -- Floating line 5000 s 5 s
Mess Attendants - if)
Yard and Shoremen 125.2 Soel

%,hto.l Total 14,150
W,,rk

4
0 Ho.r , 1'. v Note: Assume 26 orkng days per month. Enter monthly costs divided

PAY40_ h,/ w-~k
M,,nthly wages (4. 4 weeks 21730 by working days in Part IV.

Taxes, insurance and fringes 4560 PART IV

,21__ ;.) 26Z90 - DATA INPUTS

Total (3)
Variable Subscripts (X)

DREDGEz (3) 9(4)7) (9METD. 330 3320 1011 980 73M .32.2 3 4V
(METHOD, 1

RANGE, X) 13
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DREDGING COST RATES FOR PLANT OPERATION

8" Mudcat inch Dredge 200 H.P. 16 hour operation 2500 feet transit distanc

(a) (b)
P;. T I PART 11

PAYROLL (Supervisor and OWNERSHIP AND OPERATION 6 month/yer operation)

Engineer) wonthly rate Plant Value (estimate) life Ionthlycts

____Project Manager S_ _ Dredge ( )- I610

SuperLntendent Booster Dredge ( )

- Captain 1900 1,000 H.P. Tenders ..

- iClef Engineer o 400 H.P. Tenders

-Civil Engineer _1 200 H.P. Tenders 160-VU -- 4-0- 670

__Office Personnel _ 1-I/00 __J_Work barges

,__chief Surveyor 1 ____Equipment barges

_ .S Su rv e y o r 9 .. .F ue l-w a te r b a rge s

1. Inspector 1000 Belly anchor barges

Subtotal 3 _ .rew launch _____

Taxes, Insura2:1 and 
2

5Survey launch 2800 40
fringes (72) 47-20 _4Skiff and outboard 3. [l.Q( -4- 500

Total - 4 (1) Hoist ( T.) _____

PAYROLL (Operations, Dredging) Eourly rare Derrick ( T.)Horyrt 20 250
2 Lver.san, 10.70 Buildozers 8 0  HP 32-02

-- Pickup trucks-,--- 4 420
Watch Engi nees. Strikers 1 Office barge (trailer) 5,000 6 170

Dredge Mates 10.40 2- Tractor/trailer 50.000 20 23DL

___Equirimnt Operators - Tender _____
- Pipeline (50% of pipeline

'. Equipment Operators - On land 7.60 costs from Part 1I1) 677,000 2200

___Welders _ Total depreciation 6,14Q._(4)
___Oilers. OTHER OWNERSHIP COSTS

*4.jeckhands. 7Interest on investment ( 11 .) 12410 /month

Stewards _ _

_ Mess Attendants 
Yardcost Yrd2cos

General Dump Foreman Insurance 150

Dump Fore.man _ Season mobilization

-Yard and Shoreman 7.60 Lay up ( 6 month/year) 170
Other Suplltes,* hardware 9580
Subtotal 10 Repair and dry docking

Work 56 hours/week Total other ownership costs S -, 0 (5)

sy__houra/week -6 0 OTHER OPERATING COSTS

Monthly wages (4.34 weeks

Taxes. insurance and cJye Cost

fringes (a2%) (2) 5 4 10 -hours/onth X

Total 33820 P. X

o.1._gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $S 65 /gallon . 7410 !onth

Water and lubricants 500

____Watch Engineers Pipeline (50% of pipeline 2200

Pilot costs from Part Il1)
2

Dredge Mates 0 Supplies,. subsstance 10920

Tender Masters 7.60 Total or operating costs 21,030 (6)

2 ._wnmr Operators Equip.
____Tender Mates PART III

4-Deckhands 7.00 PIPELINE COSTS Sd2 Rck

Stewards Floating lite 2000 S 2 US 000

Mess Attendants Shoreline 500 . -- -44O

--Yard and Shoremen

Subtotal Total 4 400

Work4o Hours Pay -25W Note: Assume 26 working days per month. Enter monthly costs eavied

Pay hours/week -- r
-onth~y ages (4.34 weeks ys in Part V.

Tses, insurance and fringes 2330 PART IV

( 2o) 1 DATA INPUTS

Variable Subscripts (X)

DREDGE
(METHOD. 160 1301 517 252 1260 86' () '

RANCE, X) 14

.. ... ... ,,m ,, -



DREDGING COST RATES FOR PLANT OPERATION

8" ftddat'  inch Dredge 200 H.P. 16 hour operation 5200 feet transit distance

(a) (b)

PAT I PART II

OWNERSHIP AND OPERATION ( month/year operation)
PAYROLL (Supervisor and Value (estimate) Life monthly costsEngineer) -onthly rate plan

project Manager Dredge ( Mudcat 6$11 000 30_years s 610

Superintendent __$2* Booster O1uHPu 15.000 102

*Sucpcain 1900 1.000 .P. Tenders

Chief Engineer _____ _400 H.P. Tenders 180( --fl 50-

_ Civil Engineer __200 H.P, Tenders 1Z -0--

_ ._ _ Y f f i c e P e r s o n n e l 
__ _ _ ,Eq ui ptor k b a r g e s

__,,50ief Surveyor 
Equipment barges

__...Surveyor y Fuel-water barges
___Inrpector Belly anchor barges

___I..Isetorl 
;rew launch

Subtotal n.2.5Survey launch 28f QL0 4R_ 79n
fringes ( "2 ) 720 _LSkiff and outboard f30 -45

Total 4170 (1) Hoist (_T.) ---__
Derrlck ( .) _____

PAYROLL (Operations. Dredging) Hourly ra~e80 . . 0,-0 -5 05 0

2 Leverman $ 10.70 ickupt 5000 4 830
___-___kuptrucks______

Watch Engineers, Strikers - office barge (trailer) 5,000- 6 140

2__Dredge Mte 10.4 0 3 Tractor/trailer 50.000 20 1250
Equipment Operators - Tender Pipeline (50% of pipeline

4 Equipment Operators - On land . costs from Part III) 752,000 3100

Welders Total depreciation 8490 (4)

-Oilers. OTHER OWNERSHIP COSTS

"--__Deckhands" Interest on investment (11 z) s13790 /onth

Stewards Yard cost 5400
Hess Attendants Inurance

G e n e r a l D u m p F o r e m a n 
s e s n m b l z t o

Dump ForemanSeason mobilization 5.1
.upForeman

2 Yard and Shorean 76 Lay up ( 6 m_.o__nth/year) 170
__Other _ Supplies, hardware 9580

l6subtotal .17Q9 Repair and dry docking 860 s16-1-0 (5)

Work 56 hours/week Total other ownership costs 
S35faooura/wnak

Pay6j4Ors/eekOTHER OPERATING COSTS

onthly wages (4.34 weeks 36070
Taxes. insursaf; and 75M 31 Cost

fringes ( 1 (2) 8 u r/H.p. X

Total 43640 6"'7-allon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate ______/gallon - $10970

Watch Engineers $ Water and lubricants 500
Pipeline (502 of pipeline 3100

Pilot T costs from Part III) . 43

._2_Dredge Mates Supplies. subsistence 29130 (6)
Tender Heaters 7.60 Total other operating costs $ (

_2 Sed-Ias OperatorsEquip ____ PR I

Tender ates PART III'_2._ck Oprtos~ ql

sTW ewkhad.  .0 PIPELINE COSTS 2 Rock

Stewards Floating line 1700 $ .-- 8--
Koss Attendants Shoreline 3500
Yard and Shoresuen Total 6200
Subtotal

Work 40 Hours Pay _25WO Note: Assume _ working days per 0mth. Enter monthly Costs divided

Ihsy
-

hi ag
u rs /w  

eek by working days in Part IV.
NIntbly Wals8 (4.34 weeks 

12

Taxes. insurance and fringes 2330 PART IV

(21 ) - DATA IOMS

Total 
Subscripts ()

*firet booster barge mounted -$10,000 Variable* f r t b o t r b r e m u t d - ,( ) . .. ( 2 
r  

( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( )

remalder trailer mounted - $5,000 DREDGE

((¢.m. 160 1678 517 327 1398 1120 15
RAMR, X)

5-22



Pli N FS) RATES FOR PILANT OPE AI'. N

8" Mudcatinch Dredge 200 H.P. 16 hour operation 7000 feet transit distance

(a)P. I I'A51 I '

AiWNH' 1, k'Uperv I s lid 0W\F i' h1;' AND IP.RA I) ( t ' vear o1 N pe
t
a ion

' ng , c ee r F o a io r ~ r J r ,F o C ai u c - ( r n t i mi a t e ) F i e .. q ,x a , s t
Engineer) -.th + ,It, }l t. . . . . . . . . .. -

Pro ,t H Mudcat $I0,000 30e. $.. . 610

s .... t.... nt 4 94F ' TO *HP 25. - 1Q__A2.__

.
5

captain 1900 _ ,0ooo H.P. leni- ..

Chict EngIneer _ 00 IU.P. P.lers

Civil Engineer - j00 H.P. lenders 18.0OO--50- -600-
.5 oFtic, Iersu'ttte: jQQ0- 1__W.rk barges16-00- -4- -----

_5Chief Surveyor _ Equipment barges

5SurveoYr 
Fut-. l-water barges

.nsp.tor -1000 _ Belly anchor barges

-- btota. 3450 ... - . _'_ _

. .... i 0720.... y....launch 2840,Q0.0 4Ql - 2901

irlnes _1) Skitl and outboard 3,000 -4-
Total 4170 (1) .,ist ( -. ) _

PAYROLL (Operatlons, Dredging) Hourlv rate Fe r F _, T 500

2 Le..n 10.70 2--- uld"r' 8 0 HP
--- _ ___Pickup trucks v ,

Watch Engineers. Strikers _Ptk1trcs425
2 eg t . . i Office barge (trailer) 5,000 6 1402 _ Dr edge Ma.... 1 0 . 4 0 --1 - t

Equinment Operators - Tender _37_ T _0,,_000 20
.... - Pipeline (50% of pipeline

6 Fquipnent Oper..t.rs - On land _7L_ costs from Part 111) 802,000 4240

Welders Total depreciation 10470 (4)

- Filers OTHER OWNERSHIP COSTS

-Dieckhands.

Stewards 
Interest on investment ( 11 s) 14,700/month

Mess Attendants 
Yard cost

---- General Duip Foreman Insurance

--- Dump Forenan _ Season mobilization __

2 Yarl and SForenan 7..6 Lay up ( 6 month/vear) 170

Ot her Supplies, hardware 11370
20Sub.tal 1-9..-- Repair and dry docking

W,,rk 56 hours week Total other ownership costs S39,660 (5)
payS64 hours/week
- hurs/s(. weeks 4418 - OTHER OPERATING COSTSM , ,, t hl ,. w g e s 4 . 3 4 e e k s 4 4 1 8 0 F C s

"axes, insurmnce and 3
Iringies (2.I..) -9 -R -- (2) hours/tmonth X<,<: 6__ I1 4W-H' P. x

•
0 7

gallon/hour/H.P. X

PAYROLL. (Operation, Transit) IHourlv rate $65 /gallon - s14940 _/onth
Water and lubrJeants 500

-Watch Engineers Pipeline (50% of pipeline 4240
.Pilot 10..40 costs from Part II1) 4240

2 Dredge Mates Supplies, subsistance 18200
ender Masters37,380 (6)

Tender-per-s- Equip 7._60 total other operating costs

lender Mates - PART Ill

khands 7.- Q PIPELINE COSTS Rock

- te. ard.... Floating line 2400 $O -800

--Mess Attendants Shoreline 4600 - 380
Yard and Shore.en 64.0 Totl 8480

Subtotal

ork 
4 0

- ..... lay -2 56 0 Note: Assume 26 working days p.r * *th. Itr onthLy costa ivi dded

-v 40 hours/week

Mtnthiy wages (4.3b weeks 
by working days in Part IV.

aues. ns.ran.e and fringes 2330 PART IV

21,
I344U DATA IMPUTS

*First booster-barge mounted - $10, 6j ble ___ Subscripts (Z)

remainder trailer mounted - $5,0,P (25 (5) 3 5)(METHOD, 160 2056 517 403 157 1 8 )

RANGE, X)
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DREDGING COST RATES FOR PLANT OPERATION

Clamshell Dredge 250 H.P. 24 hour operation Dredging Operation Only
(a)

P..-l I pART I I 6
PAYROLL (Supervisor and OdERSHl' AND OPERATION ( _ mon.th/year operation)

Engineer) uonthly rate Plant Value (estimate) Life Monthly costs
Project M.nager $ Dredge 1 ) j0_0 50 ...r s

5n.erintendent 2000 Booster Dredge ...... _

Captain __ 1,000 H.P. Tenders 428 000 -a1
Chief Engineer 9 400 H.P. lenders

J,_Civil Engineer . 1200 H.P. Tenders 600

-,.5ffice Personnel 100 1 _ork barges @ ~ _____

5,,ChIef Surveyor 1100 __1_ Equipment barges

r.5srveyor 900 1  uel-wter barges 250000..._ 40 19_.040
4_ lnspector 1000 Belly anrhor barges 

Subtotal 7100 _I _rew launch R.nfl -A- -30
raxes, insur2re and _ ....rvey iaunch @ 28.,000 -. O-- Sac

fringes 140 A 3 Skiff and outboard @ 3-,00- -- 4- -38
Total 8590 (1) Hoist ( T.)

PAYROLL (Operations, Dredging) Hourly rate Derrick ( T.) _ __ _

3 Leverman s 0.70 Bulldozers

2 Watch Engineers, Strikers 10.70 -- Pickup trucks

2 Dredge Mates 1040 1 Office barge (trailer) 6 6
_ t Equirment Operators - Tender -80 Tractor/trailer _____

Pipeline (50% of pipeline 2,140,000 0
--- Equipment Operators - On land costs from Part 1I)

Welders Total depreciation 8,360 (4)
-2

1 -Oilers. 940- OTHER OWNERSHIP COSTS

4.,IDeckhands. - 00

Stewards Interest on investment (_I _) S39230 /-month

-Mess Attendants Yard cost

General Dump Foreman Insurnee

Dump Foreman Season mobilization 5960
Yard and Shoreman Lay Up ( 6 month/year) 600
Other Supplies, hardware
Subtotal .4 Repair and dry docking

Work 56 hours/week Total other ownership cots (5)
Pay C4 hours/week ____.____

Monthly wages (4.34 weeks 41490 OTHER OPERATING COSTS

Taxes, lnsurarPe and Fuel Cost
fringes (_21) 8710 (2) 3 1 5 h .ours/month X

Total 50-"-_ O 
1

7
5H. P. X

Tal- . i lon/hour/H. P. X

PAYROII. (Operations, Transit) Hourly rate s .65 /gallon - s20,
9 2

0/month

t E10.70 Water and lubricants 500_atch Engineers50

Pi lot _Pipeline (50% of pipeline
Mates 10.40 cots from Part 111) 0

2.D.Tender Masters 9.80 Supplie. subsistance 14 560
-- Total other operating costs $ 35,980 (6)

Tender Operators

Tender Mates PART III

_4 _Dekhands 7 PIPELINE COSTS
Stewards Float ing line SS $ -

Mess Attendants Shoreline

Yard and Shoremen
-- tt .. 68.7 Totsl 0

W,,rk 40 h-wre Pay 2750 Note: Assume 26 working days per month. Enter ontliiy costs divtdedPay 40 h.-,,./eek

M,nthly wiges (4.14 weeks 1 1940 by working dsys in Part IV.

fas, Insurance nd fringes 2510 PART IV

1450 DATA INPUTS
r,,ta I(3)

Variable Subscripts (X)

DREDGE 338) 1 Vil 1  9~6 3T2 31N4 fN85*4 (7

(METHOD,
RANGE. X) 17
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DREDGINC COST RATES FOR PLANT OPEiATII)N

Clamshell Dredge 800 H.P. 24 hour operation Dredging Operation only
(a) (b)

P.... 1 PARI" I I

AYRI.1 (Supervisor and OWNER Hi F AND 'Sf-RA7 ION h.'-hvear opert! ion)

'r i.- t M........ Dredge--(----- $ 1_.35_-0 000 40 v.s.. $5.630
1 Sonerint. dcv 200- Bo-trr Dredge - --
1 :,.iI 1 1,000 H.P. (,de., -42-a'000 ca 1,43,0

~ &ictEogvec - 00 IP.levr-
3 3

0,000 5.0- 1,1DOo
1 Civil Eng n _ -,e 200 H.P. Tenders

1 oft I- P.r.....l -ork barge. 0 160,000 40 1330
.1 Chief S...vV'r _TOo_ _ 

2
_qipn..t bages @ 200,000 40 1,670

1 .Surveyor 900 1 _ e.... ba rge% 250,000 40
17 Inpetor 1000 - Belly anchor barges

Subtotal 115Q 1 _-"eu launch - f00 fl .
aus. insurance and 5__S ., .. h @ -28CL 00 -t,,.O-r inge __._ 'I 2420 ".uvyluc 28-.O O 58--

4_Skift and outboard ( - 0 -- 4 ....--
•,t,, 13920 (1) ___,,,it ( ,.)

PAYOI.L toperations. Dredging) Horly rate ly.. .Derrick ( - T.)

3 ie er an s 10 .7 0 --Bulldozers

2 Otch . rngineev- . Strikers 10 70Pickup trucks _ 6_____ - -

2 Drdge Ma 1. J-0 1 Office barge (trailer) 5.000 6 140
4 q i pm et Op rtrs Tender 9 -A n ____ _Tractor/tra iler.

Pipeline (50% of pipeline

[q ip .. t pe.to - On land costs from Part 111) 3,243,000 0
2 lric .. Total depreciation 13..45fl (4)

-- 2--Oilers. - OTHER OWNERSHIP COSTS
__ - ,, kh ,d , . 1 1

Stewards Interest on investment (_%) )_month

Mets Attendants Yard cost . 5.0
e neral 11-mp Fort-nn Insurance

Dump Foreman Season mobilization

Y ari ard , ore.. n Lay up -__ .onth/v.ear) 70 5
. . .O t h e r . . . .. . S u p p i l e s - h a r d w a r e 4 m

19 Subtt,, t., 7A 7 -6 Repair and dry d king g_0

W-k 56 hour/wek ,t24l other ownership costs 130,745 (5)
Pi,, 64 ho.r,,/ee 1 240
M,th.. (4.34 weeks8 OtHER OPFRAING COSTS
M irt-12rce and k48780 uel Cost

tine. 104 3157 ceanti,.es ") 10240 315 hours/month X
59020 2440-1. . x

.067 _gallon/hour/H.P. X
PAYRIoiL (Operations, Transit) Ilourlv rate s .65 /gailon - s33470 /month

1n 10.70 Water and lubricants 500._ ^tch Engineers

Pilot Pipeline (SO of pipeline_I_>", e ..10.40 ,.its iron P'srt III)0
r.)ge Mates cot frm-it11

9.80 Supplies . sibmstnce 17290
,ender atrs 0 operatinog costs 51 26 0 (6)

lender Mates PART III

4 [iecklinds -- .lfl PIPYIAN. COSTS Rock

Floating line $ _ S
Met, At tendants Shoreline"Shorel Ins _____

iY.rd a-d tioreen ... .. .

ubtotaI 
6 6.7i Total

4--,
4  

l 'a lv

40......k -273 VNote: Assume ___ working days per .onth. Knter o .thily costs divided
M i, h' v w ,itir . , ' e ei s L .9 .4 0 - b y w o r k in g d a y s i n P a r t I V .

i.ie, uru an. trlngi 2510 PART _IV

2114450 nIATA INPITTS
t.,t.ii . . .. l

Variable SubSCript. (I)

DRrxE5i 2V 0 51g 51~ 069 1 V2(MITHOD,
RAN. E, X)

oft.



DREDGING COST RATES FOR PLANT OPERATION

Bucket-chain Dredge 250 H.P. 24 hour operation Dredging Operation
(a) (b)
P;."T I PART Il

PAYROLL (Supervisor and OWNERSHIP AND OPERATION (6 wmnth/year operation)
Engineer) monthly rate Plant da' "estimate) Life Monthly- costs

__ project manager $ Dredge ( ) 0,000 5 .year $ 4.000
_,5 St.perintendent Q Booster Dredge ( _ )_____

Captain 1 1,000 H.P. Tenders 428,0O0 50 1,430
.1 hief Engineer .1., 9.O_ 400 H.P. Tenders _ _ _

I Civil Engineer 1 200 H.P. Tenders _ _

..5.Office Personnel 1.f.0 J_Work barges 160,000 40
_Chief Surveyor 1Equpent barges 000 40

. 5.surveyor 9 W) PFuel-water barges 250,000 40 1040
Inspector 1000 2 Belly anchor barges @ i0.000 40 80
Subtotal .10 JL _,,re, launch - ._0_,__00 A M

Taxes. insanc and ._survey launch @ 280,000 40 580
fringes L. ) 1490 J. Skiff and outboard 3, 000 4 130

Total 8.
5 9

0 Hoist ( T.)

PAYROLL (Operations, Dredging) Hourly rate Derrick (.J.)

3 Leverman $ 10.70 Bulldo ....

__.2_Watch Engineers, Strikers 10-70 _ Pickup trucks

2Dredge Mates 0 Office barge (trailer)

_.2 Equipment Operators - Tender 9.80 Tractor/trailer
Pipeline (50Z of pipeline 2,209,000 0

_ Equipment Operators - On land costs fron Part III)

Welders Total depreciation 7,960
___Oilers. _____
4

oieckands. L . OTHER OWNERSHIP COSTS

Stewards Interest on investment ( 11%) s40,500/month

Mass Attendants Yard cost 9240

General Dump Foreman Insurance 550
Oump Foreman Season mobilization

___Yard and Shoreman Lay up (6 month/year) 700
_ Other Supplies, hardware

13 Subtotal 121.9 Repair and dry docking 2,320

ork5 6  
hours/week Total other ownership costs 55,550

Pay-p-I-hours/week 806'
OTHER OPERATING COSTSMonthly wages (4.34 weeks 33,850 Fuel Cost

Taxes, insurance and 3,80FeCo
fringes (_ Z) 7,110 (2) 315hoursmonth X

Total 40,960 325H.P. x

,0W gallon/hour/H.P. X

PAYROLL (Operations, Transit . Hourly rate $ .65 _/gallon - s 4,460 /month
2
Watch E 10.70 Water and lubricants 500

Enino r 10.70 Pipeline (502 of pipeline
Pilot costs from Part 111) 0

__2_Dredge Mates Supplies, subsistance 11,830_ Tender Master.s6,9

- Total other opersting costs $- 16,790
Tender Operators

Tender Mates PART Il!

.Deck iands -7 .. PIPELINE COSTS Rock
-Stewards Floating line $ $ S

_____Mes Attendants Shoreline
___Yard and Shoremen 91.6 Total0

Subtotal

WorjQ_ Hours Pay

Pay4 _.hours/vsek Note: Assume _ working days per month. tnter sonthLy costs divided

Monthly wages (4.34 weeks 1 by workinp ays in Part IV.

Taxes. insurance and fringes 3,330 PART IV
21t4 DATA INPUTS

Total 19,210 Variable Subscripts (X)

DREDGE (3 (4) (5) (6) (7) (8)
(TUoD, 330 1,575 739 306 3,290 646

RANGE, X)

E }

~- _-



IkEt; I "G COST RATES FOR PLANT OPERATION

Bucket-chain Dredge 800 H.P. 24 hour operation Dredging Operation only
(a) (b)

P,iT I PART I I

PAYROLL (Supervisor and OWNERSHIP AND "ERATION (6- -ont tear operat In

Engineer) "onthly rate Plant alOe )stlmate) i iII._ . ,1thl '-t'

Project Manager $_ __ Dredg (1 ________0
3 0 0 0

- 0S0t, lj
I-Superintndent _000 Booster Dredge ( )

1 Captain 1.900 1 1,00o H.. Tenders a28,000 50 1,430
1 Chief Engineer 1 400 H.P. Tenders

I CivIl Engineer I 200 H.P. Tenders 670
_L09fice Personnel 1000 1 Work barges 160000 4067o
J_ Chief Surveyor 1 Equipment barges ..

Surveyor 90 1 Fuel-water barges -250,000 40 1 040

___Inspector 1 000 2 _Belly anchor barges @ 10,000 AQ_ 80

Subtotal _I J. .rew launch 8,000 4EO ..

Taxes, Insurance and .i survey launch 28,-000 40 J 170
fringes (_11_%) 2,420 2. Skiff and outboard @ 3,000 4 250

Total 13,920 -Hoist (_T.)

PAYROLL (Operations, Dredging) Hourly rae Derrick ( T.)

3 Leverman $ 10.70 Bulldozer. .....

2 Watch Engineers, Strikers 10.70 Pickup trucks 
._.... .

2 Dredge Mates 10.40 Office barge (trAiler) 
... .

_2_Equinment Operators - Tender 9. go Tractorltraller

Pipeline (50% of pipeline 4,452,000 0
E.quipment Operators - On land costs from Part III)

1 Welders . Total depreciation 15,670
_Oilers.

4,Deckiands. 7.00 OTHER OWNERSHIP COSTS

Stewards Interest on invesment (11 s81,620 io

Mess Attendants Yard cst r7 35t

General Dump Foreman Insura 1,500

-Dump Foreman Season mobilization 8_050

____Yard and Shoreman Lay up ( _ onth/year) 750

-Other Supplies, hardware 58,010130. 15 Rp ..adydkn -- _69

14 Subtotal Repair and dry docking

Work5
6  

hours/week Total other ownership costs !k71
6 4

0

Pay_& _ hourn/week -51

Monthly wages (4.34 weeks 3OTHER OPERATING COSTS

Taxesiny ans Fuel C,-,t
Taxes inuace and

fringes I %) 72590 (2) 3 1 5 
hours/month X

Total 43,740 
2
,
0 4 0

H.p. X

.0
6 7

gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate s .65 /gallon s27,990 /-nth

2 Watch Engineers 10.70 Water and lubricants 500
2 Pilot 10.70 Pipeline (50% of pipeline

costs from Part Ill) 0

2 Dredge Mates Supplies, subsist.ance 12740
___Tender Mast ers -- 41 3

Total other operating costs S 41,230
Tender Operators

_ Tender Mates PART III

4 Deckhands 7 PIPELINE COSTS irk

__ Stewards Floating line $ ..... S

____mess Attendants Shoreline

-Yard and Shoremen 0
Subtotal 9 Total

Work 40 Mo,,rs Pay
W a 40 ...... /ek Note: Asnme working days per Mont. Enter moti Costs diVi..
Pay 4qij hnro.eek I~~Ii
Monthly wages (4.34 weeks 115, 80 by :orking days in Part IV.

Taxes. insurance and fringes 3,330 PART IV

_ ) 19,210 ( DATA INPUT'

total
Variable Subscript I(X)

DRDE (1) (2) (1l) () (°, (I) r.
DREDGE (4)

(MTHOD, 535. 1,682 739 603 6,602 1,586
RANCE, X) -
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DREDGING COST RATES FOR PLANT OPERATION

Barge mounted Backhoe Dredge 250 H.P. hour operation Dredging Operation

(a) (b)
Fl-.. PART I I

PAYROU (Supervisor and OWNERSHIP AND OPERATION (-_ month/year operation)

Engineer) "onthly rate Plant Value (estimate) Life Monthly costs

Project Manager $ Dredge (_) 600,000 40 years ... 310
.5_Superintendent _ 000 Booster Dredge ( _)______

_ a: ptaln 1 1,000 H.P. T.ders 428,000 50 1.43
_1_ Chief Eugineer 1900 400 H.P. Tenders _

J _Civil Engineer 1700 1 200 H.P. Tenders 10.0 0 -00- t1rofc 0 .... __Ol __Work barges @ T_6_"330
Ioffice Personnel 100fl. _2~ r barge 16,0 0330

-, 5.Chief Surveyor I _ nI Equipment barges 200,000 40 830

_ 5Surveyor 9__ _-_Fuel-water barges 250_,000 40 _ 0
_._l insp-ctor U Belly anchor barges _ __

Subtotal ?4-O I _.ew launch 8,000 40 30
Taxes . insur .nce and _.._5_survey launch@ 280,000 40 _ 470

fringes ( _21 ) 1490 _Skiff and outboard@ -_-0 -4-

Total 50 (1) H,ist ( T.)
PAYROLL (Operations, Dredging) Hourly rate Derrick (-I.)

3 L.veran $ 10.70 -Bulldozers

2 Watch Engineers, Strikers 10,70 Pickup trucks _ _

2 Dredge Mates 10.40 j.__Office barge (trailer) 5,000 6 140
E e T9 80 Tractor/trailer

3 Equipment Operators - Tender 9 Pipeline (50% of pipeline 0

- - rqupment Operators - On land costs from Part i1) 2,140,000
Welders Total depreciation 8,__ 210

2 -Oilers.

4 -Deckhands. 
OTHER OWNERSHIP COSTS

Stewards Interest on investment ( 11 $ 39, 230 /,onth
Mess Attendants Yard cost 8,000

General Dump Foreman Insurance 200

Dump Foreman Season mobilization

Yard and Shoreman Lay up (6 month/year) 600
-- Other Supplies, hardware M-480

16 Subtotal 149 3 Repair and dry docking -2100-
Work 56

hours /week _ Total other ownership costs 97750
Pay h.4hours/week 9560

Monthly wages (4.34 weeks 41490 OTHER OPERATING COSTS

Taxes, Instj ce and .1Fuel Cost

fringes (. T ) .870 (2) 
3
15hours/month X

Totl 50210 1,52_5.P. X
.067gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate S ._ 5 /gallon " p20,920 /.onth

1 Watch Engineers I7 Hater and lubricants 5____00__O
Pilot Pipeline (50% of pipeline 0
Pilot costs from Part II)

- Dredge Mates 19.40 Supplies, subsistence

_Z___lender Masters Total other operating coats $ 35,980
Tender Operators

Tender Mates PART Ill

4_ Dekhands 7.00 PIPELINE COSTS San Rock

.Stewards Floating line SS $

Meqs Attendants Shoreline

-ard and Shore ,n -- -.7 Total 0

Subtotal

Work 40 N_,- PaY _ Note: Assume working days per month. Enter monthly costs divided
yah 4 age (, .s weeks -e1194 by working days in Part IV.

,onthiv wages (4'. - we

Ta.e. insurance and fringes 2510 PART ,V

21%) DATA INPUTS
Total 144 0- (3)

Variable Subscript& (1)

(D-D () (3) (4) (i) (6) () (8)
(MTHOD, 330 1,931 556 316 2.990 I" 384

RANCE, X)

5-28
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DREDG IN COsT RATES FOR PLANT OPERATION

__Barge Mounted Backhoe Dredge 800H.P. hour operation ( Dredging Operation
(a) (b)

r....= PART II

PAYROLL (SuPervisr and OWNERSHIP AND OPERA[ION (6 monthlvear operation)

anginleu) "nothly rat. Plant be testimate) Life e Monthly cost

Protect Manager Dredge Wears

uI sperintendent 2,000 Booster Dredge - -- -----
1 pti .900 1, H.. Tenders 42800 50 _ -0

_ Chi efngneer 1,900 1 400 H.P. Tenders 330,000 50
1 tm,, Engin .,700 200 H.P. Tenders

Oti,,, Personnel 1,000 2_Work barges 160000 40 1-33_0
_ Chiet Sureyor 1 100 2 Equipment barges 200,00 40 -l W
1 ..r.eor _ Fuel-wat er barges 250,000 40 -1040

4 inspector 1,000 Belly anchor barges --___ --__

Subtotal 11500 _..ew launch -o_000 40 30
r QQO 4058

Taxes. insur e and ,_5__srvey launch _2. 000 8 0,
fringes -- 2-420 4 Skiff and outboard 3,000 4 500

Total _13.920 Hoist I ___T.)

PAYRt LL (Operations, Dredging) Hory rate Derrick ( _ T.) _

3 L.everma s 10 .70 -- B ....... . .
2 Wc Pickup trucks

,'_tch Edg eers Strikers 10.40 1 Office barge (trailer) _ ,.5 000 6 14fl
4 redge Mae T r Tractor/trailer _ __

_____ et Operators T - Pipeline (50% of pIpeline 0

_*quipment Operators On land - costs from Part li1) 3,243,000
2 Welders. 25 Total depreciation 13,450

OTHER OWNERSHIP COSTS

4 
"De c kh a n d s . 0 0 I nt e r e . , o n in v e s tm e n t ( 1 1 ) 

5 9 p4 6 0 
_I

Mess Attendants.Yard cost . 0-General Dump Foreman Insurance 600
---- Dump foreman ...... Season mobilization j44

Yard and Shoreman Lay up ( 6 month,'ea) 700

Other Supplies. hardware 27,30019 Subtotal -17-6 Repair and dry docking 2,440

'.k 
5 6 h,.r../Week Total other ownership costs 106,660

Pay 6 4 hours. f'eek -I-1.__2V
OTIHER (PERATING COSTS

M,, htb wages (4.. weeks 48,780 F, el Cost

laxes, insurance and

fringes( __- 10 240(2 ) 
3

l5h'urs/,th X
59,020 2,440.P. x

Total . .. 
X

PAYRO~LL (operations. Transit) Hourly rate .65- -'gallon . s3 3 4 7O n
10.70 w'ater and lubricants 500

Wacni nPipeline 
k0' "I pipeline

t0.40 cts. fr.m Part Iil- )0

2 Tender Master.._9.80 Supplies, subsistance

-,t.,l ,ther opvrattr9 ',sts 5
Tender Operators

Tender Mates --- ARI- ll-

4-e- Deckhands __ 7.00 PIPFI iNF COSTYs Sand P..,

Stewards . Float iv,: i S

Mess Attendants Shopreline

t-Nard and Shoremen 68.7 Total

Subtotal

WPk 40 ..... ., Note: .. mme working davs per month. t.nter mo. rhi, s .o i...
,t 40 4,) eek s 11 94l by working days in Part IV.

KMnmiii' sge. (4. 34 weeks.1.4

T.fa.. insurance and t'rings 2P 500 PART TV

) 14 440 f ATA INPUT'

Total Variable S,, rt 5 1
(I) i*') - -) .

PRF)€; 0 ,

'MPT,,L, 535 2,270 555 517 4,i02

5-29
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DREDGING COST RATES FOR PLANT OPERATION

Clamshell Dredge 250 H.P. 24 hour operation Unloading Barges
(a) (b)

P...T I Assigned to barge PART II

PAYROLL (Supervisor and OWNERSHIP AND OPERATION (_ month/year operation)

Engineer) Monthly rate Plar.t Value (estimate) Life Monthly costs

-Project Manager $ Dredge (_) 600,000 40y .. r. s 2.500
-Superintendent Booster Dredge ( _) ______

__Captain 1,000 H.P. Tenders _ ___

__ Chief Engineer 1 00 H.P. Tenders 330,000 40 1.380
-Civil Engineer 200 H.P. Tenders _

Office Personnel .1 Work barges 160-000 --- 67
-Chief Surveyor 1 Equipment barges 200 00 40 830

S .Surveyor ___Fuel-water barges 250,000 40 1,040
__ Inspector Belly anchor barges _ -

Subtotal _1_. rew launch 8.000 A0 3

Taxes, insurance and _ Survey launch
fringes 4__) 4 _Skiff and outboard 3,000 4

Total -Hoist ( T.) _

PAYROLL (Operations. Dredging) Houry rate ____Derrick ( T.) 30 00

2Leverman BldozersO H.P. 30,00 20
_ LW a n $ 10.70 2 Pickup trucks 5,000 4 420
____Dredge inates Strikes__ffice barge (trailer) 5,000 6 140

___Equirpment Operators - Tender 9.80 Tractor/traler
£ulment Operators - On land 7.60 Pipeline (5OS of pipeline

_ qp costs from Par1 i) 1,635,000 0
-1JWelders 8.25 Total depreciation 12,510

-2-oeckands. 8 OTHER OWNERSHIP COSTS

Stewards Interest on investment ( 11 s29, 980 /month
Mess Attendants Yard cost 89390

1 Geeral Dump Foreman 10.70 Insurance 270

_ ump Foreman Season mobilization 5,760

Yard and Shoreman Lay up ( 6 month/year) 600
Other _ Supplies, hardware 2336U

16 Subtotal 135.95 Repair and dry docking _____

Work
5 6  

hours/week Total other ownership costs S
70

,
6 6 0

pay- '-hou rs week
OTHER OPERATING COSTS

Monthly wages (4.34 weeks 37,760 Fuel Cost
Taxes. lnsu~yce end

fringes (1 7,93 (2) 31.5hours/month X

Total 45,690 885H.p. X

.0
6 7

gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate s .65 /gallon - s12.140 /month

$Watch Engineers s 10.70 Water and lubricants
1Pilot 0.70 Pipeline (50% of pipeline

costs from Part Il1) 0

____ _redge Mates 9-80 Supplies, subsistance 14,560
J .Tender masters Total other operating costs s26,700

. t..Tender Operators

_____Tender Mates PART III

4 Deckhands 7 -0 PIPELINE COSTS Sand Rock

Stewards Floating line S S$

Mess Attendants Shoreline

_____Yard and Shoree n59 Total 0

Subtotal

york4 0 _ ours Pay
Pwyr _hours/Peey Noce: Assume working days per Month. Enter monthly costs dIvIded

Monthly wages (4.34 weeks s by working days in Part IV.
Taxes, insurance and fringes 2,160 PART IV
S21 i) 12.450 DATA INPUTS

Totel (3

Variable Subscripts• (X)

DUDGE (3) (4) ( )
tTOD* ) 0 1,757 479 481 2,718 1,027RAXGE, X) - -- --
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I.: FOY FLAN: IFRAI 'N

ljm h )redge 80 ii P. 24 lhour operation Unloading Barges

igned to drcd,e,
. r n.d d 

tut c ur .. rt fi ,-

ut, iir ut ,Is rat tu -- _____ . . . -- ................. . . -uf . .. ..

. . . .b b - 5 -6 3 0
ju....r. . . ,<. ... 1_ '350,000 40v .... s & 0

• , . Ii,1 ,..,u;ten

2 ., . , ..... . 3J0,000 40 2,750

, ii. I.P. ! 5 unders . . . . ---

. .....i .. 160.000 40 670

........... ' 200,000 40- 830

-50,000 40 .

iuel'v an-hut barges _

_8 % ,0C0 40 _ 30

. . . 5 ki - 3, 000 4

D.- I i ..

4 130 H.P. 55 P000 20 1830
4 .. 70 - " 5,000 4 830

2 . l..... r r 10.70 4 i p .. 6 140

4 i p-1*. -rirtra - /tlie . .. . .. •. . . .

4 -80 1,1pe' ine I- I 2,B88,000e 0

8 , ' . . - .. l ri, 7p-5, 2,888,000 13,340~~~~~~~~~~~~~~8 .. ... .....:.. . . ... . .60 ... 5 I... . , i l1 , 4

2o HERONIIRSHIP Cob )STii

4 '. .00 til Q.. 5" 3 j .
...... . 17__,640

10A Ins-l ... 600

I i0iO lu~ni~V5,950Seauuuun ,,uhlulIzat iln 
..

I j..... rd"a"e 49,620

20.1.: RPlr -d,  i-kinp, 4,430
2. 4li- ci" hip 132 135

5 6 ... , .1 2 ,8 70 ],t: t!- o ie h[ o

55,860 ,, 1.
.. .. ~ ~~il, 730 ', 3 - .....,,, th:

67,590 2, 360,:. x
06 7 e, - 'h',),r HP. X

10 .70 -1 ... . ,.i ricu.tts 500

1 0 . 7 0 t lI, l ue 50 " o I p ip e l in e 0

Ir ti. -1lit.anc
'i s 

,,Supitun ur hsst snce . ...

9.80 it til qh- 1- ting -ts P4,720
l i !lts CA ~l te I rtln o t

' It It
1 

l iTe $ S.. . .

' ' - . h rel Ile

.. . 59.20 Total

40 .. . . 2,370 N. ... A _ ..t.. t orKlng dY per m.onth. Mnter ottLy colt@ dIVldu1

40 10)290 iv .rktng day" Ini Part IV.

2,160 ART TV

12,450 t ATA INPIITS

Variable SubRcitpt IX)

(M (2i (3)
(II 'ON .1. .. . - -

IiR')u 0 ,600 479 5 il 5 e92 2A'05 "

IlANE53 X)

5-31
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DREDGING COST RATES FOR PLANT OPERATION

1 - 175 cubic yard Barge per tow

P.T PART II

PAYROLL (Supervisor and OWNERSHIP AND OPERATION (_ month/year operation)

Engineer; Uonthly rate Plant Value (estimate) Life Monthly costs

Project Manager _ _Towboat 1,000 H.P. 428,000 50 .e.r sl430
.. Sunerntendent Barge 175 - 2 00.OQO 40_ O

Captain 1,000 H.P. Tenders

Chief Engineer 400 H.P. Tenders

Civil Engineer 200 H.P. Tenders

Office Personnel -Work barges

Chief Surveyor -Equipment barges

Surveyor --_Fuel-water barges

-inspector __Belly anchor barges

Subtotal _-rew launch

Taxes, insurance and Survey launch
fringes ( %) -Skiff and outboard

Total Hoist ( T.)

PAYROLL (Operations, Dredging) Hourly rate Derrick ( T.)

2 Leverman s 10 7Bulldozers
,5Watch Engineers, Strikers 3 Pickup trucks

_Dredge Mates 
Office barge (trailer)

Tractor/trailer ______ ___
Equipment Operators - Tender Tractor/trailer

Pipeline (50% of pipeline

Equipent Operators - On land ______ c~osts from Part In1)
__Welders Total depreciation 2,260

-Oilers.

4
-Deckhands. 7.00 OTHER OWNERSHIP COSTS

Stewards Interest on investment (--L__1%) S .
4 4 2

month

Mess Attendants Yard cost 3,670
General Dump Foreman Insurance 190

-Dump Foreman Season mobilization 1 73 0
Yard and Shoreman Lay up ( 6 month/year) 500
Other Supplies, hardware __ s___

Subtotal 54.75 Repair and dry docking 915
Work 56hours /week Total other ownership costs s162,235
Pay.

6
-hours/week

Monthly wages (4.34 weeks, OTHER OPERATING COSTS
Monthy waes (.34 eeks15.F0uPo Cost

Taxes, insurance and 3,190 (2) o ot
fringes (_Y) . 3,190 (2) 31___5h../nth X

Total 18,380 1,00N.P. X

.0,61gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $ 65 /gallon - s13,720 /month
Water and lubricants

Watch Engineers

pilot____ Pipeline (50% of pipeline 0
rdgMPilot costs from Part IllI)

____Dredge Mates Supplies, subsistance _ ,_U

___Tender Masters 4
Total other operating costs 1"- 84

Tender Operators

Tendet Mates PART II!

_ Deckhands PIPELINE COSTS Rock

Stewards Floating line $ _$ $

_____Mess Attendants Shoreline

Yard and Shoremen

Subtotal Total

Work W,, r PayPay hors,'Peek Note: Assume _ working days per month. K otr vionthly coots diTvied

by working days in Part IV.

Monthly wages (4.34 weeks

Taxes, insurance and fringes PART IV

__Z) DATA INPUTS

Total (3)

Variable Subscripts (Z)

DREDGE (1)(3) (4) (5) (6) (7) C8)
,(MTHOD. 0 707 0 87 6240 "763

RANGE, X) -
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2 - 175 cubic yard Barge per tow

..... -. . ,.Y 1,00 H.t'428.000 50 *.

- 2 i~ar 200,000 40 1,670

0

. .. -- . , -

- ,' >- .. :,

2). .. 10- 70

82 8,000

.100

6.,;.7.00
_ 11 1 , 10

*~~~1 / , 10

F 190

" < -,:- . ~.... -Z, u "6, 5000

-.6.8. .... 7.5,,.. .l 1,-010

•4. 4- .* 
.t. 

, 0

64 19, 100
PA~'>! ,'er.rion. :i.si U .<. ro.6. ....... :........ 1 ,.20

.. I I,, . .. . 200

D-dg~e Matts 7- 7- " ,. 5
S -Jr M,, 2 1 6

- or y,, ... or,' " - - 0

Tender Mato,- 1 - . .

-Denkhmnd. M . i'1''"

Stewards -. -.- :'~

Mess Attendants

_Yard and Shoremen .

S.btotal -

,, ..... ....:-.rm. . .... 20

" 1y r , ee Note: AnAtnoo -king davq Per mont. tntel pV , 1:,.
pa tey ... ..ek b ,orkilng lava Prt 1%

Cnes. Kur .ni rIngs PART TV

I . DATA INPIT'

Variabhle mrp X,

',1' (2) ,I .. ,

DR ,CF
(MF):,,:, 0 889 0 119 1 154 833
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DREDING COST RATES FOR PLANT OPEAION

4 - 175 cu yd Barge per tow

inch Dredge H.P. hour operation _ feet transit distance
I -PART I I

PAYROLL (Supervisor and OWNERSHIP AND OPERATION ( month/year operation)

Engineer) monthly rate Plant Life monthly coSts

Project Manager _ I E (Towboat )I000HP_$ O0_50_y.ears sjA31l-

Superintendent 4 a.. D.oe. (l.args 20. , 00_-A1

Captain 
1.000 H.P. Tenders 

--_ _

Chief Engineer 400 H.P. Tenders

Civil Engineer 200 H.P. Tenders ...-

Office Personnel 
____Work barges

_hief Surveyor __ Equipment barges

-Surveyor _Fuel-water 
barges

_Inspector Belly anchor barges

Subtotal _rew launch

Taxes, insurance and 
-Survey launch

fri es ( ) -Skiff and outboard

Total 0 Hoist ( T.)

PAYROLL (Operations, Dredging) Hourly rate Derrick ( T.)

2 Leve oan 1 0.70 Bo...
____Pickup trucks . . ..

*__Wateh Engineers, Strikers ______Office barge (trailer)

___Dredge Mates -. Tractor/trailer__

Equipmnt Operators - Tender Pipeline (502 of pipeline 1,228,000
-- Equipment Operators - On land costs from Part 111) 4760 (4)

_ Welders Total depreciation

___-Oilers. 7 00 OTHER OWNERSHIP COSTS

__6___Sewads. ________ Interest on investment ( 11 %) $22-.5J /month
StwrsYard cost 529

ess Attendants Insurance __- --

General Dump 
Foremen

_____Dump Foreman ___ Season mobilization

___Yard and Shoreman Lay up 500

-____Other ____Supplies, 
hardware 1

Subtotal Repair and dry docking 1 45,750 (5)
W4 6 ho....s/week Total other ownership costs $

Pay6 hours/eek OTHER OPERATING COSTS

Monthly wages (4.34 weeks 19,100 Fuel Cost

Taxes, Insurance and 4,010 (2) 3 hours/month X

fringes L__Z)
Total 1 W H.P. X

23,_0. _gallonhour/H.P. X

PAYROLL (Operations, Treasit) Hourly rate $ .65 /gallon - $ 3 20/month

watch Engineers $ Water and lubricants 
200

Pipeline (50% of pipeline 0

Pilot costs from Part III) -

_Dredge Hates Supplies, subsiatance 7,735

_____Tender Masters Total other operating coats $ 21,655 (6)

Tender Operators

__T__ender Mates PART III

_ D___eckhand* PIPELINE COSTS Sud Rock

____Stewards Floating line $ $ _$

_ ea Attendants bhorelilne

Yard and Shoremen ______Total

Subtotal

Work Hours Pay Note: Amsum - working days per mnth. Enter monthly costs oivied

Pay hours/week by working days in Part IV.

Monthly wiges (4.34 week.

Taxe, insurance end fringes PART IV

( -)0 DATA INPUTS
ToVariable Subscrtpts (X)

(DR) ( (3) (4) (5) '6) (7) (8)

DRDGE

( M . 0 889 0 183 1760 833
RAM , x) 27
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s' ' ; 1,7 ATF FOR PLAN C'ERA) 1.0:

I1 (]C cu vd harge per Tow

inch Dredge H.P. hour operation _feet transit distan,

:.\ :<,7. ;..r~~~l,, r a: l.% R ti! V AN! ,'I RAI 1 ,N : :t , '' .r , . ,

Towboat 2000HP-i-2,O-0 o0 50 . 6670
....: ::,.,., . --r .v Barge , 1000 800,000 40 3330

... ,.., .,,'. r, .orj.'-s- - -

,[ t.: . i , ,,oIfq l .:t i ,rges . . .. . ...

belly anchor Earges

-:::,: ~~~-- t,1 -w n h ...
I C 0 r 1 ' , - rveS' .,m

. -- Skiff and ,tb,,ard
-,:0 7 1) - , [,iA . . _._. ..

',r r i k ( .

}' : I i~~~ySoi,:r d;t L l t,.t - - " . - - _ _

2 ......... S 10 .70 _ Rld zer. ... ... .

1 ,., 10.70 1, kp r s t _____

otce barge (trailer)

-. -- Tract'r/trailer

P -Pipelin, 150,. of pipeline

4-! ..1.tots f,,,. ParI I, 1 2,800,000
. .. epreta . tlon ooo 0 4)

OTHER OWNERSItlP COSTS

4 t~ri 7. .- -0_-I
- -Interest on investment i i s 5 1 3 3 0

/nonth
'I XL(,oo.:.t .- (or .... 16,770

'1-> Ak [t~nd-,l [ . . .

xl C.~I norrone - _,

Season mobilization

r, ..,n Sho.- . Lay up i 6 monri,'...er, 700
Spplies. hardware 47,140

-,b.-t,) 60.1- Repair and dry docking 90

56 385a /wer Tot II other ownership costs s123 _O (5)
i'v 64 ootrslwOek

OTHFR OPERAtING COSTSS. ot.' ., ..c .. '. we eks 16710

1i .;co t .... - ''L. hours/month X

2220-- 2 OM, I.P."
GET/ gallon/hour,'H.P, X

PAYH'i.; (perati. Tr...it) Hourly rate S "6 5
i giIon $ s27,54 40/-o5th

$ .. ..... Water and lubricants _ ' _U

Pipellne (%O1 of p pellne 0

_ t .oots frorm Part I11)

.rr,,'e Mates Supplies. subsistance

leider ster... - ... 4,060 (6
--- Total other operating costs _4,060_ (6)
le ler Operators .... ....

l.nder Mates PARr II1

. k h a t i s . . . .._- - P P I . I N E C O S T S S a n R o c k

tewrdq Floating line $$__

Mess Attendats . Shoreline

Yard! id Shoremen

uhtota I Totai

W,,rk f ,,-r , w Pay--- ---
Pa , h,- ir To / . e eNote: Assume _ wrking days per uIoth. Inter infthly costs divided
Payv h irs s/weeb ......... .

it, ; ag- (4. 14 weeks by working days In Part IV.

Taxes, lnsuranoe and fringrS PART TV

ii- -%0 DATA INPUTS

Variable Subscrtpts (1)

DREDGE (1) - (2T- (3) (4) '5) (6) (7) (8)
(MTHOD, 0 778 0 385 4744 1316

RANGE, X) 2
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DREDGING COST PATES FOR PLANT OPERATION

2-1,000 cubic yard Barge per tow

P.'.. T iPART II

PAYROI.L (Supervisor and OWNERSHIP AND OPERATION (- month/year operation)

Engineer) onthly rate Plant Value (estimate) Life Monthly costs

_ Project Manager 3 Towboat 2,000 H.P. 2,000, 00___0y..rs s 6-67
Superi ntendent _2 Barge 1 , 0 0 0  900- 00 46 7
Captain 1,000 H.P. Tenders

Chitf Pugineer 400 H.P. Tenders _ _

Civil Engineer 200 H.P. Tenders

-Office Personnel Work barges

Chief Surveyor -__ Equipment barges

Surveyor -- Fuel-water barges

Inspector Belly anchor barges

Subtotal ._..re. launch

Taxes, insurance and Survey launch

fringes - Skiff and outboard

Total _Hoist ( T.)

PAYROLL (Operations, Dredgir.) Hourly rae _ Derrick I T.)

2 Leverman $10. 70 Bulldozers

1 Watch Engineers, Strikers 10.70 Pickup trucks

Office barge (trailer)
DrdeMtsTractor/trailer _____0

-Equipment Operators -
Tender __________

Pipeline (50% of pipeline
Equipment Operators - On land costs from Part III) 3,600,000
Welders Total depreciation 13,340

_Oilers.
6

eckhands. 7 . 00 OTHER OWNERSHIP COSTS

Stewards Interest on investment (__11%) $ 
6 6 OO month

Mess Attendants Yard cost 18,920
General Dump Foreman Insurance 910
Dump Foreman _ Season mobilization OR
Yard and Shoreman Lay up ( 6 month/year) 700
Other _______Supplies, hardware 53,170
Subtotal 74.1 Repair and dry docking 4.730

Work
5 6  

hours/week Total other ownership costs s147,51
Pay W hours/week OTHER OPERATING COSTS

Monthly wages (4.34 weeks 20O570 Fuel Cost

Taxes, insurance and 40320 Fl os t

fringes ( Z) 4 (2) 315ho.../month X

Total 24,890 2, OOO H.P. X

*,067.gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $___f65_/gallon - 27,440 /month

-Watch Engineers $ Water and lubricants

__Pilot _Pipeline (50% of pipeline 0
costs from Part III)

Dredge Mates Supplies, subsistance 8190
Tender Masters - - i

Total other operating costs s35,880
Tender Operators

_ Tender Mates PART III

_ Deckhands PIPELINE COSTS Rock

-- _Stewards Floating line $$ S

_ Mess Attendants Shoreline

Yard and Shoremen

Subtotal Total 0

Work hnuors Pay Note: Assume - working days per month. Enter sonthLy costs divided
Pay .~ hours/week - ywrigdy nPr V

Monthly wages (4.34 weeks by working days in Part TV.

Taxes, insurance and fringes PART IV

%) DATA INPUTS
Total (3)

Variable Subscripts (X)

(1- (2E (3) (4) (5) "t) -) (
(METHO, 0 957 0 513 5,673 1,380

RANGE, X)
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iRFIX;INC COST RATES FOR PLANT OPEhAI ION

4-1,000 cubic yard Barge per tow

I'ARi II

PAYROLL (Supervisor sod OWNERSIIIP AND OPFRAIiON vit, , .t

E n g in e e r ) i o , rtr iv ra t e P la n t tn-s t i.i t e ,.
Pro. Kgl - wTbi 0U0H.P.-2,0Q00 50 6.670

super..n.... .. 4 Barge 1,000 800,000 40 1_3330

Captain - 1.000 H.V lenders
'hi i 400 H.P. 1lnder_

te Engineer .. _-nder

( l i I c e P 1r s o t t e I W o r k b a r g e s . . ... . .

(hicf Sirvey r quipnent barges

Surveyor P- el-water barges

Inspec to Belly anchor barges

Subtotal i launch ......

Taxes, insurance and Survey launch . ..

frtnges ( _Z ) Skill and outboard

total 0 Hotst r T.)

PAYROLL (Operatioon, Dredging) D rlv rate lo......... ... .. .

2 Le er .n. . 1 0 .7 0 _ v i idoz.r_

1 at,'h Engin. .. StrIkers 10.70 .. Pickup trucks

..... E g nl i-e barge (trailer)
.D redge Mates .... . . ....

.. .Tractor/trailer . . . . ..

Fquinment Operators - Tender ( o-- Pipeline (50 of pipeline
1 quipment Opetors On land .sts from Part t I) 5,200,000

Welders .ral ldepre, itlon 20.000
- illers.6

erkhas. 
OTHER OWNERSHI' COSTS

-Steward. Inte est n investment I 11' 95,330 . h

Mess Attendants Yard ost

Geeneral Dump Foreman Insurance3

Dump F.ren. Season nobilizatlon 4,620
Yard and Shor.n Lay .p k_

6 
_ month/year) 700

ther _____ -SisipI len * hardware6523

Subt,,oal 74 e_ Repir and dry docking

Wk
6

hour/week81 _

W-1,6~ hours/eek1, ~* Total othei ownership costs 195.820Pay 6Z _ ... ... :wk4;4 -
OTHER OPERATINC COSTSMothl, ages k.34 weeks 20,570 Fuel lost

r.e. insn.snce and 4,320 2 
3

15hours/month X
ilngos C 21%'- - (2)

24,890 2,000Is.P. X

.*Qfgallonhour/H.l'. X

PAYROL.L (Operat Ions, Transitl I our lv rate $-- 6. /gal l-n -2 7,440 !ot10,
Water and lubricants 250

Watuh Engineers...
... t EgnesPipeline (50% of pipeline

ilot - " costs fron Part Itl) 0

Dredge Mates " -- Supplies, subsistance 8,190
Tender tsters Total other operating tost 9 35,880
Tender Operators

Tender Kates PART III

__Derkhands PIPELINE CoSTS and Rdk

Stewards . Float Ing line .

Mess Attendants -. . Shoreline
_____Yard and Shoreenie --~Total

Subtotal - -

Work r 8k~nr, Pay Note: Ass5e working days per month. enter monthly costs divide,'

Pap hors/week by working idavs In Part IV.

Monthly wages (4.34 weeks

raxes. insurance ind fringes PARI TV

( %) - IIATA INPI rq

Total - . (3s

|-i-RP) ,t, .. ..

(FTH,,. 0 957 0 76 9 7 532 1l 3o
RAN'f ,
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DREDGING COST RATES POR PLANT OPERATION

6-1,000 cubic yard Barges per tow

PA.__I PART II

PAYROLL (Supervisor and OWNERSHIP AND OPERATION (__ -nth/year operation)

Engineer) Monthly rate Plant -alue (estimate) Life Pk nthJlcosta

Project Manager $ tOf____ t boat 2,0 Q0 H.P. 2 00A 0 50 s ....

Superintendent --__ 6 Barge 1,000 -Q0_DO0 _4_ -2.

Captain 1,000 H.P. Tenders

Chief Engineer _ 400 H.P. Tenders

Civil Engineer 200 H.P. Tenders

Office Personnel W Work barges

Chief Surveyor - Equipment barges

Surveyor _ _ _Fuel-water barges

Inspector _ Belly anchor barges

Subtotal .....drew launch

Taxes. insurance and _ Survey launch

fringes (-) __Skiff and outboard
Total 0 Hoist (_T.)

PAYROLL (Operations, Dredging) Hourly rae Derrick (-T.)

2 Leverman $ 10.70 __ nBulldozer%

._ Watch Engineers, Strikers 1 Pickup trucks

____Office barge (trailer)____Dredge Mates ... Tractor/trailer___________

Equinuent Operators - Tender Trctr/rale

Plpeline (502 of pipeline

Equipment Operators - On land costs from Part I1) 6,800,000
.. Welders _Total depreciation 26,670
Oilers.

-K.ckhends. 7.00 OTHER OWNERSHIP COSTS

Stewards ___Interest on investment (1__1-Z) s12
4V 6 7, nth

Mess Attendants Yard cost 25,370

General Dump Foreman Insurance 910

Dump Foreman Season mobilization

Yard and Shoreman Lay up ( 6 month/year) 700

Other _ Supplies. hardware 77,,290
Subtotal 74.1 Repair and dry docking 6 89

Work 
5 6

hours/week Total other ownership costs $241.980

Pay4jEjhours/week 4.740 1
Monthly wages (4.34 weeks 20 OTHERFuOPERATING COSTS

Taxes, insurance and 5
fringes (. %) 4 (2) 315hours/month X

Total 24,890 2, OOOH.P. X
.*Q6jballon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $_..-.. /gallon - s2 7,440 /onth

____atch Engineers $ Water and lubricants 250
- pilot Pipeline (50% of pipeline

Pilot costs from Part Il1) 0

____Dredge Notes Supplies, subsistance 81190

Tender Matters Total other operating costs $5,880
___Tender Operators

_ Tender Mates PART III
____Deckhand@ PIPELINE COSTS Rock

Stewards Floating line $ $ $

Mess Attendants Shoreline

Yard and Shoremen

Subtotal

wrk__ Hours Pay Note: Assume _ working days per month. Rnter monthly Costs divided

Pay ours/eekorkin days In Part IV.

monthly wages (4.34 weeksb

Tam, Imurance and fringes PART IV

(_.._Z)- - DATA INPUTS:
Tojel0

Variable Subsrripts (I)

8M (1)- (2)' ('3) (4) (3) (6) (

t w TH , 0 9 57 0 1 * 2 9 , 3 0 7 1 3 8
RA M ..- 1)
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DREDGING COST RATES FOR PLANT OPERATION

9-1,000 cubic yard Barges per toW

inch Drege H.P. hour operation feet transit distance

(a) PART II(b
eONERSHIP AND OPERATION (-_ month/year operation)

PAYROLL (Supervisor and OWER alu %c.ie Lf

Engineer) "onthly rate Plant Value etimate) Life Monthl out$

_ Project Manager 
_9 B a e s 41 00_Q _ 3, 0 0 0 _ 0 s_ e r

Sunerintendent 
9 Barges 1 000 ) 0 30,000

-- Captain 
1,000 H.P. Tenders

Chief Engineer 
400 H.P. Tendera

Civil Engineer 
200 H.P. Tenders

Office Personnel 
-Work barges

Chief Surveyor 
_..... Equipment barges

Surveyor __Fuel-water barges

Inspector 
Belly anchor barges

Subtotal _ __rew launch

Taxes, insurance and 
_____Survey launch

fringes (____Skiff 
and outboard_ringes___)_ Hoist ( T,) _____

Total _ 0

PAYROLL (Operations, Dredging) Hourly rate Derrick I T

2 Leverman 
10.70Bulldozers

.Watch Engineers, Stri s 0_Z Pickup trucks
__ege tes 

Office barge (trailer)

Dredge Mates Tractor/trailer

.Equipment Operators - Tender Pipeline (50% of pipeline 10,700,000 41,670

Equipment Operators 
- On land _ _ costs from Part III)

- We r Total depreciation
Welders______

6 % Oilers. OTHER OWNERSHIP COSTS

6 -echads 700Interest on investment (11 ) s196,179 
t

Stewards

Mesa Attendants 
Yard cot 

_44930

General Dump Foreman 
._InrO590

-Dump Foreman 
Season mobilization

Yard and S,,oreman 
- Lay up ( month/year) 750

Other - Supplies, hardware 12-- 20

Subtotal 74 .1 Repair and dry docking 11,260

Work56 hour/week 
Total other ownership coats 

s39 0  530
ork 6 hours/week

P a ges hours/ week OTHER OPERATING COSTS

cnthlv wages (4.4 weeks 20570 Fuel Coat

Taxes. insurance and 74320 Fulh os t h

fringes (_% 4,32 (2) 35or/ot

Total 
24,890 4,0O00H.P. X

o*OQ_7gallon/hour/H.P

PAYROLL (Operations, Transit) Hourly rate $ 1/gallon s54,870 /..Oth

Wach Engineers 
Water and lubricants 

250

Pilot _nlee Pipeline (50% of pipeline 
0

costs from Part 111)

Dredge Mates 
Supplies, subsistence 8,190

Tender Masters 
Total other operating costs

Tender Operators

Tender Mates PART III

Deckhands PIPELINE COSTS 
Rack

- Stewarda 
Floating line $ $- _ $_

MeSs Attendants 
Shoreline

Yard and Shorenen 
Total

Subtotal

Work . Mours Pay Note: Assum _ wrking days per oaath. latet ma thy COStS divided

Pay hours/week by workilg days in Part IV.

Monthly ages (4.3. weeks

Taxes, insurance and fringes PART IV

( 2) 0 ( DATA I TS

Torsi 
Yitisbla _____________________________

Total 
a e Subectipts (in

3 - (2 1 (3 ) ( ) (5 ) ( ) ( ) )

0 957 0 1.603 15 020 2 43

5-39

Ir
- 6



DREDGING COST RATES FOR PLANT OPERATION

12-1,000 cubic yard Barges per tow
inch Dredge _ H.P. hour operation feet transit distance

(a) (b)
P,.-T I PART II

PAYROLL (Supervisor and OWNERSHIP AND OPERATION (___ month/year operation)
Engineer) uonthly rate Plant Value (estimate) Life Mofnthly_ - t s

Project Manager $ Towboat 4,000 H.P. 3,500,000 50 .ears si1 7_§_
-Superintendent 12 Barges 1,000 800,00040 4l0_ 0
-Captain 1,000 H.P. Tenders _ _ _

Chief Engineer 400 HiP. Tenders

Civil Engineer 200 H.P. Tenders

Office Personnel Work barges

Chief Surveyor __ Equlpu-nt barges

Surveyor Fuel-water barges

__ Inspector _ Belly anchor barges

Subtotal _ rew launch

Taxes, insurance and Survey launch

fringes (-) Skiff and outboard

Total - Hoist ( T.)

PAYROLL (Operations, Dredging) Hourly rate Derrick ( T.)

2 Leverman s$10 7 Bulldozers

1 Watch Engineers, Strikers 10.70 Pickup trucks

Office barge (trailer) _
___Dredge Mates _____

Tractor/trailer
- Equipment Operators - Tender Ppie5%filnPipeline (50% of pipeline0

_ Equipment Operators - On land costs from Part III) 13, 100,000 0
Welders Total depreciation 51,670
-_Oilers. OTEWESIOT

6 Deckhands. OTHER OWNERSHIP COSTS

Stewards Interest on investment (11 7) S
2 4

0 10
7

monrth

_ Mess Attendants Yard cost 51.38
General Dump Foreman Insurance

-Dump Foreman Season mobilization

Yard and Shoreman Lay up ( month/year) 750
-Other _ Supplies, hardware 144, 300

Subtotal 74.1 Repair and dry docking L2,880

Work56 hours/week Total other ownership costs H462.990
Pay.64hours/week

Monthly wages (4.34 weeks OTHER OPERATING COSTS

Taxes, insurance and 2 0 Fuel Cost

fringes ( %) 4.320(2) 315hours/month X

Total 24,890 4,000H.P. X
.06_7Igallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $__ 6 5 /gallon = s54,870 /mnnth

-Watch Engineers Water and lubricants

Pilot Pipeline (507 of pipeline
costs from Part Ill)

Dredge Mates Supplies, subsistance _. 5 1-
Tender Masters __ 3,_310
Tender Oatrs Total other operating costs ....

-- Tender Operators

T,nder Mates PART IIl

Deckhands PIPELINE COSTS

Stewards Floating line S $

Mess Attendants Shoreline

Yard and Shoremen 0

Subtotal Total

Work H-ors Pay Note: Assume working days per month. Enter monthly costs alviOea

Pay - hours/week by working days in Part IV.

Monthly wages (4.34 weeks

Taxes, insurance and fringes PART IV

( T%) DATA INPUTS
Total . . . (3)

Variable SuhRript. (X)
1) (2) (3) (4)

DREDGE () ( <

(METHOD, 0 957 0 1,987 17,807 2,435
RANGF, X)
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DREDGING COST RATES FOR PLANT OPERATION

1-1,000 H.P. Towboat

PAYROLL (Supervisor and OWNERSHIP AND OPERATION (- mortL 'ear operation)
Engineer) -onthly rate Plant Value (earnate) Life Monthly costs

-Project Manager $Towboat 1,000 H.P. 428,,.000 5Q .... s$143
__Superintendent __Booster-r~d e

-captain 1,000 H.P. Tenders_--__

40Chief Engineer H.P. Tenders

Civil Engineer 200 H.P. Tenders

Office Personnel Work barges

Chief Surveyor -Equipment barges

Surveyor _ _Fuel-water barges _

-inspector - Belly anchor barges

Subtotal . rew launch

Taxes. insurance and -Survey launch
fringes ( 2) Skiff and outboard

Total 0_ Hoist ( T.)

PAYROLL (Operations, Dredging) Hourly rate -Derrick ( T.) --

IJ_ Ue/ i4Pilots s 10.70 Bulldozers

Watch Engineers, Strikers -Pickup trucks
Dredge Mates ___Office barge (trailer) --_

Tractor/trailer____________
rquipment operators - Tender ....rcortaiee OTPipeline (50 of pipeline 428,000
Equipment Operators - On land costs from Part 11I)

elders _Total depreciation 1,430
- Oilers. ______ OTHER OWNERSHIP 

COSTS
"Deckhands.

-Stewards Interest on investment (11 t) s7.850 /month

Mess Attendants Yard cost

-- General Dump Foreman Insurance

__ Dump Foreman Season mobilization

Yard an Shorean Lay up f__imonth/year) 500
Other Supplies, hardware 8,800
Subtotal 21.40 Repair and dry docking 780

b /,,rkw56 h .. eek Total other ownership costs s21580
Pay 6W hourr/week I L

OTHER OPERATING COSTS
M~stl. ogen(134wees 5.50Fuel Cost

laxes, insurance and

frl es (_ _,Z) 1,250 (2' 
3 1 5

hours/month X

rotal 7,200 1 , ,O00H.uP. X
• 067gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate s .65 /gallon s 13,_72 0/month

-Watch Engineers Water and lubricants 200
Pilot Pipeline (502 of pipeline

costs from Part 11) 0
Dredwe Mates Supplies, subsistance 1,820
lender Misters

Tenlor Opera: Total other operating costs s15 ,740

Tender Mates PART III

Deckhands PIPELINE COSTS

Stewarnds ___- Floating line S $ 5Mess Attendants Shoreline

Yard and Shoremen

.Sb t aI Total

W-rk H.",tt Pa'.V. . .P. Ih-ir / o- -Note: Assume ___ working Says per month. Knter mofthip coats divided

M ntlio o.cq.- (4. 14 weeks by working days in Part IV.

I-t-i, , insurintt and fringes PART IV

f ot.! 0- () DATA INPUTS

Variable Subscripts (X)

( ) (2y - (3) (4)
oD;FDG) . (6) () (8(METHOD, 0 277 0 55 830 605

RANG,, X) --
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DREDGING COST RATES FOR PLANT OPERATION

1-2,000 H.P. Towboat

PaT I PART II
PAYROLL (Supervisor and OWNERSHIP AND OPERATION ( month/year operation)

Engineer) "onthly rate Plant .lue (rstimate) Life Monthly -tl
_ Project Manager $ _Towboa . 2,_000H. P. 2,-_0D04 0 5Lyear. s 676 0
__Superintendent Booster Dredge ( - -)_

-Captain 1,000 H.P. Tenders

Chief Engineer 400 H.P. 'Fenders

Civil Engineer 200 H.P. Tenders

Office Personnel Work barges

Chief Surveyor -__ Equipment barges

-Surveyor _Fuel-water barges

Inspector _ Belly anchor barges

Subtotal _,:rew launch

Taxes, insurance and Survey launch
fringes ( ) Skiff and outboard

Total 0 Hoist ( T.)
PAYROLL (Operations. Dredging) Hourly rae Derrick ( T.)

2 */4/hn Pilots $ 10.70 Bulldozers

Watch Engineers, Strikers Pickup trucks_
Dredge Mates Office barge (trailer)

Tractor/trailer
-Equipment Operators - Tender Tractor/trailer

Pipeline (50% of pipeline 2,000,000
_ Fquipment Operators - On land _costs from Part 111)

Welders Total depreciation 6,670
-Oilers.

uTHER OWNERSHIP COSTS
"Deckhand,. _____

Stewards Interest on investment ( %) s36  670 /month
Mess Attendants Yard cost 14.62a
General Dump Foreman Insurance

Dump Foreman Season mobilization
Yard and Shoreman Lay up ( month/year) 700
Other_ _ Supplies, hardware 41 II0
Subtotal 21.40 Repair and dry docking

Work hours/week Total other ownership costs s99.200
Pay hours/week

Monthly wages (4.34 weeks OTHER OPERATING COSTSMotlywge 4.4wek 590Fuel Cost

Taxes, insurance snd
fringes (_ %) 1,250 (2) 

3
15hours/month X

Total 7,200 2 , 0 0 0
H.p. x

.Q67 gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $-___.j 5_/gal-on - s7,440 /month

Watch Engineers $ Water and lubricants 250
Pipeline (50% of pipelinePilot costs from Part Il1) 0

Dredge Mates Supplies, subsistence 1,820
Tender Masters Total other operating costs 29,510
Tender Operastors

Tender Mates PART III

Deckhand@ PIPFLINE COSTS San Rock
Stewards Floating line $ _$ $

M. Attendants Shoreline

Yard and Shoremn

Subtotal Total

mark -- Hours Pay
Pay hours/week Note Assume - working days per moth. tnter monthly costs divIded

Monthly wages (4.34 weeks by working days in Part IV.

Taxes, insurance and fringes PART IV

( Z) 0 DATA INPUTSTotal (3)
Vsriable 

Subscripts (Z)
(1) (23 (3) (4) ((7)

(Mmmo, 0 277 0 257 3
RANE, X) -3A- 5 -
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DREDGING COST RATES FOR PLANT OPERATION

1-4,000 H.P. Towboat

P..& I PART 1

PAYROLL (Supervisor and OWNERSHIP AND OPERATION month/year operation)

Engineer) -or
t
hly rate Plant le (estImare) Life Monthly costs

_ , .ro ,tManager $ _Towboat 4000 H.P. 3,5_00.0 0 5Dy-r s--1,61-0
Superintendent Booster Dredge ( ) ... ..

- Captain 1.000 H.P. Tenders

Chief Eugineer 400 H.P. Tenders

Civil Engineer _ _ _200 H.P. Tenders

Ott i e Personnel irk barges -

Chief Surveyor -_Equipment barges

Surveyor Fuel-water barges

Inspector Belly anchor barges

Subtotal . rew launch

Taxes, insuran<e and Survey launch

fringes ) Skiff and outboard

Total 0 Hoist (_T.)

PAYROLL (Operations, Dredging) Hourly rate Derrick i T.)

2 k /J . Pilots s 10.70 -Bulldozers

-- Watch Engineers , Strikers 
Pickup trucks

Office barge (trailer) _Dredge Mates ____ract_/tr__e
Trctr/raletors____

Equipment Operators - Tender 
Tratortrale

Pipeline (50% of pipeline
_ 'quipment Operators - On land costs from Part III) 3,500,000
Weider, Total depreciation 11,670

- Oilers. ______

OTHER OWNERSHIP COSTS
•__ Deckhands, $64 1  

O'

Stewards Interest on inveetment (11 ) s64 170/month

Mess Attendants Yard cost 25,580
__General Dumi Foreman Insurance 1,590

-Dump Foreman Season mobilization

_ Yard and Shorean Lay up ( 6month/year) 750
-Other Suppli ... hardware 71,940

Subtotal . 40 Repair and dry docking 6.400

Wlrk56 hours weik Total other ownership costs S173. 120
Pay W hours/week

Monthl wages (4.34 weeks 5,OTHER OPERATING COSTSH,+nblvwage (434 eeks-5'950Fuel Cost
Taxes. Ins ag~ce and F 250
fringes (_ - 1,250 ((15h)urs/onth

total 7,200 4 ,0O H. P. X
..__7gallon/hour/H.P. X

PAYROI.L (Operations, Transit) Hourly rate s.$-65 /gallon- s54,870(month

-Watch Engineers o _Water and lubricants 250
Pilot Pipeline (50% of pipeline

costs from Part Ill) 0

Dredge Mates Supplies, subsistence 1,820
Tender Masters Total other operating costs s56,940

_ Tender Operators

Tender Mates PART III

. Deckhands PIPELINE COSTS Rock

Stewards Floating line $ $ $

-- Mess Attendants Shoreline

-yard and Shoremen

Subtotal Total

Work Hours Pay

Pay hours/week wNote: Assume _ n workt days per uoth. gnter uthiy costs glylded

Monthly wages (4.34 weeks 
by working days in Part I'

Taxes, insurance and fringed PART IV

( %) - DATA INPUTSTotal "0---"-(3)

Variable Subscripts (I)

(1)- (2) (3) (4) (5) (6) (7)
(MTHOD 0 277 0 449 6.658 2 190

RANGE, X)
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DREDGING COST RATES FOR PLANT OPERATION

Pneuma Dredge H.P. hour operation 2,000 feet transit distance
S (a) PR i(b)

P.Z,T I ()PART I I

PAYROLL (Supervisor and OWNERSHIP AND OPERATION month'year operation

Engineer) wonrhly rate Plant 'ali (estimate) LAIe Mofly-,ts

-Project Manager $ _Dredge (Pneuma year.

Superintendent Booster Dredge (_ __ ) .... .

*5 Captain 1 _900 1 1.000 H.P. Tenders 428 000 50
Chief Engineer 1 00 H.P. Tenders 330,000 50
Civil Engineer - 200 H.P. Tenders _ --- __

.5 Office Personnel 1,000 _.Work barges 160,000 40 ......

.5 Chief Surveyor 1,100 - Equipment barges .. .

.5 Surveyor 1 Fuel-water barges 250,_000 40

1 Inspector I_.no __. Belly anchor barges 10,000 40
Subtotal 3 5 _ _-rew launch

Taxes, insurance and ,5 Survey launch noQo A0
fringes ( 21 ze 720 2 Skiff and outboard 3000 4

Total 4,170. Hoist ( T. )

PAYROLL (Operations, Dredging) Hourly rate Derrick ( T.) _

3 Leverman 10.70 2
Buld..er. 80 H.P. 30,000

2 Watch Engineers, Strikers 10.70 . .2 Pickun trucks 5,000 4

2__Dredge Mates 10.40 _.Otfice barge (trailer) _5000 _

1_Equipment Operators - Tender 9.80 Tractor/trailer

Pipeline (50% of pipeline
Equipment Operators - On land 7 .osts from Part Il)

Welders Total depreriation

.JOiler..
OTHER OWNERSHIP COSTS

-Deckhands. _____

Stewards Interest on investment ( _ ) -nth

Mess Attendants Yard cost

General Dump Foreman Insurance

Dump Foreman Season mobilization

4 Yard and Shoren 7.60 .ay up ( month/year)

Other Supplies, hardware

Subtotal 138.5 Repair and dry docking

Work 56 hours/week Total other ownership costs

Pay._64hours/week _KUM
Monthly, wages (4.34 weeks 38,450 OTHER OPERATING COSTS

Taxesl insurawceeand 5 Fuel Cost

fringes (2_1 8, 070_ (2) _____hours/month X

Total 46,520 H.P.
- .gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $ /grllon - $ /onth

2 Watch Engineers 10.70 Water and lubricants

2. Pilot 10.70 Pipeline (507 of pti line
2-Dredge Mates 10.40 Acosts from Part III)

_ ._Tender Masters 9 Supplies, subsistance

Total other operating costs
Tender Operators

___Tender Mates PART III

_-___Deckhand, - PIPELINE COSTS -and Rock

Stewards floating line S $____ _

___Mess Attendants Shoreline

______Yard and Shoremen

Subtotal

Wr 40 h.ur. Pay _t 60- Note: Assume working days per month. Enter monthly costs divided
Pay A l hours /veek -

Monthly wages (4.34 weeks 
17 62 0 by working days in Part IV.

Taxes, insurance and fringes 3,700 PART r21 2) PT,
2DATA INPUTS

Total ()
Variable Sub.eripts ix)

DREDGE(2) (3) (4) (S) ( (

(METHOD,
5-44 RANCE, X)
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DREDGING COST RATES FOR PLANT OPERATION

Pneuma Dredge H.P. _____hour operation 5,000 feet transit distance
(a) (b)PA.-T i pAsr 11(b

PAYROLL. (Supervisor and OWNERSHIP AND OPERATION ( month/year operation)

Engineer) onrthly rate Plant Value (estimate) Life Monthly costs

Proect Manager $- - i Dredge (_) _ years $

-Superintendent Booster Dredge ( _ ) _ _

.5 cu.,prin, 1,900 1 1,000 H.P. Tenders 428.000 50
Chief Engineer 1 400 H.P. Tenders 330,000 50
Civil Engineer 200 H.P. Tenders _

.5 Office Personnel 1_ 000 2 Work barges 160,000 40

.5 Chief Surveyor 1.100 ___Equipment barges _ _

r5j Surveyor 900 1_Fuel-water barges 250 ,000 40
1 Inspector 1,000 _ Belly anchor barges 10,000 40

Subtotal 3,450 -- _ rew launch

taxes, insurance and a5 survey launch 280,000 40
fringes ( _ ) 720 _.. Skiff and outboard 3.00 4

Total , __ _Hoist ( T.)

PAYROLL, (Operations. Dredging) Hourly rae Derrick ( T.) 30000 --

3 Le vs 10. 70 2 nBulldozers 80 ...

2 Watch Engineers, Strikers 10.70 2
Pickup trucks 5,00 4

2
Dredge Mates 10.40 1 Office barge (trailer) 5.000

1_ Equi.ent Operators - Tender 9.80 Tractor/trailer

2 iint Operators - On land 7.60 Pipeline (50% of pipeline
2O costs from Part III)

-- les W1- Total depreciation

-ier- 8.80 OTHER OWNERSHIP COSTS

"Deckhands.
- Stewards Interest on investment ($) /month

Mess Attendants Yard cost

__General Dump Foreman Insurance

Dump Foreman Season mobilization

--4-Yard__ and Shoreman 7.60 Lay up ( month/year)
O-- tither ___ - Supplies, hardware

Subtotal Repair and dry docking

I ork5
6  

hour,/week Total other ownership costs $
Pay 64 hours eek i iIy

Mo)nthly w-g- (4.34 weeks 38,450 OTHER OPERATING COSTS

laxes, Insurance and Fuel Cost

tringes (_7) 8,070 (2) _____hours/month X

Total 46,520 _ H.P. X

gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $ /gallon $ /month1 0.70 Wate an..d lubricanro_____
Watch Engineers Wtradlbiat

____ath n10.70 Pipeline (50% of pipeline

2 Dredge Mates 10.40 costs from Part l)

L Iender asters 9.80 Supplies, subsistane

Tender Operators Total other operating costs

Tender Mates -- PART IlI

4 Deckhands ,.00 PIPELINE COSTS Rock

Stewards Floating line $ $ S

-- Mess Attendants --rm -4 Shoreline

Yard and Shoremen

Subtotal Total

W,,rk40 N ....r. "PayPWor4
0 h ..r. aeek 4 M6U Note: Assume _ working days per month. Enter monthly Cost@ divided

Monthly wag!s (4. )1, weeks Il p U_ , by working days in Part IV.

....... Inurane and fringes 3,700 PART 1V

21,32 ) DATA INPUTS
,t, 21,10 (I

Variable Subscripts (X)
(1) (2) (3) (4) (5) (6) (7)
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REDGING COST RATES FOR PLANT OPERAI ION

Pneuma Dredge H.P. ____ hour operation 8,000 feet transit distance
(a) (b)

FART I I

PAYRIY ! (Supercisor and OWNERSHIP AND OPERAl ION monthlyear operation)
Enginer) -otthly rate Plant Value (estimate) Life Monthli cvsts

. lrocti Muager S - Dredge ( ..... ..... _ _years S

Surerintndent 2Ao vt -el, .... _

.5_catain 1900 1 1,000 H.F. Tenders 428,000 50
Chi' Ei....r I 4oo H.P. Tende. s 330,000 50
Civil Engircer _ 200 H.P. Tenders

.5- o ic, P," r.nn. 1000 __J Work barges 60,_0_0_
s55 Chief s.rv.vr 1100 - Equipm.ent barges _ _ _

t5 .5srvnr 900 1 Fuel-water barges 250.000 40
. Inspe tor _ _fl t-100 Belly anchor barges 10,000 40

Subt"tdl .34.0 .rew launch

a..... inrane and 720 - .5 Survey launch 280,000 40
fringes (__ ) 2 Skiff and outboard 3 000 4

Total 4 (1) Hoist (I T.)

PAYROLL (Operations, Dredging) Derrick ( T.)

Lru. ouI te 2 Bulldozers 80 H.P. 30,000 203 -Leverman $.. . 2 icuptrk 5,000 4______
2 ,atch Engineers, Strikers M . 70 2 Piup tracks

2 Dredgc Mates TUi 1 Office barge (trailer) 5.000 _

1 Equinment Operators - Tender 97-.w _0-Tractor/trailer

Lqolyment Orerators - On land 7.60 Pipeline (50 of pipeline
_2 q coeta from Part III)

welders Total depreciation_L O011 ... 8.80
OTHER OWNERSHIP COSTS

-Deckhands.

Stewards Interest on investment ( _ ) S /month

Mess Attendarts Yard cost

-General Dump Foreman Insurance

_ Dump Foreman Season mobilization

4 Yard and Shoreman 760 Lay up ( "oth/year)

Other - Supplies, hardware

Subtotal 138.5_ Repair and dry docking

W.rk 56 hours/week8 Total other ownership costs

Pay 64 hours/week

Mnthl aaes (4.34 weeks 38450 OTHER OPERATING COSTS

Taxes, insurance and Fuel Cost

fringes (__ ) 8 (2) -hours/month X

tj . 46520 H.P. x
gallon/hour/H.P. X

PAYROLL (operations, Transit) Hourly rate $ __ !gal lon - S /wonth

2 Watch Engineers 10.70 Wat and lubricants

2 Pilot 10.70 Pipeline (50% of pipeline
:d. Mates ..... . costs fiom Part Il)

Supplies, subsistance
l render Masters
Tender Operat-s Total other operating costs $

Tender Mates PART III

4 Deckhands PIPELINE COSTS Rock

.Stewards Floating line S $ - $

_ Mess Attendants Shorc line

Yard and Shoremen

Subtotal 101 4 Total

w-, .40 H,,r Pay
Pa-40 hurs/week -0 Note: Assume __-- working days per month. Enter monthly eosta divided

Monthlv wages (4.34 weeks j O7 
---  

by working days In Part TV.

raxes, insurance and fringes PART IV

Total 21320 DATA INPUT'

Variable Subscripts W1'

DREDGE) (2 (3) () (s)
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DREDGING COST RATES FOR PLANT OPERATION

Large Dozer (D9)
inch Dredge H.P. hour operation transit distance

AZT I (a) PAR II (b)
PAYROLL (Supervisor and OWNERSHIP AND OPERATION ( month/year operation)

Engineer) monthly rate Plant Value (estimate) ife _Monthly coats
Project Manager $ Dredge (_ ) _years S
Superintendent Booster Dredge (_)

CaptAin __1,000 H.P. Tenders

Chief Engineer 400 H.P. Tenders

__ Civil Engineer 200 H.P. Tenders

_____Office Personnel -Work barges

Chief Surveyor -_.Equipment barges

Surveyor _ _Fuel-wa ter barges
Inspector Belly anchor barges

Subtotal _ _ray launch

Taxes, insurance and Survey launch
fringes ( 2) Skiff and outboard

Total 0 nola ( 7.)
Derick ( .T.) ___________

PAYROLL (Operations, Dredging) Hourly rage 1 oerrsck 1 .

Leverman $1 Bulldo.... 130 H.P. 5500 20 460
_____Watch Engineers, Strikers Pickup trucks _ _ _

Dredge Mates Office barge (trailer)

Equinment Operators - Tender Tractorftrailer
Equipment Operators - On land 7.60 Pipeline (50% of pipeline

costs from Part III)
-W___.elders Total depreciation 460

____Oilers.

.Deckhands. OTHER OWNERSHIP COSTS

Stewards Interest on investment ( __IZ) $ 1,008 /month

____Mess Attendants Yard cost 11100
_____General Dump Foreman Insurance 100

Dp Foreman Season mobilization
____Yard and Shorenan Lay up (._..month/year)
-Other Supplies, hardware 3,100

Subtotal Repair and dry docking 280
'Work 56 hoursweek Total other ownership costs $ 5,704

Pay 4 ysouralveek.
Monthly wages (4.34 weeks 2,110.98 OTHER OPERATING COSTS

Taxes, insurance and Fuel Cost

fringes (_ Z) 443.30(2) 2 1 6 hour/wnth X
Total 2,554.28 T30H.p. X

-O
6 7

gallon/hour/H.P. X
PATRLL (Operations, TrasnIt) Hourly rate $ .65 /gallon - $ 1, 2 2 3

/onth

___._Utch Engineers $. _ Water and lubricants 50
_Pilot Pipeline (50% of pipeline

costs from Part 1ll)
__Tr Nstes Supplies, subsistence 910
___Tender Maters

Tender Operators Total other Operating costs s2,183
Tender Mates PART III

____ bokds PIPELINE COSTS
_____Stmaarde Floating line Sand Rack

Mass Attendants Shoreline

___.Tard and Sboremn

Subtotal Total

tlork -__ oure payPryk ._ours/week Note: Assume _ working days per month. tntsr Monthly costs divided

m~thly ras (4.34 weeks by working days in Part IV.

TownS. l8MnAMee and f ringes ATT

DATA INPMT
Total (3)

"tiable Subscripts (X)

() () (3) (4) (3)(5) (6) (7) )

5 M0 98 0 18.219 84



DREDGING COST RATES FOR PLANT OPERATION

Medium Dozer (D7)
inch Dredge 80 H.P. hour operation feet transit distance(a) (b)

P..PT I PART I I

PAYROll. (Supervisor and OWNERSHIP AND OPERATION ( month/year operation)
Engineer) onthly rate Plant Value (estimate) Life Month cIsE

_ Pr'(,-t Man1age $_Dredge ( ) years $
Suoerintendent Booster Dredge

_Captain 1,000 H.P. Tenders

-Chicl Engineer 400 H.P. Tenders

-Civil Engineer 200 H.p. Tenders

(fIII iee Personnel Work barges

Chiei Surveyor .....-Equipment barges

--- Surveyor _,_Fuel-water barges

Inspector _ _Belly anchor barges

Subtotal , Iew launch

laxes, insurance and Survey launch
fringes (____.%) -Skiff and outboard

total H.ist T.)

PAYROLL (Operations. Dredging) Hourly rate Derrick .. T.) _ _0 00_0_5
Levrma $ Si'ulld,,;ecs 80 H.P. 30,000 2 5__-Leverman S$__

_ atchEngineers, Strikers -- Pickup trucks

Dredge Mates _____Office barge (trailer)

Equinment Operators - Tender Tractor/trailer

Iquip.ent Operators - On land 7.60 Pipeline (50% of pipeline
costs from Part il1)

le elders Total depreciation 250
%Oilers.,______

_Deckhands, OTHER OWNERSHIP COSTS

-- Stewards Interest on investment (_ ) $ 550 /month

Mesan Attendants Yard cost

___ Generl Dump Foreman Insurance -1()0

Dump Foreman Season mobilization 108
_ Yard and Shoreman Lay up (_ month/year)

other Supplies, hardware 1,790
Subtotal Repair and dry docking 160

Work hours /week Total other ownership costs 3,348
Pay hours/week

Monthly wages (4.34 weeks OTHER OPERATING COSTS

Taxes, insurance and Fuel Cost

fringes ( %) - (2) 
2 1 6

hours/month X

Total 2,554 80H.P. X

*O
6 7

gallon/hour/H.P. X
PAYROLL (Operations, Transit) Hourly rate $ . 65 /gallon - S 750 /month

Watch Engineers $ Water and lubricants __S
Pilot Pipeline <50Z of pipeline
Pcosts from Part III)

Dredge Mates Supplies, subsistance _ -___
Tender Masters

Tender operators Total other operating costs $ 1.710
_ Tender Mates PART III

_ Deckhands PIPELINE COSTS
Stewara Rock

Stewards Floating line $ $ $ Roc

Mess Attendants 
Shoreline

Yard and Shoremen

Subtotal Total

Work N..urs Pay
Pay hour-/week Note: Assuie - working days per month. Enter Wonthly Costs dIvIciso

Monthly wages (4.34 weeks by working days in Part IV.

Taxes, insurance and fringes PART EV

1 2) 
DATA INPUTS

Total (3)

Variable Subscripts (X)

DREDGE (2 (3)
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DREDGING COST RATES FOR PLANT OPERATION

Small Dozer (JD450)
inch Dredge 40 H.P. __ hour operation feet transit distance

(a) (b)
PAYROLL (Supervisor and OWNERSHIP AND OPERATION (.__ month/year operation)

Engineer) "onthiy rate Plant gal., (estimate) Life - mnthly costs
_ Project Manager $ Dredge (_) ____ years $

Superintendent Booster Dredge (_ _ ) )__

-- ,. Captain 1,000 H.P. Tenders

_ -lef cgineer 400 H.P. Tenders

Civil Engineer 200 H.P. Tenders

Office Personnel .- Work barges __--

---- Chief Surveyor _-Equipment barges

--- Surveyor ___Fuel-water barges -

.....Inspector _ _i Belly anchor barges _

Subtotal _rew launch

Taxes, insurance and Survey launch
fringes ( . ) Skiff and outboard _

Total _Hoist ( T.) _

PAYROLL (Operations, Dredging) Horl Derrick (_ T.) "_-
Hourly te -Bulldozers 18,000 10

Leve roan $

-- Watch Engineers, Strikers - Pickup trucks
Dredge Mates Office barge (trailer) ]

...... Tract or/t ra iler]

Equipment Operators - Tender __________

Pipeline (502 of pipeline
iIquipment Operators - On land .. 60 costa from Part ill)

__Welders Total depreciation 300
-Oilers.

OTHER OWNERSHIP COSTS
"Deckhands. _____

---- Stewards Interest on investment ( _ s) $ 330 /month

Mess Attendants -- _ Yard cost 384
General Dump Foreman -- _ Insurance

___Dump Foreman Season mobilization

-Yard and Shoreman Lay up ( month/year)

Other ___ _Supplies, hardware 1,074
Subtotal Repair and dry docking 96

Work hours/week Total other'ownership costs $ 2,094
Pay - hours/week -- _

Monthly wages (4.34 weeks OTHER OPERATING COSTS

Taxes, insurance and Fuel Cost

fringes (_ ) - (2) 216 hours/month X

Total 2,554 40 .. P. X
*O6 __gallon/hour/H.P. X

PAYROLL (Operations, Transit) Hourly rate $___ j /gallon- s 376 /month

Watch Engineers $Water and lubricants 30
Pilot Pipeline (50Z of pipeline

costs from Part Il1)

Dredge Mates Supplies, subsistance 910
render 4asters

Tender Operators Total other operating costs s 1,316
Tender Mates PART III

__Deckhands PIPELINE COSTS Rock

-Stewards Floating line $ $ $

Mess Attendants Shoreline
Yard and Shoremen

Subtotal Total

Work Hours Pay
Pay hours/week Note: Assume _ working days per month. Enter monthly costs divided

Nonthly wages (4.34 weeks by working days in Part IV.

Taxes, insurance and fringes PART IV

(_%) DATA INPUTS
Total (3)

Variable Subscripts (X)

DREDGE (2) 3) (4) (5) (6) (7) (8)5-49FT'NOD, 0 98 0 12 81 51
RANCE ") -.--- -,



Comparison of replacement costs

Equipment Replacement cost used Updated replacement cost

20-inch dredge $9,450,000 $9,450,000

16-inch dredge 6,615,000 6,615,000

12-inch dredge 2,175,000 3,750,000

8-inch Mudcat 110,000 110,000

20-inch booster 3,780,000 3,780,000

16-inch booster 2,646,000 2,646,000

12-inch booster 870,000 1,250,000

Bucket-chain dredge 3,260,000 3,260,000
(600 cu yd/hr)

Bucket-chain dredge 1,171,000 1,171,000
(250 cu yd/hr)

Backhoe (350 hp) 600,000 900,000

Backhoe (750 hp) 1,355,000 1,500,000

Clamshell (350-hp) 600,000 900,000

Clamshell (750-hp) 1,350,000 1,500,000

4,000-hp tender 3,500,000 3,500,000

2,000-hp tender 2,000,000 2,000,000

1,000-hp tender 428,000 600,000

1,000 cubic yard deck barge 800,000 800,000

175 cubic yard deck !,arge 200,000 200,000

Work barges 160,000 120,000

Equipment barges 200,000 225,000

Fuel barges 250,000 275,000

Swing anchor barges 10,000 70,000

Crew launch 8,000 8,000

Survey launch 280,000 150,000

Bulldozer (130-hp) 55,000 155,000

Bulldozer (80-hp) 30,000 60,000

400-hp tender 330,000 375,000

200-hp tender 180,000 200,000

5-50
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The following table shows the staff and equipment 
which made up each

dredging plant and portion of a full dredging 
plant in some cases.
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SAMPLE OUTPUT FOR PLAN FORMULATIOJ COST ESTIMATING PROGRAM

DO YOU iANT .UCT THE -ITE -UMMAF", RATHER THAHN THE DETAILED F'PRItiTOI T
-

TYPE IN IDE1JTT!YING NAME FOP CUT ArND1 DICPOCRL -ITE:

I TEYT FOR A, ENDIX
DATA INPUT:

POOL: EXAMPLEC: ('3 FOR POOL -
PIN FOP MINNE:OTA RIVER
-- FOP CT. R:PO1? RI',.-'ER

RETENTION TIME IN DAY-:
I::,0

CUBIC YARD- DREDGED:
*1 IOOO':

FPEOUENCY OF DREDGING:

DISTANCE TO DICPO":AL CITE IN FEET:

HOW HIGH IC DIP-'O-AL CITE
ABOVE LOWl CONTROL POOL ELEVATION-"

IC DIK<ING NEEDED'
I .N

IS BERMING NEEDED'
IUN

MAXIMUM HEIGHT OF DIKE OR BERM ALLOIIED:
I'20

IS RESHAPiNG FOP RECREATION OP
OTHER USE REOUIRED'

I N

IS TRUCKING NECESSARY'?
I; N

IS ANY SPECIAL CON :TRUCTION REOUIRED;
I '

TET FOR APPENDIX PAGE 1

FOP 20-INCH HYDRAULIC DREDGE:

BOOSTER NEEDED. iE HAVE ENOUGH PIPE.
DREDGING TAKES: 4. DAY'S AND COSTS $ 21126.58 DREDGE IN
USE 13. HOURS A DAY.

THE DISPOSAL UITE COVERS 1. ACRES AND
IS 6. FT. HIGH. OVER THE 40 YEAR ITUDY
PERIOD THE PILE WILL COVER 11. ACRES
AND BE 17. FT. HIGH.

TOTAL COST OF DREDGING THE C7ITE IS $ 212,6.5:. F,-AIBIT 4

AVERAGE ANNUAL COST IS S 14925.59
6-4
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SAMPLE OUTPUT FOR PLAN FORMUJLATION COST ESflI4ATIPG PROGRAM

TET FOR APPENDIX PAGE 2

FOP la -INCH HYDRAUL IC DREDGE:

CLLL: FOP FATHTUP.BBING THE MATEPRL. IiRErU3IN1 INTO THE
INTERMEDIATE CITE T.4EC 7. DAY-. AND COCT- 17631.9$. DREDGE IN
UT E 12. HOWR? A LAY.

LOADING THE MATEPRL INTO BRGE: FROM THE INTERMEDIATE C-ITE (OCT?
1 1 i''.'': 0WHGTHE LOADED BRGEC TO THE REHANDL INi; CITE
'COCTC I. 4. 47

IC THIC BARG-l7EDi MATEPRL TO BE REHANDLED IN THE IATER-.
I

HPl'' FR INLAND IC THE DICRPOCAL CITE-1
I 5 i) (

THE iS--INC sH DREDG-E CAN PUIMP ~? ':UBIC YAR: PER DAY INTO THI- C CTE
IIHIC:H I-C FH-lTER THR14 THE HAUCIER ANDr l.ADE. ',JOH' 1MGj TOf-ETHEF' CAN LOAD1

THE EAR'-F- FROrM THE INTERMEDIATE CITE

IF THE FRPI;ECF COULD BE LOADED FACTER. THE i-CHDREDGE 'COULD ':(r~t O[t
THE F:A#P'3U P4 *** DAYC AT A (-OCT OF 1. S *.53
IF THE F:A4F'ECF MUi-1T BE LOADED AT THE INTERMEDIATE CITE '11TH -Ll*CL-H'WLL
''r.Lf OFr' 1MG, THE FBARGE C AT THE REHANDL I G C-ITE WiI TH FIp IEr;

r,]T- T. Rf7.''AN TF*EC 4. DAYC.'

THE fI1 PP HL CITE (O"."'ERC i. ACRPE: AND4T
IC--. FT. H IGiH. O"- ER THE 401 ER CTJUDY1P7Cr OD THE PILE "'ILL COV-.ER' I I. ACREC-

::~E I F1 T. HIGH.

T7THI~l F Ii T OF DRFEDGING4.- THE C ITE IC f. 475m33-.. 96
F rr -"N2afL (OC'T IC SI c26t.1::1. .6-4

TECT FOP APPE01D I' PAG 1;E3

FOR rLANCHELL DREDGE:

DREDGING THE RIV-.ER AMD PLAC 1G THE MARTERIAL ON FA;PGEC
(OC-TC 1 92 Ai. (i'. MOVING THE BRE TO THE Di CPOCIIL -ITE -D- TC
't 3'734. 47. -TH I C V ALUE MAY HAMG(E*,

IC TH1I CBRGED MATERIAL TO BE REHANDLED IN THE MAJTER;-

HO'41 FAR INLAND 17 THE DIS:7POSAL C ITE-v

THE 12-INCH DREDGE, CAN PU.MP 3953:-. CUIC ''RDC PER DAYi INTO THIS. SITE
WIHICH IC FAC.TER THAN THE HAUSER AND IJARDE. I'OR -I1G TOGETHEP. CAN LOAD
THE PA'",F- FROM THE INTERMEDIATE CITE

IF THE BRGES. COULD BE LOADED FACTER. THE 12-INCH DREDGE COULD LINLOAD
THE BRGES IN *.. DA',- AT A C:OCT OF 't 2. 5:3
IF THE FARGEC- MUS-T BE LOADED AT THE INTERMEDIATE S ITE WI1TH A CLAMSHELL
UJNLOADING- THE BRGEC, AT THE REHANDLING S ITE 1.11TH A 12-INCH DREDGE
CO:TC S fi4:17.5:' ANtD TAV E" 4. DAY.

THE TOTAL COS T OF 'HE CLAIM-.HELL DREDGING OPERATION ALONE
IC S -32959.'17. 'HE C:'TC OF LOADING THE BARGES' MOVING
THE BR4-EC AND ''F LOADING BY CLAMSHELL ARE LACED ON "PER CU-BIC YRD'
FACTORC RATHER THAN EPUIPMENT OPERATING COSTS.

EXHIBIT 4 (COtNT)

', . v'...-



-T PAUL DISTRICT NOW HAS 6 BARGES CAPABLE OF DUMPING: 1- 175 CY
HYDPOCLAP, 2- 165 CY SIDE DUMP. 1-110 CY SIDE DUMP & 2- 225 CY,
BOTTOM DUMP _.:COW_

C1-O1- AND 1 TENDER USEr'

A ROUGH E:TIMATE OF DAYS TO DREDGE THIS SITE IS. 6.7 DAYS FOP A ONE-
-HIFT OPERATION. 3.3 DAY:S FOP A TIIO-:HIFT OPERATION, AND 2.2 DAYS FOP
A THREE-'HIFT OPERATION.

THE DI:PO-:AL ITE COVERS I. ACRES AND
I 6. FT. HIGH. OVEF THE 40 'EAR STUDY
PERIOD THE PILE IJILL COVER 11. ACRES
AND BE 17. FT. HIGH.

TOTAL CO'T OF DREDGING THE SITE ISE $ :32959.97
A'..ERAGE ANNUAL COST IS $ 18135.24

. ..XX.XX .;'.. X X X X , X XXX XXXX X X
. X: XX XX XX X X X X X

.,-:::: -. x X' X X xx X X x XXXX X
::.::~~ ~ ~ X:: :: ,: X :.:.: ' X X X:XXXX X X X

:::::-: :< X :,'X?::,:'-: xl:,.-l.:.', X× x:: X X X X X X X X

TE:T FOP APPENDIX 09-17-79

C OND I T ION:
DREDGE CUT DISPOSAL SITE

10000. i:U f'D DREDGED 0 DAYS RETENTION
50.% FPEOUENCY 10. FT ABOVE LCP ELEV
5000. FT TO DI:PO:AL :ITE 20. FT MAX DIKE OR PILE HEIGHT

NO DIKING OR BERMING

"PEC IAL CONDITIONIl:
MATERIAL i: PEHANDLED IN THE WATER

DREDGE TOTAL UNIT AVERAGE DIKING
TYPE: CO-T COST ANNUAL COSTS

COST
HYDRAUL I1:'

20-INCH $ 27126.58 $ 2.71 $ 14925.59 . 0.00
16-INCH
12-INCH $ 47583.9R 'S 4.76 $ 26181.64 $ 0.00
MUDrAT

MErHANICAL:
CLAM:SHELL S -295..97 S 3.:30 $ 18135.24 $ 0.00
LADDER-

BII ET

F NEUMA

DAYS EOUIP. SIZE OF DIKE 40-YEAR DIKE
U:IED NEEDED AREA HEIGHT AREA HEIGHT

HYDPAUL I CL:
20-INC:H 4. 1. A. 6. FT. 11. A. 17. FT.
16-1 NCH
12-INCH 7. 1. A. 6. FT. 11. A. 17. FT.
MU DCAT

MECHANICAL:
CLAMSHELL 3. 1. A. 6. FT. 11. A. 17. FT.
LAIiDER-
BUCKET EXHIBIT 4 (CONT)

6-6
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DEPAPRTMT OF THE ARMY ER 11I0-2-13C0
Office of the Chief of Engineers

D -CWEBA Washington, D. C. 20314

Regulation
No. 1110-2-1300 15 February 1978

Engineering and Design
GCVEWMENT ESTIMATES 'ZD HIRED !AiL R ESTIMATES FOR DREDGING

1. Purpose. The purpose of this re-culation is to provide the estimator
with general data, procedures, avera,e values, and a format for guica-.ce
in preparing Govrernnent estimates and hired lazor estr-ates for hcc er
dredging and hydraulic pipeline dredging. This reglation also outlines
the procedure required to detemine the total contract costs, or the
total hired labor costs.

2. Aplicabil+itv. This ER a~plies to all field operatina agencies who
are required -o prepare Govern ent estimates or hired labor estLmates
for new work ormaintenance dredging.

3. Referenzes.

a. 33 U.S.C. 624

b. ER 1125-2-312

c. ER 1130-2-307

d. ER 1180-1-1, (ECI 1-372)

4. Definitions.

a. Gcverrment estimates, as used in this regulation, refers to the
estimate of fair anw reasonable cost to the contractor (without profit)
which is prepared for the purpose of evaluating bids.

b. A hired labor estimate is prepared for the -rurpose of determining
the cost of pertorming r ne work by Ckrernment plant nd hired labor, and
in those cases wnere the work has been advertised, it is used as a basis
for oomparison with the low bid contract rice in accordance with 33
U.S.C. 624 and paragraph 1-372 (g), of ER 1180-1-1.

5. General.

a. In addition to pipeline dredge and hired labor hopper dredge ezti-
mates, this eztimating procedure will also be used for side casting dreuchs

This re-ui-t-o:- superseues para nc anu Ai :, Ell 1:30-2-307, 31 Oct 68.
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ER 1110-2-1300
15 Feb 78

with t- :'rczri_ ches in production and direct cost it, 's of
Appendix A, and for bucket dredges with modifications to Appendix B.
The term pipeline dredges is understood to include cutterneai, Dlain
suction, and dustoan dredges. Associazed work items such as cle2rin
and gru;obing, dike construction, disposal area maintenance, d-rilinf.
and blasting and envircanental protection will not be inclui i-. t-.
dredging estimate format, but will De esti.ated separately Ln the sate
manner as other Civil Works construction, and included in the a=opro-
priate bid item of the estimate.

b. The sample estimnating formats of Apendixes A and B were
developed to provide the estimator with procedures to prepare estimates
fram the data available for the proposed work. Focr at z'-artures :--d
chanaes are Permitted, if recuired or desirable in -- opinion o z--
estimator. .nen major charges in for-at, other than those recuirec to
adapt the format to a soecific type dred e plant, are required, HQai
(DA:EN-0,-HA) IVASH DC 2U314 is to be rovised of the change so that
other divisions and districts can be made aware of the need for devia-
tion.

c. Tb reduce the bulk of the estimate to a minimun and to provide
a camon basis for canparison aLl repetitive data may be canbined in a
"back-up" file. This file will be ericdically uLdated as needed, but
on an annual basis as a minimui. Tre Division Engineer shouid monitor
the cost data to ensure that the data is being properly maintained cn a
current basis, ard that the costs used are reasonably consistent through-
out the division.

d. Estimates should be based on cost without profit using current
cost data. Job recuiremenrs snould be carefully analyzei azd evaluated
by an experienced Corpj engineer w-a bcro in dredoina. a--
pleted estiimates should be review,7ed for accuracy and c ,oiet ness Dv an
employee with dredging experience to reduce the pcssibiiitv of errors
and anissicns amd to assure reasonable j u-Tments where judmentai
factors are involved. Current cost data snould be maincaine by corres-
pondence with campetent sources, as opposed to verbal contacts, and by
careful analysis of cxnpieted camparable work.

e. Estimates of jobs actually performed can serve as a reference
for future estimates, e.specially for recurring assigir.ents. For an
estimate to serve as a reference, it is necessary to caupare it with
actual job performance.

6. Suhb.issicn and r-'oroval. In cases where the estimated total job
cost (dredging, plus mooilization and demobilization, plus any associ-
ated wrk) exceeds the authority of the District Engineer, the estL-ate

2

6-8
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15 Feb 78

for Civil WOrKS pCoizcts will be v-'z_:itted to the Division -F,"ireer for
approva. not ,ater tnan 10 days p:i~or to the sc'heduled czeng of btids
or ca ~e_eet of na-cotiations.- U~l hired labor estL-iates for the
Induztry C~zLility 2P:cgrai rnus have anoroyal of the DivisLon Lnineer
pr ic: tZo o- en -V i. Ei'na, shz.l oe forwarde. by letcer, con-
taini-*,? the n~ of thre pzojact, tie impitaticn nmber, andA the bid
openirv dne. Lne es:2.. acce snal oe -)receded by a narrative s,:ztenent
cutlin=-g; .rti.ent information and the estimator' s reasoning and manor
asampt ions.

FOR =-3 MIM CT- E!G:ZF-S:

3 Apperdi:'2s . zs
APP A - Hiired labor Colonel, Corps of aiineers

Dredgirg E:~'aeExecutive Director, Exvineer Staff
xHcnrer Drec.*e

APP B - Fyd.rauli: eln
Dredge DredgIng
Estimatea

APP C - L zr-,:=icns and

tior fcr Cc:. .Aeting
Apper-o ixes A and B

3
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ER 11.0-2-1i
15 Fea 76APPE'? _IX A

DREDGING ESTv.A Z - U.S. HOPPER DREDGE

DISTEKICT: DATE:_ ESTiMATOR: ______ REVIE-R:

INVWTATION NO. BID I:2 NO.

.......... . . .. .............

(ALL QU.~IsARE 1.73 YARDS 1N LACE)
REQUIRED C.Y. DREDGING ARPA _. FT.

PAY OVE-RDEPTH C.Y. AVG. MAX. PAY DPE?2T 7:

MAX. PAY YARD. - C.Y. AVG. NON-PAY DEPTi _ -_

O.D. NOT DREDGED-- C.Y. AVG. DEPTH O.D. ";0T
DR.EDGED F"

MATERLAL REKAINNX G - C.Y. (TOLERANCE)

NET PAY YARDAGE - C.Y.

NON-PAY YARDAGE + C.Y.

GROSS YARDAGE - C.Y.
.................. ........... ........ .... ..

TDME PER AVG. LOAD CYCLE: (ALL QUANITIES ARZ C.Y., IN ?LACZ)
(INCLUDITN CLEANUP)

DREDGING MIN. NUMBER OF LOADS/rAY

,TUR.NING + MIN. CUBIC YARDS/WOAD x

TO DISPOSAL OR + MIN. OPERATING DAYS/M..O.xMOORING

DNPING OR + _ MN. CUBIC YARDSIMONIA -PukPOUT
TO DREDGI;G AREA + _ MIN.

TOTAL a1IN.

GROSS YARD. + C.Y./MO.- MO. (JOB :-..T:_')

A- 1
6-10
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15 Feb 73
FCM F-1 r---! 22 (PLkN RTL T INCr.X% T COST EzCLDZD, B',3 niCLU-2?S

O, ,LG DIST ICT O.H,)

DREDGE /Mo10

FLOATING PIPELINE 4 /MO.

SUBMERGED PZ?ZLMIE /4 Mo.

SIORELINE 4 Mo._

ATTENDANT PLAN'T +$_/MO_____ __________

ADJUSTMENTS TO FORM 22 4 ._ /MO._

MHONTHLY COST - __ ,_.___ .

JOB DURATION X _OS.

SUBTOTAL a $_

SPECIAL COSTS (MxPLAIN)+4

TOTAL DIRZ-CT COST -$ _

SURVEYS $

SUPERVISION & INSPECTIM4,$_

ENGINEERING & DESIGN .__
41

gijOTHER

SOVERHrEAD OPEl. DIST.___

TOTAL INDIZECT COST , $ _ ..... .. ... .

TOTL IRCT°OS.........

TOTAL DIRECT COST $

TOTAL INDI3ECT COST

INTEREST ON InVE SST IN GOVW..=%T PLANT .4

*9)LIBILITY INS.(FED. CC,?. ACT) 1.25% OF PAYROLL 4.
8I

jRETIREMENT, I-ALTH & LIFE INS.. - % OF BASE PAY 4,

iNET PAY YAXWZAE COST4
,NT PAY YILD. COST . + NET PAY YARD. c.Y.- IC.Y.

'JTOTAL DR!DGAf;G COST 7CR BID SCS-DLE Y ACE a

UNIT COST $_ /C.Yo X MAX. PJAY YAR D. CTo w$

A-2
6-11



ER 111--i co
i5 Feb 78

(ALL COSTS LCLZE O.H.)

........ ***................ ......... ........... . *.. ... .-.. **..*..
# DAkYS $/2\Y TC T.'.

MOBILIZATICA OF D?.ZDGE X_ _$

MOBILIZATION OF A--NDANT PLANT , X4

PREPARE PLANT FOR WORK X_-$

SUBTOTAL MOBILIZATION .

S'DEOBILIZATION OF DREDGE x_$

IDEMOBILIZATION OF ATTENDANT PLANT X__ -

- lAYUP OF PLANT X__ _

SUBTOTAL D BILIZATION -$

TOTAL 14OBILIZATION & DEKOBILIZATION -$.

**e***************o*e***o***o*oto***.ooo.oo.o*.o.*oo... **oo**o*o* ** *** **** * o ** * *

-13

6-12



ER 1110-2-!3CO
APPENDIX B 15 Feb 78

FORMAT

HYDRAULIC PIPELINE DREDGE - 7REDG G ESTLATE

DISTRICT: DATE: E STrMATOR: REVIEWER:

INVITATION NO: BID ITEM NO:

* **............................... . O*.........................................

REQUIRED C.Y. IMEDGING A_ A SQ. T-T.

PAY OVERDEPTH + C.Y. AVG. MAX. PAY DETH FT.

z MAX. PAY YARDAGE -_C.Y. AVG. NON-PAY DZP FT.

O.D. NOT DREDGED - C.Y. AVG. DEPTH O.D. ::YT
DREDGED ____ .

NET PAY YARDAGE - ___________ 
--

C.Y .

NON-PAY YARDAGE + C.Y.

GROSS YARDAGE a C.Y.

******........ 0-6060.00690 ..........**e~ .** . *0********* .. 0.........

ASSUMED DREDGE SIZE INCH AVERAGE LENGTH OF PIPELI!,E FT.

CHART PRODUCTION C.Y./la. Rw._

BANK FACTOR X

MATR.L. FACTOR X

BOOSTER FACTOR X

MOTHER FACTOR x

NET PRODUCTION , C.Y./Ta.

x US/DAY
x DAYS/MXO.

GROSS YARD.__ C.Y./MO.- MOS. :1T J2S3 D:'7TIoN

CLEANUP + mOS.

TOTAL JOB DURATION - MOS.
B-1 6-13



ER 1110-2-13C0

15 Feb 73

BASIC PLANT /MO.

FLOATIN G PIME.2;E $ AnO.
SUBMERGED PIPELINE - f/'.).

SHO~RLRnE o. .

BOOSTER +s .o.

MONTHLY COST 4 IMO. _

JOB DURATION X MOS.

o SUB- TOTAL ,

O.H&BOND

0 NT PA.. YARDAGE COST =$ :NET PAY YARD C.Y.$ /CY

TOTAL DREDGING COST FOR BID SCHEZDULE YARDAGE -

UNIT COST $ /C.Y. X MAX. PAY YARD. C.Y, _ _

.................... .............. .......... ........... ....... ...
# DAY S IDY TOTAL

sMOBIL!ZE PLA<iT FOR TRANSFER X .$

tITRANSFER ALL PLANT MILES/DAY X $

PREPARE PLAUNT FOR WORK x 4

SUBTOTAL OB LIZATON $

f1DMIGBILIZE PLANT FOR TRAN"'SFER ____x

ECjTRXISFER ALL PLANT MILES/DAY ______ _____

'P-REPAaE PLNTFR Y--UP _________________

SUBTOTAL DEXOBILIZATION _____

SUBTOTAL MOBILIZATION & 5MWBILIZATION _ _.

OVERM-AD & BOND -,

TOTAL MOBILIZATION & D-.OBILIZATION $

B-2I _-___ 6-14
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ER UlO- 2- 3 A)

15 Feb 78

InstriicticL', a-4 Bz .:c:cLund lnformat ion
tor LCC. ~ A er .

This apper-'dix defines and exprl-ains eachl entry on the dred~ging~ and _
mobilizacicn x-,z d-artotilization esz::ar-es on Azoendces , ana B. That
is, an esttazrZ.uainted with. t:-,..3 a;:-endix s oL:- only :ecquire theapproc-iw-z irIfcaic rnte job to ccnptetze teeeznzs t
Of EPeCial cost to be -ncluded in tt-e d:edgin-c and ze-parrze bCid t
-such as sh~ore wori .;iwil eae ii.xJ work sheets suca as E:.G Foms
1741, 1741 a. & 1741 b.

7M o~oi~ para-graphs are arranged to agrEe with the order of itans
on Appendixes A and B.

1. Proiect. Brief ly describe '.'%e work to be accanziis*-ed. Ti
descr-iptionr will state the' drecF.-irg ass.gnamant, its statien or snal
numrbers, deaptn of reciz-r and aiJlowazlIe overde--'ti, other zvai-a.D=
pert-inen. data, ard drecgi.g, -L%-e or materiai to be dretc-.ed, includic~q
average lfl-?±ace densitv, t 'e esz,=ator. s reaconing, ca-ments, and
assznpt-ions. (use addit;oral sheets if necessary).
2. Excav'ation. Tne itans to ce entered on Ak nixsA rB r dfn
as flI,-s

a. T'2 Racui1red Exca-;azion Yreeis the i-place volure (in
cubic yards) or la-L to ze ra-zv;c frcn, within the required pay
Prism in-cluding the allowable side slopes.

b. The PaY O'.rerde-o-th yardaece is the in-place voltzne (in cubic
yards) of material zertw-en the regaured pay pr~ tthe req-u.:ec
depth elevation including the allowable side slopes, and the rnaxiami
Pay Prism at the 0"erdepth elevation.

C. Ttn Z'ax. Pa', Yardage is the sun of the required excavation and
the payi overde-Pth- Yaas. This is the amount of material snown on the
bid schedule.

d. The~ Pay Overderoth n~ot reced yardage is the in-place vo-are
(in cubic yarcs) Ox :;ay ve t mazerial the:t is estimated will notbe dredged. [(1. - O.'D. allowance in feet) x b.]

e. The- naterial - .inia !Toalerance) Yardace is the in-place volune
(in cubic yards) ot; mzr;-a- lying wizn~r. tae recuired pay prism that isestimated will rm~ajn xidrecqEd, but- will, be acce:teaole bscaueiti
within the -1-ec * fied tolerance ALr~TS (nral c- ly apice itoi
hopper dredging).it.%Gnrlyoyapicbeo
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f. The Net Pa, Yardace is tie maximun pay yardage less the
overdepth not areugea yaraage less the materiai remaining (tolerance)
yardage (c-d-e).

g. The Non-Pav Yardage is the in-place volane (in cubic varns) of
material estimated to ce renoved fram outside the maximu pay pris.
[(k.. 0. D. allowance in feet) x b.]

h. The Gross Yardaae is the sun of the net pay yardage and the
non-pay yardage. (r+g)

i. The Dredainq Area is approximately the area shown on the Plans
as requiring the r-anoval of all material atove the recjired grade ele-
vation, including allowable side slopes. (Expressed in square feet).

j. The Averaae Maximun Pay Depth is the average thickness of.-ate-
rial (in feet), ex:sting anove the pay overdepth grade. It is equal to
the maximzn pay yardage (in cubic feet) divid-A by the dredging area.

k. The Averace Non-Pa; Deoth is the average thickness of material
(in feet) es-Emazea to ce renovea below pay overdepth grade.

1. The Averace Deoth of Pay Overdenth not DredQed is the average
thickness of material (in teet) estimiated to oe remaining in the over-
depth p:ism.

m. The estimated average non-pay depth is generally a function of
the type of material to be dredged, the overdepth allowance in feet,
and for hopper dredging, the control exercised in maintaining the depth
of dragheads; for pipeline dred-ing, dredge size and depth cf cuttin
banks are also factors. Th".e non-pay yardage (iten g) is estimated as a
percentage oz te pay overdeptn yardage on the basis of the ratio of tne
average non-pay deprh to the overdenth alow ance in feet. Sizilarly,
the pay overdepozn not dredged yardagie (item d) is also affected by the
above factors and it is also estnated as a oercentage of the pay over-
depth yardage on the basis of the ratio of the average depth of pa-4
overdepth not dredged to the overdepth allowance in feet. Generally,
the percentage f6r can'puti-. tr ncn-pay yardage is much greater tnan
that for pay overdepth not dredged.

n. Mhere natural shoaling or scouring is expected to occur between
the time of survey made prior to the bidding of the job and the survey
to be made before car-menceaent of dredging, and such shoaling or scouring
is expected to be of such magnitude t~hat it might affect t~he ecruiability
of the unit cost of dredging notwithstanding any modificaticn in contract
price which is provided for in the "Variations in Estimated Quantities"
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arov I:-' Zi .:- _ E'- ~ ~ r~ CC)Ln hol
be duly. co. -s ered, in t:.- zrec dation oz the olans anid z,-ecif ication.
It 3:-..ul ti% 1_aie~ nt i~CCOI't :r, r.e Qoaee.CQ.ent or 1--e bid sctedule
qun a cian'. by ad]uzinr tne C .tities to ze

drez2?-,d as L::mra the trrebic'ding sur;-vey to accountr~ for the
shoalin- c - ~ ,.i :the net ac_ e e ,tizthnbarsCe--.
scheue ac%'Ez:rzs d 7n e rL,' trn,-be a-=4 Cud

clerl- =.&ritvr Sno',n in me bid schnedule inlfsan
adjusmnz:,- a ec:_ aont uri zaling or scourg t-hat
may c,:c--C In an a:ce_2cance Section cur n s thE riod of: c-erazicnI or

the dr~cE~ ,:orrarily is ro: zsiee i_- -.e ceve1.:'.enz or
the st-aeof cr-oss cu- ari-v c: -: eriad to be rte-cved. Hoever, if
thle Z cr 7 f'-L a-~ ccnZ -,Le rs z -at th e f -::c t o f Z-u: n :.'ou or
sccnrinq on t1-ees-ate wojid be si-::iicant. then in such -_articular
case a rasic ±~nso tie varzz:a conocerned T-,a, be vrovideda Jor
in the et- c- r:oss yardage. 7he for,-.az does not includea tnis i:em
because_ its use ,Iill te infreuuent, 'no- ever, in applicabDle cases this
item should be i' erted after non-oav yardage.

3. ho-zz:er Zr-d e :tntsHired :zbc r).

a. ?rdzi. The rate of oroduction depends on the oarticuiar
dredge u--cOs _-3 oasis for the est4-Fme, Zmna -teria. to be -:ec::_-d,
the lenzin .cf. hama, e at__od of disz.osal (bcta dumo or mOt
Win tnz? es:--e -foective w:r ma-e. The estinzated oroc'uczion

entredonA i i not nst ances th'e ... st in rtarnt int o
theesmur:is, its sicnificsnce cernera.Uv outweighs tnat of

many o-- tziccrZ irn thea estim-ate. Since itis difficult to astiz.ate
prooucti.ni oureiv c-i a theoretical zasis, estrao'ators must ccnsioer

prviusorc r~ecords for tie sac.e or a sJinilar azsia ,e tn t.
.AUt;rt £z .e j_--m;aco :z-e,,.een zhe doreC-in;:- -=d dis-mosal. areas

and p:-~~ e~h(in case of p uiare -n ordof r. !I-e ex-ieJance
of the cq-.inu Z;;.tr-ic will- be utilized 4n prec:aratiton of estz_=tes.
Previous :: rzoz-ance exoerience on simia w-----, if available, w'.1 oe
provided az- oac< uoD to 6re estiace. Cqau- oerazions snul e
includeda in the developinent of thie ti:-ne -,er average load cycle.

b. -Direct Co3st. Aonerndix A requires several monthly operating
costs. >2ecozss wil'i include all costs for t.ne dredce, ard any
other planr if fsd c-, zoavroils, 0':eration, d eoreciatior., fuel,
water, lubricants, supoplies, rezair, dr ~nyarJ, insurance and
the owning distric_' s overbnead. Current costs Should be obtain~ed fr---
the dredge ow.nina district as recorded-- on ENG F:om 22. however, th-ese
costs as extracti fran, E:: Eoc- 22 should be adjuzsted, if necessar,
to provide for esti-azed ijwreases in the cost of fuel, supplies, oav;-
rolls, rempairs, atc., not rrviou-ly an-tizizacad an-d included in- tte'
cuarrent plant rates (Form 22). The format of Ae-ndix A provides for
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such adj u -Tsnts. 7-e plant replacenent increment iten is not considered
to oe al e~ajent oL cost Ln area iacor estimates and, therefore, must be

excluded fram the costs shown cn ENG Form 22. Since current cost
accounzi..-c reguiations stipulate that overhead will not be ar-plied to
depreciotion, thie owning district should make sure that costs used or
reported to torrowing districts meets this stipulation. The format also
inclu-es an item for any special costs peculiar to the job.

c. Indirect Cost. It is necessary to consider the following itans
of indirect cost in aired labor estim-ates so that the estimates will
include all costs -ncurred by the Gover.nTent in perfocuin the work.

(1) A pro-rata share of land and dock suoport facilities end other
items 6nen. they relate to the performance of work on a given project.

(2) Survey costs caparable to level of effort recaired when work
is contracted, a.-z serfor=.ed by similayr type plant. Su-vey costs
include all exoenditures fzr surveys ..--.ediately prior to, ofter z:a,
during t-e job, bt the cost of surveys required for operational con:roi
during the course of the worK perfor.ed Dy Corps plant will ce considered
a direct cst it-n. Costs for enzineering -nd design And condition
surveys ie.dina to the jcb snould not be included. Ir--ect ion ano super-
vision _-j eng:neersnc -.d cesicn costs incl ,e all expenditu:es dir1ctl-v
related to zertr .ance of m_-e drecging job. Dierhead costs cor.ss: ct .a
operating district' s overhead percentage on the applicabie in- ct cost.

d. Total Dr&-Pz: Cost. The si-r of the tntal direct cozt, t1he total
indirect c;so, -. in.eresz on the invested --:tal, . liability insur-
ance, a .- any o.erccst directed by sta--u,. . ainstrative coez_-nina-
tion to e inclu-ded in .he estimate results -n tne overall cost cf
dredging t-he net -ay ,arC:ze. Tn first t-;o cosz ele-ents are cutlined
in toe regon pa:azrazp,.s o a rd c. T-ne next two cost ements are to
be ncudedin t e es-unate as dire -ted by pez::agra7n 1-372 (f) ot U-(
1180-1-1. -tne cost c for thie interest on canital investad in
Goverr.-_:-- l loz: ,t.e rctooin. tOk value of the plant), excct in case
of leazen plant, will te cee-nined by a rate not in excess o toe maxzriua
prevailing rate zelnq paid by th e Goernent on current issues of ,reds
or other evisance cf: inetedness. T.3 ccct charge of -/.-i percent of
the acu-.t of zavrolls will be used to cover ccmonsation for irnuries
to Gove-rr-neo&onts under the Federal Ccr,,pensazion Act. An elanent
of cost in &.e laur category which must be provided for in tr_ esti-.ate
is in accordance with C'S circular A-76 as revised by Tranmittal
Menorandun No. 3. It stipulates that a factor should be added to reflect
the full CGvern.ent costs for retirement, health, and life insurance.
This full cost factor anounts to 18.1 percent of base pay, an4 is made
L of the followirg: Retirement, 14.1 percent; Health Insurance, 3.5
percent; Life insurance, 0.5 percent. Oily the difference between 18.1
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percent arnd trne percent for these sae three itens presently included
in payroll costs as reflected on ENG Form 22, in accordance with existing
cost accountia. regulations will be the additional cost. Accordinsly,
a cost factor expressed as a percent of tlhe base payroll will be " d
in the estimate as a cost item. No allowance for profit will be included
in any hired laor estimate. The net pay yardage cost divided by the
net pay yardage results in the estimated unit price. Since the Goverrxtent
esti mate is based on the maximum pay yardage as indicated in the tid
schedule, the unit price multiplied by this yardage results in the total
estimated dredging cost to be entered on the bid schedule.

e. Mobilization and Denob-ilization. These costs sthould be s*z-n
separately ior trle dredge and acendant plant. In conventional .oner
dredge c.eration utilizing bottcm duiping and eaplovinq no ate-.-nnt
plant, tr.ere will be only one entry for mobilization of t-.e drede and
the applicable overhead charge. Demobilization of the drecce normally
becames the mobilization for the next assignzent. In de-eioping
mobilization and denobilization costs, it should be considered that
reduced operating expenses -aay be applicable.

f. Total Hired Labor Cost. The sum. of the total dredcinc ccrts
plus mobilization and den.ooilization costs and any other costs asso-
ciated with the dredging project that may be shown as separate it, s
in the bid schedule, is the total hired labor cost to te canar-j
with the low bid contract price as adjusted in accordance witn para-
graph 1-372(g) of ER 1180-1-1.

4. Pipeline Dredge Estimates.

a. Production. In order to estimate production, a drec-e size
must be ass-ned and the average lenqth of pineline must be .etermninsc_.
The dredge size depends mainly on availability, job duration, type of
material, exposure to the elements, and capaoility of -eeri- 2 specifi-
cation minimum production requiretents, or srecified conscructcn
period. The production rate to be entered on A-pendix B is in .tnnv
instances the most uncertain part of the estimate. And because its
significance in regard to cost and tire and the range over whiCh it
can reasonably be assumed will outweigh any other assunption nade In
the estimate, it is discussed in same detail. Tne most relianle
approach for estimating production rate is to base it on dredgina
records for the sane or similar type work performed previously. If a
production rate in cubic yards per hour or per month is available cased
on dredging records, it is entered on Appendix B under "Net production"
or under "c.y./mo." and no other entries are required. However, the
sources of the data shall be stated. If records are not available or
applicable, a theoretical approach must be taken, and the production
rate must be estimated. A procedure to achieve this is outlined in the
following:
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(1) Chart Production. Because of the cmplexity of the effects of
pipeline Z ZL -I. t heze paratzaters cannot be considered in foz..
of a simple multiplication factor. Tney are, therefore, considered in
the following table which lists the average production rate for each
size dredce for two critical pipe lengths based on Dumping free ficwing
sand having insitu density of about 2,000 grans/liter and a cutti.-,g
depth (bank height) equal to the cutter dix .eter. The pipe length to be
used consists of the actual line length increased by "equivalent lengtrl"
for fittings and rise of the discharge end of the piping above the water-
line. The auprcpriate figure is entered in Appendix B and then moaifieG
by correction factors.

Hourly production as a function of line length
Dredge Avc. UO to this At this
Size H.P. lenath CY/HR length CY/HR

10" 500 2,000 200 4,000 130

12" 800 2,500 270 5,000 180

14" 1,200 3,000 380 6,000 250

16" 1,500 3,500 500 7,000 330

18" 1,800 4,000 650 8,000 420

20" 2,400 4,000 800 8,000 520

24" 4,000 5,000 1,200 10,000 780

27" 5,500 5,500 1,500 11,000 930

30" 7,000 6,000 1,800 12,000 1,170

32" 8,000 6,000 2,100 12,000 1,370

The significance of the two pipe lengths for each size dredge in the
foregoing table is e:cplained by the operation of a pipeline dredge.
This opera:icn is conzrolled by two different parameters as the
discharge line lengrth increases. For short lines the suction limita-
tion holds the production rate constant. As the line length increases,
more pc-,r is used until the maximum power is reach. Fran then on,
the power limitation controls the production. That is, longer line
lengths can only be achieved by a reduction in effluent velocity
(assuning constant density). This continues until the velocity becomes
so low that solids start to settle out. Fram this point on, longer line
lengths are generally achieved by adding booster punps.
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The forgoing subparagraph shows that the operation of a cutterhead
dredge is c.arncterized by two points; =.nely, rhe transitions between
the suction, _ower, and velociry limitation. Te two-line lengths at
which these transitions are exoectec to occur are listed on the fore-
going tazle tocemhr with tne expected pro uction rates. As the
foregoing sjoparagraph implies, -e dredging rate is the sane for allline lena-ns less than the shortest one lis:ed irresecrive of avail-
able p=--o power. The production between the two lengths listed will
be interpolated.

(2) Bank Factor. Production in pipeline dredging is controlled
either b-, tne a .- itv of the cutter to cut and the ounp to transport
the material or b-, the cpeed wfth -nich t.e dredge advances cvrer tne
dredging area. :he latter is freqcuently t .e criterion in shrillow banks
of easily dredzed material. The factors in the following table are
suggested to consider the effect of bank heignt.

BANK FACTOR
0.4 0.5 0.6 0./ C.-8 0.9 1.0 1.1

32
30 i

27 , /j/j / ~ VFactors are 1.0U! / I "/ where thne bank
-=.2 tj Vheight equals the

cutter d2zieter.

20 exceed 1.1 recard-
m 18 . I/ / i I less of bank height

S 16 71/; 17'VV

" 12
1 , 3 4 0 9 1 Average Bank heigth

%'> in feet

EXAMPLE: A 24-inch dredge with an average bank height of
4.5 feet. Projecting fraT, the intersection of
these two lines to tle factor line at the top of
the table would give a bank factor of about 0.78.

(3) Material Factor. The effect of the material to be dredged on
production is' very pronounced. Altnough its precise evaluation is dif-
ficult particularly since bottan material is generally not of unifon
consistency or density and precise data pertaining thereto is usually
lacking, its effect can be detenined within an acceptable degree of
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accuracy. Since t-e hourly production rates in the foregoing table
are prepared for fre-f- . x., havi.IY ar insitu d1--itv of .....

2,000 gras/liter, these rates can be adjusted by a factor which con-
sidered the variations in the average irsitu densities of different
relatively free flowing marerials such as mud, silt, sand or mixture
thereof, te following chart gives -.e factor for different insitu
densities. The chart is only for free flowing materials and r-vs: ,.ot
be used for fat or stiff clay, hea-vy gravel, coboles or broken stoz?.
For the latter type materials experience on similar type work shcuid be
used.

MATE.RIP FAC'XR
6.0

4.0

-r "
E-4 2.0

I I

1200 1400 1600 1800 20C0

INSITU D_-NSITY GRvS/LITER

(4) Booster Factor. Experience snows that the oeeration of bcoEter
pumps presents several problens. These prcbeis are nor-ally mor_ -cute
when starting a job and subside sw.ewh.at with ex-erierce. To accounz :or
the reduced production caused by the intrcucticn of boo-ters, multioiica-
tion factors are used. These factors are assz-ed -o be 0.3 for earh
booster pinp used for jobs of up to one month duration and 0.9 for ionger
lasting jobs.

(5) Other Factor. This entry on Apendix B is provided for a multi-
plication factor tor any other correction in production not provid.a for
in the foregoing, such as r.rrow chmnel (reduction), debris (reduction),
ladder pump (15 to 30 percent increase), etc. If such a factor is used,
it must be explained.
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(6) Net P.::trc:. Aft:r ,11 a,;'licabie factorz are establiz.-,
the trcc r- . : actors i- i tl :d t ;- chart crod.c"-c., m.
this prXcZc_ :a7tc 3 net prodaczicn. Tnis net production constitxtes
the hourly d.ecng rate.

b. T-.e. Atual dredging tnes are less than 24 hours/day and 30
days Aton z.s.

(I) .zius1 d-.-7 yoursy-. ?_-ping interruztions associated
wit _ . a- n p- _ ..... . . pelines, nandli.-g anchOr
lines, ea - -s c'- cu _tcr ....-... ,ing locstion of )lan: on zhe
job, ,- i , inor operatlnr repairs, refueling a_-4 waitins
for ....... cs ..... 1b allow for t]7ese interrun-
tions c,,c unfavcrabie wat.her) tne nuz .er of daily operating
hours e e . . na tine, is esraiated. e rationale outlinina
this t- =-Cid he stated as a record in the event of a pro-
test of toe Gcvern-.enz estinate.

(2) The n ofer ofoerating da-swz.nth is less than the nu-tber of
dals in -he -.-.c : so holidays, inc-iteent weather, exposure, major
creakdo -s, . ,nd cperatina schedules less than 7 days ser
week. Tz-e razico-E..e ouzllning this time estimate should be stated as
a record in t-.e event of a protest of the Govermient estimate.

(3) Afte: the n=szer of operating hours per day and nuir.ber of
operati..: -_:ar month are established, they are multiplied with each
other an. .... Production to arrive at the montilv oroduczion.
The gross -arf--e is then divided by this figure resulting in the numiber
of monJ."s _ :raricn which is also entered on Appendix B.

C. Cost ,L4r:- La3cr). if the pipeline dredge estimate is to be
a hired zcr :.:.-... e cost procedures described in paragraph 3
will be folowi_F. 'he cost fcrsat of Apendix A (page A-2) will be
used arid tne Lnstructions pertaining thereto will be equally applicable.

d. Cost :air and 'e7 3onanie without Profit). If the pipeline
dredge :-a - s so .a zzs._ "Sair and Reasonaole without Profit" type,
then the czt fo..a of Ap:endix B will be used. The major items on
this cost f-%-=t are the monthly czerating costs of the dredge, pipeline,
arld attn-.t zlan:. ezc. These monthly operating costs must be
develcoed tY t-e esti..ator cn the basis of the individual cost elements
inherent in an' asncated with t!he owrershio and operation of the
specific - -f :ant and equipment. There is attached to this Appen-
dix a emeaea _o for., intended as a guide only, for developing these
monthly cperatirig costs. Tne Division Engineer may adopt the form as is
or with F-ch chznge: as ceemed necessary or develop his own form which
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will contain tne information to support the data used in the Cont
Fornat of B_-nrx B. Division Engineers should develop and x.co
current by erpi.c -dating a cu1plet;A form for each size dzeze
camonly usej cn work in the division area. However, before data iS
extracted fra-. a cnra- eted form, iz sh ouid be revie;ed and rev;i.rZ,
as necessary, zo c-zsure that the data is current and az-plicauie zo tne
requirer.ents .i cornitions of the particular job for wiicn tne cost
estiate is eir. prepared. The estimator should assure " .e a t
all aipic-aiLl :r.iy costs have been inclu,cac -1 i - e . ... ':or-
mally, these mor:- . onerating cost fOC.-,s are a part of the bac.-usf
When they are rcvisc ror a particular 3o, a cc-py shoa2 t inc.
the estmnate f-!e for reference only, not as parr of the CGoverr.ent
estimate.

The first five entries in this part are monthly dredge operatira cost3.
The sixth entry is the szn of the monthlIy operatin costs, :nicn is
multiplied by the job duration. The product is entered on Aendix B
as a subtotal.

The subtotal is then multiplied by a percentage for overhead and ond
(normally 12 percent O.H. and 1 percent bond) and entered. The sum. of
the last two ficures entered is toe net pay yardage cost. -'is cost
divided by the net p'ay yar fage results in the unit price. Since the
Goverrment estimaze (without profit) is based on the maxinun pay yarciage,
the unit price .uizipliedI by this yardage results in the C-,verm- ,Mt est.-
mate. n latter and the unit price are entered on the bid schedule.

The following crments pertain to the sanple format at the end of th'is
appendix. Tae ccsts cn this format or format developed by the Divisior.
Engineer, will be review ed before each job for w icn-i a Gcver.Ment
estimate is being prepared, and at least annually, and necessary adjust-
ments made.

(1) The payroll is divided into supervisory and operating crew
costs. Pay rates for the crew should be baed on prevailing Union rates
for dredges 20"_ znd ovcr ard dreds.as 31" -. d under. A prisLe source of
wage rates are th2 k-ekly payrolls su.b-itted by contractors on oth*er
contracts. I: anould be un.derstood that t1he above source for wece rates
will be used only if toae wage rates actually paid are greater than the
minimum wage rates t-iicated in the specifications.

(2) Taxes, insurance and fringe benefits for crewnen are estinated
as a percenta;e of t.e :otal wages (including overtne). Th1,.e tabulation
below, showm only for illusitrative purposes, depicts the methnod fcr
deriving the necessary percentages. Each Division should dete-nine the
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correct percentages to use for t-.e variable itns by contacting the
state 4_:zar--ent of labor for =-.eployr.ent and worknans canpensation
and the union locals for th fringe benefits.

Social Security - 6.05 percent 1st $17,700 use - 6.05%

State unanplo,- ent canp. - 4.5% ist $4,200
(Varies with each State)

Federal nployent canp. - 0.5%* ist $4,2C0
5.0% Ist $4 , ,

Since t 7- average arnual salary is at least double the
$4,2C0, say 50 percent of total payroll is subject to tax
50 percent x 5.0 percent 2.50

Wbrllanans canpensation = (average) 12.65
(Varies witn state and contractor)

Fringe benefits (vary with each union local agreement)

Vacation - (6% of straight time rate - $5.25) = $0.32/hr.

Welfare 0.35/hr.

Pensicn 0.35/hr.
$1.02/ nr.

Total Fringes $1.02 = 0.17 use 17.00
Average nourly rate w/OT $6.00 TOTAL 38.20%

Sare union local agreenents include an hourly allowance for subsistence.
If this is thne case Ln your area, this cost should be included as part
of fringe benefits.

(3) The numbe: and size of attendant plant and size of crew will
vary withi the size of the dredaes and the job conditions. This infor-
mation s-ould be derived fran dredge reports on previous contracts.

(4) Depreciation is based on estina,.: j original value of eqipment,
including additions and betternents, useful years of life, and six

*(Mininun is 0.5 percent, but will be increased to make up difference
between the state and a minimun total of 3.2 percent)

C-1
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months operaticn per %ear except where records and available data
indic:ae t '-- a greater figure is justified. For uniformity, the
foilcwing , -fu! life should be used:

Dredges - 10 through 14 inches - 20 years

16 through 20 inches - 25 years

24 inches and larger - 30 years

The useful life for attendant plant will be generally as shown on the
sap'e font_ a.

(5 Lz:ere-t on investnent costs are carputed in the following
manner - u-. :e.- R [-+1-- S(N-I)] - IN, Mnere:
R = th-e . _ -. erest raze. The current rate charged by lendina
co.p_-zez trzn-,based on a ba:.kirg prii-e rate of 9 percznt
plus 2 cercu-t : ,_-_z"iEte Lender markuo. N = the equi-ent life Ln
year . S =- s vlue e:- reZa i as a decimal. TIe. average for

dred_ e-b ze .- 5 to .Zu. Tais ar-nual cost will be
divi_ _ -- assz .z.sea nunaoer of months of operation to arrive at the
monthly cost.

(6) Te f e! cc_:t (Diesei) is based upon 0.5 lb. fuel or 0.067
gal. = rr .. _= hc, the ceratin_ hours per month (operating
hours/day2,! z £5 's .nt), the current -verz_-;e fuel price and .85
opera-: '-r, a--tng tne ; ist is seidan ooerating at full power.
ThJe ;zs-c 7r ;-:ii in this c _ctot~cn is the estimated avera;e
hors;e - usa2d -c t-e dredge a- atcendant plant.

(7) -nthP; sulv costs include all operating supplies succh as
small toois, rote, cutzer teeth, wc- -ear itens, etc. Cost of wear
itats, such _ cz ter eet-h =-zd certain pup parts will vary ar.c'atly
withi zn-.e t:-e -, dredd. An u.ward adjustnent should ze Made
ut.en d:e:fzn: rc. or caner nioay anrasive material, and a downward
adjusz.en: mace for dredging mud or silt.

(8) R-opair costs consist of the nenthly average on the basis of
the ru=bDer oz eterrat~ r.onzzs -.? r _e.r of th~e annual labor and mate-
rial msts for all repairs, dr-=_ccklng, and minor addition and
bette-.anz.s.

(9) Yard costs pertain to thre yard or base su-ortina the dredging
operat:or axn ccs.--t of ta.t portion of yard expenses supporting this
operation.

(10) L-surance costs consist of "Lcaniuizs paid for marine liability,
property, an- 7ulic lizbility znzu.-nce,"and plant insurance.

C-12
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(11) Lav-u- costs consist of all exoenses incurred while the drgdce
and atter-ncnt oiant are layed up-. And is charged as a monthly cost of
the assi-.ed c:.:er of operating months per year.

(12) T-e floating, su-,erged, and shoreline costs should include
the fittin -%a, ZC., C2.s, etc., nomallv associated with these
lines. '-2.e iin costs :cr the project at nand are obtained- by
multiplyin --. ccsts zer toot ceveloaed for tre different types of
material t, ilt, z -- J, rock) by their respective ma.Lun 'engths.
For oth3c a-- ria-I3 a- c--.binations, causina different rates of pioe
we-, as iocid CC difie by the estimator based on hisexpzrienze and contracts in the sa:ie area. Costs for placi
and reL.ov.-., of --. e ->~l- e are covered u.der Mcoilization and
DEnobil zacin.

(13) The entries showrn under booster costs will be developed
generally in the E-ne me-nner and suoject to the same co-nents as for
the dredging piant.

e. oz.bii i 'tl -"-i-zat-cn. The various costs are itanized
on the bac.& z - .) =-.a are cr.efl, ex-ia.ned here. All of these
costs should cc .- cnat only a partial crew and greatly reduced
operating costs are acplicabie.

(1) Mbilize Plant for Transfer includes all attendant plant and
pipeline. Ccss inrred consist of such izet.s as restoring all
machinery to ;,0r>ing order and restoring and stockino czarters and rmess
facilities (if -pcale). Preparation for mooilization averages 1/2
to three days.

(2) ransfer A-l Plant includes all traensfer costs includirg the
return of zhe tu- or tucs (if -policaole). T.e distance traveled per
day averages 50 to 75 -tiles. Transfer dis.ance sh ouid be oasc-i on the
secon dr-z-e fran. the jcb that is expected to bid on the worx.

(3) Prepare Plant for Work includes all zosts incurred to set u
the equiaent to start work including assa-.bling and placing -he dis-
charge line and boosters (if applicable).

(4) Demobilize Plant for Transfer includes all attendant plant and
pipeline and mveraces 1/2 to two days. Costs incurred include disassanbly
of all pipeline and preparing it for transport.

(5) Transfer All Plant is si'milar to the sane entry above, however,
points of mobilization and demobilization are not necessarily the sane.

C-13
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(6) P_'ecare ?laz for Lay-Lp irnciL:'.s --Il costs to secure
and5 equipnent for storage.

(7) CXerhE--d xid Bcnd are based on tie sare percent~a', usec- for r:,
dredging estimnate.

(8) iLetarks. This spaCe is. for rretarks to items on A.-panix B.

f. Yodificatio'. EstiLmates. *.*hen an es-:_;-ate is tre'_,::d for a
rnidif iCZt c, t-ac-:z:, z ;aaecc::s
Goverzz-ent esc.:aze will nee to C.M tz;s: o S-,: zz:*= e::
and attendant -olant cn -"-e -jc'-. Ecu ~z ~asu s~
deprec-ar-icn, Jlncerest -on esete :r
layup) , s.-.all re dt'i,- e-d in acc:Canze Z=- 3~

*contrat cors,- Ecn-i-ent :

ASR 1-5-402.1 a:-cL,. tz e '::~s c: c w..z.zr

allowanze fo~: :t z Z -3 D~ e inL~w~: n :.r..~
accordzance with =R17 :-: -- I , 1-7 Jzrofit
deterninaa 0-7 tzne weicnzed gU2.aelln.eS I--o sc:at~ yE
paragrap 3-808.2.
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SANPLE FO.C-AT 15 ?eb 7.

14N7.-ILY OPERATIGN COST FOR ZAS IC h ZRALLIC DRDGING PLANT !i.?.

Total H.P. (Dredge Plus Att. Plant)

esyroll (24-hr. operation) Ownershin & Oneration L._mo/yr operaticn)

Pro 4ect .anazer SPlant Value Est. Lt'j_ t

Supert. tendent
Captain Dredge Yrs
Chief Enzineer H.P. Tugs ( ) __ 2"-Yrs

--- Civil -n-;ineer - Ton Derrick 207r
-- Office Personnel - Work Barpes ( ) Q _ _' rs

Subto:al Fuel-Watzr 3z:;e 2rYrs

Taxes, ins.& fringes L_) Crew Boar 6Yrs
Sub-total - /Mo Skiff & Cutboard( . A " ___

Date:____uildoez ( ) 4 "r-
Lever ..en $ ,,.~ $ Pick-up Trucks ( ) £Yr -

__Watch Engineer3 __ro - Office (Trailer) 6Yrs
-- Dredge :rates /hr

___ Tug M.sters DeDreciaton (Total)
--- Tug Mates 

/hr.

--_ Equip. Operators /hr. nerest on Investment (7)

-- Welders /hr.

-- O il er s 
A = r .

-- Deckhands /hr. uel Ccst
__Stew~ards 

Ahr. Z.__

-- ?ess At:endans /-r.

- Gen. Dup Forezan /hr.

Dump Forenen /hr. - ' 't'r & L::riwnts_ -

-- Yard & Shoremen 42r-.es -

Sup~lies

Total Crew Sub-total Repair & Drvdockin-

Work __ hrs. - Pay_ hrs/wk Yard Cost-
Wages (month) C4.34 wks) $
Taxes, ins.& fringes ..) Insurance .

$_____-u (_.._-mcths/y?.)-

Labor Totil $ /too Total :.oithlv 3asic Plnt & L-.)or Cost 4

P ELrZE COSTS (.oS-,,y costS/ft.)
Pipeline Costs: tid Sand lRock

Floating Line $ -$ -$ -

Submerged Line
Shoreline ...

* S.li . .. . . . . . .. . . . . . . . . . . . . . . . .

0 0 00 OOSrER cvsr5s ( H.P.) ( YR. L=l)
Value $ - Repairs & Drydock
Depreciation $ rd Cost
Interest on Investment ( %) Insurance -
Fuel Cost LaZ-Uo months)
Lubricants - Pyroll
Supplies Taxes, Ins. & Fringe

TOTAL COST .:3Tr.LY

* *m.,



PNELMA PUM'P FIELD OBSERVATION (CAPE FEAR RIVER)

PNEUMA PUMP BODY (THREE CYLINDERS ARRANGED IN A TRIXJGLE)

PNELMA PUM.P RIGGING SHOWAING DISCHARGE LINE AND AIR SUPPLY LINES
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"Rpp

PNEUMA PUMP DISTRIBUTOR. COMPRESSED AIR IS SUPPLIED
THROUGH PIPE ON RIGHT AND DISTRIBUTED TO EACH
CYLINDER THROUGH VERTICAL PIPES. CUR'¢ED PIPE
IN FOREGROUND IS EXHAUST LINE.

PESPECTE OF PNEUMA PUMP DISTRIBUTOR
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RELATIONSHIP OF DISTRIBUTOR TO RIGGING

PNEtS4A PUMP APPARATUS MOUNTED ON WORKBOAT SNELL.
NOTE TWOl 1,500-CFM COMIPRESSORS, DISCHARGE PIPE,

NJD DISTRIBUTOR MOUNTED ON DECK.
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NOJZZLES USED ON1 CAPE FEAR RIVER TEST

TEXTURE AND CONSISTENCY OF MATERIAL BEING DREDGED ON

CAPE FEAR RIVER
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TF\T[-RE AIID CONSISTENCY OF MATERIAL BEING DREDGED
ON CAPE FEAR RIVER

PMEUMA PUMP DISCHARGING INTO CURRITuCK
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HOP IER ~~xIj)R~

HOPPER DREDGE CURRITUCK ON~ THE CAPE FEAR RIVEF

LOADED HOPPER
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MIDPOINT OF U1JLOADING CYCLE

END OF UNLOADING CYCLE ~- fiE AL'JS IkfL

ARE STI[( SPI IT.
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MAIN HINGE (ONE OF TWO)
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PRESENT DREDGING OPERATION AT READS LANDING
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ROOTIE OF PROPOSED READ)S LANDING SPECIAL PROJECT
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COMMERCIAL TRANSPORTATION



FO)REWORD FROM THE CR EAT EV\FA

This report has been prepared by the Commercial Transport

Work Group of the Great River Environmental Action Team (RE'.VI .

The conclusions and recommendations contained in this report rvf ,..ct

the work performed by this work group onl:., within its specific ;lr,.,l

of expertise. Recommendations from this report will be 'onsider ,,

in relation to other objectives for overall resource management ,.-nd

may be included in the final GREAT I repo:'t as considered appropriat,.

by the GREAT I Team.

I ___ ____________



River transportation is a safe, economical

and energy efficient system. It henefits

every man, woman and child in the GREAT I

area.

"The area in which China has the most to

learn from America is water transport,

especially the Mississippi and Great Lakes

systems."

-Peking People's Daily, 2 December 1978
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COMMERCIAL TRANSPORTATION WORK GROUP

CONCLUS IONS AND RECOMMENDATIONS

The Commercial Transportation Work Group is part of GREAT (the Great

River Environmental Action Team) which was formed as a result of the

Water Resources Development Act of 1976. The work group was active

from 1976 through 1979. Its objective was to determine present and

future problems and needs of commercial river transportation and identify

alternatives to solve these problems and satisfy these needs. The

area of concern was the Mississippi River from the head of navigation

at Minneapolis, Minnesota, to Guttenberg, Iowa; the lower 24.5 miles

of the St. Croix River; the lower 14.7 miles of the Minnesota River; and

the lower 1.4 miles of the Black River.

This appendix presents the work grups opinions and recommendations.

It is being forwarded to GREAT I for review and will be included in

the final report. Where recommendations differ from those adopted by

GREAT, the work group recommendation should be considered a minority

report.

As a result of its efforts, the work group reached the following con-

clusions and recommendations (not in any order of priority):

CONCLUSIONS

1. Commercial river transportation is a vital link in the total

GREAT I transportation network.

2. The Corps of Engineers has recently made significant changes in

its channel maintenance dredging and disposal practices. Preliminary

indications are that some environmental improvements hnave been made

as a result of these changes. However, various adverse effects

have also resulted. Of particular Interest to commercial navigation

I L -we- 
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is that changes to navigation channel dredging and disposal practices

have been implemented without first analyzing their consequences.

3. Riverine disposal may present the least cost and most environ-

mentally desirable method of dredged material disposal.

4. Waterway commerce for the Upper Mississippi River has exceeded

high growth predictions from Cairo, Illinois, to St. Paul, Minnesota,

every year since 1964 and exceeded predictions by 9 1/2 million tons

in 1974 (River Trasprtat ion in Iowa, Iowa Department of Trans-

portation, May 1978).

5. Commercial transportation is a function of economic conditions and

government policies operating in the free enterprise system and is far

below what the river can support.

6. Traffic congestion at locks and dams 2 and 3 could become a

serious problem during peak use periods.

7. Restrictive bridges impede safe efficient water navigation and

must be rebuilt to provide adequate horizontal and vertical clearance.

Truman-Hobbs legislation is not flexible enough to meet current

demands and public needs.

8. Bridge delays and other channel closures can be extremely costly.

Those costs are ultimately passed on to consumers.

9. The myriad of Federal, State and local government agency involvement

and/or regulations affecting water transportation, terminals, and sup-

port facilities has resulted in duplication, contradiction, confusion,

and unnecessary delays. These problems are particularly evident in obtain-

ing fleeting, terminal, and dredging permits.

2



10. Regulatory constraints on the development of new or expanded com-

mercial shore, terminal, and support facilities have adversely

affected the economy.

11. Work group traffic studies have indicated that:

a. By 1985, total downbound barge shipments in the GREAT 1 area

will increase substantially over 1975 levels; the primary increase will

be in agriculture products.

b. Existing problems such as fleeting shortages and locking wait

times will intensify.

c. No new problems caused by increased traffic are foreseen.

12. User charges on water transportation will increase shipping costs

for GREAT I area residents. Farmers would be most affected because

farm commodities account for more than half of the barge traffic.

In 1985, on the basis of current predictions, the fuel tax will re-

sult in an increased cost of over $4.8 million ($0.08 per gallon).

13. GREAT I studies have not identified all of the users and bene-

ficiaries or uses and benefits that result from a navigation project

in the GREAT I area.

14. Available fleeting areas are insufficient to meet present and

future industry needs.

15. Identifying all potential fleeting areas is necessary in select-

ing the most desirable site to meet industry needs and environmental

concerns. The Upper Mississippi River Basin Commission Level B

Study Report and Environmental Impact Statement concerning commercial

river navigation in the St. Paul/Minneapolis area support the needs

of navigation in that area.
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16. Predesignated closing and opening shipping dates would adversely

affect the economy.

17. The suitability models of the Geographic Information System, as

currently designed, are not appropriate for identifying areas suitable

for barge fleeting or terminals.

18. Reflective coatings on barges would have no practical beneficial

impact for the recreational boater.

19. Barge tie-off requirements are very difficult to standardize

because of the many different terminal and fleeting area conditions.

The scope of this problem in the GREAT I area is insignificant and does

not demand further study. Additionally, sufficient incentives already

exist for industry to provide suitable tie-offs.

RECOMMENDATIONS

1. The chiannel should continue to be maintained, preserved, and ex-

panded to meet current and future barge needs of vessels with

9-foot drafts. Specific recommendations for implementation are

contained in the work group guidelines for channel maintenance

dredging and disposal.

2. GREAT shouldacknowledge that the guidelines and standards for

channel maintenance as historically practiced by the Corps of Engineers

have provided an adequate navigation channel for 9-foot draft vessels.

Before any changes or deviations from these practices are implemented,

the following potential impacts must be considered: risk of grounding,

transit time, fuel consumption, cargo capacity, and dredging and disposal

costs.

3. Congress should define the Mississippi River 9-foot navigation

project as "including allowances required for advance maintenance

4



dredging, dredging tolerances, squat and trim for the class of

vessel for which the project was designed, wave action, shoaling

rates, and other overdepth allowances necessary to afford safe

navigation for vessels with a draft of 9 feet."

4. Riverine disposal should be considered as a viable alternative

in formulating dredged material disposal plans.

5. Any GREAT recommendation referring to channel maintenance should

include the historical costs and the additional costs resulting from

that recommendation.

6. The Corps should maintain fiscal records and publish an annual

report comparing the costs for historical and current channel

maintenance.

7. The Corps should recommend steps to Congress to alleviate projected

capacity limitations at locks and dams 2 and 3 caused by demand in-

creases. Mid-America Ports Study, Recreation Lock Study and GREAT

I Recreation Work Group concerns should be considered.

8. Obstructive bridges should be rebuilt to provide adequate

horizontal and vertical clearances. The Truman-Hobbs Act should:

a. Continue to be used in rebuilding bridges on the basis of

navigation needs.

b. Be amended to include replacement or repair of bridge pro-

tection systems.

c. Be amended to include benefits to land as well as marine

interests. Because public money is being spent, the total public

benefit should be considered in benefit cost ratios.
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9. Operating regulations for drawbridges must be vigorously

enforced by the U.S. Coast Guard. To accomplish this, the acts

of 18 August 1864 and 3 March 1899, the Bridge Act of 1906, and

the General Act of 1946 should be amended to provide for civil

penalties in certain circumstances and for other purposes as

recommended by the U.S. Coast Guard.

10. A comprehensive study should be made to identify Federal,

State, and local regulatory activities applicable to river

transportation. The study should identify areas in which Federal

laws and agencies must supersede State and local regulatory

activities and develop recommendations to eliminate the contradiction

and intrusion by State and local government into the Federal

domain of interstate commerce.

11. The cost and benefit to the puolic of constraints on the

development of commercial facilities should be evaluated.

12. Beneficiary/user data should be developed and used by appro-

priate agencies in managing water resources and developing cost-

sharing programs.

13. The commercial transportation industry should participate in iden-

tifying potential fleeting areas for meeting present shortages and

future development.

14. Predesignated opening and closing navigation dates should not be

established.

15. The Geographic Information System should be refined, expanded, or

modified and include all recommendations contained in the section on

suitability models.

16. State and Federal agencies concerned with boating safety should

intensify efforts to educate recreational boaters on rules of the

6

-~ - n



road and lighting requirements applicable to commercial and

recreational vessels.

INTRODUCTION

GREAT I BACKGROUND

In 1973, the State of Wisconsin initiated a lawsuit against the Corps

of Engineers cver various dredging and disposal actions practiced

by the St. Paul District to maintain the authorized 9-foot navigation

channel on the Upper Mississippi River. As a result, the North Cen-

tral Division Engineer and the North Central Regional Director of the

U.S. Fish and Wildlife Service announced in September 1974 that they

planned to establish a partnership team within the North Central

Division area. The purpose of the team would be to work out a

long-range management strategy for the multipurpose use of the

river. Previously, the Upper Mississippi River Basin Commission

had established a Dredged Spoil Disposal Practices Committee to

lay the groundwork for similar, related efforts. These initiatives

were combined and became known as GREAT. From 1974 to 1976, most

of GREAT's activities were focused on the Minnesota-Wisconsin portions

of the Upper Mississippi River. Finally, in section 117 of the Water

Reso:irces Development Act of 1976, Congress formally authorized the

investigation and study of the development of a river system manage-

ment plan for the entire Upper Mississippi River. The section reads:

"The Secretary of the Army, acting through the Chief of

Engineers, is authorized to investigate and study, in co-

operation with interested States and Federal agencies,

through the Upper Mississippi River Basin Commission, the

Development of a river system management plan in the for-

mat of the 'Great River Study' for the Mississippi River

from the mouth of the Ohio River to the head of navigation

at Minneapolis, incorporating total river resource re-

quirements including, but not limited to, navigation, the

7



effects of increased barge traffic, fish and wildlife,

recreation, watershed management, and water quality at

an estimated cost of $9,100,000."

To accomplish the study, the Corps, together with the other study

participants, divided the study into three geographic areas:

1. GREAT I. - The Great I study centers around the Corps St.

Paul District and covers that reach of the Mississippi River .rom

the head of navigation at Minneapolis to Guttenberg, the lower

24.5 miles of the St. Croix River, the lower 14.7 miles of the

Minnesota River, and the lower 1.4 miles of the Black River.

2. GREAT II. - The GREAT II study centers around the Corps R~ock

Island District and concentrates on the Mississippi River and its

tributaries from Guttenberg to Saverton, Missouri.

3. GREAT III. - The GREAT III study centers around the Corps St.

Louis District and covers the Mississippi River from Saverton to the con-

fluence with the Ohio River.

GREAT I study participants included, but were not limited to, the

Corps of Engineers; Fish and Wildlife Service; Environmental Protec-

tion Agency; Soil Conservation Service; Department of Transportation

(Coast Guard); agencies of the States of Iowa, Minnesota, and Wiscon-

sin; and various interest groups.

COMM4ERCIAL TRANSPORTATION WORK GROUP BACKGROUND

GREAT I established work groups to address various areas of concern.

The Commercial Transportation Work Group's objective was to determine

present and future problems and needs of commercial river transportation

and alternatives to meet these needs. For planning purposes, the work

group undertook to:

8



1. Define the existing legal and institutional framework for com-

mercial river transportation.

2. Define present and potential demand for commercial river trans-

portation.

3. Identify the capacity of the river for commercial transportation.

4. Determine problems and needs of commercial river transportation

including barge fleeting areas, terminals, and other support facilities.

5. Delineate and evaluate commercial river transportation planning

activities.

6. Draft the commercial transportation appendix.

The work group established the following procedures:

1. Meetings were held on an "as needed" basis which resulted in

a meeting every 1 to 2 months.

2. Meetings were open to any and all interested parties.

3. An extensive mailing list was maintained. Any party desiring

to be placed on that list was provided advance notification of all

meetings, copies of meeting minutes, and descriptions of the issues

being considered.

4. Decisions and policies were made by the consensus of those

in attendance at the meetings.

5. Strict, formal rules and procedures such as formal voting

membership designations and quorum and/or voting procedures were

not found to be necessary and were not established.

9



- - --- ---- 7Z

6. All parties on the mailing list were encouraged to provide

comments on the work group's efforts even if they could not attend

the meetings.

7. The work group's chairman, with the advice of the work

group, handled general administrative duties including scheduling

and arranging for meetings and preparing minutes, reports, and

general correspondence. The chairman has been a representative

from the Coast Guard.

8. All work group business, including conclusions and rec-

ommendations in the final report, were approved by general agreement.

The size of the work group (that is, its mailing list) varied through-

out the study effort; however, it usually had over 45 members repre-

senting a broad range of interests including but not limited to the

barge and towing industry; terminal operators; railroads; private

citizens; municipalities; Departments of Transportation of Iowa,

Minnesota, and Wisconsin; Coast Guard; Corps of Engineers; Fish and

Wildlife Service; and Maritime Administration. Attendance at meetings

was generally between 7 and 15 people.

As indicated by the above procedures, significant efforts were made

to obtain public participation. The primary nongovernmental inputs

came from representatives of the barge and towing industry and the

railroads. Additionally, a representative of the GREAT I Public

Participation and Information Work Group attended most work group

meetings.

COMMERCIAL TRANSPORTATION IN THE GREAT I AREA

Commercial transportation is composed of several "modes" - waterway,

rail, highway, and air. In considering commercial transportation as

it relates to the GREAT I mandate of developing a river system manage-

ment plan, it is readily apparent that the waterway mode is of major

interest.

10



Waterway

The commercial river transportation system in the GREAT I area consists

primarily of a 9-foot navigation channel, 13 locks, towboats, barges,

fleeting areas, and terminals. By its nature, the system provides ser-

vices of vital importance to the economy of the area. A 1975 study by

the Upper Mississippi Waterway Association concluded that the river system

handles 56 percent of the area's grain exports, 41 percent of the area's

fertilizer, and 28 percent of its refined petroleum products (see

the following figure). Additionally, about one of every three

people in the Upper Mississippi River basin is served by electricity

generated from barged coal.
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An additional study completed by the work group has provided base-

line data on movements of bulk commodities in the GREAT I area.

This study also compared water shipments to total shipments and

the transportation rates for the different transportation modes.

Waterway traffic is unique in the high volumes of commodities that

can be handled by just one barge (see the figure on page 14).

Also, extremely large pieces of equipment, such as giant turbines and

rockets, are best handled by barge. Rail or truck roadbeds and

fixed bridges and power lines do not facilitate land transportation of

large equipment. Waterway transportation is also unique in that it

is the safest and results in the lowest shipping cost. Over the years,

it has developed to meet the needs of commerce. The following figure

shows the rate of growth from 1950 to 1964 and compares actual growth

with 1964 predictions by the Upper Mississippi River Basin CnmmiRinn.

As can be seen, actual growth has exceeded projections for every

year from 1964 through 1975.

N0

80

"M0 Inc To 7 S so

Actual and projected commerce on the

Upper Mississippi River
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Rail and Highway

The rail and highway systems in the area are made up of various

rail and road beds, bridges, and terminals. They are of

vital importance to the transportation system and the economy.

of the area. The whole transportation system should be considered

so that the natural advantages of each mode can be fully used,

However, although the work group recognizes the importance and con-

tribution of the other transportation modes, its studies concentrated

on waterway transportation as the primary element of a river

management plan.

STUDY ACTIVITIES

The work group's six tasks are listed on page 9. During the study,

it became evident that time and funding resources were inadequate for

completion of all tasks. Also, the work group became involved In mis-

cellaneous other efforts which, while valuable, further detracted from

its ability to fully complete the original tasks. This section of the

report describes the study activities which were addressed.

DEMAND FOR COMM(ERCIAL RIVER TRANSPORTATION

One of the original work group tasks was to define the present and

potential demand for commercial river transportation. The work Broup

addressed this task via a contract with the University of Minnesota.

The final report for the study is included as a separate document.
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Projections to the year 1985 were made for 20 commodities which are

shipped in large amounts by barge. The commodities selected accounted

for over 97 percent of barged shipments to and from the Twin Cities

area in 1976. All commodities with a 1976 total exceeding 50,000

short tons were included.

Commodity projections were made from a base year of 1975 for seven

different cases as shown in the following table.

Commodity projections - --------

Case _____Des crition

1985 base-line case Assumed most likely case.

IA 1985 base-line case modified for
a 50-percent increase in raw farm

product shipments.

]B 1985 base-line case modified for

a 50-percent decrease in raw farm

product shipments.

2 1985 base-line case modified for

four additional 800-megawatt elec-
tric generating units using

western coal.

3 1985 base-Iine case modified for
four additional 800-megawatt el , -
tric generating units using south-
ern coal.

4 1985 base-line case modified for
a 50-percent increase in raw farm

products and four additional 800-
megawatt electric generating units

using western coal (cases ]A and 2).

5 1985 base-line case modified for
a 50-percent increase in raw farm

products and 4 additional electric
generating units using southern
coal (cases ]A and 3).

16
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On the basis of commodity projections, barge requirements, lock

requirements, and lock uses were estimated. Also, the

effect of user charges on the total commercial barging bill for 1975

was analyzed. Selected results of these projections are presented

in the following paragraphs and tables.

Base-line projections for 1985 for St. Paul D~istrict ports are based pri-

marily on a previous analysis of Twin Cities area ports conducted by the

University of Minnesota Department of Agriculture and Applied Economibs

(Historical and Projected Volumes of Twin Cities Waterborne Commerce

1963-1985, Title V Report 21). The projected case volumes are considered

the most likely and would result in an increase in total barge shipments of

59 percent over 1975 levels; the increase would be primarily in raw

farm products. An analysis of the base line indicates no major new

problems although existing problems such as fleeting area pressures

and locking queue time would intensify as a result of increased traf-

fic. Although the requirements for fleeting would not increase pro-

portionately with traffic under most circumstances, the disproportion-

ate increase in downbound farm product traffic under the base-line

case and cases 1A, 2, 4, and 5 would undoubtedly require additional

terminal storage areas. Case 1A would appear to present problems simi-

lar to those of the base line, but of a greater magnitude. On the

other hand, the traffic in case lB would remain at about the same

level as in 1975.

The effect of increased coal movements by barge would depend on whether

the coal is western coal moving South or southern coal coming north.

Major movements of western coal would require a greatly increased num-

ber of lockages and additional barges as well as fleeting areas. on

the other hand, upbound coal movements should be generally complementary

with downbound grain movements if cleaning facilities are adequate.

The work group position is that all alternatives in locating new facili-

ties will have to be considered within the conitext of economic,

environmental, traffic, and social conditions existing at the

time of decision.

17



Lock congestion at locks and dam 2 might become a serious problem in

the near future. Under case 4, the time required for projected

lockages in August exceeded hours in the month. It is recommended that

commercial recreational lockage requirements of locks and dams 2 and

3 be studied in detail (for example, a simulation to determine time~s

and magnitude of excessive lockage demand).

Historically, Congress has assisted all transportation and other non-

transportation programs to encourage their development. The overriding

criterion in allocating public funds is the public interest to be

served by the program. The present administration favors a payback

for navigation project costs. A user charge in the form of a fuel tax

was enacted as a condition for approval of locks and dam 26 replacement.

Railroad interests strongly favor user charges for waterborne commierce.

Considerable debate is still centered on the equitable application of

Government subsidies. Waterborne commerce interests contend that

such programs as railroad retirement fund subsidies, low interest loans,

and railroad right-of-way land grant$ are subsidies greater than the

Government investment in the inland waterway system. They also believe

waterborne commerce is already paying its way because about 9 percent

of the U.S. Customs revenues generated by waterborne commerce would

cover the annual operation, maintenance, and construction costs of the

entire inland waterway system. User fees would increase shipping costs

for residents of the GREAT I area. Farmers would be affected the most

because farm commodities and production goods account for more than

one-half the barge ton-miles in GREAT I. Impacts will also be felt in

the energy sector because a major portion of the coal used in generating

electricity and crude oil and petroleum products are moved by barge.

Under existing (1975) traffic patterns, revenues from the proposed

fuel tax iould amount to $1 million at the $0.04 per gallon level

and $2.5 million at a $0.10 per gallon level for all commodities

shipped into or out of the St. Paul District.
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IMPORTANCE OF COMMERCIAL RIVER TRANSPORTATION

A follow-up contract with the University of Minnesota was approved

in December 1978. Its purpose was to identify and document move-

ments of bulk commodities on the river, determine the magnitude

of river traffic in relation to total movement of those commodi-

ties and determine the rates for the different transportation modes.

Two reports - one covering grain and one covering fertilizers - are

attached. Reports on coal, petroleum and petroleum products, and

other commodities are being prepared. A summary of this material

is included as attachment 6.

The major findings of this study are that:

1. An average of 2.3 million tons of corn per year was shipped by

barge from the Twin Cities from 1971 to 1977. This amount is 28

percent of the corn sold off Minnesota and South Dakota farms and

89 percent of the corn shipped from Minneapolis - St. Paul. Barges

also carried 67 percent of the wheat and over 90 percent of the

soybeans shipped from the Twin Cities to the Gulf ports for ex-

port. Cost is one reason for the dominanace of water transport of

grain. Contract barge rates for the 1979 shipping season from the

Twin Cities to the Gulf were between $7 and $7.50 per ton. Rail

rates for 10-car shipments were over $25 per ton. The difference

in transportation costs amounts to more than $0.50 per bushel.

2. The amount of phosphate chemical fertilizer received in St. Paul

District terminals in 1975 was more than 95 percent of the amount

used in Minnesota (some of the fertilizer was used in neighboring

States). An amount of mixed fertilizers equal to 39 percent of

Minnesota use was received at St. Paul District ports. Transporta-

tion rates for barge-rail delivery of dry bulk fertilizers from

Florida are $10 to $12 less per ton than all-rail rates.
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3. Barges dominate the movement of anhydrous ammonia near water-

ways. However, pipeline transportation costs are cheaper than

barge-truck costs if the distance is more than 100 miles inland.

Consequently in 1975, a quantity of nitrogen fertilizer equal to

25 percent of Minnesota use was received by barge at a savings

up to $10 per ton.

4. Significant amounts of crude petroleum, gasoline, and petroleum

products are received by barge in the Twin Cities area. Pipelines

are generally the cheapest mode for moving petroleum; however,

there is a shortage of pipeline capacity from the south and a re-

duction in availability of Canadian crude oil for area refineries.

Water transportation has been very important in minimizing energy

shortages in the Upper Midwest in recent years.

5. At least five major area power plants depend almost completely

on barge transportation for coal because they have no rail facilities.

For those plants using Illinois or Kentucky coal, barge transportation

costs are about one-half of rail costs.

The following table shows some of the major commodity movements

in the area.
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ECONOMICS OF WATER TRANSPORTATION

This task addressed:

1. The economic consequences of inadequate channel maintenance.

2. Barge draft and channel dimensions.

3. Commercial vessel groundings.

Indeua hannel Mntenance

Channel Maintenance. - The towing industry and principal users of

waterborne commerce on the Upper Mississippi River are concerned that chan-

nel maintenance, as a result of an agreement between the Minnesota

Pollution Control Agency and the Corps of Engineers in 1978, will pro-

vide a less reliable channel. Groundings and channel blockages may

increase and emergency dredging procedures may not be implemented

quickly enough to minimize the economic impact on the towing indus-

try, the users of the river, and the agrarian economy of the Upper

Midwest. The economic consequences of blockages and the impact that

uncertainty and concern over potential blockages have had on operations

and capital investment are substantial.

Actual blockages. - While it is extremely difficult to calculate the

financial costs of groundings and channel blockages, it is possible

to identify the broad areab of economic impact. Because a substantial

percentage of the downbound movement on the Upper Mississippi River

is grain, primarily corn and soybeans, It is necessary to have a

basic understanding of grain merchandising to measure the impact.

Grain sales generally carry delivery dates. The seller is under

obligation to deliver at a specified time to a terminal or a vessel

at Gulf ports. If the Upper Mississippi River is not available to

the seller to effect such a delivery, or if commodities already in

28
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transit are tied up by channel blockage so that delivery cannot be

made by the specified date, the seller must divert other shipments

of the same commodity in transit downbound beyond the blockage, go

into the market and procure commodities in other areas and duplicate

the shipments, or assume the cost of vessel demurrage at the port.

The consequences are reduced prices at the farm, general confusion in

the intermodal transportation network, and a dampening of the Upper

Midwest agrarian economy. 'lore grain stays on the farm or in country

elevators. Since grain is sold domestically and internationally on

the basis of specified delivery dates, failure to complete a contract

within a specified time may result in reduction in the total movement

of grain from the Upper Midwest during a season. The grain merchandiser

may have reduced profits or even a net loss resulting from higher prices

paid in another market to duplicate the shipment, losses on commodities tied

up in transit when eventually sold to other buyers, and vessel demurrage.

Other costs such as fixed costs of equipment and salaries of personnel

continue for the towing company while its equipment is idled by the chan-

nel blockage. Based on a 3,200- to 4,200-horsepower unit, it has been estimated

that the cost for a line tow incapacitated by a channel blockage

is about $4,800 a day. The only cost reduction would be in less fuel

consumed.

During 1978, a channel blockage at Reads Landing closed the

navigation channel. The channel was totally blocked for 5 days and

partially blocked for 4 more days. The blockage resulted in a delay of 58

towboat-days and 467 barge-days. This does not account for tows that

knowing of the blockage never departed from berths nor the subsequent

delays at locks, terminals, and fleeting areas downriver. The economic

loss based only on towboat-days is $278,400. The towing company may

incur additional monetary losses from channel blockage by its inability

to meet its contractual agreements to furnish equipment to users. In

short, the whole schedule is set back for the navigation season. The im-

pact to the grain merchandiser and the towing industry can probably

be measured in monetary terms; however, the impact on the agribusiness
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community of the Upper Midwest may be substantial loss of markets

for agricultural commodities. While the downbound grain movement has

substantial impact on the agribusiness community, the upbound movement

of fertilizer may be nearly as important to agriculture.

Uncertainty and concern over potential blockages. - The navigation

season on the Upper Mississippi River is already limited by climatic

conditions. The river's availability during the period which has

come to be known as the normal navigation season is critical. It

is obvious that equipment utilization, costs per ton-mile, and a

wide range of operational costs are substantially better for the

towing company on the Illinois and Ohio Rivers and lower reaches of

the Mississippi River. While there has always been an imbalance

of tonnage on the Upper Mississippi River, the imbalance has heightened

as a result of a shift to low-sulphur coal moving in trainload move-

ments from Montana to electric generating plants serving the Upper

Midwest. The loss of movement of Illinois and Kentucky coal upbound

on the Upper Mississippi River has resulted in more one-way traffic

for equipment. While, as in all business enterprises, many factors

determine what product lines will be developed and where capital in-

vestments will be made, uncertainty over getting authorization for

adequate channel maintenance, the potential of groundings or actual

blockages, and concern over the regulatory process will result in

a reduced commitment by the towing industry of its resources

to the Upper Mississippi River or increased rates. It may be a

leveling off or no-growth stand, and it could be a "cutback".

Is there an inconsistency between allegations for greater use of the

Upper Mississippi River and the potential leveling off trend in the

industry? The potential for greater use of the river for agricultural

products of the Upper Midwest is even brighter in terms of new

international markets. The need for greater reliance on riverborne

commerce to meet the growing and critical energy needs of the Upper

Midwest is obvious. Given a supportive governmental climate for

development, the free enterprise system will develop the market.
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Brge Draft and Channel Dimensions

This section supports the work group's concern over the effects of

changing channel dimensions on cargo capacity and operating

efficiency. The economic effect of minor draft changes can be

significant. Energy consumption and efficiency are becoming

more important. Therefore, it is important to emphasize the re-

duced efficiency and increased fuel consumption associated with

the different channel configurations shown below. When draft is

reduced by 1 foot, it takes seven tows to accomplish what was

done by six tows. As a result, fuel consumption, shipping costs,

and other detrimental impacts on the environment and navigation

system would increase substantially. The following table illus-

trates the economic importance of barge draft.
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The economic importance of barge draft

Assume Single barge capacity = 1,500 tons or 52,500
bushels

Draft empty = 1 foot, 10 inches
Draft full = 9 feet
Cost to ship grain = $7/ton (St. Paul-
New Orleans

One barge tow (15 barges) carries 22,500
tons or 787,500 bushels

Market price(l) 15-barge cargo value

Corn-$2.20/bushel $1,732,500

Wheat-$3.50/bushel 2,756,250
Beans-$6.78/bushel 5,339,250

The cost for manning towboat, travel
time, fuel costs, speed, etc., remain
the same for barges with 8- or 9-foot drafts.
Therefore, total transportation costs would

remain nearly the same.

Calculate $7/ton x 1,500-ton capcity = $10,500 shipping

cost per barge
$10,500/barge x 15-barge tow - $157,500
shipping cost

Difference between full and empty draft =

9 feet - 1 foot, 10 inches = 86 inches
1,500 tons+86 inches = 17.44 tons or 610
bushels per inch of draft per barge.

Result 15-barge tow

1 inch draft reduction = $0.0825 increased
cost ver ton

1 foot draft reduction = $0.0825 x 12 =

$0.99 increased cost per ton
$0.99 x 22,500 $22,275 increased cost

per trip
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For every six barge tows, a complete
new barge trip is needed to
transport the same amount of
commodity with a 1-foot reduc-
tion in draft.

Fuel use is substantially in-
creased because of additional
trips required.

Additional trips may cause in-
creased costs for delays at
locks, terminals, etc.

(1) As of 26 October 1978.

A Corps sponsored investigation into the effects of channel width and

depth on barges was conducted at the University of Michigan Department

of Naval Architecture and Marine Engineering in 1960. The data accumulated

do not always indicate a direct proportional increase or decrease as

the channel width and depth vary. Such irregularities are the result

of:

1. The actual level the channel water decreases during the

passage of -vie tow.

2. Changes in trim as a result of change in relative position of

wave crests and troughs.

3. Changes in relative pressures between bottom of tow and

channel bottom which caube tow to squat (sink bodily).

4. The relative influence of the wave of translation on the

resistance of the tow.

The study found the following effects on a 3-barge wide, 2-barge long

tow drawing 8.5 feet at 1,000 tow rope horsepower.
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Effects of channel width and depth on speed of tows (1)

Channel width (feet) Channel depths

1i feet 13 feet 18 feet

125 3.7 knots 4.10 knots 5.02 knots
225 4.55 knots 5.30 knots 6.38 knots
300 4.95 knots 5.67 knots 6.64 knots

(1) Speed that can be maintained in given channel by 3-barge wide, 2-
barge long tow, 8.5-foot draft, 1,000 tow rope horsepower.

It can be readily seen that a given channel width or depth has a

direct effect on vessel performance. If the effect of a 50-foot

channel width reduction resulted in a 0.4-knot speed loss it would

be considered inconsequential by some. The cumulative effect, if

applied uniformly to the 1,700-mile trip from St. Paul to New Orleans,

would result in over 5 hours being added to the vessel's trip.

Multiplied by the number of barge trips, the effect could be substan-

tial. The same is true of channel depth.

Vessel performance relates not only to increased shipping cost, but

to energy consumption, effects on the environment, maneuverability,

and safety. For example, to travel 4.5 knots in a 125-foot channel

reauires almost double the horsepower (1,900 horsepower vs. 1,000

horsepolier) for the same speed in a 225-foot channel.

Channel dimensions also affect vessel safety. The Dredging Require-

ments Work Group addressed this subject through a study performed

by the Delft Hydraulics Laboratory. The study determine6 that the

directional stability of vessels is reduced when the water depth

is less than 1,5 times thcir draft.
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Commercial Vessel Groundings

GREAT asked the work group to compile accident data indicating the frequency

of groundings. Its concern was to determine the eff.2Cts of reduced channel

maintenance since the inception of GREAT. The work group was reluctant to

undertake this analysis because of the many variables involved. Additional

cautions were given in that not all groundings art reporte-d to the Coast

Guard, of those reported onlv the most serious groutdings are officially

investigated, and the direct or indirect cause of the groundings may not

be accurately identified on the accident forms. For example, the official

cause of a grounding may be an error in judgment on the part of the vessel

operator. The indirect cause may be channel maintenance or channel align-

ment that resultsin inadequate navigation factors for vessel operation.

Another cause could be inadequate channel depth that reduces the vessels'

maneuvering capabilities.

Data used in developing the graphs were obtained from the Coast Guard and

Corps of Engineers. The following figure indicates water levels and

groundings for the Upper Mississippi River. 1977 was a low-water

year during which the water level was over 1 1/2 feet above normal

pool for only 13 days, as compared to 167 days in 1978. 1978 appears

to be a more typical year and presents a greater range of river con-

ditions on which to develop a grounding frequency rate. In the figures

on pages 35 and 36, the water discharge curve has been inverted for

ease in correlating water levels to grounding rates. It is interesting

to note that 50 percent of all the reported groundings in GREAT I

for 1978 occurred between river miles 705.5 - 706.5 and 816.1 - 817.1
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Specific conclusions based on the previous figure, such as "Groundings in-

crease in GREAT I because of reduced channel maintenance procedures in 1978

while grounding rates were decreasing in GREATS 11 and III," could not be

supported if subjected to a statistical analysis. This is the result of

an insufficient number of data being used to develop the graph and unex-

plained deviations from the trend which occurred in 1976 for GREAT 1.

Some general trends have been identified and conclusions of the work group

a re:

1. Water levels, both high and low, directly affect the rate of vessecl

groundings. Open river areas are affected to a much greater degree than

pooled portions.

2. Grounding is most frequent during periods of low water defined as

below normal pool of 645.50 at Winona to one-half foot above normal pool.

During low water, channel maintenance appears to he a more critical factor

than at higher stages.

3. During high-water conditions, defined as 3 feet or more above normal

pool, groundings increase but remain less than low-water conditions. Ground-

ings at high water are affected by increased currents more than channel main-

tenance.

The following table and figure give grounding statistics for 1977 and 10

months of 1978.
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CAPACITY OF THE RIVER FOR COMMERCIAL TRANSPORTATION

The existing river channel as a transportation corridor and navi-

gation system is grossly underused. The transportation corridor

refers to the full potentia*. of the river while the nc-ligation

system refers to the river with existing constraints. One

illustration of this underuse is to consider a 15-barge tow

passing in either direction every hour during a 200-day navigation

season. This number of tows would transport 100 million tons of

cargo. One hundred million tons is more than five times the present

volume of cargo being transported by barge into and through the

St. Paul District. The fact that 100 million tons are not being

moved is simply the result of limitations on either the supply of

commodities being shipped, the market demand for these commodities,

or nonmarket constraints.

River transportation is limited by its location and must depend

on interface with other transportation modes to be effective.

Therefore, only certain types of products, usually bulk commodities

of local origin or required to support local power plants, in-

dustries, etc., lend themselves to barge transport. The market

demand for these types of commodities is therefore limited by

geographical area and transportation costs, as well as the supply

of materials being shipped. For example, it is questionable if

there is enough farm production in the GREAT I area to increase

grain shipments five times over present levels. If for any

reason, however, the present barge traffic level did increase by

five times, the probable effect on channel maintenance would be

relatively small (see the following figures). Locking capacity,

fleeting areas and terminal capacity would have to be increased,

but at a level far lower than five times present capacity because

each of these facilities services many barges.
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"urther, river capacity cannot be determined by simply computing

the number of barges that can be moved through the locks. Such

calculations would provide theoretical values that would be excessive-

ly high because of all of the variable involved. There are also

intrapool shipments that do not use locks.

The figures also reflect only lock capacity, and not river capacity.

Should traffic exceed locking capacity, consideration should be

given to expanding the lock capacity.

The Upper Mississippi River Basin Commnission Master Plan Study required

by Public Law 95-502 is attempting to determine the capacity of the

navigation system. Although the work group did not intend to address

this issue, available data indicate that the level of commerce on the

river is far below what the river can support. Commercial transporta-

tion is a function of economic conditions and government policies

operating in the free enterprise system.
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LEGAL AND INSTITUTIONAL FRAMEWORK (AGENCIES CONCERNED WITH ACTIVITIES

RELATED TO COMMERCIAL RIVER TRANSPORTATION)

The following table describes activities in the GREAT I area in which various

government and nongovernment agencies tend to regulate, control, plan, manage,

or otherwise influence commercial river transportation. It was developed in

response to one of the original tasks which was to "define the legal and insti-

tutional framework for commercial river transportation." It was generated

"in-house" by the work group with primary inputs from the Iowa, Minnesota,

and Wisconsin Departments of Transportation; St. Paul District, Corps of

Engineers; and Second Coast Guard District. The development of a complete

legal and institutional framework document was beyond the scope of an in-

house activity. It is, therefore, considered a listing of government agencies

who are concerned with and influence conmiercial river transportation activities.

It is quite evident from the information on the table that government con-

trols a great many aspects of commercial river transportation which can re-

sult ix. duplication and delays.

Agencies concerned with activities relating to commercial river transportation

Agency (])
Activity Federal Minnesota Wisconsin Iowa

Water use, flood control, Corps DNR DNR CC
recreation, fish and F1S PCA DOAG NRC
wildlife, drainage, treat- EPA MC DLAD DSC
ment, and irrigation RDC UWEX IGS

WPB DEQ
SPA

Improvements of river, har- Corps MC DNR DOT
bors, and waterways including RDC DOT NRC
dredging and harbor PA DBD CC
maintenance DOT DLAD DEQ

PCA UWEX IDC
WPB SHS DOAG
DNR OPP

Research, planning, and pro- Corps DNR DOT DOT
gramming necessary for MARAD DOT DNR NRC
improvement of the river USCG WPB DBD CC

DED SHS IDC
PA DOA SHD

UWEX DEQ
DLAD
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Agencies concerned with activities relating to commercial river transportation
(Cont)

Agency (1)
Activity Federal Minnesota Wisconsin Iowa

Navigation requirements USCG DNR DNR DOT
Corps PA

Rules and regulations USCG PSC DNR CC
governing the safety and FBI PA
security of ports Corps

Anchorage and movement of USCG CC
vessels within jurisdic- Corps
tional waters

Maintain search and rescue USCG DNR DNR
capabilities, life and DLAD
property saving

Establish and maintain aids USCG DNR DNR
to navigation (for example, FCC
short-range aids, marine Corps

information and communica-
tion services)

Merchant vessel design re- USCG
quirements (for example,
hull and system design)

Commercial vessel inspec- USCG
tion program

Marine casualty investiga- USCG
tions NTSB

Bridge modification, permits USCG DOT DOT DOT
and drawbridge regulations DNR

Program for merchant vessel USCG

documentation (for example, MARAD
regul-ations and rulings

and records and publication)

Commercial vessel personnel USCG
(for example, documentation, FCC
licensing, and evaluation,

vessel manning, and personnel
requirements and qualifications)
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Agencies concerned with activities relatinI to commercial river transportation
(Cont)

Agency (I) .
Activity Federal Minnesota Wisconsin Iowa

Rules and regulations c',n- OSHA DH
cerning occupational safety USCG
and health on merchant
vessels

Technical advise and assis- USCG DNR DNR DEQ
tance on incidents involving EPA PCA DLAD CC
spills of hazardous and DH NRC
toxic materials from barges PA

Rules and regulations con- OSHA DH DHSS DH
cerning occupational safety USCG PCA
and health on shore facilities PA

Movement of hazardous USCG DH DNR DOT
material PCA DOT DEQ

DNR DOA CC
DOT DLAD NRC
PA

Commercial River transporta- USCG DOT
tion safety and transporta- NTSB CC
tion accident prevention

Barge terminal and fleeting Corps DNR DNR NRC
permits USCG MC CC

DOT DEQ
PA DOT
DH

PCA

Weather, storm and flood NOAA-NWS DLAD DPD
warnings Corps

US CC

Applications for mergers ICC COS SS SS
and consolidations SEC SS DOAG

PSC DBD

COS
DOJ

Rates and charges aming com- ICC PSC TC DOT
peting and like modes of DOT DOR
transportation for regulated
movements
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Agencies concerned with activities relating to commercial river transportation
(Cont)

Agency (1)
Activity Federal Minnesota Wisconsin Iowa

Right to operate as re- ICC PSC TC DOT
gulated carrier

Governmental actions to en- EPA PCA DNR DEn
hance and protect the USCG EQB DOT DOT
environment SPA DHSS SHD

DNR SHS CC
MC UWEX IDC

RDC DOJ NRC
WPB DOA DOAG

DLAD DSC
DOAG

Water and related land re- Corps DNR DNR NRC
sources planning, develop- UMRBC DOT DOT DOT
ment, and management SPA DOAG SHD

WPB DLAD CC
RDC DBD IDC
PA UWEX DEQ
MC DILHR IGS

DOA DSC

DOAG

Research and development MARAD DOT DBD DOT
activities to improve USCG DED DOT DOAG
the efficiency and economy OSHA PA IDC
of the merchant marine Corps
and/or maritime activities

(1) Agency abbreviations:

Federal State

Corps - Corps of Engineers CC - Conservation Commission
EPA - Environmental Protection.Agency COS - Commission of Securities
FBI - Federal Bureau of Investigation DBD - Department of Business Develop-
FCC - Federal Communications Commission ment
FWS - Fish and Wildlife Service DED - Department of Economic Develop-
ICC - Interstate Commerce Commission ment
MARAD - Maritime Administration DEQ - Department of Environmental
NOAA - National Oceanic and Atmospheric Quality

Administration DHSS - Department of Health and
NTSB - National Transportation Safety Board Social Services
NWS - National Weather Service DILHR - Department of Industry, Labor
OSHA - Occupational Safety and Health and Human Relations

Administration DLAD - Department of Local Affairs
SEC - Securities and Exchange Commission and Development
USCG - U.S. Coast Guard DH - Department of Health

DHSS - Department of Health and
Social Services

DNR - Department of Natural Resources
DOA - Department of Administration
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Federal State

DOAG -Department of Agriculture
DOJ -Department of Justice
DOR -Department of Revenue
DOT -Department of Transportation
DPD Department of Public Defense
DSC -Department of Soil Conservation
EQB -Environmental Quality Board
IDC -Iowa Development Commission
IGS -Iowa Geological Survey
MC - Metropolitan Council
NRC - Natural Resources Council
OPP - Office for Planning and Programming
PA - Port Authorities
PCA - Pollution Control Agency
PSC - Public Service Commission
RDC - Regional Development Commission
SHS - State !iistorical Society
SHD - State Historical Department
SPA - State Planning Agency
SS - Secretary of State
TC - Transportation Commission
UWEX - University of Wisconsin Extension

Service
WPB - Water Planning Board

Many local government agencies and commissions also influence use of the

river by commercial transportation.

River development must be accomplished in an orderly fashion to meet national,

regional and local objectives. Good citizens and community members con-

cerned with river transportation have complied with the letter and spirit

of current laws. However, delays caused by improper administration of

those laws impose unreasonable economic costs and constraints and are of

grave concern to industry. The effects are not only felt by the individual

citizens involved, but the entire country as well through the adverse im-

pact on the economy. Attachment 5 of this report provides a case history

that documents a 4 1/2-year process in obtaining a permit for a river

terminal. The work group had many cases available, but selected this

example to illustrate the problems encountered in the development process.

Major points in the case history have been verified with people in, and

out of, the GREAT study.
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The cost figures presented in the case history include administra-

tive costs and legal fees ($700,000) and increased construction

costs ($7,000,000). The report does not address government agency

costs, the loss of income to the applicant, the loss of jobs at

the terminal for 4 1/2 years, or the loss of accompanying added

economic activity in the community. Because the information was

not available until the end of our study efforts, there was in-

sufficient time for further investigation to identify all the

ramifications of this case history.

The work group wishes to thank Mr. Thomas J. McMahon and Packer

River Terminal for documenting their costly and frustrating

experience.
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PROBLEMS AND NEEDS

The work group originally established a task to determine problems and needs

of commercial river transportation including barge fleeting areas, terminals

and other support facilities. It solicited problems and needs from its own

members, as well as from other interested parties. No party desiring input

was excluded. As a result of this process, numerous problems and needs

were identified. Because of the large number and wide variety, the work

group, with the guidance of the Plan Formulation Work Group, culled and

massaged the problems and needs into those items described in the following

paragraphs.

Multitude of Regulatory Agencies

See the section beginning on page 41.

Fleeting Area Shortage

There are 27 designated barge fleeting areas in the GREAT I region with

current Corps of Engineers fleeting permits. A listing and description

of these is found in attachment 1.

In 1977, the work group conducted a survey within the barge and towing industry to

obtain information regarding the adequacy of fleeting. The results are

summarized in the following table.

Adequacy of fleeting areas in the GREAT I -rea
Present

Adequacy Area capacity Adequate or not

Critical shortage St. Paul (1) 495 No, need 150 more spaces -

will soon lose 60, so need
210 to meet near-term needs.

Winona 15 No, need 45 more for near
term.
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Adequacy of fleeting areas in the GREAT I area (Cont)
Present

Adequacy Area capacity Adequate or not

Clayton 0 Need 15 spaces now.

McGregor 0 Need 30 spaces now.

Moderate shortage Minnesota River 42 No, need 10 more spaces
for safety during peak
use.

Red Wing 66 No, need 10 more spaces
now; future needs may

be double present
capacity.

Adequate Minneapolis 60 Yes, for now and long
t erm.

Prescott 55 Yes, for now and near
term.

Alma 23 Yes, for now and near
term.

Genoa 40 Yes, for now and near
t erm.

Insufficient data La Crosse 20

(1) The indication of a critical shortage in the St. Paul area is supported
by the Twin Cities Level B Study of the Upper Mississippi River Basin
Commission.

The survey also indicated that the fleeting capacity situation will become

worse as barge traffic increases. A summary of the growth in fleeting

areas for the Twin Cities harbor from 1959 to 1976 indicated that footage

had increased from 29,800 to 40,613 feet (see attachment 2). This is

approximately 2.1 percent average annual growth and is substantially less

than the growth in barge traffic.
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A major cause of fleeting shortages is the difficulty in obtaining

fleeting area permits. The Corps is the permitting authority but

as part of its process it requests review of permit application by

other interested Federal and State agencies. This review process

can be quite lengthy and objection by a single reviewing agency

is often enough for refusal of the permit. A second ditticuity

which contributes to the fleeting area shortage is that the permits

are usually of a temporary nature and can be terminated on short

notice whenever the landowner chooses.

In view of the foregoing, it is only logical to ask how the barge

and towing industry is able to operate under these conditions. The

excess barges are presently being accommodated by overloading the

off-channel fleeting sites. This creates an economic hardship on

the barge and towing industry. Those costs, however, are ultimately

passed on to the consumer through higher shipping rates. In an

overload condition, the fleeting site resembles a car parking lot

that has cars filling the aisles as well as the stalls. The cus-

tomer cannot get at his barge unless the aisles are cleared. Handl-

ing time and energy consumption are greatly increased.

Possible solutions to the fleeting shortage include, but are not

limited to:

1. Streamlining the permitting process. The time required

to process a permit should be reduced. More emphasis should be

placed on the reconciliation of conflicts between the need for

fleeting areas and environmental concerns by the States before

commenting on permit applications. The State of Washington has

a very successful "one stop" or "umbrella" permitting system

that expedites the permit and minimizes confusion for the applicant.

2. Conducting a study to identify potential fleeting areas.

The work group was divided as to whether the State Departments of
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Transportation or industry should take the lead in this study.

All agree that, in either event, a most important element of the

study would be cooperation and coordination between industry and

government. The results of a study of this nature would be use-

ful in the permitting process to indicate acceptable alternatives

in selecting fleeting areas.

The effect of barge traffic and fleeting areas on the environment

has been raised as a concern by the Public Participation Work Group

and is often raised as an objection to the granting of fleeting

area permits. The Commercial Transportation Work Group views

this as an important issue and will attempt to obtain more data

in the GREAT II or GREAT III study area. In the absence of defi-

nitive studies, however, the issue appears to be based on emotion

rather than facts.

Conclusions that can be drawn from studies by Dr. D. Warner of

the University of Minnesota and Dr. M. Barloon of Case Western

Reserve University are that barge fleeting activities or barge

movements have little impact on wildlife. Dr. Warner has deter-

mined that black-crowned heron populations in the Pigs Eye Lake

fleeting and industrial park area of St. Paul increased 58 percent

for 1973 to 1978. During this period, the area also experienced

extensive industrial development and fleeting growth.

Dr. Balo' studies show that during a 25-year period barge

traffic increased 5.7 times on the Upper Mississippi River while

migrating duck populations increased 5.8 times. His studies also

show a growth in bald eagle populations on the upper river from

1962 to 1975 of over 170 percent. During the same period, barge

tonnage increased by 65.6 percent. The work group feels that,

although some of the bald eagle population increase may be attributed

to improved inventory techniques, the truer indicator is the per-

centage of immature eagles which has increased by 50 percent.
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Dr. Calvin R. Fremling states: "We probably have more pounds of

fish per linear mile in the Mississippi River now below Lake Pepin

than we had when the white man arrived." He further notes, "lit

is not unusual to catch 10 or more species of fish in one day."

The work group notes that casual observations of where fishing

is best would also indicate that barge fleeting areas are a

favorite site with many fisherman.

Width of Constrictions at Bends

The original intent of the work group was to address the matter of

width constriction at bends as being an impediment to safe navi-

gation of barge tows. As a related effort, however, the Dredging

Requirements Work Group investigated ways to minimize dredging

quantities and had identified bend width reduction as a possible

action which could greatly reduce the dredged quantities. With

the dual purpose of obtaining an insight into these two areas,

the Commercial Transportation Work Group conducted a survey of

10 experienced rivermen. They were asked to examine 88 sites

and indicate if/where/how large a width change should be con-

sidered. All of the rivermen were licensed master pilots with

first-class pilot licenses; they represented over 250 years of

experience, 181 of which were on the Upper Mississippi River.

The survey indicated that some changes may indeed be possible

and still meet navigation needs. A detailed listing and de-

scription of the sites considered, pertinent definitions,

evaluation parameters, and suggested widths is provided as

attachment 3. The survey did not take into account increased bend

widths that might be required for streanf low, to prevent erosion

or shoaling, or for other needs. The following table summarizes

those areas for which changes could be considered. The work group

refrained from recommending that the changes be implemented

immediately. The primary reason was that further review by repre-

sentatives of the barge and towing industry, environmental
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interests, and the Corps was needed. In particular, it was felt

that no change to traditional channel maintenance practices should

be implemented until the proposed change and its expected effects

are clearly described and discussed through some public medium

where interested parties are given the opportunity to provide

comments. The work group recommends that bend width- be determined

by mathematical formulas such as those contained in Corps of Engineers

Technical Letter 1110-2-225 dated 1 July 1977. Changes in bend

widths or channel alignments should not be instituted without first

obtaining input from licensed tow boat 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 intuitive decisions made by persons less familiar with

barge and towing technology.
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________ Poss-ihl e b.nd wid! h , s____
('IMnnIc width (f , t)

Arca Rivi-r mile Prc-1 ;i]t () Chayge i 5ug.tc d

IncreasL-d width

Grey Cloud Slough 827.3-828.0 400 +50 450
Boulanger Bend 820.3-821.5 450 +50 500
Truesdale 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 1150 +50 500
Reads Landing 762.4-763.3 450 +50 500
Below Reads Landing 761.5-762.5 450 +50 500
Mule Bend 747.8-748.8 450 +50 500
Betsy Slough Bend 731.0-731.7 450 +50 500

Reduced width

Boulangtr Bend Lower
Light 818.4-820.3 450 -50 400

Below Wind Creek 800.0-800.7 500 -50 450
Crats Island 758.0-759.5 500 -50 450
Below West Newton 746.4-746.9 500 -50 450
Winters Landing 708.0-709.0 500 -100 400
Broken Arrow 695.8-696.8 500 -50 450
Sand Slough 694.4-695.2 600 -100 500
Brownsville 689.7-690.2 500 -50 450
Island 126 677.2-678.2 500 -50 450
Bad Axe Bend 674.0-675.0 600 -150 450
Lansing Upper Light 663.8-665.0 600 -100 500
Below Lansing 600.3-661.0 600 -100 500
Cordons Bay 645.5-643.5 600 -50 550
Mississippi Gardens 642.5-643.5 550 -50 500
Wyalusing Bend 628.6-629.3 600 -100 500
Wyalusing 627.2-628.0 600 -100 500
Ferry Slough 615.6-616.3 600 -150 450

(1) After dredging.
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Despite the placement of buoys by tilt U.S. Coast Guard, waterways are not

analogous to highways with white lane dividers, reflectors, safety shoul-

ders, and the like. To navigate a vessel in restricted channels requires

a great deal of skill under a wide variety of conditions such as river

current, shoaling, water depth, wind, visibilitv, and vess,,] maneuvering

characteristics. While the most skillful pilot can handle most of these

conditions without difficulty, the river navigation system, as with any

operational system, must be designed to accommodate all levels of expertise.

Even though towboat operators are tested and licensed by the Coast Guard,

their experience and judgmental levels will vary. The work group feels that

any scientific method of determining bend widths should be tempered with

practical experience.

Legislation for River Uses Other than Commercial Transportation

The work group originally identified a need to address legislation preserv-

ing, protecting and enhancing river uses other than commercial transportation.

The National Environmental Protection and the Endangered Species Acts have

been cited by some as examples of legislation and concurrent rules, regula-

tions, and government decisions being made without adequate knowledge of

the effects.

The work group did not attempt to address this problem on a sweeping national

scale. It narrowed its field of interest to the GREAT I geographic area,

and then even further to GREAT I activities. The primary focus of atten-

tion was subsequently oriented toward GREAT I's channel maintenance activities.

In 1978, the Minnesota Pollution Control Agency required that water from tilt,

Corps dredging and disposal operations meet its effluent standards. This

requirement is an example of a guideline that has been promulgated without

a full understanding of the consequences. Not until after lengthy discussions
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and threat of closing of the Mississippi River to commercial navigation

in the GREAT I area was the conflict resolved. The Pollution Control

Agency's guidelines were established without determining the effect the'

might have on the ability of the Corps to maintain the navigation channel.

In summary, legislation and subsequent gove-rnment activities and court

decisions which are aimed at or clcsclv relate-d to preserving, protecting

and enhancing river use for recreational, commercial, and environmental

purposes should ensure that adequate trade-off and benefit-cost studies

are performed before implementation, and that these studies ensure that

the expected effects are clearly identified and discussed via appropriate

public forums. This recommendation is not intended to exclude pilot

projects aimed at obtaining data; however, the conclusions, methods, and

recommendations of the pilot projects should not become operational until

all needed studies are completed, reviewed and adopted.

Industrial Riverfront Development Constraints

Because of limited funding, the work group was unable to address the pro-

blem of riverfront development constraints to the degree necessary to

generate alternative solutions. Its approach therefore was to develop a

brief description of a study to address the problem and generate such

solutions. The objective of the proposed study would be to identify con-

straints on the development of new or expanded commercial shore facilities

and develop recommendations for the amelioration of those constraints.

Four such constraints are:

1. Inadequate harbor capacities (for example, caused by inadequate

access channels or natural conditions such as sedimentation and ice).

2. Inadequate terminal facilities (for example, caused by excessive

requirements to obtain or retain a permit).
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3. Excessive legal and institutional requirements on the commercial

transportation industry (for example, equipment and personnel safety require-

munts, antipollution requirements and penalties, fleeting and terminal per-

mit requirements, and floodplain related requirements).

4. Lack of effective intermodal relationships to efficiently move

commodities.

The study approach would be as follows:

J. Using the constraints listed above, develop a comprehensive listing

of constraints which act to restrict the development of new or expanded

commercial shore facilities.

2. Analyze each of the constraints defined in step I in terms of the

present situation to identify specific problems in the GREAT I geographic

area. For each problem, identify alternative solutions and also the effects

(economic, environmental, and social) of resolving and not resolving the

problem.

3. Repeat step 2 in terms of the future. Predictions of the futujre

situation should be obtained as considered most appropriate; however,

those used in the University of Minnesota study should receive serious

consideration.

4. Using the results of steps 1 and 2, develop recommendations for

the amelioration of constraints on the development of new or expanded

commercial shore facilities which will most effectively improve the commer-

cial transportation system (multimodal) of the Upper Mississippi River.

Describe the expected effects and the responsible party for implementing

each recommendation.

59



Coimaercial and Recreational Traffic Conflicts

The Commercial Transportation and the Recreat ion Work Groups idnt ified

commercial and recreational traffic conflicts as a problem area which

should be addressed. To avoid duplication, the Comme rcial Tratnsport atioi

Work Group deferred a formal addressing of tht. probl em to the Rtkcre-ation!

Work Group and encouraged its members to provide their inputs acctirdiin,,,v.

Additional pertinent information can be found in the Corps Upper Mississippi

River Small Craft Locks Study.

Bridge Clearances

One of the most troublesome problems of commercial navigation in the GREAT

I area is the lack of adequate vertical and horizontal clearance at bridges.

Bridges not only cause a safety hazard in limited clearance, but also cause

costly delays because of normal operation or casualties. Rail and highway

users are also affected by bridge operation and casualties. A listing and

brief description of the 57 bridges across the Mississippi River in the

GREAT I area can be found in the Coast Guard publication, Bridges Over

Navigable Waters of the United States. In general, those bridges which

cause the major problems to commercial river transportation are those of

the movable or drawbridge type. In the GREAT I area, there are 10 of

these bridges, shown in the following table:
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Because of their age, many of the drawbridges suffer from frequent mechani-

cal breakdowns, sometimes closing the channel to commercial river trans-

portation for days and even weeks. Bridge passage requires slow, precision

navigation. Even with all due caution by tow operators, vessels collide with

bridges damaging the bridge as well as the tow. When a bridge is damaged,

the channel is often closed or restricted so repairs can be made. Because

drawbridges pass traffic only one way at a time (that is, land traffic

over the bridge or water traffic under the bridge), conflicts frequently

occur over who gets priority.

Some of the impacts to navigation caused by obstructive bridges are

hours of delay, expenses incurred during and as a result of delay,

fuel consumed, damages to tows and bridges, and personal injury.

These impacts were not quantified because of time and funding con-

straints, but have been partially addressed in the GREAT II study.

Even though specific information was not available in GREAT I, the

work groups felt the situation was serious enough to warrant the con-

clusion and recommendation that aggressive action should be taken

to remove or replace restrictive bridges in the GREAT I area. Re-

placement structures should comply with current Coast Guard s~z;ide-

lines as to vertical and horizontal clearance. These guidelii s are:

1. Vertical clearance. - From the mc,!z: L thre Iii.._ois River up to

St. Paul at mile 853, the minimum vertical clearpitce should be 52 feet

above the 2-percent flow line or 60 feet above the flat pool, whichever

is greater. The 2-percent flow line is defined as the water surface

elevation that is not exceeded more than 2-percent of the time. From St.

Paul at mile 853 and up to the head of navigation at mile 857.6, the mini-

mum vertical clearance should be 21.4 feet above the water level which would

occur from a flow of 40,000 cfs (cubic feet per second).

2. Horizontal clearance. - The horizontal clearance should be developed

empirically by combining the practical experience and knowledge or river

pilots, bridge builders, the States, the Coast Guard, and the Corps of

Engineers. Among other things, the process should include on-site evaluation
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which would involve real life, practice approaches and traverses of the river

area by tows and other boats. Decisions on horizontal clearance would be

strongly influenced by characteristics of the river at the proposed bridge

location; for example, bend vs. straightaway, prevailing wind and current

characteristics, and visibility.

Bridges that obstruct navigation because of original design fea-

tures or changes in the volume of traffic or vessel sizes may be rebuilt

under the Truman-Hobbs Act. This act provides for cost-sharing between

the Federal Government and the bridge owner. The speed with which an ob-

structive bridge is replaced depends on the availability of funds and the

priority of the project within the bridge rebuilding program. The Hastings

Railroad Bridge was declared obstructive to navigation in 1948 and will re-

ceive funds in 1979. A bridge on the Illinois River received funding in

3 1/2 years; however, the average is somewhere between the two examples.

One important aspect of the Truman-Hobbs Act is that only benefits to the

marine industry are calculated in establishing the benefit-cost ratio for

the project. It is therefore recommended that, because public money is

being spent, the total benefit to the public be considered in the benefit-

cost analysis. It is further recommended that protective fendering systems

and sheer walls required to protect the bridge and facilitate vessel passage

also be included for Truman-Hobbs funding.

Action is being taken which will affect at least two of the bridges - the

Hastings Railroad Bridge at mile 813.7 and the Chicago and Northwestern

Railroad Bridge at mile 725.8. The Hastings Railroad Bridge is the oldest

of the GREAT I drawbridges and was completed in 1871. It has the least

verti cal. and horizontal clearance and is probably the most serious impedi-

ment to safe, efficient navigation. The Coast Guard has acted under the

authority of the Truiian-Hobbs Act to declare the Hastings Railroad Bridge

an unreasonable obstruction to navigation.
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The work group recognizes that fixed and movable bridges will continue to

present restrictions to navigation. In accepting a bridge permit, the

bridge owner agrees to comply with regulations governing the construction

and operation of the bridge to minimize the obstruction to navigation.

The work group also felt that existing regulations governing the operation

of drawbridges provide for the reasonable needs of navigation, but must be

vigorously enforced. Those regulations, enforced by the U.S. Coast Guard,

provide only for criminal penalties when the bridge owner or operator

is in violation. The imposition of criminal penalties for minor offenses,

and even some of the more serious ones, is not pursued because of the low

priority assigned to this area by the U.S. Attorney's office. As a re-

sult, the Coast Guard is effectively powerless to enforce bridge regulations.

It is therefore recommended that present laws be amended to provide for

administrative penalties for the less serious violations. This action is

intended to iaiclude bridge lighting, fendering systems, sound signals,

etc., as well as the actual operation of the draw span.

Channel Closure and Dredging Techniqueis

As originally stated, this problem/need was to identify the impact of chan-

nel closure and various dredging techniques. These two impact areas are

described separately below.

Channel Closure. - The most immediate impact of channel closure is easy to

identify - the tows stop moving. Closure may be in terms of minutes or

hours as might be caused by failure of a drawbridge to open on the approach

of a tow, or in terms of days or weeks as night be caused by inadequate

dredging or inoperable locks or bridges. Any river shutdown will have an

adverse effect ranging from low cost/nuisance to high cost/economic disaster.

An estimate of $200 per hour is a conservative figure for operating a typical

Upper Mississippi River towboat and is exclusive of barge costs. However,

it is misleading to simply multiply this figure (or any fixed figure for

that matter) by the number of hours delay to obtain the total cost of delay.
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A theoretical example which illustrates the impropriety of such a process

w~ould be that of a shipper who has a contract to deliver a load of grain in

New Orleans, Louisiana, by a set date. He buys the grain at a good price

in St. Paul and ships it down the river. However, the channel is blocked at

Reads Landing. To meet his commitment and/or avoid a contractual penalty,

the shipper purchases grain downstream at a high price and delivers it on

schedule. Meanwhile the channel is finally cleared after a week's delay (7

days at $200 per hour = $33,600) and the tow arrives in New Orleans with a

load of grain for which the owner has difficulty finding a buyer and ends

up selling at a price below what he paid. Finally, being 7 days late arriv-

ing in New Orleans, the carrier has missed a return shipment and must dead-

head back to St. Paul without revenue to get his next shipment. Obviously,

the cost of the channel closure would be substantially more than indicated

by the $200 per hour figure.

Another aspect of channel closure is that closure, especially when caused by

inadequate depths, is usually undetected until a grounding occurs. When

that happens there are risks of personal injury, vessel damage, and cargo

spillage or pollution. These factors should be considered in assessing

the impact of channel closure.

It is clear that channel closures create detrimental impacts. Prudence dic-

tates that channel closure should be stringently avoided and that pressures

and conditions which tend to increase the risk of closure should be resisted.

Dredging Techniques. - The work group has consistently expressed an interest

in riverine disposal because it may be the most effective method. Riverine

disposal in our view is defined as deep water or main channel disposal where

the material is placed back into the river transport system. However, riverine

disposal is not hydrologically feasible in all locations.

Data available from the Waterways Experiment Station (WES), Vicksburg, Missis-

sippi, indicate that the environmental effect of riverine disposal is short-

lived. There is also some sentiment that the environmental effects of dredged

material in the water are less than the effects of on-land disposal.
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Riverine disposal accomplishes what the river does naturally. A case in

point is the Gordon Ferry dredge cut where dredging plans called for the

rjmoval of 60,000 cubic yards of sand. While the Corps of Engineers and

GRFAT were debating where the material should be plac-d, river conditions

changed and 500,000 cubic yards were removed from thL area by the river

itself. Riverine disposal does not affect the floodplain, resuspends

but does not add any new materials to the water, and does not affect

fish and wildlife any more than natural river movements, particularly since

dredging accounts for a small percent of the material transported in the

river. It may also be the least costly method to the taxpayer by elimina-

ting transportation and handling costs.

Historically, the St. Paul District has used the Dredge William A. Thompson

and Derrickbarge Hauser to maintain the navigation channel. The Hauser

uses a crane and clamshell bucket. It is primarily employed in the Minnea-

polis-St. Paul metropolitan area where disposal site limitations and bridge

clearances preclude use of the Thompson. The Hauser also performs main-

tenance dredging in Mississippi River small-boat and commercial harbors,

performs channel maintenance dredging and snagging on the Minnesota River,

and makes wing dam modifications when required. The normal operation is

to dredge the material from the channel and place it in dump scows. The

loaded scows are moved by a tender to a disposal site away from the dredge

cut. Because the dump scows' drafL is approximately 6 feet when loaded, the

material is dumped in a minimum depth of 6 feet and cast on land, if required,

by the Cranebarge Wade. The material is distributed with dozers as required.

The normal capacity of the Derrickbarge operation is approximately 2,400

cubic yards per day.

The Thompson is a hydraulic dredge with a minimum bridge clearance of 52

feet 9 inches. It performs the bulk of the dredging in the St. Paul Dis-.

trict and is also used in the Rock Island District. The normal mode of

operation is to sweep the channel with its intake pipe and pump the materipl

as a slurry of approximately 20- to 30-percent solids and 70- to 80-percent
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water to a disposal site away from the dredge cut. The material is distri-

buted with dozers as required. The normal capacity of this operation is

approximately 17,000 cubic yards per day. In 1975, the Corps acquired the

Dredge Mullen and converted it to a boosterbarge for use primarily with the

Thompson. With the booster, the Thompson can reach disposal sites up to I

mile from the dredge cut. The St. Paul District has also investigated

other dredging equipment and techniques including 12- and 8-inch hydraulic

dredges.

From a purely navigation point of view, it is relatively unimportant which

dredging technique is used so long as it maintains a navigat~ion channel

of adequate size and configuration to handle commercial river transportation.

However, from a broader point of view it is of major importance that the

selection of dredging techniques gives significant consideration to commner-

cial river transportation for the following reasons:

I. The Corps receives a limited amount of resources to perform its

many missions. Excessive and/or unnecessarily high cost of dredging may

reduce its ability to maintain the 9-foot navigation project.

2. Unnecessarily high dredging costs detract from the economic benefit

of the 9-foot navigation project.

The work group did not attempt to evaluate the cost of alternative dredging

techniques. Such an evaluation would involve alternative disposal techni-

ques and the resulting range of dredging disposal alternatives would require

a major effort beyond the work grups resources. However, it is clear

that dredging techniques do affect commercial river transportation, and

that the area of impact is primarily economic. The selection of the most

appropriate dredging technique should take into account and give careful

consideration to these economic impacts.

MISCELLANEOUS ACTIVITIES

Channel Maintenanc-e

As a result of its origin in the Wisconsin lawsuit over dredging and dis-

posal practices, but at slight variance with the Water Resources Development
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Act of 1976, Section 117 mandate for a river system nanagement plan, most

(if the attention of the GREAT I Team and Plan Formulation Work Group focus~d

on channel maintenance. In particular, significant efforts were made to

develop material placement plans and guidelines for channel maintenance

dredging and disposal.

Material Placement Plans. - The purpose of these plans was to make 50 -year

estimates of the volume of dredged material which would require disposal

and identify specific disposal sites which were agreeable, or least objec-

tionable, to all interested parties and would handle the estimated volumes.

It was hoped that this advance type of homework and planning would amelio-

rate previous disposal related problems.

The primary work group involvement was to generate criteria for evaluating

proposed disposal sites and to use the criteria for evaluating specific

sites. The criteria developed are:

1. Will the site physically impede navigation such as by obstructing

maneuvering space or visibility?

2. Will the site infringe on existing or proposed barge fleeting or

terminal areas?

3. Will the channel characteristics or the disposal site change the

river's flow characteristics and impede navigation, undermine structural

foundations, or impair the placement and/or station keeping of aids to

navigation?

4. Will the site pose a navigation-related hazard to the safety of

life and property not covered by the above items?

5. Will the site involve costs which are greater than would have existed

without GREAT? Of specific concern are Corps land use acquisition costs,

material transportation costs, and site preparation/maintenance costs.
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These criteria were applied to over 200 sites. They were used to determine,

from the point of view of commercial river transportation, whether a site

should be accepted. If any question was answered yes, the site may not have

been acceptable. It was not automatically rejected but it v examined more

carefully and thoroughly.

Adequate information was not available to assess the increased costs associa-

ted with the disposal sites being recommended by GREAT. It was also important

to identify increased costs as they would affect the general economic condi-

tion of the area, ability of the Corps to maintain the channel within available

funds, and taxpayers in general.

Establishment and maintenance of the 9-foot navigation channel was based on

an economic need and the benefits that would accrue from such a project.

Navigation projects should, and are now required by law to, consider the

effects of the project upon the environment. Likewise, environmental pro-

jects and concerns should not be insensitive to the economic impact of their

demands. The interests of both groups ultimately affect people and the quality

of life. The work group felt it was imperative to include criterion 5 involv-

ing costs. The work group recognizes the difficulty in assigning monetary

figures to environmental factors, but feels strongly that a value judgment

must be made in considering the environment vs. economic projects. Of the

200 sites evaluated by the work group, only criteria I through 4 could be

applied with available information and all of those criteria met with approval.

Guidelines for channel maintenance dredging and disposal. - For the 1977 and

1978 dredging seasons, the GREAT I Team provided a set of recommended guide-

lines to the Corps for its channel maintenance dredging and disposal activities.

From the work group's point of view, these guidelines were biased in favor

of environmental concerns and against economic and navigation concerns. Ac-

cordingly, the work group attempted to redress this situation by independently

developing a separate set of guidelines for consideration by the Team in future

revisions to its recommendations or for independent adoption by the Corps.

The work group's "Guidelines for Channel Maintenance Dredging and Disposal"

are included in attachment 4.
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Suitability Models

The GREAT I Plan Formulation Work Group asked the Commercial Transportation

Work Group to participate in its "suitability model" project. The system

could be useful, but fell far short of meeting the Commercial Transportation

Work Group's needs. The inflexibility of the system in meeting all river

resource needs will present incomplete and distorted information.

The project was a pilot study focusing on pools 4 and 5, which placed appro-

priate information into a computer attempting to generate maps showing

geographic areas which are most suitable for various uses. For example,

the computer model could supposedly be used to generate a map of those

areas in pool 4 which are most suitable for barge fleeting areas. Accurately

done, this type of information could be very useful to navigation interests.

Similarly, the computer could generate maps for other uses such as duck

brooding habitat or boat access. Subsequently, various planners could

compare the computer-generated maps to identify areas which appeared to be

suitable for multiple, but conflicting, uses. With this information, the

planners could resolve the conflicts and proceed more effectively in develop-

ing plans for the use of the land and water areas. Hence, the "suitability

model" pilot project was a step toward the long range goal of having a manage-

ment tool to assist in making decisions on land and water use planning and

zoning. The project was cofunded by GREAT I and the U.S. Fish and Wildlife

Service and contracted to Environmental Systems Research Institute. The

project title was originally "Computer Inventory and Analysis" but was sub-

sequently changed to "Geographic Information System."

The work group had strong concerns over the increasing intrusion of govern-

ment into land and water use management and control and noted that the pro-

posed suitability model project is becoming a part of that process. Accordingly,

work group involvement in the project should be taken neither as support for

increased governmental management and control, nor as support for the land
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These criteria were applied to over 200 sites. They were used to determine,

from the point of view of commercial river transportation, whether a site

should be accepted. If any question was answered yes, the site may not have

been acceptable. It was not automatically rejected but it was examined more

carefully and thoroughly.

Adequate information was not available to assess the increased costs associa-

ted with the disposal sites being recommended by GREAT. It was also important

to identify increased costs as they would affect the general economic condi-

tion of the area, ability of the Corps to maintain the channel within available

funds, and taxpayers in general.

Establishment and maintenance of the 9-foot navigation channel was based on

an economic need and the benefits that would accrue from such a project.

Navigation projects should, and are now required by law to, consider the

effects of the project upon the environment. Likewise, environmental pro-

jects and concerns should not be insensitive to the economic impact of their

demands. The interests of both groups ultimately affect people and the quality

of life. The work group felt it was imperative to include criterion 5 involv-

ing costs. The work group recognizes the difficulty in assigning monetary

figures to environmental factors, but feels strongly that a value judgment

must be made in considering the environment vs. economic projects. Of the

200 sites evaluated by the work group, only criteria 1 through 4 could be

applied with available information and all of those criteria met with approval.

Guidelines for channel maintenoance dredging& and disposal. - For the 1977 and

1978 dredging seasons, the GREAT I Team provided a set of recommended guide-

lines to the Corps for its channel maintenance dredging and disposal activities.

From the work group's point of view, these guidelines were biased in favor

of environmental concerns and against economic and navigation concerns. Ac-

cordingly, the work group attempted to redress this situation by independently

developing a separate set of guidelines for consideration by the Team in future

revisions to its recommendations or for independent adoption by the Corps.

The work group's "Guidelines for Channel Maintenance Dredging and Disposal"

are included in attachment 4.
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Suitability Models

The GREAT I Plan Formulation Work Group asked the Commercial T1ransportation

Work Group to participate in its "suitability model" project. The system

could be useful, but fell far short of meeting the Commercial Transportation

Work Group's needs. The inflexibility of the system in meeting all river

resource needs will present incomplete and distorted information.

The project was a pilot study focusing on pools 4 and 5, which placed appro-

priate information into a computer attempting to generate maps showing

geographic areas which are most suitable for various uses. For example,

the computer model could supposedly be used to generate a map of those

areas in pool 4 which are most suitable for barge fleeting areas. Accurately

done, this type of information could be very useful to navigation interests.

Similarly, the computer could generate maps for other uses such as duck

brooding habitat or boat access. Subsequently, various planners could

compare the computer-generated maps to identify areas which appeared to be

suitable for multiple, but conflicting, uses. With this information, the

planners could resolve the conflicts and proceed more effectively in develop-

ing plans for the use of the land and water areas. Hence, the "suitability

model" pilot project was a step toward the long range goal of having a manage-

ment tool to assist in making decisions on land and water use planning and

zoning. The project was cofunded by GREAT I and the U.S. Fish and Wildlife

Service and contracted to Environmental Systems Research Institute. The

project title was originally "Computer Inventory and Analysis" but was sub-

sequently changed to "Geographic Information System."

The work group had strong concerns over the increasing intrusion of govern-

ment into land and water use management and control and noted that the pro-

posed suitability model project is becoming a part of that process. Accordingly,

work group involvement in the project should be taken neither as support for

increased governmental management and control, nor as support for the land
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2. The computer data base has either no or inadequate information on

land ownership, water depth, rail adjacency, existing land use, existing or

planned use regulations (for example, floodplain restrictions), surface

geology, and wing dam locations.

3. It is almost impossible to define, much less cval uatk-, all the

criteria and relationships necessary for selecting areas Most suitable

for terminals and fleeting areas. Those included in the models are inadequate

at best.

In spite of the problems, the work group developed the desired "prototype

plan" but inserted a strong warningthat it was strictly hypothetical. It

should not be considered to reflect any realistic world situation or

projection. The prototype plan projected a need for four new terminals

and supporting fleeting areas. Four separate types of terminals were con-

sidered: grain, tank farm, coal, and dry bulk. Typical criteria were

identified for each. The contractor provided maps of those sites which

the computer deemed suitable for terminals and fleeting areas. The work

group task force evaluated each site and selected first, second, and third

priority locations and appropriate fleeting areas for each of the projected

new terminals. Finally, work group and contractor representatives met to

discuss the results of each work group's "prototype plan" and develop a1

process for conflict resolution.

Barge and Recreation Craft Safety

The Recreation Work Group reviewed Coast Guard and State accident reports and

determined that 5.3 percent of the accidents on the Upper Mississippi River

between 1970 and 1977 were between barges and recreational craft. This statis-

tic reduced to actual numbers shows the annual accident rate is only 1.12 barge!

recreation accidents per year. The analysis also shows that 73 percent of

all accidents occur between 8 a.m. and 8 p.m.
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and water use management tool which is the apparent result of the process

begun by the "suitability model" project. Rather, the rationale for work

group involvement was that the project itself, as well as follow-on develop-

ment, would probably proceed with or without work group participation. The

work group's intentions were to ensure that the needs of commercial tranlspor-

tation were incorporated as adequately as possible.

In the fall of 1977, members of the work group met with the Fish and Wildlife

Service and Environmental Systems Research institute to prepare input for

the Geographic Information System program. Work group related concerns

included construction suitability factors, rail and road adjacency, water adjac.vncv

for terminals, and land adjacency and certain safety factors for fleeting areas.

These criteria were modified in early 1978 after a test run of the program.

In the spring of 1978, the suitability models were ready for a more detailed

test run and evaluation. The work group was requested and agreed to develop

a prototype plan for commercial navigation for the pool 4 area. The idea

was that this work group's information could be used with the computer-generated

information to determine both strong and weak points in the suitability models.

The pilot area was not well suited to test commercial transportation needs

because:

1. The land and water areas in pools 4 and 5 are heavily oriented toward

fish and wildlife uses. These areas have a relatively small population

and industrial base with only one terminal and fleeting area and no apparent

potential for further development. Also, transportation facilities (high-

way and rail) in the area are oriented in the north-south direction and

do not provide for ready access between the hinterlands and this reach of

the river. For example, the pilot project area lies between the two east-

west major highways - Interstate 90 and Interstate 94. These highways and

the rail system are the major carriers of commuodities to the existing ter-

minals in the GREAT I area.
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Barge Ti.e-Off Procedures. - In response to a request from the GREAT I Public

Participation and Information Work Group, the Coimmercial Transportation Work

Group provided the following comments on thc devo!opmnt of standard proce-

dures for tying up barges in fleeting areas to prrv,,nt swingout into1 the chan-

nel. Barges infrequently adrift art also illcluded in this Section and are

a much more severe problem in terms of potential damage. The majority of

drifting barges result from vandalism when lines arc- unfastened or cut.

Many docks and terminals already have specific rtquirements on tie-off pro-

cedurcs. These requirements have been developed by the individual facilities

over the years in response to their own particular requirements as affected

bv such factors as fleeting area configuration, river and weather conditions,

and type of traffic. For example, the Victoria Elevator Terminal in Minnea-

polis Upper Harl r specifically requires two good 35-foot leaving lines,

one upriver and one downriver lead line, plus a chain and padlock from

the barge to the dock.

Because of the different conditions which exist at fleeting areas, it would

be extremely difficult to develop a set of oractical "standards" which could

reasonably be applied to all fleeting areas. There are simply too many

configurations to deal with.

Owners/operators of barges must report barges that are adrift to the Coast

Guard and are subject to penalties in cases of negligence. Swingouts do

not have to be reported. Hence, the owners/operators already have a

strong incentive to avoid breakaways; this incentive is in addition to

other positive incentives such as increasing profits by avoiding loss or

damage to barges and cargo, increasing profits by avoiding extra costs from

"recapturing" the drifting barge, and, finally, a general human concern for

the safety of life and property.

The frequency of breakaways in the GREAT I area is very low. Only seven

breakaways were reported to the Coast Guard over a recent 18-month period

for Mississippi River between St. Paul and Keokc'k, Iowa.
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When a barge is adrift, local authorities, marine operators, towboat companies,

etc., react to gain control of the barge and prevent damage. This emergency

effort transcends company lines or individual interests.

In summary, it was the general opinion that requirements for tying up barges

should not be standardized, but should continue to be determined by the

trained and experienced judgment of barge and terminal owners/operators/etc.,

with continued monitoring by Federal and State agencies to detect unaccept-

able, hazardous situations.

Reflective Coatings for Barges. - In response to a request from the GREAT I

Public Participation and Information Work Group, the Commercial Transportation

Work Group provided the following comments on the feasibility of having

reflective paint or material on the bow and sides of all commercial naviga-

tion vessels as an aid to safe nighttime navigation by recreational boaters:

1. Federal regulations prescribe specific lighting requirements for

powered vessels (for example, towboats). Federal regulations also pre-

scribe specific lighting requirements for barge fleeting/mooring areas.

The use of reflective material may conflict with these regulations unless

specifically authorized by the Coast Guard through normal rule-making

procedures.

2. No evidence has been presented, nor is any known to be available,

that substantiates the proposition that reflective paint or material on the

bow and sides of all commercial navigation vessels would improve the safety

levels of nighttime navigation by recreational boaters. (See the section

on barge and recreation craft safety beginning on page 72.) In this same light,

the Coast Guard maintains records of all reported accidents involving both

commercial and recreational vessels and periodically analyzes the data

to identify ways to improve safety levels.
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3. ah,. cost of preparing and covering a Iar ,:,, with r f] ect i ve mat cri;I

iu t !I' I L.,' thL tO k UCk I I i- es t at .d to b,. m,r,, t h :. S2, 5)0 . Tlhis fi ur,

do,. :1ot itc I ud, ma in -ia;ice or I o f ro.' s a es d bv h a': i r i" V - ]

out : s r',. durng th. coati::c Pr-''s-.

4. Abrasionl on1 lock Wal I or adjo:i o , . ,.s would marw- v -rv d .i' -

cult to maintain the reIl,,ctivte mat ria .

5. Paint marufactur,rs hav. indicattd thit film from th, riv,-r water

may build up and drastically reduce the -ff-ctiv,-ntss of the reflective

coat ings.

6. Night vision of both commercial and recreational boaters could b,-

seriouslv impaired by the glare, of a s,arch ]ight reflecting from the-

bargc, thus causing a serious safe'ty hazard.

7. The ability of a tow operator to see his deck hands signals could

be seriously impaired by the glare from the tow's search light reflecting

from coated areas, thus causing a serious safety hazard.

8. Care must be exercised in selecting a coating that does not contail:

hazardous components which could pollute the river.

9. Reflective coatings on commercial navigation vessels may not be

of use to recreational boaters. Boaters do not usually carry a search-

light. Furthermore, if a recreational boater has and operates a light,

he would see the barges even if they do not have a reflective coating.

10. If reflective coatings were required, it would make more sense

that they be on the recreational boats since most commercial vessels have

and use searchlights.
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11. It may be that accidents which occasionally occur between commercial

navigation vessels and recreational boats are not caused so much by the in-

ability of the boater to see the vessel, but to the boater seeing the vessel's

lights and not understanding their meaning. In this respect, an increased

program of boater education might be appropriate.

In summary, it was the general opinion that a program of boater education

which emphasizes knowledge of the rules of the road, lighting requirements,

seamanship and boat handling would be more effective than requirements for

reflective coating.

Night Lighting of Barges at Docks and Fleeting Areas. - In response to a re-

quest from a private utility company with interests in barge operations, the

work group provided comments relating to night lighting of barges at docks

and fleeting areas. The problem presented was that the portable lights

which the operators use to satisfy Federal regulations for night lighting

of barge fleeting and mooring areas are continually being stolen or damaged

by vandals. The loss of these lights leads directly to two adverse situa-

tions as follows:

1. The light must be replaced; the costs for materials and labor are

significant.

2. During the period between the loss and replacement of the lights,

the responsible party is subject to citation/punishment for failure to satis-

fy barge fleeting/mooring lighting requirements.

The work group developed a set of three alternative solutions to the problem.

The selection of the most appropriate alternative should be at the discretion

of the party with the problem.
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.\i ternat ivt I: Al ternat i v,,. I hti;j rocedurs to meet existin ]0 . g] reIuti rU -

merits. - For examp I e

P. rmani t I v inst a I I -d I i gh ts pos i t i tm,.d on thc barg and powtrtd h"

replace-abl]e batterie-s. This would prhaiblv r-dLcC, th(- loss of lights and

batterics although th, hatttri,.s w(ould still b.- verr susce:tih]k, to loss

unless tho, wc-c placed in a securtd (locked, ho]ted, or chained) compartmt.nt.

2. Permanently installed lights and diese-l electric power supply modulc,

rechargeab],, battcrv storage bank, (t'-., positioncd on the barge. This

would probably be more secure than the exampl]e abovw, but would also he

more expensive. It would also be, operational]l, difficult to maintain.

3. Permanently installed lights positioned on the shore or on appropriate

piers or pilings and powered from electric utilitv systems. This al ternativ,-

is already in use- on portions of the Chicago Ship Canal. However, it would

require a special variance from Federal regulation.s.

Alternative 2: Increased surveill ance/inspection of the barge flectin_/

mooring areas to prevent loss. - For example:

1. Owner/operator/etc. could provide night watchmen.

2. State and/or local law enforcement agencies could increase the

frequency of their partrols. Theft/vandalism is a violation of local/

State laws.

3. The Coast Guard could institute patrols to detect violations of

State and Federal law.

Alternative 3: Change the legal requirement for the lijhting. - Th, Coast

Guard promulgates vessel lighting requirements. Recommended changes should

be submitted with detailed information to support the changes in ttrms of

increased safety or more economical operation.
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Recommended action. - Barge owner/operators/etc. should consider altering

their lighting equipment or procedures as described in alternative 1. States

and/or local authorities should investigate the probem within their juris-

diction and consider changes to their surveillance/inspection procedures as

described in alternative 2. They should coordinate these activities with

the Coast Guard.

If the above recommendations do not provide satisfactory results, alternative

3 should be considered.

Closed Navigation Season

The St. Paul District, Corps of Engineers, requested comments regarding the

effects of an arbitrary closure of the navigation season caused by winter

ice conditions on portions of the Mississippi River above Cassville, Wis-

consin. The response of the Commercial Transportation Work Group was that

it perceives no significant, beneficial effects for the barge and towing

component of the commercial transportation industry that would result from

establishing dates for the opening and c2osing of navigation on the subjecL

portions of the river. However, it does foresee various adverse effects -

for example, inability to use the river because it is closed by mandate,

when in fact it is reasonably clear of ice. Therefore, the work group

recommended that no arbitrary closing dates be set.

CONCLUSIONS AND RECOMMENDATIONS

This section provides conclusions and recommendations which are based on

studies performed or the results of deliberations within the work group.

Great I guidance mandated that work group representatives rely on their

professional opinions and not agency or State policy. To the best of our

ability, this tenet has been preserved.
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While the main interest and concern of this work group is commercial trans-

portation, we have tried to avoid tunnel vision in our thoughts and actions.

It should be pointed out that this work group received less than 3 nercent

of tht GREAT I budget to conduct studies and develon solutions.

CHANNEL MAINTENANCE

Conclusion

The Corps has changed its channel maintenance dredging and disposal practices.

Preliminary indications are that some environmental improvements have been

made. However, various adverse effects have also resulted. Of particular

interest to commercial navigation are changes to navigation channel dredg-

ing and disposal practices that have been implemented without first analyzing

the direct and indirect consequences of those changes.

Riverine disposal may present the least cost and most environmentally desir-

able method of dredged material disposal.

Recommendation

1. Continued maintenance, preservation, and expansion of the navigation

channel should be conducted to meet current and future needs of

9-foot draft vessels. Specific recommendations for implementation

are contained in the work group's guidelines for channel maintenance dredg-

ing and disposal.

2. GREAT acknowledges that the guidelines and standards for channel

maintenance as historically practiced by the Corps have provided an

adequate navigation channel for 9-foot draft vessels. Before any changes

or deviations from these practices are implemented, the risk of grounding,

transit time, fuel consumption, cargo capacity, and dredging and disposal

costs must be considered.
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3. Congress should define the Mississippi River 9 foot navigation project

as "including allowances required for advance maintenance dredging, dredging

tolerances, squat and trim for the class of vessel for which the pr(j~kt

was designed, wave action, shoal ing rates, and other overdepth al]owanc s

necessary to afford safe navigation tor vessels with a draft of 9 f< t."

4. Riverine disposal should be considered as a viable alternative in

formulating dredged material disposal plans.

5. Any GREAT recommendation referring to channel maintenance should

include the historical costs and the additional costs resulting from

that recommendation.

6. The Corps should maintain fiscal records and publish an annual

report comparing the costs for historical and current channel mainte-

nance practices.

NONCHANNEL MAINTENANCE

Conclusion

Commercial river transportation is a vital link in the total GREAT I

transportation network.

Waterway commerce for the Upper Mississippi River has exceeded high

growth predictions from Cairo to St. Paul every year since 1964 and

exceeded predictions by 9 million tons in 1974 (River Transportation in

I Iowa Department of Transportation, May 1978).

Commercial transportation is a function of economic conditions

and government policies operating in the free enterprise system and is

far below what the river can support.

Traffic congestion at locks and dams 2 and 3 could become a serious

problem during peak usage periods by recreational craft.

80



Recommendation

7. The Corps should make recommendations to Congress to alleviate projected

capacity limitations at locks and dams 2 and 3 caused by demand increases.

The Mid-America Ports Study, Recreation Lock Study, and GREAT I Recreation

Work Group concerns should be considered.

Conclusion

Restrictive bridges are a major impediment to safe, efficient navigation

and must be rebuilt to provide adequate horizontal and vertical clearances.

Truman-Hobbs legislation is not flexible enough to meet current demands

and public needs.

Bridge delays and other channel closures can be extremely costly. Those

costs are ultimately passed on to consumers.

Recommendation

8. Obstructive bridges should be rebuilt to provide adequate horizontal

and vertical clearances. The Truman-Hobbs Act should:

a. Continue to be used in rebuilding bridges on the basis of

navigation needs.

b. Be amended to include replacement or repair of bridge protection

systems.

c. Be amended to include benefits to land as well as marine in-

terests. Because public money is being spent, the total public benefit

should be considered in benefit-cost ratios.

9. Operating regulations for drawbridges must be vigorously enforced by

the U.S. Coast Guard. To accomplish this, the acts of 18 August 1864

81



and 3 March 1899, the Bridge Act of 1906, and the General Act of 1946

should be amended to provide for civil penalties in certain circumstances

and for other purposes as recommended by the U.S. Coast Guard.

Conclusion

The myriad of Federal, State, and local government agencies involved and/or

regulations affecting water transportation, terminals and support facilities

has resulted in duplication, contradiction, confusion and unnecessary delays.

This is particularly evident in the obtaining of fleeting, terminal, and

dredging permits.

Regulatory constraints on the development of new or expanded commercial shore,

terminal, and support facilities have adversely affected the economy.

Recommendation

10. A comprehensive study should be performed to identify Federal, State,

and local regulatory activities applicable to river transportation. The

study should identify areas in which Federal laws and agencies must

supersede State and local regulatory activities and develop recommendations

to eliminate the contradiction and intrusion by State and local government

into the Federal domain of interstate commerce,

11. A study of contraints on the development of commercial facilities

should be conducted to evaluate their net cost and benefit to the public.

Conclusion

Work group studies have indicated that:

a. By 1985, total downbound barge shipments in the GREAT I area will

increase substantially over 1975 levels, primarily as a result of increased

agriculture products.
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b. Existing problems, such as fleeting shortages and locking

wait times, will intensify.

C. No new problems caused by increased traffic are foreseen.

The imposition of any user charge on water transportation will increase

shipping costs for GREAT I residents. Farmers would be most affected

because farm commodities account for more than half of the barge ton-miles.

In 1985, on the basis of current predictions, the fuel tax will result

in increased cost of over $4.8 million at a rate of $0.08 per gallon.

GREAT I studies have not identified all of the users and beneficiaries or

uses and benefits that result from a navigation project in the GREAT I area.

Reconmmendat ion

12. Beneficiary/user data should be developed and used by appropriate

agencies in managing water resources and developing cost-sharing programs.

Conclusion

Fleeting areas are insufficient to meet present industry needs and future

growth.

identification of potential fleeting areas is necessary in selecting the

most desirable site to meet industry needs and environmental concerns.

The Upper Mississippi River Basin Commission Level B Study Report and

Environmental Impact Statement concerning commercial river navigation in the

St. Paul/Minneapolis area supports the needs of navigation in that area.

Re commendat ion

13. Physical inventories to identify potential fleeting areas for meet-

ing present shortages and future development should have industry represen-

tat ion.
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Conclusion

Predesignated closing and opening shipping dates would have an adverse

impact on the economy.

Recommendation

14. Predesignated navigation opening and closing dates should not b

establ ished.

Conclusion

The suitability models of the Geographic Information System, as currently desipncd,

are not appropriate for identifying areas suitable for barge fleeting or

terminals.

Recommendation

15. The Geographic Information System should be refined, expanded or

modified and include all recommendations contained in the section on suit-

ability models.

Conclusion

Reflective coatings on barges would have no practical beneficial impact

for the recreational boater.

Recommendation

16. State and Federal agencies concerned with boating safety should inten-

sify efforts to educate recreational boaters on rules of the road and

lighting requirements applicable to commercial and recreational vessels.
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Cone] usion

Barge tie-off requirements are very difficult to standardize because of

the many different terminal and fleeting area conditions. The scope of

this problem in GREAT I is insignificant and does not demand further study.

Also, sufficient incentives exist for industry to provide suitable

tie-offs.
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ATTACHMENT 1

DESIGNATED BARGE FEETING AREAS

ON THE UPPER MISSISSIPPI RIVER
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ATTACHMENT 2

FLEETING SITE HISTORY-

TWIN CITIES HARBOR



Fleeting site history - Twit Cities Harbor
23 Februarv 1977 -------

Site 1959 1976

Port Cargill
Left bank 2,200 2,200
Right hank 0 2,850

Minnesota River mouth
Pike Island 1,000 0
Right bank 1,600 1,600
Left bank 2,000 0

Lexington Avenue 1,000 0
Northern States Power Peninsula 1,000 0
Minnesota Harbor Service 900 900
High Bridge 0 1,750
Robert Street 1,100 1,100
State Street 1,300 0
Mid-America 0 2,130
North Port 0 4,330
Upper and lower Twin City 2,400 2,400
Hanger 0 1,000
Pigs Eye Upper 1,000 0
South Pacific 1,600 0
Airport 6,000 4,153
South port 1,400 1,400
Valley Lin

Left hank 2,100 2,100
Right bank 800 800

Packing house 1,200 2,600
Mid-America 1,200 0
North Star 0 2,400
Red Rock 0 1,800
Pigs Eye Lake

Right bank 0 3,600
Left bank 0 __500

Total 29,800 40,613

2-1

i .



ATTACHMiENT 3

GREAT I AREA BEND WIDTHS
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ATTACHMENT 4

GUIDELINES FOR CHANNEL MAINTENANCE

DREDGING AND DISPOSAL

7 f



GU )I.NSFOR (LNI. \1:INNl:):DIX'All*:) -oSA

BACKGIROt'NI ANI)DI C'

is riot in riM i !-

V l~ ic - ~~ : Riv . '(i r r * , :.JI M ' a '

II!m sta ( ar mi 1, e 1 hi . Q)-857. f1 .

2. The, Mi nnesot a River 1) t,, "11i t;K 0, o 1 1 1.',C .:1'.2 t K i I KI

and Savage, Minnesota (mil, 0.0-14. 7) .

3. Thc St. Cro ix R i v*r b5 t' t~ K Io I) Iv IC C t i P> I i

and StillwatL'r, MinnesC.ota (Mi 11 0.0-24. 5).

The- authiorized channel dins ions for thi, :ri 2' 'iI io iv'i t i, r (1,

crihed in the 1930, 1935, and 1958 River a:.d 11arbor Act -4.

As specificd in this onahl ing le'gislation, t110 aIutIorizait 102 i.r !-I aCI

nel depth of 9 feeOt at low' wat sr withl wi dt h-, suit ai, I-for I on,-Iiu comrwe

carrie r si rv i cs-. Apprxi mate1 v 36 .1 cat ions have r j of ir~ ann ual] d rd 1 20

The ave rage annual vol umL of matorLal 1 ein g remove d fiot". thi-n fliI a tion

channel has been app roxi mat el \' 1 .4 mill ion cuic va rds -. lire d&In gna sno-

ma 1 1. ac comp] i Shed to 9 feet pl us an add it ional 4 fe i't of ''over d5 p t li' for

a total of 1 3 feet . The purpose, of tht li 'over-dept I e j in' a to ir.05 ar,,

in spite of sudden and/or gradual sedirrentat ion and sOaling, that a miniuim

to'control"' depth of 9 fes t coul d b,- maintained. The, rat jonale for thn' A-foot

over depth was twofold. Firs t, pas-t exe nehad shown that the naIf ionl

channel might rinse within div-, afti r r,-;jchin' a d, oth of 1) f, tlr oi
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being caused primarilI v subsqutint shIoaI in, a id/or bot to(ern ffcct tf mm, tr

vessels or barges. An additional 1-foot "'-lftv factor" was add,.d so, tht

a total over depth of 2 fuot , was prex'id~ to o zin t foIr chlon 7 1 itail it. .

S econd, an additional 2 f,-t ot o%, -r d,, th w s ,'r,,vid, d to con:

subsequent shoaling that mi,_ht occilr prior ,o r, s:,,: q. " v-r':r::t

contract dredging faci] iti.cs to asstir, th,. it* ,ri v , tl -,,: a: Td ,

maximize cost effectiven'ss.

For many years these historical practices provid-d a dc-hndah] h¢onne] liii

satisfied the transportation demands of the region. During the 1ate 60's

and early 70's, increasing env'ronmental awareness result.d in Drk.ssur,.

on the Corps of Engineers to change its channel maintenance procedures.

As a result, the Corps changed many of its dredging and disposal practice-s;

preliminary indications are that some significant environmental imprCvements

have been made. However, there are also indications that the rtsulting navi-

gation channel is unacceptably less dependable and more costly.

Many of the environmental pressures were focused through the CREAT progran

which was authorized by the Water Resources Development Act of 1976. In

responding to these pressures, and as much as possible within the frame-

work of the GREAT program, the St. Paul District became involved in an in-

creased number of pilot studies and trial programs whereby it modified its

historic dredging and disposal procedures.

For example, during the 1977 dredging season, dredging was accomplished

when the channel depth reduced to 10.5 feet or less below minimum water

levels instead of 11 feet. Also, dredging depths were reduced at 65 per-

cent of the maintenance sites on the Mississippi River as follows:

Depth of dredging (feet) Sites Remarks

13 3 Main channel
12 6 Main channel
11 5 Main channel
6 2 Lock and harbor maintenance

4-2
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While tihe modifie d practicCS s ig'iicantlv r,.dtic,,d t L, amount of drtdjged

material for 1977, it i rnot V,.t cl~ar vth. r th t addiLional dredving:

was Aliminatod or -imply deferre-d. This natt,.r is partictularlv uil.rtait

becaus, the. ,xtrtm ' I lot,o 1977 swri t, f(, t' :t Ion s r, tir,- lit t( halv,

contrihut,-d strong] to r,,duc,-d h at ;li:n . aid, t1: ., tu us al ,." l ,, 1 77

dredging recquirm ntits. Addit ina1'l ti-3, , ,x:), ri :n, , d inifrm,.tion ar,.

necessary before thes, mattt .r at. lt , .)v idrsto ,d; o, r, , It,'

do provid& clear indication that "r,.dticiri: drtdti: t, Volum '' is not a1

singularly beneficial , risk-fre., ohVctiv.

Various partic-s within and outsid,, of GREAT I hav, plactd major .mhasis

on the use of "total annual drcdg tng voluu. " as a meisurt for iudgino

the merit of a proposed changc to channe 1 maintk-nanCe. practict.s, tlowtv- r,

other measures should bt, considercd. From a comm.rcial navigation point

of view, at least four measurts ar, of conc,,rn.

1. Increased Risk of Grounding

Increased grounding could ],oad to many n native. effcts inluding,

but not limited to:

a. Increased transportation costs resul ting from dela\'s caused bv

channel closure and/or physical damagt to tows.

b. Increased pollution resulting from physical damage to tows.

c. Reduced reliability of the waterwav svsttm to satisfV the

transportation demands of the public.

2. Increased Transit Time and Fuel1 Consumption

Transit time and fuel consumption increase as a result of slower

navigation (especially around bends) and increased resistance caused by a

smaller, more restrictive channel. Quantitative data to describe the magnitude

of these affected areas follows: (1)

(1) Speed that can be maintained in given channel by 3-barge wide, 2-bargek'
long tow, 8.5-foot draft, 1,000 tow rope horsepower.

4-3



Channel width (feet) Channel depths

11 feet 13 feet 18 feet

125 3.7 knots 4.10 knots 5.02 knots
225 4.55 knots 5.30 knots 6.38 knots
300 4.95 knots 5.67 knots 6.64 knots

It can be readily seen that a given channel width or depth has a direct

effect on vessel performance. If the effect of a 50-foot channel width

reduction resulted in a 0.4-knot speed loss it would be considered incon-

sequential by some. The cumulative effect, however, if applied uniformly

to the 1,700-mile trip from St. Paul to New Orleans, would result in over

5 hours being added to the vessel's trip. Multiplied by the number of

barge trips, the effect would be substantial. The same is true of channel

depth. Vessel performance relates not only to increased shipping costs,

but to energy consumption, effects on the environment, maneuverability and

safety. For example, to travel 4.5 knots in a 125-foot channel requires

almost double the horsepower (1,900 vs 1,000 horsepower) for the same speed

in a 225-foot channel.

3. Reduced Cargo Capacity

Reduced cargo capacity may result from a smaller, less

dependable channel. Action to reduce the minimum "control" depth below

9 feet, or even to reduce confidence in the availability of a minimum

9-foot channel, could result in higher transportation cost for goods in

and out of the Upper Midwest.

4. Cost of Channel

The fourth concern relates to the cost to the taxpayer or towing

industry for channel operation, maintenance and new facilities.

4-4
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RECOMMENDATI ONS

The following recommendations we.re devloped in light of the matters pre-

sented above. Additionallv, they reflect trie work ,roup's e xperience- in

tilt GREAT I development of annual dredging and disposal recomme.ndations to

the Corps and in subsequent activi ies rel]atid to the on-site insp.ction t .arm

meetings. The recommendations attempt to reflect a moderate, approach which is

balanced and equitable and would protect and e-nhance the environmental and

economic well-being of the GREAT I area.

]. The forms at the end of this attachment should be, used to he] p

evaluate and document dredging and disposal operations.

2. Recommendations for dredging depths should be obtained annually

from a fluvial hydrologist, qualified in the river areas of concern. The

hydrologist should use as a guidelinc the policy that, throughout the per-

iod from one expected dredging to the next, the channel depth should not

fall below 9 feet at low water.

3. The work group recommends that bend widths be determined bv mathema-

tical formulas such as those contained in Corps of Engineers Technical

Letter 1110-2-225 dated 1 July 1977. Changes in bend widths or channel

alignments should not be instituted without first obtaining input from

licensed tow boat 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 intuitive decisions made by

persons not totally familiar with barge and towing technology.

4. In considering alternative dredging widths and depths and disposal

sites, the following should be considered:

4-5
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a. Will the channel characteristics or the disposal site physi-

cally impede navigation?

b. Will the channel characteristics or the disposal site in-

fringe on existing or proposed barge fleeting or terminal areas?

c. Will the channel characteristics or the disposal site change

the river's flow characteristics and impede navigation, undermine struc-

tural foundations (for example, create scour conditions around piers

or bridges), or impair the placement and/or station keeping of aids to

navigation?

d. Will the channel characteristics or the disposal site pose

a hazard to the safety of life and property not covered by the above

three item?

e. Will the proposed dredging and disposal (channel maintenance)

practices involve costs (reflected to some common base year) which would

be greater than would have existed historically3 For the dredging aspect,

special attention should be given to actual dredging costs and towing

industry costs that would result from increased transit time and energy,

or reduced cargo such as might be necessitated by reduced depth dredging

and/or narrower bend or channel widths. For the disposal aspect, special

attention should be given to land use acquisition, material transportation,

and site preparation/maintenance costs.

5. Channel maintenance practices should not be changed if the risk

of grounding would increase. If the risk of grounding will increase, but

the change is still warranted, before implementation the proposed change

and its expected effects should be clearly described and discussed through

some public medium; for example, the Corps annual navigation season public

notice of channel maintenance dredging and/or the Corps notifications of

on-site inspection team meetings. The effects discussed should include

but not necessarily be limited to:
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a. Increased transportation costs resul tim, from delays caused

by channel closure and/or physical damag, to tows.

b. Increased pollution resulting,, from physical damage to tows.

c. Increastd personn.] hazards rtsul t ing from actual grouding

and/or re-;cue or recoverv effort-.

d. Reduced reliabilitV of thl wat.e rwav svsttm to satisfy tht

transportation demands of the publ ic.

6. Channel maintenance practics should not bc changed, -f to-ansit time

and energy used increase or cargo capacity is reduced. If a proposed change

will increase the transit time and energv or reduce cargo capacity, but

the change is still warranted, before impl ementation the proposed change

and its expected effects should be clearly described and discussed through

some public medium; for example, Corps annual navigation season public

notice of channel maintenance dredging and/or the Corps notification of

on-site inspection team meetings.

7. The cost of all dredging and disposal alternatives should be deter-

mined and justification provided for not sele,'ting tht, least costly

method.

4-7
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Sample form
(To be used in evaluating and documenting channel maintenance
dredging and disposal operations in the St. Paul District)

I. Predro dging/disposal evaluation:

A. Dredging:
1) Navigation point of view

a. Does the general area of the proposed dredge cut have a
history of sudden, rapid reduction in channel
depth? _______Yes______N

If yes, explain.

b. If the proposed dredging is accomplished, how will the
resulting channel depth differ from the depth after the most
recent dredging?
(The new depth will be)

___________Shallower ______Same Depth
______________Deeper

c. Have any groundings by commercial river transportation at
the proposed dredge cut been reported to the Corps of
Engineers since the most recent dredging?

_________Yes _________No

If yes, describe all such reports. In particular, for each
report, attempt to provide the following information:

Date of report_________
Date of grounding _________

Reported by (person/company) ________

Damage (general description _________

and/or cost)
Time vessel delayed (hours)______
Soundings taken after incident _________

If yes, Date _________

Depth _________

Draft of vessel(s)_________
Comments on actions taken by Corps after grounding:

d. If the proposed channel depth after the proposed dredging
will be shallower or the same as the depth after the most
recent dredging, and if groundings (because of channel depths
less than 9 feet) have occurred at the proposed dredge cut
since the most recent dredging, what is the Corps justifica-
tion for not increasing the depth to reduce the risk of addi-
tional groundings?
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e. Have any complaint.- or incidcnt b'tn rt ported to the Corps
since the most r,,cent dredg iny" such that tht, channel/bend
width or configuration is or miaY bt. inad&'quatk, for propt'r
navigation? Yes No

If ,es, describe all such reports or incid,!its. In parti-
cular, for each report, attempt to provid, thc fi']lo'ic:'.:

Date of report
Reported by (pe rson/company)
Nature of complaint/incident

Comments on actions taken by Corps in re.sponse, t complaintt/
incident:

f. Is the proposed dredge cut locatted on a bend?
Yes No

If yes, did the Corps survey . icensed tow operators who are
experienced in the area of concern to determine whether the
existing and the proposed bond widths are adequate for proper
navigation? Yos No

Not Applicab-e

If yes, name the operators surveyed and describe the results
of the survev.

If no, what is the Corps justification for not conducting the
survey?

g. If the proposed dredging is accomplished, will the re-
sulring navigation channel infringe on existing or proposed
barge fleeting areas? Yes No

If yes, briefly describe the infringement and the Corps
reasons such infringement is necessary or desirable.

h. If the proposed dredging is accomp]ished, will the re-
sulting channel characteristics change the river's flow
characteristics and impede navigation, undermine structural
foundations, or impair the placement and/or 'tation keeping
of aids to navigation?

Yes No

If yes, briefly explain.

i. Comparing the channel which existed after the most recent
dredging with the channel that would result if the proposed
dredging is accomplished, will the hazards to the safety of
life and property be chanped, for example, Increased risk of
grounding or collision?

ncre~ased hazards No change
Decreased hazards
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Brieily explain:

2) Economic point of view
a. If the proposed dredging is accomplished, will the result-
ing channel characteristics involve navigation-related costs
that are greater than would have -cisted prior to GREAT.
(Note: For the purposes of this 2m navigation costs should
be considered to be those causec, -)v increased tow energy
usage, increased tow transit time, or reduced tow cargo such
as might result from reduced depths and/or reduced channel
or bend widths.)

If yes, briefly explain and quantify if possible.

b. (See item II-C where dredging and disposal costs to the
Corps are considered together.)

B. Disposal
1) Navigation point of view

a. Will the proposed disposal site physically impede navi-
gation such as by obstructing necessary tow maneuvering
space or visibility?Ye____N

If yes, briefly explain.

b. Will the proposed disposal site change the river's flow
characteristics and impede navigation, undermine structural
foundations, or impair the placement and/or station keeping
of aids to navigation?

__________Yes -________No

If yes, briefly explain.

c. Will the proposed disposal site pose a navigation-related
hazard to the safety of life and property not covered by the
above items? Yes -No

If yes, briefly explain.

2) Economic point of view (See item II-c where dredging and
disposal costs to the Corps are considered together.)

C. Corps of Engineers costs-

1) Dredging costs-Will the proposed dredging operation involve
Corps-related costs that are greater than would have existed
prior to GREAT I? --_______ Yes -___ -__No

If yes, explain. Itemize and quantify if possible.

2) Disposal costs-Will the proposed disposal operation involve
Corps-related costs th,.it are greater than would have existed
prior to GREAT I? (Note: For the purpose of this item, Corps-
related costs should be considered those for land use acquisi-
tion, dredged material transportation, and site preparation/
maintenance.)

_Yes __N
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If yes, explain. [temiz, and quantify if possible.

3) Estimated total Corps costs of dredi ng disposal oneration
(dollars)

4) Estimatt-d tota] Corps cost p1,r cubic yard (dolLirs)

D. iWcommendations for chani,,s to proposed dr.dging operrat in(in-
clude just if ication/rat i ona] (. for each r comrn,<ndation):

E. Re(ommendations for changes to proposed disposal operation (in-
clude just ification/rationale for each recommendation):

F. Mi';cel]aneous comments:

II. Postdrnedgiii/disp-osai! evaluation:

A. Dredging-Were the recommendations of I-D incorporated?
Yes No

If no, explain.

B. Disposal-Were the recommendations of I-E incorporated?
Ye s No

If no, explain.

C. Total Corps cost of dredging/disposal operation (dollars)

D. Total Corps cost per cubic yard (dollars)

E. Recommended changes to evaluation form:

F. Miscellaneous comments:

4-11
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ATTACHMENT 5

PACKER RIVER TERMINAL

CASE HISTORY



i -Mailing %',eress

I -

Terminal

January 9, 1979

Mr. Erv A. Timm
Executive Direc )r
Uoper Mississippi Waterway Association
305 Osborn Building
Saint Paul, Minnesota 55102

:ear Erv:

Tnis lette- is in response to your December 13, 1978 letter to me,
,'qjesting a summary of the regulatory bureaucracy encountered by
3cker River Terminal in seeking appropriate permits to initiate

development of its terminal facilities in South St. Paul, Minnesota.
The following will represent a basic skeleton response to your
requests. I am sure that Bill Newstrand, of "-DOT will understand
what most of the implications are in such an u~tline.

The idea for Packer River Terminal originated back in the late
1960s. The location was in the northerly end of the City of South
Saint Paul, along the Mississippi River front. For various reasons
that project never proceeded, however, in 1973, Twin City Barge and
Towing Company, in conjunction with others, initiated the terminal
project with the present site as their objective. The present site
is the location of facilities originally abandoned by the Boise
Cascade Corporation in the middle 1960s (I believe 1967). The aban-
donment of the facility, as a terminal for paper products trans-
shipment, followed original construction almost immediately, for
economic reasons, as we understand. Boise's original intention when
the property was developed, was to construct a barge slip t tne
river and recurds :n the St. Paul District Offices of the Corps of
Engineers support this statement. Since 1967, the property was vacant,
deteriorating, utilized very little, and hdd become a blighting in-
fluence on the neighboring area.

I can spe' with some authority in this regard, since from early
1970, unt, early January, 1976, 1 was City Engineer, then Director
of Community Development for the City of South St. Paul. In tnat
cxi icity, I can speak to the City's interests and concerns with

2ect to ultimate development and reutilization of the prooerty,
:n its affect on the general area. A reader of the following out-
iine of our experiences -ith the regulatory process should recocnize

that I was associated witn the City of South Saint Paul tnrougn the
yeair 1975, and from January 1976 assumed mry current position as
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President of Packer River Terminal.

The dual exposure, on my part, noted above allowed ie the oppor-
tunity to develop an insight to not only the terminal project, but
also the folly of the regulatory process, as it affected Packer's
development objectives.

Going back, then, to my earlier comment, the formal conception of
Packer River Terminal, occurred in 1973, when officials of Twin
City Barge and Towing Company entered into verbal understandings
with Boise Cascade Corporation to initiate the development process
for the Packer site. The understanding between the parties was lat
at such time as approval of appropriate permits was eminent, a lease
agreement would be executed. The following, then, represents a
historical outline of tho occurrences from that point, in late 1973,
until a Section 404 Perm,., pursuant to the requirements of the
Federal Water Pollution Control Act Amendments, was approved by
the St. Paul District of the Corps of Engineers. The historical
surimary follows:

TIHE YEAR 1974:

FEBRUARY: Following understandings with the Boise Cascade
Corporation, Twin City Barge and Towing Company
officials (TCB) initiated communications with the
City of South Saint Paul. Those co-munications
included a meeting with the City Council, a meeting
with the City Planning Commission, and meetings with
officials of the City's Environmental CommissiL d
its Economic Development Authority. These bodies
endorsed the terminal development concept and en-
couraged TCB officials to proceed with their develop-
ment plans.

MARCH: TCB officials provided information on the proposed
terminal develHinent to the Environmental Protection
Agency Offices in Minneapolis, with directions that if
any EPA concerns arose that they contact TCB officials
as soon as possible.

JUNE: A Section 10 appli ation pursuant to the River and
Harbors Act was submitted to the Corps of Engineers
and other appropriate agencies involved in the review
of such an application. In essence, the Section 10
application explained the project, indicated the type
of commodities to be handled, and proposed to construct
the barge slip.

SEPTEMBER: In September, after almost 3 months of review by
Corps of Engineers officials, the Corps of Engineers
published notice of Packer's Section 10 application.

Following publication of a Public Notice of Pack-
er's Section 10 application, there was a period of
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time allowed for comments by intereste' parties.
The machinations that occurred in this regard are
another subject altogether, an there is no point
in discussing some of that here. Suffice to sav,
with some small amount of confusion and several
meetings back and forth between different aae,-cies
and grouos, things muddled on.

T-jE YEAR 1975:

JANUARY: Because of several auestions raised by inte,'sted
parties, the Environmental Quality Council deemed

fit to request review of an Environmental Assess-ent
for the Packer Project. S'ich an 3ssessrrent was
prepared, filed with the E)C during January o 13TB,
and their staff initiated ,tneir review.

MARCH: After some two p' s months of review, the EOC, for
all practical purposes, approved the Packer Project
by indicating that no EIS would be required. The EQC
indicated that the project was a local matter, and
that other permit procpssees of the State and Federal
Governments were adequute to address isjues raised
in the assessment.

APRIL: The Packer Project received a water quality clearance
from the Min esota Pollution Control Agency with

respect to Section 401 of the F. W. P. C. A. Amendments.

In addition, Minnesota Department of Natural Resources
(ONR) issued their permit, with conditions, for con-
struction of the ba-qe slip.

MAY: During the early months of 1975, representatives of the

Fish and Wildlife Service expressed concern with re-
spect to the Packer Project. These concerns had to do
with the location of the barge slip, and impact on
adjacent wetla 's. Therefore, in early May, representa-

yes from Packer, Corps oF Engineers, Fish and Wildlife

Service and the City, among others, met in an attempt
to r:eolve these issue and concerns. A proposal was
s.t iorth by myself (at this point, still warking for

the City of S-uth St. Paul) wherein the barge slip would
be constructed basically as proposed by Packer, with

the suggestion that adjacent lands owned by the American
Hoist and Derrick Company be acquired by Packer, and a

portion set aside for public open space. It was the

understanding of all parties at this meeting that

Packer's Section 10 Permit could go forward if such an

understanding were achievable. Packer officials then
met with representatives of American Hoist, and ob-

tained their agreement to maka the properties avail-
able for sale, and so notifit. all parties present at

the ori nal meeting in early May. In adlition, based
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on the understanding, Packer submitted an amended
Section 10 application, to reflect the acquisition
of some 50 ad-_'itiorIal acres of land, with the under-
standing that slightly over half of that land would be
set aside for public dedication.

On the basis of -.ie above, the Fish and Wildlife
Service saw fit to issue a clearance letter for the
project, with the stipulation that the above noted
understanding was the basis for that clearance.

During this same month, the Minnesota Pollution
Control Agency issued their own Permit for tne Packer
Project.

During the period from January through May, the
Corps c'" Engineers continued to keep the Chicago
rffices of EPA informed as to the status of the Pack-
er Project, to -cude items noted above with respect
to resolu-ion of the Fish and Wildlife concerns.
However, EPA in late may, directed an objection to
the Corps of Engineers. The EPA objection was with
respect to wetlands, and their objection indicated
that their concern could be alleviated if wetlands
associated with the Fish and Wildlife understandings
to include wetlands on that portion of Packer's
property and the "not to be dedicated" portions of
the American Hoist property yet to be purchased, were
protected.

I should note here that the EPA objection to fill-
ing wetlands went back to a Court case which came
about in early 1975 (March, I believe) wherein the
Corps of Engineers and EPA had been directed by a
federal judge, in a court case, to exercise their
authority pursuant to Secti on 404, of the Federal
Water Pollution Control Act Amendments. .he exercise
of which authority would occur through the publication
and enforcement of regulations related to wetland
issues. Therefore, the delays and foot-dragging which
occurred during the late months of 1974 and e.. ly months
of 1975 had placed Packer in the position wherein it was
required to apply for a second permit to accomplish
the ultimate development of its facilities, rather
than bein able to proceed with the basic terminal
project upon receipt of a Section 10 Permit. This was
not a major concern to Packer at this poin- in time,
however, since it appeared that the 404 Permit would
ultimately be issued since the concerned parties had
already reached a basic understanding in early May with
respect to the lands in question.
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JULY: In July, the Corps of Fngineers published its regula-
tions with respect to a 404 Permit application. At
the same time, the Minnesota Histcrical Society issueo
a clearance for the Packer Project. Shortly afterward,
the Corps of Engineers issued the Section 10 Permit
for construction of the barge slio, with the condition
that the wetland properties, noted earlier, not be
developed until a 404 Permit was obtained. A 404 Per-
mit could not be applied for however, since EPA had not
yet published its own 404 regulations.

SEPTEMBER: EPA finally published its 404 regulations during
this moith.

OCTOBER: Shortly after the publication of EPA's regulations,
on uctober 16, 1975, to be exact, Packer submitted its
Section 404 Permit Application, which was basically for
the authorization to utilize wetland areas restricted by
the Section 10 Permit, but which had been indicated as
acceptable for filling in the earlier litigation pro-
cess with the Corps of Engineers and the Fish and Wild-
life Service, in May of 1975.

NJOVEMBER: The City of South Saint Paul recommended approval
of the 404 Application, by the Corps of Engineers.

DECEMBER: The Corps of Engineers published Public Notice of
Packer's 404 Application, requesting comment by interestec
groups and agencies, a required practice in the regulatior
of the Corps and EPA.

THE YEAR 1976:

JANUARY: After the period of Public Notice noted in the Corps
request for comments to Packer's Permit Application,
EPA (in Chicago) filed a letter of objection to the
terminal project.

FEBRUARY: The Minnesota Pollution Control Agency cleared th

404 Project. The Fish and Wildlife Service cleared
the 404 Project, noting the earlier understanding in
May of 1975. The Minnesota Historical Society issuec
a clearance letter. The Minnesota Department of Nat-
ural Resources issued a clearance letter, noting the
earlier agreement in May of 1975.

In mid-February, upon recommendation by the St. Paul
District Corps of Engineers, I personally met with
representatives of EPA in Chicago. I should note here
that I assumed my position with Packer River Terminal
in January of this year, and had immediately undertaken
to understand EPA's objections to the project, and to
attempt to resolve those obJections. At my meeting
with EPA representatives in Chicago, it was indicated
to me that the 404 Permit, per se, was nc' objection-
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able by EPA, however they were concerned that tneir
legal department did not feel they could be ;)arty ,c
a mitigation proceeding such as was undertaken in "-3
of 1975, and expanded by me in my meeting with t!;e.
When I left the meeting with the EPA officials, necw-
ever, I was led to understand that they would disc ,ss
this matter with their legal staff and, barring a
major objection, would attempt to issue clearance for
the project. (Ultimately there was no such 2iearar.ce
forthcoming).

MARCH: Lacking EPA concurrence, or clearance of the project,
Corps officials indicated that they might require t ,
preparation of an Environmental Imipact Statement (EIS)
for the entire terminal project. On the face c it,
this was a ridiculous requirement since the basic term-
inal project had already been approved via the issuance
of the Section 10 Permit, and the 404 Permit did n-t
appear to imply negative impacts of any significant
nature. It also became obvious at this point in time,
that certain representatives of the District office
of the Corps of Engineers were no longer prepared to
honor the original understandings F May, 1975.

MAY: Packer was required, based on original negotiations
with the Boise Cascade Corporation, to exercise its
option to purchase their properties. While it appeared
in May of 1975 and in the months leading up to Mar-1- of
1976, that no major problems would be encountered with
the 404 Permit, it was too late to turn back and Packer
(with much consternation) was compelled to exercise its
purchase option with Boise, or risk loss of the avail-
ability of the terminal site.

During the ensuing months, there were several meet-
ings with Corps of Engineers and EPA officials, including
representatives of the Cor and EPA offices in Chicago.

OCTOBER: t.ally, in late October, the Corps of Engineers
i'dicated it would waive the requirement for an EIS if
Pdcker would address specific concerns raised by EPA
such that EPA could release their objections to the
project.

NOVEMBER: In an effort to alleviate the concerns of EPA,
therefore, Packer retained a private consultant to
meet with EPA officials in Chicago, to describe their
concerns and to address those concerns in as much de-
tail as pcssible.
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THE YEAR 1977:

JANUARY: As noted earlier, in February, 1976, the Minnesota
Department of Natural Resources issued a letter of
clearance for the 404 Project. It became quite clear
that no major changes would be required by DNR with
respect to the Section 10 Permit or with respect to
Section 404 Expansion, and they issued their formal
permit for the 404 Pr-4ect during this month.

In addition, Packer's consultant responded with a
report directed tu 'ie issues raised in its November,
1976 meeting 4ith the EPA officials in Chicago. In
anticipation of problems with both the Corps and EPA,
Packer had separately undertaken to prepare an exp 'ed
Environment~l Assessment for its terminal project,
and incorpurated its consultants report with respect
to issues raised by EPA, as noted earlier. Packer urder-
took such an expanded assessment based on what appeared
now, to be a history of delays, and subterfuge, by
individuals at EPA and the Corps who appeared to be
carrying some special vendetta with respect to the
development. Suffice to say that EPA, in spite of the
consultant's report which indicated no significant
impacts on the wetland environment, still objected to
the project, and conveyed that objection to the Corps.
The Corps, therefore, proceeded to call for an EIS,
and utilized Packer's expanded Environmental Assess-
ment as the basis for that document.

APRIL: Following several months of confusion (since ,'n-
uary), the Corps finally published the EIS in mid-April,
requesting public comment and response.

MAY: As before, the City of South Saint Paul endorsed the
terminal project. The Minnesota Historical Society
issued its clearance. The Metropolitan Council issued
a letter of endorsement for the projoct. The Critical
Areas Staff of the Environmental Quality Council issued
its endorsement.

I'E: As expected, EPA again objected to the project and
issued its classification as "E U I" - which means
Environmentally Unsatisfactory, with the numberal I
indicating a catagory wherein EPA suggests that there
is enough information available to evaluate and judge
the project.

AUGUST: The City of South Saint Paul's Environmental Comm-
ission endorsed the project. The Mayor of the City of
South Saint Paul sent a separate letter of endorsement
for the project.

NOVEMBER: Following expiration of the comment period with resoec
to the Federal EIS Draft, the Corps of Engineers assembic
a Final EIS, and published notice of its availability fc,
review. 5-7



DECEMBER: Notice of the availability of the Final EIS was
published in the State Register.

With one or two days left, EPA officials in Chicago
requested that the Corps of Engineers extend the comment
period for the Final EIS. This was an inappropriate
n)rocedure on the part of EPA, since their request for
the extension of "he comment period was made through
the Chicago offices of the Corps of Engineers, which
was procedurally incorrect, since extensions could not
be granted by the St. Paul District Engineer. It was
not until some days d'er that The St. Paul District
Engineer was informed of this matter, - - in my con-
versations with him indicated that he had not delegated
authority to anyone, save himself, to extend the comment
period on the EIS. Packer objected to EPA's violation
of procedure, in correspondence to the District Engineer.

TH4E YEAR 1978:

JANUARY: It appeared by this time, to ourselves and the
District Engineer of the St. Paul District, Corps of
Engineers, that EPA was not going to provide the comments
which it indicated it would be sending in December of
1977. The District Engineer waited until some time in
mid-month and having not received the EPA comments,
undertook to make a recommendation to the Division
Engineer ,Chicago that the 404 Permit be granted to
Packer. During this same period, without the knowledge
of the District Engineer, or Picker, EPA diracted
letters to the President's Counc:il on Environmental
Quality (Washington D.C.) and the nijef of Engineers,
(Washington D. C.). The letters to both were identical,
continued to express an objection by EPA to the Packer
Project.

FEBRUARY: The Division Enginoer of the Corps, in Chicago, follow-
ing discussions with EPA representatives in Chicago,
noting their continued objection, forwarded the matter
to his superiors at the Chief of Engineers offices, in
Washington, D. C., with the recommendation that the
Section 404 Permit be issued to Packer.

APRIL: Following discussions at the Washington D. C.
level, in March and early April, the President's
Council on Environmental Quality, for all practical
purposes rejected EPA's rational for objection to the
Packer Project indicating that the St. Paul 'istrict
Engineer for the Corps could issue the 404 Permit, sub-
ject to expanded information with respect to the avail-
ability of alternative sites. The alternative sites
issue was raised, as a last gasp, by EPA, likely with
the recognition that their previous procedural errors
were catching up to them.

Without going into a lot of detail, the EPA haG
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suggested that the Corps of Lngineers consider the
Municipal Maintenance Shop properties owned by the
City of South Saint Paul, properties adjacent to
that site, owned by the St. Paul Union Stockyards
Company, and properties of the Chicago Rock Island
Railroad Company, immediately south of Packer's
si te.

JUNE: The study of alternative sites mentioned earlier
by the Corps was rather detailed. In essence, the
City of South Saint Paul rejected the use of its
maintenance properties; the Stockyards Company asked
for a vasue which substantially exceeded what appeared
to be market values for properties in the area; and
the Chicago Rock 1,land Railroad properties appeared
to be unavailable (at least for a goodly length of
time) because that railroad is in receivership. In
essence, the District Engineer completed his evaluation
of alternative sites, set those forth in writing, and
notified his superiors and EPA that his evaluation
indicated the alternative sites were not reasonable and
prudent alternatives, and therefore that it was his
intent to proceed with issuance of the 404 Permit.

JULY: On or about July 5, the District Engineer issued, to
Packer, the 404 Permit for expansion of its facilities.
Within days, the EPA indicated to the Chief of Engin-
eers, (Washington, D.C.) that it had not received proper
notice from the Corps of Engineers, of its intent to
issue the 404 Permit. EPA objected that this was a
violation of proper procedure and understanding between
the two agencies, and that further, it intended to pro-
ceed with review proceedings whereby it might issue
a veto of the 404 Permit, implying that such proceedings
were available to it through Section 404 (c) of the
Federal Water Pollution Control Act Amendments. On
the basis of this objection by EPA, the Chief of Engin-
eers offices noti fied the District Engineer, Corps of
Engineers St. Paul District, to suspend Packer's permit.
This was done virtually immediately.

Packer responded with a letter to the St. Paul
District Engineer, obJecting to his suspension of
permit, on the basis of procedural errors and inappli-
cability of the basis for the suspension.

AUGUST: Shortly thereafter, Packer received a draft of
regulations purportedly for purposes of eventual pub-
lication relating to EPA's authority under Section 404
(c ).

At this point, having its fill of the entire regul-
atory process, Packer filed a motion, in the United
States District Court, for an Order enjoining the Corps
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and EPA from withholding Packer's 404 Permit. The
matter came before the court on August 24, at which
attorneys for Packer and for the Corps and EPA pre-
sented their arguments before the court. Without
going into the detail of the proceedings in court,
EPA subsequently withdrew its objection to the issu-
ance, by the Corps, of the 404 Permit, subject to the
Car. s of Engineers holding additional hearings to con-
sider "new information" which had become available to
it, and which was not available during original con-
sideration of the Federal EIS.

The court quickly moved to order tne presentation
of such "additional information" for its review. On
the day on which this "additional information" was to
be presented to the court, EPA directed a letter to the
Corps of Engineers that its review of this "additional
information" indicated that it was not of such nature
as to likely alter the Corps original conclusion with
respect to the issuance of the permit, and that by way
of that letter, EPA was withdrawing its objections to
the issuance of Packer's permit. This final action by
EPA occurred in early September of 1978.

As the above historical outline indicates, the regulatory procedure
consumed a period of time which began in February of 1974, and con-
cluded in September of 1978, a period of some 41- years. This process
cepresents a significant expense to Packer, and its parent corporation,
Twin City Barge and Towing Company. The direct cost of the regulatory
process itself was in the neighborhood of some $700,000.00. In addi-
tion, had the original Section 10 Permit process been addressed, parti-
cularly by the public sector, in a rational and expeditious fashion,
that permit would likely have been issued in late 1974 or early 1975,
and a 404 Permit never required. The ensuing delays, from early 1975
to late 1978, are fraught with incredible increases in construction
costs, and related interest costs for financing. The present value
of these increased costs is approximately $7,000,000.00. In view of
such circumstances, I think it ra4"er easy to understand our total
disgust with the handling of our development. It has been suggested
by some agency repree-rntatives, either directly to me or to my associ-
ates, that we were too hard-nosed toward the end and that we were
stubborn or uncooperative. The history of this project suggests the
opposite - - and my greatest regret at this point in time was our
effort to be cooperative, to be patient, and to try to work within
the system. That was a mistake, and continues to be a mistake.

-have a deep respect for nany officials and individuals who work for
the various groups and agencies with which we came in contact. How-
ever, these same gencies are staffed with personnel who are not fam-
iliar with the work to which they are assigned, or who have no concern
for the fact that interminable delays cost someone money. The ultimate
barer of these costs will be the consuming public, to which we all pay
our dues. I would hazard a guess that had we anticipated the kinds
of delays, and lack of cooperation which were evident in this process,
that our companies would have aoandoned the Packer Project in late 1975.
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I suppose I could suggest that this experience teaches everyone a
lesson, but this is not true. The frightening fact is, that this
lesson is evident, throughout this country, and is a growing (actor
in the economic problems that we all face. I have visions that
things will not be better, but will only get worse as the bureau-
cracy to which we were subjected grows in direct proportion to its
inability to comprehend the nature of its work.

Erv, forgive the length of this documentary - I hope it does some-
one some good, but I doubt it.

Respectfully yours,

Thomas J. McMahon, P. E.
President

T lj. 1: i t
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THE IMPORTANCE OF WATERBORNE COMMODITY

MOVEMENTS THROUGH UPPER MISSISSIPPI RIVER PORTS

by

Jerry E. Fruin and Richard Levins

The inland waterway system is a vital component of the transporta-

tion system of the Upper Midwest. Terminals in the greater Twin Cities

area handle more than 15 million tons of waterborne cargo each year.

Except for St. Louis, this is more than any other city on the Missis-

sippi River above Baton Rouge, Louisiana. Total cargo handled by all

river terminals in Minnesota and Wisconsin exceeds 20 million tons per

year. The river system is especially important for the movement of

bulk commodities like grains, agricultural products, fertilizers, chemi-

cals, coal, and petroleum products.

Table I lists the commodities shipped from all 11 COE St. Paul

District ports in 1975 in descending volume of shipments. Table 1

also indicates the quantity and percentage of each commodity that is

shipped out of the District and the quantity and percentage of intra-

District shipments to other ports within the St. Paul District. Table 2

is analogous to Table 1 but is for commodity receipts.

The volumes moved by water and the economic importance of the

10 highest volume commodities listed in Tables 1 and 2 are described

in this paper. The discussion will for the most part emphasize the

Twin Cities area, and data more recent than those used in Tables 1 and 2

will be used wherever such data are available.
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Table 1 -Shipments of waterborne commodities from COE St. Paul District
ports in 1975 (in short tons)

Percen Percent Percent of
1975 Shipments Intra- shipped shipped District

volume Commodity out of District out of in Total total
rank name District shipments District District shipments shipments

1 Corn 2,804,321 0 100.0 0 2,804,321 25.1
2 Coal and

lignite 514D691 1,848,648 21.8 78.2 2,363,339 21.2
3 Wheat 2,014,109 17,645 99.1 0.9 2,031,754 18.2
4 Sand, gravel,

rock 0 1,176,363 0 100.0 1,176,363 10.5
5 Gasoline 220,298 752,080 22.7 77.3 972,378 8.7
6 Soybeans 673,303 1,373 99.8 0.2 674,676 6.1
7 Processed agri-

cultural
products 396,490 532 99.9 0.1 397,022 3.6

8 Distillate fuel
oil 91,499 244,978 27.2 72.8 336,477 3.0

9 Oats 145,066 0 100.0 0 145,066 1.3
10 Coke, pitch,

asphalt 72,208 58,695 55.2 44.8 130,903 1.2
11 Residual fuel

oil 30,505 4,076 88.2 11.8 34,581 0.3
12 Metallic ores 18,225 0 100.0 0 18,225 0.2
13 Barley and rye 8,266 3,886 68.0 32.0 12,152 0.1
14 Farm products 11,708 0 100.0 11,708 0.1
15 Waste/scrap

metal 11,024 510 95.6 4.4 11,534 0.1
16 Potassic

chemical
fertilizers 10,045 0 100.0 0 10,045 (1)

17 Primary iron
and steel 7,910 0 100.0 0 7,910 (1)

18 Jet fuel and
kerosene 4,817 0 100.0 0 4,817 (1)

19 Building cement 2,857 0 100.0 0 2,857 (1)
20 Flour 2,299 0 100.0 0 2,299 (1)
21 Nitrogenous

chemical
fertilizer 1,250 0 100.0 0 1,250 (l)

22 Other
fertilizer 0 912 0 100.0 912 (l)

23 Manufactured
equipment and
machinery 480 0 100.0 0 480 (l)

Total 7,041,371 4,109,698 63.1 36.9 11,151,069 100.0

(1) Less than 0.1 percent. These eight cotmmodities accounted for 0.3 percent
of District shipments.
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Table 2 - Receipts of waterborne conmmodities in the COE St. Paul District
ports in 1975 (in short tons)

Percent of Percent of Percent of
1975 Receipts Intra- receipts intra- District

volume Commodity out of District from out of District Total total
rank name District receipts District receipts receipts receipts

1 Coal and
lignite 2,987,616 1,848,648 61.8 38.2 4,836,264 50.0

2 Sand, gravel,
rock 9,657 1,176,363 0.8 99.2 1,186,020 12.3

3 Gasoline 179,156 752,080 19.2 80.8 931,236 9.6
4 Salt 558,888 0 100.0 0 558,888 5.8
5 Distillate fuel

oil 85,170 244,978 25.8 74.2 330,148 3.4
6 Other

fertilizers 293,226 912 99.7 0.3 294,138 3.0
7 Chemical

products 235,502 0 100.0 0 235,502 2.4
8 Coke, pitch,

asphalt 136,838 58,695 70.0 30.0 195,533 2.0
9 Crude

petroleum 195,294 0 100.0 0 195,294 2.0
10 Building cement 170,527 0 100.0 0 170 .527 1.8
11 Nitrogenous

chemi cal
fertilizers 145,242 0 100.0 0 145,242 1.5

12 Primary iron
and steel 126,817 0 100.0 0 126,817 1.3

13 Residual fuel
oil 98,962 4,076 96.0 4.0 103,038 1.1

14 Phosphatic
chemical
fertilizers 95,192 0 100.0 0 95,192 1.0

15 Processed
agricultural
products 74,452 532 99.3 0.7 74,984 0.8

16 Jet fuel and
kerosene 48,141 0 100.0 0 48,141 0.5

17 Organic
industrial
chemicals 35,067 0 100.0 0 35,067 0.4

18 Inorganic
industrial
chemicals 24,982 0 100.0 0 24,982 0.3

19 Wheat 1,650 17,645 8.6 91.4 19,295 0.2
20 Petroleum

products 15,112 0 100.0 0 15,112 0.2
21 Pulp/paper

products 9,403 0 100.0 0 9,403 (1)
22 Marine shells 8,532 0 100.0 0 8,532 (1)
23 Barley and rye 0 3,886 0 100.0 3,886 (1)
24 Limestone flux,

calcareous stone 2,844 0 100.0 0 2,844 (1)

25 Phosphate rock 2,807 0 100.0 0 2,807 (1)
26 Flaxseed 2,805 0 100.0 0 2,805 (1)
27 Corn 2,800 0 100.0 0 2,800 (1)
28 Flour 2,623 0 100.0 0 2,623 (1)
29 Nonmetallic 2,310 0 100.0 0 2,310 (1)

minerals
30 Waste/scrap

metal 1,200 510 70.2 29.8 1,710 (1)
31 Soybeans 0 1,373 0 100.0 1.373 (1)

Total 5,552,815 4,109,698 57.5 42.5 9,662,513 100.0

(1) Less than 0.1 percent. These 11 coummodities accounted for 0.4 percent of
District receipts.
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Coal

Coal is among the most important commodities moved by water in

the St. Paul District. In 1975, it ranked first in receipts and

second in shipments. The economic advantages of these water shipments

of coal is great - rail rates for coal were found to be substantially

higher per ton-mile as those for barge in 1977. Typical barge rates

were from $0.004 to $0.005 per ton-mile while unit train rates were

from $0.008 to $0.015 per ton-mile.

Coal constituted 29.5 percent of the Twin Cities area barge ship-

ments in 1976 (1) with a combined total of 2,307,264 tons being shipped

from the ports of Minneapolis, the Minnesota River, and St. Paul. This

coal is virtually all received by train from western origins and trans-

ferred to barge in the Twin Cities. About 50 percent of the total goes

to power plants on the Minnesota and St. Croix Rivers, and much of the

remainder goes to other locations in the St. Paul COE District. No other

pools in the St. Paul District shipped significant amounts of western

coal in 1975.

Coal accounted for 41 percent of total barge receipts in the Twin

Cities area in 1976. Other District pools that received significant

quantities of coal were pools 5 and 8. In total, over 1.8 million tons

of western coal was shipped by water between District terminals while

nearly 3 million tons were -eceived from midwestern sources on the river

system at or beyond St. Louis, Missouri. The proportion of western coal

is expected to increase in the future, although not as rapidly as from

1973 to 1976. (2)

(1) The preliminary 1978 estimate is 2.2 million tons of coal
shipped.
(2) The preliminary 1978 estimate is 1.8 million tons of western

coal receipts and over 2.5 million tons of midwestern coal.
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Farm Products

Farm products, especiallv corn, wheat, and soybeans, are thle

most important category of commodities shipped by water from the

area served by the Upper Mississippi River. They, are of vital im-

portance to the region's economy and there is little doubt that

structural changes would occur if low cost, reliable river transporta-

tion was not available to move a major portion of the marketable sur-

pluses of corn, wheat, and soyheans to export ports.

Shipments of corn have historically accounted for the largest

volume of shipments from Twin City terminals, although western coal

shipments became larger than those of corn in 1975. In 1976, corn,

wheat, soybeans, processed agricultural products, and oats ranked

second through sixth in tonnage of water shipments from M.-inneapolis,

St. Paul, and the Minnesota River. These five commodities accounted

for 5,305,969 tons, or 67.8 percent of total shipments from the Twin

Cities. (1) In addition, the general category farm products, which

includes sunflower seeds and sorghum, ranked 8th, and barley and rye,

ranked 12th, in volume in 1976.

For the entire St. Paul District, corn accounts for more ship-

ments than any other commnodi~ty including coal. In 1975, corn, wheat,

soybeans, processed agricultural products, oats, barley and rye and

farm products ranked 1st, 3d*, 6th, 7th, 8th, 12th, and 13th in tonnage

shipped from the District and accounted for 54.5 percent of the total

tonnage shipped from District ports. (2)

(1) The 1978 shipments of grains and soybeans from the Twin Cities
are estimated at 6.2 million tons. This does not include processed
agricultural products.
(2) 1978 District shipments of grain and soybeans are estimated

at 1U.2 million tons.
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The economic importance of farm products barge shipments is best

illustrated by considering those for corn, wheat, and soybeans (by

far the most important crops) through T'win Cities ports. During

1970-1977, an average of 2.5 .illion tons per year (TPY) of corn

was shipped from the Twin Cities. For comparison, the total pro-

duction of corn in Minnesota, North Dalota, and South Dakota that was

sold off-farm in that period averaged 8.3 million TPY. The 2.2 million

TPY average for wheat shipments from Minneapolis compares to an average

production of 11.2 million TPY in the tri-State region. For soybeans,

average Minneapolis shipments were 748 thousand TPY; average tri-State

produrtion was 3.1 million TPY.

The ratio of barge-to-rail tonnage from Minneapolis during

1970-1977 has remained fairly constant at four-to-one. Barge shipments

have averaged 4.44 million TPY; rail shipments have averaged 1.09

million TPY.

Consequences of All-Rail,. No Barge Scenario

If for some reason the river was not available and all of the

outbound Minneapolis shipments were by rail, the most important

consequences would be those of higher transportation costs and strain

on the rail system.

An average of 4.44 million tons per year of grain moved out of

Minneapolis by barge during 1970-1977. If this was simply diverted

to 75-car rail shipments, the transportation cost would increase by

approximately $10 per ton, or $44.4 million per year. It is more

likely that, without barge, other rail routes than those through

Minneapolis to the Gulf would be used and sh'pments would be less

than 75 cars. Any such scenario would involve substantially higher

total costs to shippers as the recent 10 car rail export rates exceed

barge costs by $18 a ton and single car rates are substantially higher.
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The second implication concerns the ability of the United States

rail system to handle such greatly increased grain shipments. In 1973,

a year of severe rail car shortage, over 5 million tons of grain, the

equivalent of over 50,000 Jumbo hopper cars, left Minneapolis by barge.

It would have been disastrous to attempt to put 5 million more tons

onto the strained rail system in that year.

Assuming an optimistic 30 trips per year and an even flow throughout

the year, an additional 1,500, 100-ton hopper cars would be needed to

replace barges. This represents a capital investment of $80 to $100

million for cars and locomotives. How this would be financed is an

important question. Furthermore, although the additional rail cars

could probably be loaded at area elevators and terminals without diffi-

culty, an additional 130 to 200 cars per day at export terminals would

undoubtedly require substantial investment in holding tracks and un-

loading facilities if serious congestion is to be avoided.

Fertilizer

Water transportation is very important for the movement of nitrogen,

phosphate, and mixed fertilizers to the Upper Midwest. Potassium

fertilizer soticres are in Canada and move into this area by rail.

In 1975, nearly 25 percent of the direct application nitrogen

fertilizer used in Minnesota was shipped by barge to terminals in Winona,

pool 2, the Twin Cities, and the Minnesota River. The total transporta-

tion costs for direct application nitrogen are quite sensitive to

distance from the river as truck costs increase rapidly. Costs of

nitrogen fertilizer delivered to the farm by the barge-truck mode are

up to $9 a ton less near the river than shipments by rail, but costs

of direct rail shipments are only one-half that of barge-truck in the

Red River Valley.
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In 1975, quantities of superphosphate type fertilizers equal to

95 percent of Minnesota use were received at Winona, pool 2, the Twin

Cities, and the Minnesota River. The least transportation cost method

for these fertilizers is barge-rail throughout the State. Savings of

$9 to $12 per ton over direct rail are normal. The barge-rail mode

appears to be $2.50 to $4.00 a ton less than the barge-truck alternative.

Unlike the rates for grain and many other commodities, rail rates for

fertilizer in Minnesota are cheaper than truck at very short distances

as well as at long distances.

The quantity of other mixed fertilizer received at Winona, pool 2,

Minnesota River, and Twin Cities terminals in 1975 was 294,000 tons.

This was equal to 38.8 percent of the mixed fertilizer used in Minnesota

in that year. Rail rates for mixed fertilizer are generally slightly

higher than for superphosphate while barge and truck costs are generally

the same. Consequently, water transportation is used from manufacturing

locations where it is available.

Petroleum and Petroleum Products

The &-neral category of petroleum and petroleum products is

second only to coal in tons of annual receipts by barge in the U.S.

Army Corps of Engineers (COE), St. Paul District. Receipts of crude

petroleum by barge, although negligible for years, jumped to 575,000 tons

in 1976. Petroleum and petroleum products have typically accounted

for the largest dollar value of annual commodity shipments on the inland

waterway system. Some analysts have forecast major increases in

petroleum movements by barge on the Upper Mississippi, although pipe-

lines are generally considered the preferable transportation mode. The

recent controversies over pipeline routes have demonstrated the value

of the availability of water transportation for crude petroleum trans-

portation into the Upper Mississippi River Valley.
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Distillate fuel oil accounted for 2.9 percent of 1976 Twin City

area receipts. A major portion (96.5 percent) is shipped from lower pool 2

to the Twin Cities terminals. Pools 6 and 8 received a total of 71,281

tons in 1975, 6.1 percent of which came from lower pool 2. 74.2 percent

of total District receipts were from intra-District movements.

Twin Cities gasoline receipts by barge accounted for 11.4 percent of

Twin City area receipts in 1976. In 1975, 89.2 percent of the gasoline

receipts originated in lower pool 2 below mile 830. Other District pools

received 113,211 tons of gasoline in 1975 with most of it going to pools

6 and 8. 80.8 percent of the gasoline received at all District ports

was from intra-District movements.

In the past, crude petroleum moved into Minnesota almost entirely

via pipeline. While the pipelines accounted for 7.1 million tons in 1975.

barge traffic carried a total of only 195,294 tons (table 2) into the

COE St. Paul District. The eight Class 1 railroads that operate in the

State reported only 26,560 tons of crude petroleum moved into the State

by rail in 1975. These figures then show that 2 percent of crude petroleum

brought into Minnesota moved by barge and less than 1 percent by rail.

However, receipts of crude petroleum by barge, although negligible for

years, jumped to 575,000 tons in 1976.

Actual rates are not regulated for barge movements of petroleum

products as they are in pipelines and rail and can vary because of

costs or market conditions. The 1975 rate for movements between

Minneapolis/St. Paul and the Gulf ranged from $7.12 to $9.49 per ton

according to one source. This is for a distance of approximately 1,800

miles and $0.0040 to $0.0053 per ton-mile. One alternative mode, that

of a pipeline, has a rate of $6.98 per ton or $0.0039 per ton-mile.

This is an actual tariff rate. The other possible alternative, rail,

could be as high as $19.80 per ton or $1.15 per ton-mile. This is

the estimated cost for the Burlington Northern/GATX proposal for unit

6-9

AF". 126



train deliveries of Alaskan crude oil from Oregon to Minneapolis/St. Paul.

It is approximately the same distance as from the Gulf but might be

based on higher costs because of the mountain ranges that must be

crossed to bring the oil from the West Coast.

Pipelines presently carry over 90 percent of the crude oil supply

to the four Minnesota refineries and also the major share of the

petroleum products. The pipeline offers a cheap, efficient mode for

transporting liquids. It normally offers a constant flow of products

yearlong which cuts down the demand of storage facilities at the end

point. Pipelines also allow the shipper to mix shipments of different

products which are separated at the destination. A number of proposals

for new pipelines are in the hearing stage, but face opposition from

environmentalists and farmers. Until these pipeline proposals reach

a final decision, barges could be expected to pick up some of the in-

creased demand for petroleum and its products.

Other Large Volume Cotmmodities

Sand, gravel, and rock account for 24.5 percent of Twin City area

receipts (1.2 million tons in 1975). Nearly all of the sand, rock,

and gravel received in Minneapolis and St. Paul are shipped from lower

pool 2, a very short haul of 10 to 30 miles. These shipments have

not been included in compilations of Twin Cities area shipments,

although they have always been counted as receipts. Although trans-

portation cost advantages are not great because of the short distances,

this is the equivalent of 55,000 truckloads per year. Highway mainte-

nance and congestion are reduced substantially by this movement.

Shipments of coke, pitch, and asphalt from the Twin Cities have

increased at a compound annual rate of almost 34 percent over the

14-year period ending in 1976 although down from the high levels of 1971

and 1972. Over 53,000 tons of this commodity was also shipped from

pool 2 below mile 830 in 1975. Most of the shipments in this category

are of petroleum coke and are destined for area electric generating

plants.
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Receipts of this category in the Twin Cities are primarily of

materials such as asphalts and tars rather than coke or petroleum coke

and amounted to 78,000 tons in 1975. The growth rate over the

14-year period was 0.8 percent per year although there were several

years in the middle of the period when reduced quantities were re-

ceived. Pools 5 and 9 received 58,695 tons of petroleum coke for

boiler fuel. All of the petroleum coke received at these two loca-

tions was an intra-District shipment from lower pool 2.

In 1975, salt constituted 5.8 percent of total barge receipts in

the District (560,000 tons). During the last 10 years, receipts in the

Twin Cities have grown at an average annual rate of 6.1 percent.

Other pools which received significant quantities of salt in 1975

were pools 4, 6, 8, and 10. These pools received a total of 138,383

tons in 1975 or 24.8 percent of the COE St. Paul District total. This

is a long distance bulk commodity movement and consequently provides

major economic benefits to the region. In 1975, rates for hauling

salt from Louisiana to Minnesota were estimated at $5.45 per ton by

barge and $15.47 per ton by rail.

The chemical products category ranked seventh in terms of total

COE St. Paul District receipts in 1975, accounting for 2.4 percent

of total District receipts. Virtually all of the chemical products

were received in pool 2 below mile 830.0 and originated outside of

the St. Paul District. Rates for rail movements typically are two

to four times the rate for water movement.

Building cement comprised 1.8 percent of the St. Paul District's

barge receipts. In 1975, there were 75,772 tons of cement shipped into

pool 8 so that "other" District ports account for 44.4 percent of

total District receipts of cement. A 1975 study indicated that rail

rates typically were three times those of barge rates for cement.
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Trends and Implications

Barge shipments have been increasing at a faster rate than

barge receipts in the St. Paul District for at least 15 years. Al-

though part of the increase in shipments in recent years has been due

to the shift to western coal which is primarily a local movement, long

distance shipments of corn and wheat are expected to continue to in-

crease. One study projected that total St. Paul District shipments would

be 59 percent greater in 1985 than in 1975 with most of the increase

due to farm products. The same study indicated that receipts would

be relatively constant over that time period.

The physical capacity of the river channel itself greatly exceeds

this or any other projection of future bulk commodity transportation

requirements. However, there are possible physical and operational

constraints that could limit future growth or even reduce waterborne

commerce. Such possible constraints include insufficient terminal

capacity to load and off-load cargo, inadequate fleeting areas for

combining the individual barges into tows and breaking tows down to

individual barges and for the storage of empty and loaded barges, the

capacity and operational readiness at each of the 29 locks and dams

on the Mississippi River between Minneapolis and St. Louis, and the

depth and width of the river channel where maintenance dredging is

required. Inadequate expansion, deterioration, or catastrophic failure

in any of these areas would have detrimental effects on water trans-

portation. These effects could range from causing incremental cost

increases and small reductions in the volume shipped by water to

eliminating long distance water movements with major increases in

transportation costs to area shippers and consumers.

Public policy decisions are required to ensure that these factors

do not constrain waterborne commerce. Some of the decisions affecting

capacity are primarily of a local nature such as whether to allow the

expansion of a given terminal; others such as the regulations restricting

the Corps of Engineers channel maintenance dredging may be State decisions,

6-12

____ ___ ____ __ . ~I~- -. ~ A 6



and some such as whether to rebuild or replace lock and dam 26 near Alton,

Illinois, are national issues. These issues have generated controversy

in the past and surely will in the future. Minnesotans and other Upper

Midwest citizens, both shippers and consumers, should recognize the

importance of the inland waterways to their region' s economy and ensure that

the benefits of water transportation are fully considered when public

policies are determined.
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