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1. PURPOSE

1.1 This appendix describes the general contents of the plans
that will be developed for monitoring construction, operation,
maintenance, closure, and post-closure care of the proposed
Confined Disposal Facility (CDF) and Parcels I, IIA, and IIB of
the ECI facility at Indiana Harbor (hereafter shall be referred
to as the "proposed project"). For the purposes of this
appendix, the term "owner/operator" (ow/op) has the potential of
being the Chicago District, U.S. Army Corps of Engineers (USACE),
the City of East Chicago, Commission, and possibly other parties
that may be involved in the ownership of the property or the
operation of the proposed project. These construction,
operation, maintenance, and monitoring programs described apply
to the dredging and disposal plan recommended in this Letter
Report and Environmental Impact Statement. The plans described
in this appendix are intended to outline the actions proposed.
Details will be developed during the design phase(s).

1.2 The bottom sediments in Indiana Harbor and Canal are.
polluted with heavy metals and organics. As a result, dredged
materials will be disposed to a confined disposal facility. The
characteristics of these sediments have been discussed in
Appendix E, Sediment Quality. The recommended dredging methods
and water quality impacts of dredging have been described in
Appendix H, Dredging Technologies and Impact. The design
features of the proposed CDF are described in the Comprehensive
Management Plan and the draft Environmental Impact Statement.
The water quality impacts of the operation of the proposed CDF
and the environmental controls have been described in Appendix F,
Environmental Engineering.

1.3 GENERAL GOALS OF THE PLANS

1.3.1 The construction, operation, monitoring, maintenance,
closure, and post-closure care of the proposed project will be
performed for several purposes, including:

a. To assure compliance with RCRA closure/corrective action
and TSCA requirements for containment, operation, closure and
post-closure care of the CDF and the underlying portions of
the ECI facility.

b. To assure that completion of all activities associated
with the proposed project is in accordance with the Corps'
plans and specifications, and compliance with all applicable
Federal, State, and local requirements, including RCRA
closure/corrective action and TSCA permitting.

c. To assure that any adverse impacts of construction,
dredging or disposal do not occur or are minimized, to the
extent practicable. And, to prevent releases of contaminants
from the areas that underlie the proposed project.
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d. To assure compliance with pretreatment requirements of
the East Chicago Sanitary District for all water discharged to
the sanitary sewers associated with the proposed project.

e. To assure that the integrity and performance of the
proposed project are maintained, and in compliance with all
applicable Federal, State, and local standards.

f. To provide information which will enable the ow/op to
identify changing conditions and/or alter CDF operations to
enhance the overall effectiveness of the facility.

g. To ensure the safety of workers, and protection against
any adverse environmental impacts associated with the proposed
project.

1.3.2 The implementation of the various plans described here
will be the responsibility of the ow/op and will be executed by
the ow/op and its contractors. Modifications to any of the plans
described in this appendix will be made as site conditions,
operations, and design modification(s) warrant. Changes to the
plans will be coordinated with the following agencies, according
to the applicable regulatory requirements of the Resource
Conservation and Recovery Act (RCRA), the Toxic Substances
Control Act (TSCA), the Clean Air Act, the Clean Water Act, and,
as appropriate:

U.S. Environmental Protection Agency, Region 5
" Indiana Department of Environmental Management
East Chicago Sanitary District

Reports of monitoring results will be submitted to the above
agencies as required. These reports will also be submitted to
other Federal, state, and local agencies for information upon
request.

2. RCRA CLOSURE/POST-CLOSURE PLANS

2.1 The ow/op shall submit a RCRA Closure Plan to the Indiana
Department of Environmental Management (IDEM) addressing the
closure and post-closure care of the RCRA hazardous waste units
that were located on Parcel I. The ow/op would comply with the
applicable closure regulations of 40 CFR Part 265 Subpart G, for
closure and post-closure care as a landfill, since hazardous
wastes or residues remain at the facility, and the requirements
of 40 CFR Part 265 Subpart F for ground water monitoring. The
closure and post-closure plan shall be reviewed and approved by
IDEM, since the State is authorized for this portion of RCRA.
The closure plan is subject to the public part1c1patlon
requirements of 40 CFR Part 124, which includes a public notice
and public comment period, prior to final approval of the plan.
Once the closure plan is approved, the ow/op would perform
closure according to the approved plan. Once the plan is
implemented, the ow/op would certify that closure is complete,
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and provide for post-closure care according to the approved plan.
The ow/op would also submit a post-closure permit application and
obtain a post-closure permit addressing 40 CFR Part 264, 268,
270, 124, and any other applicable RCRA requirements for the
proposed project, in the future.

2.2 The United States Environmental Protection Agency (USEPA) is
responsible for the implementation of corrective action at this
time. Due to the unique circumstances of this site, and to
provide the most environmental protection possible, the USEPA
shall review and approve the voluntary corrective actions for the
CDF portions of the property, in conjunction with the RCRA
closure plan. The corrective action components associated with
the proposed project include the cap; run-on controls; the slurry
wall; ground water gradient control system; ground water level
monitoring; and the wastewater pre-treatment system, if needed.
These corrective action activities shall be addressed as a part
of the RCRA closure plan and post-closure plan, and shall meet
the standards of 40 CFR Part 264. The approved corrective action
activities for the proposed project shall be incorporated into
the future post-closure permit application and permit. The other
portions of the ECI property shall be addressed at the time of
the post-closure permit application and 1mplemented through the
post-closure permit.

72.3 CONTENTS OF THE CLOSURE PLAN AND POST-CLOSURE PLAN

2.3.1 The ow/op shall describe and submit as much information as
possible in the closure plan, concerning the removal of
structures, decontamination, sampling and analysis, temporary
capping, etc. that has been done by the previous ow/op(s) prior
to implementation of the proposed project, if available. The
closure plan also will describe in detail all the aspects of
construction, maintenance, and monitoring of the cap, slurry
wall, ground water gradient control system, the pre-treatment
system, and any other equipment and structures associated with
the closure aspects of the facility. The closure/corrective
action and post-closure plans for the proposed project shall
include, but not be limited to the following:

General Facility Information

Facility History

Description of RCRA Activities

Nature of Contamination Existing at the Site
Closure Design Proposal

Maintenance and Monitoring

Implementation Procedures
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3. CONSTRUCTION PLANS

3.1 The proposed CDF will be constructed by a contractor working
under contract to the ow/op. The contractor will construct the
CDF disposal cells, slurry wall, pre-treatment fac111t1es,
rehandling area, and ground water extraction wells in strict
accordance with the plans and specifications prepared by the
ow/op, and approved by the appropriate agencies. The ow/op will
be required to obtain a TSCA permit for the TSCA subcell and a
RCRA closure/post-closure plan and eventually a post-closure
permit, addressing the corrective action requirements for the
facility. As part of its monitoring of the project, the ow/op
will require documentation by the contractor on all aspects of
constructlon.

3.2 CONTENTS OF THE CONSTRUCTION PLANS

3.2.1 Prior to the proposed construction, the ow/op will prepare
Construction Plans addressing:

a. The RCRA closure cap for Parcel I;

b. The slurry wall and ground water extraction system for
Parcels I, IIA, and IIB;

c. The pre—treatment units for collected ground water and
water drained from dredged material in the CDF;

d. A rehandling area for transfer of dredged material from

- barges to the trucks, or other waste management

transportation equipment (conveyors, pipelines); and

e. The CDF disposal cells (including dikes, liners, run-on
controls, and a cap).

3.2.2 The Construction Plans shall include, but not be limited
to: engineering drawings, descriptions of the activities and
performance standards; a Construction Quality Assurance Plan -(CQA
Plan); a Health and Safety Plan; a Contingency Plan and an
Environmental Protection Plan.

3.2.3 The detailed engineering drawings and detailed
descriptions of the construction of the facility structures shall
prov1de information regarding the materials and methods to be
used in construction, sources/vendors, and the applicable
performance standards that the designs and operations will meet.
Any variance in materials or methods of construction would be
approved by the ow/op, and other Federal, state, and local
agencies as applicable.

3.3 CONSTRUCTION QUALITY ASSURANCE PLANS
3.3.1 The ow/op prepares a Construction Quality Assurance Plan

(CQA Plan) that identifies the level of inspection and testing
necessary to construct or install a RCRA cap, slurry wall, ground
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water extraction wells, pre-treatment units, the rehandling area,
and the CDF disposal cell specifications used in the designs.

3.3.2 The CQA program would ensure that the constructed units
meet or exceed all design criteria and specifications in the RCRA
closure and post-closure plans and the TSCA permit. The program
would be developed and implemented under the direction of a CQA
officer who is a registered professional engineer.

3.3.3 Components addressed in the CQA Progranm

3.3.3.1 The ow/op shall develop and implement a written CQA
Plan. The CQA Plan would identify steps that will be used to
monitor and document the quality of materials and the condition
and manner of their installation.

3.3.3.2 The CQA Plan involves inspecting, monitoring, and
sampling and testing to ensure that construction materials and
methods meet applicable standards, and are compatible with the
dredged material. This plan would meet the criteria in the
quality assurance plan prepared by the ow/op, and any applicable
regulatory requirements. During construction, the contractor
prepares daily quality control reports which are verified by
on-site ow/op personnel.

3.3.3.3 The following components of the project would require a
CQA program for installation:

a. The CDF disposal cells (including the foundation;
dikes; and low-permeability soils);

b. Run-on controls;

c. Final covers;

d. The slurry wall (possibly including materials; slurry;
geomembranes; and backfill mixing facilities);

e. The rehandling area;

f. The wastewater/ground water pretreatment facility
(including tanks, filters, etc.).

3.3.3.4 A certification package would be completed by the CQA
officer that the approved CQA plan has been successfully carried
out and that the units meet the requirements of the RCRA closure
and post-closure plans and the TSCA permit. The certification
and supporting documentation would be made available to the
appropriate agencies.

3.4 OTHER PLANS FOR CONSTRUCTION

3.4.1 The ow/op would also prepare the following: a Health and
Safety Plan; a Contingency Plan; and an Environmental Protection
Plan, specific to construction activities.
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4. OPERATIONAL PLANS

4.1 The operation of the constructed CDF, and the containment
and collection systems, involves a number of separate, but
coordinated functions. These include dredging, rehandling,
dewatering, ground water gradient control system, and collection
and treatment, as needed, of wastewaters. Dredging is not a
continuous process, but is conducted in separate operations, each
lasting about 3-4 months. These activities are conducted by a
private contractor or by one or more subcontractors.

4.2 MONITORING OF DREDGING

4.2.1 It is proposed that the maintenance dredging of the
Indiana Harbor and Canal be performed by a mechanical dredge
using a closed-bucket clamshell. This method will be used in
order to minimize turbidity from the resuspension of sediments to
the water column, and to minimize spillage of dredged material.

4.2.2 Plans

4.2.2.1 All dredging will be conducted in strict accordance with
the plans and specifications prepared by the Corps, and as
approved by appropriate agencies. All contractors will be
required to prepare plans for quality control, health and safety,
contingencies, and environmental protection as described in this
appendix.. Corps inspectors will provide routine oversight of the:
dredging or disposal activities.

4.2.2.2 A CQA Plan associated with the dredging operation shall
identify the procedures of dredging, equipment used and quality

assurance of the equipment, and quality assurance aspects for the
dredging itself to ensure that procedures are followed properly.

4.2.3 Equipment and Operation

4.2.3.1 The type of equipment to be used and the general method
of dredging are described in Appendix H, Dredging Technologies
and Impacts. Attempts will be made to minimize spillage during
the dredging and rehandling operations. The volume of dredged
material placed in the transport barge or scow shall not exceed
its capacity to hold the material without overflowing or spilling
while either in motion or at rest.

4.2.3.2 The skill of a dredge operator can have as much effect
on reducing resuspension and turbidity as the type of dredge
used. Certain practices, such as dropping the dredge bucket
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"free-fall", dragging the bucket on the bottom, and opening the
bucket too high over the barge will not be allowed.

4.2.4 Surface Water Monitoring During Dredging

4.2.4.1 The ow/op shall monitor the impact of the dredging
operation upon the surface water in the vicinity of the dredge.
This plan shall include monitoring parameters, location, and
frequency. If the performance goals established in the plans are
not met, the contractor will be required to modify the operation.

4.2.4.2 During the dredging operation, two fixed stations will
be monitored along with stations around the dredge. The fixed
stations will be at the upstream limit of the navigation channel
(141st Street at the Calumet Branch) and in the approach channel
(see figure N-1). The other three stations around the dredge
would be located 200 feet upstream and 200 and 500 feet
downstream of the dredge. These latter stations will move with
the dredge.

4.2.5 Control of 0il

4.2.5.1 If determined to be necessary, an oil boom of a type
approved by the U.S. Coast Guard shall be deployed around the
dredge in such a manner as to control any floating oils generated
as a result of the dredging operation. Sorbants will be used to
collect the oil contained by the o0il boon.

4.2.5.2 The sorbant materials will be collected as they become
saturated with oil. All oil-saturated sorbant materials shall be
collected, stored, and disposed of in accordance with appropriate
Federal and State regqulations.

4.3 REHANDLING OF DREDGED MATERIAL

4.3.1 Rehandling is the transfer of dredged materials from the
barges to the CDF. Barges will be unloaded from a rehandling
area at the ECI property along the Lake George Branch of the
Canal. The sediments will be transferred by truck, possibly some
type of conveyor system, or a combination of pipeline and truck.

4.3.2 Materials Rehandling Area

4.3.2.1 If dredged materials are transported by truck, the
barges will likely be unloaded with a small crane and bucket.
The contractor will be required to provide any appropriate
safeguards to prevent leakage or spillage into the canal or the
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rehandling area, and the on-site truck or transportation route.
The rehandling area shall be designed in a matter to prevent run-
on and run-off, containment of any spilled materials, and the
prevention of any trackout.

4.3.3. Plans for Rehandling

4.3.3.1 All contractors will be required to prepare plans for
construction, quality control, health and safety, inspections,
contingencies, and environmental protection.

4.3.4 Right-0Of-Way

4.3.4.1 If needed, a right-of-way (ROW) will be provided to the
contractor to allow transfer of equipment and dredgings to the
CDF. The contractor will be required to maintain the rehandling
operation within this ROW and thereby restrict the movement of
dredgings along a single route. :

4.4 OTHER PLANS FOR OPERATIONAL ACTIVITIES

4.4.1 The ow/op would also prepare the following: a Health and
Safety Plan; a Contingency Plan; and an Environmental Protection
Plan, that addresses operational activities.

4.5 AIR MONITORING PROGRAM FOR OPERATIONAIL ACTIVITIES

4.5.1 An air monitoring program will be developed to insure the
protection of workers on-site; protection of the environment; and
the evaluation and mitigation of off-site releases. A
determination of contaminants of concern, based on analysis of
the dredged material will be completed in the design phase. This
plan will define the monitoring parameters, locations, and
frequency. The contents of this program shall be submitted and
approved by the appropriate agencies.

4.6 EFFLUENT MONITORING

4.6.1 Effluent will consist of water collected from surface run-
on and collected effluent from the gradient control systems. The
run-on and effluent sources are variable over time, and the
ground water collection systems will be maintained and operated
during the operating life and the post-closure care period.

4.6.2 The surface run-on will be collected in sumps within the
CDF disposal unit and contained until a sufficient amount is
collected to discharge to the wastewater treatment plant.



4.6.3 Gradient control system pumping will occur when the water
elevation difference between the inside and outside of the slurry
wall is less than 1-2 feet, or as designated under the approved
RCRA Closure Plan. Subsurface pumping to control the ground
water gradient would be initiated before disposal operations
commence to create an inward gradient into the subsurface of the
proposed project. The inward gradient control around the
perimeter of Parcels I, IIA, and IIB would continue throughout
the operation and post-closure period.

4.6.4 If required, the effluent will be pretreated prior to
discharge to the East Chicago Sanitary sewer. Design analysis
will determine if pretreatment is required to meet the
pretreatment standards of the City of East Chicago.

4.6.5 Water pumped from the proposed project (influent to
pretreatment facility) will be monitored according to the
requirements of any pretreatment permits that may be issued by
the City of East Chicago's wastewater treatment plant.

4.6.6 If pretreatment is required, solids from pretreatment of
the effluent will be placed into the CDF if below the regulatory
limits of TCLP. Material which is RCRA or TSCA-regulated will be
managed according to applicable regulations.

5. MAINTENANCE PLANS

5.1 The operation monitoring described above will occur during
and after each dredging and disposal operation. However,
effluent gradient control system monitoring will occur on a
continuous basis as required. An individual dredging operation
will last about three to four months, and as detailed in
Appendix H, dredging operations may occur every year or once
every several years. At all other times, the proposed project
will still require maintenance and monitoring.

5.2 Maintenance of the proposed project includes a number of
activities, such as inspections of proposed project components,
ground water gradient monitoring, management of vegetation and
wildlife, and maintaining site security. These activities will
be performed by the ow/op and its contractors on a periodic or
continuous basis, and in conjunction with any RCRA, TSCA or Clean
Water Act permits or plans, that may be required. Although the
detailed schedule for these activities has not been established,
the frequency will be greater during the active life of the
proposed project and less frequent during the post-closure care
period. The RCRA closure/corrective action and post-closure
plans and the TSCA permit shall designate some of these
frequencies.
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5.3 MAINTENANCE INSPECTIONS

5.3.1 All inspection requirements shall be described in detail
in the RCRA closure/corrective action and post-closure plans and
the TSCA permit, and shall be approved by the USEPA and IDEM.
Inspection areas shall include the gradient control system, the
pretreatment facility (if needed), the CDF disposal unit, the
rehandling area, and the RCRA cap for Parcel I.

5.4 GROUND WATER MONITORING OF THE GRADIENT CONTROL SYSTEM

5.4.1 Potential Impacts on Ground Water

5.4.1.1 The proposed CDF resides on the site of a former
petroleum refinery in a heavily industrialized area. The ground
water flow may be influenced by ground water pumping (extraction)
at adjacent industries; infiltration to local sewers; and by the
Lake George Branch of the Canal. The soil and ground water at
the site are believed to be contaminated with petroleum products
and metals. These conditions may result in high background
concentrations for a number of constituents, and limit the
ability to detect ground water impacts from the proposed project.
For this reason, ground water gradient monitoring shall be
performed to ensure that an inward gradient is established;
monitoring of the extraction systems to make sure that the
systems do not fail; and the creation of contingency programs in
case a failure should occur, in order to protect the environment.

5.4.2 Ground Water Monitoring Plan for the Gradient Control
System '

5.4.2.1 A monitoring plan for the gradient control system shall
be incorporated into the RCRA closure/corrective action and post-
closure plans and the eventual RCRA post-~closure permit and TSCA
permit. The monitoring program shall address the ground water
containment and gradient control systems. Ground water gradient
monitoring will be conducted at the proposed project, in order to
assure that an inward gradient is maintained into the subsurface
of the proposed project.

5.4.2.2 The monitoring plan shall incorporate ground water
extraction wells (to collect ground water) and piezometers (to
monitor ground water gradients). Extraction wells for the
proposed project shall be installed within the perimeter of the
slurry wall around Parcels I, IIA and IIB. The piezometer system
shall be installed on both sides of the slurry wall. The
materials, design, and locations of the extraction wells and the
piezometers shall be incorporated into the RCRA closure plan.
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5.5 VEGETATION AND WILDLIFE MANAGEMENT

5.5.1 The dredged material and vegetation at the site has the
potential to become an attractive habitat for wildlife. Plans
will be developed to biologically monitor the site and provide
activities to reduce, minimize, or eliminate impacts to wildlife.

5.6 SITE SECURITY

5.6.1 Site security measures will be required to prevent the
unknowing entry, and minimize the possibility for the
unauthorized entry, of persons onto the facility at any time.
The proposed project will be completely surrounded by a chain
link fence. There will be a means to control entry, at all
times, through gates or other entrances to the active portion of
the facility. Warning signs instructing unauthorized personnel
to keep out would be posted at each entrance and at other
locations in sufficient numbers to be seen from any approach to
the active portion of the facility. Only ow/op personnel and
authorized visitors would be given access to the site. The ow/op
shall report to the appropriate agencies of any violators
intruding the facility, and an evaluation shall be made to
determine if any changes in security are necessary.

5.6.2 A detailed security and inspection program shall be
contained in the RCRA closure/corrective action and post-closure
plans.

6. ENVIRONMENTAL MONITORING PLAN

6.1 In the Environmental Protection Plan, the ow/op would
document how all applicable Federal, state, and local
environmental laws and regulations will be followed. The plan
would describe ways in which to safeguard the environment from
damage or potential impacts resulting from construction,
operational, and maintenance activities. This plan shall be
submitted with the RCRA closure/corrective action and post-
closure plans and the TSCA permit application.

7.0 HEALTH AND SAFETY PLANS

7.1 HEALTH AND SAFETY DURING CONSTRUCTION

7.1.1 The contractor would prepare a Health and Safety Plan
which details methods designed to reduce and ameliorate accidents
which could occur during construction. This plan consists of two
components. The administrative safety plan identifies personnel
responsible for assuring on-site safety precautions are
implemented. A hazard analysis is also performed on site
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conditions which represent a safety hazard and ways to avoid
accidents. The Health and Safety Plan shall also address medical
emergency responses procedures, and potential exposure to
contaminants from any on-site source. Accident prevention
measures must meet or exceed the requirements of the Corps
Engineer Manual EM 385-1-1 Safety and Health Requirements, and
any other Federal, state and local requirements (e.g. OSHA).

7.1.2 An air monitoring program will be developed to insure the
protection of workers on-site. An evaluation of contaminants of
concern will be completed in the design phase. This evaluation
will determine what type of sampling and which parameters would
require monitoring. The air monitoring program shall describe
the monitoring locations, parameters, frequency, data evaluation,
and contingency plans.

7.2 PREPAREDNESS AND PREVENTION

7.2.1 The facility would be designed, constructed, maintained,
and operated to minimize the possibility of a fire, explosion, or
any other unplanned sudden or non-sudden release of hazardous
waste constituents to the air, soil, or surface water which could
threaten human health or the environment. A plan addressing
preparedness prevention will be submitted with the RCRA
closure/corrective action plan.

8. INSPECTION AND CONTINGENCY PLANS

8.1 GENERAL INSPECTION REQUIREMENTS

8.1.1 An Inspection Plan shall be created and incorporated into
the RCRA closure/corrective action plan and TSCA permit. The
U.S. EPA and IDEM may perform inspections at any time during the
construction, operation, closure, and post-closure of the
proposed project to assure that RCRA closure and corrective
action and TSCA permitting requirements are being complied with.

8.1.2 The ow/op or its representative shall inspect the facility
for malfunctions and deterioration, operator errors, and
discharges which may be causing - or may lead to - a release of
hazardous waste constituents to the environment, or a threat to
human health.

8.2 CONSTRUCTION INSPECTIONS

8.2.1 Inspectors from the Corps are present on-site during
construction and dredging, operating from a temporary field
office. These inspectors report directly to administrative staff
at the District. Any changes in construction methods or
materials are first reviewed by District engineers and
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environmental staff, and the appropriate regulatory agencies are
contacted if necessary.

8.3 REHANDLING INSPECTIONS

8.3.1 Appropriate safeguards shall be employed to prevent the
spillage of dredged material during the rehandling operations.
If the dredgings are transported via a pipeline or conveyor
system, the Corps will inspect the integrity of the pipeline or
conveyor system prior to disposal. Daily inspections for any
leaks at the trucks, pipeline, or conveyor system will be
conducted during disposal operation. ’

8.4 DREDGING INSPECTIONS

8.4.1 Equipment Inspections

8.4.1.1 Dredging equipment and barges/scows used to transport
the dredgings will be inspected by the Corps prior to the start
of work to assure that they meet the requirements of the approved
plans and specifications, and inspected periodically during
dredging. All barges/scows must be watertight. Overfilling of
barges will not be allowed. If problems arise with the
equipment, a contingency plan shall be implemented to correct any
environmental releases, and correct the equipment problems.

8.5 CONTINGENCY PLAN AND EMERGENCY PROCEDURES

8.5.1 The ow/op shall have a Contingency Plan prepared for the
facility and submitted in the RCRA closure/corrective action and
post-closure plans. The Contingency Plan must be designed to
minimize hazards to human health or the environment from any
unplanned sudden or slow release of hazardous waste constituents
to the air, soil, or surface water.

9. PERSONNEL TRAINING PLANS

9.1 GENERAL PERSONNEL TRAINING REQUIREMENTS FOR THE RCRA AND
TSCA ACTIVITIES

9.1.1 The ow/op will create a training program which complies
with any applicable requirements of RCRA and TSCA. The ow/op
shall incorporate into the closure plans and permits an outline
of the training program to be used at the facility and a brief
description of how the training program is designed to meet
actual job tasks. Facility personnel must successfully complete
a program of classroom instruction or on-the-job training that
teaches them to perform their duties in a way that ensures the
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facility's compliance with any applicable requirements of RCRA,
TSCA, and any other laws or rules.

10. _ CDF MANAGEMENT PLAN

10.1 OPERATION AND MAINTENANCE (O&M) MANUAL

10.1.1 The Corps will develop an Operation and Maintenance (O&M)
Manual for the proposed CDF. This manual will contain descrip-
tions of all operation and maintenance activities to be conducted
by the Corps and its contractors. As part of this O&M Manual,
the Corps will also prepare a Management Plan for the proposed
CDF. The purpose of this plan is to enhance the environmental
performance of the proposed CDF through specific operation and
maintenance procedures. Another goal of the management plan is
to prolong the useful life of the CDF, allowing for the
possibility of additional capacity for contaminated sedlments
dredged from the Indiana Harbor and Canal.

10.2 O&M PROCEDURES

10.2.1 Examples of 0O&M procedures which may enhance the
environmental performance of the CDF are:

a. The encapsulation of TSCA materials within non-TSCA
regulated sediments;

b. The sequence in which dredging takes place;

c. The locations where materials are placed; and

d. The timing of dewatering and discharge.

These type of O&M variables will need to be reexamined
periodically, and appropriate improvements may be incorporated,
where feasible, and in consultation with the appropriate
regulatory agencies.

11. DATA MANAGEMENT PLANS

11.1 OPERATING RECORD

11.1.1 The ow/op shall maintain a written operating record at
the facility. The following information shall be recorded, as it
becomes available, and maintained in the operating record untll
closure of the facility:

a. A description and the quantity of the dredging
materials received, and the method(s), and date(s) of
its disposal at the facility. And, the quantity of
ground water collected and the method(s), date(s) of
its treatment, storage, or disposal at the facility;
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b. For the CDF disposal unit, the type, location, and
quantity of each dredging shipment would be recorded on
a map or diagram of each cell or disposal area. A log
should be maintained cross-referencing the location of
the dredge in the canal to the location in the CDF
disposal unit where the material is disposed;

c. Records and results of any dredged material or effluent
analysis performed;

d. Summary reports and details of all incidents that
require implementing the Contingency Plan;

e. Records and results of inspections. (Except those
records that need only be kept three years);

f. Monitoring, testing, or analytical data, and corrective
action required for ground water, air, soil, or surface
water;

g. All closure and post-closure cost estimates;

h. Waste Minimization records;

i. Any applicable RCRA land ban recordkeeping;

j. Any RCRA corrective action records; and

k. Any applicable TSCA recordkeeping.

11.2 AVAILABILITY, RETENTION, AND DISPOSITION OF RECORDS

11.2.1 All records, including plans, required under RCRA and
TSCA, and any other applicable regulations, must be furnished
upon request, and made available at all reasonable times for
inspection, by any officer, employee, or representative of the
U.S. EPA or IDEM, who is duly designated by the U.S. EPA
Administrator.

11.2.2 The retention period for all records required under RCRA
and TSCA is extended during the course of any unresolved
enforcement action regarding the facility or as requested by the
U.S. EPA or IDEM.

11.2.3 The retention period for all RCRA corrective action
records is for the three years after the completion of all
corrective action activities at the facility. This includes
implementation and long-term monitoring.

11.2.4 A copy of records of material disposal locations and
quantities shall be submitted to the U.S. EPA, IDEM, and the
local land authority upon closure of the facility.

11.3 CONSTRUCTION RECORDS

11.3.1 The results of monitoring conducted in association with
construction activities will be compiled into a report by the
ow/op or its contractor. This report will describe the as-built
engineering diagrams and descriptions of the CDF disposal unit,
the rehandling area, the wastewater treatment plant and any other
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ancillary equipment or handling units; the draft and final CQA
reports; and any field data.

11.3.2 The reports of construction activities will be completed
in a timely manner, after the conclusion of an individual
construction operation.

11.4 DREDGING RECORDS

11.4.1 The results of monitoring conducted in association with
an individual dredging and disposal operation will be compiled
into a report by the ow/op or its contractor. This report will
describe the areas dredged, total quantities of materials dredged
and disposed, methods of dredging, rehandling, dewatering, and .
water treatment. The results of turbidity monitoring around the
dredge and water quality monltorlng at the proposed pro:ect will
be presented.

11.4.2 The reports of operatlonal monitoring will be completed
in a timely manner, after the conclusion of an individual
dredging operation.

11.5 MAINTENANCE RECORDS

11.5.1 Maintenance activities and the monitoring associated w1th'
it are continuous, and not limited to times when dredging occurs.
An annual report of maintenance activities and monitoring results
will be prepared by the ow/op or its contractors and include
descriptions of site inspections and maintenance activities,
ground water gradient monitoring data, and.surveys of vegetation
and wildlife at the proposed pro;ect. Maintenance report
submittals shall also be designated in the RCRA closure and post-
closure plans, and the TSCA permit, and may require a more
frequent submittal schedule.

11.5.2 The maintenance monltorlng report will be prepared and
distributed to the same agencies receiving the operation
monitoring reports.

11.6 SUBMITTAL OF DATA

11.6.1 The data described in this appendix shall be furnished to
the following agencies as part of RCRA, TSCA and Clean Water Act
compliance:

U.S. Environmental Protectlon Agency )
Indiana Department of Environmental Management

11.6.2 The reports will also be furnished to the following
agencies for information upon request:
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U.S. Fish and Wildlife Service
Indiana Department of Natural Resources
Lake County Health Department
East Chicago Sanitary District

11.6.3 Other groups and individuals will be sent copies of these
reports upon written request.

12. RCRA POST-CLOSURE APPLICATION

12.1 A RCRA post-closure permit application from the owner and
operator of the ECI facility will be required. The post-closure
permit application shall address the post-closure requirements
for the proposed project and corrective action requirements for
all property parcels contiguous to the CDF. The requirements for
a post-closure permit application are outlined in 40 CFR Parts
270 and 264. The USEPA and IDEM shall review the application,
and propose to approve or deny the post-closure permit
application. At that time public participation requirements of
40 CFR Part 124 shall take place. After public participation is
completed (the end of the public comment period), the USEPA and
IDEM shall make a final decision. If a post-closure permit is
issued, the post-closure care period will take place for a
minimum of 30 years, and the permit shall be renewed every 5 to
10 years.
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APPENDIX 0
CIVIL DESIGN ANALYSIS
DREDGED MATERIAL MANAGEMENT PLAN
1. PURPOSE AND OBJECTIVE

This appendix documents the proposed procedures for effectively

managing and operating a confined disposal facility (CDF) at the
ECI site or at a generic clean upland site. Management activi-

ties will be required to maximize storage and retention of sus-

pended solids.

2. SITES CONSIDERED

2.1 Five sites were considered as possible locations for the
CDF. These include the ECI site, a Generic Clean Upland site,
the Inland Steel site, the J-Pit site, and the 141st Street site.
A location for the generic clean upland site has not been deter-
mined, thus it is not shown on plate 0-3.

2.2 Three of these sites: Inland Steel, the J-Pit and 1l41st
Street were dropped from further consideration as locations as
stated in the main report, therefore only the ECI site and the
generic clean upland site will be discussed in this appendix.

3. SITE DESCRIPTION

3.1 The ECI site CDF is physically divided into two separate
areas by a railroad line.” These two areas are called the South
Lobe for the portion south of the railroad track, which will be
divided into three cells and the North Lobe for the portion of
the CDF which is north of the railroad track (Plate 0-4).

2.2 The generic clean upland site CDF will also contain north
and south lobes. This site will be rectangular in shape as there
would not be railroad constrictions as with the ECI site (Plate
0-7).

4. CONSTRUCTION

4.1 The south lobe will be used as part of Alternatives 1, 2,
and 3. The north lobe which will be used as part of Alternative
2 or 3 allows for a dredging schedule which will include the
upper reaches of the Indiana Harbor and Canal. The construction
and operation will be the same for one or both lobes. Therefore
both lobes are being shown and discussed concurrently. A sepa-
rate cell or "bowl"” for Toxic Substance Control Act (T.S.C.A.)
materials will be constructed from dried dredge material after
the third dredging operation is complete. This cell will help' to
isolate the more heavily contaminated T.S.C.A. sediments from the
rest of the dredged material.
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4.2 Staged Construction

4.2.1 The CDF will be constructed in 3 stages. The stage 1 dike
height will be 15 feet, stage 2 will be 10 feet and stage 3 will
be 10 feet for a total of 35 feet. Staged construction is the
most cost effective construction sequence and provides the most
total storage volume. Stage 2 and stage 3 are scheduled to be
constructed 9 and 19 years respectively after initial construc-
tion begins. By staging construction it is only necessary to
raise dikes when necessary instead of building the entire dike at
once. Staging also maximizes volume by partially building on
dredged material. The dredged material becomes part of the dike
support thus reducing the amount of offsite material needed and
maximizes site utilization (Plate 0-5 & 0-8). The sequence of
construction for the CDF will be similar regardless of the site
selected. The first cell to be constructed will be the southwest
cell in the south lobe during the first year of construction.
During the second construction season the southwest cell of the
south lobe will receive the first of the dredgec materials.

While this cell is being filled with the first lift the south-
eastern cell of the south lobe will be constructed. This would
complete Stage 1 construction under Alternative 1. Should
alternative 2 or 3 be selected then the north lobe and southeast-
ern cell of the south lobe would be constructed during the second
construction season.

4.2.2 On the ECI site, each stage will consist of 3 feet of clay
with clean fill placed on top to form the dikes. The ECI site
will use a slurry/bentonite wall. This wall is required by the
Resource Conservation Recevery Act (RCRA) corrective action as a
means of containing existing materials on site, and will also
assist in containing seepage from the dredged materials. The
slurry wall will be placed on the ECI site with or without the
CDF project as part of the RCRA closure for the site. A drainage
layer is not required on the ECI site as Decant Structures and

. Dewatering wells will adequately drain the site. The site will
have an inward gradient through the slurry wall due to dewatering
wells placed within the site. This will cause the ground water
level within the CDF to drop below that outside of the slurry
wall, therefore ground water from the CDF will not be able to
leach into the surrounding groundwater. The groundwater pumped
from the dewatering wells will be treated if necessary prior to
discharge into a sanitary sewer. There will be one decant struc-
ture per cell (Plate 0-6) to drain off surface water, thus elimi-

nating ponding.

4.2.3 On the generic clean upland site each stage will have a
high density plastic liner and leak monitoring system (Plate 0-7
& 0-8). The liner and monitoring layer will provide a physical
barrier between the CDF and the underlying ground and ground-
water. The liner system is discussed in greater detail in Appen-
dix L, "Soils and Geology".

4.2.4 The final 5 feet of stage 3 will be a cap consisting of
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clay, sand, and topsoil. The clay will seal the CDF and the sand
will provide a drainage path off the CDF for rainwater (Plates
0-5 & 0-8).

4.3 Offsite clean fill material will be used for construction of
all exterior dikes and the initial 10 feet of the center cross-
dike for the south lobe. After the initial placement of dredged
material in the CDF, the dried material will be "harvested" and
then used to continue construction of the cross-dike. Harvesting
will be discussed in greater detail in the Management Plan,
paragraph 6 of this appendix.

5. OPERATIONS

5.1 Dredging will be performed in the federal channel mechani-
cally with a bucket lifted by the closing line. Lifting the
bucket with the closing line keeps dredged material from escaping
out the bottom of the bucket and creating a large plume of sus-
pended sediments. The dredged material is then loaded into
barges or scows for transport down the Lake George Branch of the
canal to the ECI site at the upper end of the federal channel.
The dredged material will be mechanically unlocaded from the scows
and loaded into trucks in the rehandling area (Plate 0-4). The
trucks will then transport the dredged material to the CDF by use
of haul roads placed around the site and on top of the dikes.

5.2 Transportation of dredged materials to a generic clean
upland site would be either by rail or truck depending on site
location. This site would also operate a rehandling area similar
to that of the ECI site.

5.3 Dredged material will be placed in the CDF in thin lifts of
approximately 3 feet. Thin lifts allow for greater efficiency of
natural drying processes and greatly enhance potential gains in
capacity. To allow for natural drying not more than one 3 foot
lift will be placed in any one cell per dredging season.

5.4 Each 3 foot lift will be placed on top of the previous lift
in each cell. Lifts will continue to be placed until the dredged
material is within 2-3 feet of the top of the dike at which time
the outside dikes will be raised. Two dike raises are scheduled
per lobe and are referred to as Stage 2 and Stage 3 construction.
An unconsolidated volume of 3.2 million cubic yards was calculat-
ed for the south lobe and 1.4 million cubic yards for the north
lobe. Consolidation of approximately 10-30% is expected but will
not be determined until the Design Analysis document in the next
phase of the projecc. A schedule of anticipated dredging volumes
per year is presented in Appendix Q, "Sedimentation Investigation
and Dredging Plans".

5.5 Each cell will be graded towards a decant structure to avoid
ponding of water. Placement will begin at the high end of each
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cell and continue towards the decant structure. The first place-
ment of dredged material is expected to be "windrowed" on the
bottom of the CDF. Windrows are long low parallel piles with
space in between for vehicle access. Dump trucks will drive into
the CDF and dump the dredged material on the bottom into rows 3-4
feet high. Subsequent lifts will be windrowed if possible or
dumped from the edge and mechanically distributed. The movement
of material will be discussed in greater detail in a design
analysis once the characteristics of the sediment are better
known.

6. MANAGEMENT PLAN

6.1 This section will address procedures for management of the
CDF. Management activities help to maximize the retention of
suspended solids and the storage capacity of the site. The
management activities of thin lift placement and dredged material
dewatering and material harvesting will be used. These specific
activities as well as other general ones will be discussed in the
following section.

6.2 Dewatering

6.2.1 In order to obtain optimum dewatering an active program
will be implemented. This program will include a decant struc-
ture as well as trenching operations to remove all ponded water
and precipitation water from the site as quickly as possible.
6.2.2 A decant structure will be installed in each cell to
assist in dewatering the dredged material, allowing the dredged
material to consolidate at a faster rate (Plate 0-6).

6.2.3 Progressive trenching is the most efficient method to use
for dewatering. Trenching is simply removing surface water and
aiding precipitation runoff, thereby allowing the natural proc-
esses of evaporation to dewater the top layer of soil. As the
soil dries, cracks in the top crust appear called desiccation
cracks. As drying progresses, the desiccation cracks extend
deeper into the dredged material so that trenches must continual-
ly be deepened to prevent ponding within the cracks.

6.2.4 Trenching will be performed in a combination of ways,
possibly including the use of draglines, low-ground pressure
equipment or specialized trenching machines. Trenches will be
constructed around the inside perimeter of the dike and near the
decant structure once the filling operation had been completed
for the season. These trenches will form a wide shallow trench
about 1-2 inches lower than the surrounding material. Once
appreciable desiccation drying has occurred, the perimeter and
decant structure trenches should be deepened. The time between
trenchings will vary between 2-10 weeks depending on weather
conditions. Perimeter and decant structure trenching will con-
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tinue until a crust has formed which will be strong enough to
support low-ground pressure equipment. This equipment has a
weight of 2-3 lbs./sq. ft. and can create trenches across the
site which will tie into the perimeter or decant structure
trenches. Trenching operations will continue until the material
is sufficiently dried to permit the use of conventional construc-
tion equipment. The time required to reach that point should be
4 to 12 months depending on weather.

6.3 Material Harvesting

6.3.1 Once the surface material has dried to a workable condi-
tion it can be "harvested" from the top and used for interior
construction. The dried layer of material will be scraped or
harvested from the surface and then placed along the perimeter.
This material will then be used to raise the center cross-dike
which separates the east and west cells of the south lobe, be the
base for the next stage of construction, or construct the Toxic
Substances Control Act (T.S.C.A.) materials' cell in the west
cell of the south lobe.

6.3.2 The cross-dike will be made almost entirely of dried
dredge material thereby conserving volume but still providing two
cells in the south lobe for separate operations. The exterior
dikes will be made of select offsite material and will be placed
on top of 3 feet of clay above the dried dredged material for the
inside portion at the ECI site. A plastic liner and monitoring
layer will separate the dredge material from the offsite material
thus keeping the dredge material confined for the generic clean

upland site.
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THE US ENVIRONMENTAL PROTECTION AGENCY
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MEMORANDUM OF UNDERSTANDING

BETWEEN THE ARMY CORPS OF ENGINEERS,
THE LEAD AGENCY AND

THE ENVIRONMENTAL PROTECTION AGENCY,
A COOPERATING AGENCY

INTRODUCTTION

This Agreement describes the responsibilities agreed to by
the United States Army Corps of Engineers, Chicago District
(USACE) and the United States Environmental Protection Agency
Region V (USEPA Region V) with respect to the preparation of the
Environmental Impact Statement (EIS) for the Indiana Harbor and
Canal Dredging and Disposal Activities (the "Project") in
accordance with the National Environmental Policy Act, 42 U.S.C.
Section 4321, et seqg., (NEPA) and the regulations promulgated
thereunder at 40 C.F.R. Part 1500, 33 C.F.R. Parts 230 and 325
(the COE regulations) and 40 C.F.R. Part 6 (the EPA regulations).

The Indiana Harbor and Canal is an authorized Federal
Navigation project located in East Chicago, Indiana. Over the
past 18 years shoaling and siltation have significantly reduced
channel depths. In addition, these sediments and the sediments
of the Grand Calumet River have become saturated with
contaminants from industrial and municipal sources and threaten
the water quality of southern Lake Michigan. USACE and USEPA
Region V agree upon the need to address the serious navigational
hazard and environmental threat which these sediments present.

Recognizing the importance of the remediation of the Indiana
Harbor and Canal sediments as well as Grand Calumet River '
sediments which migrate into Indiana Harbor and Canal and Lake
Michigan, USEPA Region V has agreed to participate as a
"cooperating agency," as defined at 40 C.F.R. Section 1508.5 and
assist the USACE, the "lead agency" as defined at 40 C.F.R.
1508.16, in the preparation of the EIS for the Project. As a
cooperating agency, USEPA Region V will use its environmental
expertise to assist USACE in fully characterizing the
environmental consequences of the Project, considering the impact
upon the Project of potential future dredging and disposal
activities beyond USACE’s federal navigational operation and
maintenance dredging authority, and taking actions that protect,
restore, and enhance the environment in accordance with NEPA.
Responsibilities of the respective parties shall be as follows:

u
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USACE/USEPA MOU 2
Indiana Harbor and Canal
Environmental Impact Statement

LEAD AGENCY RESPONSIBILITIES

1.1 USACE will have primary responsibility for the development
and preparation of the draft and final EISs for the Project, as
well as any supplements or amendments thereto. USACE will have
final editorial control over the documents but will obtain USEPA
Region V written approval, prior to publication, regarding any
proposed changes to contributions provided by USEPA Region V
pursuant to USEPA Region V’s responsibilities described by this
Agreement. If USEPA Region V does not approve the changes
proposed by USACE, then USACE may print a disclaimer regarding
the USEPA Region V contribution.

1.2 USACE will forward to USEPA Region V all comments pertaining
to the Project received during preparation of the EIS including
those arising out of the scoping process, public meetings and
circulation of the preliminary, draft, and final EISs and
supplements or amendments thereto.

1.3 USACE will provide USEPA Region V with a copy of the draft
and final EISs for the Project, as well as any supplements or
amendments thereto, for review and comment prior publication of
the documents. USACE will allow a minimum of fifteen (15)
working days for such review and comment.

1.4 USACE, in consultation with USEPA Region V, will respond to
comments regarding portions of the EIS that USACE prepared
involving matters within USEPA Region V’s jurisdiction or
expertise. USACE will obtain USEPA Region V’s written
concurrence to any proposed changes to USEPA Region V’s response
to comments regarding contributions provided by USEPA

Region V pursuant to its responsibilities described by this
Agreement. If USEPA Region V does not approve the changes
proposed by USACE, then USACE may print a disclaimer regarding
the USEPA Region V contribution.

1.5 USACE will provide staff and funding resources for
activities it undertakes pursuant to this Agreement.

1.6 USACE will designate the selected plan for the dredging and
disposal activities with in its jurisdiction and will sign the
Record of Decision for the Project.

1.7 USACE will fully retain all its rights and responsibilities
to disapprove or enforce all permits and permit conditions
required by the Project.
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COOPERATING AGENCY RESPONSIBILITTES

2.1 USEPA Region V will review and comment on the preliminary,
draft and final EIS for the Project, as well as any supplements
or amendments thereto, from the standpoint of USEPA’s
jurisdiction and environmental expertise.

2.2 USEPA Region V will respond to comments regarding
contributions made by USEPA Region V pursuant to its
responsibilities described by this Agreement.

2.3 USEPA Region V will prepare portions of the draft and final
EIS, as well as any supplements or amendments thereto, that will
discuss the treatment, storage or disposal of materials not
addressed by USACE which USEPA Region V identifies as subject to
USEPA regulatory authority.

2.4 USEPA Region V will prepare portions of the draft and final
EIS, as well as any supplements or amendments thereto, that will
discuss the impact upcn the Project of potential dredging and
disposal activities beyond USACE’s federal navigational operaticn
and maintenance dredging authority in the Indiana Harbor Canal
and Grand Calumet River.

2.5 USEPA Region V will provide staff and funding resources fcr
activities it undertakes pursuant to this Agreement.

2.6 USEPA Region V will fully retain its independent review
responsibilities under Section 309 of the Clean Air Act (42

U.S.C. Section 7609), and NEPA and the regulations promulgate:
thereunder.

2.7 USEPA Region V will fully retain all its rights and
respensibilities to disapprove or enforce all permits and perr.-
conditions required by the Project.

GENERAL PROVISIONS

3.1 Timetables for deliverables and review will be agreed ur -
by both parties and will be subject to revision as needed.

3.2 The scheduling and conduct of public meetings will ke
upon by both parties and will be subject to revision as nee:

o
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3.3 This Agreement will be terminated upon execution of the
final USACE Record of Decision regarding this Project or may be
terminated upon written notice by either USACE or USEPA Region V.

3.4 Any permits that must be obtained for dredging and disposal
activities beyond USACE’s federal navigational operation and
maintenance dredging authority in the Indiana Harbor Canal and
Grand Calumet River shall be applied for and obtained by a party
other than USACE.

3.5 Each draft and final EIS, as well as any supplements or
amendments thereto, developed pursuant to this Agreement shall
each contain a copy of this Agreement.

3.6 Nothing in this Agreement is intended to diminish or
otherwise affect the authority of either USACE or USEPA to
implment its respective statutory functions. This Agreement is
effective upon signature of both parties.

The undersigned hereby agree to the foregoing Memorandun cf
Understanding:

UNITED STATES TED STATES

ARMY CORPS OF ENGINEERS ENVIRONMENTAL 7TEC Z
/%;W @Lﬂ»\” N

/ Randall R. InblQye ‘/ Valdas V‘jhda s
i Lieutenant Colonel/ U.S. Army Regional Administrator
« District Engineer

DATE: 92 Qe feler 7/ oate: g 5 ﬂa%/ /f"/
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APPENDIX Q
SEDIMENTATION INVESTIGATION
AND DREDGING PLANS

PREFACE

Appendix Q was revised during the fifth phase of plan
formulation to reflect the results of new hydrographic soundings
completed in 1995 throughout the Indiana Harbor and Canal Federal
navigation channel and in the adjacent berthing and dockface
areas outside of the Federal channel. The soundings taken in the
berthing and dockface areas are more detailed and extensive than
those which were available for the fourth phase of plan
formulation to develop the original estimated dredge material
quantities by channel reach, as shown in Table 7 of the
Comprehensive Management Plan report.

The dredging simulation model was rerun in August 1996 using
the 1995 hydrographic soundings to update and further refine the
dredging quantity estimate. An addemdum was added at the end of
Appendix Q to reflect the new hydrographic sounding data and the
associated results of the dredging simulation model run. The
original appendix describes the conduct and results of the
dredging analysis and simulation within the Indiana Harbor and
Canal. Based on this analysis estimated dredging quantities were
recomputed for each reach of the Indiana Harbor and Canal, as
shown in the addendum.

The gross dredging quantities did not significantly change
compared to previous estimates used in the fourth phase of plan
formulation. However, the new hydrographic survey data did show
a redistribution of sediments from the Federal channel to the
private berthing areas and dockfaces. This information confirms
the view that the harbor and canal are in a steady state, i.e.,
sediment that is washed downstream into the harbor equals the
sediment washed into Lake Michigan. This also shows that ships
are plowing through and scouring out sediments from the center of
the channel and depositing them along the dockfaces.
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1. PURPOSE

1.1 This appendix describes the conduct and results of a dredging analysis and
simulation within the Indiana Harbor and Canal. The bottom sediments in Indiana
Harbor and Canal are polluted with heavy metals and organic materials. As a result,
dredged materials will be disposed of in a confined disposal facility (CDF). The design
features of the proposed CDF are described in the Comprehensive Management Plan, the
Environmental Impact Statement, Appendix L and Appendix O.

1.2 This investigation consisted of a sequence of activities:

a. To give a perspective on both long and short term sedimentation rates, surveys
of sounding depths for a number of years, as well as dredging records, lake levels-
and major storm events, were reviewed.

b. A cursory sedimentation analysis was performed to give an indication of the
impacts of depths within the canal on sedimentation rates.

c. A computer model was constructed to simulate the dredging process. This
model takes into account the sedimentation rates, bank sloughing and dredging.

d. Utilizing the dredging simulation model, plans were developed for three
scenarios. The first scenario (Partial) involved dredging from the mouth to just
past the EJ&E Railroad, and placing the material in a single lobed CDF. The
second (Complete) and third (Cooperative) scenarios involved dredging from the
mouth to 4000 feet up the Lake George branch and 2600 feet up the Grand
Calumet branch, and placing the material in an enlarged two lobed CDF. The
third scenario also includes additional dredging in a three berthing areas. Plate Q-
1 provides a location map.

e. A number of sensitivity analyses were then carried out to evaluate the
economic analyses of the dredging simulation results.

f. Reconnaissance level hydrologic and hydraulic modeling was then used to
evaluate the impacts of dredging on both upstream flows and velocities, as well as
the qualitative impacts of upstream sediment transport.

1.4 The implementation of the dredging plan described here will be the responsibility of

the Chicago District, U.S. Army Corps of Engineers (USACE), and will be executed by
the Chicago District and its contractors.

Q-1
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2. DATA REVIEW

2.1 There are many factors that can effect the sedimentation rate within the canal and
harbor. From an analytic point of view, the most important factors are the geometry, the
quantity and quality of sediments within the watershed, and the quantities and velocities
of water transporting the sediment through the watershed. Utilizing these factors, a
sediment transport model could be constructed. However, for this watershed, as is shown
in the next section, it is very difficult to construct an adequate sedimentation model.

2.2 As an alternative to a sedimentation model, the historic functioning of the watershed
was analyzed. Factors that were considered included changes in geometry (given by
sounding data collected over a number of years), historic dredging, lake levels and
significant storm events. The quantity and quality of sediments flowing in to the harbor -
and canal (as described in "No Action" Alternative - Appendix C) were also considered.

2.3 DESCRIPTION OF DATA

2.3.1 Data for soundings conducted in September 1984 / October 1985 (reaches 1 2, 4
and 5), July-September 1989 (reaches 1 through 5), July-August 1990 (reaches 1 through
5), December 1991 / June 1992 (reaches 1 through 11 and reach 13) and December 1994
(reaches 1 through 13, bank to bank) were reviewed in detail to evaluate historic
sedimentation rates within the harbor and canal. Table Q-1 gives summaries of the
average depths in reach. The depths prior to 1991 were determined from manually
constructed sections. The 1991/1992 and 1994 sounding depths were processed utilizing
computer aided design (CAD) data. Section plots for the 1991/1992 soundings (the 1994
soundings were not available when the plots were prepared) are shown on plates Q-2
through Q-9. For comparison purposes, table Q-1 also show an.average section depth for
a maximum dredging scenario (MDS). This maximum scenario consists of dredging the
federal channel to project depth, and dredging the non-federal areas to an average 1:10
slope above project depth. The non-federal channel is assumed to be dredged to give
access to all docks. It should also be noted that the MDS for 1984-1990, 1991-1992 and
1994 are different because of the different cross-section layouts for each of the survey
periods.

2.3.2 It must be noted that in reviewing the data it was discovered that there were errors
in referencing the soundings to the bench marks. In 1984/1985, 1989 and 1991/1992 the
bench marks were assumed to be based on the IGLD datum, however the benches are
actually tied into the NGVD datum. For these years the section depths are 1.3 feet lower.
The average values shown in table Q-1 have been corrected for this error.

Q-2



Table Q-1: Average Reach Depths

REACH 1984/5 1989 1990 MDS
(ft) (ft) (ft) (ft)

1 -31.44 -30.05 ~30.37 -28.717

2 -27.79 -26.56 -26.52 -27.44

3 n/a -28.83 -28.75 -27.16

4 -27.46 -26.35 -26.33 -27.69

5 -29.26 -29.38 -28.73 -26.84
REACH 1991/2 91/2-MDS 1394 94-MDS
(ft) (ft) (ft) (ft)

1 -29.62 -23.64 -29.20 ~26.22
2 -24.98 -24.10 -24.07 -24.22
3 -26.46 -19.06 -23.78 -14.60
4 -24.87 -24.53 -22.69 -25.77
5 ~-28.89 -26.75 -27.59 -26.54
6 -23.29 -21.83 ~23.24 -21.74
7 -24.09 -21.06 -22.52 -21.28
8 -15.098 -19.64 -12.85 -17.41
9 -17.33 -19.76 -15.47 ~19.03
10 -22.73 -21.55 -23.01 -21.77
11 -24.14 -21.83 -21.70 -21.75
12 n/a n/a -16.41 -21.07
13 -15.54 -21.71 -12.95 -21.77

Notes: MDS = Maximum Dredging Scenario

2.3.3 Dredging records were reviewed to give an estimate of the historic dredging per
reach. Table Q-2 gives a summary of cubic yards dredged, per reach, for the years 1955
through 1972. Normally, the dredging was done to an elevation below project depth
(usually one foot below). It should be noted that portions of the historic data were given
as quantities dredged for large sections of the canal. Prior to entry into the table, this data
was equally subdivided by reach.
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Table Q-2: Summary of Dredging at Indiana Harbor and Canal
(for each year, for each reach in cubic yards)

Year 1 2 3 4 5 6 7

1955 43,449 43,449 31,347 31,347 31,347 20,311 10,093
1956 64,325 64,325 59,175 59,175 59,175 73,177
1957 60,433 60,433 25,977 25,977 25,977 14,410 1,590
1958 149,943 149,943 40,857 40,857 40,857 10,866
1959 40,600 40, 600 21,778 13,880
1960 51,561 51,561 18,490 18,490 18,490 1,115
1961 34,426 34,426 18,766 18,766 23,823 5,057
1962 160,997 160,997 160,997 160,997 160,997 168,267

1963 26,372 26,372 26,372 6,890
1964 8,271 8,271 8,271

1965 100,631 100,631

1966 24,022 24,022 24,022 17,966

1967 101,075 101,075 24,157 24,157 24,157 15,326
1968

1969
1970
1971
1972

Total 807,437 807,437 438,431 438,431 443,487 355,163 25,563
$ Ttl 17.1 17.1 9.3 9.3 9.4 7.5 0.5
Year 8 9 10 11 12 13 Total
1955 52,521 52,521 316,383
1956 36,550 415, 902
1957 } 214,795
1958 31,827 31,827 31,827 31,827 560, 631
1959 116,857
1960 159,706
1961 43,669 43,669 43,669 43,669 43,669 43,669 397,277
1962 973,253
1963 40,803 40,803 40,803 40,803 249,216
1964 90,731 115,545
1965 201,262
1966 135,009 225,041
1967 53,246 53,2406 53,246 53,246 502,931
1968 0
1969 0
1970 0
1971 0
1972 67,130 67,130 67,130 67,130 268,520

Total 289,196 236,675 236,675 43,669 43,669 551,486 4,717,319

% Ttl 6.1 5.0 5.0 0.9 0.9 11.7 100.0
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2.3.4 The elevation of Lake Michigan can influence the sedimentation rate within the
canal and harbor. The levels given in table Q-3, for Calumet Harbor, are based on the
International Great Lakes Datum. For comparison purposes the period of record values at
the gage for minimum, maximum and long term averages are (in feet, IGLD): 575.41,
581.81 and 578.36 respectively.

Table Q-3: Lake Levels (feet)

YEAR LEVEL YEAR LEVEL YEAR LEVEL
1955 579.13 1969 579.13 1983 579.67
1956 578.16 1970 579.07 1984 579.83
1957 577.56 1971 579.49 1985 580.59
1958 576.98 1972 580.13 1986 581.13
1959 576.82 1973 580.49 1987 580.11
1960 578.33 1974 580.42 1988 578.70
1961 578.04 1975 580.05 1989 578.25
1962 577.59 1976 579.80 1990 578.04
1963 576.56 1977 578.52 1991 578.46
1964 575.75 1978 578.83 1992 578.53
1965 576.55 1979 579.49 1993 579.24
1966 577.36 1980 579.52 1994 579.14
1967 577.81 1981 579.21

1968 578.28 1982 578.83

Note: Levels based on International Great Lakes Datum

2.3.5 There are recording rain gages within the watershed. To get a perspective on
major rainfall events in the basin (in excess of 2.0"), the records for five rain gages within
the area were integrated. The records for the Crete, Midway Airport and University of
Chicago gages in Illinois were weighted with the records of the Valparasio and South
Bend gages in Indiana. The resulting “average” basin records for January, 1980 through
December, 1994 are presented in table Q-4.. For comparison purposes, table Q-5 provides
frequency-rainfall data (reference 9.1).
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Table Q-4: Indiana Dunes, Indiana - Significant Storms (inches)
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Table Q-5: Frequency versus Rainfall

YEAR PRECIP YEAR PRECIP
(in.) (in.)

1 2.40 25 4.60

2 2.78 50 5.22

5 3.50 100 5.76

10 4.01 500 6.58

2.4 ANALYSIS OF DATA

2.4.1 In an effort to develop both short and long term dredging rates, the factors
effecting the sediment deposits in 1972, 1984/5, 1989, 1990, 1991/2 and 1994 have been
closely examined. Additionally, generalized assumptions regarding the conditions have
also been made:

a. 1972 - Dredging of the canal system occurred until this year. General surveys
of the area indicated no problems in navigation. Relatively high event storms
occurred in 1968 and 1971, washing a lot of sediment out of the canal. Assume,
during this year, that the harbor and canal are at approximately the depth of the
maximum dredge scenario (MDS).
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b. 1984/1985 - Many significant storm events occurred in early 1983 and early
1985. The these storm events contributed to flushing the sediments out of the
harbor and canal and into Lake Michigan. Elevations in the canal and harbor were
an area weighted average of 1.11 feet below the maximum dredge depth (see table
Q-6). These are very low elevations..

c. 1989 - Only a minimum number of significant storm events occurred since the
1984/1985 soundings. Lake elevations were high in the period of 1985 through
1987. Elevations in the harbor and canal were an area weighted average of 0.30
feet below the maximum dredge depth (see table Q-6). During the years
following the 1984/1985 soundings, the harbor and canal refilled with sediments.
During 1989 the harbor and canal appear to be at normal elevations, close to the
equilibrium level (this level will be clarified in the following paragraphs).

d. 1990 - Only two significant storm event occurred since the 1989 soundings.
Elevations in the harbor and canal were an area weighted average of 0.29 feet
below the maximum dredge depth (see table Q-6). During this year, the harbor
and canal remained at about an equilibrium level.

e. 1991/1992 - Few major storm events occurred since the 1990 soundings.
Elevations in the harbor and canal were an area weighted average of 0.11 feet
below the maximum dredge depth (see table Q-7). During the past year and half
the harbor and canal filled to slightly above an equilibrium level.

f. 1994 - Six significant storm events occurred between the 1991/1992 sounding
and the 1994 soundings. However, during this period the lake level was slightly
above average. Elevations in the harbor and canal were an area weighted average
of 0.40 feet below the maximum dredge depth (see table Q-8). During this year
the harbor and canal have reached approximately an equilibrium level through the
storm washouts.
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Table Q-6: Area Weighted Depths (1984-1990)

REACH AREA-FED AREA-NFD AREA-TTL DMD-84/5 DMD-89 DMD-90

1 2,217,798 989,798 3,207,596 -2.67 -1.27 -1.60
2 1,947,848 953,012 2,900,860 -0.35 0.88 0.92
3 1,176,838 1,032,184 2,209,022 -1.67 -1.59
4 2,044,745 718,400 3,363,145 0.23 1.34 1.36
5 987,581 260,040 1,247,621 -2.43 -2.54 -1.90

TL-N3: 7,797,972 2,921,250 10,719,222
TOTAL: 8,974,810 3,953,434 12,928,244
WT AV: ' -1.11 -0.30 -0.29

Netes: REACH Reaches 1 through 5
AREA-FED Area of federal channel
AREA-NFD Area of non-federal channel
AREA-TTL Total area for given reach
DMD-84/5 Difference between Maximum Dredge and 1984/5

DMD-89 Difference between Maximum Dredge and 1989
DMD-90 Difference between Maximum Dredge and 1990
TL-N3 Areas for weighting 1984/5 (i.e. without 3)
TOTAL Total areas for reaches 1 through 5

WT AV Area weighted averages (1984/5 without 3)

All areas in square feet and
All depths in feet



Table Q-7: Area Weighted Depths (1991/1992)
REACH AREA-FED AREA-NFR AREA-NFL AREA-TTL DMD-91/2
1 2,217,798 441,125 548,673 3,207,596 -5.97
2 1,947,848 344,692 608,320 2,900,860 -0.89
3 1,176,838 491,092 541,092 2,209,022 -7.40
4 2,644,745 699,734 18,666 3,363,145 -0.34
5 987,581 100,249 159,791 1,247,621 -2.14
6 251,025 21,696 38,764 311,485 -1.46
7 248,816 56,220 33,425 338,461 -3.03
8 351,637 224,707 367,638 943,982 3.66
9 371,207 50,870 198,154 620,231 2.43
10 163,078 23,077 20,351 206,506 -1.17
11 394,701 43,792 77,031 515,524 -2.31
13 640,185 77,541 48,824 766,550 6.18
TOTAL: 16,630,983
WT AV: -0.11
Notes: REACH Reaches 1 through 11 and 13
AREA-FED Area of federal channel
AREA-NFR Right bank area of non-federal channel
AREA-NFL Left bank area of non-federal channel
AREA-TTL Total area for given reach
DMD-91/2 Difference between Maximum Dredge
and 1991/2
TOTAL Total areas for reaches 1 through 11
and 13
WT AV Area weighted average

All areas in square feet and
All depths in feet
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Table Q-8: Area Weighted Depths (1994)
REACH AREA-FED AREA-NFR AREA-NFL AREA-TTL DMD-94
1 2,217,798 441,125 548,673 3,207,596 -2.98
2 1,947,848 344,692 008,320 2,900,860 0.15
3 1,176,838 491,092 541,092 2,209,022 -9.18
4 2,644,745 699,734 18,666 3,363,145 3.08
5 987,581 100,249 159,791 1,247,621 -1.05
6 251,025 21,696 38,764 311,485 -1.50
7 248,816 56,220 33,425 338,461 -1.24
8 351,637 224,707 367,638 943,982 4.57
9 371,207 50,870 198,154 620,231 3.57
10 163,078 23,077 20,351 206,506 -1.25
11 394,701 43,792 77,031 515,524 0.05
12 187,771 75,302 24,765 287,838 4.67
13 640,185 77,541 48,824 766,550 8.82
TOT/AVG: 16,918,821 :
WT AVG: -0.40
Notes: REACH Reaches 1 through 13
AREA-FED Area of federal channel
AREA-NFR Right bank area of non-federal channel
AREA-NFL Left bank area of non-federal channel
AREA-TTL Total area for given reach
DMD-94 Difference between Maximum Dredge
and 1994
TOTAL Total areas for reaches 1 through 13
WT AVG Area weighted average

All areas in square feet and
All depths in feet

2.4.2 Prior to reaching any conclusions from this data analysis, it is important to first
describe the normal functioning of a basin with respect to sedimentation. This discussion
is limited to a consideration of bedload materials, and will clarify the processes and

parameters that are required for any analyses of the impacts of dredging. In a typical

basin, for normal flows and small precipitation events, sediments flow downstream and
are deposited in the channels. However, for large events, or for large combinations of
events, a normal basin is flushed out and the channels are eroded. Thus, with low flows a

basin functions on the deposition side of a normal sedimentation cycle, and with high
flows a basin functions on the erosion side of the cycle.
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2.4.3 A second characteristic of the sedimentation processes within a basin, is that a
basin is normally driven towards an equilibrium condition. That is, if a basin has been
just flushed out by a large storm there will be a high sedimentation rate to refill the basin.
However, if a basin is in a normal condition in which the elevations are close to an
equilibrium level, there will tend to be a much lower rate of sedimentation.

2.4.4 Inreviewing the sediment data, and the analyses of the conditions in 1972, 1984/5,
1989, 1990, 1991/2, and 1994, it is apparent that the Indiana Harbor and Canal functions
in a normal manner. That is, the basin functions with a typical sedimentation cycle of
deposition and erosion; and (1) the basin tends to gravitate towards equilibrium
elevations; (2) the basin has a high sedimentation rate for refilling after a storm event;
and (3) the basin has a low average, or steady state, sedimentation rate. The following
paragraphs will serve to support these assertions and derive the results that are important
for the dredging analysis:

a. Equilibrium or Steady State Elevations - It is apparent that for the period of
record the harbor and canal is never very far from a state of dynamic equilibrium.
What indicates this condition is that, given the reviewed data for 1972 through
1994, there are significant changes in lake levels and significant numbers of fairly
large events, yet the elevations in the channels, on average, don't seem to vary
outside of one foot of the depth of maximum dredged scenario (MDS).

b. Refilling Sedimentation Rates - Rapid refilling of the harbor and canal occurs
when the average elevations are below the depth of the maximum dredged
scenario (MDS). Table Q-9 gives refilling rates suggestive of this concept. In the
table, the rate from 1984/5 to 1989 (determined by area weighting the annual rates
for reaches 1, 2, 4 and 5) has a value of +0.24 feet/year. At point in time the
harbor and canal, after the heavy rainfalls of 1983 through 1985, seem to be
refilling with sediments, to a steady state elevations. The rising lake levels during
this period also contributed to the refilling.

c. Steady State Sedimentation Rates - Table Q-9 also shows that for a long term
period (assuming that in about 1972 the harbor and canal was close to a maximum
dredged condition) the annual sedimentation rate is very small (for example -0.02
feet/year from 1972 to 1994). This suggests that the elevations in the harbor and
canal never seem to very strongly from a steady state condition.
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Table Q0-~9:

Area Weighted Rates

REACH RMD-84/5 RMD-89 R84/5-89 RMD-90 RMD-91/2 RMD-94
1 -0.21 -0.07 0.31 -0.09 -0.31 -0.14
2 -0.03 0.05 0.27 0.05 -0.05 -0.01
3 -0.10 -0.09 -0.38 -0.42
4 0.02 0.08 0.25 0.08 -0.02 0.14
5 -0.19 -0.15 -0.02 -0.11 -0.11 -0.05
6 -0.07 -0.07
7 -0.16 -0.06
8 0.19 0.21
9 0.12 0.16
10 -0.06 -0.06
11 -0.12 -0.00
12 0.21
13 0.32 0.40
WT AV: -0.09 -0.02 0.24 -0.02 -0.11 -0.02
Notes: REACH Reaches 1 through 13
RMD-84/5 Annual rate Between Maximum Dredge
(1972) and 1984/5
RMD-89 Annual rate between Maximum Dredge
(1972) and 1989
R84/5-89 Annual rate between 1984/5 and 1989
RMD-90 Annual rate between Maximum Dredge
(1972) and 1990
RMD-91/2 Annual rate between Maximum Dredge
(1972) and 1991/2
RMD-94 Annual rate between Maximum Dredge
(1972) and 1994
WT AV Area weighted averages

All areas in square feet

All depths in feet
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3. SEDIMENTATION ANALYSIS

3.1 In an attempt to refine the suggested sedimentation concepts given in the previous
section, and to explore the impact of depths within the harbor and canal on rates, a
sedimentation analysis was performed.

3.2 SEDIMENTATION MODEL

3.2.1 The sedimentation model selected for use in this project is the Hydraulic Design
Package for Flood Control Channels (SAM - reference 9.2). The model was constructed
utilizing the 1990 sounding data and selected cross sections and discharges from the
Flood Insurance Study for Indiana Harbor and Canal. The model was initially used to
determine the best equation to predict the rates of sediment transport flowing into the
harbor. The sediment model showed that Yang's sediment equation provided the largest
rate of sediment transport. However, the Yang equation produced a sediment yield of
only 68 cubic yards/year for the average annual discharge.

3.2.2 Several single events were run using the Yang equation and for the 2, 10, 50, and
100 year events, and the sediment yields were 80, 680, 1660, and 1880 cubic yards,
respectively. Thus, even these large events supplied only low rates of sedimentation.
Additionally, Yang's equation produced only negligible rates of sediment transport when
applied on a reach by reach basis due to the small velocities of flow. These results would
indicate that most of the larger sized sand and other larger material is trapped in the
upstream reaches of the harbor.

3.2.3 For comparison purposes, the historic sediment rates determined in the previous
section have been used to predict sediment yields. During major refilling times (i.e. in
1990 when the depths are low after the major event in August), when the rate is close to
0.24 feet/year, the sediment yield transported to the harbor is about 90,000 cubic
yards/year. Additionally, the Dendy and Bolton Method for predicting sediment yield
(reference 9.3) gives a value of about 100,000 cubic yards/year for an subarea the size of
Indiana Harbor, with average annual rainfall levels for northern Indiana. It should be
noted that the Dendy and Bolton Method probably under estimates the load, because of
the additional sediments added by the industries and treatment plants in the basin.

3.2.4 One reason for the discrepancy between the historic rates of sedimentation and the
Yang's prediction for the rate of transport is the fact that Yang's equation only considers
noncohesive sediments of sand sized or larger particles. A grain size analysis of the
sediment in Indiana Harbor showed that over half of the sample was composed of silt and
clay. Another reason for the difference is that only selected HEC-2 cross sections in the
downstream canal reach of the harbor were used in calculating hydraulic characteristics
for the watershed. Sediment delivery capability would be estimated at higher magnitudes
if more upstream sections (the 1991/2 and 1994 surveys were not available in 1991 when
these mode! runs were done) were included in the analysis.
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3.3 BRUNE PROCEDURE

3.3.1 Due to the fact that the SAM model produced small rates of sediment transport,
and was therefore deemed to be unreliable, it was decided to explore an alternate
approach for calculating the change in sedimentation rates with respect to depth. The
alternate method selected was the Brune lake trap efficiency relationship (reference 9.3).
This method was selected because it is generally regarded as the most accurate of the
standard methods used to evaluate the trap efficiencies of reservoirs.

3.3.2 In utilizing the Brune method, a trap efficiency is computed from the capacity-
inflow ratio. The procedure, with results given in table Q-10 is as follows:

a. The total capacity was computed, by using HEC-2 with the average annual
flow, to be 9383 acre-feel.

b. The change in capacity for depths of -6 , -4, +4, +6 feet were computed using
the surface area of reaches 1-5, estimated at 250 acres.

c. The inflow rate utilized was the average rate of 500 cubic feet/second.
d. Trap efficiencies were than determined from a graph given in reference 9.3.

e. Percent differences in the sediment rate were then computed using the changes
in the trap efficiencies.

3.3.3 Although this method gives a reasonable trap efficiency of 60 to 70 percent, it
appears to underestimate the historic change in response to the sediment rate with respect
to depth (i.e. about 0.24 inches/year for a 1 foot drop below project depth). Again this is
probably due to the lack of consideration of the cohesiveness of the silt and clay
sediments.

Table Q-10: Brune Method - Trap Efficiency for Indiana Harbor

Change Cumulative Mean Capacity Percent
Invert Reach Annual Inflow Trap Difference
Elev. Capacity Inflow Ratio Efficiency Sed. Rate
(ft) (ac—-ft) (ac-ft/yr) (yr) (%) (%)
-6 11,151 361,980 0.0308 68.7 5.1
-4 10,561 361,980 0.0292 67.7 3.5
0 9,383 361,980 0.0259 65.4 -———
4 8,208 361,980 0.0227 62.7 -4.2

6 7,623 361,980 0.0211 61.1 -6.6
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4. DREDGING MODEL

4.1 A computer model was constructed to simulate the dredging process. This model
takes into account the sedimentation rates, bank sloughing, and the dredging volumes.
This section consists of an overview of the capabilities and specific procedures employed
by the model.

4.2 MODEL CAPABILITIES

4.2.1 The model has been prepared using compiled Microsoft BASIC. In general the
model inputs a "Control" file, a file containing the geometry and sedimentation rate of the
reaches, and the dredging plan file. The model then goes through an series of accounting
schemes to compute the changes in the elevations in each reach for each year. Finally,
the model outputs detailed yearly values into an output file, and selected data into a
LOTUS print (PRN) file.

4.2.2 The clearest way to give an overview of the capabilities of the model, prior to
specific discussions of how each procedure is implemented, is by listing and explaining
the inputs in the "Control” file. The inputs in the model's "Control" file detail the files
and options to be used for a given run:

a. RUN TITLE - This is used for identification of the model run.

b. MODE - This parameter controls the output to be sent to the screen. The
options are "-1" for a full listing, "0" for an input and summary listing, and "1" for
no screen listing. In addition a value of "-1" also results in the creation of a
"debug" file, with yearly sediment balances.

¢. NUMBER OF REACHES - This parameter for baseline has the value of "13"
for the entire study area.

d. END YEAR - This parameter is set to the end year the model is set to run for,
usually this is the year the CDF is filled.

e. LEVEL - This parameter defines the project level, "0" for baseline, "1" for
dredging and "-1" for both.

f. METHOD - This parameter defines the procedure to be used for computing the
effects of depth on the sedimentation rate (see the next section for an overview of
the procedures used). A positive value uses steady state rates with an adjustment
such as the Brune Method. A negative value ratios the sediment rate between
steady state and refilling rates.
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g. DRAFT - This parameter gives the depth of the overdraft to be used during the
dredging process. For example, this value is set to "0" for the project depth or "1"
for one foot of overdraft. This parameter was set to one-half foot below project
depth for the majority of reaches in this analysis, and to two feet below project
depth in the PCB “hot spot” areas. It is recognized that this is not a fully accurate
assumption in that dredging is normally done with one foot of overdraft (more if
there is wave action, like in the outer harbor area). However, this analysis is not
particularly sensitive to this assumption, in that over dredging in one year
translates to reduced dredging requirements in future years (i.e. the effects balance
and cancel out).

h. SLOUGHING - This parameter gives the number of horizontal units per
vertical units for stable overbanks (see the next section for an overview of the
procedure used). A value of "0" is for no sloughing, and any other number is the
number of horizontal units.

1. BESTPLAN - This parameter defines the procedure to be used for computing
dredging depths when a detailed plan is not used (see the next section for the
procedures used). A value of "-1" is for an automatic plan, "0" is for no best plan,
"1" is for best depth, and "2" is for best volume.

j. LPRNCNTL - This parameter gives the selected variable to output into a
LOTUS 1-2-3 print file, "0" for no output; "1, 2 and 3" for depth sloughed into the
federal channel, right bank and left bank; "4 and 5" for the volumes in the right
and left bank; "6, 7 and 8" for depth sediments deposited into the federal channel,
left bank or right bank; "9, 10 and 11" for the depth in the federal channel, right
bank or left bank; "12 and 13" depths and volumes dredged from the federal
channel; and "14 and 15" for the stage or volume in each cell of the CDF.

k. INPUT FILE NAMES - File names are given for the input "GEOMETRY" and
"DREDGING PLAN" files.

1. OUTPUT FILE NAMES - File names are given for the "DETAILED
OUTPUT" and "LOTUS PRINT" files.
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4.3 MODEL PROCEDURES

4.3.1 The procedures to be discussed in this section include both the basic sequencing of
operations in the model, and the detailed methodologies for computing sedimentation
depths, sloughing depths and dredging depths (assigned and best plan). The sequencing
of the models operations is as follows:

a. The sedimentation rate versus depth information is read from data statements.

b. The control, geometry and dredging plan (depending on the LEVEL
parameter) files are opened and read.

c. The analysis for baseline conditions is performed for each year (depending on
the LEVEL parameter). This analysis consists of: (1) determine if sloughing
occurs and rebalance the depths if it has; (2) based on the METHOD variable,
compute the amounts of sediments deposited each year; (3) compute averages of
yearly values; and (4) output the detailed and LOTUS results.

d. The analysis for a dredging plan is performed for each year (depending on the
LEVEL parameter). This analysis consists of: (1) determine if sloughing occurs
and rebalance the depths if it has; (2) based on the METHOD variable, compute
the amounts of sediments deposited each year; (3) remove any assigned dredging
volumes for given reaches of the federal channel; (4) remove any dredging
volumes, based on a "Best Plan", for computed reaches of the federal channel; (5)
compute averages of yearly values; and (6) output the detailed and LOTUS print
file results.

e. Close files and end run.

4.3.2 Asindicated above, the methodologies to be described in detail are those for
computing sedimentation depths, sloughing depths and dredging "Assigned and Best
Plan" depths.

a. Sedimentation Depths - The geometry input by the model includes, for each
reach, the initial depth in both the federal and non-federal channels as well as a
steady state (or equilibrium) rate of sedimentation and a dredged (or refilling) rate
of sedimentation. The dredging model includes a large number of options for
computing the rate of sedimentation, and the method described here is for the
option used in this analysis (see the following section on Results for a discussion
of this selection and additional details). For each year, sedimentation rates are
determined by the following process:

Q-17 AL
J>e?



- The average depth of sediments for all reaches currently being model is
first computed.

- The sediment rate is then determined by comparing the average depth to
a refilling depth and a steady state depth. The maximum rate used is the
refilling rate and the minimum the steady state rate. All values in between
are interpolated based on depth.

b. Sloughing Depths - The Indiana Harbor and Canal are still in use, and as such
ships travel up and down the channel effectively plowing sediments from the
federal channel into non-federal areas. This leads to a condition in which the
depths in the non-federal areas may be significantly higher than those in the
federal channels. However, these high non-federal overbank areas are not stable,
and material tends to slough back into the federal channel. It has been estimated
by the District's Geotechnical Branch, that because of the nature of the sediments,
the overbank areas are not stable if the slope exceeds one on ten. To account for
this instability a sloughing effect has been incorporated into the model for each
year, and for each reach by using the following procedures:

- initially, a right and left length and right and left average width of
overbank for each reach are read from the geometry file

- a "stable" volume of sediments is computed using the lengths, widths and
slope - the slope is input as the SLOUGHING variable (as noted above, for
this analysis SLOUGHING is set to a value of ten)

- then, using the areas and average existing depths in the non-federal areas,
right and left "actual" volumes are computed

- if the actual volumes exceeds the stable volumes sloughing occurs

- the actual sloughing process involves: (1) computing the total volumes
in the reach above the project depth; (2) subtracting out the stable volumes
for the overbanks; (3) computing a new average depth for the reach by
dividing the remaining volume of sediments by the total surface area of
the reach; and finally (4) adjusting the depth in the non-federal areas by
adding back in the stable volumes and recomputing an average depth

c. Dredging "Assigned and Best Plan" Depths - For each year the volumes to be
dredged are either read from the dredging plan file or computed from a given
allowed lift in a specific cell of the CDF. The dredging volumes read are either
"assigned" to a specific reach or the volume is allocated by the model using a
"best plan". Dredging volumes computed for the “automatic plan” are either
assigned to priority areas (i.e. those dredged first) or a "best depth” plan. All
dredging is performed only in the federal channel.
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- for assigned volumes the method is to: (1) compute the volume in the
assigned reach; (2) subtract the assigned volume from computed volume;
and (3) recompute the depth (note: it is permissible for this depth to be
below the DRAFT depth)

- for volumes to be allocated using "best depths" the procedure is to: (1)
select a reach to be dredged based on the highest elevation; (2) compute
the volume in the selected reach; (3) if the computed volume is greater
than the "best plan" volume, then subtract the "best plan" volume from
computed volume - otherwise subtract the computed volume from the
"best plan" volume and then zero out the computed volume; (4) recompute
the depth (note: this depth may not be below the DRAFT depth); and (5)
continue if there is any remaining "best plan" volume

- for volumes to be allocated using "best volumes" the procedure is to: (1)
compute volumes for all reaches; (2) select a reach to be dredged based on
the highest volume; (3) if the computed volume is greater than the "best
plan" volume, then subtract the "best plan" volume from computed
volume - otherwise subtract the computed volume from the "best plan"
volume and then zero out the computed volume; (4) recompute the depth
(note: this depth may not be below the DRAFT depth); and (5) continue if
there is any remaining "best plan" volume

- for volumes to be allocated the “automatic plan” the procedure is to: (1)
compute a total volume to be dredged for all priority areas; (2) if this
priority volume is greater than the allowed volume, then allocate dredging
to minimize the maximum depth in any priority area; (3) if the computed
priority volume is less than the allowed volume, then zero out the priority
areas and reassign the remaining volume to a "best depth" plan for non-
priority areas. This is the procedure used in the alternative analysis
presented in the next section.
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5. RESULTS

5.1 Utilizing the dredging simulation model, baseline conditions were analyzed and
dredging plans were developed for the Partial, Complete and Cooperative Plans.
Additionally, reductions in the volumes of sediments normally discharged to Lake
Michigan, given each of the plans, were also computed.

5.2 BASELINE DEPTHS

5.2.1 Prior to discussing the dredging plans, it is appropriate to describe the adopted
baseline conditions and the results of model runs given these conditions. To perform a
baseline analysis, it is necessary to obtain values for initial elevations and to adopt a
sedimentation rate. As asserted below, the adopted initial elevations are based on those
from the 1994 soundings, and the long term sedimentation rate is based on interpolating
between a steady state rate and a refilling rate.

5.2.2 As indicated in the Data Analysis section, 1994 is the year for which sounding
data is complete. Data is available for reaches 1 through 13. Additionally, surveys were
taken for the entire extent of the cross-section, right up to the dock walls.

5.2.3 At this phase of the study, when the construction dates and the date at which
dredging will be initiated are still subject to change, it is appropriate to generalize the
results of this simulation. When specific dates are established, and soundings that cover
the entire overbank areas are taken, then specific elevations can be used and the analysis
updated. The initial elevations for this generalized analysis are assumed to be at average
or "normal" depth. As was shown in the Data Analysis section, the soundings for 1994
have been shown to be at approximately a normal, and will be used as a starting
elevations.

5.2.4 The method adopted for the computation of sedimentation rates for this analysis
is a based on utilizing a steady state sedimentation rate and a refilling sedimentation rate.

a. As described in the Data Analysis section, the rate for 1972 through 1990 has a
value of -.02 feet/year. For the this generalized analysis, an approximate steady
state rate of 0.0 feet/year is appropriate for use.

b. The Data Analysis section also gives a rapid refilling rate of 0.24 feet/year for
the period from 1984/5 to 1989. However, the controlling factor on the
sedimentation rate would be the availability of sediments. As discussed below in
the section on the Reduction of Sediments to Lake Michigan the No Action
Alternative Appendix (appendix C) gives a total loading to the basin of 152,000
cubic yards per year. If one assumes a trap efficiency of 65% (from the Brune
Method) then there are about 100,000 cubic yards available for sedimentation
each year. Considering the surface area of downstream five reaches this would
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translate to a rate of about 0.20 feet/year, and considering the entire harbor and
canal the maximum rate would be 0.16 feet/year. These values are reasonably
consistent with the refilling rate from the Data Analysis section and will be used
in this generalized analysis.

c. As described in the Dredging Model section, the sedimentation method used for
this analysis consists of comparing the average depth of the area being evaluated
to a refilling depth and a steady state depth. The Data Analysis also showed that
there was little variation in the depths in the harbor and canal. Therefore, as
suggested by the data, it is reasonable to use the depth of the maximum dredged
scenario (MDS) as a refilling depth, and one foot above depth of the MDS as the
steady state depth. It should be noted that the MDS depth, because of the
material assumed in the areas outside of the federal channel at a one on ten side
slope, is on average 3.7 feet above project depth

In actuality there are substantial variations in these rates and depths. Strong fluctuations
will exist as the canal is flushed out by storm events and then refilled with high
sedimentation rates. But in general, these adopted steady state and refilling rates and
depths are acceptable long term average values.

5.2.5 It should also be noted here, that for baseline and dredging conditions, the only
scenario to be analyzed will be for the case in which no major storms occur. It is
recognized that this violates the reality of the dynamic equilibrium process through which
the sediment cycle functions. However, to properly analyze the situation it would be
necessary to model a collection of storm scenarios, and then weight the outcomes in a
fashion similar to that used in composite storm analyses. The level of effort, as well as
the necessary data requirements, ensure that this type of activity is well outside of the
scope of this project.

5.2.6 In defense of the elimination of the consideration of other storm scenarios, it
should be noted that only a major storm event would effect the basin. Further, having a
major event within the near term (i.e. within the first few years of project operation) is not
extremely likely, and economic impacts outside of the near term would be heavily
discounted (and thus, not play a significant role in any decision making). Additionally,
this scenario will be used for project conditions, as well as non-project conditions, and in
general the errors in the estimation of benefits would be canceled out by the errors in
estimation of dredging costs.

5.2.7 The baseline run was executed using the 1994 sounding elevations for reaches 1
through 13, and steady state and refilling sedimentation rates of 0.0 feet/year and

0.16 feet/year, respectively. These values are displayed in table Q-11, which also gives
the geometry data necessary for the model run. The geometry table gives the areas,
lengths and widths necessary for the computation of sedimentation and sloughing effects.
The definition of the federal channel, right bank and left bank areas is shown on plates Q-
10 through Q-12.
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Table Q-11: Baseline Conditions Geometry File
RCH AREA-FED AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB
1 2,217,798 441,125 548,673 -1.54 -1.06 5.67
2 1,947,848 344,692 608,320 1.21 10.24 10.33
3 1,176,838 774,480 541,092 -0.56 -0.16 11.77
4 2,644,745 699,734 18,666 2.73 13.95 12.39
5 987,581 100,249 159,791 -1.89 0.94 2.23
6 251,025 21,696 38,764 ~-3.07 6.14 5.89
7 248,816 56,220 33,425 -3.42 0.99 7.75
8 351,637 224,707 367,638 0.88 13.90 14.89
9 371,207 50,870 198,154 2.21 11.06 13.50
10 163,078 23,077 20,351 -1.99 3.90 1.12
11 394,701 43,792 77,031 -0.56 4.97 4.13
12 187,771 75,302 24,765 2.57 14.74 2.92
13 640,185 77,541 48,824 8.65 13.26 11.73
Notes: REACH Reaches 1 through 13
AREA-FED Area of the federal channel (square feet)
AREA-NRB Area of the right overbank (square feet)
AREA-NLB Area of the left overbank (square feet)
DPTH-FED Depth of the federal channel (feet)
DPTH~NRB Depth of the right overbank (feet)
DPTH-NLB Depth of the left overbank (feet)
RCH LEN-NRB LEN-NLB SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG
1 2,771 2,763 10 10 0.00 4.70 0.16 3.70
2 2,489 2,705 10 10 0.00 4.70 0.16 3.70
3 1,201 1,975 10 10 0.00 4.70 0.16 3.70
4 4,365 336 10 10 0.00 4.70 0.16 3.70
5 3,633 3,579 .10 10 0.00 4.70 0.16 3.70
6 1,136 1,205 10 10 0.00 4.70 0.16 3.70
7 1,198 1,215 10 10 0.00 4.70 0.16 3.70
8 2,201 2,193 10 10 0.00 4.70 0.16 3.70
9 1,918 1,156 10 10 0.00 4.70 0.16 3.70
10 1,046 1,009 10 10 0.00 4.70 0.16 3.70
11 2,026 2,534 10 10 0.00 4.70 0.16 3.70
12 1,122 1,116 10 10 0.00 4.70 0.16 3.70
13 2,543 2,734 10 10 0.00 4.70 0.16 3.70
Notes REACH Reaches 1 through 13
LEN-NRB Total length of right bank area (feet)
LEN-NLB Total length of left bank area (feet)
SLP~NRB Slope of right bank area (feet/feet)
SLP-NLB Slope of left bank area (feet/feet)
DEP-EQL Steady state deposition rate (feet/year)
DPTH-EQL Steady State deposition depth (feet)
DEP-DRG Sediment trap deposition rate (feet/year)
DPTH-DRG Sediment trap deposition depth (feet)
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5.2.8 The baseline run was executed using the above data and the results are shown in
table Q-12, which gives annual averages, and table Q-13, which gives federal channels
depths. Both tables give values for reaches 1 through 13, from 1995 through 2045. It is
noted that elevations show constant growth in sediments over time. As explained above,
this is due to the use of a "no major storm scenario," and this increase in benefits should
be offset by an increase in dredging costs.

Table Q-12: Baseline Conditions Annual Averages
RCH SLEF-F SLF-R SLF-L SED-F SED-R SED-L
1 +0.00 +0.00 +0.00 +0.03 +0.03 +0.03
2 +0.01 -0.04 +0.00 +0.03 +0.03 +0.03
3 +0.00 +0.00 +0.00 +0.03 +0.03 +0.03
4 +0.01 -0.05 -0.12 +0.03 +0.03 +0.03
5 +0.01 -0.02 -0.03 +0.03 +0.03 +0.03
6 +0.03 -0.13 -0.11 +0.03 +0.03 +0.03
7 +0.03 -0.01 -0.17 +0.03 +0.03 +0.03
8 +0.08 -0.08 -0.03 +0.03 +0.03 +0.03
9 +0.03 -0.12 -0.02 +0.03 +0.03 +0.03
10 +0.01 -0.08 -0.03 +0.03 +0.03 +0.03
11 +0.02 -0.07 -0.05 +0.03 +0.03 +0.03
12 +0.05 -0.12 +0.07 +0.03 +0.03 +0.03
13 +0.01 -0.05 -0.03 +0.03 +0.03 +0.03
RCH DPTH-F DPTH-R DPTH-L
1 -0.16 +0.32 +7.05
2 +2.91 +9.83 +11.71
3 +0.82 +1.22 +13.15
4 +4.82 +12.83 +7.60
5 -0.15 +1.23 +2.08
6 -0.20 +0.76 +1.41
7 -0.73 +1.62 +0.65
38 +6.34 +11.44 +14.72
9 +5.08 +6.41 +13.65
10 +0.14 +1.24 +1.14
11 +1.68 +2.76 +3.20
12 +6.59 +9.83 +7.44
13 +10.49 +12.01 +11.38
Notes: RCH Reaches 1 through 13
SLF~-FED Total sloughed into federal channel (feet)
SLF-FED Total sloughed from right bank (feet)
SLF-FED Total sloughed from left bank (feet)
SLF-FED Total sediment into federal chan (feet)
SLF-FED Total sediment into right bank (feet)
SLF-FED Total sediment into left bank (feet)
DPTH-F Depth of federal channel (feet)
DPTH-R Depth of right bank (feet)
DPTH-L Depth of left bank (feet)
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Table Q-13: Baseline Depths in the Federal Channel (feet)

Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7

1995 -1.38 1.69 -0.40 3.59 -1.37 -1.42 -1.95
1996 -1.22 1.85 -0.24 3.75 -1.21 -1.26 -1.79
1997 -1.06 2.01 -0.08 3.91 -1.05 -1.10 -1.63
1598 -0.90 2.17 0.08 4.07 -0.89 -0.94 -1.47
1999 -0.75 2.32 0.23 4.23 -0.74 -0.79 -1.32
2000 . -0.62 2.44 0.36 4.35 -0.62 -0.66 -1.19
2001 -0.52 2.55 0.46 4.46 -0.51 -0.56 -1.09
2002 -0.43 2.63 0.55 4.54 -0.42 -0.47 -1.00
2003 -0.36 2.71 0.62 4.62 -0.35 -0.40 -0.93
2004 -0.30 2.77 0.68 4.68 -0.29 -0.34 -0.87
2005 -0.24 2.82 0.74 4.73 -0.23 -0.28 -0.81
2006 -0.20 2.87 0.78 .78 -0.19 -0.24 -0.77
2007 -0.16 2.90 0.82 4.81 -0.15 -0.20 -0.73
2008 -0.13 2.94 0.85 4.84 -0.12 -0.17 -0.70
2009 -0.11 2.9%6 0.87 4.87 -0.10 -0.15 -0.68
2010 -0.08 2.98 0.90 4.89 -0.07 -0.12 -0.65
2011 -0.06 3.00 0.92 4.91 -0.06 -0.10 -0.63
2012 ~-0.05 3.02 0.93 4.93 -0.04 -0.08 -0.62
2013 -0.04 3.03 0.94 4.94 -0.03 -0.08 -0.61
2014 -0.03 3.04 0.95 4.95 -0.02 -0.07 -0.60
2015 -0.02 3.05 0.96 4.96 -0.01 -0.06 -0.59
2016 -0.01 3.06 0.97 4.97 0.00 -0.05 -0.58
2017 0.00 3.06 0.98 4,97 0.01 -0.04 -0.57
2018 0.00 3.07 0.98 4.98 0.01 -0.04 -0.57
2019 0.01 3.07 0.99 4.98 0.02 -0.03 -0.56
2020 0.01 3.08 0.99 4.99 0.02 -0.03 -0.56
2021 0.01 3.08 0.99 4.99 0.02 -0.03 -0.56
2022 0.02 3.08 1.00 4.99 0.03 -0.02 -0.55
2023 0.02 3.09 1.00 4.99 0.03 -0.02 -0.55
2024 0.02 3.08 1.00 5.00 0.03 -0.02 -0.55
2025 0.02 3.09 1.00 5.00 0.03 -0.02 -0.55
2026 0.02 3.09 1.00 5.00 0.03 -0.02 -0.55
2027 0.03 3.09 1.01 5.00 0.03 ~ -0.01 -0.54
2028 0.03 3.09 1.01 5.00 0.03 -0.01 -0.54
2029 0.03 3.09 1.01 5.00 0.04 -0.01 -0.54
2030 0.03 3.09 1.01 5.00 0.04 -0.01 -0.54
2031 0.03 3.10 1.01 5.00 0.04 -0.01 -0.54
2032 0.03 3.10 1.01 5.00 0.04 -0.01 -0.54
2033~ 0.03 3.10 1.01 5.00 0.04 -0.01 -0.54
2034 0.03 3.10 1.01 5.00 0.04 -0.01 -0.54
2035 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2036 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2037 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2038 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2039 0.03 3.10 1.01 5.01 0.04 -0.01 ~-0.54
2040 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2041 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2042 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2043 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2044 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
2045 0.03 3.10 1.01 5.01 0.04 -0.01 -0.54
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Table Q-13 (Cont'd): Baseline Depths

Year Reach 8 Reach 9 Reachl0 Reachll Reachl2 Reachl3
1995 5.12 3.86 -1.09 0.45 5.25 9.26
1996 5.28 4,02 -0.93 0.61 5.41 9.42
1997 5.44 4,18 -0.77 0.77 5.57 9.58
1998 5.60 4.34 -0.61 0.93 5.73 9.74
1999 5.75 4.49 -0.46 1.08 6.01 9.89
2000 5.87 4.61 -0.33 1.21 6.13 10.02
2001 5.98 4,72 -0.23 1.31 6.24 10.12
2002 6.06 4.80 -0.14 1.40 6.33 10.21
2003 6.14 4.88 -0.07 1.47 6.40 10.28
2004 6.20 4.94 0.00 1.54 6.46 10.35
2005 6.25 4,99 0.05 1.59 6.51 10.40
2006 6.30 5.04 0.09 1.63 6.56 10.44
2007 6.33 5.07 0.13 1.67 6.59 10.48
2008 6.36 5.10 0.16 1.70 6.63 10.51
2009 6.39 5.13 0.19 1.73 6.65 10.54
2010 6.41 5.15 0.21 1.75 6.67 10.56
2011 6.43 5.17 0.23 1.77 6.69 10.58
2012 6.45 5.19 0.24 1.78 6.71 10.59
2013 6.46 5.20 0.26 1.80 6.72 10.60
2014 6.47 5.21 0.27 1.81 6.73 10.62
2015 6.48 5.22 0.28 1.82 6.74 10.63
2016 6.49 5.23 0.28 1.82 6.75 10.63
2017 6.49 5.23 0.29 1.83 6.75 10.64
2018 6.50 5.24 0.30 1.83 6.76 10.064
2019 6.50 5.24 0.30 1.84 6.76 10.65
2020 6.51 5.25 0.30 1.84 6.77 10.65
2021 6.51 5.25 0.31 1.85 6.77 10.66
2022 6.51 5.25 0.31 1.85 6.77 10.66
2023 6.52 5.26 0.31 1.85 6.78 10.66
2024 6.52 5.26 0.31 1.85 6.78 10.66
2025 6.52 5.26 0.32 1.85 6.78 10.66
2026 6.52 5.26 0.32 1.86 6.78 10.67
2027 6.52 5.26 0.32 1.86 6.78 10.67
2028 6.52 5.26 0.32 1.86 6.78 10.67
2029 6.52 5.26 0.32 1.86 6.78 10.67
2030 6.52 5.26 0.32 1.86 6.79 10.67
2031 6.52 5.26 0.32 1.86 6.79 10.67
2032 6.53 5.27 0.32 1.86 6.79 10.67
2033 6.53 5.27 0.32 1.86 6.79 10.067
2034 6.53 5.27 0.32 1.86 6.79 10.67
2035 6.53 5.27 0.32 1.86 6.79 10.67
2036 6.53 5.27 0.32 1.86 6.79 10.67
2037 6.53 5.27 0.32 1.86 6.79 10.67
2038 6.53 5.27 0.32 1.86 6.79 10.67
2039 6.53 5.27 0.32 1.86 6.79 10.67
2040 6.53 5.27 0.32 1.86 6.79 10.67
2041 6.53 5.27 0.32 1.86 6.79 10.67
2042 6.53 5.27 0.32 1.86 6.79 10.67
2043 6.53 5.27 0.32 1.86 6.79 10.67
2044 6.53 5.27 0.32 1.86 6.79 10.67
2045 6.53 5.27 0.32 1.86 6.79 10.67
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5.3 PARTIAL FEDERAL CHANNEL PLAN

5.3.1. The Partial Plan 1 consists of dredging the federal navigation channel from the
entrance in Lake Michigan to the E.J.& E. Railroad bridge (reaches 1 through 5). These
reaches of channel would be dredged to project depth, plus an average of one-half foot
overdepth. The wedge-shaped berthing area along the Inland Steel Company hopper and
stone docks in the southern 300 feet of reach 2 and the northern 1,200 feet of reach 3
would be dredged to -28 feet LWD, plus an average of one-half foot overdepth, as shown
on Figure 14. The Inland Steel and LTV Steel docks on either side of the canal in reach 5
would also be dredged to -27 feet LWD, plus an average of one-half foot overdepth. In
addition, the PCB hot spot located along the northeast bank of reach 6 would also be
dredged to a depth of - 22 feet LWD plus an average of 2 feet of overdepth.

5.3.2 The dredge material from the Partial Plan would be placed in the south lobe of the
CDF (see plates 14 and 15). This lobe is approximately 3 million cubic yards in capacity.
As described in the section on the Dredge Model, the procedure used in allocating the
dredge volume consisted of allowing specified cells to be used in a given project year.
Material would be placed into the cells using three foot lifts and allowed to dry for at
least one year without any additional material placed on top. The geometry for the CDF
is given in table Q-14 (only the south cells are used in this plan).

Table Q-14: CDF Elevation versus Surface Area (feet vs square feet)

SOUTHWEST CELL SOUTHEAST CELL NORTH CELL
ELEV SURFACE AREA ELEV SURFACE AREA ELEV SURFACE AREA
0.00 1,385,844 0.00 1,430,064 0.00 1,243,088
4.00 1,445,234 4.00 1,491,684 4.00 1,303,607
7.00 1,490,499 7.00 1,538,655 7.00 1,349,723

10.00 1,536,384 10.00 1,586,274 10.00 1,396,460
13.00 1,582,884 13.00 1,634,342 - 13.00 1,443,821
15.00 1,614,237 15.00 1,667,080 15.00 1,475,740
15.01 1,363,090 15.01 1,405,076 15.01 1,168,996
16.00 1,377,669 16.00 1,420,193 16.00 1,183,676
19.00 1,421,820 19.00 1,465,978 139.00 1,228,131
22.00 1,466,591 22.00 1,512,411 22.00 1,273,209
25.00 1,511,982 25.00 1,559,492 25.00 1,318,910
25.01 1,269,456 25.01 1,306,243 25.01 1,025,998
28.00 1,311,876 28.00 1,350,190 28.00 1,068,171
30.00 1,340,499 30.00 1,379,848 30.00 1,096,632
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5.3.3 The geometry for this alternative is given in table Q-15. As this scenario involves
dredging only from the mouth through reach 5, the input geometry was limited to the
federal channel in those reaches (1, 2, 3, 4 and 5), the berthing areas (R03, R05 and L05)
and the PCB hot spot (1.06). The designations "R" and "L" denote the right and left
overbank areas. As described in the baseline section above, considering the surface area
of downstream five reaches, and availability of sediment, the sediment rate to be used for
this plan would be 0.20 feet/year. All other values in the geometry file, including the
initial elevations set to the 1994 soundings, were identical with those used in the baseline
condition run.

Table Q-15: Partial Plan Geometry File

RCH AREA-FED AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB

1 2,217,798 441,125 548,673 -1.54 -1.06 5.67

2 1,947,848 344,692 608, 320 1.21 10.24 10.33

3 1,176,838 1 541,092 -0.56 -0.16 11.77

4 2,644,745 699,734 18,666 2.73 13.95 12.39

5 987,581 1 1 -1.89 0.94 2.23
RO3 774,480 1 1 -0.16 -0.16 ~-0.16
RO5 100,249 1 1 0.94 0.94 0.94
LO5 159,791 1 1 2.23 2.23 2.23
Lo6 38,764 1 1 5.89 5.89 5.89
Notes: RCH Reach 1 through 5, with overbanks

AREA-FED Area of the federal channel (square feet)
AREA-NRB Area of the right overbank (square feet)
AREA-NLB Area of the left overbank (square feet)
DPTH-FED Depth of the federal channel (feet)
DPTH-NRB Depth of the right overbank (feet)
DPTH-NLB Depth of the left overbank (feet)
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Table Q-15 (Cont'd): Partial Plan Geometry File

RCH LEN-NRB LEN-NLB SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG

1 2,771 2,763 10 10 0.00 4.70 0.20 3.70
2 2,489 2,705 10 10 0.00 4.70 0.20 3.70
3 1 1,975 10 10 0.00 4.70 0.20 3.70
4 4,356 336 10 10 0.00 4.70 0.20 3.70
5 1 1 10 10 0.00 4.70 0.20 3.70
R0O3 1 1 10 10 0.00 4.70 0.20 3.70
ROS5 1 1 10 10 0.00 4.70 0.20 3.70
L0S 1 1 10 10 0.00 4.70 0.20 3.70
.06 1 1 10 10 0.00 4.70 0.20 3.70
Notes: REACH Reaches 1 through 5
LEN-NRB Total length >f right bank area (feet)
LEN-NLB Total length of left bank area (feet)
SLP-NRB Slope of right bank area (feet/feet)
SLP-NLB Slope of left bank area (feet/feet)
DEP-EQL Steady state deposition rate (feet/year)
DPTH-EQL Steady State deposition depth (feet)
DEP-DRG Sediment trap deposition rate (feet/year)

DPTH-DRG Sediment trap deposition depth (feet)

5.3.4 The dredging plan was based on a number of controlling factors. As prescribed in
the Environmental Engineering Appendix F, the maximum rate at which you can fill the
CDF is limited by the drying time between successive layer of sediments, from
successive dredging operations. This requirement provided the upper limit on each
operation, and limits the operation to three foot lifts. The plan was implemented by
dredging the priority areas (federal channel areas 1-5 and berthing areas R03, R05 and
L.05) and alternating the use of each cell, starting with the southwest cell in 2000 and
switching to the southeast cell in 2001. The dredging continued using this plan until
2008, when all of the priority areas where dredged to at least project depth. In 2009 the
PCP hot spot in L06 was dredged out and placed into the southeast cell. After that the
dredging cycle was switched to no dredging, southwest cell, southeast cell. This final
cycle continued from 2010 until the CDF was filled to elevation 30 feet in 2027.

5.3.5 The Partial Plan was executed using the geometric data and the dredging plan
given above. Table Q-16 gives the annual averages, table Q-17 gives the federal channel
depths for each reach and year, and table Q-18 gives the volumes dredged for each reach
and year. All tables give values for the entire period of from 1995 through 2045. It is
noted that the dredging plan provides reasonably low elevations throughout the project
life.
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Table Q-16:

Partial Plan Annual Averages

RCH SLE-F SLF-R SLF-L SED-F SED-R SED-L
1 +0.01 +0.00 -0.04 +0.17 +0.17 +0.17
2 +0.07 -0.19 -0.11 +0.17 +0.17 +0.17
3 +0.04 -0.12 -0.09 +0.17 +0.17 +0.17
4 +0.07 -0.24 -0.31 +0.17 +0.17 +0.17
5 +0.00 -0.14 -0.17 +0.17 +0.17 +0.17
RO3 +0.00 -0.12 -0.12 +0.17 +0.17 +0.17
RO5 +0.00 -0.14 -0.14 +0.17 +0.17 +0.17
LO5 +0.00 -0.17 -0.17 +0.17 +0.17 +0.17
LO6 +0.00 -0.27 -0.27 +0.17 +0.17 +0.17
RCH DPTH-D DPTH-F DPTH-R DPTH-L
1 -0.11 +0.47 +4.00 +9.66
2 -0.22 +0.95 +8.09 +12.00
3 -0.15 +0.65 +0.86 +14.21
4 -0.25 +1.12 +9.40 +4.15
5 -0.09 +0.36 +0.50 +0.50
RO3 -0.12 +0.68 +0.84 +0.84
RO5 -0.15 +0.84 +1.03 +1.03
LO5 -0.17 +0.98 +1.20 +1.20
106 -0.27 +1.63 +1.94 +1.94
Notes: RCH Reach
SLEF-FED Total sloughed into federal chan (feet)
SLF-FED Total sloughed from right bank (feet)
SLF-FED Total sloughed from left bank (feet)
SLF-FED Total sediment into federal chan({feet)
SLF-FED Total sediment into right bank (feet)
SLF-FED Total sediment into left bank (feet)
DPTH-F Depth of federal channel (feet)
DPTH-R Depth of right bank (feet)
DPTH-L Depth of left bank (feet)
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Table Q-17: Partial Plan
Depths in the Federal Channel (feet)

Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5

1995 -1.34 1.73 -0.36 3.63 -1.69
1996. -1.14 1.93 -0.16 3.83 -1.49
1997 -0.94 2.13 0.04 4.03 -1.29
1998 -0.74 2.33 0.24 4.23 -1.09
1999 -0.54 2.53 0.44 4.43 -0.89
2000 -0.34 2.73 0.64 3.05 -0.69
2001 -0.14 2.38 0.84 2.38 -0.49
2002 0.06 1.86 1.04 1.86 -0.29
2003 0.26 1.34 1.24 1.34 -0.09
2004 0.46 0.98 0.98 0.98 0.11
2005 0.61 0.61 0.61 0.61 0.31
2006 0.40 0.40 0.40 0.40 0.40
2007 0.20 0.20 0.20 0.20 0.20
2008 0.01 0.01 0.01 0.01 0.01
2008 0.21 -0.50 -0.50 -0.34 0.21
2010 0.41 0.00 -0.03 0.00 0.41
2011 -0.05 -0.05 -0.05 -0.05 -0.05
2012 -0.24 = -0.24 -0.24 -0.24 -0.24
2013 -0.04 0.12 0.11 0.06 -0.04
2014 -=0.20 -0.20 -0.20 -0.20 -0.20
2015 -0.36 -0.36 -0.36 -0.36 -0.36
2016 -0.10 0.01 0.00 -0.06 -0.16
2017 -0.31 -0.31 -0.31 -0.31 -0.31
2018 -0.47 -0.47 -0.47 -0.47 -0.47
2019 -0.18 -0.10 -0.11 -0.17 -0.27
2020 -0.38 -0.38 -0.38 -0.38 -0.38
2021 -0.50 -0.50 -0.50 -0.50 -0.50
2022 -0.22 -0.14 -0.15 -0.21 -0.30
2023 -0.41 -0.41 -0.41 -0.41 -0.41
2024 -0.50 -0.50 -0.50 -0.50 -0.50
2025 -0.23 -0.15 -0.16 -0.22 -0.30
2026 -0.03 0.05 0.04 -0.02 -0.10
2027 0.17 0.20 0.20 0.18 0.10
2028 0.37 0.41 0.41 0.38 0.30
2029 0.57 0.61 0.61 0.58 0.50
2030 0.77 0.81 0.81 0.78 0.70
2031 0.97 1.01 1.01 0.98 0.90
2032 1.17 1.21 1.21 1.18 1.10
2033 1.37 1.41 1.41 1.38 1.30
2034 1.57 1.61 l.61 1.58 1.50
2035 1.74 1.78 1.78 1.75 1.67
2036 1.88 1.92 1.92 1.89 1.81
2037 1.99 2.03 2.03 2.00 1.92
2038 2.08 2.12 2.11 2.08 2.00
2039 2.15 2.19 2.18 2.15 2.07
2040 2.20 2.24 2.24 2.21 2.13
2041 2.25 2.29 2.28 2.26 2.17
2042 2.28 2.32 2.32 2.29 2.21
2043 2.31 2.35 2.35 2.32 2.24
2044 2.34 2.38 2.37 2.34 2.26
2045 2.35 2.39 2.39 2,36 2.28
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Table Q-17 (Cont'd): Partial Plan Depths
Year Rch RO3 Rch RO5 Rch L0O5 Rch LO6
1995 0.04 1.14 2.43 6.09
1996 0.24 1.34 2.63 6.29
1997 0.44 1.54 2.83 6.49
1998 0.64 1.74 3.03 6.69
1999 0.84 1.94 3.23 6.89
2000 1.04 2.14 3.05 7.09
2001 1.24 2.34 2.38 7.29
2002 1.44 1.86 1.86 7.49
2003 1.34 1.34 1.34 7.69
2004 .0.98 0.98 0.98 7.89
2005 0.61 0.61 0.61 8.09
2006 0.40 0.40 0.40 8.29
2007 0.20 0.20 0.20 8.49
2008 0.01 0.01 0.01 8.69
2009 0.21 0.21 0.21 -2.00
2010 0.41 0.41 0.41 -1.80
2011 -0.05 -0.05 ~0.05 -1.60
2012 -0.24 -0.24 -0.24 -1.40
2013 -0.04 -0.04 -0.04 -1.20
2014 -0.20 -0.20 -0.20 -1.00
2015 -0.36 -0.36 -0.36 -0.80
2016 -0.16 -0.16 -0.16 -0.60
2017 -0.31 -0.31 -0.31 -0.40
2018 -0.47 -0.47 -0.47 -0.20
2019 -0.27 -0.27 -0.27 0.00
2020 -0.38 -0.38 -0.38 0.20
2021 -0.50 -0.50 -0.50 ~1.78
2022 -0.30 -0.30 -0.30 -1.58
2023 -0.41 -0.41 -0.41 -1.38
2024 -0.50 -0.50 -0.50 -2.00
2025 -0.30 -0.30 -0.30 -1.80
2026 -0.10 -0.10 ~-0.10 -1.60
2027 0.10 0.10 0.10 -1.40
2028 0.30 0.30 0.30 -1.20
2029 0.50 0.50 0.50 -1.00
2030 0.70 0.70 0.70 -0.80
2031 0.90 0.90 0.90 -0.60
2032 1.10 1.10 1.10 -0.40
2033 1.30 1.30 1.30 -0.20
2034 1.50 1.50 1.50 0.00
2035 1.67 1.67 1.67 0.17
2036 1.81 1.81 1.81 0.31
2037 1.92 1.92 1.92 0.42
2038 2.00 2.00 2.00 0.50
2039 2.07 2.07 2.07 0.57
2040 2.13 2.13 2.13 0.63
2041 2.17 2.17 2.17 0.67
2042 2.21 2.21 2.21 0.71
2043 2.24 2.24 2.24 0.74
2044 2.26 2.26 2.26 0.76
2045 2.28 2.28 2.28 0.78
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Partial Plan Dredging Volumes

(000 cubic yards)

Table Q-18:

Reach 5

Reach 3 Reach 4
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Year

000000000000630083025082037036000000000000000000000

0000000000044400340330230_I_1010000000000000000000000
— * N o~ — — — i ~

00000 0 022000000000000000000000
00000 0 087000000000000000000000

M ™M

154. 8
117.5
90.1
74.4
71.5
54.9
50.9
49.0
63.7

0.0
24.5
44.1

0.0
44.1
45.1

0.0
44.1
45.1
40.2
40.2

000000000089719060087027055062007000000000000000000

OOOOOOOOOO4—./837090012022000099001000000000000000000
NN~ ANM N NN NN NN —

000000046814069039082052066025006000000000000000000
0000009809954240_/3068078044032003000OOOOOOOOOOOOOOO
MO < O — M M m M oM m m M ™M

000000000017900040064071099024000000000000000000000
OOOOO0000043220032090036022010000000000000000000000

MmN m M N ™M m M M m m o
DWW OO ANMITOOWE-OHDOO—TNNTNOFOAOOANNITNWOWEONANOANMTWOEOONOANM<TN
DO ANODOOOOOOCOOOOOO A dd A d At AN NNNNNNNNNOOMNMOMOMOMMOMOO <P << <t <0 <5
[NoNONONoNeReoBoNoNeolvloNoNeololeolojoloRoeololoNoleNoNoNoloRoloNoloNaNoloRoNoNeoNeoNoNeoReoRoNeoReoNoNe Ne Ne Ne)
A A A AN NNNNNNNNNNNNANNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Q-32



Partial Plan Volumes

(Cont'd):

Table Q-18

Rch L0O6

Rch LO5

Rch RO5

Rch RO3

Year
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5.4 COMPLETE FEDERAL CHANNEL PLAN

5.4.1 The Complete Federal Channel Dredging Plan consists of dredging the entire
federal navigation project to authorized depths, plus an average of one-half foot
overdepth, from the entrance in Lake Michigan to the upstream project limits on the Lake
George and Calumet River Branches (reaches 1 through 13). Priority would be given to
dredging the PCB hot spots in reaches 6 and 13 in about years 2005-2006 of the dredging
operations. Dredging in the berthing areas in reaches 1 through 5 would be the same as in
Alternative 1. In addition, the berthing area along the Inland Steel plant 3 blast furnace
dock in reach 7 and the American Oil Company dock in the downstream 1,400 feet of
reach 11 would be dredged to -22 feet LWD, plus an average of one-half foot overdepth.

5.4.2 The dredge material from the Compete Plan would be placed in the south and
north lobes of the CDF (see plates 14 and 15). These lobes have approximately 4.2
million cubic yards in capacity. As described in the section on the Dredge Model, the
procedure used in allocating the dredge volume consisted of allowing specified cells to be
used in a given project year. Material would be placed into the cells using three foot lifts
and allowed to dry for at least one year without any additional material placed on top.
The geometry for the CDF is given in table Q-14.

5.4.3 The geometry for this alternative is given in table Q-19. As this scenario involves
dredging the mouth through reach 13, the input geometry consists of the federal channel
in those reaches (1 - 13), the berthing areas (R03, R04, R0S5, L05, RO7 and 1.11) and the
PCB hot spots (L06, U13). As before, the designations "R" and "L" denote the right and
left overbank areas, and "U" denotes the upstream end. As described in the baseline
section above, considering the surface area of the 13 reaches, and the availability of
sediment, the sediment rate to be used for this plan would be 0.16 feet/year. All other
values in the geometry file, including the initial elevations set to the 1994 soundings,
were identical with those used in the baseline condition run.
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Table Q-19:

Complete Plan Geometry File

RCH AREA-FED AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB .
1 2,217,798 441,125 548,673 -1.54 -1.06 5.67
2 1,947,848 344,692 608,320 1.21 10.24 10.33
3 1,176,838 1 541,092 -0.56 -0.16 11.77
4 2,644,745 1 18,666 2.73 13.95 12.39
5 987,581 1 1 -1.89 0.94 2.23
6 251,025 21,696 1 -3.07 6.14 5.89
7 248,816 1 33,425 -3.42 0.99 7.75
8 351,637 224,707 367,638 0.88 13.90 14.89
9 371,207 50,870 198,154 2.21 11.06 13.50
10 163,078 23,077 20,351 -1.99 3.90 1.12
11 394,701 43,792 56,993 -0.56 4.97 4.13
12 187,771 75,302 24,765 2.57 14.74 2.92
13 348,482 42,209 26,577 8.65 13.26 11.73
RO3 774,480 1 1 -0.16 -0.16 -0.16
RO4 699,734 1 1 13.95 13.95 13.95
RO5 100,249 1 1 0.94 0.94 0.94
LO5 159,791 1 1 2.23 2.23 2.23
LO6 38,764 1 1 5.89 5.89 5.89
RO7 56,220 1 1 0.99 0.99 0.99
L1l1 20,038 1 1 4.13 4.13 4.13
Ul3 349,282 1 1 9.31 9.31 9.31
Notes: REACH Reaches 1 through 13
AREA-FED Area of the federal channel (square feet)
AREA-NRB Area of the right overbank (square feet)
AREA-NLB Area of the left overbank (square feet)
DPTH-FED Depth of the federal channel (feet)
DPTH-NRB Depth of the right overbank (feet)
DPTH-NLB Depth of the left overbank (feet)
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Table Q-19 (Cont'd): Complete Plan Geometry File
RCH LEN-NRB LEN-~NLB SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG
1 2,771 2,763 ~10 10 0.00 4.70 0.16 3.70
2 2,489 2,705 10 10 0.00 4.70 0.16 3.70
3 1 1,975 10 10 0.00 4.70 0.16 3.70
4 1 336 10 10 0.00 4.70 0.16 3.70
5 1 1 10 10 0.00 4.70 0.16 3.70
6 1,136 1 10 iN] 0.00 4.70 0.16 3.70
7 1 1,215 10 10 0.00 4.70 0.16 3.70
8 2,201 2,193 10 10 0.00 4.70 0.16 3.70
9 1,918 1,156 10 10 0.00 4.70 0.106 3.70
10 1,046 1,009 10 10 0.00 4.70 0.16 3.70
11 2,026 1,134 10 10 0.00 4.70 0.16 3.70
12 1,122 1,116 10 10 0.00 4.70 0.16 3.70
13 1,384 1,488 10 10 0.00 4.70 0.16 3.70
RO3 1 1 10 10 0.00 4.70 0.16 3.70
RO4 1 1 10 10 0.00 4.70 0.16 3.70
ROS 1 1 10 10 0.00 4.70 0.16 3.70
LO5 1 1 10 10 0.00 4.70 0.16 3.70
L06 1 1 10 10 0.00 4.70 0.16 3.70
RO7 1 1 10 10 0.00 4.70 0.16 3.70
L1l 1 1 10 10 0.00 4.70 0.16 3.70
U13 1 1 10 10 0.00 4.70 0.16 3.70
Notes: REACH Reaches 1 through 13

LEN-NRB Total length of right bank area (feet)
LEN-NLB Total length of left bank area (feet)
SLP-NRB Slope of right bank area (feet/feet)
SLP-NLB Slope of left bank area (feet/feet)
DEP-EQL Steady state deposition rate (feet/year)
DPTH-EQL Steady State deposition depth (feet)
DEP-DRG Sediment trap deposition rate (feet/year)
DPTH-DRG Sediment trap deposition depth (feet)

5.4.4 To maximize the navigation benefits, the plan was implemented by dredging the
priority areas first (federal channel areas 1-5 and berthing areas R03, R04, R0O5 and L0S).
The dredging is accomplished by alternating the use of the cells, starting with the
southwest cell in 2000 and switching to the southeast and north cells in 2001. To
optimize navigation benefits federal channel area 8 was dredged in 2004-2005. In 2006-
2007 the PCP hot spots in L06 and U13 were dredged. In 2008-2009 the remaining non-
priority areas important for navigation (federal channel 6-11, R07 and L11) were
dredged. The dredging continued using this plan until 2009, when all of the navigation
and heavily polluted areas were dredged to project depth at least once. After that the
dredging cycle was switched to no dredging, southwest, southeast cell, and north cell.
This final cycle continued from 2010 until the CDF was filled to elevation 30 feet in
2030.
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5.4.5 The Complete Plan was executed using the geometric data and the dredging plan
given above. Table Q-20 gives the annual averages, table Q-21 gives the federal channel
depths for each reach and year, and table Q-22 gives the volumes dredged for each reach
and year. All tables give values for the entire period of from 1993 through 2042. It is
noted that the dredging plan provides reasonably low elevations throughout the project
life.

Table Q-20: Complete Plan Annual Averages

RCH SLF-F SLF-R SLF-L SED-F SED-R SED-L
1 +0.01 +0.00 -0.04 +0.16 +0.16 +0.16
2 +0.06 -0.18 -0.10 +0.16 +0.16 +0.16
3 +0.04 -0.12 -0.08 +0.16 +0.16 +0.16
4 +0.00 ~-0.39 -0.31 +0.16 +0.16 +0.16
5 +0.00 -0.14 -0.16 +0.16 +0.16 +0.16
6 +0.02 -0.20 -0.22 +0.16 +0.16 +0.16
7 +0.03 -0.14 -0.24 +0.16 +0.16 +0.16
8 +0.42 -0.28 -0.23 +0.16 +0.16 +0.16
9 +0.15 -0.29 -0.20 +0.16 +0.16 +0.16

10 +0.04 -0.16 -0.10 +0.16 +0.16 +0.16
11 +0.04 -0.19 -0.14 +0.16 +0.16 +0.16

12 +0.16 -0.33 -0.14 +0.16 +0.16 +0.16

13 +0.06 -0.33 -0.32 +0.16 +0.16 +0.16
RO3 +0.00 -0.12 -0.12 +0.16 +0.16 +0.16
RO4 +0.00 -0.39 -0.39 +0.16 +0.16 +0.16
RO5 +0.00 -0.14 -0.14 +0.16 +0.16 +0.16
LO5 +0.00 -0.16 -0.16 +0.16 +0.16 +0.16
LO6 +0.00 -0.25 -0.25 +0.16 +0.16 +0.16
RO7 +0.00 -0.12 -0.12 +0.16 +0.16 +0.16
L1l +0.00 -0.19 -0.19 +0.16 +0.16 +0.16
Ul3 +0.00 -0.32 -0.32 +0.16 +0.16 +0.16

Notes: RCH Reach
SLF-FED Total sloughed into federal chan{(feet)
SLF-FED Total sloughed from right bank (feet)
SLF-FED Total sloughed from left bank (feet)
SLEF-FED Total sediment into federal chan (feet)

SLF-FED Total sediment into right bank (feet)
SLF-FED Total sediment into left bank (feet)
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Table Q-20 (Cont'd): Complete Plan
Annual Averages

RCH DPTH-D DPTH-F DPTH-R DPTH-L

1 -0.10 -0.03 +3.05 +9.03
2 -0.21 +0.49 +7.62 +11.52
3 -0.15 +0.16 +0.36 +13.71
4 -0.18 +0.62 +0.84 +3.57
5 -0.08 -0.10 +0.03 +0.03
6 -0.06 +0.25 +1.26 +0.35
7 -0.08 +0.01 +0.15 +1.47
8 -0.55 +1.73 +7.38 +10.66
9 -0.29 +1.69 +3.31 +10.56
10 -0.10 +0.51 +1.71 +1.62
11 -0.14 +0.80 +2.02 +3.45
12 -0.31 +2.02 +5.67 +3.12
13 -0.34 +2.92 +4.78 +4.15
RO3 -0.12 +0.18 +0.34 +0.34
RO4 -0.40 +1.77 +2.21 +2.21
RO5 -0.14 +0.34 +0.53 +0.53
L05 -0.17 +0.51 +0.71 +0.71
L06 -0.25 +0.76 +1.05 +1.05
RO7 -0.13 +1.02 +1.18 +1.18
L11 -0.19 +1.69 +1.92 +1.92
Ul3 -0.32 +1.51 +1.86 . +1.86
Notes: RCH Reach
DPTH-F Depth of federal channel (feet)
DPTH-R Depth of right bank (feet)
DPTH-L Depth of left bank (feet)
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Table Q-21:

Complete Plan

Depths in the Federal Channel (feet)
Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7
1995 -1.38 1.69 -0.40 2.94 -1.73 -2.25 -2.10
1996 -1.22 1.85 -0.24 3.10 -1.57 -2.09 -1.94
1997 -1.06 2.01 -0.08 3.26 -1.41 -1.93 -1.78
1998 -0.90 2.17 0.08 3.42 -1.25 -1.77 -1.62
1999 -0.75 2.32 0.23 3.57 -1.10 -1.62 ~1.47
2000 -0.62 2.44 0.36 3.69 -0.97 -1.50 -1.34
2001 -0.48 2.53 0.50 2.53 -0.83 -1.35 -1.20
2002 -0.32 1.90 0.66 1.90 -0.67 -1.19 -1.04
2003 -0.16 0.69 0.69 0.69 -0.51 -1.03 -0.88
2004 0.00 0.59 0.59 0.59 -0.35 ~-0.87 -0.72
2005 -0.10 -0.10 -0.10 -0.10 -0.19 -0.71 -0.56
2006 0.06 0.36 0.006 0.07 -0.03 -0.55 -0.40
2007 0.22 0.52 0.22 0.23 0.13 -0.39 -0.24
2008 0.38 0.68 0.38 0.39 0.29 -0.39 -0.39
2009 -0.05 -0.50 -0.50 0.52 0.45 -0.50 -0.50
2010 0.11 0.10 -0.05 0.68 0.61 -0.32 -0.30
2011 0.00 0.00 0.00 0.00 0.00 -0.16 ~-0.14
2012 -0.25 -0.25 -0.25 -0.25 -0.25 0.00 0.02
2013 -0.38 -0.38 -0.38 -0.38 -0.38 0.16 0.18
2014 -0.22 -0.07 -0.08 -0.22 -0.22 0.32 0.34
2015 -0.42 -0.42 -0.42 -0.42 -0.42 0.48 0.50
2016 -0.50 -0.50 -0.50 -0.50 -0.50 0.64 0.66
2017 -0.50 -0.50 -0.50 -0.50 -0.50 0.80 0.82
2018 -0.34 -0.24 -0.25 -0.34 -0.34 0.96 0.98
2019 -0.50 -0.50 -0.50 -0.50 -0.50 1.12 1.14
2020 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2021 -0.50 -0.50 -0.50 -0.50 -0.50 -0.20 -0.13
2022 -0.30 -0.26 -0.26 -0.34 -0.34 -0.04 0.03
2023 -0.50 -0.50 -0.50 -0.50 -0.50 0.12 0.19
2024 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2025 -0.50 -0.50 -0.50 -0.50 -0.50 -0.28 -0.24
2026 -0.30 -0.26 -0.26 ~0.34 -0.34 -0.12 -0.08
2027 -0.14 -0.10 -0.10 -0.18 -0.18 0.04 0.08
2028 -0.36 ~-0.36 -0.36 -0.36 -0.36 0.20 0.24
2029 -0.50 -0.50 -0.50 -0.50 -0.50 0.36 0.40
2030 -0.50 -0.50 -0.50 -0.50 -0.50 0.52 -0.50
2031 -0.29 -0.24 -0.25 ~-0.34 -0.34 0.68 -0.21
2032 -0.13 -0.08 -0.09 -0.18 -0.18 0.84 -0.05
2033 0.03 0.08 0.07 -0.02 -0.02 1.00 0.11
2034 0.19 0.24 0.23 0.14 0.14 1.16 0.27
2035 0.35 0.40 0.39 0.30 0.30 1.32 0.43
2036 0.51 0.56 0.55 0.46 0.46 1.48 0.59
2037 0.67 0.72 0.71 0.62 0.62 1.64 0.75
2038 0.83 0.88 0.87 0.78 0.78 1.80 0.91
2039 0.99 1.04 1.03 0.94 0.9%4 1.96 1.07
2040 1.15 1.20 1.19 1.10 1.10 - 2.12 1.23
2041 1.31 1.36 1.35 1.26 1.26 2.28 1.39
2042 1.47 1.52 1.51 1.42 1.42 2.44 1.55
2043 1.63 1.68 1.67 1.58 1.58 2.60 1.71
2044 1.79 1.84 1.83 1.74 1.74 2.76 1.87
2045 1.94 2.00 1.99 1.90 1.90 2.92 2.02
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Table Q-21 (Cont'd): Complete Plan Depths

Year Reach 8 Reach 9 Reachl0 Reachll Reachl2 Reachl3
1995 5.12 3.86 -1.09 0.24 5.25 9.26
1996 5.28 4.02 -0.93 0.40 5.41 9.42
1997 5.44 - 4.18 -0.77 0.56 5.57 9.58
1998 5.60 4.34 -0.61 0.72 5.73 9.74
1999 5.75 4.49 -0.46 0.87 5.88 9.89
2000 5.87 4.061 -0.33 1.00 6.13 10.02
2001 6.02 4.76 -0.19 1.14 6.28 10.16
2002 6.18 4.92 -0.03 1.30 6.44 10.32
2003 6.34 5.08 0.13 1.46 6.60 10.48
2004 0.59 5.24 0.29 1.62 6.76 10.64
2005 -0.10 5.40 0.45 1.78 6.92 10.80
2006 2.92 5.56 .61 1.94 7.08 10.96
2007 1.25 -0.50 0.77 2.10 -0.50 -0.50
2008 -0.39 -0.39 -0.39 -0.39 -0.39 -0.39
2009 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2010 0.99 0.18 -0.22 -0.18 0.08 -0.24
2011 1.15 0.34 -0.06 ~-0.02 0.24 -0.08
2012 1.31 0.50 0.10 0.14 0.40 0.08
2013 1.47 0.66 0.26 0.30 0.56 0.24
2014 1.63 0.82 0.42 0.46 0.72 0.40
2015 1.79 0.98 0.58 0.62 0.88 0.56
2016 -0.50 -0.01 0.74 0.78 1.04 0.72
2017 -0.50 0.61 0.90 0.84 -0.50 0.88
2018 0.72 0.77 1.06 1.02 0.25 1.04
2019 0.88 0.93 -0.50 1.18 0.41 0.00
2020 1.04 -0.49 0.02 -0.50 0.57 0.36
2021 -0.50 -0.50 -0.50 0.03 -0.50 -0.50
2022 0.73 -0.02 -0.20 0.19 0.09 -0.17
2023 0.05 0.14 -0.04 0.35 0.25 -0.01
2024 -0.50 -0.50 0.12 -0.50 -0.50 0.15
2025 -0.50 -0.50 -0.50 -0.28 -0.50 -0.50
2026 0.25 -0.15 -0.18 -0.09 -0.17 -0.21
2027 0.41 0.01 -0.02 0.07 -0.01 -0.05
2028 0.57 0.17 0.14 0.23 0.15 0.11
2029 0.15 0.33 0.30 0.39 0.31 0.27
2030 -0.50 0.49 0.46 0.03 0.47 0.43
2031 0.40 0.65 0.62 0.29 0.63 0.59
2032 0.56 0.81 0.78 0.45 0.79 0.75
2033 0.72 0.97 0.94 0.61 0.95 0.91
2034 0.88 1.13 1.10 0.77 1.11 1.07
2035 1.04 1.29 1.26 0.93 1.27 1.23
2036 1.20 1.45 1.42 1.09 1.43 1.39
2037 1.36 1.61 1.58 1.25 1.59 1.55
2038 1.52 1.77 1.74 1.41 1.75 1.71
2039 1.68 1.93 1.90 1.57 1.91 1.87
2040 1.84 2.09 2.06 1.73 2.07 2.03
2041 2.00 2.25 2.22 1.89 2.23 2.19
2042 2.16 2.41 2.38 2.05 2.39 2.35
2043 2.32 2.57 2.54 2.21 2.55 2.51
2044 2.48 2.73 2.70 2.37 2.71 2.67
2045 2.63 2.89 2.86 2.53 2.86 2.83
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Table Q-21

(Cont'd):

Complete Plan

Depths

Year Rch RO3 Rch R0O4

Rch R05 Rch LO5S

1995
1996
1997
1998
1999
2000
2001
20602
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
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2030
2031
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2037
2038
2033
2040
2041
2042
2043
2044
2045

OO0 OOHOOODOOOO

.00
.16
.32
.48
.63
.76
.90
.06
.69
.59
.10
.06
.22
.38
.50
.34
.18
.25
.38
.22
.42
.50
.50
.34
.50
.50
.50
.34
.50
.50
.50
.34
.18
.36
.50
.50
.34
.18
.02
.14

0.30

HFRHRPEPREO000

.46
.62
.78
.94
.10
.26
.42
.58
.74
.90

14.

14

14
14

b b B e S O OO OO O

11

.27
14.

43

.59
.74
.80
.53
.90
.69
.59

COOCOOQORNKEFHHPH

PFRPRHPHRHOOOOOO

.10
.26
.42
.58
.73
.86
.00
.90
.69
.59
.10
.06
.22
.38
.50
.34
.18
.25
.38
.22
.42
.50
.50
.34
.50
.50
.50
.34
.50
.50
.50
.34
.18
.36
.50
.50
.34
.18
.02
.14
.30
.46
.62
.78
.94
.10
.26
.42
.58
.74
.90

OOOCOOCOOHNWWNNNDND

HRHERPROO0O0O0O

Q-41

.39
.55
.71
.87
.02
.15
.53
.90
.69
.59
.10
.06
.22
.38
.50
.34
.18
.25
.38
.22
.42
.50
.50
.34
.50
.50
.50
.34
.50
.50
.50
.34
.18
.36
.50



Table Q-21 (Cont'd): Complete Plan Depths

Year Rch L06 Rch RO7 Rch L11 Rch Ul3

1895 6.05 1.15 4.29 9.47
1996 6.21 1.31 4.45 9.63
1997 6.37 1.47 4.61 9.79
1998 6.53 1.63 4.77 9.95
1999 6.68 1.78 4.92 10.10
2000 6.81 1.91 5.05 10.23
2001 6.95 2.05 5.19 10.37
2002 7.11 2.21 5.35 10.53
2003 7.27 2.37 5.51 10.69
2004 7.43 2.53 5.67 10.85
2005 7.59 2.69 5.83 11.01
2006 -1.11 2.85 5.99 -1.11
2007 -2.00 3.01 -0.50 -2.00
2008 -1.84 -0.39 -0.39 -1.84
2009 -1.68 -0.50 -0.50 -1.68
2010 -1.52 -0.34 -0.34 -1.52
2011 -1.36 -0.18 -0.18 -1.36
2012 -1.20 -0.02 -0.02 -1.20
2013 -1.04 0.14 0.14 -1.04
2014 -0.88 0.30 0.30  -0.88
2015 -0.72 0.46 0.46 -0.72
2016 -0.56 0.62 0.62 -0.56
2017 -2.00 0.78 0.78 -2.00
2018 - -1.84 0.94 0.94 -1.84
2019 -1.68 1.10 1.10 -1.68
2020 -1.52 -0.50 -0.50 -1.52
2021 -2.00 -0.34 -0.34 -1.71
2022 -1.84 -0.18 -0.18 -1.55
2023 -1.68 -0.02 ~-0.02 -1.39
2024 -1.52 0.14 0.14 -1.79
2025 -2.00 -0.50 -0.50 -2.00
2026 -1.84 -C.34 -0.34 -1.84
2027 -1.68 ~0.18 -0.18 '-1.68
2028 -1.52 -0.02 -0.02 -1.52
2029 -1.36 .14 0.14 -1.36
2030 -1.20 0.30 0.30 -1.20
2031 -1.04 0.46 0.46 -1.04
2032 -0.88 0.62 0.62 -0.88
2033 -0.72 0.78 0.78 -0.72
2034 -0.56 0.94 0.94 -0.56
2035 -0.40 1.10 1.10 -0.40
2036 -0.24 1.26 1.26 -0.24
2037 -0.08 1.42 1.42 -0.08
2038 0.08 1.58 1.58 0.08
2039 0.24 1.74 1.74 0.24
2040 0.40 1.90 1.90 0.40
2041 0.56 2.06 2.06 0.56
2042 0.72 2.22 2.22 0.72
2043 0.88 2.38 2.38 0.88
2044 1.04 2.54 2.54 1.04
2045 1.20 2.70 2.70 1.20
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Dredging Volumes (000 cubic yards)

Complete Plan

Table Q-22:

Reach 5 Reach 6 Reach 7

Reach 4

Reach 2 Reach 3

Reach 1

Year
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Complete Plan Dredging Volumes

(Cont'd):

Table Q-22

Reachl3

Reachl?2

Reach 9 Reachl0O

Reach 8

Year
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OOOOOOOOOOOOO46000OOOOO05020005000OOOOOOOOOOOOOOOOO
000000000000057000000000503000OOOOOOOOOOOOOOOOOOOOO

n N
—t

0000000000008840000000800060033000OOOOOOOOOOOOOOOOO

OOOOOOOOOOOO3880000000100080063000OOOOOOOOOOOOOOOOO
) i

0000000000000_/8000000050090008200006000000000000000

00000000000008100000001006000420000_/OOOOOOOOOOOOOOO
™M

00000000000003000OOOOOO401000700000000000000000000
00000000000008300000OOOOO04000400000000000000000000

000000000000517000000_/OOO_/10006000OOOOOOOOOOOOOOOOO

000000000000557000OOO5000.|_100160000000000000000000O
o M —l N — —

™~ NN MmN [at} — -
5678901234567890123456_/8901234567890123456789012345
999990000000000111.I_llll_I.122222222223333333333444444
999990000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
111112222222222222222222222222222222222222222222222

Q-44



Complete Plan Volumes

(Cont'd):

Table Q-22

Rch R05 Rch LOS

Year Rch RO3 Rch RO4.
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Complete Plan Volumes

(Cont'd):

Table Q-22

Rch L11 Rch U113

Rch L06 Rch R0O7

Year
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5.5 COOPERATIVE FEDERAL CHANNEL PLAN

5.5.1 The Cooperative Federal Channel Dredging Plan includes the complete federal
channel dredging and the associated berthing area dredging of Altemative 2, plus a one-
time complete dredging of all of the remaining Inland Steel Company dockface areas
from the downstream end of the hopper dock up to, but not including, the turning basin in
reach 9. This additional dredging would occur in the northern 800 feet of reach 2 and in
reaches 3, 4, 6 and 8. The target depths in reaches 2,3 and 4 would be -28 feet LWD, plus

an average of one-half foot overdepth and -22 feet LWD, plus an average of one-half foot
overdepth in reaches 6 and 8.

5.5.2 As in the case of the Complete Plan, the dredge material from the Cooperative
Plan would be placed in the south and north lobes of the CDF (see plates 14 and 15).
These lobes have approximately 4.2 million cubic yards in capacity. As described in the
section on the Dredge Model, the procedure used in allocating the dredge volume
consisted of allowing specified cells to be used in a given project year. Material would
be placed into the cells using three foot lifts and allowed to dry for at least one year

without any additional material placed on top. The geometry for the CDF is given in
table Q-14.

5.5.3 The geometry for this alternative is given in table Q-23. As this scenario involves
dredging the mouth through reach 13, the input geometry consists of the federal channel
in those reaches (1 - 13), the berthing areas (R03, R04, R05, 105, R06, R07, RO8 and
L11) and the PCB hot spots (L06, U13). As before, the designations "R" and "L" denote
the right and left overbank areas, and "U" denotes the upstream end. As described in the
baseline section above, considering the surface area of the 13 reaches, and the availability
of sediment, the sediment rate to be used for this plan would be 0.16 feet/year. All other
values in the geometry file, including the initial elevations set to the 1994 soundings,
were 1dentical with those used in the baseline condition run.
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Table Q-23:

Cooperative Plan Geometry File

RCH

AREA-FED

AREA-NRB AREA-NLB DPTH-FED DPTH-NRB DPTH-NLB
1 2,217,798 441,125 548, 673 -1.54 -1.06 5.67
2 1,947,848 344,692 608,320 1.21 10.24 10.33
3 1,176,838 1 541,092 -0.56 -0.16 11.77
4 2,644,745 1 18,666 2.73 13.95 12.39
5 987,581 1 1 -1.89 0.94 2.23
6 251,025 1 1 -3.07 6.14 5.89
7 248,816 1 33,425 -3.42 0.99 7.75
8 351,637 1 367,638 0.88 13.90 14.89
9 371,207 50,870 198,154 2.21 11.06 13.50
10 163,078 23,077 20,351 -1.99 3.90 1.12
11 394,701 43,792 56,993 -0.56 4.97 4.13
12 187,771 75,302 24,765 2.57 14.74 2.92
13 348,482 42,209 26,577 8.65 13.26 11.73
RO3 774,480 1 i -0.16 -0.16 -0.16
RO4 699,734 1 1 13.95 13.95 13.95
ROS5 100,249 1 1 0.94 0.94 0.94
LO5 159,791 1 1 2.23 2.23 2.23
RO6 21,696 1 1 6.14 6.14 6.14
LO6 38,764 1 1 5.89 5.89 5.89
RO7 56,220 1 1 0.99 0.99 0.99
RO8 224,707 1 1 13.90 13.90 13.90
L1l 20,038 1 1 4.13 4.13 4.13
Ul3 349,282 1 1 9.31 9.31 9.31
Notes: REACH Reaches 1 through 13
AREA-FED' Area of the federal channel (square feet)
AREA-NRB Area of the right overbank (square feet)
AREA-NLB Area of the left overbank (square feet)
DPTH-FED Depth of the federal channel (feet)
DPTH-NRB Depth of the right overbank {(feet)
Depth of the leZt overbank (feet)

DPTH-NLB



Table Q-23 (Cont'd): Cooperative Plan Geometry File

RCH LEN-NRB LEN-NLB

SLP-NRB SLP-NLB DEP-EQL DPTH-EQL DEP-DRG DPTH-DRG

1 2,771 2,763 10 10 0.00 4.70 0
2 2,489 2,705 10 10 0.00 4.70 0
3 1 1,975 10 10 0.00 4.70 0
4 1 336 10 10 0.00 4.70 0
5 1 1 10 10 0.00 4.70 0
6 1 1 10 - 10 0.00 4.70 0
7 1 1,215 10 10 0.00 4.70 0
8 1 2,193 10 10 0.00 4.70 0
9 1,918 1,156 10 10 0.00 4.70 0
10 1,046 1,009 10 10 0.00 4.70 0
11 2,026 1,134 10 10 0.00 4.70 0
12 1,122 1,116 10 10 0.00 4.70 0
13 1,384 1,488 10 10 0.00 4.70 0
RO3 1 1 10 10 0.00 4.70 0
RO4 1 1 10 10 0.00 4.70 0
RO5 1 1 10 10 0.00 4.70 0
L05 1 1 10 10 0 4.70 0
RO6 1 1 10 10 0.00 4.70 0
L06 1 1 10 10 0 4.70 0
RO7 1 1 10 10 0.00 4.70 0
RO8 1 1 10 10 0.00 4.70 0
L11 1 1 10 10 0.00 4.70 0
Uil 1 1 10 10 0 4.70 0
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.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
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.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.10
.70
.70
.70
.70
.70
.70
.70
.70
.70

Notes: REACH
LEN-NRB
LEN~NLB
SLP-NRR
SLP-NLB
DEP~EQL
DPTH-EQL
DEP-DRG
DPTH-DRG

5.5.4 To maximize the navigation benefits, the plan was implemented by dredging the

Reaches 1 through 13

Total length of right bank area (feet)
Total length of left bank area (feet)
Slope of right bank area (feet/feet)
Slope of left bank area (feet/feet)
Steady state deposition rate (feet/year)
Steady State deposition depth (feet)
Sediment trap deposition rate (feet/year)
Sediment trap deposition depth (feet)

priority areas first (federal channel areas 1-5 and berthing areas R03, R04, R05 and L05).

The dredging is accomplished by alternating the use of the cells, starting with the
southwest cell in 2000 and switching to the southeast and north cells in 2001. In 2006-

2007 the PCP hot spots in L06 and U13 were dredged. In 2008-2009 the remaining non-
priority areas important for navigation (federal channel 6-11, R06, R0O7, R08 and L11)

were dredged. At the end of 2009 all of the navigation and heavily polluted areas were
dredged to project depth at least once. After this the dredging cycle was switched to no

dredging, southwest, southeast cell, and north cell. This final cycle continued from 2010
until the CDF was filled in 2030.
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5.5.5 The Cooperative Plan was executed using the geometric data and the dredging
plan given above. Table Q-24 gives the annual averages, table Q-25 gives the federal
channel depths for each reach and year, and table Q-26 gives the volumes dredged for
each reach and year. All tables give values for the entire period of from 1995 through

2045. 1t is noted that the dredging plan provides reasonably low elevations throughout
the project life.

Table Q-24: Cooperative Plan Annual Averages

RCH SLF-F SLF-R SLE-L SED-F SED-R SED-L
1 +0.01 +0.00 -0.04 +0.16 +0.16 +0.16
2 +0.06 -0.18 -0.10 +0.16 +0.16 +0.16
3 +0.04 -0.12 -0.08 +0.16 +0.16 +0.16
4 +0.00 -0.39 -0.31 +0.16 +0.16 +0.16
5 +0.00 -0.14 -0.16 +0.16 +0.16 +0.16
6 +0.00 -0.21 -0.21 +0.16 +0.16 +0.16
7 +0.03 -0.11 -0.22 +0.16 +0.16 +0.16
8 +0.23 -0.37 -0.22 +0.16 +0.16 +0.16
9 +0.14 -0.29 -0.19 +0.16 +0.16 +0.16
iQ +0.04 -0.16 -0.10 +0.16 +0.16 +0.16
11 +0.04 ~0.17 -0.13 +0.16 +0.16 +0.16
i2 +0.16 -0.32 -0.13 +0.16 +0.16 +0.16
i3 +0.06 -0.33 -0.31 +0.16 +0.16 +0.16
RO3 +0.00 -0.12 -0.12 +0.16 +0.16 +0.16
RO +0.00 -0.39 -0.39 +0.16 +0.16 +0.16
R35 +0.00 -0.14 -0.14 +0.16 +0.16 +0.16
.35 +0.00 -0.16 -0.16 +0.16 +0.16 +0.16
RO6 +0.00 -0.24 -0.24 +0.16 +0.16 +0.16
L6 +0.00 -0.27 -0.27 +0.16 +0.16 +0.16
R37 +0.00 -0.14 -0.14 +0.16 +0.16 +0.16
RO8 +0.00 -0.38 -0.38 +0.16 +0.16 +0.16
111 +0.00 -0.20 -0.20 +0.16 +0.16 +0.16
UGi3 +0.00 -0.33 -0.33 +0.16 +0.16 +0.16
Nctes: RCH Reach
SLF-FED Total sloughed into federal chan(feet)
SLF-FED Total sloughed from right bank (feet)
SLF-FED Total sloughed from left bank (feet)
SLF-FED Total sediment into federal chan(feet)
SLF-FED Total sediment into right bank (feet)
SLF-FED Total sediment into left bank (feet)
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Table Q-24 (Cont'd): Cooperative Plan
Annual Averages

RCH DPTH-D DPTH-F DPTH-R DPTH~L

1 -0.10 -0.05 +3.05 +9.03
2 -0.21 +0.46 +7.59 +11.49
3 ~-0.15 +0.13 +0.33 +13.69
4 ~-0.18 +0.56 +0.79 +3.52
5 -0.08 -0.13 +0.00 +0.00
6 -0.03 +0.21 +0.29 +0.29
7 -0.06 +0.47 +0.58 +1.90
8 ~0.34 +2.31 +2.70 +11.03
9 ~0.28 +2.21 +3.82 +11.06
10 -0.10 +0.66 +1.86 +1.77
11 -0.12 +1.11 +2.31 +3.74
12 -0.31 +2.39 +6.03 +3.48
13 -0.34 +3.06 +4.92 +4.29
RO3 -0.12 +0.17 +0.33 +0.33
RO4 -0.40 +1.76 +2.20 +2.20
RO5 -0.14 +0.34 +0.52 +0.52
L05 -0.17 +0.50 +0.71 +0.71
ROG6 -0.24 +2.00 +2.28 +2.28
L0o6 -0.27 +0.68 +0.99 +0.99
RO7 ~-0.14 +0.89 “+1.06 +1.06
RO8 -0.38 +4.11 +4.52 +4.52
Li1  -0.20 +1.69 +1.93 +1.93
Ul3 -0.33 +1.42 +1.79 +1.79
Notes: RCH Reach
DPTH-F Depth of federal channel (feet)
DPTH-R Depth of right bank (feet)
DPTH-L Depth of left bank (feet)

Q-51



Table Q-25: Cooperative Plan
Depths in the Federal Channel (feet)

Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7

1985 -1.38 1.69 -0.40 2.94 -1.73 -2.91 -2.10
1596 -1.22 1.85 -0.24 3.10 -1.57 -2.75 -1.94
1897 -1.06 2.01 ~0.08 3.26 -1.41 -2.59 -1.78
1588 -0.90 2.17 0.08 3.42 -1.25 -2.43 -1.62
1999 -0.75 2.32 0.23 3.57 -1.10 -2.28 -1.47
2000 -0.62 2.44 0.36 3.69 -0.97 -2.15 -1.34
2001 -0.48 2.53 0.50 2.53 ~0.83 -2.01 -1.20
2502 -0.32 1.90 0.66 1.90 -0.67 -1.85 -1.04
2003 -0.16 0.69 0.69 0.69 -0.51 -1.69 -0.88
2004 0.00 0.31 0.31 0.31 -0.35 -1.53 -0.72
2005 -0.44 -0.44 -0.44 -0.44 -0.44 -1.37 -0.56
2006 -0.28 0.07 -0.21 -0.27 -0.28 -1.21 -0.40
2007 -0.12 0.23 -0.05 -0.11 -0.12 -1.05 -0.24
2008 0.04 0.3% 0.11 0.05 0.04 -0.89 -0.08
23809 0.20 -0.50 -0.50 -0.01 0.20 -0.73 -0.50

010 0.36 0.01 -0.10 0.15 0.36 -0.57 -0.27
2011 -0.03 -0.03 -0.03 -0.03 -0.03 -0.41 -0.11
2012 -0.26 -0.26 -0.26 -0.26 -0.26 -0.25 0.05
2013 -0.39 -0.39 -0.39 -0.39 -0.39 -0.08 0.21
2014 -0.23 -0.09 -0.10 -0.23 -0.23 0.07 0.37
2015 -0.43 -0.43 -0.43 -0.43 -0.43 0.23 0.53
2016 -0.50 -0.50 -0.50 -0.50 ~-0.50 0.39 0.69
2017 -0.50 -0.50 -0.50 -0.50 -0.50 0.55 0.85
2018 -0.34 -0.24 -0.25 -0.34 -0.34 0.71 1.01

€19 -0.50 -0.50 -0.50 -0.50 -0.50 0.87 1.17
2229 -C.50 -0.50 -C.50 -0.50 -0.50 1.03 1.33
2821 -0.50 -0.50C -0.50 -0.50 -0.50 -0.50 -0.50
2022 -0.30 -0.26 -0.26 -0.34 -0.34 ~-0.34 -0.10
202 -0.50 -0.5C -0.50 -0.50 -0.50 -0.18 0.06
2524 -0.50 -0.50 -0.50 -0.50 -0.50 -0.02 0.22
222 -0.50 -0.50 -0.50 -0.50 -0.50 0.14 -0.01
2C26 -0.30 -0.26 -0.26 -0.34 -0.34 0.30 0.20
2527 -0.14 -0.10 -0.10 -0.18 -0.18 0.46 0.36
22z8 -0.36 -0.36 -0.36 -0.36 -0.36 0.62 0.52
222¢ -0.50 -0.50 -C.50 -0.50 -0.50 0.78 0.68
2330 -0.50 -0.50C -0.50 -0.50 -0.50 0.94 0.84
2031 -0.29 -0.24 -0.25 -0.34 -0.34 1.10 1.00
2032 -0.13 -0.08 -0.09% -0.18 -0.18 1.26 1.16
2033 0.03 0.08 0.07 -0.02 -0.02 1.42 1.32
2634 0.19 0.24 0.23 0.14 0.14 1.58 1.48
2035 0.35 0.40 0.39 0.30 0.30 1.74 1.64
2026 0.51 0.5¢ .55 0.406 0.46 1.90 1.80

237 C.67 0.72 c.71 0.62 0.62 2.06 1.96
2038 ¢.83 0.88 0.87 0.78 0.78 2.22 2.12
2335 0.99 1.04 1.03 0.94 0.94. 2.38 2.28
2540 1.15 1.20 1.18 1.10 1.10 2.54 2.44
2041 1.31 1.3¢ 1.35 1.26 1.26 2.70 2.60
2C42 1.47 1.52 1.51 1.42 1.42 2.86 2.76
2C43 1.63 1.68 1.867 1.58 1.58 3.02 2.92
2044 1.79 1.84 1.83 1.74 1.74 3.18 3.08
2015 1.94 2.00 1.99 1.90 1.90 3.34 3.23
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Table Q-25 (Cont'd): Cooperative Plan Depths

Year Reach 8 Reach 9 Reachl0 Reachll Reachl2?2 Reachl3
1995 3.92 3.86 -1.09 0.24 5.25 9.26
1996 4.08 4.02 -0.93 0.40 5.41 9.42
1997 4.24 4.18 -0.77 0.56 5.57 9.58
1998 4.40 4.34 -0.61 0.72 5.73 9.74
1999 4.55 4.49 -0.46 0.87 5.88 9.89
2000 4.67 4.61 -0.33 1.00 6.13 10.02
2001 4.82 4.76 -0.19 1.14 6.28 10.16
2002 4.98 4.92 -0.03 1.30 6.44 10.32
2003 5.14 5.08 0.13 1.46 6.60 10.48
2004 5.30 5.24 0.29 1.62 6.76 10.64
2005 5.46 5.40 0.45 1.78 6.92 10.80
2006 5.62 5.56 0.61 1.94 7.08 10.96
2007 5.78 5.72 0.77 2.10 3.72 ~-0.50
2008 1.28 1.28 0.93 1.28 1.28 1.28
2009 -0.50 0.50 -0.50 -0.50 -0.50 -0.50
2010 1.87 1.18 -0.01 0.10 0.79 -0.01
2011 2.03 1.34 0.15 0.26 0.95 0.15
2012 2.19 1.50 0.31 0.42 1.11 0.31
2013 2.35 1.66 0.47 0.58 1.27 0.47
2014 2.51 1.82 0.63 0.74 1.43 0.63
2015 2.67 1.98 0.79 0.90 1.59 0.79
2016 -0.50 1.33 0.95 1.06 1.75 0.95
2017 0.55 0.50 1.11 1.22 ~-0.50 1.11
2018 1.13 0.59 1.27 1.38 0.50 1.27
2019 1.29 0.75 1.43 -0.25 0.66 1.43
2020 0.11 0.91 -0.50 0.27 0.82 -0.50
2021 0.96 0.52 0.10 0.43 0.98 0.00
2022 1.12 0.90 0.26 0.59 1.14 0.16
2023 1.28 1.06 0.42 0.75 ~-0.28 0.32
2024 -0.50 0.50 0.39 -0.50 0.43 0.48
2025 -0.50 0.35 ~-0.50 -0.05 -0.50 -0.50
2026 0.25 0.51 -0.11 0.11 0.04 -0.15
2027 0.41 0.67 0.05 0.27 0.20 0.01
2028 0.57 0.83 0.21 0.43 0.36 0.17
2029 0.73 0.44 0.37 0.59 0.52 0.33
2030 0.89 0.82 0.53 0.75 0.68 0.49
2031 1.05 0.98 0.69 0.91 0.84 0.65
2032 1.21 1.14 0.85 1.07 1.00 0.81
2033 1.37 1.30 1.01 1.23 1.16 0.97
2034 1.53 1.46 1.17 1.39 1.32 1.13
2035 1.69 1.62 1.33 1.55 1.48 1.29
2036 1.85 1.78 1.49 1.71 1.64 1.45
2037 2.01 1.94 1.65 1.87 1.80 1.61
2038 2.17 2.10 1.81 2.03 1.96 1.77
2039 2.33 2.26 1.97 2.19 2.12 1.93
2040 2.49 2.42 2.13 2.35 2.28 2.09
2041 2.65 2.58 2.29 2.51 2.44 2.25
2042 2.81 2.74 2.45 2.67 2.60 2.41
2043 2.97 2.90 2.61 2.83 2.76 2.57
2044 3.13 3.06 2.77 2.99 2.92 2.73
2045 3.28 3.22 2.92 3.14 3.07 2.88
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Table Q-25 (Cont'd): Cooperative Plan Depths

Year Rch RO3 Rch R0O4 Rch R0O5 Rch LO5 Rch R0O5 Rch L0O6
1995 0.00 14.11 1.10 2.39 6.30 6.05
1996 0.16 14.27 1.26 2.55 6.46 6.21
1997 0.32 14.43 1.42 2.71 6.62 6.37
1998 0.48 14.59 1.58 2.87 6.78 6.53
1999 0.63 14.74 1.73 3.02 6.93 6.68
2000 0.76 8.80 1.86 3.15 7.06 6.81
2001 0.90 2.53 2.00 2.53 7.20 6.95
2002 1.06 1.90 1.90 1.90 7.36 7.11
2003 0.69 0.69 0.69 0.69 7.52 7.27
2004 0.31 0.31 0.31 0.31 7.68 7.43
2005 -0.44 -0.44 -0.44 -0.44 7.84 7.59
2006 -0.28 -0.28 -0.28 -0.28 8.00 -1.11
2007 -0.12 -0.12 -0.12 -0.12 -0.50 -2.00
2008 0.04 0.04 0.04 0.04 -0.34 -1.84
2009 0.20 0.20 0.20 0.20 -0.50 -1.68
2010 0.36 0.36 0.36 0.36 -0.34 -1.52
2011 -0.03 -0.03 -0.03 -0.03 -0.18 -1.36
2012 -0.26 -0.26 -0.26 -0.26 -0.02 -1.20
2013 -0.39 ~0.39 -0.39 -0.39 0.14 -1.04
2014 -0.23 -0.23 -0.23 -0.23 0.30 -0.88
2015 -0.43 -0.43 -0.43 -0.43 0.46 -0.72
2016 -0.50 -0.50 -0.50 -0.50 0.62 -0.56
2017 ~-0.50 ~0.50 -0.50 -0.50 0.78 -0.40
2018 -0.34 -0.34 -0.34 -0.34 0.94 -0.24
2019 -0.50 -0.50 -0.50 ~0.50 1.10 -0.08
2020 -0.50 -0.50 -0.50 -0.50 1.26 -2.00
2021 -0.50 -0.50 -0.50 -0.50 -0.50 -1.84
2022 -0.34 -0.34 -0.34 -0.34 ~0.34 -1.68
2023 -0.50 -0.50 -0.50 -0.50 -0.18 -1.52
2024 -0.50 -0.50 -0.50 -0.50 -0.02 -1.36
2025 -0.50 ~-0.50 -0.50 -0.50 0.14 -1.20
2026 -0.34 -0.34 -0.34 -0.34 0.30 -1.04
2027 -0.18 -0.18 -0.18 -0.18 0.46 -0.88
2028 -0.36 -0.36 -0.36 -0.36 0.62 -0.72
2029 -0.50 -0.50 -0.50 -0.50 0.78 -0.56
2030 -0.50 -0.50 -0.50 -0.50 -0.50 -2.00
2031 -0.34 ~-0.34 -0.34 -0.34 -0.34 -1.84
2032 -0.18 -0.18 -0.18 -0.18 -0.18 -1.68
2033 -0.02 -0.02 -0.02 -0.02 -0.02 -1.52
2034 0.14 0.14 0.14 0.14 0.14 -1.36
2035 0.30 0.30 0.30 0.30 0.30 -1.20
2036 0.46 0.46 0.46 0.46 0.46 -1.04
2037 0.62 0.62 0.62 0.62 0.62 -0.88
2038 0.78 0.78 0.78 0.78 0.78 -0.72
2039 0.94 0.94 0.94 0.94 0.94 -0.56
2040 1.10 1.10 1.10 1.10 1.10 -0.40
2041 1.26 1.26 1.26 1.26 1.26 -0.24
2042 1.42 1.42 1.42 1.42 1.42 -0.08
2043 1.58 1.58 1.58 1.58 1.58 0.08
2044 1.74 1.74 1.74 1.74 1.74 0.24
2045 1.90 1.90 1.90 1.90 1.90 0.40
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Table Q0-25 (Cont'd): Cooperative Plan Depths
Year Rch RO7 Rch R0O8 Rch L1l Rch Ul3
1995 1.15 14.06 4.29 9.47
1996 - 1.31 14.22 4.45 9.63
1997 1.47 14.38 4.61 9.79
1998 1.63 14.54 4.77 9.95
1999 1.78 14.69 4.92 10.10
2000 1.91 14.82 5.05 10.23
2001 2.05 14.96 5.19 10.37
2002 2.21 15.12 5.35 10.53
2003 2.37 15.28 5.51 10.69
2004 2.53 15.44 5.67 10.85
2005 2.69 15.60 5.83 11.01
2006 2.85 15.76 5.99 -1.11
12007 3.01 -0.50 6.15 -2.00
2008 1.28 -0.34 1.28 -1.84
2009 -0.50 -0.50 ~0.50 -1.68
2010 -0.34 ~0.34 ~-0.34 -1.52
2011 -0.18 -0.18 -0.18 -1.36
2012 -0.02 -0.02 -0.02 -1.20
2013 0.14 0.14 0.14 -1.04
2014 0.30 0.30 0.30 ~-0.88
2015 0.46 0.46 0.46 -0.72
2016 0.62 0.62 0.62 -0.56
2017 0.78 0.78 0.78 ~-0.40
2018 0.94 0.94 0.94 -0.24
2019 1.10 1.10 1.10 ~-0.08
2020 1.26 1.26 1.26 -2.00
2021 -0.50 -0.50 -0.50 -1.84
2022 -0.34 -0.34 -0.34 -1.68
2023 -0.18 -0.18 -0.18 -1.52
2024 -0.02 -0.02 -0.02 -1.36
2025 0.14 0.14 0.14 -1.20
2026 0.30 0.30 0.30 -1.04
2027 0.46 0.46 0.46 -0.88
2028 0.62 0.62 0.62 -0.72
2029 0.78 0.78 0.78 ~-0.56
2030 -0.50 0.41 -0.50 -2.00
2031 -0.34 0.57 -0.34 -1.84
2032 -0.18 0.73 -0.18 -1.68
2033 -0.02 0.89 -0.02 -1.52
2034 0.14 1.05 0.14 -1.36
2035 0.30 1.21 0.30 -1.20
2036 0.46 1.37 0.46 -1.04
2037 0.62 1.53 0.62 -0.88
2038 0.78 1.69 0.78 -0.72
2039 0.94 1.85 0.94 -0.56
2040 1.10 2.01 1.10 ~-0.40
2041 1.26 2.17 1.26 -0.24
2042 1.42 2.33 1.42 -0.08
2043 1.58 2.49 1.58 0.08
2044 1.74 2.65 1.74 0.24
2045 1.90 2.80 1.90 0.40
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Cooperative Plan

Table Q-26:

(000 cubic yards)

Dredging Volumes
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Cooperative Plan Volumes

(Cont'd):

Table Q-26
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Cooperative Plan Volumes

(Cont'd):

Table Q-26
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Table Q-26 (Cont'd):

Cooperative Plan Volumes .

Rch L1l Rch U013
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5.6 REDUCTION OF SEDIMENTS TO LAKE MICHIGAN

5.6.1 Dredging the channel out for either the Partial, Complete or Cooperative scenarios
provides additional sediment trapping capacity within the project area. This sediment
trapping results in a decrease in sediments being discharged to Lake Michigan. The
determination of the reduction in sediment discharged is a directly computed by the
Dredging Model. The volumes of sediment trapped in the canal and harbor are shown in
table Q-27. The Partial Plan, in which the trapping is restricted to reaches 1-5, shows a
savings of about 65,000 cubic yards/year over baseline, and the Complete and
Cooperative Plans, effective for reaches 1-13, show a savings of about 80,000 cubic
yards/year over baseline.

5.6.2 It should be noted that the sediment rates were selected to trap approximately
100,000 cubic/yards for the project conditions. Additionally, the sediment volumes

trapped for all conditions is based on the assumption of no large storm washing out the
canal and harbor.

Table Q-27: Sediments to Lake Michigan
(000 cubic yards/year)

Plan Channel Right Left Total
Baseline 13.22 3.55 3.98 19.83
Partial 64.07 9.47 10.95 84.49
Complete 79.31 7.45 14,37 101.13
Cooperate 80.75 6.00 14.37 101.12
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6.0 SENSITIVITY ANALYSIS

6.1 A number of sensitivity analyses were then carried out to evaluate the economic
analyses of the dredging simulation results. The Cooperative Plan was used as the basis
of all of the analyses. As these analyses were carried out for comparison purposes, none
of the dredging plans utilized in the analyses were optimized. This level of detail
accounts for some of the minor variations in the results presented in the Economic
Analysis Appendix. Table Q-28 lists the sensitivity analyses that were performed, and
the evaluations are presented in the economic appendix.

Table Q-28: Sensitivity Analyses

Parameter Range
Consolidation 10, 20, 30 (%)
Draft Depth -2, -1, 0, +1, +2 (feet)
Added Reaches 5 6, 7, 8, 9, 10, 11, 12, 13
Sedimentation .12, .13, .14, .15, .ie, .17, .18,
Rate .19, .20
Notes: Parameter - Parameter varied in analyses
Range -~ Range of variation in the parameter
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7.0 HYDROLOGIC AND HYDRAULIC MODELING

7.1 Reconnaissance level continuous hydrologic simulation and unsteady state hydraulic
models of the canal and harbor have been constructed. These models gives an indication
of the impacts of dredging on the flow velocities in the upstream areas of the Grand
Calumet River. This in turn allows a qualitative evaluation to be made of any erosion and
sediment transport impacts in the upstream areas.

7.2 OVERVIEW

7.2.1 The continuos period hydrology was computed using USEPA's Hydrocomp
Simulation Package - FORTRAN (HSPF), and the unsteady flow analyses was performed
using HEC's Unsteady Network model (UNET). The results of this modeling effort will.
be presented in the following format:

a. The construction of the hydrology model will be detailed through a discussion
of the hydrometerology data and the industrial and municipal discharges and
withdrawals used.

b. The routing of the runoff from the subareas through the sewers to the river and
canal will next be described.

¢. The formulation of the hydraulics model is then described through a
description of the cross section data that was used.

d. The calibration of the models is then overviewed by detailing the gage data,
the hydrologic calibration and the hydraulic calibration.

e. The results of the models are then presented in terms of a analysis of the
simulations that have been performed.

7.3 HYDROLOGIC MODEL

7.3.1 Modeling storm runoff for long periods requires a muititude of data. The model
must account for evaporation and groundwater recharge as well as rainfall-runoff.
Precipitation records from South Bend, Indiana were used in the model as being the most
representative of the several gages investigated. No precipitation gages were found closer
to the watershed with the necessary data quality and duration. Cloud cover, wind, dew
point, solar radiation and temperatures are needed for calculating evaporation. Readings
at O'Hare Airport were used for this meteorological data because of O'Hare's proximity to
the Grand Calumet watershed.
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7.3.2 Soil type, vegetation, and urbanization affect the runoff from a given storm. Soil
information for calculating groundwater inflow and runoff came from Soil Conservation

Service (SCS) soil maps. Vegetation and urbanization information came from maps of
the watershed.

7.3.3 From the above data, the hydrology program, HSPF, models runoff, groundwater
and evaporation for extended continuous periods. HSPF keeps track of precipitation, soil
moisture, and applicable snow cover among other factors. The model then outputs, for
each subbasin, overland flow and subsurface flow.

7.3.4 The Grand Calumet River system has a small watershed but is heavily urban and
industrial. The discharges and withdrawals by industry play a major role in the water
supply to the river. The Indiana Department of Environmental Management supplied a
list of permitted discharges for the Grand Calumet River and Indiana Harbor Canal. The
permittees were contacted and supplied discharge and withdrawal data for the time period
of the study. Quality and quantity of the data varied greatly, even within the same
industry. Most of the data were based on pump ratings and total pump hours for the
given time interval, usually a month. For modeling purposes, the pumping was assumed
to be constant, 24 hours a day and 7 days a week, for the entire period covered by each
data point. Industrial discharge, primarily from the USX Gary Works, is the primary
source of water in the Grand Calumet River west of the junction with the Indiana Harbor
Canal (West Grand Calumet River). Gary Sewer Treatment Plant (STP) and storm runoff
comprise the rest of the flow. LTV and Inland Steel plants both discharge into and
withdrawal water from Indiana Harbor and the Indiana Harbor Canal below the junction
with the Lake George Canal (Lower Indiana Harbor Canal). The Grand Calumet River
east of the junction with the Indiana Harbor Canal (East Grand Calumet River) had no
industrial discharges modeled though the Hammond and East Chicago STPs discharge
into the river. Several industries discharge into the river system but at such small
amounts that the effects are lost in the variations inherent to the model. These small
industries were ignored for this study.

7.3.5 STP flows include the daily discharges from the plant and pump discharges for
storm overflows. Since treatment plant flows vary through the day and week, while the
plants reported daily flows, the reported daily flows were not detailed enough for the
model. Due to the lack of hourly STP flows, and because the pump ratings for the storm
overflows are suspect, the calibration of the hydrology model was only approximate.
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7.4 SEWER ROUTING .

7.4.1 The Special Contributing Area Loading Program (SCALP) modeled the subbasin
hydraulics and sewer routing for the watershed. SCALP uses the flows produced by
HSPF for storm runoff and ground water flow, and internally generates sanitary sewer
flows. The combined flows are routed through a simplified model of the sewer system to
the STPs and, when applicable, to the overflows.

7.4.2 Municipal sewer maps provided sewer capacities and drainage area delineation.
Reported STP capacity set the point of overflow, though reported capacity is not
necessarily flow the STP operates at. STPs are, at times, operated over nominal capacity
to reduce pollution by decreasing the volume of untreated overflows. Sanitary flow
parameters are from the Lake Michigan Diversion Accounting models developed and
calibrated for Metropolitan Chicago with adjustment to the Grand Calumet River basin .
populations. Sanitary flow parameters are set based on a flow per person, and
proportioned across the day, week and year.

7.5 HYDRAULIC MODEL

7.5.1 Hydraulic models require cross section data to calculate various flow properties.
For this study of the Grand Calumet River - Indiana Harbor Canal system, cross sections
came from two sources. The entire Grand Calumet River was modeled using cross
sections used in the Flood Insurance Study (FIS) conducted in the mid 1970s. While
more recent surveys of the river exist, none had all the required information. These new -
surveys had few cross sections, very few points in each cross section or did not relate
depth measurements to any bench mark. The FIS data was the best available, though
older than desired. The cross sections ran from the headwaters of the Grand Calumet
River near the Indian Dunes National Lakeshore to the junction with the Calumet River at
Burnham, Illinois. The cross sections were located around bridges, or at intervals of up to
a half mile. Points within the cross sections were separated by as little as five feet.

7.5.2 The reaches of the Indiana Harbor Canal and the Lake George Canal upstream of
the authorized channel were also modeled with the FIS cross sections. In the authorized
channel down to the mouth of Indiana Harbor, the cross sections were derived from
soundings made in 1990. The soundings were preferred to the FIS cross sections for their
more recent vintage and for the detail of the cross section data. The soundings were taken

at 100 foot intervals between cross sections, and usually 10 to 20 feet between readings in
a cross section.
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7.5.3 The modeled STP flows and overflows, reported industrial discharges and
withdrawals, and the observed O'Brien Lock & Dam and Lake Michigan elevations were
inputs to the hydraulic model. The UNET model is the one dimensional, unsteady state
hydraulics model. UNET computes flows and cross sectional average velocities for
gradually changing rivers and canals. An unsteady state model was necessary due to the
conditions in the river-canal system, and because of the information wanted from the
model. Sediment movement is linked to peak velocities, and a steady state model would -
not be able to compute these velocities while handling the fluctuations caused by changes
in lake elevation and storm runoff. This lake effect controls the flows in the Indiana

Harbor Canal and can strongly effect flows in the Grand Calumet River, especially in the
east branch.

7.6 CALIBRATION

7.6.1 Observed measurements of water level and flow are needed for calibration and
model runs. The downstream conditions of the model are controlled by the Calumet
River downstream (south) of the O'Brien Lock & Dam and by Lake Michigan. O'Brien
Lock & Dam keeps the westernmost Grand Calumet River and the Chicago Sanitary and
Ship Canal (CSSC) artificially below Lake Michigan levels. In the case of the O'Brien
Lock & Dam, river elevations for the first two years of the model period were daily
values and the remaining were at two hour intervals. Lake Michigan elevations were
measured, by the National Oceanic and Atmospheric Administration (NOAA), at
Calumet Harbor every hour. For the periods when Calumet Harbor data was unavailable,
Milwaukee, Wisconsin and Holland, Michigan data was used to fill the gaps.

7.6.2 For calibration purposes, the United States Geological Survey (USGS) gages at
Hohman Avenue in Hammond, Indiana on the West Grand Calumet River, Industrial
Highway in Gary, Indiana on the East Grand Calumet River, and near Dickey Road in
East Chicago Indiana on the lower Indiana Harbor Canal provided data for water year
1992. The Hohman Avenue gage has been operating since water year 1991 and was
installed for Lake Michigan Diversion Accounting purposes. This gage, located at
culverts under Hohman Avenue, measures stage convertible by rating table to flow. The
Industrial Highway gage, installed in water year 1992, measures stage at the highway
bridge. Due to lake effects on the East Grand Calumet River, stage cannot be converted
to flow at this gage. The Dickey Road gage is an ultrasonic velocity meter (UVM) to
used to account for the lake effects on the stage-flow relationship. UVMs send sound
waves across a channel at an angle to the flow. Given the geometry of the channel,
average water speed is derived from the time required to cross the channel. This speed,
along with the stage, is converted to a flow based on channel geometry. UVM flow
measurements are verified by more conventional flow measurements. Unfortunately the
original UVM equipment required the use of cross channel, underwater cables to time the
sound waves. On occasion, the heavy ship traffic in the Indiana Harbor Canal damaged
part of the gage. The data for water year 1992 has gaps when the gage was damaged.
These three gages provided the necessary measurements in the river-canal system for
calibrating the flow model.
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7.6.3 After running HSPF and SCALP, the results were compared with reported STP
flows and overflows for water year 1991. Based on the reported flows, the models
overestimated overflows, most likely due to the difference between reported STP capacity
and actual operations. A second general trend for the models was above recorded flows
in fall and winter and below recorded flows in spring and summer. This could be related
to the fact that the lake levels crest in July and trough in February. Thus, the inaccuracies
may be due to errors in the seasonal distribution of parameters or underestimation of lake
level effects on ground water levels and sewer infiltration or both.

7.6.4 In calibrating the hydraulic model, flows and stages were compared at the three
USGS gages. Given the approximate nature of STP and industrial flows and the age of
the Grand Calumet River cross sections, exact agreement between model and gages is
impossible. The Hohman Avenue gage was modeled within a foot of stage and 50 cfs of
flow with better matching at higher flows. The Industrial Highway gage was modeled
within 1.5 feet of stage with closer results at lower lake elevations. The Dickey Road
gage was modeled within 0.2 feet of stage and 200 cfs of flow. As with the hydrology,
flows were overestimated in fall and winter and underestimated in spring and summer.
Again, lake effects on ground water and sewer infiltration is suspected in the differences.

7.7 SIMULATIONS MODELED

7.7.1 For January 1983 to September 1992, two different scenarios were modeled.
Initially, present conditions were modeled based on available cross section data. The
output of this model was examined for flow pattemns over the model period. The second
condition modeled was the complete dredging of the federal channel in the Indiana
Harbor Canal, Lake George Canal and Indiana Harbor. This results of the modeling of
this scenario were compared with the results from the present conditions model.

7.7.2 Among the noted patterns is the extent of the lake effect on the Grand Calumet
River. At almost every lake elevation from below winter minimum to the highest
elevation ever recorded, lake effects can reach to the USX Gary works at the extreme
eastern end of the Grand Calumet River. The primary effect is the river surface elevation
with temporary effects on flow due to back pressure. A more dramatic effect can be seen
on the West Grand Calumet River. At lower lake levels, Hammond STP discharge flows
west to the CSSC, and East Chicago STP discharge flows east to the Indiana Harbor
Canal. The flow split is normally in the marsh between the STPs. As lake levels rise, the
split is forced west. At lake elevations only inches over the normal summer maximum,
flow from the East Grand Calumet River forks at the Indiana Harbor Canal with some
going down the canal to the lake and some flowing west to the CSSC. Naturally, flow
west past the canal increases with increasing lake elevations. The higher than normal
summers of 1983 and 1984, as well as most to all of 1985, 1986, and 1987 caused flows
west to the CSSC. Table Q-29 shows the effects of the lake level at the junction of the
Grand Calumet River and the Indiana Harbor Canal, and Table Q-30 shows the effects in
the West Grand Calumet River. Plate Q-16 shows the location of the cross sections
referenced in the tables.
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7.7.3 Preliminary examination of the present versus dredged conditions show no effect
on flows and velocities upstream of the federal channel. The lake so strongly controls the
flows and elevations of the Indiana Harbor Canal that channel improvements do not make
enough change to cause any impacts. Table Q-31 shows the flow effects, Table Q-32
shows the velocity effects and Plate Q-16 shows the cross section locations.

7.7.4 Changes to the physical transport of sediment are a function of the flow rate and
flow velocity. Since these parameters are not changed in reaches upstream of the federal
dredging project, it is possible to make the qualitative conclusion that the dredging will
not effect the transport of sediments into the federal reaches from upstream reaches.
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Table Q-29:

Unsteady Flow Model

Junction Analysis

NUMBER WEU COUNT PERCENT

0 - - - 3 0

1 - -+ 0 0

2 - + - 0 0

3 - + + 54,985 64

4 + - - 1,367 2

5 + - + 0

9 + + - 1,252 1

7 + + + 27,772 33
STATISTIC W-6146 E-0628 U-4074
AVERAGE 1 560 559
POSITIVE AVE 26 '563 567
MINUS AVE -25 -3 -8
MINIMUM -415 -1372 -2006
MAXIMUM 625 2390 2734
STAN DEV 66 172 226
CORR COEFF -0.18 0.99 -0.29
Notes: All Flows in cfs

(=)
(+)

W-6146
E-0628
U-4074
NUMBER
COUNT

PERCENT

AVERAGE
POSITIVE AVE
MINUS AVE
MINIMUM
MAXIMUM

STAN DEV
CORR COEFF

Flow direction -
east or south
Flow direction -
west or north

West G.C. R.M. 6.146
East G.C. R.M. 0.628
Upper canal R.M. 4.074
Flow pattern I.D. number

Number of flows with
given pattern

Percent of flows with
given pattern

Average of all flows

Average of positive flows

Average of negative flows

Minimum flow

Maximum flow

Standard deviation of flows

Correlation coefficient -
-0.18 - west and east

0.88 - east and upper

-0.29 - upper and west
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Table Q-30: Unsteady Flow Model - West Reach Analysis

NUMBER WO W1 W2 W3 W4 W5 W6 W7 W8 WS COUNT
PERCENT
512 e 24 0
520 + - - - - - 4+ - - = 6 0
648 + - 4+ - - - + - - - 6 0
768 + - - - - - - = = : 1 0
896 + + + - - - - - - - 45,291 53
897 + + + - - - - - - % 109 0
899 + o+ - - - - -+ 4 7 0
904 + + 4+ - = -+ - - - 666 1
905 + + + - - - + - - % 125 0
907 + 0+ + - - -+ -+ o+ 43 0
911 + + + - - - 4+ + + + 38 0
912 + + + - -+ - - - - 1 0
920 + + + - - + + - - - 209 0
921 + + + - -+ + - - 4 44 0
923 + + + - - + + = + + 37 0
924 + + + - - + + + - - 7 0
926 + + o+ - + 4+ o+ 4+ - 10 0
927 + + 4+ - = o+ o+ o+ 4+ 199 0
928 + + + -+ - - - - - 1 0
944 + + + - + + - - - - 3 0
952 + 4+ 4+ - + + 4+ - - = 51 0
953 + + + - 4+ + o+ - -+ 10 0
955 + + + - + + + - + 4+ 8 0
956 + + + - 4+ + + + - - 5 0
958 + + + - + + 4+ + + - 12 0
959 + + 4+ - 4+ + + + o+ 133 0
960 + + 4+ + - - - - - - 188 0
992 + + + + + - - - - 521 1
1008 + o+ + 4+ + - - - - 1,852 2
1009 + + + + + + - - - + 3 0
1016 + 4+ 4+ + + + o+ - = = 4,510 5
1017 + + + 4+ + + + - - + 213 0
1019 + + + + + + + - + 4+ 130 0
1020 + + + + + + + + - - 620 1
1022 + + + + + + + + o+ - 1,004 1
1023 + + + + + + 4+ + + 4+ 29,292 34
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Table Q-30 (Cont'd): Unsteady Flow Model - West Reach
STATISTIC W0-3177 Wl-3466 W2-3734 W3-4217 W4-4522
AVERAGE 69 68 68 23 23 -
POSITIVE AVE 69 68 68 32 32
MINUS AVE 0 -0 -0 -9 -9
MINIMUM 12 -175 -106 ~277 -262
MAXTIMUM 381 323 280 243 260
STAN DEV 54 53 53 53 53
CORR COEFF 0.99 1.00 0.85 1.00 0.99
W5-4911 W6-5265 W7-5553 W8-5946 W9-6146

AVERAGE 23 23 1 1 1
POSITIVE AVE 32 33 25 25 26
MINUS AVE -9 -9 -24 -25 -25
MINIMUM -230 -241 -415 -411 -415
MAXIMUM 363 499 537 571 625
STAN DEV 54 57 62 63 66
CORR COEFF 0.98 0.91 1.00 0.99 0.41
Notes: All flows in cfs

(=) Flow direction - east or south

(+) Flow direction -~ west or north

W0-3177 West G.C. R.M. 3.177

W1l-3466 West G.C. R.M. 3.466

W2-~-3734 West G.C. R.M. 3.734

W3-4217 West G.C. R.M. 4.217

W4-4522 West G.C. - R.M. 4.522

W5-43911 West G.C. R.M. 4.911

W6-5265 West G.C. R.M. 5.265

W7-5553 West G.C. R.M. 5.553

W8-5946 West G.C. R.M. 5.946

WS~6146 West G.C. R.M. 6.146

NUMBER Flow pattern I.D. Number

COUNT Number of flows with

given pattern
PERCENT Percent of flows with
given pattern
AVERAGE Average of all flows
POSITIVE AVE Average of positive flows

MINUS AVE
MINIMUM
MAXIMUM
STAN DEV
CORR COEF

Average
Minimum
Maximum

of negati
flow
flow

ve flows

Standard deviation of flows
Correlation coefficient -

WO with W1, W2
., W9 with WO
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Table Q-31:

Unsteady Flow Model - Flow Statistics

STATISTIC CP255 CD255 CP264 CD264
AVERAGE 558.812 558.679%9 558.805 558.675
POSITIVE AVE 568.901 568.888 568.821 568.809
MINUS AVE -10.089 ~10.208 -10.015 -10.135
MINIMUM -2640.200 -2677.200 ~2622.200 -2659.100
MAXIMUM 2739.900 2739.000 2738.900 2738.100
STAN DEV 252.581 253.091 251.599 252.111
CORR COEFF 1.000 1.000
ABS DIFF 1.867 1.867
GP275 GD275 GP303 GD303
AVERAGE 10.424 10.421 10.383 10.381
POSITIVE AVE 13.398 13.378 11.102 11.094
MINUS AVE -2.974 -2.957 -0.719 -0.713
MINIMUM -248.800 -248.800 -126.800 -126.700
MAXTIMUM 253.000 253.300 243.400 243.600
STAN DEV 19.167 19.106 10.618 10.584
CORR COEFF 1.000 1.000
ABS DIFF 0.068 0.036
Notes: All Flows in cfs
{(-) Flow direction - east or south
{(+) Flow direction - west or north
CP255 Calumet R.M. 2.55 - present
CD255 Calumet R.M. 2.55 - dredged
Cpr264 Calumet R.M. 2.64 - present
CD264 Calumet R.M. 2.64 - dredged
GP275 L. George R.M. 2.75 - present
GD275 .. George R.M. 2.75 - dredged
GP303 L. George R.M. 3.03 - present
GD303 L. George R.M. 3.03 - dredged
AVERAGE Average of all flows
POSITIVE AVE Average of positive flows
MINUS AVE Average of negative flows
MINIMUM Minimum flow
MAXIMUM Maximum flow
STAN DEV Standard deviation of flows
CORR COEFF Correlation coefficient -
between present and dredged
ABS DIFF Average absolute difference

between present and dredged
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Table Q-32: Unsteady Flow Model - Velocity Statistics

STATISTIC CP255 CD255 Cp264 CD264
AVERAGE 0.332 0.125 0.635 0.634
POSITIVE AVE 0.336 0.127 0.642 0.642
MINUS AVE -0.005 -0.002 -0.008 ~0.008
MINIMUM -1.106 -0.517 -1.646 -1.663
MAXIMUM 1.950 0.643 4.374 4.339
STAN DEV 0.155 0.057 0.317 0.317
CORR COEFF 0.997 1.000
ABS DIFF 0.212 0.002

GP275 GD275 GP303 GD303
AVERAGE 0.002 0.002 0.003 0.003
POSITIVE AVE 0.003 0.002 0.004 0.004
MINUS AVE -0.001 -0.001 -0.000 -0.000
MINIMUM -0.044 ~0.042 -0.034 -0.034
MAXIMUM 0.053 0.049 0.085 0.085
STAN DEV 0.004 0.003 0.003 0.003
CORR COEFF 1.000 1.000
ABS DIFF 0.000 0.000

Notes: All velocities in feet/second
(-) Flow Direction - East or South

(+) Flow Direction - West or North
CP255 Calumet R.M. 2.55 - present
CD255 Calumet R.M. 2.55 -~ dredged
CP264 Calume: R.M. 2.64 - present
CDh264 Calumet R.M. 2.64 - dredged
GP275 L. George R.M. 2.75 - present
GD275 L. George R.M. 2.75 - dredged
GP303 L. George R.M. 3.03 - present
GD303 - L. George R.M. 3.03 - dredged
AVERAGE Average of all velocities
POSITIVE AVE Average of positive velocities
MINUS AVE Average of negative velocities
MINIMUM Minimum velocity
MAXIMUM Maximum velocity
STAN DEV Standard deviation of velocities
CORR COEFF Correlation coefficient -
between present and dredged
ABS DIFF Average absolute difference

between present and dredged
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8. CONCLUSIONS

8.1 This appendix describes the conduct and results of an investigation of sedimentation
rates within the Indiana Harbor and Canal. The results of this investigation have been
applied to the development of dredging plans for three CDF scenarios. The Partial Plan
consists of a 3 million cubic yard lobe, and the Complete and Cooperative Plans includes
a 3 million cubic yard lobe and a 1.2 million cubic yard lobe.

8.2 As an alternative to a sedimentation model, the historic functioning of the watershed
was analyzed. Factors that were considered included changes in geometry (given by

sounding data collected over a number of years), historic dredging, lake levels and
significant storm events.

8.3 Inreviewing the sediment data, it was concluded that the Indiana Harbor and Canal
functions in a normal manner. That is, the basin functions with a typical sedimentation
cycle of deposition and erosion. Additionally, it was found that the basin tends to
gravitate towards equilibrium elevations, that the basin has a high sedimentation rate for
refilling after a storm event and that the basin has a low average, or long term,

sedimentation rate. Numerical results, important for the dredging analysis, were then
derived.

8.4 In an attempt to refine the sedimentation rates developed through the data analysis,
and to explore the impact of depths within the harbor and canal on rates, a sedimentation
analysis was performed. The sedimentation model selected for use was the Hydraulic
Design Package for Flood Control Channels (SAM). However, the SAM model
produced small rates of sediment transport, and was therefore deemed to be unreliable for
this project. An alternate approach for calculating the change in sedimentation rates with
respect to depth was utilized. The Brune lake trap efficiency relationship was also
evaluated because it generally gives accurate evaluations of trapping efficiency.

8.5 A computer model was constructed to simulate the dredging process. This model
takes into account the sedimentation rates, bank sloughing and dredging volumes. In
general, the model inputs the geometry and sedimentation rates for each reach, as well as
a dredging plan. The model was used to evaluate the impacts of the baseline conditions
on dredging plans by going through a series of accounting schemes to compute the
changes in the elevation in each reach for each year.

8.6 Utilizing the dredging simulation model, baseline conditions were analyzed and
dredging plans were developed for both the Partial, Complete and Cooperative scenarios.
All three dredging plans provided reasonably low elevations throughout the project life.
Although, dredging plans were simulated, it is expected that priorities for yearly dredging
will be based on future reviews and analyses of periodic sounding data.
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8.7 The reductions of sediments normally discharged to Lake Michigan, for each plan,
were also determined. The computations showed that the total sediments trapped for the
project scenario is approximately 85,000 cubic yards per year for the Partial Plan and
100,000 cubic yards per year for the Complete and Cooperative Plans. This is an increase
over baseline conditions of 65,000 cubic yards per year for the Partial Plan and 80,000
cubic yards per year for the Complete and Cooperative Plans.

8.8 The Complete and Cooperative Plans have greater efficiency as sediment traps than
the Partial Plan. Additionally, the Complete and Cooperative Plans would be superior in
that they would reduce the amount of sediments that would be deposited in reaches 1
through 5, and thus provide more "insurance" in the prevention of sediment discharge to
Lake Michigan. Further, sediments deposited in reaches 1 through 5 are subject to
disturbances from ship action, and are therefore more likely to be flushed out into the
lake. Improvements to the methodology, as discussed in the paragraphs below, would
result in a better understanding of the functioning of the system. Factors other than just
the availability of sediments could be taken into account in designing effective sediments
traps. These factors, which could include a more detailed understanding of the amounts
and movements of sediments, would also be expected to favor either the Complete or
Cooperative Plans. ' This is true because the trapping area for these two plan is much
larger than the area for the Partial Plan, and therefore affords more opportunity for
deposition. Further, a good portion of the upstream area is away from ship movements,
and thus not subject to these flushing effects.

8.9 A number of sensitivity analyses were carried out to evaluate the economic analyses
of the dredging simulation results. An evaluation of these analyses is presented in the
Economic Analysis Appendix.

8.10 Reconnaissance level continuous hydrologic simulation and unsteady state
hydraulic models of the canal and harbor were constructed. These models gives an
indication of the impacts of dredging on the flow velocities in the upstream areas of the
Grand Calumet River. Examination of the present versus dredged conditions show no
effect on flows and velocities upstream of the federal channel. Since flows and velocities
are not changed in reaches upstream of the federal dredging project it possible to

qualitatively conclude that the dredging will not effect the transport of sediment into the
federal reaches from upstream reaches.

8.11 The most important information required for an improvement in the results of this

investigation would be a long term gaging program to monitor the suspended and bedload
flow of sediments through the watershed. This task is in part currently underway. The

USGS will be taking suspended sediment samples in the Indiana Harbor Canal as part of
the Lake Michigan Lake Management Program (LMMP). The USGS installed a
suspended sediment sampler and a turbidity meter co-located with the Ultrasonic
Velocity Meter (UVM) north of Dickey Road. Some test samples have been taken but
the results are not yet available. Once the sampling project begins, samples are planned
on a weekly basis for one year. The object of this project is to calibrate the turbidity
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meter to the suspended sediment. Also, the UVM may be calibrated to measure
suspended sediment based on the gain (loss of signal strength) of the sound pulses. The

USGS is not collecting bedload because they believe the sustained velocities are too low
to move the viscous sediments at the gage site.

8.12 Additionally, a sediment transport model, with the capabilities of correctly
modeling both unsteady flow and the transport of fine grain materials, would be essential
to adequately evaluate the impacts of any dredging plans. Through a development
program at the USACE Waterways Experiment Station, sediment transport capabilities
have been added to the UNET model. However, the this expanded UNET model does not
have the ability to transport fine grain material, and this function would have to be added
to allow the model to be used on the Indiana Harbor and Canal.
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1. : PURPOSE AND REVISED CDF

1.1 This addendum describes the results of a dredging simulation within the Indiana Harbor and
Canal that uses a revised two-stage CDF design and the Cooperative Federal Channel Plan.

1.2 The revised CDF consists of three lobes: north, west (including a TSCA materials cell), and
east. The design is based on relocating the railroad, and then building the CDF in a 15 foot
Stage I and a 13 foot Stage II. The geometry for the CDF is given in table Q-A-1 and is also
shown on plate Q-A-1.

Table Q-A-1: Revised CDF Elevation versus Surface Area
(feet vs square feet)

SOUTHWEST CELL SOUTHEAST CELL NORTH CELL
ELEV SURFACE AREA ELEV SURFACE AREA ELEV SURFACE AREA
0.00 1,198,800 0.00 1,198,800 0.00 1,792,194
1.00 1,207,976 1.00 1,207,976 1.00 1,801,651
2.00 1,217,184 2.00 1,217,184 2.00 1,811,102
3.00 1,226,424 3.00 1,226,424 3.00 1,820,553
4.00 1,235,696 4.00 1,235,696 4.00 1,830,004
5.00 1,245,000 5.00 1,245,000 5.00 1,839,455
6.00 1,254,336 6.00 1,254,336 6.00 1,848,906
7.00 1,263,704 7.00 1,263,704 7.00 1,858,357
8.00 1,273,104 8.00 1,273,104 8.00 1,867,808
9.00 1,282,536 9.00 1,282,536 9.00 1,877,259

10.00 1,292,000 10.00 1,292,000 10.00 1,886,710
11.00 1,301,496 11.00 1,301,496 11.00 1,896,161
12.00 1,311,024 12.00 1,311,024 12.00 1,905,091
13.00 1,320,584 13.00 1,320,584 13.00 1,915,063
14.00 1,330,176 14.00 1,330,176 14.00 1,924,514
15.00 1,339,800 15.00 1,339,800 15.00 1,934,371
16.00 1,372,517 16.00 1,372,517 16.00 1,957,543
17.00 1,374,955 17.00 1,374,955 17.00 1,961,433
18.00 1,377,395 18.00 1,377,395 18.00 1,965, 340
19.00 1,379,837 19.00 1,379,837 19.00 1,969,214
20.00 1,382,281 20.00 1,382,281 20.00 1,973,104
21.00 1,384,727 21.00 1,384,727 21.00 1,976,994
22.00 1,387,175 22.00 1,387,175 22.00 1,980,884
23.00 1,389,625 23.00 1,389,625 23.00 1,984,775
24.00 1,392,077 24.00 1,392,077 24.00 1,988,665
25.00 1,394,531 25.00 1,394,531 25.00 1,992,555
26.00 1,396,987 26.00 1,396,987 26.00 1,996,445
27.00 1,399,445 27.00 1,399,445 27.00 2,000,335
28.00 1,401,905 28.00 1,401,905 28.00 2,004,242
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2. UPDATED COOPERATIVE FEDERAL CHANNEL PLAN

2.1 The Cooperative Federal Channel Dredging Plan includes the complete federal channel
dredging and the associated berthing area dredging of Alternative 2, plus a one-time complete
dredging of all of the remaining Inland Steel Company dockface areas from the downstream end
of the hopper dock up to, but not inctuding, the turning basin in reach 9. This additional
dredging would occur in the northern 800 feet of reach 2 and in reaches 3, 4, 6 and 8. The target
depths in reaches 2,3 and 4 would be -28 feet LWD, plus an average of one-half foot overdepth
and -22 feet LWD, plus an average of one-half foot overdepth in reaches 6 and 8.

2.2 The dredge material from the Updated Cooperative Plan would be placed in the north, west
and lobes lobes of the CDF. These lobes have approximately 4.7 million cubic yards in capacity. -
As described in the section on the Dredge Model, the procedure used in allocating the dredge
volume consisted of allowing specified cells to be used in a given project year. Material would

be placed into the cells using three foot lifts and allowed to dry for at least one year without any
additional material placed on top.

2.3 The geometry for this alternative is given in table Q-23 of appendix Q. As this scenario
involves dredging the mouth through reach 13, the input geometry consists of the federal channel
in those reaches (1 - 13), the berthing areas (R03, R04, R05, L05, R06, R0O7, R0O8 and L.11) and
the PCB hot spots (L06, U13). As before, the designations "R" and "L" denote the right and left
overbank areas, and "U" denotes the upstream end. As described in the baseline section in
appendix Q, considering the surface area of the 13 reaches, and the availability of sediment, the
sediment rate to be used for this plan would be 0.16 feet/year. All other values in the geometry
file, including the initial elevations set to the 1994 soundings, were identical with those used in
the baseline condition run.

2.4 To maximize the navigation benefits, the plan was implemented by dredging the priority
areas first (federal channel areas 1-5 and berthing areas R03, R04, R05 and L0S). The dredging
is accomplished by alternating the use of the cells, starting with the southwest cell in 2000 and
switching to the southeast and north.cells in 2001. In 2006 the PCP hot spots in L06 and U13
were dredged into the TSCA cell. In 2007-2009 the remaining non-priority areas important for
navigation (federal channel 6-11, R06, R07, RO8 and L11) were dredged. At the end of 2009 all
of the navigation and heavily polluted areas were dredged to project depth at least once. After
this the dredging cycle was switched to no dredging, southwest, southeast cell, and north cell.
This final cycle continued from 2010 until the CDF was completely filled in 2033.

2.5 The Cooperative Plan was executed using the geometric data and the dredging plan given
above. Table Q-A-2 gives the annual averages, table Q-A-3 gives the federal channel depths for
each reach and year, and table Q-A-4 gives the volumes dredged for each reach and year. All
tables give values for the entire period of from 1995 through 2045. It is noted that the dredging
plan provides reasonably low elevations throughout the project life.

/.
,/
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Table Q-A-2: Updated Cooperative Plan Annual Averages

RCH SLEF-F SLF-R SLE-L SED-F SED-R SED-L
1 +0.01 +0.00 -0.04 +0.16 +0.16 +0.16
2 +0.06 -0.18 -0.10 +0.16 +0.16 +0.16
3 +0.04 -0.11 -0.08 +0.16 +0.16 +0.16
4 +0.00 -0.39 -0.31 +0.16 +0.16 +0.16
5 +0.00 -0.14 -0.16 +0.16 +0.16 +0.16
6 +0.00 -0.23 -0.22 +0.16 +0.16 +0.16
7 +0.03 -0.13 -0.24 +0.16 +0.16 +0.16
8 +0.25 -0.38 -0.24 +0.16 +0.16 +0.16
9 +0.15 -0.30 -0.21 +0.16 +0.16 +0.16

10 +0.04 -0.17 -0.12 +0.16 +0.16 +0.16

11 +0.04 -0.19 -0.15 +0.16 +0.16 +0.16

12 +0.17 -0.34 -0.15 +0.16 +0.16 +0.16

13 +0.07 -0.35 -0.33 +0.16 +0.16 +0.16
RO3 +0.00 -0.12 -0.12 +0.16 +0.16 +0.16
R04 +0.00 -0.39 -0.39 +0.16 +0.16 +0.16
RO5 +0.00 -0.14 -0.14 +0.16 +0.16 +0.16
LO5 +0.00 -0.16 -0.16 +0.16 +0.16 +0.16
RO6 +0.00 -0.23 -0.23 +0.16 +0.16 +0.16
106 +0.00 -0.25 -0.25 +0.16  +0.160 +0.16
RO7 +0.00 -0.12 -0.12 +0.16 +0.16 +0.16
RO8 +0.00 -0.38 -0.38 +0.16 +0.16 +0.16
L1l +0.00 -0.19 -0.19 +0.16 +0.16 +0.16
Ul3 +0.00 -0.32 -0.32 +0.16 +0.16 +0-.16

Notes: RCH Reach
SLF-FED Total sloughed into federal chan (feet)
SLF-FED Total sloughed from right bank (feet)
SLF-FED Total sloughed from left bank (feet)
SLF-FED Total sediment into federal chan(feet)
SLF-FED Total sediment into right bank (feet)
SLF-FED Total sediment into left bank (feet)
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Table Q-A-2 (Cont'd): Updated Cooperative Plan
Annual Averages

RCH DPTH-D DPTH-F DPTH-R DPTH-L

1 -0.10 -0.03 +3.04 +9.05
2 -0.21 +0.48 +7.61 +11.50
3 -0.15 +0.15 +0.34 +13.71
4 -0.18 +0.58 +0.81 +3.54
5 -0.08 -0.12 +0.01 +0.01
6 -0.05 -0.16 -0.06 -0.06
7 -0.08 +0.03 +0.15 +1.48
8 -0.38 +1.65 +2.08 +10.41
9 -0.31 +1.68 +3.32 +10.56
10 -0.12 +0.28 +1.49 +1.40
11 -0.15 +0.68 +1.91 +3.34
12 -0.33 +1.87 +5.54 +2.99
13 -0.35 +2.81 +4.68 +4.05
RO3 -0.12 +0.19 +0.35 +0.35
RO4 -0.39 +1.80 +2.23 +2.23
RO5 -0.14 +0.36 +0.54 +0.54
LO5 -0.16 +0.52 +0.73 +0.73
RO6 -0.23 +2.18 +2.45 +2.45
L06 -0.25 +0.80 +1.09 +1.09
RO7 -0.13 +0.97 +1.13 +1.13
RO8 -0.38 +4.01 +4.42 +4.42
L1l -0.19 +1.71 +1.93 +1.93
Ul3 -0.32 +1.55 +1.91 +1.91
Notes: RCH Reach
DPTH-F Depth of federal channel (feet)
DPTH-R Depth of right bank (feet)
DPTH-L Depth of left bank (feet)
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Table Q-A-3: Updated Cooperative Plan
Depths in the Federal Channel (feet)
Year Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7
1995 -1.38 1.69 -0.40 2.94 -1.73 -2.91 -2.10
1996 -1.22 1.85 -0.24 3.10 -1.57 -2.75 -1.94
1997 -1.06 2.01 -0.08 3.26 -1.41 -2.59 -1.78
1998 -0.90 2.17 0.08 3.42 ~-1.25 ~2.43 -1.62
1999 -0.75 2.32 0.23 3.57 -1.10 -2.28 -1.47
2000 -0.62 2.44 0.36 3.69 -0.97 -2.15 -1.34
2001 -0.49 2.48 0.49 2.48 -0.84 -2.02 -1.21
2002 -0.33 1.97 0.65 1.97 -0.68 -1.86 -1.05
2003 -0.17 0.63 0.63 0.63 -0.52 -1.70 -0.89
2004 -0.01 0.34 0.34 0.34 -0.36 -1.54 -0.73
2005 -0.48 -0.48 -0.48 -0.48 -0.48 -1.38 -0.57
2006 -0.32 0.05 -0.24 -0.32 -0.32 -1.22 -0.41
2007 -0.16 0.21 -0.08 -0.16 -0.16 -1.06 -0.25
2008 0.00 0.37 0.08 0.00 0.00 -0.90 -0.09
2009 0.16 -0.50 -0.35 0.16 0.16 -0.74 -0.50
2010 0.32 0.00 -0.01 0.32 0.32 -0.58 -0.27
2011 0.00 0.00 0.00 0.00 0.00 -0.42 -0.11
2012 -0.21 -0.21 -0.21 -0.21 -0.21 -0.26 0.05
2013 -0.50 ~-0.50 -0.50 -0.50 -0.50 -0.10 0.21
2014 -0.34 -0.15 -0.16 -0.34 -0.34 0.06 0.37
2015 -0.50 -0.50 -0.50 -0.50 -0.50 0.22 0.53
2016 -0.50 -0.50 -0.50 -0.50 -0.50 0.38 0.69
2017 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2018 -0.34 -0.25 -0.26 -0.34 -0.34 ~0.34 -0.18
2019 -0.50 -0.50 -0.50 ~-0.50 -0.50 -0.18 -0.02
2020 -0.50 ~-0.50 -0.50 -0.50 -0.50 -0.34 -0.50
2021 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2022 -0.30 ~-0.26 -0.26 -0.34 -0.34 -0.34" -0.31
2023 -0.50 -0.50 -0.50 -0.50 -0.50 -0.18 -0.15
2024 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2025 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2026 -0.30 -0.26 -0.26 -0.34 -0.34 -0.34 -0.31
2027 -0.28 -0.28 -0.28 -0.28 -0.28 -0.18 -0.15
2028 -0.26 -0.26 -0.26 -0.26 -0.26 -0.02 0.01
2029 -0.50 -0.50 -0.50 -0.50 -0.50 0.14 -0.17
2030 -0.25 -0.19 -0.19% -0.34 ~0.34 0.30 0.03
2031 -0.09 -0.,03 -0.03 -0.18 -0.18 0.46 0.19
2032 0.07 0.13 0.13 -0.02 -0.02 0.62 0.35
2033 0.04 0.04 0.04 0.04 0.04 0.78 0.51
2034 0.24 0.28 0.28 0.20 0.20 0.94 0.67
2035 0.40 0.44 0.44 0.36 0.36 1.10 0.83
2036 0.56 0.60 0.60 0.52 0.52 1.26 0.99
2037 0.72 “0.76 0.76 0.68 0.68 1.42 1.15
2038 0.88 0.92 0.92 0.84 0.84 1.58 1.31
2039 1.04 1.08 1.08 1.00 1.00 1.74 1.47
2040 1.20 1.24 1.24 1.16 1.16 1.90 1.63
2041 1.36 1.40 1.40 1.32 1.32 2.06 1.79
2042 1.52 1.56 1.56 1.48 1.48 2.22 1.95
2043 1.68 1.72 1.72 1.64 1.64 2.38 2.11
2044 1.84 1.88 1.88 1.80 1.80 2.54 2.27
2045 2.00 2.04 2.04 1.96 1.96 2.70 2.43
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Table Q-A-3 (Cont'd): Updated Cooperative Plan Depths

Year Reach 8 Reach 9 Reachl0 Reachll Reachl2 Reachl3

1985 3.92 3.86 -1.09 0.24 5.25 9.26
1996 4.08 4.02 -0.93 0.40 5.41 9.42
1997 4.24 4.18 -0.77 0.56 5.57 9.58
1998 4.40 4.34 -0.61 0.72 5.73 9.74
1939 4.55 4.49 -0.46 0.87 5.88 9.89
2000 4.67 4.61 -0.33 1.00 6.13 10.02
2001 4.81 4.75 -0.19 1.14 6.27 10.16
2002 4.97 4.91 -0.03 1.30 6.43 10.32
2003 5.13 5.07 0.13 1.46 6.59 10.48
2004 5.29 5.23 0.29 1.62 6.75 10.64
2005 5.45 5.39 0.45 1.78 6.91 10.80
2006 5.61 5.55 0.61 1.94 7.07 10.96
2007 2.44 2.44 0.77 2.10 2.44 2.44
2008 -0.50 3.91 0.93 2.26 -0.50 3.49
2009 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2010 1.00 1.50 -0.01 0.25 0.29 0.36
2011 1.16 1.66 0.15 0.41 0.45 0.52
2012 1.32 1.82 0.31 0.57 0.61 0.68
2013 1.48 0.39 0.47 0.73 0.77 0.84
2014 1.64 1.19 0.63 0.89 0.93 1.00
2015 1.47 1.35 0.79 1.05 1.09 1.16
2016 -0.50 -0.50 0.95 1.21 1.25 0.30
2017 -0.50 0.27 -0.50 -0.50 -0.50 -0.50
2018 0.34 0.51 0.00 0.04 0.32 -0.15
2019 0.40 -0.50 0.16 0.20 0.48 0.01
2020 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2021 -0.50 -0.50 -0.50 ~-0.50 -0.50 -0.50
2022 0.03 -0.17 -0.27 -0.27 -0.15 -0.30
2023 -0.50 -0.21 -0.11 -0.11 -0.50 ~0.14
2024 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2025 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2026 -0.12 -0.19 ~-0.28 -0.28 ~-0.24 -0.30
2027 0.04 -0.03 -0.12 -0.12 -0.08 -0.14
2028 0.20 0.13 0.04 0.04 0.08 0.02
2029 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
2030 0.10 -0.02 -0.19 -0.20 -0.08 -0.23
2031 0.26 0.14 -0.03 -0.04 0.08 -0.07
2032 0.42 0.30 0.13 0.12 0.24 0.09
2033 0.58 0.46 0.23 0.28 0.40 0.25
2034 0.74 0.62 0.45 0.44 0.56 0.41
2035 0.90 0.78 0.61 0.60 0.72 0.57
2036 1.06 0.94 06.77 6.76 0.88 0.73
2037 1.22 1.10 0.93 0.92 1.04 0.89
2038 1.38 1.26 1.09 1.08 1.20 1.05
2038 1.54 1.42 1.25 1.24 1.36 1.21
2040 1.70 1.58 1.41 1.40 1.52 1.37
2041 1.86 1.74 1.57 1.56 1.68 1.53
2042 2.02 1.90 1.73 1.72 1.84 1.69
2043 2.18 2.06 1.89 1.88 2.00 1.85
2044 2.34 2.22 2.05 2.04 2.16 2.01
2045 2.50 2.38 2.21 2.20 2.32 2.17
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Table Q~-A-3 (Cont'd): Updated Cooperative Plan Depths

Rch L0O5 Rch RO5

Year Rch R0O3 Rch R0O4 Rch RO5 Rch LO6
1995 0.00 14.11 1.10 2.39 6.30 6.05
1996 0.16 14.27 1.26 2.55 6.46 6.21
1997 0.32 14.43 1.42 2.71 6.62 6.37
1998 0.48 14.59 1.58 2.87 6.78 6.53
1999 0.63 14.74 1.73 3.02 6.93 6.68
2000 0.76 9.67 1.86 3.15 7.06 6.81
2001 0.89 2.48 1.99 2.48 7.19 6.94
2002 1.05 1.97 1.97 1.97 7.35 7.10
2003 0.63 0.63 0.63 0.63 7.51 7.26
2004 0.34 0.34 0.34 0.34 7.67 7.42
2005 -0.48 -0.48 -0.48 -0.48 7.83 7.58
2006 -0.32 -0.32 -0.32 -0.32 7.99 0.80
2007 -0.16 -0.16 -0.16 -0.16 2.44 0.96
2008 -0.00 -0.00 -0.00 ~0.00 2.60 ~2.00
2009 0.16 0.16 0.16 0.16 -0.50 ~1.84
2010 0.32 0.32 0.32 0.32 -0.34 -1.68
2011 0.00 0.00 0.00 0.00 -0.18 -1.52
2012 -0.21 -0.21 -0.21 -0.21 -0.02 -1.36
2013 -0.50 -0.50 -0.50 -0.50 0.14 -1.20
2014 -0.34 -0.34 ~0.34 -0.34 0.30 -1.04
2015 -0.50 -0.50 ~-0.50 -0.50 0.46 -0.88
2016 -0.50 -0.50 -0.50 ~0.50 0.62 -0.72
2017 -0.50 -0.50 -0.50 -0.50 -0.50 -2.00
2018 ~0.34 -0.34 -0.34 -0.34 -0.34 -1.84
2019 -0.50 -0.50 -0.50 -0.50 -0.18 -1.68
2020 -0.50 -0.50 -0.50 -0.50 -0.50 -2.00
2021 -0.50 -0.50 -0.50 -0.50 -0.50 -2.00
2022 -0.34 -0.34 -0.34 -0.34 -0.34 -1.84
2023 -0.50 -0.50 -0.50 -0.50 -0.18 -1.68
2024 -0.50 -0.50 ~0.50 -0.50 -0.50 -2.00
2025 -0.50 -0.50 -0.50 -0.50 ~-0.50 -2.00
20206 -0.34 -0.34 ~0.34 -0.34 -0.34 -1.84
2027 -0.28 -0.28 -0.28 ~-0.28 -0.18 -1.68
2028 -0.26 -0.26 -0.26 -0.26 -0.02 -1.52
2029 -0.50 -0.50 -0.50 -0.50 0.14 -1.36
2030 -0.34 -0.34 -0.34 -0.34 0.30 -1.20
2031 -0.18 -0.18 -0.18 -0.18 0.46 -1.04
2032 -0.02 ~0.02 -0.02 -0.02 0.62 -0.88
2033 0.04 0.04 0.04 0.04 0.78 -0.72
2034 0.20 0.20 0.20 0.20 0.94 -0.56
2035 0.36 0.36 0.36 0.36 1.10 -0.40
2036 0.52 0.52 0.52 0.52 1.26 -0.24
2037 0.68 0.68 0.68 0.68 1.42 -0.08
2038 0.84 0.84 0.84 0.84 1.58 0.08
2039 1.00 1.00 1.00 1.00 1.74 0.24
2040 1.16 1.16 1.16 1.16 1.90 0.40
2041 1.32 1.32 1.32 1.32 2.06 0.56
2042 1.48 1.48 1.48 1.48 2.22 0.72
2043 1.64 1.64 1.64 1.64 2.38 0.88
2044 1.80 1.80 1.80 1.80 2.54 1.04
2045 1.96 1.96 1.96 1.96 2.70 1.20
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Table Q-A-3 (Cont'd): Updated Cooperative Plan Depths
Year Rch RO7 Rch R08 Rch L11 Rch Ul3
1995 1.15 14.06 4.29 9.47
1996 1.31 14.22 4.45 9.63
1997 1.47 14.38 4.61 9.79
1998 1.63 14.54 4.77 9.95
1999 1.78 14.69 4.92 10.10
2000 1.91 14.82 5.05 10.23
2001 2.04 14.95 5.18 10.36
2002 2.20 15.11 5.34 10.52
2003 2.36 15.27 5.50 10.68
2004 2.52 15.43 5.66 10.84
2005 2.68 15.59 5.82 11.00
2006 2.84 15.75 5.98 0.80
2007 2.44 2.44 2.44 0.96
2008 2.60 2.60 2.60 -2.00
2009 -0.50 -0.50 -0.50 -1.84
2010 -0.34 -0.34 -0.34 -1.68
2011 -0.18 -0.18 -0.18 -1.52
2012 -0.02 -0.02 -0.02 -1.36
2013 0.14 0.14 0.14 -1.20
2014 0.30 0.30 0.30 -1.04
2015 0.46 0.46 0.46 -0.88
2016 0.62 0.62 0.62 -0.72
2017 -0.50 -0.50 ~-0.50 ~2.00
2018 -0.34 ~0.34 -0.34 -1.84
2019 -0.18 -0.18 -0.18 -1.68
2020 -0.50 -0.50 -0.50 -1.52
2021 -0.50 -0.50 -0.50 -2.00
2022 -0.34 -0.34 -0.34 -1.84
2023 -0.18 -0.18 -0.18 -1.68
2024 -0.50 -0.50 -0.50 -2.00
2025 -0.50 -0.50 -0.50 ~2.00
2026 -0.34 -0.34 -0.34 -1.84
2027 -0.18 -0.18 -0.18 -1.68
2028 -0.02 -0.02 -0.02 -1.52
2029 0.14 0.14 0.14 -1.36
2030 0.30 0.30 0.30 -1.20
2031 0.46 0.46 0.46 -1.04
2032 0.62 0.62 0.62 -0.88
2033 0.78 0.78 0.78 -0.72
2034 0.94 0.94 0.94 -0.56
2035 1.10 1.10 1.10 -0.40
2036 1.26 1.26 1.26 -0.24
2037 1.42 1.42 1.42 -0.08
2038 1.58 1.58 1.58 0.08
2039 1.74 1.74 1.74 0.24
2040 1.90 1.90 1.90 0.40
2041 2.06 2.06 2.06 0.56
2042 2.22 2.22 2.22 0.72
2043 2.38 2.38 2.38 0.88
2044 2.54 2.54 2.54 1.04
2045 2.70 2.70 2.70 1.20
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Updated Cooperative Plan

Dredging Volumes

Table Q-A-4:

(000 cubic yards)

Reach 5 Reach 6 Reach 7

Reach 4

Reach 2 Reach 3

Reach 1

Year

0
0
0

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

0
0

0

0.
0
0

0.

0

0.
0
0

133.2
66.

0.0

0.

49.
115.4

0.

.0

147.9
44

8.3
19.
43

0

0.
0
52

2

1

49.
81

0

10.

917

2005
2006
2007

.0

.0

0
0

0.
0
0

39.

2008

25

74

2009

0
11

2010

17
13
16

47
36

4

2011

0.

.2

18
25

3

30.
42

30.

37

2012

45.

2013

0.
26.

2014

.1

21. 31 11

8

36.

2015

15

13.
11

23.

1

13.
13.

2016

12

7

5.

15.

19.

2017

0.
26.
15

2018

.1

17 31 11

12
10.

29.

2019

15
15

20.

2020

5.
0
11

L7

l6. 18

2021

.0
.7

0.
31

0
29.
18
17

2022

0.

17

28

2023
2024

12. 15 5.
15

10.

20.

1.

5.
0

18.8

2025

0

.0
)

0.

0.
13.
14

0
11
14
35

2026

9.8

2027

2028
2029
2030

2031

20. 39.2 14

.2
.0

33

0

0

0.

0.
0
15

o O o

[eNoNe

o oOo

o OO

0.

2032

.17
0.

10.

18

2033
2034

0

[@ e
o o

OO
[ e

0.
0
0
0
0
0
0

0.
0.
0

2036

2035
2037

.0

0

(@]
o O

o o
o o

0.
0

2038
2039

0.

0.
0
0
0

2040
2041

0.

0.0

o o
o O

0
0.

0
0

0
0

2042
2043

0.
0.

0
0.

0
0

0.0
0.0

0.
0.

2044
2045

I

4
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(Cont'd):

Table Q-A-4

Updated Cocperative Plan Volumes

Reachl3

Reachl2

Reachl0 Reachll

Reach 9

Reach 8

Year

0

.0

0
0
0

1995
1996
1997
1998
1999
2000
2001

0.

0.

0.

0.

0.
0
0

0

2002

(@]
o

2003
2004

o O
o o

o o
o o

o O
oo

0
0.

0

0.

0
43.
62
34

2005

2006

111.9

3

33.

45

2007

0.0

2008

9. 42 12 54

62

2009

0
0
0

.0

0

2010

0.0

0.

2011

0.

2012

0.

.0

0. 21

2013

0.

4
30
17

2014

2015

13
14

0
.3

27

2016

13

27

7

2017

0
1

14

2018

0.
5

16.1

2019

7

12

2020
2021

5

2022
2023

O~
o v

3
2.

9
6

2024

NO OO wOo
Mmoo o wo

1
0
0
0.
5
0

1
0
0.
0
4
0

5
0.
0
0
0.
0
0
0
0
0

11.

2025
2026
2027
2028
2029
2030
2031

2032
2033

2034

o o
o O

0
0.
0

0
0

.0
0

(]
o

2035

OO OO0

o o

o o
o o

o o
o o

o O
(e N e

o O
o O

2036
2037

o

0

0.

2038
2039

o O

0
0.

0.
0

2040

o

0

2041

o O
o o

0
0.

0 .0 0
0. .0 0

2042
2043

o

0.

2044

0.0

0.

.0

0.

2045
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Updated Cooperative Plan Volumes

(Cont'd):

Table Q-A-4

Rch LO6

Rch RO6

Rch LO05S

Rch RO5

Rch RO4

Year

Rch RO3

0

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

o O
o O

0
0
0

0
0
0

.0

0

o O
O O

0
0.

0

134.8

0.0
0.0

o O
oo

.0
0

0.0
0.7

190.0
17

0
.0
le.
12

0.
0
28

38

0.0

11

25

2005

10.

0

2006
2007
2008

0.

0

0.

n o
< O

0
2.

0 0
0. 0.

0
0
0
13
10
12
0

2009
2010
2011

0

0.
12.

.0

2012

0.0

11

2013
2014

9
4
4
0

2015

2016

2017

2018

9
4
4

2019

2020
2021

0.

2022

2

9.
4
4
0
2
4

11.

2023
2024

2025

2026
2027

o o
o o

.0
0

8
4

0.
1

2028
2029
2030
2031

.0

0

0

.0
.0

0
0

2032
2033
2034

0

2

O o
o o

0. 0.
0. 0

0

2035

0

0

.0

0
0.

2036
2037

0.

2038

o O
o o

2039
2040

0.0

0.0

0

2041

0
0

0.

.0

.0

0.
0
0
0

2042

0.

.0
.0

0
0

2043

.0
.0

0
0

.0

2044

0.0

2045

Q-A-11

\*u\



Updated Cooperative Plan Volumes

(Cont'd):

Table Q-A-4

Rch RO8 Rch L11 Rch Ul3

Rch RO7

Year

o

0.

1995
1996
1997

OO
o o

0
0.

.0

0
0

0.

0.

1998

0.

0.
0
0
0

1999
2000

0
0

0
0

2001

.0

2002

o oo
O OO

0.

2003
2004

0.

0.

2005

134.2

.0

0
2

0.
1

2006
2007

.0

0
40.

112.1

.2

4

0.0

2008

6. 27

2009

.0
0
0

.0
0

.0

0
0
0

0.

2010

0

0
0

0.

2011

0.

2012

0.

2013

0.

2014

0.
.0

2015

2016

18.

2 10.

0

2017

o
o

2018

o o
o o

o =
[N e

o O
O <¢

0.
1

2019
2020

8
0
0
6

0

2021

0

0.

2022
2023
2024

0.
4
1

0.
1

.2

0.

2025

o o
o o

oo
o o

0.
0.
0
0

2026
2027

O OO
o OO

0.
0

.0

2028

2029

0. 0.

2030

o O
o O

0
0.

2031
2032

o O O

o O o

0.

2033
2034

o o

O o

o O

o O

2035

0
0
0

2036

0

2037

o
o

2038

o o
[ o)

oo
o O

0.
0.
0

0.0
0.0

2039
2040

0.

0

2041

0.

0.0

2042

o o
o o

o o
o o

o o

o o

2043

2044

0.

0.

2045
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1. AUTHORITY

The Water Resources Policies and Authorities ER 1165-2-132,
Hazardous, Toxic and Radioactive Waste (HTRW) Guidance for
Civil Works projects, requires that a site investigation be
conducted as early as possible to identify and evaluate
potential HTRW problems. This report documents the work
performed during preparation of the Environmental Impact
Statement for the construction of a Confined Disposal
Facility (CDF) to be used for dredge material from Indiana
Harbor and Indiana Harbor Canal, Indiana.

2. APPROACH

The purpose of this investigation was to evaluate the extent
of HTRW at the ECI site in East Chicago, Indiana and to
determine what impacts known HTRW materials will have on
construction and operation of a CDF at that site. This
assessment relied primarily on coordination with the U.S.
Environmental Protection Agency (USEPA), -the Indiana
Department of Environmental Management (IDEM), the City of
East Chicago and site characterization data obtained by
Geraghty & Miller, Inc., a consultant for ARCO, Inc.
Additional information was obtained from the USEPA
Facilities Index System Database (FINDS).

3. PROJECT. DESCRIPTION

The ECI site had been owned and operated for 60 years by
Sinclair 0il Company, Inc. Sinclair sold the site in 1968,
prior to enactment of the Resource Conservation and Recovery
Act (RCRA), to Atlantic Richfield Company (ARCO). ARCO
operated the site for 8 years and sold the site in 1976 to
Energy Cooperative, Inc. (ECI). ECI notified the USEPA,
Region V on July 1, 1980 of hazardous waste activity on the
site. ECI submitted a Part A application on November 13,
1980 as required by RCRA and acquired RCRA interim status.
The Part A application indicated that slop 0il emulsion
solids from petroleum refining (listed hazardous waste K049)
and separator sludge (listed hazardous waste K051) were
being stored in tanks and incinerated at the facility. ECI
filed for Chapter 11 bankruptcy in 1981. In 1984, U.S.
Bankruptcy Court, Northern District of Illinois, Eastern
Division, ordered the facility to be closed in an
environmentally sound manner.

ECI's contractor razed all above ground structures and
identified hazardous wastes for removal. Identified
hazardous wastes included 600 cubic yards of API separator
sludge (KO051) located in. an API separator, two tanks
containing a total of 2,558 barrels of API separator sludge,

- oo, 1Y
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two tanks totaling 61 barrels of slop oil emulsion solid
(K049), six drums of tetraethyl lead waste, and 7,000
barrels of waste gasoline. 1In addition to the tanks,
storage containers and the incinerator, there were several
pits, sumps and spill areas. Pumps were removed from lead
pump pits and then the pits were filled. There was no
testing of residuals that remained in the pits.
Subsequently, the site was graded for drainage and covered
with top soil.

Despite these activities, the hazardous waste units were
never closed in accordance with the requirements of RCRA (40
CFR Part 265, Subpart G). RCRA requires closure when a
hazardous waste treatment, storage or disposal unit ceases
operation. Under RCRA closure the site can either be clean
closed, meaning contamination is not present or is removed,
or closed in place, meaning contaminants are contained in
place and monitored. It is anticipated that clean closure
would not be feasible for the ECI site.

In addition, as the ECI facility was still seeking a
hazardous waste permit after November 8, 1984, the facility
is also subject to RCRA corrective action (RCRA Sections
3004 (u) and (v), and 3008 (h)). RCRA corrective action
requires remediation as necessary to protect human health
and the environment from all releases of hazardous waste and
hazardous constituents from solid waste management units at
the facility. The RCRA closure and corrective action
requirements associated with the portions of the site
affected by the CDF proposal have been integrated into the
CDF design.

The U.S. EPA and the Indiana Department of Environmental
Management (IDEM) share the responsibility for
administration and implementation of the RCRA program within
the State of Indiana. Both IDEM and U.S. EPA agree that the
RCRA closure and corrective action issues associated with
the ECI site will need to be addressed. As noted above,
IDEM and U.S. EPA have determined that the closure of the
hazardous waste units previously housed at the facility and
corrective action for the facility portions which would
underlie the CDF can be incorporated into the CDF design.
The remaining corrective action requirements for the non-CDF
facility parcels at the ECI site would be addressed in the
future. Proposals for the closure of RCRA hazardous waste
units in the State of Indiana must be approved by IDEM. The
implementation of corrective action in the State of Indiana
is currently the responsibility of the U.S. EPA.

In 1989 the City of East Chicago foreclosed on the ECI site
as payment for back taxes, unaware of the site's RCRA

R-2



status. Since the City of East Chicago became the owner of
the site without having approved corrective action and
closure plans in place, the City of East Chicago assumed the
RCRA liability and is currently the responsible party. A
Phase III Subsurface Characterization performed by ERM, Inc.
confirmed the USEPA's speculation that debris and
underground storage tanks and pipelines had been left in
place. The USEPA anticipates that the contaminants on site
will consist mostly of crude o0il and refined crude o0il due
mostly to spillage.

In July 1990, the U.S. Coast Guard reported observation of
free product flowing from seeps on the ECI site into the
Lake George Branch of the Indiana Harbor Canal. In order to
contain the flow, the City of East Chicago installed 4
recovery wells in December of 1992. The wells were placed
adjacent to an existing sheet pile wall located parallel to
the Lake George Branch of the Indiana Harbor Canal, from
Indianapolis Boulevard to the railroad at the western edge
of parcel IIA. An inspection of the sheet pile wall
indicated that there may be a break near the center of the
wall. The recovery wells were placed at each end of the
sheetpile wall, and near the suspected break. Analysis of
the recovery water from the wells has identified product
from wells placed at the two ends of the sheetpile wall but
not from those placed near the middle.

Twice during the 1980's the USEPA, investigated the ECI site
and tabulated a score for the site under the Comprehensive
Environmental Response Compensation and Liability Act
(CERCLA) . On both occasions the score was not high enough
to place the site on the Naticnal Priorities List or the
State Superfund List, but since scores were tabulated, the
site appears on the CERCLIS Database.

ARCO's consultant, Geraghty & Miller, Inc. has conducted a
site investigation and in addition to geological data, has
collected information on the occurrence and thickness of
free phase hydrocarbons at the ECI site. Geraghty & Miller
also intends to collect geochemical and geotechnical data
from the ECI site, which will be made available to the Corps
of Engineers upon receipt.

As noted above, various elements required to complete RCRA
closure/corrective actions for the underlying portions of
the CDF at the ECI facility have been incorporated into the
CDF design and would become integral to the CDF. These
include: (1) a slurry wall around the perimeter of ECI
Parcels I, IIA and IIB extending from the ground surface
down about 33 feet to the stiff clay underlying the site;

(2) a clay cap on Parcel I, tied into the slurry wall; (3) a



groundwater gradient control system on Parcels I, IIA, and
IIB; and (4) installation of an on-site facility for
pre-treatment of groundwater collected from Parcels I, IIA,
and IIB, if needed. 1In contrast to Parcel I which would be
capped during the initial phase of CDF construction, final
closure of the CDF, would also fulfill the capping
requirements for the RCRA corrective action of Parcels IIA
and IIB.

Parcel I previously housed the RCRA hazardous waste units at
the facility. These structures were razed along with the
rest of the above ground structures, but were never closed
in conformance with the RCRA regulations. Due to the
apparent ubiquitous nature of the on-site contamination on
this Parcel and in accordance with their regulatory
authorities, IDEM determined that closure in-place would be
most appropriate for the area which previously housed the
hazardous waste units. The in-situ closure design for
Parcel I would include a slurry wall, a gradient control
system consisting of ground water extraction wells which
would maintain ground water flow into this portion of the
CDF and an overlying 3-foot compacted clay cap with a
hydraulic conductivity of 1077 cm/s. The compacted clay cap
would be placed on the existing surface and would overlie
Parcel I. The slurry wall would extend approximately 33
feet from the ground surface into an underlying clay till
unit. U.S. EPA has determined that construction of these
components would also address the corrective action
requirements for Parcel I. These RCRA closure and
corrective action components _have been incorporated into the
proposed CDF design. Once constructed, Parcel I would be
subject to the RCRA post-closure care and permitting
requirements applicable to hazardous waste units for
maintenance and monitoring. Corrective action for the non-
CDF portions of the ECI site would be addressed at that
time. The post-closure care requirements under RCRA would
be integrated into the maintenance and monitoring
requirements for the CDF.

The CDF will also overlie facility Parcels IIA and IIB.
Unlike Parcel I, these site portions never housed hazardous
waste units and are not subject to the RCRA closure
requirements. However, these facility portions are subject
to the RCRA corrective action requirements, which addresses
releases associated with waste handling practices to the
environment. Given the apparent widespread presence of
contamination associated with these facility parcels, U.S.
EPA determined that an acceptable corrective action scenario
for these site portions would be similar to the proposed
corrective action scenario outlined above for Parcel I.
This would consist of a perimeter slurry wall associated
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with a hydraulic conductivity of 10 cm/s tied into the
underlying ‘clay unit, and a ground water removal system
consisting of ground water extraction wells placed within
the interior of the slurry wall. 1In contrast to the
placement of the overlying clay layer for Parcel I providing
the final cap for this site portion, final capping of Parcel
IIA and IIB would be done during final closure of the CDF.
The corrective action components for Parcels IIA and IIB
would be incorporated into the CDF design and connected to
the closure/corrective action components for Parcel I. The
corrective action maintenance and monitoring requirements
for these facility parcels would integrated into the
maintenance and monitoring requirements of the CDF.

In addition, the facility would also be subject to
maintenance and monitoring requirements under the TSCTA
authorization as the CDF would house the regulated PCB
sediments currently within the Project. A subcell within
the CDF will be constructed in accordance with the
requirements under TSCA for the disposal of the Project
sediments associated with PCB concentration equal to or
exceeding 50 ppm. These maintenance and monitoring
requirements for this subcell under TSCA would also be
integrated into the maintenance and monitoring requlrements
for the CDF.

Final closure design of the CDF and the corrective action
unit for Parcels IIA and IIB, would entail the placement of
cap. After final closure, maintenance of the CDF will
include the removal of any volunteer vegetation which could
impact the hydraulic conduct1v1ty of the compacted clay
liner.

The U.S. Army Corps of Engineers, Chicago District
coordinated extensively with the USEPA, Region V and the
IDEM in 1992 to develop the plan discussed above to combine
the required RCRA closure and corrective actions with
construction of a dredged material confined disposal
facility on Parcels IIA and IIB of the ECI site. The
objective of the discussions was to develop a combined plan
that was cost-effective and environmentally sound, met
regulatory requirements, and resulted in significant cost
savings for Federal interests.

The USEPA and the IDEM indicated that if the proposed CDF
were to be constructed on a clean upland site as opposed to
an existing contaminated site, such as the ECI site, total
hydraulic separation between the CDF and the site would be
required. Total hydraulic separation would involve
construction of several very costly separation liners and
monitoring layers. However, due to widespread nature of the
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contamination at the ECI site, the closure and the
corrective action needs for the underlying portions of the
site have been incorporated into the CDF design. Thus the
slurry wall and gradient control system would be used to
contain both the on-site contamination and the contaminants
associated with the Project sediments.

4. SITE VISIT

Ms. Kay Nelson, Project Manager for the East Chicago
Sanitary District conducted a site visit in early June 1993
to evaluate the impact of heavy rainfall on the site. Ms.
Nelson indicated that there appear to be no new seeps on
Parcels IIA and IIB (the proposed project site). Ms. Nelson
indicated that the site has become very densely vegetated
since the summer of 1992. She reported seeing cottonwood
trees and tall grass, making identification of seeps and
free phase liquid difficult. Ms. Nelson suspects that the
recovery wells are responsible for preventing the
development of new seeps on the main parcel. Ms. Nelson
visually inspected runoff from the site that was flowing
into storm sewers along Indianapolis Boulevard. Ms. Nelson
reported that there was no visible free phase liquid in the
runoff and there was no evidence of staining on the concrete
surrounding the sewer grates.

U.S. Army Corps of Engineers, Chicago District personnel
have not inspected the site recently. Site inspections by
U.S. Army Corps of Engineers personnel will be included in
future work.

S. DATABASE INFORMATICN

U.S. Army Corps of Engineers personnel reviewed the USEPA
Facilities Index Database System (FINDS) to identify which
sites in the City of East Chicago have been included on the
USEPA's Comprehensive Environmental Response Compensation
and Liability Information System (CERCLIS) and the Resource
Conservation and Recovery Information System (RCRIS)
databases. This information, shown in Table R-1, is not of
particular importance in this case, since it is already
known that the proposed site is regulated under RCRA, but
the database retrieval does show that the area in which this
site is located is heavily industrialized and contains
numerous sites listed on the CERCLIS database.
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Table R-1
FINDS Database Retrieval
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NAME (FAC 3] s < 2 | § E <
(FACILITY) ] hRG G |6 IS |8 STREET (PACILITY) I3 N

A& BREALITY I8 3743 EUCLID EAST CHICAGO _ [IN [+6313 LAKE -
A & B REALITY VACANT 1 14 3936 OUTHRIE EASTCHICAGO [N |31 LAKE  [INDIS#06TI6
A S K SHREDDERS INC o A TTr n ATE I ST EAST CHICAGO _[iN |i31D703 | LAKE | iNDR#OON
ACE DORAN IAULING & RIGOINO CO I 1501 CHICAUO AVE E EAST CHICAGO _ |IN [4a3i2 LAKE  [INDS®#50T25)
ACTIN INC L] . 1102 E COLUMBUS DR EASTCHICAGO  |IN [46)112845  [LAKE  [INDsetsosdi]
JAMERICAN METAL CLEANING CO 0l 1.1 4516 PARRISH AVE EAST CHICAQO _|iN [46311 LAKE Immmmu
AMERICAN RECOVERY CO IO O B 3300 INDIANAPOLIS BLVD EASTCINICAQO | IN J4s3i2 MARION |INDYS46483)
AMERICAN STEEL FOUNDRIES o Jozjoy [ 1 ] 17 [ |M61CANALST BAST CHICAGO__[IN [48317 LAKE  [INDO42073218
AMOCO OIL €0 BOAT DOCKS ol NN RILEY RD & SHIP CANAL EASTCHICAQO _ |IN [#@i2 LAKE | INDOOGTI 7830
AMOCO SERVICE STATION 15669 ] KENNEDY & CHICAGG ST EASTCHICAGO _ |IN [s0i3 LAKE  |INDIS#967430
AMVAC INC T 10YE 138TH PL. EASTCHICAGO _|IN [40122342_ [LAKE | INDI#®0923
AMVAC INC ] NN 1103 E 138TM PL EAST CRIICACD __[IN [46312 LAKE  [INDOs4743437
APEX STEEL & SUPPLY CO _ 1] 3110 WATLING 5T EASTCHICAGO _[IN [43121716 _ [LAKE | INDIS#es®
_|APEXSTEEL AND SUPPLY CO - i 3210 WATLINO ST EASTCHICAGO _|IN [#63171718  |LAKE _|(NDse®ioI®2
APEX STEEL AND SUPPLY 0O N 3210 WATLING ST EASTCHICAGO _ |IN [46313170¢  |LAKE | INDIS#icc08
APEX STEEL AND SUPPLY CO »_ " 3210 WATLINO ST EASTCHICAGO _|IN [463121T1¢ __ [LAKE | INDSS®107
ARRO PACKAUING CO 1 4404 EUCLID AVE BASTCHICAOO _|iN [4631 LAKE  [INDI®T4TI)
ASK SHREDDER ___ n IS 1IST ST EASTCHICAGO _|iN [0 LAKE | INDSG49T2000
ASSOCIATED BOX CORP o3 $300 INDIANAPOLIS BLVD EASTCHICAQO _[IN j4e312 LAKE | IND0O4305431
AUTO RITE BODY & PAINT CTR o1 1316 CARROLL ST EASTCHICAGO _ [IN [463i2 LAKE — [IND33002513
BADGER PIPELINE CO 0l _ 3830 INDLANAPOLIS BLVD EASTCHICAGO _|IN [46012 LAKE  [IND4962647
BADOER SUPPLY - 14 928 E 148TH ST EAST CHICAGO [N 1463123301 |LAKE | IND#6#913093
BEARINO HEADQUARTER CO ol - 173 W CHICAGO AVE EASTCHICAGO [N 46312 LAKE | IND9$1936343
[BLASKOVICH TOM CHEVROLET INC (1] T ) 425 W CHICAGO AVE EASTCHICAGO _|IN |42 LAKE __ [INDO16261786
[BLAW KNGX FOUNDRY 03 14 4407 RAILROAD EASTCHICAQO _ |iN [312 LAKE | INDI4s8IT7i
BLAW KNOX FOUNDRY & MILL MACHINERY ol o7 4400 RAILROAD AVE EASTCHICAGO _|IN [46317 LAKE_ |IND000130711
BODNARS SERVICE STATION 14 1302 W CHICAGO AVE EAST CHICAQO IN |460123317 LAKE INDPS426113
|BRANDENBURG DEMOLITON SITE o7 1300 CHICAGO AVE EASTCHICAGG _|IN [46313 LAKE _ |IND#1100563
BRESLUBE Usa a 03 o4 Jos [06 i3 601 RILEY RD EASTCHICAGO _|IN 46312 LAKE "~ |INDOTIO42034
“|BUCKEYE PIPE LINE CO o1 14 MCSHANE & COLUMBUS DR EASTCHICAGO _[IN [46312 LAKE _ |IND30T92680
BUNCHEKS SERVICE STATION 1] 723 W 1SISTST EASTCHICAOO _|IN [48)ID815__ [LAKE _[IND#G#%4s9Ii
ICALUMET LUMBER INC _ i 402 E CRICAGO AVE EASTCHICAGO _|IN [403123344_ [LAKE | INDISIH0RI4G
CARGILL STEEL & WIRE o1 3777 CANAL 5T EASTCHICAGO | IN [46313 LAKE " [IND130606431
CARTAGE CO 14 4600 EUCLID AVE EASTCHICAGO _ |IN [¢8311 LAKE  [INDseso3 1581
CENTRAL SERVICE CO EAST CHICAGO 03 3400 CLINE AVE EASTCHICAGO _ |IN [483i2 LAKE — [INDIGOICT 449
CERTIFIED CONCRETE INC 0y 1 3868 MICHIGAN AVE EASTCHICAGO _ [IN [46311 LAKE  |INDO03420914
CHAMPION RIVET DIVISION (7] 3137 INDIANAFOLIS BLVD EAST CHICAGO _ |IN_[46312 LAKE | INDO0S233186
CHICAGO FLAME HARDENING CO o3 3200 RAILROAD AVE EASTCHICAGO _|IN [48312 LAKE  |INDOOS2I043E
CTTG0 PETROLEUM CORP ol _joz |0 03 i 2500 E CHICAQO AVE EASTCHICAGO _[IN [46312 LAKE | INDOPS267381
ICTTO0 QUIK MART 30168 ol T T10W |4STH ST EAST CHICAGO __|IN [48312 LAKE _ [IND#84856033
[CTTY BUSINESS DEVELOPMENT DEPARTMENT 4527 INDIANAPOLIS BLVD EASTCHICAQO _|IN [+8312 LAKE |INDse«sT®280
CLARK SERVICE STATION 1 1416 COLUMBUS DR EAST CHICAGO [N 48312 LAKE — [INDRS#91362¢
ICLARK SERVICE STATION 0323 u 3680 INDIANAPOLIS BLVD EASTCHICAGO _|IN [46314 “|LAKE_ [1NDss#il404
[CLIFF ROLAND OPEN DUMP 1 324 CHICAGO AVE EASTCHICAGO _ [IN [46312 LAKE _ |IND3S4973043
ICOMBINED PLANT SERVICES SITE A o1 300} DICKEY RD EASTCHICAGO _|IN |46312 LAKE _|IND¥48675%
COMBUSTION ENGINEERING INC 0% i1 413 W 13IST ST EASTCHICAGO _|IN [483i2 LAKE | INDI496133¢
CONTINENTAL MACHINE & ENGRG CO (4] 06 4949 HUISH DR EAST CHICAQO IN |46)12 LAKE  |[INDO49307044
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JCUMMINGS CHEMICAL CO INC ] ATSE IS1ST ST EAST CHICAGO _[IN [#313 LAKE _ [iNDwossss |
[DANILO MARICH STANDARD SERVICE STATION _ 7] 3473 MICHIGAN AVE EASTCHICAGO _|IN |#3I1IT1T_ |LAKE | IND#S##91303
DEVEICO BENTEX ROLLINOOILREC T T IARBOR WORKS INL EAST CHii N’ IAKE | 1NDOSINITI
DUPONT IMACING ENVIRONMENTAL SERVICE .~~~ W T T ey kenneny Ave” T lAki"‘Immcmm
11U PONT DE NMOURS COMPANY ~~ 77—~ " | T i T 3313 KENNEDY AVE EAST CiliCAGO LAKE  |INDIAST0
JE 1. DUPONT DE NEMOU |- RS & €O, INC EAST CHICAGO_|IN 46312 LAKE | INDSS4sR193)
JEAST CHICADO CTTY DUMP 03 T KENNEDY & INDIANAPOLIS EAST CUICAGO _|IN 46312 LAKE | IND#80300233
|EAsT Chiicado cITY OF 1 AT e 3901 INDIANAPOLIS BLVD EAST CIIICAGO__|IN {46311 LAKE _ [INDIAN3SS
JEAST CHICAQO CTTY SCHOOLS LEA or | Jos |07 | 110 £ COLUMBUS DR EASTCHICAGO _|IN 46312 LAKE | IND024484100
JEAsT cHiCAGO DiSTIRBUTION ] 3101 KENNEDY AVE EASTCHICAGO _ [IN [48312 LAKE _ [INDII 783681
|EAST CHICAQO FIRE DEPT STATION 1 " 3418 OUTHRIE RD EASTCHICAGO _|IN [46312 LAKE __ [IND#4948347
|EAST CHICAGO FIRE DEPT STATION 1 . 7] 390) INDIANAPOLIS BLVD EASTCHICAGO _|IN |46312 LAKE _ |INDI4948539
JEAST CHICAGC FIRE DEPT STATION 1 ' 1] KENNEDY AVE & 149711 ST EASTCHICAGO __|IN [46312 LAKE [ iNDI4s49206
JEAST CHICAQO FIRE DEPT STATION 3 I N T 1201 W I31ST ST EASTCHICAGO __|IN [46312 LAKE _ |INDIS#S49214
|EAST CHICAGO FIRE DEPT STATION 6 1] 1201 E COLUMBUS DR EAST CHICAGO _|IN [412 LAKE __ [INDWWoI
|EAST CHICAGO INCINERATOR & OD 0 o1 1] 3400 CLINE AVE EASTCHICAGO _|IN 4312 LAKE __ [INDSGO26#TT
JEAST CHICAQO MACHINE TOOL CORP ol 4301 RAILROAD AVE EAST CHICAGO _ |iN 46312 LAKE _[INDG030TT292
JEAST CHICAGO MUNI INCIN 07 4325 INDIANAPOLIS BLVD EASTCHICAQO [N 44313 LAKB  [INDO##967131
J2AST CHiiCAQO PARK DEPT 1 1615 E 14IND ST EAST CHICAQO__|IN |46312 LAKE _|INDI#101
JEAST CHICAGO SANITARY DISTRICT o1 03 o7 i 3200 INDIANAPOLIS BLVD EASTCHICAGO _ [N {46312 LAKE __ |IND##0300227
JEAST CHICAQO SANITARY WASTEWATER DIVISION 13 5201 INDIANAPOLIS BLVD EASTCHICAGO [N [46312 LAKE | INDIS493%6
|EAST CHICAGO WASTE DEPT 1T 1 400 E CHICAGO AVE EAST CIIICAGO__[IN [463123544 |LAKE _ [INDIS499¢341
JECT sOUTI TANK PELD o1 Ry 1 3300 INDIANAPOLIS BLYD |east ciiicaao_[iN"|4e3ia LAKE __ |iNT190010294
[E1 DUPOINT DE NEMOURS & CO oi Jox oy |oa Jus | fo7 | |3 fie 17 | [S213KENNEDYAVE EAST CHICAGO __|IN |#6312 LAKE _ |IND003174334
|ELLIOTT SUPPORT SERVICES 01 N 423 W 1S1ST ST EAST CHICAGO _|IN_|#6313 LAKE __[INDIS4892362
|EneroY coor e ol Tos [ lor | 3 3300 INDIANAPOLIS BLVD EASTCHICAGO _|IN 46313 LAKE __|INDOS234780)
JENERGY SALVAGE ASSOC i 423 W 13IND ST EAST CHICAGO _|IN |46312 LAKE __|IND3%4973391
|ERNIES BODY SHOP ol — 3301 GRAND BLVD EASTCHICAGO _|IN [46312 LAKE __ |INDSASTTT4
|FLORES 10SEPH i 4143 INDIANAPOLIS BLVD EAST CHICAOO _|IN_[46312 LAKE | INDSS4993233
QANNON METAL FABRICATING CO (3] 418 W CHICAGO AVE EASTCHICAGO _|IN [48312 LAKE | IND0OSS41691
[GARCIA JORQE 1] 3691 INDIANAPOLIS BLVD EASTCHICAGO _|IN |4312 LAKE__|INDI4993191
[QENERAL AMERICAN TRANSPORTATIO o 0 ] 4320 EUCLID AVE EASTCHICAGO _|IN |463i2 LAKE |nmommn
JOENERAL AMERICAN TRANSPORTATION ol 03 {04 [05 07 4 4243 RAILROAD AVE EASTCHICAGO [N [46313 LAKE _|INDDI4425893
[GOODYEAR AUTO SERVICE CENTER ol 0 1763 E COLUMBUS DR EASTCHICAGO __|IN |46312 LAKE __ |IND0§7460022
[ORAVER ENERGY SYSTEMS INC ol 0 4909 TODD AVE EAST CHICAGO _|IN {46313 LAKE _[INDO3S413710
HARDY & SONS SERVICE STATION 14 4307 EUCLID AVE EAST CHICAGO _|IN [46312 LAKE | IND}3001932
JHARSCO CORP HECKETT PLT It 0l 0 3210 WATLING ST EASTCHICAGO _|IN [46312 LAKE __ [IND03%061963
JARSCO CORP HECKETT PLT7STE C ol o 1 17 | _[3001 DICKEY RD EAST CHICAGO _[IN 16394 LAKE_[IND#61T82196
[HECKETT SLAG AT INLD 0 17 | [3210 WATLING ST EAST CHICAGO _|IN [46312 LAKE _ [INDI4RIESd
JHoDaES LLOYD 07 4900 N CLINE AVE EASTCHICAGO _|IN [4631 LAKE __[IND#60S13793
JHOGSIER RAILCAR INC ol 3913 KENNEDY AVE EAST CHICAGO__|IN |46312 LAKE __ [IND#3007473
Jicer N ] 3468 WATLING ST EASTCHICAGO _ |IN [46312 LAKE __ |IND#100a360
|INDIANA BELL TELEPHONE CO 01 3201 WATLING EASTCHICAGO _ [IN [46)12 LAKE __ [INT190014407
INDIANA BELL TELEPHONE CO ol 717 E CHICAGO AVE EAST CHICAGO _ IIN [48312 LAKE _ |INT190013219
TNDIANA COACH AND FLEET SVC o1 1006 CARROLL ST EASTCHICAGO __|IN [4312 LAKE _ |IND9®3024533
|INDIANA ENVIRONMENTAL TRANS 0 4303 KENNEDY AVE EASTCNICAGO _|IN |4311 LAKE }t‘u’ﬁumm
JINDIANA HARBOR WORKS ] 14 3001 DICKEY RD EASTCHICAGO _|IN J4e12 LAKE | IND#$3007333
JiNDIANA RECYCLING INC o1 RILEY ROAD EASTCHICAGO _|IN [wi2 LAKE | INDOWSST29)9
JINDUSTRIAL RESOURCE RECOVERY 1 0 17830 HOMEWOOD AVE BASTCHICAGD __|IN |4913 LAKE __[INDO00ST2443
| NDUSTRIAL SCRAP CORP o4 05 423 W 13IND ST PASTCHICAGO __|IN [46312 LAKE _[INDO31062479
|INLAND STEEL. CO o7 | 3703 EUCLID AVE EAST CHICAGO __|IN 46312 LAKE
|nLarpsTEEL CO o1 [0z [03 os fos 01 | [ 13 | [17 [ [’110 WATLING ST EASTCHICAGO _ [IN [46312 LAKE
/s BTRANSPORT o1 40E 131ST ST EAST CHICAGO _|IN_|4912 LAKE
[IAYMAR RUBY ALBERT GIVEN MFQ oi 130) W CHICAGO AVE EAST CHICAGO _[IN_[46312 LAKE
KENNEDY LEASING CO INC ] 4000 CLINE AVE EASTCHICAGO _|IN [463132926 | LAKR
Ik‘zﬁ MCOEE SERVICE STATION " 14 1703 W CHICAQO AVE EASTCHICAGO __|IN_[46313 JLAKE
[LAIDLAW WASTE SYSTEMS - 14 2000 GARY AVE EAST CHICA0O _ [IN [40312 |LAKE — ImiDssasis192
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[CAIDLAW WaSTE sysTEMS ol 03 i 2000 GARY AVE EASTCHICAGO [N [4&313 LAKE__ [INDOw25058T |

JLEVI EDWARD STEEL CO ol [o2 |03 03 07 13 |14 17 | 3001 DICKEY RD EASTCHICAQOO [N [«8311 LAKE  |INDOGS462601 ‘
JLEVY EDWARD C CO 01 0 14 3001 DICKEY RD EAST CHICAQO [N [48312 LAKE  [IND981334209
JLEVY SLAQ AT LTV 03 3001 DICKY RD EASTCHICAGO _ |IN [48312 LAKE _ [INDI48S1039
JM & T CHENICALS INC 01 03 03 1 {14 413 E 13ISTST EASTCHICAGO [N 46012 LAKE  [iNDoos44raas
JMARPORT SMELTING €O 0 06 |07 [0 7 43273 KENNEDY AVE EAST CHICAQO _ |IN [46312 LAKE _ [INDS«anez1s
JMARs ) " 1402 CARROLL, ST EASTCHICAGO  |IN [463123912  |LAKE  |INDMSOZIAYS
[MARTIN OIL MARKETINO - 14 4910 KENNEDY AVE EAST CHICAGO  [IN [48312 LAKE  [IND9#302345¢
[MCCAULIFFE MACHINERY ol oz [0 03 07 [ $300 INDIANAPOLIS BLVD EASTCHICAOO _ |IN (48342 LAXE _ |INDO47030136
JMCKEOWN TRANSPORT CO INC " 211 E COLUMBUS DR EASTCHICAGO [IN 463122709  |LAKE  |IND9S4960280
{MEDALIST REID BOLT o1 $334 INDIANAPOLIS BLVD EAST CHICAOO 4311 LAXE | INDOS21333)
[MOBIL OIL CORPORATION/E CHICAGO TERMINAL 1 1811 INDIANAPOLIS BLVD EASTCHICAQO ~ [IN [453122396  |LAKE  |IND984951606
{MOBIL OIL EAST CHICAGO TERMINAL ol [02 |0y 03 1 3821 INDIANAPOLIS BLVD EAST CHICAGO 81 LAKE _ |INDO4DI296I1
JMODERN HARD CHROME or o3 I O O 1330 CANAL KD NR KIlEV RD EAST CHICAOO [N [48313 LAKE _ |iND%e1191091
MONARCH STATION 0 1 1 1719 BROADWAY EASTCHICAQO | J46)13 LAKE | INDI4929372
Imu OORP E CHICAQO PLT 0l 3] 1T AISE 13ISTST EASTCHICAGO __ |IN [463i2 LAKE __ |INDOR4761833
NATIONAL INDUSTRIAL MAINTENANCE ot 06 " 4330 BARING AVE EASTCHICAGO  |IN (46312 LAKE | INDO4T#6i819
[NATIONAL PROCESSING €O 01 17 4308 EUCLID AVE EASTCHICAGO [N [46012 LAKE  [INDO21299730
{NATIONAL PROCESSING CO PLT 11} 4302 W CLINE AVE EASTCHICAGO  |IN 4312 LAKE _ [INDS$4902963
NATIONAL RECOVERY SYSTEMS [1] 0) 1 35222 INDIANAPOLIS BLVD EAST CHICAGO  [IN |#83i2 LAKE _ |IND0T6203298
NATIONAL REFRACTORIES 1 423 W I3IST ST EASTCHICAGO [N 48312 LAKE ~ |IND984972933
NDT-1 INC ol 516 E COLUMBUS DR _ EASTCHICAGO _ [IN |46312 LAKE _ |INDsSissaima
NIPSCO PIPELINE 01 US SHIP CANAL 0.23 MILES E OF DICKEY RD EASTCHICAGO [N |46312 LAKE _ |IND9$3013531
NIPSCO ROXANNA SUBSTA - ROXANNA DK EASTCHICAGO  |IN {48312 LAKE _ |IND961001634
NORTHERN INDIANA DOCK CO INC 03 06 1 3601 CANAL ST EASTCHICAGO _ |IN Jie312 LAKE _ [IND016264325
NORTHWEST INDUSTRIAL SPECIAL ol 4333 INDIANAPOLIS BL.VD EAST CHICAGO _ [IN |46312 LAKE _ |INDW493152
NU METHOD CLEANERS o | T 901 W CHICACO AVE EASTCHICAGO  [IN 6012 LAKE _ |INDO16264160
ORANGE ] C AND CO 01 IR 1717 4616 PARRISH AVE T EAST GiiicAGO  [iN [iodid LAKE  |IND#0793970
[PASTRICK MARINA NN j T 3301 ALDIS ST B EASTCHICAGO _ [IN [i63121806  |LAKE _ |IND#3030881
JPEOPLES DRUG STORE INC B 1] 1313 W CHICAQQ AVE EASTCHICAGO [IN 146312317 [LAKE  |IND#493108)
JPERRY PETROLEUM PRODUCT CARTAGE CORP ] 321 E COLUMBUS DR EASTCHICAQO " |IN [463122711  [LAKE  [INDSS4983171
JPHILLIPS PIPELINE CO ol [0z [0y 07 i 400 E COLUMBUS DR EASTCHICAGO _ [IN [48312 LAKE  |INDOT1333509
[PHOENIX ENGINEERING ol 1140 E CHICAGO AVE EASTCHICAQO  |IN |48)i2 LAKE  [IND984892310
JPLANT INSPECTION CO ol 2300 QARY AVE EASTCHICAQO |IN [46312 LAKE  |INDS4892034
JPOLLUTION CONTROL INDUSTRIES O [ 05 106 |07 4 4343 KENNEDY AVE EASTCHICAGO  {IN 46312 LAKE | INDO0ODG46943
[PRAXATR 01 joz |03 03 0 4400 KENNEDY AVE EAST CHICAGO _ JiN [48312 LAKE _ |INDOMTI®T61
[PRAXAIR INC 01 0) 03 14 17 4330 KENNEDY AVE ) EASTCHICAGO [N 46312 LAKE  [NDOT7001147
[PUREX CORP 03 KLINE AVE AT CALUMET RIVER EAST CHICAGO _ |IN [46312 LAKE  [IND#60608079
[RAILOC OF INDIANA INC o1 3340 INDIANAFPOLIS BLVD EASTCHICAGO _ |IN 46312 LAKE _ |IND033213299
|ROBINSON STEEL €O INC ol 4303 KENNEDY AVE EASTCHICAGO — [IN [46312913  |LAKE  |IND9$4399300
JROOERS CARRIAGE 14 4614 ENCLID AVE EASTCHICAGO |IN |&312 LAKE  |IND984960334
SARQENT ELECTRIC COMPANY []] 601 E CHICAGO AVE EASTCHICAGO |IN [46312 LAKE  [IND0O4Y$S4916
SHELL OIL CORP 0 2400 MICHIGAN ST EASTCHICAGO _|IN 40012 LAKE | IND384973961
SHELL SERVICE STATION 1" 2100 E COLUMBUS DR EASTCHICAQO |IN [+®3i12 LAKE  [INDMSOITITG
SHELL SERVICE STATION 2409 " 4304 INDIANAPOLIS BLVD EASTCHICAOO |IN |e6312 LAKE ~ [INDM3033T24
SMITH DELBERT L CO INC ol 423 W I31 STUNIT 6 EASTCHICAGO [N [s6312 LAKE | IND9®4§74TS4
ST CATHERINE HOSPITAL 01 03 06 1] 11 FRST EASTCHICAGO |V [e912 LAKE | IND#4#81970
STANDARD FORGING CORP o1 03 06 1 3444 DICKY RD EASTCHICAGO |IN #8312 LAKE _ |INDOOS4TES40
[TEXACO INC TEXACO USA DIV [ 3600 CANAL STREET EASTCHICAQO _ [IN 48312 LAKE ~ [INDOGOSE4198
XAS PIPELINE 03 3600 CANAL EAST CHICAGO _ |iN [+©12 LAKE | IND9SIStS
[TIOER SERVICES INC 0) 1210 E 145TH ST EAST CHICAQO  |IN [4@di2 LAKE  [IND94893045
[TIGER SERVICES INC ] 1243 E 145TH ST EASTCHICAGO _ |IN 412 LAKE  [INDMI193816
[TONYS SERVICE 1 1102 CARROLL ST EASTCHICAGO _[IN [460123%07  [LAKE | INDI93040933
UNION TANK CAR CO M 300 W 13IST ST EASTCHICAGO _ |IN [+313 LAKE  [INT190014190
UNION TANK CAR CO o1 03 03 [06 ] [ 131 ST & RAILROAD AVE EAST CHICAQO __|IN [46313 LAKE | INDO0S436058
UNION TANK CAR COE C REPAIR [ 03 [ 1100 E 145TH EASTCHICAGO _ |IN [4a311 LAKE — [INDITI 429900
UNITED RAIL SERVICE INC ] 14JRD & CAREY ST EASTCHICAQO _|IN 46312 LAKE  |IND#$1950313
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[Us avesuM co 01 03 14 17 ] _[3501 CANAL ST EAST CHICAGO _ [IN [#6312 LAKE__ [INDOMT60301
[is REDUCTION CO ol ) 1 17 | |#610 KENNEDY AVE EASTCHICAGO _ |IN [#313 LAKE _|INDOG3130438
VIKINO ENGINEERING B I 1 1300 MICHIGAN ST EAST CNICAGO _ |IN (46212 LAKE _ |IND9®304T243
VIKINO ENGINEERING CO INC ol 173 W CHICAGO AVE EAST CHICAQO _|IN [46312 LAKE _ [INDsedssa1s
VOEST ALPINE SVCS AND TECH CORP o1 0 [0 o7 425 W 131 5T EASTCHICAGO __|IN [#6313 LAKE _[INDOOS#4TRA
[WALLACE METALS INC 1202 172 E CHICAGO AVE EASTCHICAGO [N [#6312 LAKE _[INDOM34373)
WALLACE METALS INC 1 1302 E CHICAGO AVE EASTCHICAQO _|IN [663123317  [LAKE  |INDIeS033483




5.1 AERIAL PHOTOGRAPHS & MAPS

An examination of aerial photographs taken in 1978 shows
numerous tanks and processing structures on the ECI site.
The plant was obviocusly in operation as shown by functioning
stacks. Some of the tanks on the site had open tops and
appear to have been filled or partially filled with liquid.

Several undated aerial photos taken after the site was
leveled indicate that all of the surface structures have
been removed. Some features such as roads and railways are
still visible. It appears that much of the area has been
backfilled and graded. Outlines of concrete pads that once
held storage tanks are still visible, especially in the
northern end of the site. There appear to be areas of
sparse vegetation perhaps indicating areas where spills had
occurred or where there are surficial quantities of
construction debris. There appears to be an extensive pool
of free phase liquid north of the railroad track which may
consist of water or liquid contamination or some combination
of both.

One of the important features of East Chicago revealed by
the aerial photographs is the heavy industrialization of the
area. All the land adjacent to the Lake George Branch of
the Indiana Harbor Canal and the Indiana Harbor Canal is
industrial, and appears to be centered around refining and
coal processing. There is a residential area northwest of
the ECI site, but there is a band of industrial property
between the ECI site and the residences. There are no open
nearby sites suitable for construction of an upland CDF.
Open areas near the site are either inundated with water or
directly adjacent to residential areas.

6. SITE CHARACTERIZATION DATA

Geraghty & Miller, Inc. collected data from 49 wells,
borings and piezometers on the ECI site between November 20,
1991 and March 20, 1992 on presence and thickness of free
phase hydrocarbon product in the wells. Figure R-1 shows
the locations of wells, borings and piezometers and the
minimum and maximum product thickness where product was
encountered. Tables R-2 shows the thickness of the free
phase product during the period from 22 to 24 March 1993.

It should be noted that Table R-2 includes wells not located
in Parcels IIA and IIB and not shown in Figure R-1. Table
R-3 shows the American Petroleum Institute (API) gravity and
specific gravity for the product encountered. Table R-4
shows the API gravity, viscosity and PCB concentration for
samples of product. Additional site characterization data
was collected by ERM and summarized in a report entitled
Phase III: Subsurface Characterization of the ECI site. The
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results of this report have been discussed with numerous
members of the USEPA, the IDEM, the City of East Chicago and
Geraghty & Miller. At the time this appendix was prepared,
however, the Phase III report was not available for review.
In addition, some information from the Ecology & Environment
Scoring of the ECI site was discussed, but this report was
also not available for review. These documents and all
forthcoming characterizations will be reviewed and discussed
in greater detail in the future.

7. PHONE COORDINATION

U.S. Army Corps of Engineers personnel coordinated with Mr.
Dave Petrovski of the USEPA, Ms. Carla Gill of the IDEM, Ms.
Kay Nelson of the City of East Chicago, and Ms. Kathy Duchac
of Geraghty & Miller, Inc.

8. HTRW ENVIRONMENTAL ISSUES

The presence of HTRW at the ECI site is well known. ARCO,
Inc. and the City of East Chicago have documented the
presence of petroleum related HTRW, and will perform a
limited quantification of the volume and range of wastes
present. Although construction of the CDF at the ECI site
may introduce some added liability that would not be
involved in construction at a clean site, it seems likely
that this liability will be offset by significant cost
savings in engineering and constructing the CDF, and
complying with regulatory requirements.

The presence of the HTRW should not significantly impact the
design, construction, or operation of the CDF, although it
is likely that workers will be required to wear personal
protective equipment during construction. Personal
protective equipment will also be required during dredging
the harbor and filling the CDF and possibly for monitoring
activity, but this is a result of the nature of the sediment
.and not the location of the CDF.

Northwest Indiana is a heavily industrialized area.

Building a CDF for Indiana Harbor sediments, some of which
are regulated under the Toxic Substances Control Act (TSCA)
due to PCB concentrations, in a clean area is less desirable
than constructing the CDF at the ECI site for two reasons:

a. The USEPA and the IDEM have already indicated
that if the CDF is built at a noncontaminated or "green"
site, stringent liner and collection systems will be
required at substantial additional cost. In addition, the
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USEPA and the IDEM have already demonstrated that they favor
the plan to construct the CDF at the ECI site.

b. Building a CDF at a clean site would place
contaminated material on one of northwest Indiana's few
remaining green areas, and based on the demographic layout
of the area, possibly bring contaminated material closer to
a residential area. 1In contrast, building the CDF at the
ECI site keeps the Indiana Harbor sediment in an industrial
area and will not consume one of the few remaining green
sites.

The ECI site is located in a prime location for construction
of a CDF, based on proximity to the dredging location and
ease of transporting the dredged sediment. The liability
associated with loss of TSCA contaminated sediment during
transport to the ECI site is significantly less than the
liability associated with transporting the sediment over
land to a more distant site. R

In addition, since the CDF would be constructed in
conformance with RCRA closure and corrective action, it
seems likely that additional analysis required for design of
the CDF could be accomplished by cooperative efforts with
other parties involved. Geraghty & Miller have indicated
their desire to tailor future ECI sampling and analysis to
U.S. Army Corps of Engineers requirements.

Since the ECI site will be contained using a slurry wall and
a maintained inward gradient, the risk of migration of
sediment related contaminants is very low.

In addition to disposal of dredged material from the Federal
navigation channel, materials excavated from the Inland
Steel Company and LTV Steel Company berthing areas is also
expected to be placed in the CDF. Dredged materials
generated from the Inland Steel Consent Decree sediment
remediation activities would be disposed of in the CDF as
well. Any potential problems that might arise could be
dealt with cost effectively, and the cost would be spread
out among the all the parties involved.

9. CONCLUSIONS

There is significant petroleum based HTRW contamination at
the ECI site. However, the HTRW should have no significant
adverse impact on the design, construction or operation of
the CDF. In fact, the condition of the ECI site will allow
for construction of a CDF without costly liner and
collection systems. Cooperative efforts between the parties
involved will allow much of the necessary analysis to be
conducted and paid for by non-Federal interests.
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Ground Water Elevations and Product Thickness

Table R-2

. Quarmey Site-wWide Wel Gauging
Main Refinecy Area
. _Mareh 23—-24, 1583
uncorecea Coreced
Wat No. Tep of Casing Oscth o Oapth ©© Proauct Grouna Water Ground Water Flug
Elavation Wawr Proouct Thickness Slevation Elavation Elevaton
MW =1 588.63 5.88 480 2.08 581.75 =83.41 <33.83
MW-—4 58927 253 23 Q.00 S86.34 S86.34 586.34
MW-—5 589.76 1021 10.17 0.04 579.55 579.58 579.59
MW-8 580.56 3.70 370 0.00 586.96 S86.86 S586.86
MW=7 532 85 4.66 458 0.08 S88.19 53825 S8327
MW-—=11 58629 .00 Q35 5.65 580.29 584.81 585.94
MW=-12 586.12 0.0 Q.08 025 $85.82 586.02 586.07
MW-=-13 588.41 1.72 QX 1.42 584.69 535.83 586.11
MW =14 586.49 0.66 057 Q.09 585.83 585.90 585.92
MW-15 586.59 0.78 ~0.78 0.00 585.91 585.91 58591
MW=—16 $86.39 0.65 Q.65 0.00 585.74 585.74 585.74
MW—17 586.05 0.40 0.40 0.00 585.65 585.65 585.65
MwW—-18 58621 0.69 0.69 0.00 $85.52 585,52 535.52
MW—19 586.55 0.99 0.98 0.01 $85.56 535 97 S85.97
MW-20 586.44 0.48 Q.48 0.00 585.96 585.96 585.96
MW —21 586.36 Q.40 0.40 0.00 585.96 585.96 S85.96
Mw-22 586.62 0.63 0.63 Q.00 585.99 585.99 S85.99
Mw-23 586.85 0.88 0.88 0.00 585.97 585.97 £85.97
MW =24 586.72 Q.75 0.75 0.00 585.97 585.97 58597
MW -25 589.48 3.99 3.36 0.63 585.49 585.99 586.12
MW =28 583.89 5.85 5.10 Q.75 $83.04 583.64 583.79
MW =27 590.91 3.12 276 0.36 S87.79 $88.08 588.15
MW-28 588.1 2.81 1.11 1.70 585.29 586.65 $86.99
MW =25 $851.39 | 8.32 322 5.10 S83.07 587.15 i S88.17 '}
MwW-30 { 586.05 | 0.16 0.16 0.00 585.89 585.89 53585 |
AW —31 i 58823 | Q.91 091 0.00 587.32 587.32 587.32 |
MW-=32 } S587.84 ! 4.24 122 3.2 583.60 586.02 S$B86.62
MW =233 588.63 ] 6.07 1 6.07 0.00 582.56 | 582.56 582 55
Piezomemwr Na. .
-1 586.64 5.35 [ 2.45 2.90 58129 { 583.61 S84.19
P=2 S586.82 Q.72 0.72 0.00 586.10 586.10 586.10
P=3 ] 58621 0.00 0.0 0.00 58621 586.21 S86.21
P—d S87.71 2.0 220 0.00 585.41 585.41 585 41
P=5 587.86 3.37 37 Q.00 584 .49 584.49 584 .43
P—-6 587.62 1.99 1.99 0.00 585.63 585.63 585.63
! P=7 } S87.80 | 1.61 * 51 0.00 586.19 586.19 536.19
| 5-8 ] 58727 1.2 T2 0.00 585.35 538555 585.95
| P~10 583.40 4.05 4.05 Q.00 58435 584.35 584.35
{ P11 581.12 279 2.65 0.14 588.23 588.44 538 47
v P=12 551.70 291 29 0.00 588.79 588.79 588.79
5—13 591.42 324 277 Q.47 588.18 588.56 588.65
P—14 591.47 3.46 3.46 0.00 588.01 588.01 588.01
=-15 591.63 ~5.75 3196 1.79 585.88 I 587.31 587.67
P—16 591.93 3.56 356 0.00 588.37 588.37 588.37
P=-17 591.77 .57 357 Q.00 588.20 588.20 588.20
218 59209 02 4R 0.00 5838.07 S88.07 588.07
%) i 589.00 3.46 312 Q.34 S85.54 i 585.81 585.88
P—31 { 58960 | 4.98 352 1.46 584.62 585.79 586.08
h ) ] 59022 i R 3.85 Q.14 58623 586.34 i 586.37 |
! P-33 i 5$90.33 | 2.64 264 | 0.00 587.69 587.69 7 587,68 |
; P =34 } 580.32 ! 4.1 431 Q.00 586.01 i 586.01 i 586.01 |
: P -35N \ 58768 | 10.78 3.85 6.93 576.90 } S82.44 .} 58383 |
i 5<36N ] 587683 | 13.26 3.64 9.62 574.43 | 582.13 | 58405 1
v S =37N i 589.62 i 6.91 691 0.00 S82.71 | 582.71 i 582.71
T PTEN 58974 | 460 ) 0.00 585,14 . S85.14 I 58514
; 5-35 ] 58926 i 3.79 3.79 0.00 585.47 ] 585.47 ] 585.47
/ P =40 i 590.21 | 7.38 402 3.26 582.83 I 589.52 | S86.19 |
1 NOTES:

Slevancns refarerced to Maan sea lgvel (MSL).
Ceom t© water 3NG Oroouct Tucknass aat preserted in feet.
Elevanons corrected for the presence of product using an averege specific aravity of 0.80 for the product.
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Table R-2 (Continued)
Ground Water Elevations and Product Thickness

Cuarterty Sita—Wide Wal Gauging

R-15

West Tank Farm Area
Uncameced Carsced
Degxh 0 Depth Procuct Grourd Watwr Ground Watar Flug
Water Procuct Thickness Bwvation Elavation Elevaton,
5.10 4.96 0.14 581.11 58122 58125
5.05 3.00 2.05 582 68 584.30 584,71
€4S 6.40 0.05 579.58 _579.60 579.81
8.83 6.78 0.05 578.88 _S578.50 57891
PRW—44 585.42 7.50 7.08 0.45 577.92 578.28 578.37
PRW—45 585.66 6.90 6.90 Q.00 578.76 578.76 578.76
PRW—46 585.87 7.32 8.54 038 578.55 578.85 57883
[ PAW—47 586.44 7.12 7.12 0.00 57932 579.32 S79.32
NOTES:
Elavatons refaenced 1 mean sea evet (MSL). !
Depth to watsr and product thickness data presented in feet.
Elevatons carected tar the presence of groduct using an average soedific gravity of 080 for the oroduct.
r
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Table R-2 (Continued)
Ground Water Elevations and Product Thickness

. Quantery Sita~-Wice Wal Gauging
South Tank Farm Area
Came: Maren 2-23. 1853
LUncorrecsa Careced
Wel No. Tap of Casing Deatn © Ceoth Proauct Goud Wamr Qound Water Flulg
Slgvation Watar Proouct Thickness Blevation Sevation Elevaton
MW-8 £88.01 7.78 6.09 1.69 58023 581.58 581.92
MW —5 58820 725 725 0.00 580.95 580.85 550.95
MW 355 587.40 1.03 1.03 0.00 588.37 5$86.37 586.37
MW—38S 587.19 1.58 1.58 0.00 585.61 585.61 585 61
T MW=375 86,85 328 328 0.00 S83.57 58357 583.57
MW—-38S 586.96 4.12 1.46 2.66 58284 584.97 585,50
— P=20 584.53 3.87 2.33 0.94 580.66 581.41 581.60
p-21 584.76 4.14 3.55 Q.59 580.62 581.09 §81.21
B2 585.69 4.70 4.70 0.00 530.99 580.99 580.99
P—23 58587 5.62 4.78 0.84 58025 580.92 581.09
— P24 584.86 3.0 3.80 0.00 581.08 531.06 581.06
P=25 584.42 3.35 3.35 Q.00 581.07 581.07 $81.07
B—28 585.03 4.01 4.01 0.00 581.02 581.02 581.02
4 P=27 585.33 4.45 4.45 0.00 $80.88 580.88 580.88
— P—-28 584.96 4.42 3.80 0.62 580.54 581.04 581.16
Y-) $83.81 2.51 2.51 0.00 581.0 581.30 581.%0
Hecovery Wails e
PAW=1 586.47 5.70 5.70 T 0.00 580.77 S80.77 S80.77
PRAW—2 586.45 5.76 5.76 ] 0.0 580.69 5S80.69 580.69
[ PRW-=3 586,39 6.13 6.09 | 0.04 58026 580.25 580,30
PRW—4 586.50 628 6.13 i 0.15 58022 580.34 | 580.37
PRW—5 586.76 7.31 6.55 i 0.76 579.45 $80.06 580.21
PRW-6 587.16 7.46 6.71 ] 0.75 579.70 580.30 580-°~
PRW-7 587.56 7.71 7.03 ] 0.68 579.85 | 580.39 ! S& =
PRW-8 587.70 7.25 | 7.14 Q.11 580.45 | 580.54 | 580.56 |
PAW=S 587.55 713 | 7.13 0.00 580.42 ] 580.42 T 58042 |
PRW =10 587.43 7.29 I 7.29 | 0.00 580.14 i S80.14 S80.14
BAW=11 587.76 724 | 724 | 0.00 580.52 580,52 $80.52 |
PRW =12 587.29 6.70 6.65 i 0.05 580.59 580.63 580.64
PAW=13 S8723 6.58 6.55 0.03 580.65 580.67 530.68
PRW—14 586.55 6.71 6.69 0.2 579.84 579.86 579.86
PEW—15 586.74 6.43 6.40 0.03 580.31 $80.33 580,54
PRW=—16 586.71 6.33 6.33 Q.00 580.38 580.38 580.38
— PAW—17 586.63 6.17 6.17 0.00 580,46 580,48 580.46
PRW—18 S86.77 6.30 6.30 0.00 530.47 580.47 S80.47
FPRW-10 586.60 6.25 6.25 0.00 58035 580.3S 580.35
PRW-20 587.14 5.1 6.31 i 0.00 5580.83 580.83 580.83
PAW-21 586.76 5.60 6.60 ] 0.00 580.16 580.16 580.16
PRW—-22 587.09 6.37 6.37 | 0.00 580.72 $80.72 580.72
FAW—23 $87.35 5.94 6.94 0.00 580.41 580.41 | 580.41
PRW—24 587.81 7.35 7.29 0.06 580.45 $80.51 | 580.52
PRW —25 587.54 7.82 7.57 ) 02% 580.12 580.32 | 580.37
PEW-25 588.07 7.39 7.35 { 0.04 S80.68 580.71 i 580.7¢
PRW—27 588.11 7.64 7.64 : 0.00 530.47 580.47 i 580.47
FRW-28 588.47 7.87 7.87 ] 0.00 580.60 580.60 | 580.60
PRAW —29 588.24 7.59 7.59 i 0.00 $80.65 580.65 1 580.65
PAW—20 588.05 7.25 7.21 ] 0.04 580.80 £80.83 | 580.84
PRW —31 587.58 7.56 7.27 f 0.29 580.02 t 530.25 i 580.31
PAW -3 S86.96 6.86 6.81 : 0.05 $80.10 ! S80.14 T $80.15
PRW-33 | 586.60 6.50 5.48 ) 0.02 580.10 ] $80.12 i 580,12 |
PHRW —34 586.68 6.34 6.20 0.14 580.34 ] 58045 [ 580.48 |
PRW —35 587.24 5.85 5.87 i 0.08 58129 ] 581.35 | S81.37 |
I PRAW-36 586.85 6.23 585 ] Q.38 580.62 I 580.92 r 581.00 |
PRW =37 586.85 7.01 5.73 ! 128 579.84 ¥ S80.86 - 53112 |
PRW—38 S86.56 7.03 5.81 ] 1.2 ] 579.53 i 580.51 580.7S |
PRAW-9 586.14 5.28 5.69 ) 0.39 i 579.86 i S80.33 3r ] |
PRW =40 S85.57 10.62 ! 5.62 ' 5.00 ] 574.95 v 578.95 55 N
PRW—41 585.36 8.58 5.2 ] 3.37 | 576.78 ' 579.48 580.15 |
PRAW—42 | 586.01 | 7.65 5.73 i 1.92 ! 578.36 V 579.90 330.28
NQIES: |
Elevations referenced to mean sea level (MSUL). * |
Oegth o watar and Droouct thickness 4ata crasermed in feet. i
Elevations corrected for the presence of product using an average specific gravity of 0.80 for the product :
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Table R-3

HYDROCARBON API AND SPECIFIC GRAVITIES

ECI REFINERY SITE
EAST CHICAGO, INDIANA

(Page 1 of 2)
API Specific
Location™ | Date Sampled | Gravity® Grarity®
'l
Pipeline 1/8/92 33.6 0.857
MWO01 7/19/91 334
1/8/92 325
Average 33.0 0.860
MW02 2/14/92 29.9 0.877
MW03 7/1991 26.1
2/14/92 26.4 4 .
Average 26.3 0.897
MWO0Ss 2/14/92 41 0.820
MWO06 7/19/91 20.6%
2/14/92 26.9
Average 23.8 0.911
MWO07 7/19/91 38.8 0.831
MW03 7/19/91 34.3
: 2/14/92 34.0
Average 34.2 0.854
MW09 7/19/91 27.7%
2/14/92 34.3
Average 31.0 0.871
MW11 12712792 30.4
1/8/92 30.5
Average 30.5 0.873
MWwWI12 12/12/91 3.2
1/8/92 32.6
Average 32.9 0.861
MW13 1/8/92 35.8 0.846
MW26 1/8/92 25.7 0.500
Mw27 2/14/92 29.3 - 0.880
MWwW28 177192 31.6 0.868
MW32 177192 45.8 0.798
MW38 2/14/92 34.9 0.850
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Table R-3 (Continued)

HYDROCARBON API AND SPECIFIC GRAVITIES

ECI REFINERY SITE
EAST CHICAGO, INDIANA
(Page 2 of 2)
Location™ | Date Sampled
P11 1/8/92 35.8 0.846
P1S 1/3/92 354 0.848
P20 1/2/92 32.5 0.863
P21 1/2/92 36.1 0.844
P23 1/2/92 35.2 0.849
P28 1/2/92 38.6 0.832
Notes:

0 QOnly those locations where hydrocarbon samples were

collected are shown.

API gravity analysis was conducted at 60 °F.

Specific gravity was calculated by using the average API
gravity as follows:

o

141.5/(131.5 + API gravity)
“* Analysis was performed by Breslube USA, Inc. on samples
collected in June 1991.

An average specific gravity of 0.858 was assumed for the
following wells: EWO01, MW16, MW20 to MW?25,
MW?29, PO1, P06, P09, P12, P13, P16 - P18, P22, P24

to P27.

(31}

Key:
APl = American Petroleum Institute.
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Table R4

SUMMARY OF HYDROCARBON CHARACTERISTICS™

ECI REFINERY SITE

EAST CHICAGO, INDIANA

(Page 1 of 2)
PCBs (mg/kg) AP]
Gravity® Viscosity™
_ ‘ Arodlor | Aroclor | Aroclor (dimensionless) (centistokes)
Location Date Sampled 1248 1254 1260
Pipeline 1/8/92 <5 <5 <s 33.6 3.31
MWO1 7119/91 <5 <5 <s 33.4 3.3
1/8/92 <5 <5 <5 32.5 3.6
MWQ02 2/14/92 NA NA NA 29.9 5.92
MWO3 7719/91 <5 <5 <5 26.1 13.33
2/14/92 NA NA NA 26.4 14.12
MWO3 2/14/92 NA NA NA 41 1.63
MWO06 7/19/91 850 <50 <50 20.6* NA
10/31/91 380 <S50 <50 NA NA
2/14/192 NA NA NA 26.9 15.62
MWwWOo7 7719/91 <5 <$ <$S 38.8 2.78
MWwWO0S8 7/19/91 <5 <S <S$ 343 2.90
: 2/14/92 NA NA NA 4.0 3.25
MW09 7719/91 <5 <S <5 27.79 NA
177192 <1 <1 <1 NA 3.68
2/14/92 NA NA NA 343 4.18
MWI11 12/12/91 <l 3.0 <1 30.4 5@
1/8/92 <5 <5 <S5 30.5 7.33
Mw12 12/12/91 <1 <1 <1 33.2 .89
1/8/92 <5 <Ss <5 32.6 4.86
MW13 12/12/91 <l 3.6 <l NA NA
1/8/92 <5 <S5 <S5 35.8 3.37
MWwW?25 1/8/92 63 <25 <25 NA NA
MW?26 1/8/92 <5 <5 11.4 25.7 133.01
MW27 1/7/92 <1 <1 <1 NA NA
2/14/92 NA NA NA 29.3 4.94
MW28 1/7/192 <1 <1 <1 31.6 4.22
MW?29 1/7/192 <} <1 <l NA NA
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Table R4 (Continued)

SUMMARY OF HYDROCARBON CHARACTERISTICS™

ECI REFINERY SITE
EAST CHICAGO, INDIANA
(Page 2 of 2)
__.__ﬁ —
PCBs (mg/kg) APl
Gravity® Viscosity®
) Aroclor | Aroclor | Aroclor (dimensionless) (centistokes)
Location Date Sampled 1248 1254 1260
MWwW32 177192 <1 <l <1 45.8 1.39
MW38 177192 <1 <l <l NA 3.20
2/14/92 NA NA NA 349 3.55
PO6 11/4/91 23 <5 <5 NA NA
P11 1/8/92 <5 <5 <5 35.8 3.43
P13 1/8/92 <5 <S5 <5 NA NA
Pls 1/8/92 <5 <5 <5 35.4 2.78
P17 1/8/92 <S5 <$ <5 NA NA
P20 1/2/92 <1 <l <1 32.5 5.02
P21 172192 <1 <1 <1 36.1 2.90
P23 1/2/92 <1 <1 <1 35.2 3.37
P28 1/2/92 <l <1 <1 38.6 2.32
Notes:

' Analyses were conducted by Core Laboratories, unless otherwise
noted. Only the PCBs detected in at least one sample are

presented.

@ AP] gravity analysis were conducted at 60 °F.
Viscosity analyses were conducted at 25 °C, unless otherwise

h

noted.

' Analysis was performed by BresLube USA. Inc. on samples

collected in June 1991.

' Result presented is at 20 °C.

Key:

PCB
API
NA

Polychiorinated bipheayl.
Amencan Petroleum Institute.
Not analyzed.
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APPENDIX S

SAFETY AND HEALTH

1. Purpose. This memorandum serves to discuss safety and health
matters to be considered when planning the Indiana Harbor
dredging project.

2. Assumptions. Assumptions regarding the nature of both the
project and the sediment to be dredged are based on information
available to CENCC-SO as of the date of this memorandum.
Assumptions include:

a. That the project will consist of lifting contaminated
sediment from the channel bottom and into a scow by way of
clamshell. Sediment will be transferred by scow to the CDF site
and then loaded into trucks. In turn, the trucks will transfer
the sediment to predetermined locations on the CDF site for
dumping. Sediment will be given time to dry sufficiently before
processing with earth moving equipment.

b. Sediment to be dredged contains chemical compounds in
concentrations which could prove harmful to workers either
through skin contact or inhalation of released vapors or dusts.

c. Sediment on the bottom of the channel is not homogeneousv
and the possibility exists that contaminant concentrations may
vary from location to location.

3. Site Monitoring. The development and maintenance of the
project’s safety and health program will rely upon the analysis
of the environmental data collected on and around the site. To
be effective, such a monitoring program-saould include:

a. Representative sampling and chemical analysis of the
sediment well prior to the commencement of the project so that
worker-protection alternatives may be studied and focused upon.

b. High-volume air sampling conducted at various locations
throughout the length of the project to determine "work zones"
(see attachment 1) as well as to measure the effect of operations
on the surrounding community.

c. Personal air monitoring to identify work assignments
which pose the highest risk to worker health and safety. In
addition, results of personal air monitoring will indicate the
level of protection required for any particular task on the site,
or at which times levels of protection must be tightened or may
be relaxed.

A
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4. Personal Protective Equipment (PPE).

a. Level of Protection. In discussions held among CENCC-SO,
CENCC-ED-HE, and CENCD-SO, it was agreed that at least Level "C"

dress-out (see attachment 2) would be required during the initial
stages of the project for all workers involved in sediment
dredging, hauling, dumping, and processing operations. Such was
decided upon due to the likelihood of skin contact with the
sediment as well as inhalation of volatile sediment components
and dusts. It was agreed further that acceptable air monitoring
results could result in the relocation of respirator
requirements. However, chemical resistant suit requirements
would not be relaxed for those workers subject to contact with
the sediment. It was agreed upon that a 5 percent probability
exists that Level "B" dress-out would be required at some time
during the project.

b. PP Speci Consi ati .

(1) Training. All workers who dress for Levels "B" or
"Cc" protection would require training in the use and care of
protective equipment. The cost of stand alone training is not
known. However, if such training was conducted as part of an
OSHA-certified, "40-Hour Waste Site Worker" course, training cost
per worker would be approximately $600 (1993). 1Individual
respirator fitting and medical fitness exams would add another
$400 to $600 (1993). .

(2) Equipment Cost. Attachment 3 details costs of both
Level "B" and Level "C" equipment as of the date of this
memorandum. In addition to normal wear and tear, the service
life of the PPE will depend upon the number of decontamination
cycles to which the equipment is subjected. It should be noted
that some equipment, such as APR filters,” cannot be sufficiently
decontaminated and therefore must be discarded prior to the
exhaustion of its usefulness.

(3) Worker Productivity. When workers are equipped with

any level of PPE, productivity drops in comparison with that of a
worker unencumbered by heavy, movement-restricting equipment.
Factors to be considered include:

(a) Dress-out Time. Time taken to don Level "B" PPE
could take up to a half of an hour while 15 minutes could be
expended on a Level "C" dress-out. It should be noted that an
assistant is assigned to each worker during suiting-up to ensure
that all equipment is worn and working properly.



(b) Worker Efficiency. PPE will serve to reduce the

efficiency of workers. It is widely accepted that a 50 percent
reduction in efficiency is experienced with Level "B:" dress-out
while Level "C" inflicts up to a 20 percent reduction in worker
output. Attachments 4 and 5 discuss various factors effecting
output. Heat stress should be a major consideration in this
project, especially if work is anticipated during the months of
May through September.

(c) Personnel Decontamination. All workers who enter

the "hot" zone must be decontaminated prior to exiting the site.
Complete decontamination of a worker could take upwards of 30
minutes. Decontamination is carried out be teams who are wearing
PPE at a level equal to that of the site worker they are cleaning
up. Decontamination team members become contaminated

during the course of their duties and must decontaminate
themselves prior to entry into lesser contaminated areas. A
typical decontamination team for Level "B" work would consist of
8 persons while a Level "C" team would consist of 4 to 6 members.
Attachment 6 illustrates typical decontamination schemes and
provides al list of equipment needed to support the decontamina-
tion process.

5. ipmen ec i ion. As with personnel, all tools,
vehicles, and other equipment entering a contaminated area must
be decontaminated prior to being released into non-contaminated
areas. Therefore, cost considerations must be made for
decontamination of equipment and replacement costs for items
which cannot be adequately decontaminated.

6. Support Activities. Since it appears that most labor-
intensive activities will occur within the "hot" zone, many of
the normal support activities, such as equipment maintenance,
surveying, and the like, will as well. Therefore, consideration
should be given to the fact that all such activities will be
likewise hampered by the health and safety precautions taken with
regular site employees.

S-3



ATTACHMENT #1
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WAYS TO PROTECT ENVIRONMENT:

* Divent rain water from all wastes by using dikes/ditches, contour grading, and drainage pipes
s Collect all decon water

» Don't let contaminated water into clean areas

* Segregate drums according to classes to limit chance of chemical reactions on site

Work Zones

Another method to reduce exposure is by using work zones. To effectively organize work zones,
undertake the following steps: ‘

DIRTY ZONE (ZONE 1)

The innermost zone where contamination does or could occur is the most restricted. All people
entering must wear prescribed levels of protection. Exit points must be established at the outermost
edge of the exclusion zone. This control point serves to regulate the flow of personnel and equipment
into and out of the area. Any procedures established for exit and entry are verified there.

HOTLINE (THE BOUNDARY OF ZONE 1)

The exclusion zone is initially establistied by surveying the immediate environment and determining
where the hazardous substances may be spreading. Guidance may be provided by additional data
from the initial site survey. This boundary may be adjusted as more information becomes available.

CONTAMINATION REDUCTION ZONE (ZONE™)

This is the buffer to reduce probability of contamination of the support zone while providing an area
for exit and decontamination procedures. Depending on the size of the operation, more than one
corridor may be needed. (One corridor for heavy equipment and one corridor for people).

Entrance to the Contamination Reduction zone is though one control point. Persons entering must use
prescribed protective equipment (as defined in the Standard Operating Procedure set up for that spill.)
Likewise, exit from the Dirty Zone into the Clean Zone requires removal of all protective equipment.
This area must be controlled and well defined. Rest breaks, food and water service, and filling of air
cylinders should take place well away from the decontamination area. '

CLEAN ZONE (ZONE 3)
All the command support equipment (equipment trailers, communication equipment) is located in this
zone. The zone is restricted to authorized response personnel. Normal work clothes are appropriate
in this zone. Any contaminated equipment, samples, clothing and people are decontaminated in the
Contamination Reduction Zone prior to entrance into the clean zone.
0¥
G
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+ZONE L.
Hot Zone
Dirty Zone
Exclusion Zone

+ZONE 2
Contamination
Reduction Zone
Warm Zone

+ZONE 3:
Clean Zone
Support Zone
Cold Zone

SITE WORK ZONES

(From: Occupational Safety and Health Guidance Manual
for Hazardous Waste Site Activities, NIOSH, 1985.)

Estumated boundary
of ares with highest
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--------------------

@ Access Control Points.
Contamination Roducuon Corridor.

m Contamination Reduction Zone (CRZ).
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m Exciusion Zone.

Note: Ares dimensions not 1o scale. Distances between points

Prevailing wind direction
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CHEMICAL PROTECTIVE CLOTHING

Four Levels of Protection

Personnel must wear protective equipment when activities involve known or suspected chemical,
physical or biological hazards. '

Full face-piece respirators protect the lungs, gastrointestinal tract, and the eyes against airborne
toxicants. ‘

Chemical-resistant clothing protects the skin from contact with corrosive and absorbable chemicals
within limits. '

Good personal hygiene prevents ingestion of material.

Equipment that protects the body against contact with known or anticipated toxic chemicals has been
divided into four categories according to the degree of protection afforded:

LEVEL A-  Should be worn where the highest level of respiratory, skin and eye

| protection is needed.

LEVELB-  Should be worn where the highest level of respiratory protection, but
a lesser degree of skin protection is needed.

LEVEL C-  Should be worn when the criteria for airpuriZying respirators are met.

LEVELD-  Should be womn as a basic work uniform where there are no skin or
respiratory hazards. It provides no respiratory protection and
minimal skin protection.

In hazardous materials work, the choice of levels of protection must be based on the potential
exposure to substances in the air, splashes of liquid, or other direct contact with material due to the
work being done. I

In controlled situations (RCRA, CERCLA sites), levels of protection will be based on the type and
measure of concentration of the chemical substance in the atmosphere and its toxicity.

As additional data becomes available, a decision to move up or down a level may be made. This
decision to upgrade or downgrade levels of protection must be made by a qualified person.

S-8



CHEMICAL PROTECTIVE CLOTHING

Level A Protection

DESCRIPTION:

The maximum level of protective clothing and equipment designed to prevent contact of skin and
body with hazardous substances.

CONDITIONS:

¢ high potential for splash or immersion

* potential exposure to unknown vapors gases, particulates, compounds
» direct skin and eye contact

o potential for exposures above IDLH and/or TLV

. effects of substance on skin unknown

Level A is often necessary for emergency response when little is known about the nature or amount of
hazardous material. Viton or butyl rubber fully encapsulating suits, which offer protection against the
widest variety of contaminants, are best against unknown contaminants.

PERSONAL PROTECTIVE COMPONENTS OF LEVEL A
s Pressure Demand SCBA .
+ Fully Encapsulating Suit (including boots and gloves)
» Coveralls (outer), chemical resistant suit, disposable*
» Light, loose fitting cotton underwear
* Gloves: .
- chemical-resistant glove attached to suit ,
- chemical-resistant outer glove (worn over glove attached to smt)+
- chemical-resistant inner glove
- cloth or leather work gloves (disposed of after use)
« Boots, chemical resistant, steel toe and shank (steel- metatarsal)*
- work over or under fully encapsulated suit (depending on suit type and construction)
» Chemical resistant boot covers (disposable)*
» Hard hat
« Two-way radio (intrinsically safe)

+ adapted from USEPA recommendation for Level A protection
* optional



Level B Protection

DESCRIPTION:

Protective clothing and equipment designed to minimize or prevent contact of skin and body with
hazardous substances, but not to prevent skin absorption of gases or vapors.

CONDITIONS:

* Direct skin and eye contact _

« Exposure to skin absorbing compounds safely below TLV

Initial Entry (Contaminants Unknown)

+ Off site investigations and observations do not indicate highly toxic compounds.
» Use Viton or butyl rubber

» Downgrade or upgrade as contaminants are identified.

PERSONAL PROTECTIVE COMPONENTS OF LEVEL B
s Pressure Demand SCBA
* » Non-Encapsulating Suit
- hooded chemical resistant coveralls (disposable)*
- one or two piece chemical-splash suit
- hooded, chemical resistant rain suit
» Chemical-resistant leggings and/or sleeve protectors
» Chemical resistant apron .
s Coveralls (outer), chemical resistant suit, disposabch
» Light, loose fitting cotton underwear
* Gloves
- chemical-resistant outer glove (extended cuff)*
- chemical-resistant inner glove ]
- cloth or leather work gloves (disposed of after use)*
+ Boots, chemical resistant, steel toe and shank (steel metatarsal)*
* Boot covers, chemical resistant (disposable)*
» Face shield
* Hard hat
» Two-way radio (intrinsically safe)

+ adapted from USEPA recommendation for Level B protection
* optional
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CHEMICAL PROTECTIVE CLOTHING

Level C Protection

DESCRIPTION:
Protective clothing and equipment designed to minimize contact with hazardous substances.

CONDITIONS:

+ Limited direct skin and eye contact with hazardous compounds or air contaminants will not result in
severe damage or irreversible effects

+ Work function involves potential for only minor splashes and excludes total body splashes or
immersion .

« Exposure to compounds of skin absorbing compounds safely below TLV

» Conditions appropriate for air purifying respirator

PERSONAL PROTECT!VE COMPONENTS OF LEVEL C
* Air Purifying Respirator
s Chemical Resistant Clothing
- hooded chemical resistant coveralls (disposable)*
- hooded, 2 piece chemical resistant splash suit
- chemical-resistant leggings and/or sieeve protectors, hood and apron®
« Coveralls (outer)* ’
s Gloves
- chemical-resistant outer glove
- chemical-resistant inner glove
- cloth or leather work gloves (disposed of after use)*
* Boots, chemical resistant, steel toe and shank (steel metatarsal)*
« Boot covers, chemical resistant (disposable)*
* Hard hat
« Face shield and or splash goggles (optional if respirator has full face-picce)?
» Escape mask*

» Two-way radio communication (intrinsically safe)

+ adapted from USEPA recommendation for Level C protecgon
* optional
# generally not used for protection from air conwaminants, only for protecton from chemical spills and splashes
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Level D Protection

DESCRIPTION:
The minimum level of protective clothing and equipment, designed to protect worker from common
work place hazards and minimize contact with contaminated materials.

CONDITIONS:

« Compounds of concern do not have adverse skin and eye effects

+ No hazardous air pollutants measured or anticipated

» Work function precludes splashes, immersion or potential for unknown respiratory hazards
« No exposures anticipated above TLV levels '

PERSONAL PROTECTIVE COMPONENTS OF LEVEL D

» Coveralls (disposable)

* Gloves

» Boots/shoes, leather or chemical resistant, steel toe and shank (steel metatarsal) *
* Boot covers (outer), chemical resistant (disposable)

« Hard hat (face shield)*

» Splash glasses or goggles

» Escape mask (air supplied)*

® optional
S-12
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LEVEL 'B" PROTECTION EQUIPMENT COSTS

INITAL COST DAILY

PPE COMPONENT COSsT PERDECON COST
Chemtane Green Line Hooded Suit 56.95 9.49 28.48
Scott Air Pak 2.2 30-Minute Supply 1930.00 6.00 54.00
Nitrile Outer Glove/pr 1.85 0.62 1.85
Latex inner Glove/pr 0.14 0.14 0.42
Chemical Resistant Boots/pr 54.00 1.08 3.24
Hard Hat 10.75 0.01 0.03
TOTAL: $2,053.69 $17.34 $88.02

" * DEPRECIATION OF iTEM PER DECON CYCLE OR COST TO FILL AIR PAK BOTTLE.

AIR PAK ALSO REQUIRES YEARLY OVERHAUL COSTING ABOUT $250.00.

ASSUMES WORK SCHEDULE AS PER ATTACHED

L)
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Thursday, June 10, 1993 .

8:00 AM - 8:30 AM
Suit-up

8:30 AM - 8:45 AM
Work Time
8:45 AM - 8:55 AM
Partial Decon, New Tank
855 AM - 9:10 AM
Work Time
9:10 AM - 5:20 AM
Partial Decon, Tank Change
9:20 AM - 9:35 AM
Work Time
9:35 AM - 10:05 AM
Full Decon
10:05 AM - 10:35 AM
Break
10:35 AM - 11:05 AM
Suit up
,11:05 AM - 11:20 AM
Work Time
11:20 AM - 11:30 AM
Partial Decon, Tank Change
11:30 AM - 11:45 AM
Work Time
11:45 AM - 11:55 AM
Partiai Decon, Tank Change -
11:55 AM - 1210 PM
Work Time
1210 PM - 12:40 PM
Full Decon
12:40 PM - 1:40 PM
Lunch -

1:40PM - 2210 PM
Suit Up
210PM . 225 PM
Work Time
2:25PM - 235 PM
Partial Decon, Tank Change
2:35PM - 250 PM
Work Time
2:50 PM - 3:00 PM
Partiaj Decon, Tank Change

300PM-3:15PM
Work Time
315PM -3.45PM
Full Decon
345PM-415PM
Break
4:15 PM - 5:00 PM
Safety Meeting
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LEVEL *C* EQUIPMENT COST

INITAL COST DAILY

PPE COMPONENT COST PER DECON* COST

SCOTT HALF FACE APR 21.40 0.21 0.88
ORGANIC VAPOR/DUST FILTERS 8.96 8.96 17.93
HOODED SARANEX COVERALL 32.08 8.02 32.08
NITRILE OUTER GLOVE/pr 1.85 0.37 1.48
LATEX INNER GLOVE/pr 0.14 0.14 0.56
CHEMICAL RESISTANT BOOTS/pr 54.00 ~1.08 4.32
HARD HAT 10.75 0.01 0.04
FACE SHIELD 25.50 0.51 2.04
TOTAL: $154.69 $19.31 | $58.31

* DEPRECIATION OF ITEM PER DECONAMINATION CYCLE.
ASSUMES FOUR DRESS-OUTS PER DAY; INITIAL, TWO BREAKS, AND LUNCH.
ASSUMES COVERALLS WILL BE DISCARDED AT THE END OF DAY.

ASSUMES APR CARTRIDGES WILL BE DISCARDED AT LUNCH AND END OF DAY.

,
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It's Getting Hot!

PURPQOSE: The aim of this activity is to figure out how much rest a worker shouid have
- when working in a warm environment and wearing CPC. This will help students to
understand the problems of heat stress.

TASK: Working in groups, calculate how often you should be medically
monitored while doing light work (200 kcal/hr) in impermeable chemical
protective clothing on a day that is 50% overcast with a temperature of 800
F. Use the calculation in footnote B below to arrive at the adjusted air
temperature © F. With heavy work a person burns 350-500 kcal/hr.

With light work such as sitting or standing to control machines, performing light hand or am
work a person burns 200 kcal/hr.

Suggested Frequenéy of Physiological Monitoring for Fit and Acclimatized Workers 2

ADJUSTED TEMPERATUREY?  NORMAL WORK ENSEMBLE®  IMPERMEABLE ENSEMBLE *

909F (32.29C) ar above After each 45 minutes of work After each 15 minuies of work
87.50 - 900F (30.80 - 32.29C) After each 60 minutes of work After each 30 minutes of work
82.50 - 87.59F (28.1° - 30.89C) After each 90 minutes of work After each 60 minutes of work
77.50 - 82.59F (25.30 - 28.19C) After each 120 minutes of work After each 90 minutes of work
72.50 - 77.59F (22.59 - 25.39C) After each 150 minutes of work After each 120 minutes of work

Source; Henschel, A.: Memorandum 1o Sheldon Rabinovitz from Austin Henschel, NIOSH, Cincinnati, OH., June 20, 1985.
2 For work levels of 250 kilocalories/hour. )

b Calculate the adjusted air temperature (1a adj) by using this equation: w dj OF = ta OF + (13 x % sunshine). Meastre air
temperature (L) wuhumd:rdmny in-glass thermometer, with the bulb shielded from radiant heat. Estimate percent
sunshine by judging whnpacanmthemnsnotcovered by clouds that are thick enough to produce a shadow. (100
percent sunshine = no cloud cover and a sharp, distinct shadow: 0 percent sunshine = no shadows.)

€ A normal work ensemble consists of cotton coveralls or other conion clathing with long sleeves and pants.

* When semipermesble or impermesble protective clothing is wom open, raise each temperature adjustment in the left-hand
column of the table by about § percent (this increases the threshold for each monitoring time). The exact adjustment depends
on the level of permeability of the clothing or the extent (0 which an impermesble garment can be safely opened.

S-18
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LEVEL "B" DRESS-OUT
8 HOUR DAY

SUIT UP TIME 1.5 HRS

DECON TIME 2.5 HRS

\ 9 L

Pas
Prane
Panane

7 ~

50% INEFFICIENCY WORK TIME 2 HRS
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LEVEL "C" DRESS-OUT
8 HOUR DAY

20% Inefficiency Rate

Work Hours (4) /
R N

Suit-Up Hours (1)

\

Decon Hours (2)
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Table 8-9. (cont.)

SL /Arcd-Air Respirators
® inspect SARs:

—daily when in use
— at least monthly when in storage
— avery time they are cieaned

and weak areas.

{according to manufacturers' recommendations).
Check all connections for tightness.
o Check material conditions for:

—signs of pliability

—signs of deterioration

— signs of distortion

Check faceshields and lenses for:
—cracks

—crazing

- fogginess

Alr-Purifying Respirators
s Inspect air-purifying respirators:
—before each use to be sure they have been adequately
cleaned
— after each use
—during cleaning
- monthly if in storage for emergency use
e Check material conditions for:
—signs of pliability
. = signs of deterioration
signs of distortion .
e Examine cartridges or canisters to ensure that:

— they are the proper type for the intended use
—the expiration date has not been passed
—they have not been opened or used previously

e Check faceshieids and ienses for:

—cracks
—crazing
— fogginess

Inspect air linas prior to each use for cracks, kinks, cuts, frays,

Check for proper setting and operation of regulators and vaives

e SCBAs should be stored in storage chests supplied by
the manufacturer. Air-purifying respirators shouid be
stored individually in their original cartons or carrying
casas, or in heat-sealed or resealabie plastic bags.

Maintenance

The technical depth of maintenance procedures vary.
Manufacturers frequently restrict the sale of certain PPE
parts to individuals or groups who are specially trained,
equipped, and ‘‘authorized’’ by the manufacturer to pur-
chase them. Explicit procedures should be adopted to
ensure that the appropriate level of maintenance is per-
formed only by individuals having this specialized training
and equipment. The following classification scheme is
of*2n used to divide maintenance into three ievels:

e Level 1: User or wearer maintenance, requiring a few
common toois or no tools at all.

svel 2: Shop maintenance that can be performed by
.He esmpioyer's maintenance shop.

e Lavel 3: Specialized maintenance that can be per-
formed only by the factory or an authorized repair
person.

Heat Stress and Other Physiological
Factors

Wearing PPE puts a hazardous waste worker at consid-
erable risk of developing heat stress. This can result ir
heaith sffects ranging from transient heat fatigue to seri-
ous iliness or death. Heat stress is caused by a number of
interacting factors, including environmentai conditions,
clothing, workioad, and the individual charactenstics of
the worker. Because heat stress is probably one of the
most common (and potentiaily serious) ilinesses at haz-
ardous waste sites, regular monitoring and other preven-
tive precautions are vital.

Individuals vary in their susceptibility to heat stress. Fac-
tors that may predispose someone to heat stress inciude:

* Lack of physical fitness.
e Lack of acclimatization.
° Agg_
* Dehydration.
* Obaesity.
¢ Alcohol and drug use.
¢ infection.
® Sunbumn.
" o Diarrhea.
® Chronic disease.

Reduced work tolerance and the increased risk of axces-
sive heat stress is directly influenced by the amount and
type of PPE wormn. PPE adds weight and bulk, seversly
reduces the body’s access to normal heat exchange
machanisms (evaporation, convection, and radiation), and
increases energy expenditure. Therefore, when selscting
PPE, ssch item’'s benefit should be carefully evaluated in
reiation to its potential for increasing the risk of heat
stress. Once PPE is semcted, the safe duration of work/
rest periods shouid be determined based on the:

* Anticipated work rate.

* Ambient temperature and other environmental
factors.

* Type of protective ensemble.
* jndividual worker characteristics and fitness.

Monitoring

Because the incidence of heat stress depends on a vari-
ety of factors, all workers, even those not wearing protec-
tive equipment, should be monitored.

o For workers wearing permeabie clothing (eg., stan-
dard cotton or synthetic work clothes), follow
recommendations for monitoring requirements and
suggested work/rest schedules in the current
American Conference of Governmental Industrial
Hygienists’ (ACGIH) Threshold Limit Vaiues for
Heat Stress [11]. If the actual clothing wom differs
from the ACGIH standard ensembis in insulation
value and/or wind and vapor permeability, change
the monitoring requirements and work/rest sched-
ules accordingly {12].
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® For workers wearing semipermeable or imper-
meable' encapsulating ensembies, the ACGIH
standard cannot be used. For these situations,
workars shouid be monitored when the tempera-
ture in the work area is above 70°F {21°C) [6].

To monitor the worker, measure:

® MHeart rate. Count the radial puise during a
30-second penod as early as possible in the rest
period.

if the heart rate exceeds 110 beats per minute at
the beginning of the rest period, shorten the next
work cycle by one-third and keep the rest period
the same.

If the heart rate still exceeds 110 beats per minute
at the next rest period, shorten the foilowing work
cycle by one-third [12].

¢ Oral temperature. Use a clinical thermometer
{3 minutes under the tongue) or similar device to
measure the oral temperature at the end of the
work period (before drinking).

If oral temperature exceeds 99.6 °F (37.6°C),
shorten the next work cycie by one-third without
changing the raest period.

it oral temperature still exceeds 99.6 °F (37.6°C) at
the beginning of the next rest period. shorten the
following work cycle by one-third [12].

Do not permit a worker t0 wear a semipermeable or
impermeable garment when his/her oral tempera-
ture exceeds 100.6 °F (38.1°C}[12). -

® Body water loss, if possible. Measure weight on 8
scale accurate to +0.25 Ib at the beginning and
end of each work day to see if enough fluids are
being taken to prevent dehydration. Weights
shouid be taken while the empioyee wears similar
clothing or, ideally, is nude. The body water /oss
shouid not exceed 1.5 percent total body weight
loss in 8 work day [12).

Initially, the frequency of physiological monitoring
depends on the air temperature adjusted for solar radia-
tion and the level of physical work (see Table 8-10). The
fength of the work cycle will be governed by the fre-
quency of the required physiological monitoring.

Prevention

Proper training and preventive measures will help avert
serious illness and loss of work productivity. Preventing
heat stress is particularly important because once some-
one suffers from hest stroke or haat erhaustion, that per-
son may be predisposed to additional heat injuries. To
avoid heat stress, managsment should take the following
steps:

o Adjust work schedules:

Modify work/rest schedules according to monitor-
ing requirements.

Mandate work slowdowns as needed.

'Although no protective ensemble is ‘‘compietsly’’ impermesbie.
for practical purposes an outfit may be considered impermesbie
when csicuiating heat stress risk.
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Rotate personnel: alternate job functions to mini-
mize overstress or overexertion at one task.

Add additional personnei to work teams.

Perform work during cooler hours of the day if pos-

sible or at night if adequate lighting can be
provided.

& Provide sheiter (air-conditioned, if possible) or
shaded areas 10 protect personnel during rest
periods.

¢ Maintain workers’ body fluids at normal levels.
This is necessary to ensure that the cardiovascular
system functions adequately. Daily fluid intake
must approximately equal the amount of water
lost in sweat, i.e., 8 fiuid ounces (0.23 liters) of
water must be ingested for approximately avery
8 ounces (0.23 kg) of weight lost. The normal
thirst mechanism is not sensitive enough to
ensure that enough water will be drunk to replace
lost sweat (14]. When heavy sweating occurs,
encourage the worker to drink more. The foliowing
strategies may be useful:

Maintain water temperature at 50° to 80°F

{10° to 15.6°C).

Provide small disposable cups that hold about

4 ounces (0.1 liter).

Have workers drink 16 ounces (0.5 liters) of fluid
(preferably water or dilute drinks) before beginning
work. .
Urge workers to drink a cup or two every 15to 20 ,
minutes, or at each monitoring break. A total of

1 to 1.6 gallons (4 to 6 liters) of fluid per day are
recommended, but more may be necessary to
maintain body weight.

Weigh workers before and after work to determine
if fluid repiacement is adequate.

e Encourage workers to maintain an optimal level of
physizal fitness:

Where indicated, acclimatize workers to site work
conditions: temperature, protective clothing. and
workload (see Leve/ of Acclimatization st the end of
this chapter).

Urge workers to maintain normal weight leveis.

e Provide cooling devices to aid natural body heat
exchange during prolonged work or severe nest
exposure. Cooling devices include:

Field showers or hose-down areas to reduce body
temperature and/or to cool off protactive ciotrung.
Cooling jackets, vests, or suits {see Tabie 8-5 for
detaiis).

e Train workers to recaognize and treat heat stress

As part of training, identify the signs ang svmo
toms of heat stress (see Tabie 8-11).

Other Factors

PPE decreases worker performance as cComparec o s
unequipped individual. The magnitude of this eftect -enes.
considerably, depending on both the individual ana e
PPE ensemble used. This section discusses the demon:

. strated physiological responses to PPE, the inarvaue

human characteristics that play a factor in these

’
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Table 8-10. Suggested Frequency of Physiological Monitoring for Fit and Acclimatized Workerse

~ _JSTED TEMPERATURE®

NORMAL WORK ENSEMBLE®

IMPERMEABLE ENSEMBLE

90°F (32.2°C) or above
87.5°-90°F (30.8°-32.2°C)
82.5°-87.5°F (28.1° -30.8°C)
77.5°-82.5° (25.3°-28.1°C)

72.5°-77.5°F
122.5°-25.3°C)

After each 45 minutes of work
After each 60 minutes of work
After each 90 minutes of work

After each 120 minutes of work

After each 150 minutes of work

After each 15 minutes of work
After each 30 minutes of work
After each 60 minutes of work

After each 90 minutes of work

Aftar each 120 minutes of work

Source: Reference {13].
sFor work levels of 250 kilocalories/haur.

®Calculate the adjusted air temperature (ta adj) by using this equation: ta adj °F = ta °F + {13 x % sunshine). Measure air temperature
(1a} with a standard mercury-in-glass thermometer, with the bulb shieided from radiant heat. Estimate percent sunshine by judging what
percent time the sun i$ not coverad by clouds that are thick snough to produce a shadow. {100 percent sunshine = no cloud cover and

a sharp, distinct shadow; O percent sunshine = no shadows.)

<A normal work snsemble consists of cotton coveralls or other cotton clathing with long sieeves and pants.

Table 8-11. Signs and Symptoms of Heat Stress®

¢ Heat rash may resuit from continuous exposure to heat or
humid air. ~

¢ Heat cramps are caused by heavy sweating with inadequate

electroiyte replacement. Signs and symptoms include:

— muscie spasms

— pain in the hands, feet, and abdomen

¥ ~t exhsustion occurs from increased stress on various body
‘ns including inadequate biood circulation due to cardio- ~

vascuiar insufficiency or dehydration. Signs and symptoms

include:

— paie, cool. moist skin

— heavy swesting

— dizziness

-~ nausea

— fainting

Heat stroke is the most serious form of heat stress. Tempersture

regulation faiis and the body temperature rises to critical levels.

immediate action must be taken to cool the body before serious

injury and death occur. Competent maedical heip must be

obtained. Signs and symptoms are:

— red, hot, usually dry skin

— lack of or reduced perspiration

— nausea

~ dizziness and confusion

- strong, rapid puise

- coma

*Source: Refarence (6].

responses, and some of the precautionary and training
measures that need to be taken to avoid PPE-induced
injury.

The physiological factors may affect worker ability to
function using PPE include:

* Physical condition.

® Level of acclimatization.
* Age.

e Gender.

* Weight.

Physical Condition

Physical fitness is a major factor influencing a person’s
ability to perform work under heat stress. The more fit
someone is, the more work they can safely perform. At a
given level of work, a fit person, relative to an unfit
person, will have [5,8,15,16]:

® Less physiological strain.
® A lower heart rate.

o A lower body temperature, which indicates less
retained body heat {a rise in internal temperature
precipitates heat injury).

* A more efficient sweating mechanism.
» Slightly lower nxygen consumption.
o Slightly lower carbon dioxide production.

Level of Acclimatization

The degree to which 8 worker's body has physiologicatlly
adjusted or acclimatized to working under hot conditions
affects his or her ability to do work. Acclimatized indi-
viduais generally have lowaer heart rates and body temper-
atures than unacclimatized individuals {17], and sweast
sooner and more profusely. This enables them to maintain
lower skin and body temperatures st & given level of
environmental heat and work loads than unacclimatized
workers [18]. Sweat composition aiso becomes more
dilute with acclimatization, which reduces sait loss (8].
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Acclimatization can occur after just a few days of
exposure to a hot environment (15,16]. NIOSH recom-
mends a progressive 6-day acclimatization period for the
unacclimatized worker before allowing him/her to do full
work on a hot job [16]. Under this regimen, the first day
of work on site is begun using only 50 percent of the
anticipated workioad and exposure time, and 10 percent
is added each day through day 6 [16]. With fit or trained
individuals, the acclimatization period may be shortened
2 or 3 days. However, workers can lose acclimitization in
a matter of days, and work regimens should be adjusted
to account for this.

When enclosed in an impermeable suit, fit acclimatized
individuals sweat more profusely than unfit or unacclima-
tized individuais and may therefore actually face a greater
danger of heat exhaustion due to rapid dehydration. This
can be prevented by consuming adequate guantities of
water. See previous section on Prevention for additional
information.

Age

Generally, maximum work capacity declines with increas-
ing age, but this is not always the case. Active, well-
conditioned seniors often have performance capabilities
equal to or greater than young sedentary individuals.
Howaever, there is some evidence, indicated by lower
sweat rates and higher body core temperatures, that older
individuals are less effective in compensating for a given
leve! of environmental heat and work loads [19]. At
moderate thermal loads, however, the physiological
responses of ‘‘young’’ and ‘‘old’’ are similar and perfor-
mance is not affected (191,

Age should not be the sole criterion for judging whether
or not an individual should be subjected to moderate heat
stress. Fitness level is a more important factor.

Gender

The literature indicates that females tolerate heat stress
at least as well as their male counterparts [20]. Generaily,
a female’'s work capacity averages 10 to 30 percent less
than that of a maile [8]. The primary reasons for this are
the greater oxygen-carrying capacity and the stronger
heart in the male {15]. However, a similar situation exists
as with aging: not all males have greater work capacities
than ail females.

Weight

The ability of a body to dissipate heat depends on the
ratio of its surface area to its mass (surfsce area/weight).
Heat loss (dissipation) is a function of surface ares and
neat production is dependent on mass. Therefore, heat
balance is described by the ratio of the two.

Since overweight individuals (those with a low ratio) pro-
duce more heat per unit of surface area than thin individ-
uals (those with a high ratio), overweight individuals
should be given special consideration in heat stress situs-
tions. However, when wearing impermeable clothing, the
waeight of an individual is not a critical factor in deter-
mining the ability to dissipste excess heat.

L)
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Appendix D. Sample Decontamination Procedures for
Three Typical Levels of Protection?

F.S.0.P. No. 7

Process: DECONTAMINATION PROCEDURES

INTRODUCTION

1.1 The objective of these procedures is to minimize the risk of
exposure to hazardous substances. These procedures were derived
from the U.S. Environmental Protection Agency, Office of
Emergency and Remedial Response's (OERR), “Interim Standard
Operating Safety Guides (revised Sep. 82)“. . This version of the

%ui?es is in a format that is more appropriate for use in the
ield.

1.2 Protective equipment must be worn by personnel when response
activities involve known or suspected hazardous substances. The
procedures for decontaminating personnel upon leaving the
contaminated area are addressed for each of the EPA, OERR
designated levels of protection. The procedures given are for
the maximum and minimum amount of decontamination used for each
level of protection.

1.3 The maximum decontamination procedures for all levels of
protection consist of specific activities at nineteen stations.
Each station emphasizes an important aspect of decontamination.
When establishing a decontamination line, each aspect should be
incorporated separately or combined with other aspects into a
procedure with fewer steps (such as the Minimum Decontamination
Procedures). .

1.4 Decontamination lines are site specific since they are dependent

upon the types of contamimation and the type of work activities

v on site. A cooling station is sometimes necessary within the
decontamination line during hot weather. It is usually a
location in a shaded area in which the wind can help to cool
personnel. In addition, site conditions may permit the use of
cooling devices such as cool water hose, ice packs, cool towels,
etc. When the decontamination line is no longer required,
contaminated wash and rinse solutions and contaminated articles
must be contained and disposed of as hazardous wastes in ’
compliance with state and federal regulations.

8 Source: Excarpted from Fie/d Standard Operating Procedures for the Decon-
tamination of Response Personne/ (FSOP 7). EPA Otffics of Emergency
and Remedial Response, Hazardous Response Support Division, ’7\/
Washington, DC. January 19865, AR e
\ 2
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PROCESS

No. 7

DECON PROCEDURES

MAXIMUM DECONTAMINATION LAYOUT

LEVEL A PROTECTION

EXCLUSION
ZONE
Boot Caver
Quter Glove Tape &
Removal Removal Glove Wash Segregated
Equipment
Boot Cover Boot Cover & Drop

Removal Glove Rinse

. HOTLINE e
: @ Suit/Safety Boot
T Wash

Suiv/Safety Boot
Rinse

Tank Change

and Redress - Boot Cover/

Quter Gloves

Safety Boot
Removal

@—=

Fully Encapsulating Suit
and Hard Hat Removal

CONTAMINATION
REDUCTION
ZONE

SCBA Backpack
Removal e

Inner Glove
Wash |,

Inner Glove
Rinse

Face Piece
Removal

Inner Glove
Removal

~

inner Clothing .
Removal

G @@ E— @ — @

CONTAMINATION

‘ CONTROL LINE
Field ‘—a‘ Redress
Wash SUPPORT

ZONE



!

e P D D B

F.S.0.P. No. 7

PROCESS DECON PROCEDURES

MAXIMUM DECONTAMINATION LAYOUT

LEVEL B PROTECTION

EXCLUSION v
ZONE i
Boot Cover !
Quter Glove Tape &

Removal

Removal Glove Wash

Segregated
Equipment
Drop

HOTUINE e

Boot Cover
Removal

Boot Cover &
Glove Rinse

Suit/Safery Boot
Wash

)
|
|

e

Tank Change 0 SUiUS%BA/Boot/GIove
and Redress - Boot Cover/ inse -
Outer Gioves 9§
Safety Boot
Removal

SCBA Backpack
Removal

CONTAMINATION
REDUCTION
ZONE

Splash Suit
Removal

.,

Inner Glove
Wash

Inner Glove
Rinse

Face Piece
Removal

Inner Giove
Removal

Inner Clothing
Removal
CONTAMINATION ____

E i CONTROL LINE
ield
Wash Redress

SUPPORT
ZONE

&3
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F.S.0.P, No. 7

PROCESS DECON PROCEDURES

MAXIMUM DECONTAMINATION LAYOUT

LEVEL C PROTECTION

EXCLUSION T
ZONE Boot Cover |
Outer Glove Taoe & |
Removal Removal Glove Wash Segregated
. Equipment
Drop

Boot Cover
Removal

Boot Cover &
Glove Rinse

HOTLINE e
Suit/Safety Boot
Wash

—(

Canister or | o
Mask Change L3 SunthSi:fs:ty Boot -
and Redress - Boot Cover/

Quter Gloves

I

Safety Boot
Removal

7

Solash Suit
Removal

CONTAMINATION
REDUCTION
ZONE

Inner Glove
Wash

.,

Inner Glove
Rinse

@B

Face Piece
Removal

[ ]
-
f

-

Inner Gilove
Removal

Inner Clothing
Removal

CONTAMINATION

CONTROL LINE
- LF.eld é___.‘ Redress
Wash

SUPPORT
ZONE
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F.S.0.P. No. 7

WIND DIRECTION

« ‘\\\\\“-/’

o

PROCESS DECON PROCEDURES
MINIMUM DECONTAMINATION LAYOUT
LEVELS A & B PROTECTION
| Redress: Boot Covers 20°.
{ and Quter Gloves
w | Decon
Z | Solution
'
|-
5 ® ©
i Wat Tank
ater Change-Over
Point
Decon Outer
Equipment Garments
Drop el Hemove -
Boot Covers
and Outer Gloves
O O
i | .
[
Plastic g | Can
Sheet | (10 galion)
[ J

s-31

Remove

Boots/Gloves
and

Outer
Garments
{For Disposal
and Off Site -.1
Decontamination)

O

Can
(32 galion)

—

REMOVE
SCBA




EQUIPMENT NEEDED TO PERFORM MAXIMUM DECONTAMINATION MEASURES FOR LEVELS A, B, AND C

Station 1:

Station 2:

Station 3:

Station 4:

Station 5:

Station 6:

Station 7:

Statfon 8:

Station 9:

[~ -
.

(v )

[ 0o

ano
¢

. Yarious Size Containers

Plastic Liners

. Plastic Drop Cloths

. Containers (20-30 Gallons)

Decon Solution or Detergent Water

. 2-3 Long-Handled, Soft-Bristied

Scrub Brushes

Containers (20-30 Gallons)
OR
High-Pressure Spray Unit

. Water
. 2-3 Long-Handled, Soft-Bristled

Scrub Brushes

. Containers (20-30 Gallons)
. Plastic Liners

. Containers (20-30 Gallons)
. Plastic Liners
. Bench or Stools

Containers (20-30 Gallons)

. Plastic Liners

. Containers (20-30 Gallons)
. Decon Solution or Detergent Water

2-3 Long-Handled, Soft-Bristied
Scrub Brushes

. Containers (20-30 Gallons)

" OR
NHigh-Pressure Spray Unit

. Mater
. 2-3 Long-Handled, Soft-Bristled

Scrub Brushes

Air Tanks or Face Masks and
Cartridge Depending on Level

. Tape

Boot Covers
Gloves

Station 10:

Station 11:

Station 12:

Station 13:

Station 14:

Station 15:

Station 16:

Station 17:

Station 18:

Station 19:

anNn ow
HER K]

o e
P

o
. .

[ L - -
. v e e » .

®ano
e .

Containers (20-30 Gallons)
Plastic Liners

Bench or Stools

Boot Jack

Rack
Drop Cloths

. Bench or Stools
. Table

. Basin or Bucket
, Decon Solution

Smail Table

. Water

Basin or Bucket
Small Table

. Containers (20-30 Gallons)
. Plastic Liners

. Containers (20-30 Gallons)

Plastic Liners

Containers {20-30 Gallons)
Plastic Liners

Water

Soap

Small Table
Basin or Bucket
Field Showers
Towels

Dressing Trafler is Needed in
Inclement Weather

Tables

Chairs

Lockers

. Cloths

EQUIPMENT NEEDED TO PERFORM MINIMUM DECONTAMINATION MEASURES FOR LEVELS A, B, AND C

Station 1:

Statfon 2:

Station 3:

Nnow

anom
« s e e

vYarious Size Containers
Plastic Liners
Plastic Drop Cloths

Containers (20-30 Galions)
Decon Selution-

Rinse Water

2-3 Long-Handled, Soft-Bristled
Scrub Brushes

a. Containers (20-30 Gallons)

oo

. Plastic Liners
. Bench or Stools

S-33

Station 4:

Station 5:

Station 6:

Station 7:

Air Tanks or Masks and
Cartridges Depending Upon Level
Tape

Boot Covers

. Gloves

Containers (20-30 Gallons)

. Plastic Liners

Bench or Stools

Plastic Sheets
Basin or Bucket
Soap and Towels
Bench or Stools

Water

b. Soap

Tables m'{
Wash Basin or Bucket A
&



FSOP 7:

MAXIMUM MEASURES FOR LEYEL A DECONTAMINATION

Station

Station
Station
Station
Station
Station

Station

S;ation

Station

Station

Station

Station

Station
Station

Station

12:

13:

14:

15:

16:

Segregated Equipment
Drop

Boot Cover and
Glove Wash

Boot Cover and
Glove Rinse

Tape Removal
Boot Cover
Removal

Outer Glove
Removal

Suit and Boot
Wash

Suit and Boot

Tank Change

Safety Boot
Removal

Fully Encapsulating
Suit and Hard Hat
Removal

SCBA Backpack
Removal

Inner Glove Wash

Inner Glove Rinse

Face Piece Removal

Inner Glove
Removal

1.

10.

11.

12.

13.

15,

16.

. Rinse with water.

Deposit equipment used on site (tools, sampling
devices and containers, monftoring instruments,
radios, clipboards, etc.) on plastic drop cloths
or in different containers with plastic liners.
During hot weather operations, a cool down
station may be set up within this area.

Scrub outer boot covers and gloves with decon
solution or detergent/water.

Rinse off decon solution from station 2 using
copious amounts of water.

Remove tape around boots and gloves and deposit
in container with plastic liner.

Remove boot covers and deposit in container
with plastic liner. -
Remove outer gloves and deposit in contafner
with plastic liner,

Wash encapsulating suit and boots using scrub
brush and decon solution or detergent/water.
Repeat as many times as necessary.
Rinse off decon sclution using water. Repeat as
many times as necessary.

If an air tank change is desired, this is the
last step in the decontamination procedure.

Alr tank {s exchanged, new outer gloves and boot
covers donned, and joints taped. Worker returns
to duty.

Remove safety boots and deposit in container
with plastic liner,

Fully encapsulated suit is removed with
assistance of a helper and laid out on a drop
cloth or hung up. Hard hat is removed. Hot
weather rest station maybe set up within this
area for personnel returning to site.

while sti1l wearing facepiece, remove backpack
and place on table. Disconnect hose from
regulator valve and proceed to next station.

wash with decon solution that will not harm the
skin. Repeat as often as necessary.

Repeat as many times as
necessary.

Remove face piece. Deposit in container with
plastic 1iner, Avoid touching face with fingers.

Remove inner gloves and deposit in container
with liner,



FSoP 7:

MAXIMUM MEASURES FOR LEVEL A DECONTAMINATION

Station 17: Inner Clothing 17. Remove clothing and place in lined container,
Removal Do not wear inner clothing off-site since there
is a possibility that small amounts of
contaminants might have been transferred in
removing the fully-encapsulating suit,

Station 18: Fileld Wash 18. Shower 1f highly toxic, skin-corrosive or skin-
absorbable materials are known or suspected to
be present. Wash hands and face if shower is
not available.

Station 19: Redress 19. Put on clean clothes.

FSOP 7: MINIMUM MEASURES FOR LEVEL A DECONTAMINATION

Station 1: Equipment Drop 1. Deposit equipment used on-site (tools, sampling
devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop
cloths. Segregation at the drop reduces the
probability of cross contamination. During hot
weather operations, cool down stations maybe set
up within this area,

Station 2: Outer Garment, 2. Scrub outer boots, cuter gloves and fully-

Boots, and Gloves encapsulating suit with decon solution or
Wash and Rinse detergent and water. Rinse off using copfous
amounts of water.

Station 3: Outer Boot and 3. Remove outer boots and gloves. Deposit in

Glove Removal container with plastic liner.,

Station 4: Tank Change 4. If worker leaves Exclusion Zone to change air
tank, this is the last step in the
decontamination procedure. Worker's air tank is
exchanged, new outer gloves and boot covers
donned, joints taped, and worker returns to duty.

Station 5: Boot, Gloves 5. Boots, fully-encapsulating suit, inner gloves

and Outer Garment removed and deposited in separate containers
Removal lined with plastic.

Station 6: SCBA Removal 6. SCBA backpack and facepiece is removed (avoid
touching face with fingers). SCBA deposited
on plastic sheets.

Station 7: Field Wash 7. Hands and face are thoroughly washed. Shower as

35

soon as possible.



FSOP 7: MAXIMUM MEASURES FOR LEVEL B DECONTAMINATION

Station 1: Segregated Equipment 1. Deposit equipment used on site {tools, sampling
Drop devices and containers, monitoring instruments,

radios, clipboards, etc.) on plastic drop
claths or in different containers with plastic
liners. Segregation at the drop reduces the
probability of cross-contamination. During hot
weather operations, cooldown stations may be set
up within this area.

Station 2: Boot Cover and 2. Scrub outer boot covers and gloves with decon
Glove Wash solution or detergent and water.

Station 3: Boot Cover and 3. Rinse off decon solution from station 2 using
Glove Rinse copious amounts of water,

Station 4: Tape Removal 4. Remove tape around boots and gloves and deposit

in container with plastic liner.

Station 5: Boot Cover 5. Remove boot covers and deposit in container
Removal : with plastic liner,

Station 6: Outer Glove 6. Remove outer gloves and deposit in container
removal with plastic liner,

Station 7: Suit and Safety 7. Wash chemical-resistant splash suit, SCBA,
Boot Wash gloves and safety boots. Scrub with long-handle

scrudb brush and decon solution. Wrap SCBA
regulator (if belt mounted type) with plastic to
keep out water. Wash backpack assembly with
sponges or cloths.

Station 8: Suit, SCBA, Boot, 8. Rinse off decon solution using copious amounts
and Glove Rinse of water,
Station 9: Tank Change 9, If worker leaves exclusion zone to change air

tank, this is the last step in the
decontamination procedure. Worker's air tank is
exchanged, new outer gloves and boot covers
donned, and joints taped. Worker returns to

duty.
Station 10: Safety Boot 10. Remove safety boots and deposit in contatner
™) Removal with plastic liner.
Station 11: SCBA Backpack 11. While still wearing facepiece, remove back-
Removal pack and place on tahle, Disconnect hose from
regulator valve.
Station 12: Splash Suit 12. With assistance of helper, remove splash suit.
Removal Deposit in container with plastic liner.
Station 13: Inner Glove Wash 13. Wash inner gloves with decon solution.
Station 14: Inner Glove Rinse 14, Rinse inner gloves with water,
Station 15: Face Piece Removal 15. Remove face piece. Deposit in container with

plastic liner. Avoid touching face with fingers.

Station 16: Inner Glove 16. Remove inner gloves and deposit in container
Removal with liner.
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FSOP 7: MAXIMUM MEASURES FOR LEVEL B DECONTAMINATION

Station

Station

Station

17:

18:

19:

Inner Clothing 17.
Removal

Field Wash 18.
Redress 19.

Remave inner clothing. Place in container with
liner. Do not wear inner clothing off-site
since there is a possibility that small amounts
of contaminants might have been transferred in
removing the fully-encapsulating suit.

Shower {f highly toxic, skin-corrosive or skin-
absorbable materials are known or suspected to
be present. Wash hands and face if shower is
not available,

Put on clean clothes.

FSOP 7: MINIMUM MEASURES FOR LEVEL B DECONTAMINATION

Station

Station

Station

Station

Station

Station

Station

Equipment Orop 1.

Quter Garment, 2.
Boots, and Gloves
Wash and Rinse

Quter Boot and ° « Y 3,
Glove Removal

Tank Change 4.

Boot, Gloves 5.
and Outer Garment

Removal

SCBA Removal 6.
Field Wash 1.

Deposit equipment used on-site (tools, sampling
devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop
cloths. Segregation at the drop reduces the
probability of cross contamination. Ouring hot
weather operations, cool down station may be set
up within this area.

Scrub outer boots, outer gloves and chemical-
resistant splash suit with decon solution or
detergent water. Rinse off using copious
amounts of water.

Remove outer boots and gloves. Deposit in
container with plastic liner.

If worker leaves exclusive zone to change air
tank, this is the last step in the
decontamination procedure. Worker's air tank is
exchanged, new outer gloves and boot covers
donned, joints taped, and worker returns to duty.

Boots, chemical-resistant splash suit, inner

gloves removed and deposited in separate
containers lined with plastic.

SCBA backpack and facepiece is removed. Avoid
touching face with finger. SCBA deposited
on plastic sheets.

Hands and face are thoroughly washed. Shower as
soon as possible. :



FSOP 7:

MAXIMUM MEASURES FOR LEVEL C DECONTAMINATION

Station 1:
Station 2:
Station 3:
Station 4:
Station §5:
Station 6:
Station 7:
Station 8:
Station 9:

Station 10:
Station 11:
. !

Station 12:
Station 13:

Station 14:

Station 15:

Segrated Equipment
Drop

Boot Cover and
Glove Wash

Boot Cover and
Glove Rinse

Tape Removal
Boot Cover
Removal

Outer Glove
Removal

Suit and Boot
Rash

Suit and Boot,
and Glove Rinse

Canister or.
Mask Change

Safety Boot
Removal

Splash Suit
Removal

Inner Glove
Rinse

Inner Glove
Wash

Face Piece
Removal

Inner Glove ,
Removal

10.

. Deposit equipment used on site {tools, sampling

devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop
cloths or in different containers with plasti
liners. Segregation at the drop reduces the
probability of cross contamination. Ouring hot
weather operations, a cool down station may be
set up within this area.

. Scrub outer boot covers and gloves with decon

solution or detergent and water.

Rinse off decon solution from station 2 using
copious amounts of water.

. Remove tape around boots and gloves and deposit

in container with plastic liner.

. Remove boot covers and deposit in containers

with plastic liner,

Remove outer gloves and deposit in container
with plastic liner.

. Wash splash suit, gloves, and safety boots.

Scrub with long-handle scrub brush and decon
solution,

Rinse off decon solution using water. Repeat as
many times as necessary.

If worker leaves exclusion zone to change
canister (or mask), this is the last step

in the decontamination procedure. Worker's
canister is exchanged, new outer gloves and boot
covers donned, and joints taped worker returns
to duty.

Remove safety boots and deposit in container

witq plastic liner.

n.

12.

13.

14.

15.

With assistance of helper, remove splash
suit. Deposit in container with plastic liner.

Wash inner gloves with decon solution.

Rinse inner gloves with water.

Remowe face piece. Deposit in container with
plastic liner. Avoid touching face with fingers.

Remove inner gloves and deposit in lined
container.



FSOP 7: MAXIMUM MEASURES FOR LEVEL C DECONTAMINATION

Station 16: Inner Clothing 16. Remove clothing soaked with perspiration and
Removal place in lined container. Do not wear inner
clothing off-site since there s a possibility
that small amounts of contaminants might have
been transferred in removing the fully-
encapsulating suit.

Station 17: Field Wash 17. Shower if highly toxic, skin-corrosive or skin-
absorbable materials are known or suspected to
be present. Wash hands and face if shower is
not available.

Stati~~ 13: Rediess 18. Put on clean clothes.

FSOP 7: MINIMUM MEASURES FOR LEVEL C DECONTAMINATION

Station 1: Equipment Drop 1. Deposit equipment used on-site {tools, sampling
devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop
cloths. Segregation at the drop reduces the
probability of cross contamination, DQuring hot
weather operations, a cool down station may be
set yp within this area.

Station 2: Outer Garment, 2. Scrub outer boots, outer gloves and splash
Boots, and Gloves suit with decon solution or detergent water.
Wash and Rinse Rinse off using copious amounts of water.
Station 3: Outer Boot and 3. Remove outer boots and gloves. Deposit in
Glove Removal container with plastic liner.
Station 4: Canister or 4. If worker leaves exclusive zone to change
Mask Change canister (or mask), this is the last step in the

decontamination procedure. Worker's canister is
exchanged, new outer gloves and boot covers
donned, joints taped, and worker returns to duty.

Station 5: Boot, Gloves 5. Boots, chemical-resistant splash suit, inner
and Outer Garment gloves removed and deposited in separate
Removal containers lined with plastic.

Station 6: Face Piece 6. Facepiece is removed. Avoid touching face with
Removal fingers, Facepiece deposited on plastic sheet.

Station 7: Field Wash 7. Hands and face are thoroughly washed. Shower as

soon as possible.

N
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Executive Summary

This study provides a risk analysis for a proposed confined disposal facility
(CDF) at a site in Northwest Indiana formerly occupied by the Energy
Cooperative Incorporated (ECI). The CDF would serve as a disposal facility
for sediments dredged out of the Indiana Harbor and Canal (IHC) by the U.S.
Army Corps of Engineers. The proposed CDF would cover approximately 130 acres
of the site, would accommodate 4 to 5 million cubic yards of dredged material
and have a design life of 30 years. The sediments are contaminated with a
variety of pollutants leading to the necessity of proper disposal in a CDF and
raising the concern of possible air emissions.

The study has three objectives: 1.) to campare the proposed CDF particulate
and volatile toxics loadings to loadings reported in the Toxic Release
Inventory and reported in previous air pollution studies for the area around
Northwest Indiana; 2.) to campare the expected particulate and volatile
loadings from the CDF ("Action" scenario) to the expected loadings from the
ECI site without the CDF ("No Action" scenario); and 3.) to assess the human
health risks posed by the inhalation of potential airborne contaminants
released from the proposed CDF. The emission analysis quantifies the
potential air emissions of pollutants from the CDF, and the modelling analysis
estimates the anmual average concentration of pollutants at the high school
located approximately one half mile south of the proposed CDF site.

It is important to note that all the calculations in this study were based on
conservative assumptions and worst case estimates and thus they overestimate
air toxics emissions and risk. The following are the results for each
cbjective of the study.

Objective 1: CDF Iocadings Comparison to TRI and Air Toxics Studies

In camparison to reported loadings in the Toxic Release Inventory (TRI) from
lake and Porter County, the loadings of particulates and volatiles fram the
proposed CDF are small. The camparison included benzene, ethylbenzene,
naphthalene, toluene, xylene, polychlorinated biphenyls (PCBs), arsenic and
chromium. The estimated total CDF contaminant loadings represent less than
one per cent of the total TRI-reported area and point source loadings.

Estimates of loadings in the Northwest Indiana area and loadings estimates
from two air pollution studies completed by Region 5 U.S. Envirommental
Protection Agency are also used for comparison. When campared with air toxics
loadings reported in an air pollution study conducted in Southeast Chicago
(U.S.EPA, July 1989) and with the total loadings reported in a Southwest
Chicago Study (U.S.EPA, April 1993), CDF emissions are small, less than one
per cent of loadings reported in either study.



Objective 2: "“Action" vs. "No Action" Ioadings Comparison

In the "Action" scenario (construction of CDF with site remediation) the
exposure of sediments to the air after dredging, when they are disposed of in
the CDF, results in loadings to the atmosphere per year of air toxics that are
greater than estimates of loadings in the "No Action" Scenario. However, same
volatile and particulate emissions from the soil at the ECI site will be
eliminated by the construction of the CDF, because the CDF will cover a
portion of the site and prevent emissions of soil contaminants from occurring.
The loadings comparison included particulate matter, benzene, ethylbenzene,
toluene, xylenes, polychlorinated biphenyls (PCBs), arsenic and chramium.
Because of the uncertainty of the data, it is not possible to determine if the
"Action" loadings are significantly different from the "No Action" loadings.

Objective 3: Human Health Risk Assessment

The results of the cancer risk assessment show that using conservative
estimates, the total cancer risk due to inhalation of emissions from the CDF
are smaller than the risks due to the existing air quality. The major
contaminants of concern, for which cancer risk numbers were available, were
several polyaramatic hydrocarbons (PAHs), including benzo(a)pyrene (BAP),
benzene, PCBs, arsenic and chromium. The risk assessment campared the 30-year
cancer risk due to the air concentration of contaminants from the CDF that
were modelled in this study to the 30-year cancer risk due to the atmospheric
sources of air toxics in the Northwest Indiana and Scutheast Chicago areas.
It was assumed that reported air toxics monitoring data reflected the air
quality due to atmospheric sources of air toxics in this area. The total
cancer risk due to worst case inhalation exposure to CDF emissions is
estimated to be 2.3 x 10%. Based on air toxics monitoring data, the total
estimated cancer risk due to inhalation exposure to air toxics from other
sources in the area by themselves, i.e. without including CDF emissions, for
30-years is estimated to be 3.1 x 10 “.

To further put the cancer risk assessment results in perspective, they are
campared to dispersion modelling results from the Southeast and Southwest
Chicago studies cited above. The emission inventories for these studies
included sources from Northwest Indiana, such as steel mills. The Southeast
and Southwest studies indicated that the average individual lifetime cancer
risk over the entire population due to exposure to the 30 campounds studied
was about 2.0 x 10%. Based on the Southeast and Southwest Chicago studies,
Region 5 U.S.EPA concluded that the residents of this area face about the same
risk of cancer due to toxic air pollution as do the residents of other large
urban areas in the U.S.

The non-cancer risk assessment in this study showed that the probability of
adverse health effects due to non-cancer campounds (ethylbenzene and toluene)
emitted fram the proposed CDF is small, because the calculated Hazard
Quotients (HQ) were below 1.0. The HQ is an indicator of the potential risk

posed by exposure to non-carcinogenic campounds. Values below 1.0 indicate



that the levels of exposure are below levels that are likely to be without
appreciable risk of deleterious effects during a lifetime of 70 years.

Uncertainties

Scientific uncertainty is unavoidable for any risk assessment. Several types
of uncertainties must be kept in mind while interpreting the results of the
risk assessment. Intheriskanalysis, the cancer unit risk factors used
contain same uncertainties that arise from the development of these factors.
These cancer risk factors were developed for lifetime exposure (70 years) but
areusedmthlssuldytoevaluatew-yeare}q)omre. This causes some :
in the risk analysis. Furthermore, some uncertainty was
mtroducedbythebroadassmrptlonsthathadtobemdemordertomodelalr
concentrations using dispersion modelling. The calculation of contaminant
emissions from the ECI site contained uncertainty, due to the inconclusive
sampling data information for the site. Finally, there are gaps in the

scientific knowledge of volatile emissions from sediments and the factors that

affect these emissions.



I. Introduction: Overview and Purpose

I.A. Purpose

This study addresses concerns due to the emissions of airborne contaminants
from sediments to be dredged from the Indiana Harbor and Canal (IHC) and then
disposed of in a Confined Disposal Facility (CDF). The study focuses on
volatile and fugitive particulate emissions of 18 pollutants that were
detected in the IHC sediments. A glossary included in this report defines
relevant terms, phrases and acronyms (Section VI).

The study was designed for three purposes: 1.) to campare the CDF particulate
and volatile loadings to loadings reported in the Toxic Release Inventary and
as reported in previous air pollution studies for the area arcund Northwest
Indiana; 2.) to compare the expected CDF particulate and volatile loadings
("Action" scenario) to the expected loadings fram the ECI site without the CDF
("No Action" scenario); and 3.) to assess the potential human health risks
posed by the inhalation of airborne contaminants released from the proposed
CDF.

I.B. Scope

In this study potential volatile contaminant emissions from the proposed CDF
are estimated and input into a dispersion model to determine the average
annual air concentration at a point nearby, where humans are exposed to the
emissions (in this case a local high school). The inhalation risks associated
with these emissions are calculated. The analysis of volatile emissions is
lmitedtoﬂmemissionsoftheproposedGDFmdaclmmoﬂuersedimart
dredging and handling act1v1tles, because it is expected that by camparison
the proposed CDF will be the major source of volatile emissions over the
course of the dredging project.

The campourds that are 1nc1uded1nthlssu1dywereselectedusmgthe
following criteria: availability of sediment concentration data, availability
of soil concentration data at the site of the proposed CDF, and the potential
for release via the air pathway from the proposed CDF. Potential volatile and
particulate matter emissions from the proposed CDF and the proposed location
of the CDF, on the Energy Cooperative, Incorporated (ECI) site, are
calculated, in addition to potential volatile emissions from the in-place
sediments in the IHC. The atmospheric loadings that could result from air
emissions of contaminants from these locales are compared in a "“"No Action®
versus "Action" analysis. The analysis compares the relative loadings of air
toxics per year to the atmosphere that could result from conducting the
dredging project versus not conducting the dredging project. Also, proposed
CDF air toxics loadings are campared to Toxic Release Inventory (TRI) reported
loadings of air toxics in Lake and Porter Counties and Southeast Chicago and
loadings estimated in air toxics studies for Southeast and Southwest Chicago.

Exposure and risk assessments are limited to those compounds for which
sufficient health data was available to farmulate acceptable risk factors.
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Both cancer risk and non-cancer risks posed to nearby residents are calculated
where appropriate. Due to the potential exposure of students and faculty to
airborne contaminants from the CDF, receptors of concern are at the high
school located about half a mile directly south of the proposed CDF site.

I.C. Background

The U.S. Army Corps of Engineers (U.S.ACE) is authorized to operate and
maintain the Federal navigation project at Indiana Harbor. Sediments which
enter the Grand Calumet River/Indiana Harbor and Canal (GCR/IHC) waterway
deposit in the Federal channel, reducing depths, and restricting the movements
of navigation traffic. In order to maintain authorized channel depths, these
sediments must be dredged periodically. The sediments are contaminated with a
variety of pollutants leading to the necessity of proper disposal of the
sediments and raising the concern of possible air emissions, if they are
disposed of in a proposed CDF. Approximately 5 million cubic yards of
sediment will be dredged using a mechanical (clamshell) dredge with a closed
bucket. The dredged material would be lowered into barges or scows and
transported to a proposed CDF. A proposed location of the CDF is on a site
formerly occupied by ECI. The site is situated directly north of the Lake
George hranch of the canal (see Attachment 1 for maps of the IHC and ECI site
location). The proposed CDF would cover approximately 130 acres of the site
and would accamodate the dredged material and have a design life of 30 years.

Northwest Indiana, in which this sediment dredging project is taking place, is
a part of a highly industrialized urban area, which is one of the nation's
foremost locations for integrated steel production and a wide range of other
manufacturing activity. Because of increasing national attention focusing on
air toxics, the Region 5 office of U.S. Envirormental Protection Agency
(U.S.EPA) recently conducted air toxics studies in Southwest (U.S.EPA, 1993)
and Southeast Chicago (U.S.EPA, 1989) to evaluate the cancer risks attributed
to air pollution in these areas. The emission inventories for these studies
included sources from Northwest Indiana, such as steel mills. The Southeast
and Southwest studies indicated that the average individual lifetime cancer
risk over the entire population due to exposure to the 30 compounds studied is
about 2.0 x 10*. Region 5 U.S.EPA concluded that the residents of this area
face no greater risks of cancer due to toxic air pollution than the residents
of other large urban areas in the U.S.
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IX. study Design and Methodology

The study was designed to quantify the air emissions of pollutants from

sediments in the proposed CDF, model the dispersion of the airborne
pollutants off-site, and obtain the annual average concentration of airborne
pollutants at specific receptors, so that an inhalation risk assessment could
be conducted. Receptors of concern were faculty and students at the high
school directly south of the proposed CDF (East Chicago Central High School).
The high school was chosen because of the potential for exposure and because
this is one of the closest locations where the public may be impacted by air
emisisons from the site. In general, conservative assumptions were made
tlmougho.ztthesbadytoestmateamzstmsee@osmescenarm. In this
study worst case, average case, and least case emissions were calculated with
theaverageardleastcasescenarlosusedtoobtamanstunateofﬂnerarge
of total risk due to potential emissions from the CDF.

The study was conducted in several stages: 1.) using emission equations, mass
loadings of pollutants from the CDF to the ambient air were calculated and
campared to reported loadings in the Northwest Indiana area; 2.) the CDF
loadings were also campared to expected loadings fram the ECI site without a
CDF. The two alternmatives are referred to as "No Action" and "Action"; 3.)
the pollutant emission rates were used with a dispersion model to estimate
annual average ambient air concentrations in the vicinity of the CDF; and 4.)
a risk assessment was conducted to estimate the excess cancer and non-cancer
risks posed by these emissions.

This section discusses the assumptions and methodologies used in the first
three stages of the study. Section III discusses the fourth stage.

II.A. Contaminant Data

IT.A.1. Sediment Contaminants

To estimate emissions from the proposed CDF, contaminant concentration in
sediemt were needed. Based on U.S.EPA sediment sampling data from 14
locations in the IHC proposed dredging area (see Attachment 2 for data and
sampling locations), awverage concentrations for the volatile organic compounds
(VOCs) , semi-volatile organic compounds (SVOCs) and metals were calculated.
Table 1 shows the average sediment concentrations for each of the chemicals,
and the maximm and minimm concentrations. The average concentrations were
calculated by taking the average over the fourteen sample locations. The
average concentrations were later used in the emissions calculations (Section
II.B.).

Naphthalene analysis of dupllcate samples at sample site mumber 10 (S-10 and
D-10) showed widely varying concentrations (5,800 mg/kg and 1,500 mg/kg
respectively). To be more representative of the sample, the average of the S-
10 and D-10 samples (3,650 mg/kg) was used in the calculation of the overall
average sediment concentration of naphthalene.



There are several areas in the IHC, where the polychlaorinated biphenyl (PCB)
concentrations are higher than in the rest of the IHC. For the purposes of
this study, these areas are called Zone 1, and sediments from them would be
disposed of in the proposed CDF as wastes that are regulated under the Toxic
Substance Control Act (TSCA), i.e. wastes that contain greater than 50 ppm
PCBs. All other sediments are from Zone 2.



Table 1: Sediment Contaminant Concentrations
Campound Maximm Average Minimm
Concentration * Concentration ® | Concentration *
(mg/kg) (mg/kg) (mg/kg)

Acenaphthylene 630 214.0 6.4

Acenaphthene 25 11.0 2.9

Arsenic 117 53.0 3o1|
Benzene 28 7.2 0.49 H
Benzo(a) - 1230 47.7 6.4
anthracene

Benzo(a)pyrene 150 24.4 5.3 "
Benzo(b) ~ , 72 18.4 6.4
fluoranthene

Benzo(k) - 36 11.7 3.2
flucranthene

Chramium 1200 760 324
Chrysene 400 59.8 8.3
Dibenzo(a,h)- n.d.s n.d. n.d.*
anthracene il
Ethylbenzene 2.2 1.3 0.21
Fluorene 380 49,5 4.4
Fluoranthene 650 83.4 134§

Naphthalene 3650 653.5 5.8 "
Phenanthrene 1100 70.4 5;"
Polychlorinated —_— 38.0

Biphenyls

(Zone 1) °

Polychlorinated —_— 6.0 -—

Biphenyls

(Zone 2) °©

Toluene 55 8.4 0.2?"

Xylenes 77 14.8 0.23 "
Based on U.S.EPA sampling data (see Attachment 2). )

® Average concentration used in the study for the emissions calculations and
dispersion modelling.

¢ PCBsedJmentcomentratlonswerecalculatedbytheUS Army Corps of
Engineers using a volume-weighted method. Zone 1 refers to the sediments with
high concentrations of PCBs, that will be treated as TSCA wastes. Zone 2
referstotherestofthesedimenttobedredged.

4 Not detected.



IT.A.2. FCI Site Contaminants

Due to the lack of complete soil and free-phase hydrocarbon data at the site,
available data was used to estimate concentrations of VOCs, SVOCs and metals
at the site (ERM, April 1992). ECI soil data was not available for all the
contaminants detected in the sediment. An average soil concentration was
calculated by averaging the available data. For a site map with sampling
locations and some data points, see Attachment 3. These maps do not show all
the sample points. Table 2 shows the calculated average soil concentrations.

No information about the extent of free-phase oil contamination on the site
was available and thus the potential emissions via this pathway were not
estimated. Some data of PCB concentrations in free-phase oil on the site were
available ranging from 10 mg/kg to 850 mg/Kg.

Table 2. ECI Site Contaminant Concentrations *

Compound Maximm Average Minimm
Concentration | Concentration ® | Concentration
(mg/kg) (mg/kg) (mg/kg)

Arsenic 49.8 34.4 | - 1.1
Benzene 13 1.1 0.001
Chromium ' 436 20.9 0.45
Ethylbenzene 170 3.4 0.002
PCBs ° 32.3 0.79 0.001
Toluene 72 1.2 0.001 |
Xylenes 360 - 8.8 0.001 |

* All data are from "Pilot Systems Report and Design Workplan for the Full-
Scale Free Phase Hydrocarbon Confinement/Recovery System" (ERM, April
1992). The data points that were reported as "non-detects" were included
in the average by using half the detection limit. This method results in a
conservative estimate of soil concentrations.

® These average concentrations were used in the emissions calculations.

¢ Average concentrations of various Arochlors (1248, 1254, 1260) based on
split spoon soil samples to a depth of 6 feet. Some data of PCB
concentrations in free-phase oil on the site were available ranging fram 10
mg/kg to 850 my/kg. Because the surface area of the free-phase o0il on the
site could not be estimated, the emissions from free-phase oil were not
assessed. It is expected that these emissions contrilbute significantly to
emissions from the site.



IT.B. FEmissions Calculations

IT.B.1. Selection of the Emissions Pathways

Three volatile emission pathways for VOCs and SVOCs have been identified for
CDFs (Thibodeaux, 1989). The first involves those CDF operations that are
concerned with sediment relocation. These are dredging, transporting,
discharging, and other related sediment handling operatians. The second
emission pathway is from exposed and drying sediment in the CDF. The third
pathway is from submerged sediment that has not been dredged or from sediment
in the CDF covered by water that has not yet drained from the CDF.

Volatilization is the process whereby a compound passes into the air from a
solid or liquid surface. The degree of volatilization can be generally
related to Henry's constant of the campound: a campound with a high Henry's
constant has a higher volatilization potential than one with a low Henry's
constant.

The mass of contaminants volatilizing from each of these pathways also depends
directly on the surface area of locale., For the sake of this initial risk
assessment, it was assumed that over the 30 year proposed CDF filling time,
emissions from the exposed and drying sediments in the CDF would be the most
significant compared to emissions from other pathways. The surface area of
the drying sediments in the proposed CDF will be approximately 104 acres,
whereas the dredging shovel and the transport barge have relatively low
surface areas by comparison.

An additional pathway for contaminant emissions from the CDF is the release of
airborne particulate matter from the exposed sediment as it dries out. The
dry sediment particles contain same of the less volatile contaminants,which
sorb onto the particle surface. The particles can be carried off-site by the
wind. This pathway is discussed in detail in Section II.B.3.c.

The emission sources and the applicable pathways that are assumed in this
study are: 1.) the IHC in-place (sukmerged) sediments emit contaminants via
diffusion from the sediment through the water and subsequent volatilization
fram the water surface (see Section II.B.3.a); 2.) the exposed soil at the BECT
site releases contaminants via volatilization from the soil (see Secticn
II.B.3.b) or via the transport of particulate matter off-site (see Section
II.B.3.c); and 3.) the exposed sediment in the CDF releases contaminants via
volatilization fram the sediment (see Section II.B.3.b) or via the transport
of particulate matter off-site (see Section II.B.3.c).
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IT1.B.2. Comparison of Ioadings from No Action vs. Action

Two alternatives compared the relative air loadings of VOCs and SVOCs due to
the disposal of dredged sediment in a proposed CDF at the ECT site ("Action"
alternative) to the air emissions that would occur if the sediments were left
in the THC and the ECI site were not capped by a CDF ("No Action"
alternative).

In the "No Action" alternative, VOCs and SVOCs present at the ECI site were
assumed to volatilize to the air, and contaminants found in the sulmerged
sediments in the IHC diffuse through the water colum and volatilize from the
water surface into the atmosphere.

In the "Action" alternative, the construction of the proposed CDF on the ECT
site was assumed to act as a "cap" to enmissions of contaminants currently
found at the site. In-place sediments in the canal were assumed to emit
contaminants to the air through diffusion to the water surface and
volatilization to the air. Also, in the "Action" alternative, wvolatilization
of VOCs and SVOCs from the sediment was assumed to occur in the proposed CDF.
The surface area of sediment in the proposed CDF that is exposed to the air is
one of the most important parameters that determines the mass of contaminants
that volatilizes from the proposed CDF. In order to estimate the mass of
contaminants that volatilize from the proposed CDF, it was necessary to
determine the surface area of exposed sediment. The approach to estimating
the surface area and other parameters is described below in Section II.B.3.b.

11



II.B.3. FEmissions Scurces

This Section discusses the assumptions and emission models used to calculate
volatile and particulate emissions from various sources in this study. These
sources are: the submerged sediments in the IHC, the exposed soil at the BCI
site, and the exposed sediments in the CDF. The model used to predict the
release of VOCs and SVOCs from submerged sediments is described in Section
II.B.3.a. FEmissions of the VOCs and SVOCs from exposed soils at the ECT site
and sediments in the CDF were calculated using a model developed by the Army
Corps of Engineers (U.S.ACE, September 1990). The model predicts the
volatilization of PCBs and was applied to estimating the loss of VOCs and
SVOCs from dredged material through volatilization. This model is described
in Section II.B.3.b. The emissions of particulates was calculated for the ECT
site and the CDF, which occurs when the soil and exposed sediment dry ocut and
could be picked up and blown by the wind. A model developed by Evans and
Cooper (1980) was used that has been adopted for estimating particulate matter
enissions in area source inventories and is described in Section II.B.3.c.

II.B.3.a. Volatilization from ed Sediment in the IHC

The pathway for volatilization in the case of sulkmerged sediment involves
desorption from the suspended solids phase, diffusion through the water, and
transport thrmgh the air-water interface. The surface area of the sed:.ments
in the IHC is approximately 390 acres. The TSCA sediments cover an
approximate surface area of 13 acres. For a detailed explanation of this
model, see Attachment 4.

The input parameters used for these calculations and the results are presented
in Attachment 5, Table A-1l.

II.B.3.b. Volatilization from Sediment in the CDF and Soil at the FCI
Site

This model assumes that the volatilization pathway for contaminants in soils
and sediments occurs from the surface layer of the soil or sediment particles
and continuing losses come from the pore spaces between particles. The
emission pathway involves desorption from the particle surfaces into the water
film surrounding the particles, diffusion through the water film, desorption
from the water film in to the pore gas, and diffusion through the pore gas
prior to emerging into the atmosphere. This last step is apparently the
limiting step in soil systems. For a detailed explanation of this model, see
Attachment 4.

In order to estimate the volatile flux of SVOCs and VOCs from sediments in the
proposed CDF, it was necessary to determine the surface area of exposed
sediment. This surface area will be continually changing as the three lcbes
of the proposed CDF are filled with sediments. The best estimate that can be
made is to assume a surface area for input into the model. Also, the TSCA
campartment of the proposed CDF will have higher concentrations of PCBs

12



dredged from Zone 1. Table 3 is a summary of the emissions scenarios
explained below. Scenario 1 (worst case) was used in the risk assessment.
All the assumptions are the same for every scenario, except for the surface
areas. It should be noted that in reality all of these scenarios represent
"worst case" conditions, because they are based on conservative assumptions.
For example, the least case scenario does not represent the least possible
emissions, because it assumes that the TSCA cell would be exposed to the

atmosphere for 30 years.

Table 3: Ievels of Emissions Scenarios

Ievel of Emission | Modelling Surface Area of Exposure Time of
Estimate/Risk Scenario CDF TSCA Compartment
Assessment

Worst Case 1 High 30 years
Average Case 2 Medium 30 years

Least Case 3 Low h 30 years

To calculate the surface area of the proposed CDF, the CDF design and the CDF
filling plan were taken into account. Figure 1 shows a diagram of the
proposed CDF design. It is made up of three lobes: the North lobe, the
Southeast lobe, the Southwest lobe. The Southwest lobe will contain a TSCA
canpartment for the TSCA regulated sediments. It will not be a separate lobe,
as it is depicted in Figure 1. Instead, the walls of the TSCA campartment
will be formed from non-TSCA sediments in the Southwest locbe. The campartment
will be filled with TSCA sediments and then covered over by non-TSCA sediments
as the Southwest lobe is filled.

The volume, height and surface area of each of the lobes will vary as the
lobes of the proposed CDF are filled with sediment. The tentative filling
plan for the CDF proposes that construction and filling will ocour over a
period of approximately 30 years. During this time, some of the lobes of the
CDF will be filled as others dry. The TSCA lobe will be located within the
Southwest lobe and will be filled rapidly and covered over within 4 months to
minimize volatilization of the PCBs.

Attachment 6 shows the three-stage dike-construction plan and the 30-year
proposed CDF filling plan. During Stage I the CDF will reach a height of 15
feet. At this time, the surface area of the CDF will be at a maximm. To
provide a conservative worst-case estimate of emissions fram the CDF, this
surface area was used in the emission model to represent the surface area of
the proposed CODF during the 30 year filling operation. In the dispersion
modelling, this estimate was called Scenario 1. :

In order to obtain an estimate of the range of possible emissions from the

proposed CDF, various other scenarios were also studied using smaller surface
areas. A surface area representative of the medium surface area over the life

13
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of the CDF was used to calculate average emissions fram the CDF. This surface
area ocaurs during Stage II when the CDF height has reached approximately 20
feet. The lowest surface area was used to calculate least case emissions from
the CDF over the 30-year life-time. This surface area ocaurs during Stage III
when the height of the CDF has reached 25 feet. In the dispersion modelling,
these estimates were called Scenarios 2 and 3 respectively.

To be conservative, all emission scenarios assumed that the TSCA cell lobe
will be open and will be a source of emissions for the entire life of the
proposed CDF (30 years). It should be noted that according to the filling
plan, TSCA materials will actually be exposed for only 4 months ocut of the 30
year period. In reality, the TSCA materials will be covered up by less
contaminated dredged sediments and will not be exposed to the atmosphere for
most of the 30-year duration of the project.

In addition to surface area, the process of wetting and drying probably has a
large impact on the flux of VOCs and SVOCs from the sediments, with flux
highest right when drying begins and dropping off substantially in a short
period of time. The reason for this is, once wetted, the VOCs and SVOCs at
the soil surface can exert their full vapor pressure because they are
displaced by water (Thibodeaux, 1989). In addition, the porosity of the soil
will increase from water pressure loadings. An increased porosity allows for
higher mass transfer due to decreased hindrance, Both parameters, vapor
pressure and porosity, will decrease as the soil dries. The parameter "t" in
the flux equation can be used to represent the amount of time between wetting-
drying cycles. In other words, it represents the time between rain events.

A "t" value of 60 days was used to approximate both the effect of
wetting/drying and the minimm time believed to occur between any sediment
management practices such as filling, spreading, and creating dewatering
trenches. This value of "t" is conservative and may overestimate the actual
volatile flux from the exposed sediment.

A parameter that had to be calculated for the emission equation was the
molecular diffusivity of each contaminant in air and in water. Benzene and
ether were used as reference campounds respectively. The following eguations
were used (Thibodeaux, 1979):

[Boy/ Basvtry] = (Mg /M 1%

and
[ B/ Brostorms] = (M /M1

where:

Bt = Molecular Diffusivity of compound A in water (cr?/s)

Bpam = Molecular Diffusivity of ether in water (art/s)
8.5 x 10°% cnf/s _

MW, = Molecular weight of A, g/mole
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lecular weight of ether, g/mole
4.12 g/mole

25

Molecular Diffusivity of campound A in air (cf/s)

Molecular Diffusivity of benzene in air (cmi/s)
0.0449 cnf/s

Molecular weight of benzene, g/mole
78.11 g/mole

A further parameter that had to be calculated for all campounds except for
PCBs was the sediment/water distribution coefficient. For PCBs the value for
this parameter that was used was reported by the Army Corps (U.S.ACE,
September 1990). However, to estimate this parameter for all the other
campourds, the following equations were used from an Air/Superfund National
Technical Guidance Study Series document (U.S.EPA, Jarmary 1992).

Mietes
B

S
MR ey

K=K x1f,
ard,

K, = 10[04kekm) +137]
where,
K, = sediment/water partition coefficient (1/kg)
K, = arganic carbon partition coefficient, (1/kg)
f, = fraction of organic carbon in sediment, (kg/kg)
K, = octanol/water partition coefficient, (1/kg)

Values for K, and logK, were obtained from the WATER7 database of the Office
of Air Quality, Planning and Standards (QAQPS) of the U.S.EPA. The value for
) wasdetermmedexpermentallyforthesedlmentanilsreportedmthe

U.S.ACE EIS, Appendix E.

The input parameters used for the calculations of emissions from the exposed
sed:mentmthea)FandthersultsarepreserrtedmAttadment 5, Table A-1.
Further properties obtained from the WATER7 database of OAQPS were molecular

weight (MW), solubility (S), and vapor pressure (P,).

To calculate volatile emissions of VOCs and SVOCs from the ECI site, the same
approach was used as for the emissions from the exposed sediments. The
concentrations of the VOCs and SVOCs in the soil of the BECI site were input
into the exposed volatile emissions model for exposed sediment explained
above. A 130 acre surface area was assumed, and unsaturated soil conditions
were assumed. All cther inputs to the emission model were the same as for the
exposed sediments.

15



II.B.3.c. Particulate Matter Emissions from Exposed Sediment in the CDF and

the ECT Site

For campounds that are non-volatile or semi-volatile, such as most metals and
SV0Cs, fugitive particulates may represent a relatively significant air
exposure route. Metals and SVOCs adhere to particles, which can blow off the
ECT site as dust. Also, as the contaminated sediment dries, a fraction of the
sediment can be transported off the CDF. Dust particles with a diameter of
less than 10 um can enter the respiratory system of humans when they are
inhaled. Contaminants on the particles thus enter the human body.

To estimate the potential risk of exposure to metals and SVOCs adhering to
dust coming from the ECI site or fram the CDF, the concentration of
particulate matter emitted from these locations was calculated. To be
conservative, it was assumed that all the particulate matter escaping from the
site is respirable (i.e. less than 10 um in diameter). The concentration of a
particular metal or SVOC contained in the fugitive particulate matter was
calculated by multiplying by the mass concentration of the metal or SVOC in
the soil of the ECI site or in the sediment in the CDF by the concentration of
fugitive particulate matter.

The concentrations of metals and SVOCs were input into the fugitive dust model
described below. This approach assumes that the soil concentration of the
contaminants is the same as the fugitive dust concentration. The surface area
of the ECI site was assumed to be 130 acres and for the CDF it was assumed to
be 104 acres. It was assumed that 50 per cent of the BECI site is covered with
vegetation and that the CDF has no vegetative cover.

The fugitive particulate matter equatlon was initially developed for non-
tilled cropland and can be region or county specific:

E = A*T*K*CAL'#V!

Where,

E = total soil loss (tons/acre/year)

A = suspended fraction

I = soil erodability index

K = roughness factor for terrain

C = climatic factor based on wind speed and Thorrmwaite's Precipitation Index
L' = unsheltered field width

V' = vegetative cover factor

Table 4 contains values for the input parameters that were developed for
southeastern Chicago and have been used for this study.
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Table 4: Input Parameters for Fugitive Particulate Matter Equation
(Source: U.S.EPA, 1989)

Variable Description Units Value Iﬁ

A Suspended — 0.024 * (2.5%)
Fraction

I Erodability Index | ton/acre/yr 47 %

K Roughness Factor 0.75 ¢

c Climate Factor 0.345% ((P/PE)

U Mean Windspeed @ | mph 104
10m

PE Thornwaite's _— 108 (IN) ¢
Precipitation
Index

L* Unsheltered Field | —— 1
factor

\'%A Vegetative Cover | ——— 1°*
factor l

* Evans and Cooper (1980). For the ECI site particulate matter emission
estimations, a value of 0.5 for V' was used, since vegetation is present on
the site. This value was chosen to be conservative, because though vegetation
is present, the exact extent of the vegetative cover is not known.

® Based on a silty loamasdeterminedfranSDA/S(BsbilswveysofCookco.
and Lake Co. Index value is based on EPA-450/3-74-037.

¢ Midpoint of literature values
¢ EPA-600/8-85-022. Index value is based on Indiana data.
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IT.C. Dispersion Modelling

In order to be able to assess the risks posed by exposure to volatile and
particulate contaminants from the sediments in the proposed CDF, dispersion
mdellugwasperformedtoeshmateﬂleexpectedamblentcmbenuammsofthe
contaminants. Once these concentrations were known, a risk assessment was
conducted using available health data.

The U.S.EPA approved Industrial Source Camplex Long Term Version 2 (ISCLT2)
dispersion model was used to model anmual average air concentrations in the
vicinity of the CDF. The model assumes a gaussian distribution of the
pollutant in order to simulate ambient air quality concentrations. The model
was run in the flat terrain mode and urban dispersion parameters were used.

The emissions from the proposed CDF were simulated as multiple area sources.
The model accepts only square areas whose sides are oriented north-south and
east-west. In order to model the irregularly shaped area of the CDF labes,
the CDF was subdivided into smaller square areas. For example, the North and
Southeast lobes were each divided up into two squares of equal sizes. Figures
2 and 3 and Tables 5 to 7 show how the CDF was divided up into square area
sources for the three emissions scenarios mentioned above: worst case, average
case and least case or scenario 1, 2 ard 3 respectively. Inputs to the model
were the x and y coordinate of the southwest corner (in meters), the length of
the side of each area source (in meters) and the release height of the saarce
(in nmeters). The size and number of area sources vary according to each
Scenario. The worst case scenario has 9 area sources to calculate emissions
from the TSCA campartment within the Southwest lobe, whereas both the average
case ard least case scenarios have 6 area sources. The emissions from the
TSCA campartment were not modelled for each scenario to simplify the
modelling. However, the TSCA compartment impacts were included in the risk
calculations of the average case and least case scenarios.

An (x,y) origin was specified at the southwest corner of the southwest lcbe.
To account for the thickness of the CDF dikes between the lobes, a space of 25
ft (7.62 m) was modelled between the Southwest and Southeast lobes, and a
space of 50 ft (15.24 m) was modelled between the Socuth lobes and the North
lcbe.

18
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Table 5:

Scenario 1 Dispersion Modelling Inputs

CDF lobe | Area Release Surface Area | length of | X,y coordinate
modelled | Source # | Height of source side of S.W. corner
(uf) (m)
(m)
North 1 4.57 64,144.021 253.267 (0, 554.482)
North 2 4.57 64,144,021 253.267 (253.267, 554.482)
S.W. 3 4.57 72,947.513 270.088 (277.448, 269.828)
S.W. 4 4.57 72.947.513 270.088 (277.448,0)
S.E. 5 4.57 72,807.369 269.828 (0,0)
S.E. - 6 4.57 16,187.426 127.230 (127.230, 269.828)
TSCA
S.E. 7 4.57 16,187.426 127.230 (269.828,0)
S.E. 8 4.57 20,216.259 142.184 (0,397.058)
S.E. 9 4.57 20,216.259 142.184 (142.184, 397.058)
Total 419,797.807
surface
area of
CDF (n?)
ﬁ..=1==—====*
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Table 6:

Scenario 2 Dispersion Modelling Inputs

CDF lobe | Area Release | Surface Area | Length of | x,y coordinate
modelled | Source # | Height of source side (L) of S.W. corner

(nf) (m) (%, ¥3)

(m)

North 1 9.14 56,360.233 237.403 (0, 534.594)
North 2 9.14 56,360.233 237.403 (237.403, 534.594)
S.E. 3 9.14 69,534.813 263.695 (267.297, 259.677)
S.E. 4 9.14 69,534.813 263.695 (267.297, 0)
S.W. 5 9.14 67,432.139 259.677 (0, 0)
S.W. 6 9.14 67,432.139 259.677 (0, 259.677)
Total 386,654.370
surface
area of
CDF (w) —
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Table 7:

Scenarijo 3 Dispersion Modelling Inputs

CDF lobe

Area: Release Surface Area | Length of | x,y coordinate

modelled Source # | Height of source side (L) of S.W. corner
(m) (o) (m) (%,_¥))

North 1 9.14 48,969.518 221.291 (0, 506.306) |
North 2 9.14 48,969.518 221,291 (221.291, 506.306))
S.E. 3 9.14 62,042.462 249.083 (253.153, 245.533)
S.E. 4 9.14 62,042.462 249,083 (253. 0))
S.W. 5 9.14 60,286.223 245.533 (0, 0)
S.W. 6 9.14 60,286.233 245.533 (0, 245.533)
Total surface 342,596.406
area of CDF
()




The meteorological data was obtained from the Indiana Department of
Envirommental Management (IDEM). The data was taken from metecrological
towers in Hammond (site # 181780014) and Whiting (site # 184540005). Five
years of meteorological data included 1984 to 1988. The data was collected at
the 10 meter level. The IDEM meteorological data contains joint frequency
distributions of wind speed and wind direction by stability category, which is
used by ISCLI2 as the main meteorological input. These types of
meteorological data files are known as Stability Array summaries, or STAR
sumaries. Average temperature and average mixing height data from IDEM were
also input into the model. An initial run of the model showed that the
highest concentrations occurred using 1986 metearological data. Thus, to be
conservative, the remaining runs were made using the 1986 meteorological data
set.

The cartesian grid receptor network that was used is shown in Figure 4. The
origin of the cartesian grid was located at the southwestern corner of the
proposed CDF. The grid suwrrounded the CDF with receptar points at 400 meters
(0.25 miles) and at 800 meters (0.5 miles) from the boundary of the CDF. The
points are spaced 100 meters apart. The line of receptor points surrounding
the CDF at 400 meters is called Line 1 and the grid at 800 meters is called
Line 2. The receptors of concern were students and faculty at the high
school. The high school is located 800 meters south of the boundary of the
CDF and 400 meters east of the western edge of the CDF. Concentrations were
judged to be lower at distances beyond 800 m from the edge of the CDF, and so
the receptor grid and the high school were adequate to represent worst case

exposures.
Attachment 7 contains copies of the input files for the model run for Scenario

1. For model input purposes, the receptor grid was divided up into north,
east, south ard west networks.
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IITI: load Estimation and Risk Assessment

ITII.A. Contaminants of Concern

Many compounds have been detected in the sediments from the IHC. Those which
are carcinogenic and have a potential to escape from the proposed CDF via
volatilization and via fugitive dust were focused on. Some non-carcinogenic
compounds, for which there are Reference Concentrations (RfCs), were also
assessed. The compourds assessed and their toxicity information are given in
Table 8.

Table 8 summarizes the toxicity data that was available for this study. Of
the campourds on the list, health effects information for the RfC was
available on the U.S.EPA Integrated Risk Information System (IRIS) only for
ethylbenzene and toluene. The derivation of the RfC is complicated, because
in deriving an acceptable exposure level for humans from inhalation toxicity
data from animals, the differences in respiratory anatomy and physiology
between experimental animals and humans, as well as physicochemical properties
of the inhaled chemical must be taken into account. The degree of confidence
in the RfC actually pertains to the quality of the study from which the lowest
observable adverse effect level (LOAEL) or the no observable adverse effect
level (NOAEL) was chosen, and the campleteness of the supporting database. !

Known human carcinogens are arsenic, benzene and chramium. It was assumed
that all the chromium to which the receptor is exposed via fugitive dust is in
the most toxic form (Cr +VI), which is a conservative assumption.

Benz (a) anthracene, benzo(a)pyrene (BAP), benzo(b)flucranthene,

benzo (k) flucranthene, chrysene, dibenz(a,h)anthracene and PCBs are probable
human carcinogens. Acenaphthylene, ethylbenzene, fluorene, flucranthene,
naphthalene, phenanthrene and toluene are not classifiable as to human
carcinogenicity.

1 For example, toluene inhalation exposure causes respiratory effects and
there is medium confidence in the RfC. The confidence is medium because the
study identified a LOAEL versus a NOAEL. The confidence in the supporting
database was also medium, because there is good chronic animal data, kut not
chronic human data. Also, the animal reproductive studies that were conducted
identified a most sensitive species (rabbit) but not an endpoint.
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Table 8: Toxicology Data - Indiana Harbor EIS Air Risk Assessment
Information pulled from IRIS; as of 1/27/94

“ Compound CAS number! RfC RfD Carcinogeni FI
information information city
(mg /) (mg/kg/day) classificat
ion

Acenaphthylene || 208-96-8 under review D

Acenapthene 83~-32-9 6 E-2; under
hepatotoxicity; low review
confidence.

Arsenic 7440-38-2 3 E-4; A, unit
hyperpigmentation, risk for
keratosis and inhalation
possible vascular is
camplications; medium | available
confidence.

Benzene 71-43-2 provisional under review; A, unit

RfC available | hematological risk far
(5 E~-4) ? effects; provisional | inhalation
RfC available (5 E-4) | is
" available
Benz(a)- 56-55-3 B2
anthracene
“ Benzo(a)pyrene [ 50-32-8 B2

Benzo(b) - 205-99-2 B2

fluoranthene

Benzo(k) - 207-08-9 B2

fluoranthene




Y4

Compound REfD Carcinogeni
information city
(my/kg/day) classificat
ion
#
Chromium (VI) 18540~29-9 | under review | SE-3; no effects A, unit
' reported; low risk for
confidence. inhalation
available
Chrysene 218-01-9 B2
Dibenz(a,h)- 53-70-3 B2
anthracene
Ethylbenzene 100~-41-4 1 B+O; 1 E-1; liver and D
developmental | kidney toxicity; low
toxicity; low | confidence.
confidence.
Fluorene 86-73-7 hematological effects | D
(e.g., decreased red '
blood cell count);
low confidence.
Fluoranthene || 206-44-0 urder review | nephropathy, D
increased liver
weights,
l hematological
alterations; low
confidence.
Naphthalene 91-20-3 under review D
Phenanthrene 85-01-8 D
PCBs total 1016+ 7 E-5; reduced | B2 (urder
1016 12674-11-2 birth weights total)
1248 12672-29-6 other aroclors are
1254 11097-69~-1 under review




9¢

CAS mumber!

108-88-3

(mg/n?)

4 E-1;
respiratory
effects
(degradation
of nasal
epithelium) ;
medium
confidence.

RfD
information

(mg/kg/day)

2 E-1; no effect

given; medium
confidence.

Carcinogeni
city
classificat
ion

108-38-3
95-47-6
106-42-3

2 EH0; for total

xylenes.

Notes: 1. CAS number = Chemical Abstracts Service mmber
2. Calculated by the Envirommental Criteria and Assessment Office, 1993.

3. E=exponent, i.e. 2 E-1=2x 101,

4. Weight of evidence classification:
A - Human Carcinogen
B -~ Possible Human Carcinogen

B2: Sufficient animal evidence, inadequate or negative human evidence

Bl: Sufficient animal evidence, limited human evidence
C - Possible Human Carcinogen
D - Not Classified as To Human Carcinogenicity
E - Evidence of Noncarcinogenicity for Humans




ITI.B. Assessment

This risk assessment focused on the air pathway exposure route of residents in
the vicinity of the proposed CDF represented by students and faculty at the
high school (East Chicago Central High School). The exposure was estimated

The students and faculty at the high school located 800 meters (0.5 miles)
south of the facility were assumed to be the maximm exposed individuals
(MEIs). For a diagram of the receptor grid, see Section II.C. Dispersion
Modelling. A map of the area is provided in Attachment 1. The high school
was the location of the MEIs, because it can be reasonably assumed to be the
closestareatothe(Dtherethepublicsperﬂsanylen;thoftime

In accordance with a pres:.dent.lal Executive Order 12898 of February 11, 1994,
requiring Federal agencies to consider envirormental justice issues in their
actions to the greatest extent practible, the demographic makeup of the area
was investigated. The demographic kreakdown of the student population at the
high school, the population of the City of East Chicago, the cammmnities in
the area of the CDF and for all of lLake County are presented in Table 9.

Table 9: Demographic Data for Northwest Indiana

Community Total % Hispanic % Caucasian | % African } Other
Population American ¢
Central High 1,895 53.7 4.6 41.5 0.2
School °
City of East 33,892 47.8 19.1 32.7 0.4
Chicago f
In area of 166,928 17.0 70.7 11.3 1.0
CDF &
Lake County th 475,594 9.4 65.6 24.2 0.8 II
. Persons of Hispanic origin may be of any race (i.e. Caucasian, African
American, etc.).
b Includes only non-Hispanic Caucasians.
¢ Includes only non-Hispanic African Americans.
d Includes Native Americans, Asians and Others.

© Demographic information obtained from Central High School (perscnal
commnication, March 2, 1994).

£ 1990 Census (U.S. Department of Cammerce, Bureau of Census, 1990).

E Area includes: East Chicago, Hammond, Highland, Munster, and Whiting.
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b Lake County canmmnities are: All of the above including Cedar Lake,
Crown Point, Dyer, Gary, Griffith, Hobart, Lake Station, Lowell,
Merrillville, New Chicago, St. John, Sche.rernlle, and Schnelder

In order to obtain conservative risk estimates, worst case exposure
assumptions were used. The conservative assumption was made that the students
and teachers would remain at the high school for 30 years, the life-time of
the CDF, and be exposed to the volatile emissions and fugitive dust 24 hours a
day. Because of its proximity, less than half a mile, it was assumed that the
risks to hlgh school students and faculty are similar to the risks to
residents in the vicinity of the facility.

The worst case emission scenario (Worst Case Scenario or Scenario 1) for the
proposedCDFwasbasedonﬂlefollowmgconservatlveassumth.ons 1.) to
obtain a worst case volatile and fugitive dust emission estimate from the CDF,
the maximm surface area that will occur over the lifetime of the CDF was used
to assess emissions fram the facility over 30 years; 2.) it was assumed that
thesedmentscmwta:mnghlgherlevelsofPCBsmtheTSCAcellwmndramjn
open for the entire lifetime of the CDF, although in practice, it would
probably only be open for less than a year; 3.) for the fugitive dust emission
model, 1twasassmnedthatthetextureofthesed1mentsmequ1valenttothat
ofﬂlesoz.lsmthearea This is conservative because, in reality, the
sediments have a clay texture and contain greases and oils, whereas local
soils are sandy and are more likely to be transported as fugitive dust; 4.) It
was assumed that all the chromium to which the students and faculty would be
exposed via fugitive dust is in the most toxic form (Cr +VI); 5.) a value of
60 was used for the time parameter "t" in the flux eguation that represents
the interval between rain events and management of the sediments. For a
detailed explanation of the parameter "t" see Section II.B.3.b.; and 6.) worst
case meteorological data was used in the dispersion modelling (Section II.C.).

28



ITTI.C. Risk Assessment Methodoloqgy

Once the air concentration at a given receptor was modelled for pollutants
from the CDF, inhalation risk was computed. U.S.EPA‘'s ISCLT2 dispersion model
was used to conduct the air concentration modelling, i.e. modelling of air
concentrations at specific receptors in the vicinity of the proposed COF. For
a detailed discussian of the modelling, see Section II.C. The risk
calculations are based on the assumption that emissions levels fram the
proposed CDF can be averaged over a 30-year period to result in the anmual
average concentration at the receptor obtained from the dispersion modellirg.
Table 10 shows the risk factors that were used in the risk calculations.

IIT.C.1. Carcinogens

For carcinogenic compounds emitted to the air fram the proposed CDF, the risk
of inhaling these compounds was camputed by multiplying the air concentration
of the compounds at the receptor by the cancer unit risk factor (see Table 10
for cancer unit risk factors). The cancer unit risk is equivalent to the
excess cancer risk (over background levels) from continuous exposure to a
chemical for an entire lifetime (assumed to be 70 years). In this study, the
cancer unit risks were adjusted to reflect the life-time of the CDF, which is
a 30-year exposure time, i.e. the cancer unit risk was multiplied by a factor
of 30/70. There are uncertainties associated with adjusting the cancer unit
risk to another exposure duration, because cancer unit risk factors are
derived for lifetime exposure, and are not necessarily applicable to less than
lifetime exposure. '

The cancer unit risks used for various PAHs reflected the relative potencies
of these compounds, using relative potency factors recently developed
(U.S.EPA, July 1993), with Benzo(a)pyrene (BAP) being the most toxic. Thus,
BAP is a reference compourd by which the toxicities of other PAHs is scaled.
The specific cancer potencies of only a few polycyclic aramatic hydrocarbons
(PAHs) is known.

IIT.C.2. Non-carcinogens

For non-carcinogens, the level of risk due to inhalation of a pollutant is
indicated by the Hazard Quotient (HQ). The HQ is the ratio of the modelled or
monitored air concentration to the Reference Concentration (RfC). The RfC is
an estimate of the daily inhalation exposure level to the human population,
including sensitive subpopulations, that is likely to be without appreciable
risk of deleteriocus effects during a lifetime (70 years). The HQs in this
study are overestimates, because it was assumed the receptors are exposed to
the modelled concentration for 70 years.

If the air concentration is below the RfC, i.e. the ratio of air concentration
to RfC is less than 1.0, then the levels the receptors are exposed to are at
or below levels determined to be safe over a lifetime of exposure. Ratios
above 1.0 represent a potential risk, but it is not possible to state
explicitly at what ratio that potential becames an actuality. As the HQ
becomes larger than 1.0, the probability that an adverse health effect would
ocour increases.
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Table 10: Risk Factor Data

Campound Inhalation | Relative RfC Source
Unit Potency (mg /) of
Risk Factor data
(ug/u’)? (RFP) *

Acenaphthylene

Acenaphthene

Arsenic 4.3 x 10° IRIS®

Benzene 8.3 x 10° IRIS

Benzo(a) anthracene 2.1 x 105,° 0.1

Benzo(a)pyrene ° 2.1 x 10* 1.0 IRIS

Benzo(b) fluoranthene | 2.1 x 103, 0.1

Benzo(k) fluoranthene | 2.1 x 10%,° 0.01

Chromium (VI) 1.2 x 10? IRIS

Chrysene 2.1 x 107,° 0.001

Dibenzo(a,h)- 2.1 x 10%,° 1.0

anthracene

Ethylbenzene 1.0 | IRIS

Fluorene

Fluoranthene

Naphthalene 4.2 x 10° IRIS

Phenanthrene

Polychlorinated 2.2 x 10® CHEA ¢

Biphenyls

Toluene 0.40 | IRIS

Source: ECAO-CIN-842, March 1993

IRIS: Integrated Risk Information System

Unit risk based on oral studies.

CHEA: Office of Health and Envirormental Assessment

Calculated by multiplying the unit for BAP by the RFP, e.g. Chrysene unit
risk = (0.001) x (2.1 x 10%) = 2.1 x 107,

o & O o
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III.D. Results

This Section discusses the results of the camparative air toxics loadings
assessme.rrtfrcxntheproposedd)Fardfromreported loadings, the results of
the camparative loadings assessment of the sediment dredging project ("Action®
alternative) versus not conducting the sediment dredging project ("No Action
alternative), and the risk assessment results from exposure to carcinogenic
and non-carcinogenic emissions from the CDF.

ITI.D.1. Ioadings Estimation

ITI.D.1.a. ison of CDF loadings to Other Air Toxics Ioadi

The loadings of pollutants to the atmosphere from the proposed CDF were
campared with reported air toxics loadings in the Toxic Release Inventory
(TRI) fram Lake and Porter County and Southeast Chicago and with air toxics
loadings reported in the emission inventory of the Southeast Chicago Study
(U.S.EPA, July 1987) ard the Southwest Chicago Study (U.S.EPA, April 1993).
These comparisons were made to cobtain an understanding of the relative
magnitude of air toxics loadings from the proposed CDF versus other sources in
the area. However, no attempt was made in this study to draw conclusions
about the reasaons for the observed differences between COF loadings and other

reported loadings.

TRI loadings reflect the relative contribution of large industrial socurces to
the atmospheric levels of pollutants. They do not, however, take into account
fugitive dust emissions. All estimates of loadings come fram mamufacturing
processes, unless the company is involved in a remediation on their property.
Table 11 shows that the loadings of metals and VOCs from the proposed CDF are
small compared to TRI-reported emissions. Emissions reported to TRI are best
estimates of the reporting emissions source and do not represent actual
emissions. TRI emissions estimates represent only larger sources of these
campounds in an area. Therefore, a reported loading of zero may not
necessarily mean that the actual emissions are zero. These data should be

used for camparison purposes only.

Tables 12 and 13 show loadings inventoried in the Southeast and Southwest
Chicago Study. Data from these studies are more comprehensive than TRI data
ard reflect air emissions in the area more accurately. The studies attempted
to include all source types that emit air toxics, whereas TRI includes only
facilities that utilize over 10,000 lbs of a toxic chemical per year.
Camparing TRI-estimated loadings to loadings estimated through the air toxics
inventories, it can be seen that the latter estimates are higher.

The emissions inventories in the air toxics studies are broken down by various
categories. Steel mills were put in a separate category. The category "“Other
Industrial Sources/Points" included emissions fram industry in the area, which
includes manufacturing, refineries and foundries among others. From some
facilities these emissions were obtained fram questionnaires asking facilities
to estimate their own emissions, which were then evaluated by U.S. EPA as to
their plausibility. For other identified facilities a species fraction method
and an emission factor method were used to calculate emissions. The "Consumer
Sources" category includes barge loading, gasoline marketing, dry cleaning and
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surface coating. The "Mobile Sources" category, or "Roadway Vehicles"
category, includes highway vehicles, and does not include off-road motors,
such as lawn mowers, boats and planes. The "Waste Facilities" category
includes mumnicipal solid waste landfills, abandoned hazardous waste sites,
hazardous waste treatment storage and disposal facilities (TSDFs), Resource
Conservation and Recovery Act (RCRA) hazardous waste sites, and PCB and
mmicipal waste incineration. One municipal waste incineratar and one of the
nation's five PCB incinerators are located in Southeast Chicago. PCB
emissions from temporary storage at the PCB incinerator were considered to be
negligible and were not calculated. Wastewater treatment plants (WWIPs) were
considered separately from the other sources. This is because the methods are
highly uncertain for assessing the extent to which volatilization rather than
biodegradation or transference into sludge and for assessing losses within the
sewers and at industrial pretreatment facilities.

In general, emission estimations based on the approaches described above
contain a large degree of uncertainty, so that it is not possible to determine
if these loadings accurately reflect actual loadings. From Tables 12 and 13
it appears that the CDF loadings are small in camparison to the loadings
reported in both the Southeast and Southwest studies.

The exceptions are Naphthalene and PCB emissions. Given the large
uncertainties inherent in the CDF arnd air toxics emissions estimations, the
difference between these numbers may or may not be significant. Far
Naphthalene the estimated emissions from the CDF are roughly equal to all
emissions reported in Table 11. This result could lead to the conclusion that
the CDF would be a major source of Naphthalene in the area. However, the high
loadings estimate for Naphthalene may be due to the very conservative
emissions assumptions made in this report, but may also be a result of the
limitations in the TRI reporting system, which probably does not reflect
actual emissions very accurately. For PCBs the estimate made in this study
and the TRI reported loadings differ by about a factor of 3, less than an
order of magnitude. Such a difference may not be significant, especially
considering that the results were derived from different emissions estimation
methods.

It should be noted again that the CDF loadings estimate is based on
conservative, worst case assumptions, in order to maximize the estimates and
to obtain a worst case health risk estimate. On the other hand, the purpose
of the air toxics emissions inventories was to cobtain emissions estimates that
reflect actual conditions as closely as possible. Given the difference
between the goal of this study and that of the air toxics studies, the PCB
loadings estimations do not appear appreciably different. Again, the CDF
loadings estimate is an overestimate of actual expected loadings of PCBs based
on several worst case assumptions.
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Table 11: Camparison of CDF loadings to TRI-reported loadings’ (Source: TRI
1991)
Sediment CDF TRI-reported | TRI-reported | Relative
Contaminant emissions area point size of CDF
emissions emissions emissions
(lbs/yr) (lbs/yr) campared to
(1bs/yr) total TRI-
regorl:.ed
emissions
(%)
Benzene 4,381 487,025 843,210 0.2
Ethylbenzene 500 73,950 43,156 0.2
Naphthalene 60,748 72,569 19,392 14.0
Xylenes 6,380 587,349 1,417,352 0.2
Toluene 3,988 893,046 605,537 0.1
Arsenic 0.4 0 5 15.0
Chromium 3.8 326 255 0.01

* Note: Emissions reported to TRI are best estimates of the reporting source.

The reparted metals loadings do not take fugitive dust emissions into account.
A reported loading of zero, does not necessarily mean that the actual
emissions are zero.
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Table 12:

Comparison of estimated CDF emissions with loadings obtained in the Southeast Chicago Air
Pollution Study (U.S.EPA, August 1989) °

Sediment

COF

Steel Mills

Other Consumer Mobile Waste WWIP

Contaminant | emissions (1bs/yr) Industrial | Sources Sources Facilities | (1lbs/yr)
(1bs/yr) Sources (1bs/yr) (1bs/yr) (1bs/yr)

(lbs/yr)
Benzene 4,381 6,088,400 | 110,400 74,200 1,625,600 | 24,000 1,400
Toluene 3,988 994,800 4,901,200 | 675,400 4,569,000 | 74,200 13,800
Xylenes 6,380 325,400 1,920,800 128,600 3,532,400 22,000 31,400
PCBs 19.9 — 0.4 — — 5.3 —




Table 13:

Southwest Chicago Air Pollution Study (U.S.EPA, April 1993)

QoC

CDF emissions | Source

Emissions

Benzene 4,381 Aircraft engines 17,997
Barge loading 5,810
Gasoline marketing 120,520
Municipal Solid Waste 1,662
Iandfills
Nonroad engines 390,520
Other hazardous waste 26,560
TSDFs'

Other Industrial Points 253,400
RCRA® hazardous waste 0.016
sites

Road Vehicles 2,754,000
Steel Mills 6,712,000
Surface Coating 16,960

Wastewater Treatment
Municipal Solid Waste.

1,600

sites

Landfills

Other hazardous waste 2.304
TSDFs

Other Industrial Points 0.35
RCRA hazardous waste 1.178

* TSDF

Treatment Storage and Disposal Facility
Resource Conservation and Recovery Act
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III1.D.1.b. Comparison of Action vs. No Action ILoadings

The following assumptions were made in this loadings comparison: 1.) in both
scenarios, it is assumed that the sediments in the IHC will be covered with
sediments that settle ocut in the canal from runoff and that have the same
contaminant concentration as the in-place sediments; 2.) the exposed sediment
surface area of the proposed CDF is 104 acres, the ECI site surface area is
130 acres ard the IHC surface area is 390 acres; and 3.) to obtain
conservative fugitive dust estimates, it was assumed that the CDF sediments
remain devoid of vegetation and that 50 per cent of the ECI site is covered
with vegetation.

Table 14 shows the relative loadings of air toxics from the sediments if no
dredging occurs campared to if dredging would occur. For camparison purposes,
only the loadings of contaminants for which there was data for the IHC, ECI
and CDF were included. For a discussion on the emissions assumptions for each
locale, see Section II.B. Emissions Calculations.

If no dredging occurs, the ECI site will remain uncovered by the CDF and the
sediments remain in the harbor and canal. VOCs would volatilize and fugitive
particles would be emitted from the hydrocarbon-contaminated ECI site. Same
volatilization of VOCs and SVOCs would occur from the surface of the IHC as
they desorb from the sediments and diffuse through the water column.

Dredging would expose the sediments to the air and allow volatilization of air
toxics to occur. The construction of the (DF on the ECI site would eliminate
volatile and particulate emissions from the soil on the site by acting as a
“cap" of emissions from contaminants underneath the CDF. It appears that
removal of sediments from the IHC will probably result in an overall increase
of air emissions of VOCs and SVOCs from the sediments as they are exposed to
the air over the course of the dredging project. The results show that until
the CDF is capped at the end of the project, the "Action" scenario has greater
loadings per year of air toxics than the "No Action" scenario.

Because of the uncertainty of the data, it not possible to accurately
determine the actual loadings and thus this study cannot determine if the
"Action" and "No Action" loadings are significantly different. These results
are preliminary estimates and should be used with caution and for comparative
purposes only. Also, the calculations are extremely conservative because they
assume that over the life of the project the sediment concentration of
contaminants will remain at their initial high level. This will most likely
not be the case, because as new sediment enters the canal via runoff,
concentrations of dredged sediment should become lower. This is because it is
expected that envirommental regulations will improve sediment concentration
over the life of the project.
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Table 14: Comparison of Loadings from Action vs. No Action Scenarios (in
lbs/yr)

Contaminant ECI site IHC CDF Scenario
Exposed Sukmerged | Exposed Emissions
Soil Sediment | Sediment | Totals:
No action || Particulate 3,365 0 0
Matter
PCBs 4.9 6.6 0
Benzene 841 149 ]
{| Toluene 711 165 0
Ethylbenzene 1,663 24 0
Xylenes 4,744 275 0
Arsenic 0.17 0 0
Chramium 0.07 0 0
Totals 11,329 627 0 11,956 |
Action Particulate 0 0 5,395
Matter
PCBs 0 6.6 19.9 °
Benzene 0 149 4,381
Toluene ] 165 3,988
Ethylbenzene 0 24 500
Xylene 0 275 6,380
Arsenic 0 0 0.4
Chromium 0 0 3.8
Totals 0 627 20,688 21,295 I
° Note: Contribution to PCB loading by emission pathway

<1% PCB as particulate matter
84% volatile PCB from non-TSCA sediment
16% volatile PCB from TSCA sediment

The loadings for all cother compounds are via volatilization only.
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IIT.D.2. Assessment of Cancer Risk

As discussed previously, due to the limited availability of health data for
the carcinogens detected in the sediments, only those campounds with existing
cancer unit risk factors were included in the cancer risk assessment. The
cancer risk assessment results are presented in Table 15 below. This table
campares the worst case 30-year cancer risk at the high school due to
inhalation of modelled air concentrations of contaminants from the CDF to the
30-year cancer risk due to reported monitored concentrations in the Southeast
Chicago study (U.S.EPA, September 1989. The air toxics monitaring data is
from monitoring stations in Southeast Chicago, an area of Chicago which is
located to the northwest of the CDF location. The monitored concentrations in
the Southeast Chicago study were considered to be representative of current
concentrations of air toxics in the Northwest Indiana area due to contimicus
emissions from sources in the area, and thus the associated risk represents
the average cancer risk to residents in the area without the proposed CDF as a
source of air toxics. A summary of the sources of monitoring data is located
in Attachment 8.

The last colum in Table 15 is the sum of the 30-year cancer risk due to
exposure from the modelled air concentrations from emissions from the proposed
COF and the 30-year cancer risk due to exposure to monitored concentrations.
The total cancer risk due to exposure to CDF emissions from the CDF at the
high school is estimated to be 2.3 x 10%. The total cancer risk due to
exposure to monitored concentrations of these air toxics in the area for 30~
years, excluding CDF emissions, is estimated to be 3.1 x 104. The sum of
these two risk numbers is the total 30-year cancer risk due to exposure to
existing concentrations of air toxics, as well as emissions fram the CDF. In
camparison to the risk posed by ambient concentrations of these pollutants in
the area, the risk posed by the CDF is less.

Locking at the contribution of individual contaminants to the total risk due
to the CDF emissions, BAP contributes the greatest percentage of the total
risk. PCBs and chromium (VI) also contribute a large amount. Again, it is
noted that the PCB risk estimate is conservative, since it is assumed that
PCBs in the TSCA compartment volatilize for 30 years, when actually the TSCA
compartment will be open for only about 4 months. Further, the risk due to
chromium is an overestimate, since it was assumed that all the chromium
emitted from the CDF is in the most carcinogenic form (hexavalent chromium) .
The same assumption was made in calculating the risk due to chromium
concentrations in the area. Chromium contributes the most to the risk due to
monitored concentrations. '

Table 16 campares the results of the 30 year cancer risk analysis for all
three scenarios: Worst Case, Average Case, and Least Case. The assumptions of
these scenarios were described in Table 3 of Section II.B.3.b. The basic
difference between them is the surface area of the CDF. The Worst Case has
the largest and the ILeast Case has the smallest surface area. In Table 16,
the 30-year total cancer risk at two receptors is shown: 1.) the high school;
and 2.) the receptor where the maximm modelled concentration ocaurred (a
point northeast of the CDF at 400 m for the worst and average case scenarios,
and a point 400 m southeast of the CDF at the high school fenceline for the
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least case scenario). The risks for all scenarios are less than the total
risk due to existing air quality reported in Table 15 (3.1 x 10 4).

Since all the assumptions made in the worst case scenario were conservative,
the level of risk at the high school is an overestimate of the actual risk
posed by emissions from the CDF.
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Table 15: Risk Assessment Results for Carcinogens

Sediment Modelled Individual {| Average 30-year Total 30~

Contaminant Conc.at Excess monitored | cancer risk |f year cancer
high Cancer conc. ° dua.ml : risk
school * risk conc.

(30-year (ug/m3)
(ug/m3) exposure

to

contaminan

t)
Arsenic ° 4.0 x 10¢
Benzene 3.7 x 10°

Benzo(a)anthrace
ne

Benzo(a)anthrace

neonPM*©

Benzo(a)pyrene 104 3.2 x 10°¢
Benzo(a)pyrene 10

on PM °

2.0 x 10

Benzo(b) fluorant
hene

4.3 x 102

Benzo(b)fluorant
hene on PM °

Benzo(k) fluorant
hene

5.8 x 10%

Benzo(k)flucrant || 3.0 x 107 6.3 x 10"

hene on PM ¢

Chromium (VI) ¢ 1.8 x 10° 9.4 x 10° 2.6 x 10+
Chrysene 3.5 x 10°% 3.1 x 10

Naphthalene 2.9 x 10 5.2 x 107

ﬁs_‘ré('r;()mdarxi 1.6 x 10* 1.5 x 107 2.0 x 10°%
PCBs on PM ° 1.5 x 107 1.5 x 10%

Total Risk: 1' 2.3 x 10°¢ II 3.1 x 10+ 1' 3.1 x 10*

* Modelled ambient air concentrations (due to CDF emissions) from dispersion modelling in
this study.

b Monitored ambient air concentrations reported in the Southeast Chicago Air Toxics studies.
For this study the average of the reported monitoring data was calculated. See Attachment 8
for a sumary of the sources of monitoring data. This data was assumed to represent air
quality in the area of the CDF.

¢ SwWCs ard metals sorb to sediment particulates and can be emitted from the facility via
particulate matter (PM) that could escape the facility via wind-borne fugitive dust.
Therefore, for the PAHs and PCBs all the risk calculations take both vapor phase
concentration and solid phase concentration in airborne particulate matter into account.
The metals are assumed to be located entirely in the solid phase of airborne particulate
matter. It was assumed that all the chromium is in its most carcinogenic form, Cr'S, while
in reality only a fraction of chromium is in this state.

¢ The contribution of the TSCA PCBs and the non-TSCA PCBs to the ambient air concentrations
were added to abtain a total risk nurber.
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° No data available in Southeast study.
f Total PCBs.

Table 16: Coamparison of Risk Scenarios from Modelled Air Concentrations in
this Study

Total 30-year Cancer Risk l

L CDF Surface area || High Medium Low

Receptor Worst Case Average Case | Least Case
Iocation

At High School 2.3 x 109 9.3 x 107 8.3 x 107
At Point of 3.6 x 109 * 3.0 x 10%* 2.6 x 10%?®

Maximm Modelled
Annual Average
Concentration

! The maximm modelled anmual average air concentration was located northeast
of the CDF at coordinates (400, 1242.56), a point 400 m north of the CDF and
approximately 700 m east of the northeast corner of the CDF.

® The maximum modelled annual average air concentration was located south of

the ODF at coordinates (-400, 100), a point 400 m directly south of the CDF
100 m east of the south west corner of the CDF.
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III.D.3. Assessment of Non-cancer Risk

RfCs for two compounds emitted by the CDF were known, and the HQ was
calculated based on the modelled concentration of these contaminants at the
high school receptor. Table 17 below presents the results. All the HQs which
are based on the modelled ambient concentrations are 51gm.flcantly below 1.0,
indicating the levels of exposure are below levels determined to be without
appreciable risk of deleteriocus effects over a lifetime of exposure (70
years). It should be remembered that HQs were developed to indicate 70-year
exposure risks. It is difficult to adjust them for less than lifetime
exposure and wasn't attempted in this study. Also, the assumptions made in
this risk assessment were conservative.

For camparison, the HQ was calculated for monitored concentration of toluene
reportedmtheScntheastsmdy The HQ is also below 1.0, indicating that it
is likely that there is no appreciable risk of non-cancer effects due to
exposure to this concentration.

Table 17: Risk Assessment Results for Non-Carcinogens

Sediment Modelled HQ for Monitored | Hazard
Contaminant Conc. at modelled ambient Quotient
high school | conc. Conc. * from
(ug/m3) - | background
(ug/m3)
Ethylbenzene | 2.4 x 103 2.4x10% | — _—
Toluene 1.9 x 10? 4.8 x 10%° ] 10.23 2.5 x 10%

* Monitored ambient air concentrations reported in the Southeast Chicago Air
Toxics studies. For this study the average of the reported monitaring data
was calculated.

b pata not available.
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ITI.E. Uncertainties

Since scientific uncertainty is unavoidable for any risk assessment, several
types of uncertainties must be noted while interpreting the risk assessment
results concluded in this study. They are described as follows:

a.

The cancer unit risk factors used in this study reflect the best
judgements of U.S.EPA scientists in evaluating available evidence both
as to the interpretation of specific studies and as to the procedures
that most reliable extrapolate cancer unit risk factors from these
studies. Uncertainties in the cancer unit risk factors arise from the
significant extrapolations such as from high concentrations to lower
concentrations and from labaratory animals to humans that are necessary
to estimate risk factars. A detailed discussion of the uncertainties
that occur in developing cancer unit risk factors is given in the
U.S.EPA Risk Assessment Guidelines (U.S.EPA, August 1987).

The risk analysis assumed a 30-year exposure time corresponding to the
life of the proposed CDF. The cancer unit risk factors used in this
study were derived for a lifetime exposure, and are not necessarily
applicable to less than lifetime exposure. In addition, the exposure
methodology assumes that the population is contimicusly exposed to the
outdoor modelled concentration. This assumption does not reflect the
actual scenario human activity in the area.

The modelled air concentrations are estimates based on an accepted
dispersion model. Dispersion modelling has some uncertainties. To
minimize model uncertainties, local meteorological data was used.
However, the concentrations obtained from the model should be used with
caution. They provide a best estimate of maximm average anmal
concentrations.

Inconclusive sampling data information for the ECI site adds
to the concentration estimates. The contamination at the site has not
been fully characterized.

There has not been any definitive research campleted on the effects of
the wetting/drying cycle on volatile emissions from sediments. The
assmupta.onsmademthlssttxiywerebasedonbestestmxat&sarﬂ

engineering judgement.
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V. Glossary

2Ambient air:
It is that portion of the atmosphere, external to huildings, to which the
general public has access (40 CFR Part 50). This definition has been
interpreted to mean the air outside fenced private property limits which
can be inhaled by the public.

BAP: Benzo(a)pyrene

Carcinogen:

A chemical that is capable of increasing the risk of cancer. Similarly,
Carcinogenicity is the ability of a chemical to increase the risk of
cancer.

CAS Number: Chemical Abstracts Service mumber
CDF: Confined Disposal Facility

ECI: Energy Cooperative Incorporated
Contact of an organism (human or animal) with a chemical agent. Exposure
is quantified as the amount of the chemical coming into contact with the
outer bourdary of the body (the outer boundary of the body is the skin, the
mouth and the nostrils).

EPA Exposure Assessment Guidelines (57 FR 22888 - 22938, 29 May, 1992) make
the following definition: Exposure to a chemical is the contact of that
chemical with the external side of the boundary separating the "outside of
the body" fram the "inside of the body".

Exposure Assessment:
The camponent of risk assessment that involves determining or estimating
the magnitude, frequency, duration and roaute of exposure to a chemical in
the enviroment. The exposure assessment considers the nature and size of
the exposed population and can focus on past, current or future exposures.

Exposure Pathway:
'mephysmalcan'seadmmlcalmﬂieermomenttakesfrmnltssamceto
the point of human exposure.

Henry's Constant (H):
It is an equilibrium partition coefficient for a chemical between the air
and water phase. It applies for dilute solutions of chemicals in air and
water.

Hazard Quotient (HQ):
the ratio of the air concentration of a campound to the RfC (see
definition).
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IHC: Indiana Harbor and Canal

Individual Risk: ‘
The probability that a theoretical individual person will experience an
adverse effect. = Most often used in relation to cancer risk.

Industrial Source Complex Long Term version 2 (ISCLT2):
U.S. EPA-approved dispersion model for airborne contaminants.

Kilogram (kg):
One thousarnd grams. One kilogram is equivalent to 2.2 pourds.

Lowest cbserved adverse effect level (LOAEL):
The lowest concentration of a material used in a toxicity test that has a
statistically significant adverse effect on the exposed population of test

organisms as campared with the controls.
MEI: maximm exposed individual

Meters (m):
One-thousandth of a kilometer. One meter is the equivalent of 3.3 feet.

Microgram (ug):
One-millionth of one gram (1 ug = 3.5 x 10® oz. = 0.000000035 oz.). also

equivalent to one-thousandth of one milligram.

Milligram (mg): ‘
One~thousandth of one gram (1 mg = 3.5 x 10 oz. = 0.000035). Also
equivalent to one thousand micrograms.

No cbserved adverse effect level (NOAEL):
The highest concentration of a material in a toxicity test that has no
stat:.stlcally significant adverse effect on the exposed populatlon of test
organisms as campared with the controls

particulate matter:
dust or fugitive dust; airborne soil which escapes a site by being blown
away by the wind. Typically, for most risk assessments, it is assumed that
all the dust particles have a diameter of 10um or less. Particles of this
size or less can reach the lungs via inhalation and enter into the human
body in that manner.

PCB: polychlorinated biphenyls.

Relative Potency Factor (RFF):
a factor used to scale the toxicities of polycyclic aramatic hydrocarbons
relative to a reference compound.

RfC (Reference Concentration):
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An estimate (withuncertajntysparmingperhapsanm:derofmgrutudecr
greater)ofthedallymhalata.onexposxxeleveltothe population
(including sensitive subpopulations) that is likely to be without
appreciable risk of deletericus effects during a lifetime (70 years). The
Rfcl:IL?sexpressedmmutsofmlhgransofdaaucalperaxblcmeterofaJr.
(mg/m’) .

RfD (Reference Dose):
Anest:mte(withmnertamtyspaxmmgperlnpsanorderofmgmuﬂeor
greater) ofthedallyexposuretothemmnpogalatim(i:nhﬁin;mtive
subpopulations) that is likely to be without appreciable risk of
deleter:.mseffectsdxmngahfet:m (70 years). The RfD is expressed in
units of milligrams of chemical per kilogram of body weight per day
(mg/kg/day) .

2170 o sgm-volatlle organic campound

itys R
'melrmgrerrtpotenual‘orcapamtyofamtemaltocauseadvemeeffects
in a living organism.

TRI: Toxic Release Inventory
TSCA: Toxic Substances Comtrol Act

unit risk:
BEquivalent to the excess cancer risk (over background levels) from
cantimious exposure to a chemical for an entire lifetime (70 years).
mmtrmmwmﬂyfwam&mmr&M'
inhalation exposure. For this use, cancer unit risks are expressed in
units ofuwersemlllgransofchenalpercxmlcmeterofa:r [ (mg/m3) 1].
Tbusethetmltrlskfcrcarcungermtyforass&nentofless-than-
cantimious and/ar less-than-lifetime exposures, measured or modelled
emmrtalcmcerrtratlonsmstbeadjustedonatme—welghted basis.

unsaturated soil:

azoneofsonabovethewatertablemwludlthepcrespacelspartaally
fmedmﬂ:waterarﬂ@rtlallyfllledmman: The movement of
cmrmmmarrtsﬂarmghﬂ:esolllsgreatlymfluen:edbythedegreeof
saturation of the soil. * In unsaturated soil vapar-phase transport of
cantaminants becomes important.

U.8.ACE: U.S. Army Corps of Engineers
U.S.EFA: U.S. Envirommental Protection Agency
VOC: Volatile Organic Compound

WWTP: Wastewater Treatment Plant

i
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Figure 2: Area Sources and Coordinates for the CDF in Scenario 1

A
Area Source 1 Area Source 2
N
d4 do
ag— o —
I (X2.y2)
1 272 i 15.24 m
7.62m
Area Area -
Source 8 |Source 9
Area Source 3
.."';j &1l da
dy dondgiiii -~ — - —it
(x7.y7) (xg.¥e) (X3.Y3)
Area Source 5§ Area Source 4
ds - dg4
o g mane
x-axis (0.0) (xs.ys) (x4.Y4)
'y-axis
Scenario Area Source (i, y;) (m) d; (m) Release Height (m)
1 1 (0. 554.482) 253.267 4.57
2 (253.267,554.482) 253.267 457
3 (277.448,269.828) 270.088 - 4.57
4 (277.448,0) 270.088 4.57
it i D ) 269828 457
HEETOCA el R Y (7.230:269:828):: 127230 1 iR
7 {0,269.828) 127.230 457
8 (0,397.058) 142.184 457
9 (142.184,397.058) 142.184 457
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Figure 3: Area Sources and Coordinates for the CDF in Scenarios 2 and 3

A
Area Source 1 Area Source 2
N
dy d2
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% ; g % o
o sl o— ,
(xs.Y6) (x3.¥3)
Area Soufce 5 Area Source 4
ds dga
et — - S
- —_
x-axis (0,0) {x5.y5) (x4.¥4)
y-axis
Scenario Area Source (x5, y;) (m) d; (m) Release Height (m)
2 1 ' (0,534.594) 237.403 9.14
2 (237.403.534.584) 237.403 9.14
3 (267.297,259.677) 263.695 9.14
4 (267.297.0) 263.695 9.14
5 (0,0) 259.677 9.14
6 (0,259.677) 258.677 9.14
3 1 (0,506.306) 221.291 9.14
2 (221.291,506.306) 221.291 9.14
3 (253.153,245.533) 249.083 9.14
4 (283.153,0) 249.083 9.14
5 (0,0) 245.533 9.14.
6 (0,245.533) 245.533 9.14
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Figqure 4: Receptor Grid Network
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INDIANA HARBOR EIS 1992 DATA (PAHS, VOLATILES, METALS) (in ppm]

INHVC _.WK1

STATION
PAH #1 #2 #3 #4 #5 #6 #7 #8 #9
Naphthalene 160 5.8
Acenaphthylene 6.4
Acenaphthene 6.5 25 14 21
Fluorene 4.4 23 69 4.7 9.9 23
Phenanthrene 14 53 1100 40 1 19 78 8.1 5.5
Anthracene 7.2 60 5.4 6.3 25
Fluoranthene 40 28 140 30 22 38 93 16 13
Pyrene 35 38 400 36 30 46 89 19 13
B(a)anthracene 18 16 170 17 13 19 b5 11 6.4
Chrysene 21 27 400 29 19 24 56 12 8.3
B(b)fluoranthene 17 16 72 15 1 17 40 9 6.4
Bik)fluoranthene 15 4.9 32 9.2 6.8 1 36 8.6 3.3
B(a)pyrene 18 11 150 14 1 17 49 11 5.3
{123)pyrene ‘ 34
Dib{ah)anthracene _ -
B(ghi)perylene 12 6.6 9.8 11 28 6.5
TOTAL PAHs 200.9 255.7 2593 210.1 123.8 232.2 793.4 107 61.2
VOLATILE ORGANIC COMPOUNDS
Benzene 5.8 0.63 0.82 0.63
Toluene 1.2 0.55 ' 0.41
Ethylbenzene 2.2 0.68 0.75 ‘
Xylenes (total) 29.5 3.3 0.23 3.2 0.55
METALS
Arsenic 65.9 49.8 66.4 54.5 39.2 57.2 29.9 52.2
Chromium 647 1190 636 1200 968 347 324

1130



INHVOC.WK1

INDIANA HARBOR EIS 1
Note: Napth is avg
of D10 and S10

PAH #10 #11 #12 #13 #14 avg. conc.
Naphthalene 3650 70 18 17 653.47
Acenaphthylene 630 7 214.47
Acenaphthene 8.1 3.9 5.8 2.9 10.90
Fluorene 380 12 7.7 8.2 2.8 49.52
Phenanthrene ‘ 970 32 20 27 8.7 170.45
Anthracene 310 10 5.8 8.7 0 43.84
Fluoranthene 650 26 23 28 21 83.43
Pyrene 500 23 22 28 23 93.00
Bla)anthracene 230 10 9.7 12 11 42.72
Chrysene 190 11 12 14 13 59.74
B(b)fluoranthene . 11 7.4 7.7 9 18.35
B(k)fluoranthene 3.2 4.9 5.1 11.67
Blalpyrene 7.9 6.5 7.6 8.4 24.36
1(123)pyrene 34.00
Dib{ah)anthracene

B{ghi)perylene 5.4 11.33
TOTAL PAHs 7510 231.2 136 168.9 110.3 909.55

{
VOLATILE ORGANIC CO

Benzene 28 7.18
Toluene 5% 1.1 0.49 0.23 8.43
Ethylbenzene 3.4 0.46 0.21 1.28
Xylenes (total) 77 4 0.86 14.83
METALS

Arsenic 96.1 117 99.2 89.9 58 67.33

Chromium 540 664 598 . 506 423 705.62
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Technical Notes

PCB Volatilization from Dredged Material,
Indiana Harbor, Indiana

Purpose

This note summarizes the theory and application of a model to predict the mass
loss of polychiorinated biphenyls (PCBs) from dredged material through volatili-
zation. A comparison to other contaminant pathways is presented for both in-lake
and upland disposal.

Backgrou—x-:d

Contaminated sediments placed in a confined disposal facility (CDPF) provide
the potendai for volatile organic chemicals (VOCs) to be released through volatili-
zation. Theoretical models have been developed to describe the physical and
chemical processes involved in transferring the VOC from the solid or liquid
phase to the air (Thibodeaux 1989). To date, PCBs have been the VOC of concern;
however, the theory presented is applicable to other VOCs inciuding poiycyclic
aromati¢ hydrocarbons (PAHs). The documentation provided is not sufficient to
fully understand the development of the models described in this note. The user
should refer to the original reports, for complete understanding of mode! develop-
ment and limitations.

Additional Information

The author of this Technical Note was Mr. Jay A. Semmler, US Army Engineer
District, Chicago, (312) 353-6518. For additional information, contact Dr. James M.
Brannon, (601) 634-3725, Mr. Tommy E. Myers, (601) 634-3939, or the manager of
the Environmental Effects of Dredging Programs (EEDP), Dr. Robert M. Engler,
(601) 634-3624. |

US Army Engineer Watarways Experiment Station
3909 Halls Ferry Road, Vicksdurg, MS 39180-8199




Introduction

Volatlization is the process wheredy a compound passes into the air from a
solid or liquid surface. The degree of volatilizadon can be generally reiated to
rienry’s constant of the compound: a compound with a high Henry’s constant nas
a rugher volanlizatnon potential than one with a iow Henry's constant.

The model presented in this note provides an estimate of the mass of poly-
hlonrated biphenyls (PCBs) lost from an in-lake and an upland confined dis-
posal faality (CDF). PCB was the only compound considered due to its regu-
latory significance and to simplify development of the models. [t is antidpated
that other semi-volatile and volatile compounds such as polycyclic aromatic
hydrocarbons (PAHs) will be modeled in the future for sediments contaminated
with these substances. ‘

Chemical equilibrium principles are used in this note to determine the transfer
of the volatile organic chemicals (VOCs) between various phases. [n the case of
‘VOCs associated with sediment, three phases of matter are involved. These are
the solid partdcles which constitute the sediment and include both organic matter
and mineral matter comprising the particies. The two other primary phases in-
clude air and water. With respect to dredging, VOCs can enter the air from either
the water or sediment surfaces. For volatilizaton to occur from the water surface,
the VOC must first desorb from the suspended solids phase and diffuse through
the water before being emitted into the air.

Model Purpose

PCB volatilization models developed by Thibodeaux (1987) were adopted by
‘the Chicago District to local conditions as part of the preparation of the Draft
Environmental Impact Statement (DEIS) for indiana Harbor and Canal Main-
tenance Dredging and Disposal Activities, Lake County, indiana. The models
estimate the mass flux of PCBs from a proposed CDF by volatilization from
dredged material. Two scenarios were considered: the first assumes that the
dredged materials are ghced in an in-lake CDF, while the second assumes place-
ment in an upland CDF.

Volatilization is complicated and can involve a number of transfer pathways. In
order to quantify volatilization of contaminants to air, the major sources, path-
ways, and external parameters which affect the transfer must be addressed. Lab
and fieid verification of critical transfer coefficients are lacking, and hence a com-
plete quantification of PCB volatilization for all activities associated with a dredg-
ing operation is impossible. Therefore, the models were used as an indication of
the relative significance of volatilization when compared to other loss pathways
(such as leachate, seepage, plant, and animal uptake) for various operational
schemes. [n this manner, potential PCB mass flux for different placement options
can be estimated and viable options can be evaluated against each other and the
no action plan. .

2 Techaical Nets EEDP02-13 (September 1990)



Introduction

Voladlization is the process whereoy a compound passes into the aur from a
soiid or liquid surface. The degree of volanlizanon can be generally reiated to
tienry's constant of the compound: a compound with a high Henry's cons@nt has
a nugher volanlization potental than one wath a low Henry’s constan.

The modei presented in this note provides an estimate of the mass of poly-
chiornated biphenyls (PCBs) lost from an in-lake and an upland confined dis-
posal fadlity (CDF). PCB was the only compound considered due to its regu-
latory significance and to simplify development of the models. It is andcpated
that other semi-volatile and volatile compounds such as polycyclic aromatic
hydrocarbons (PAHSs) will be modeled in the future for sediments contaminated
with these substances. }

Chemical equilibrium principles are used in this note to determine the transfer
of the volatile organic chemicals (VOCs) between various phases. [n the case of
VOCs assocated with sediment, three phases of matter are involved. These are
the solid pardcies which constitute the sediment and include both organic matter
and mineral matter comprising the particles. The two other primary phases in-
clude air and water. With respect to dredging, VOCs can enter the air from either
the water or sediment surfaces. For volatilization to occur from the water surface,
the VOC must first desorb from the suspended solids phase and diffuse through
the water before being emitted into the air.

Model Purpose

PCB volatilization models developed by Thibodeaux (1987) were adopted by
‘the Chicago District to local conditions as part of the preparation of the Draft
Environmental Impact Statement (DEIS) for Indiana Harbor and Canal Main-
tenance Dredging and Disposal Activities, Lake County, Indiana. The models
estimate the mass flux of PCBs from a proposed CDF by voiatilization from
dredged material. Two scenarios were considered: the first assumes that the
dredged materials are Bhad in an in-lake CDF, while the second assumes place-
ment in an upiand COF.

Volatilization is complicated and can involve a number of transfer pathways. In
order to quantify volatilization of contaminants to air, the major sources, path-
ways, and external parameters which affect the transfer must be addressed. Lab
and field verification of critical transfer coefficients are lacking, and hence a com-
pléte quantification of PCB volatilization for ail activities associated with a dredg-
ing operation is impossible. Therefore, the modeis were used as an indication of
the relative significance of volatilization when compared to other loss pathways
(such as leachate, seepage, plant, and animai uptake) for various operational
schemes. In this manner, potential PCB mass flux for different placement options
can be estimated and viable options can be evaluated against each other and the
no action plan. :
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Mode! Assumptions

Theoretical chemodyTamic models for orgaric oliutants in dredged matera:

~ave been deveiored 10 esTmate potentiai erussion raes of PCBs 1o the air
Trobodsaux ($89). Autncugn tese models fave not Seen venfied expernmentaiy
for dredged mareral, studies of pesucde volaciizanon Tom sous, VOC emussions
dunng rerfinery waste landfarming, and VOC em:ssions from hazardous waste
.agoors indicate that theoretical chemodynamic ziodels, when properiy formu-
ated, provice realistc esamates of VOC volatilizadon (Thibodeaux and Hwang
1982: Thibodeaux and Becker 1982; Thibodeaux, Parker, and Heck 1984; and Ex-
iund, Nelson. and Wetherhoid 1987). It should be noted that input to the model is
highly dependent on the physical aspects of a particular CDF, the placement
method, and the amount of time for a particular filling operation, as well as the
lifetime of the CDF.

The equation used to calculate flux from exposed sediments describes chemical
movement in the unsaturated pore spaces near the exposed surface. Sediments
are initially in a semusaturated state, but surface layers soon will approximate the
unsacurated situation. This initial transient state is not accounted for by the model.
Also, wetting and drying cycles generated by rainfall were not considered.

The major emission locales for a CDF and its inherent operations are dredging
and transporting, submerged sediments (ponded zone), exposed sediments void
of vegetation, and sediments with vegetative cover.

Because cfcomplexities involved and the lack of sufficient theory, this evalua-
tion considers only the submerged sediments and the exposed sediments void of
vegetation locales as emission sources for PCB flux.

Model Formulation

Submerged Dredged Material
(Pond Volatilization) Algorithms

The pathway for volatilization in the case of submerged dredged material invol-
ves desorption from the suspended solids phase, diffusion through the water, and
transport through the air-water interface. Assuming a constant suspended solids
concentration, the steady-state flux of an organic chemical through the air-water
interface is given by the following equation:*

* Environmendal Laboratory. 1988 (20 July). Information on the Volatilization of Organic Pol-
lutanss from Dredged Material, Memorandum, US Army Engineer Waterways Experiment

Stadon. Vicksburg, MS.
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: Wy L1

ng = Ko - 0 Thm ‘0
Ka r linyy,  TAZj 1000
w here
n, = fluxof A through air-water interface, mg A/am’ hr

A = organic chemical of interest

K, = overall liquid phase mass transfer coefficient, cm/hr
W, = concentration of A in the original bed sediment, mg/kg

K, = sediment-water distribution coefficient for A, L/kg
p, = concentration of suspended solids, kg/L

»» = hypothetical concentration in water for air side concentration of
Pz~ A mg/L |

With respect to the overall liquid-phase mass transfer coefficient, when the emis-
sion rate is liquid-phase resistance controlled, as it is for hydrophobic organics, 1k A2

depends on wind speed and molecular diffusivity of A in water, and can be es-
timated using the following equation (Lunney, Springer, and Thibodeaux 1985):

lKéz = 19.6\/‘,‘2"":"0.4253 ()
where |
V, = wind speed, mph
D,, = molecular diffusivity of A in water, an’/sec

If the diffusivity of A in water is not known, it can be estimated using the follow-
ing equation (Thibodeaux 1979):

Dy = Dpy (My/M, 126 3
where
D, = molecular diffusivity of B in water, cn’/sec

B = model organic chemical of known molecular diffusivity
My = molecular weight of B
M, = molecular weight of A
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Theguannmy v, Xy - .. 5 inedissoived soncenmaten 2f4 - the sena
water and can be thought of as the dissoived concenration af A at *he m-W‘ater
nterface. The difference bertween :z and 3‘..' _2' s the dnvirg force which causes ~e
Tlux of A into the awr. '

The value of 245 s denved rom the exsting concentraticn of 4 n Re arr.
Tous value s verv small comrpared to the water concentraton and therefore, if as-
sumed :c ce zero. would have iittle effect on the driving force. This is a corserva-
ave assumpron that maxumuzes volatilizanon.

Equilibnum parutioning uses the reladve chemucal solubilides of hvdrorhobic
organic compounds (like PCBs) in sediment and water to estumate the concentra-
=ons of the compound in these two media at equulibrium. PCBs are poorly soiubie
in water and have a high arfinity for sediments, particularly those with much or-
ganic matter. The rado of PCB concentrations in sediment and water atequlib-

rium 1s referred to as Ky . This parttioning coefficient (X;) can be calcuiated from

cherrucal properties of the contaminant (PCB) and information about the total or-
garuc content (TOC) of the sediment or through a number of laboratory proce-
dures. The K; for PCBs in the Indiana Harbor sediments was determined

through sequential batch leach testing and column leach testing by the US Army
Engineer Waterways Experiment Station (WES) as 256,000 L/ kg (Environmental
Laboratory 1987).

Equation is applicable as long as the suspended solids concentration is not
reduced to identically zero. In a CDF, the suspended solids concentration usually
decreases when filling operations are discontinued, but never goes to zero because
of resuspension. When the suspended solids concentration is very low and cannot
be reliably estimated, flux may be better estimated using the following equation
(Thibodeaux 1979):

ki

Ny= 'Kip(pg, - 013 (4)

where
Py = bulk liquid dissolved concentration of A, g/cm’

p*s = hypothetical concentration in water for air side concentration of
A g/’

Exposed Dredged Material Algorithms

The volatilization pathway for exposed dredged material incorporates a num-
ber of steps. Although sediments are placed in a semisaturated state, water and
VOCs become quickly depleted from the surface layer, and continuing losses
come from the pore spaces within the dredged material beneath the surface. At
this point VOC emission is dredged material-side vapor phase diffusion .
controlied. The emission pathway involves desorption from particle surfaces into

wn
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a water 7lm surrounding the parncies, diffusion shrough the water Sime. Zesaro-
20n from the water film 1nto the pore gas. and diffusion through the pore gas
prior t0 emerging into the amnosphere. TRs iast step iS apparently the brunng.
step tn sod systems :Dupont 1986). and hus condizon is thought o apriy o the
‘op iavers of dredged material in a CDOF ' Trubodeaux 1989). Ficks secord law, wath
in effeczve difusiviry that accounss for torruosiey of the diffusion path and ather
faciors that affect diffusion. 1s an appropnate mathematical model. Because of the
Jeprh of tne drecdged matenal and the reiaaveiv flat surface, a sermu-infinite soiu-
20n o Ficks second law can be appiied wathout sertous error. (The semu-infinuce
soluzon s corservative; that is, flux s maximized). The instantaneous flux is

given oy’

- vz
f { X 3\

| D E, - S4B

i AT TH ) T wH ]

; B em‘l

n = {
As nt | 1000k, |

n,, = instantaneous flux of A through dredged material-air interface at
time ¢, mg A/cmn’/sec

D,, = effective diffusivity, cm’/sec
E, = air filled porosity, dimensionless
p; = bulk density of dredged material, kg/L
H = Henry's law constant, dimensioniess
¢t = time since initial exposure, sec
= background concentration in air at diredged material surface,

P, 1
Al usualily assumed to be zero, mg/cm

The average flux over a given time t is given by
dt
o

"

[}

(6)

It can be shown that

Ay = 21y, @

The above equation is an idealized diffusion transport model that describes
chemical movement in the unsaturated pore spaces near the surface of exposed
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' Thg above equanon s an ideaiized diifusion Tarspor modei srat Zescnzes
Chemucal movement I the unsaturated pore spaces Near the surface of exposed
dredged marena). [t does notaccount for the deveiopment of cracks as the
dredged matenaj dewaters by evaporative drying.

Sifecnve diliusivity 8 a constant Llfusion coerficent that characterizes the
movement of chem:cal A as a vapor within the porous soiid. [t is one Barameter
for wnich there s no information available. To caiculate the flux, it is therefore
necessary 1o estiate D.is' AS an approximarion, tOrtUosIty can be accounted ‘or
using the equaton below (Thibodeaux 1987):

;
DAI[EIWJJ )
Dys = i |
where
D, = molecular diffusivity of chemical A in air, cm?/sec

E = total porosity, dimensioniess

Henry’s law constant (H) applies for dilute solutions of chemicals in air and
water. It is an equilibrium partition coefficent for chemical A between the air and
water phase. Henry’'s law constant can be estimated using the equation below

(Dilling 1977): .
He 16.04[%] - )
P2
where

py = vapor pressure of A as pure solute, nm Hg
p,, = solubility of A in pure water, mg/L -
T =temperature, deg K
The background concentration p,,. in air has an analogous meaning to p;2'

and also is assumed to be zero. This is a conservative assumption that maximizes
volatilization

Results

Table 1 shows the maximum annual simulated PCB loss for three contaminant
transfer pathways. The data presented in the table represent loss of PCB occurring
in the first year after disposal of the highest contaminated sediment. Table2
shows the input parameters used to estimate PCB volatile losses. Estimated PCB
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volatilization losses from an upland CDF were considerably higher than estimated
losses from an in-lake CDF. This is because over the filling life of the CDF, the-ex-
posed surface area in an in-lake CDF is much lower than for an upland CDF.

During most of the fiiling, the dredged matenai is placed and remains submerged.

Table 1
Estimated (Worst Case) Annual PCB Luss (1b)

[n-lake CDF Upland CDF
Seepage’ Leachate* Volatdle Seepage* Leachate™  Volagle

0.0001 0.001 2 0.0001 0.001 8

* Mass of PCB loss estumated through dike wall or CDF bottom.
* Mass of PCB loss esumated to be collected and treated as leachate.

Interpretation of Resuits

The results indicate that volatilization of VOCs is a significant contaminant
transfer pathway. Also, PCB mass flux is less when the sediments are maintained
in a submerged state because of the hydrophobic nature of PCBs. The flux is high-
ly dependent on two factors—the exposure time of the sediments and the surface
ares of the sediments. The exposure time for submerged sediments encompasses
the entire time a pond is in contact with PCB-contaminated sediments. However,
the rate of volatilization is directly related to the concentration of dissoived PCBs
in the pond, which is derived from the mass fraction of PCBe in the sediments.
The rate of volatilization changes over time, since the pond-dissolved concentra-
tion of PCBs varies over time with the highest rate during an active filling opera-
tion. The surface area is that area of the pond which is in direct contact with the
air and is dependent on the volume of dredged material being placed and the
volume of material already placed within the CDF.

The exposure time for exposed sediments encompasses the time in which un-

saturated sediments are in direct contact with the air, while the surface area is that
area which is in direct contact at any given time.
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Tacie 2

[nput Paramerers for PCB Voiatilization Models

Parameter Descmprion Vaiue
Assumed Values
K, Sediment-water distribution coefficient 256000 L. kg
PCB sediment concentration
W, 1. Backlog sediment (zone 1) 38 mg/kg
2. Backlog sediment (zone 2) 6 mg/kg
3. Long-term maintenance sediment 2mg/kg
' Suspended solids concentration
P1q 1. Within 100-ft radius of disposal 100 mg/L
2. Away from disposal area 10-50 mg/L
Paa Dissoived PCB concentration - - 5-60ng/L
M, Composite molecular weight of PCB 300
Py Bulk density of sediment l.2mg/kg
Daz Molecular diffusivity of PCB in water 4.2E-06 cm?/ sec
Day —  Molecular diffusivity of PCB in air 0.049 cmm?/sec
Pa Vapor pressure of PCB as pure solute 4.94E-04 mm Hg"
e:z Solubility of PCB in pure water 0.054 mg/L*
E Total porosity 0.70
E, Alr filled porosity 030
v, Mean wind velodity §-12 mph
Calculated Values
1 K.;z Mean overail liquid phase mass 0.78cn/hr
transfer coefficient
Das Mean effective diffusivity 1.63E-03 em?/ sec
H Mean Henry’s law constant 0.156

* Value used for Arodbr 1248.
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Laboratory analysis has recently teen compieted 5y WES on New Bedford Har-
bor sediments in order to determune the voiatile eussion rates of PCBs from iresh-
ly placed drying sediments.® This exgerument was conducted under lam:nar con-
ditiors, excluding =ne effect of wind. Lagunar flow represents an overall
surpiified condidon but does support the anaiyses presented in this note.

[n summary the approach taken in model formulation was conservative in na-
ture in that it sumulated a worst-case scenario. For instance, the exposed sediments
were assumed to be completely void of vegetation throughout the life of the CDF.
However, from past experience a vegetative cover will form over the exposed sedi-
ments over time. No quantitative theory predicts the effects of vegetation on flux,
but it is anticipated that the vegetation cover would reduce the flux rate. Also, the
surface area of exposed sediments was simulated as a layer covering the entire cell
(ondy for upland CDFs). Realistically, the deposited sediments would flow out-
ward, but probably not far enough to cover the entire cell of an upland CDF.
Finaily, the suspended and dissolved solids concentrations in the ponded areas
were based on conservative estimates. For the reasons stated above, the actual
PCB mass flux from a CDF could be substantially lower then what is predicted by
the model simulation.

Conclusions

Theoretical models must be tested against and adjusted to both laboratory and
field data prior to their acceptance and widespread use as predictive tools.
Preliminary model caiculations can be made for the submerged sediment locale
and the exposed sediment locale void of vegetation. However, some aspects are
based on very simple equations and further development is needed. Laboratory
and field testing must be performed to build a higher degree of confidence in the
predictive capability of the PCB volatilization models. A substantial amount of
work in laboratory/field testing and verification needs to be,compieted before any
conclusive results can be made on PCB flux simulation from an active CDF.
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Attachment 5: Inputs and Results for Emissions BEquations



Tabl., A-1: Input Parameters and Results for Wors. Case Scenario

p?m;é 1

Hypothetical
Sediment Water
RfC Unit Risk Relative Concentration Concentration Mol. wt.
Compound {ug/m3) {ug/m3)-1 Potency {mg/kg) from Air {g/mol)
Factor (mg/l)
(WA) {MWi)
Particulate Matter (PM)
Acenaphthalene 214.47 0 152.21
Acenaphthene 10.9 0 154.21
Arsenic 4.30E-03 67 0 74.92
Benzene 8.30E-06 7.18 0 78.12
Benzo({a)anthracene 2.10E-05 0.1 47.72 0 228.3
on PM 2.10E-05 0.1 47.72
Benzo(a)pyrene 2.10E-04 1 24,36 0 252.32
on PM 2.10E-04 24.36
Benzo{b)fluoranthene 2.10E-05 0.1 18.35 0 252.3
on PM 2.10E-05 0.1 18.35
Benzol(k)fluoranthene 2.10E-06 0.01 11.67 0 252.3
on PM 2.10E-06 0.01 11.67
Chromium (V1) 1.20E-02 706 0 52
Chrysene 2.10E-07 0.001 59.75 0 228.3
Dibenzo(a,h}anthracene 2.10E-04 1 0 278.36
Ethylbenzene 1.00E+03 1.28 | 0 106.17
Fluorene 49.52 " 0 166.23
Fluoranthene 83.43 0 202.26
Naphthalene 4.20E-06 6563.5 0 128.17
Phenanthrene 170.45 0 178.24
PCBs - Non TSCA 2.20E-03 6 0 300
PCBs - TSCA 2.20E-03 30 0 300
PCB on PM 2.20E-03 6
Toluene 4.00E+02 8.43 0] 92.15
Xylenes 14.83 0 . 106.17
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Table A-1: Ingut Parameters and Results for Worst Case Scenario

Page 2

Organic carbon Log

Vapor Temperature Henry's Partition Octanol/water
Solubility Pressure Constant Coefficient Partition
Compound {mg/l) {mm Hg) (Kelvin) {no units) Coefficient
(at 25 Celsius) {l/kg) (I/kg)
(PA) (H) (Koc) {logKow)
Particulate Matter (PM) .
Acenaphthalene 3.93 4.1 298 8.55E + 00 3.27E+03 3.93
Acenaphthene 3.42 0.005 298 1.21E-02 1.73E+03 3.42
Arsenic 298 2.38E+01
Benzene 1780 95.2 298 2,25E-01 3.52E+02 2.15
Benzola)anthracene 0.01 1.50E-07 298 1.84E-04 2.68E+04 5.61
on PM 298
Benzo(a)pyrene 0.003 5.68E-04 298 2.57E+00 4.27E+04 5.98
on PM : 298
Benzo(b)fluoranthene 5.05E-03 9.59E-11 298 2.58E-07 1.25E+0b 6.84
on PM 298
Benzol(k)fluoranthene 2.51E-02 9.59E-11 298 5.20E-08 1.25E+05 6.84
on PM 298
Chromium (VI) 0 0 298 2.38E+01
Chrysene 0.006 5.76E-10 298 1.18E-06 2.68E+04 5.61
Dibenzo(a,h)anthracene 0.0005 5.20E-11 298 1.566E-06 4.21E+04 5.97
Ethylbenzene 1562 10 298 3.76E-01 1.23E+03 3.15
Fluorene 2 0.017 298 7.61E-02 4.48E+03 4.18
Fluoranthene 0.3 0.0177 298 6.42E-01 1.89E+04 5.33
Naphthalene 51.44 0.23 298 3.08E-02 1.62E+03 3.37
Phenanthrene 0.0005 0.0022 298 4,22E+01 6.36E+03 4.46
PCBs - Non TSCA 0.054 4.94E-04 298 1.48E-01 3.20E+04 5.75
PCBs - TSCA 0.054 4.94E-04 298 1.48E-01 3.20E+04 .75
PCB on PM 298
Toluene 515 30 298 2.89E-01 6.92E+02 2.69
Xylenes 106.47 8.5 298 4.56E-01 1.23E+03 3.15 L
N 7
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Tablé-A-1: Ingut Parameters and Results for Wors. Case Scenario

Pa_J 3

Molecular Molecular Overall liquid Sediment/Water

Diffusivity Diffusivity Effective mass transfer " Distribution Air-filled

in Air in Water Diffusivity coefficient Coefficient Porosity
Compound {cm2/s) (cm2/s) {em/hr) (I/kg)

' {benzene as ref (ether as ref.) :
(DA1) (DA2) {DA3) (K'A2) (Ksw) (E1)
Particulate Matter (PM)
Acenaphthalene 6.304E-02 5.932E-06 2.326E-03 1.09 458.19 0.3
Acenaphthene 6.263E-02 5.893E-06 2.311E-03 1.09 241.88 0.3
Arsenic 8.985E-02 8.454E-06 3.316E-03 1.38 3.34 0.3
Benzene 8.799E-02 8.280E-06 3.247E-03 1.36 49.29 0.3
Benzo(a)anthracene 5.147E-02 4,843E-06 1.899E-03 0.95 3758.10 0.3
on PM
Benzo(a)pyrene 4.896E-02 4.607E-06 1.807E-03 " 0.92 5973.76 0.3
on PM
Benzo(b)fluoranthene 4.896E-02 4.607E-06 1.807E-03 0.92 17542.36 0.3
on PM :
Benzo(k)fluoranthene 4.896E-02 4.607E-06 1.807E-03 0.92 17542.36 0.3
on PM

Chromium (VI) 1.079E-01 1.015E-05 3.980E-03 1.56 3.34 0.3
Chrysene 5.147E-02 4.843E-06 1.899E-03 0.95 3758.10 0.3
Dibenzo(a,h)anthracene 4.662E-02 4.386E-06 1.720E-03 0.89 5899.40 0.3
Ethylbenzene 7.548E-02 7.102E-06 2.785E-03 1.23 172.48 0.3
Fluorene 6.032E-02 5.676E-06 2.226E-03 1.06 626.68 0.3
Fluoranthene 5.469E-02 5.146E-06 2.018E-03 0.99 2646.35 0.3
Naphthalene 6.870E-02 6.464E-06 2.535E-03 1.16 227.20 0.3
Phenanthrene 5.826E-02 5.481E-06 2.150E-03 1.03 889.95 0.3
PCBs - Non TSCA 4.490E-02 4.225E-06 1.657E-03 0.87 256000.00 0.3
PCBs - TSCA 4.490E-02 4.225E-06 1.657E-03 0.87 256000.00 0.3
PCB on PM
Toluene 8.102E-02 7.623E-06 2.990E-03 1.29 96.94 0.3
Xylenes 7.548E-02 7.102E-06 2.785E-03 1.23 172.48 0.3
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Table A-1: Input Parameters and Results for Worst Case Scenario Page 4

Bulk Organic Suspended Mean
Total Sediment Carbon Solids Wind
Porosity Density Fraction Concentration  Velocity Time
Compound (kg {g/g) {kg/l) {mph) (s)
. (60 days)
(E) (RB) {foc) (R32) {(Vx) (t)
Particulate Matter (PM)
Acenaphthalene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Acenaphthene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Arsenic 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Benzene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Benzo(a)anthracene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
on PM
Benzo{a)pyrene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
on PM
Benzo(b)fluoranthene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
on PM
Benzo{k)fluoranthene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
on PM
Chromium (V1) 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Chrysene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Dibenzo{a,h)anthracene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Ethylbenzene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Fluorene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Fluoranthene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Naphthalene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Phenanthrene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
PCBs - Non TSCA 0.7 1.2 0.14 5.00E-05 10 5.18E+06
PCBs - TSCA 0.7 1.2 0.14 5.00E-05 10 5.18E+06
PCB on PM
Toluene 0.7 1.2 0.14 5.00E-05 10 5.18E+06
Xylenes 0.7 1.2 0.14 5.00E-05 10 5.18E+06
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Tabl. _A-1: Input Parameters and Results for Wors. Case Scenario

In place Modelled
sediment CDF Flux through
Time Time area Area air/water interf.
Compound (s) (s) {m2) (m2) {g/m2/s)
(9 d betw. rain (5 d betw. rain (390 acres) '
events, apr-nov) events, apr-nov) (A) (Fwi)
Particulate Matter (PM) 419797.807
Acenaphthalene 7.78E+05 4,32E+05 1598565 419797.807 3.176E-08
Acenaphthene 7.78E+05 4.32E+05 1598565 419797.807 1.624E-09
Arsenic 7.78E+05 4.32€+05 1598565 419797.807
Benzene 7.78E+05 4.32E+05 1598565 419797.807 1.355E-09
Benzo(a)anthracene 7.78E+ 05 4,32E+05 1598565 4198797.807 5.316E-09
on PM 1598565 419797.807
Benzola)pyrene 7.78E+05 4.32E+05 1598565 419797.807 2.401E-09
on PM 1598565 419797.807
Benzo(b)fluoranthene 7.78E +05 4.32E+05 1598565 419797.807 1.251E-09
on PM 1598565 419797.807
Benzo(k)fluoranthene 7.78E+05 4.32E+05 1698565 419797.807 7.958E-10
on PM 1598565 419797.807
Chromium (VI) 7.78E+05 4.32E+05 1598565 419797.807 1.630E-07
Chrysene 7.78E+05 4.32E+05 1598565 419797.807 6.656E-09
Dibenzo(a,h)anthracene 7.78E+05 4.32E+05 1598565 419797.807 0.000E +00
Ethylbenzene 7.78E+05 4.32E+05 1598565 419797.807 2.168E-10
Fluorene 7.78E+05 4.32E+05 1598565 419797.807 7.063E-09
Fluoranthene 7.78E+05 4.32E+05 1598565 419797.807 1.015E-08
Naphthalene 7.78E+05 4.32E+05 1598565 419797.807 1.037&-07
Phenanthrene 7.78E+05 4.32E+05 1598565 419797.807 2.345E-08
PCBs - Non TSCA 7.78E+05 4.32E+05 1545954 419797.807 5.253E-11
PCBs - TSCA 7.78E+05 4.32E+05 52611 16187.43 2.627E-10
PCB on PM 419797.807
Toluene 7.78E+05 4.32E+05 1598565 419797.807 1.502E-09
Xylenes 7.78E+ 056 4.32E+05 16985656 419797.807 2.611E-09
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Table A-1l: Ingut Parameters and Results for Worst Case Scenario

Annual average

Annual average

Annual average

Emissions from air/  Flux from Emission rate Flux from
water interface exposed sediment from exposed sed. exposed sediment
Compound {g/s) {g/m2/sec) (g/s) {g/m2/sec)
(t=60 d) (t=60 d) (t=9d)
(Ewi) {Fi) (Ei) or (Eace) (Fi)
Particulate Matter (PM) .
Acenaphthalene 5.077E-02 7.688E-06 3.227E+00 9.925E-06
Acenaphthene 2.597E-03 2.015E-08 8.459E-03 2.601E-08
Arsenic
Benzene 2.166E-03 1.501E-07 6.302E-02 1.938E-07
Benzo{a)anthracene 8.498E-03 2.501E-09 1.050E-03 3.228E-09
on PM :
Benzo(alpyrene 3.838E-03 1.166E-07 4.896E-02 1.506E-07
on PM
Benzo(b)fluoranthene 2.000E-03 1.624E-11 6.818E-06 2.097E-11
on PM
Benzo(k)fluoranthene 1.272E-03 4.636E-12 1.946E-06 5.985E-12
on PM
Chromium (VI) 2.445E-01
Chrysene 1.064E-02 1.252E-10 5.257E-05 3.234E-10
Dibenzo{a,h)anthracene 0.000E+00 0.000E +00 0.000E +00 0.000E+00
Ethylbenzene 3.465E-04 1.713E-08 7.190€E-03 2.211E-08
Fluorene 1.129E-02 1.397€-07 5.866E-02 . 1.804E-07
Fluoranthene 1.623E-02 3.170€E-07 1.331E-01 4.093E-07
Naphthalene 1.657E-01 2.081E-06 8.738E-01 2.687E-06
Phenanthrene 3.749E-02 9.399E-06 3.946E+00 1.213E-05
PCBs - Non TSCA 8.121E-05 1.007E-09 4,228E-04 1.300E-09
PCBs - TSCA 1.382E-05 5.036E-09 8.152E-05 6.502E-09
PCB on PM
Toluene 2.401€-03 1.367E-07 5.737E-02 1.764E-07
Xylenes 4.015E-03 2.186E-07 9.177E-02 2.822E-07
o, a7
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Tabli A-1: Input Parameters and Results for Wors. Case Scenario

Emission rate
from exposed sed.

Annual average

Flux from

exposed sediment

Emission rate
from exposed sed.

Modelled ambient
at 400 m from CDF

(ug/m3)

North grid high

Compound {g/s) {g/m2/sec) (g/s) (also max. pt
{t=9d) (t=5d) {t=5d) at {(400,1242,56))
(Ei) or {Eace) (Fi) (Ei) or (Eace)
Particulate Matter (PM) 1.849E-07 7.761E-02 378891.02
Acenaphthalene 4.167E+00 1.332E-05 5.590E + 00 378891.02
Acenaphthene 1.092E-02 3.490E-08 1.465E-02 378891.02
Arsenic 1.849E-07 7.761E-02 378891.02
Benzene 8.136E-02 2.600E-07 1.092E-01 378891.02
Benzo(a)anthracene 1.365E-03 4,331E-09 1.818E-03 378891.02
on PM 1.849E-07 7.761E-02 378891.02
Benzo(a)pyrene 6.321E-02 2.020E-07 8.481E-02 378891.02
on PM 1.849E-07 7.761E-02 378891.02
Benzo(b)fluoranthene 8.802E-06 2.813E-11 1.181E-05 378891.02
on PM 1.849E-07 7.761E-02 378891.02
Benzo(k)fluoranthene 2.513E-06 8.030E-12 3.371E-06 378891.02
on PM 1.849€-07 7.761E-02 378891.02
Chromium (VI) 1.849E-07 7.761E-02 378891.02
Chrysene 1.3567E-04 4.338E-10 1.821E-04 378891.02
Dibenzo(a,h)anthracene 0.000E +00 0.000E+00 0.000E +00 378891.02
Ethylbenzene 9.282E-03 2.967E-08 1.245E-02 378891.02
Fluorene 7.573E-02 2.420€E-07 1.016E-01 378891.02
Fluoranthene 1.718E-01 5.491E-07 2.305E-01 378891.02
Naphthalene 1.128E+00 3.605E-06 1.513E+00 378891.02
Phenanthrene 5.094E+00 1.628E-05 6.834E+00 378891.02
PCBs - Non TSCA 2.105E-05 1.745E-09 2.824E-05 367178.4
PCBs - TSCA 2.729E-03 8.723E-09 3.662E-03 182965.2
PCB on PM 1.849E-07 7.761E-02 378891.02
Toluene 7.407E-02 2.367E-07 9.937E-02 378891.02
Xylenes 1.185E-01 3.786E-07 1.590E-01 378891.02

o
Pa(a\,J 7
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Table A-1: InPut Parameters and Results for Worst Case Scenariov

Page 8

East Grid high

(at fence of H.S.)
south Grid high

west grid high

Modelled ambient
800 m from CDF
{1986 met data)

{ug/m3)

east grid high

Compound at (-400,100) North grid high
{ug/m3) {ug/m3) {ug/m3) {ug/m3) {ug/m3)
Particulate Matter (PM) 276896.175
Acenaphthalene 343626.04 276896.175 222972.51 189490.921 160458.303
Acenaphthene 343626.04 276896.175 222972.51 189490.921 160458.303
Arsenic 343626.04 276896.175 222972.51 189490.921 160458.303
Benzene 343626.04 276896.175 222972.51 189490.921 160458.303
Benzo{a)anthracene 343626.04 276896.175 222972.51 189490.921 160458.303
on PM
Benzo(a)pyrene 343626.04 276896.175 222972.51 189490.921 160458.303
on PM
Benzo(b)fluoranthene 343626.04 276896.175 222972.51 189490.921 160458.303
on PM
Benzo(k)fluoranthene 343626.04 276896.175 222972.51 189490.921 160458.303
on PM
Chromium (V1) 343626.04 276896.175 222972.51 189490.921 160458.303
Chrysene 343626.04 276896.175 222972.51 189490.921 160458.303
Dibenzola,hlanthracene 343626.04 276896.175 222972.51 189490.921 160458.303
Ethylbenzene 343626.04 276896.175 222972.51 189490.921 160458.303
Fluorene 343626.04 276896.175 222972.51 189490.921 160458.303
Fluoranthene 343626.04 276896.175 222972.51 189490.921 160458.303
Naphthalene 343626.04 276896.175 222972.51 - 189490.921 160458.303
Phenanthrene 343626.04 276896.175 222972.51 189490.921 160458.303
PCBs - Non TSCA 331468.6 268414.1 211586.9 182965.2 5352.503
PCBs - TSCA 12157.44 7982.075 11385.61 6525.721 160458.303
PCB on PM
Toluene 343626.04 276896.175 222972.51 189490.921 160458.303
Xylenes 343626.04 276896.1756 222972.51 189490.921 160458.303
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Tabl¢ \-1: Input Parameters and Results for Wori Case Scenario

conc. using Fi {t=5)
at 400 m from CDF

(at high school) {ug/m3) {ug/m3)
south grid high west grid high North grid high East Grid high
Compound " {max. mod. point)
{ug/m3) {ug/m3) {t=5) (t=60) (ug/m3)
Particulate Matter (PM) 139689.889 7.0E-02
Acenaphthalene 139689.889 104817.628 5.0E+00 2.9e+00 4.6E+00
Acenaphthene 139689.889 104817.628 1.3E-02 7.6E-03 1.2E-02
Arsenic 139689.889 104817.628 4.7E-06 .
Benzene 139689.889 104817.628 9.9E-02 5.7E-02 8.9E-02
Benzola)anthracene 139689.889 104817.628 1.6E-03 9.5E-04 1.6E-03
on PM 139689.889 3.3E-06
Benzo(a)pyrene 139689.889 104817.628 7.7E-02 4.4E-02 6.9E-02
on PM 139689.889 1.7E-06 Lo
Benzo(b}fluoranthene "1139689.889 104817.628 1.1E-05 6.2E-06 9.7E-06
on PM 139689.889 1.3E-06
Benzo(k)fluoranthene 139689.889 104817.628 3.0E-06 1.8E-06 2.8E-06
on PM 139689.889 8.2E-07 .
Chromium (VI) 139689.889 104817.628 4.9E-05 6.4E-02
Chrysene 139689.889 104817.628 1.6E-04 4.7E-05 1.6E-04
Dibenzo(a,h)anthracene 139689.889 104817.628 0.0E+00 0.0E+00 0.0E+00
Ethylbenzene 139683.889 104817.628 1.1E-02 6.5E-03 1.0E-02
Fluorene 139689.889 104817.628 9.2E-02 5.3E-02 8.3E-02
Fluoranthene 139689.889 104817.628 2.1E-01 1.2E-01 1.9E-01
Naphthalene 139689.889 104817.628 1.4E+00 7.9E-01 1.2E+00
Phenanthrene 139689.889 104817.628 6.2E+00 3.6E+00 5.6E+00
PCBs - Non TSCA 1356339.4 99597.63 6.4E-04 3.7E-04 5.8E-04
PCBs - TSCA 4350.489 5219.998 9.2E-04
PCB on PM 139689.889 4.2E-07
Toluene 139689.889 104817.628 9.0E-02 6.2E-02 8.1E-02
Xylenes 139689.889 104817.628 1.4E-01 8.3E-02 1.3E-01
TABLA_1.WK1 -



Table A-1: Input Parameters and Results for Worst Case Bcenario Page 10

at 800 m at High school
south grid high waest grid high “north grid high east grid high south grid high
Compound {t=5)
{ug/m3) {ug/m3) {ug/m3) {ug/m3) {ug/m3)
Particulate Matter {(PM) . 2.6E-02
Acenaphthalene 3.7E+00 3.0E+00 2.5E+00 2.1E+00 1.9E+00
Acenaphthene 9.7E-03 7.8E-03 6.6E-03 5.6E-03 4.9€E-03
Arsenic 3.0E-02 1.7E-06
Benzene 7.2E-02 5.8E-02 4.9E-02 4.2E-02 3.6E-02
Benzo(a)anthracene 1.2E-03 9.7E-04 8.2E-04 - 6.9E-04 6.1E-04
on PM : 1.2E-06
Benzola)pyrene 5.6E-02 4.5E-02 3.8E-02 3.2E-02 2.8E-02
on PM : : 6.3E-07
Benzo(b)fluoranthene "|7.8E-06 6.3E-06 5.3E-06 4.5E-06 3.9E-06
on PM . 4.7€-07
Benzo(k)fluoranthene 2.2E-06 1.8E-06 1.5E-06 1.3E-06 1.1E-06
on PM 3.0E-07
Chromium (V1) 5.1E-02 4.1E-02 3.56-02 3.0E-02 1.8E-05
Chrysene 1.2E-04 9.7E-05 8.2E-05 7.0E-05 6.1E-05
Dibenzo(a,h}anthracene 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Ethylbenzene 8.2E-03 6.6E-03 5.6E-03 4.8E-03 4.1E-03
Fluorene 6.7E-02 5.4E-02 4.6E-02 3.9E-02 3.4E-02
Fluoranthene 1.5E-01 1.2E-01 1.0E-01 8.8E-02 7.7€-02
Naphthalene 1.0E+00 8.0E-01 6.8E-01 5.8E-01 5.0E-01
Phenanthrene 4.5E+00 3.6E+00 3.1E+00 2,6E+00 2.3E+00
PCBs - Non TSCA 4.7E-04 3.7E-04 -3.2E-04 9.3E-06 2.4E-04
PCBs - TSCA 1.4E-05 2.0E-05 5.7E-05 1.4E-03 3.8£-05
£PCB on PM 1.5E-07
Toluene 6.6E-02 5.3E-02 4.5E-02 3.8E-02 3.3E-02
Xylenes 1.0E-01 8.4E-02 7.2E-02 6.1E-02 5.3E-02

o TABLA_ WK1



Tablé A-1: Input Parameters and Results for Worst Case Scenario

at High school

west grid high

BACKGROUND CONCENTRATIONS

avg ambient monit.
conc. reported in
S.E. chicago study

avg ambient model
conc. reported in
S.E. chicago study

Compound t=60 {ug/m3) (ug/m3)
{ug/m3) {ug/m3)

Particulate Matter (PM)

Acenaphthalene 1.1E+00 1.4E+00

Acenaphthene 2.8E-03 3.7E-03

Arsenic 0.001 0.0047

Benzene 2.1E-02 2.7E-02 4.41 2.35

Benzo{a)anthracene 3.5E-04 4.5E-04

on PM
Benzo({a)pyrene 1.6E-02 2.1E-02 0.007 0.0085
on PM

Benzo(b)fluoranthene 2.3E-06 2.9E-06

on PM

Benzolk)fluoranthene 6.5E-07 8.4E-07

on PM

Chromium (VI) 0.022 0.05

Chrysene 1.7E-05 4.5E-05

Dibenzola,h)anthracene 0.0E+00 0.0E+00

Ethylbenzene 2.4E-03 3.1E-03

Fluorene 2.0E-02 2.5E-02

Fluoranthene 4.4E-02 5.8E-02

Naphthalene 2.9E-01 3.8E-01

Phenanthrene 1.3E+00 1.7E+00

PCBs - Non TSCA 1.4E-04 1.7E-04 0.0009 0.000003

PCBs - TSCA 2.2E-05 4.6E-05

PCB on PM

Toluene 1.9E-02 2.5E-02 10.23 0.42

Xylenes 3.1E-02 4.0E-02

pac}hjn
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Table A-1l: InPut Parameters and Results for Worst Case Scenario Pagg 12

Risks at high school
avg ambient monit. avg ambient model overall average 70 yr risk
conc. reported in conc. reported in average 70 year at high school from
S.W. chicago study S.W. chicago study risk due to background CDF (using Fi,t=5)

Compound {ug/m3) {ug/m3) background concs.
{s.e. study values)
Particulate Matter (PM)
Acenaphthalene
Acenaphthene
Arsenic 0.002 0.00074 4.30E-06 7.44E-09
Benzene 6.26 0.88 3.66E-05 3.01E-07
Benzo(a)anthracene _ 1.27€-08
on PM 2.59E-11
Benzo(a)pyrene 1.47E-06 5.93E-06
on PM 1.32E-10
Benzo(b)fluoranthene 8.25E-11
on PM 9.95E-12
Benzol(k)fluoranthene ' 2.36E-12
on PM 6.33E-13
Chromium (V1) 2.64E-04 2.19€E-07
Chrysene . 1.27E-11
Dibenzo(a,h)anthracene -
Ethylbenzene
Fluorene
Fluoranthene :
Naphthalene 2.12E-06
Phenanthrene
PCBs - Non TSCA 1.98E-06 5.19E-07
PCBs - TSCA 8.35E-08
PCB on PM 3.41E-10
Toluene
Xylenes

Risk Totals: 3.08E-04 9.19E-06

TABLA_1" 1
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Table A-1l: Input Parameters and Results for Worsc Case Scenario

Total 70 year cancer
risk

Hazard quotient

average 30 yr risk
at high school from

total cancer risk
at high school

at high school for non-carcinogens CDF, Fi, t=60
Compound
air conc./RfC
Particulate Matter (PM)
Acenaphthalene
Acenaphthene 0.00E+00
Arsenic 4.31E-06 3.19E-09
Benzene 3.69E-05 7.46E-08 1.58E-05
" Benzo(a)anthracene 3.14E-09
on PM 1.11E-11
Benzo(a)pyrene 7.40E-06 1.47E-06 2.10E-06
on PM 5.66E-11
Benzo(b)fluoranthene 2.04E-11
on PM 4,26E-12
. Benzo(k)fluoranthene 5.83E-13
on PM . 6.33E-13
Chromium (V1) 2.64E-04 9.38E-08
Chrysene 1.57E-12
Dibenzo(a,h)anthracene :
Ethylbenzene 4.14E-06 .
Fluorene ‘
Fluoranthene
Naphthalene 5.23E-07
Phenanthrene
PCBs - Non TSCA 2.50E-06 1.29E-07 9.77€-07
PCBs - TSCA 2.07E-08
PCB on PM 1.46E-10
Toluene 8.27E-05
Xylenes
3.15E-04 8.68E-05 2.31E-06 1.88E-05
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Table A-1: Igput Parameters and Results for Worst Case Scenario

Page 14

average 9 yr risk total cancer risk

Hazard Quotient Hazard Quotient .
for non-carcinogens at high school from at high school for non-carcinogens
CDF, Fi, t=60 ‘
Compound
air conc./RfC air conc./RfC
Particulate Matter (PM)
Acenaphthalene
Acenaphthene 0.00E+00
Arsenic 9.57E-10
Benzene 2.24E-08 3.66E-05
Benzo(a)anthracene 9.43E-10
on PM 3.33E-12
Benzo(a)pyrene 4.40E-07 1.91E-06
on PM 1.70E-11 . .
Benzo(b)fluoranthene 6.13E-12
on PM 1.28E-12
Benzo{k)fluoranthene 1.75E-13
on PM 8.14E-14
Chromium (VI) 2.81E-08
Chrysene 4.72E-13
Dibenzo{a,h)anthracene
Ethylbenzene 2.39E-06 2.39E-06
Fluorene , : :
Fluoranthene R
Naphthalene 1.57E-07
Phenanthrene
PCBs - Non TSCA 3.86E-08 2.02E-06
PCBs - TSCA 6.20E-09 ~ 6.20E-09 - -
PCB on PM 4.38E-11
Toluene 4.77E-05 : 4.77€E-05
Xylenes
5.01E-05 5.01E-05

6.94E-07 4.06E-05

Y
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Tabl. A-1: Input Parameters and Results for WOrét Case Scenario Paée’ 15

|
avg 70 yr cancer total cancer risk Hazard Quotient 30 year cancer risk
risk using Fi, t=5 using Fi, t=5 for non-carcinogens using Fi, t=60
at high max. pt. at max. pt. at max point
Compound
air conc./RfC
Particulate Matter (PM)
Acenaphthalene
Acenaphthene 0.00E+00 0.00E+00
Arsenic 2.02E-08 4.32E-06 2.02E-08
Benzene 8.18E-07 3.74E-05 2.02E-07
Benzo(a)anthracene 3.45E-08 8.53E-09
on PM 7.02E-11 3.01E-11
Benzo(a)pyrene 1.61E-05 1.75E-05 ' 3.98E-06
on PM 3.58E-10 1.54E-10
Benzo(b)fluoranthene 2.24E-10 5.54E-11
on PM 2.70E-11 : : 1.16E-11
Benzo(k)fluoranthene 6.39E-12 1.58E-12
on PM 1.72E-12 7.36E-13
Chromium (V1) 5.93E-07 2.65E-04 ' 5.93E-07
Chrysene 3.45E-11
Dibenzo(a,h)anthracene '
Ethylbenzene 4.14E-06
Fluorene
Fluoranthene
Naphthalene 5.74E-06 1.42E-06
Phenanthrene
PCBs - Non TSCA 1.41E-06 3.39E-06 3.49E-07
PCBs - TSCA 3.51E-06 3.51E-06 ‘ 8.69E-07
PCB on PM 9.25E-10 3.96E-10
Toluene 8.27E-05
Xylenes :
2.82E-05 3.31E-04 8.68E-05 7.44E-06
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Table A-1: Ingut Parameters and Results for Worst Case Scenario

ngf 16

total cancer risk

Hazard Quotient

9 year cancer risk

total cancer risk

at max. pt. for non-carcinogens using Fi, t=60 at max. pt.
Compound
air conc./RfC

Particulate Matter (PM)
Acenaphthalene
Acenaphthene 0.00E +00 ‘
Arsenic 1.86E-06 2.02€-08 4.32E-06
Benzene 1.59E-05 6.07E-08 3.67E-05
Benzo(a)anthracene 2.56E-09

on PM 9.02E-12
Benzofa)pyrene 4.61E-06 1.19€-06 2.66E-06

on PM 4.61E-11 '
Benzo(b}luoranthene 1.66E-11
on PM 3.47€-12
Benzolk)fluoranthene 4.74E-13

on PM 2.21E-13
Chromium (V1) 1.14E-04 5.93E-07 2.65E-04
Chrysene 1.28E-12
Dibenzola,h)anthracene
Ethylbenzene 2.39E-06
Fluorene
Fluoranthene '
Naphthalene 4,26E-07
Phenanthrene
PCBs - Non TSCA 1.20E-06 1.05E-07 2.08E-06
PCBs - TSCA 2.61E-07 2.61E-07 '
PCB on PM 1.19E-10
Toluene 4.77E-05
Xylenes

1.37E-04 5.01E-05 2.66E-06 3.11E-04
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Table A-1: Input Parameters and Results for Worst Case Scenario Page 17
Hazard Quotient
for non-carcinogens
Ibs/yr emissions Ibs/yr emissions Ibs/yr emissions
Compound from in place sed. from CDF from CDF
air conc./RfC (no action) {using Fi, t=5) {using Fi, t=60)
Particulate Matter (PM) 5395.6
Acenaphthalene 3529.9 388636.5 224379.4
Acenaphthene 180.5 1018.6 588.1
Arsenic 0.0 0.4 286.0
Benzene 150.6 7589.1 4381.6
Benzo(a)anthracene 590.8 126.4 73.0
on PM 0.3
Benzo{a)pyrene 266.8 5896.1 3404.1
on PM 0.1
Benzo(b)fluoranthene 139.1 0.8 0.5
on PM 0.1
Benzo{k)fluoranthene 88.4 0.2 0.1
on PM 0.1
Chromium (VI) 3.8
Chrysene 739.8 12.7 3.7
Dibenzo(a,h)anthracene 0.0 0.0 0.0
Ethylbenzene 2.39E-06 24 .1 865.8 499.9
Fluorene 785.0 7063.7 4078.2
Fluoranthene 1128.3 16025.0 9252.1
Naphthalene 11520.1 105218.8 60748.1
Phenanthrene 2606.6 475154.4 274330.5
PCBs - Non TSCA 5.6 2.0 29.4
PCBs - TSCA 1.0 254.6 5.7
PCB on PM 0.0 0.0
Toluene 4.,77E-05 167.0 6908.9 3988.9
Xylenes 279.1 11051.0 6380.3
5.01E-05
TABLA_1.WK1



Attactment 6: Construction Diagram and Proposed CDF Filling Plan
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1 muec

N wm;n-ﬁrh‘lmlat-(:hl

stage.

Dt

- ., SWCcll - TSCA (i SW Cell) 1 SECel |, - NCell
" Year Status/ Surface Volume, Surface Voluse, Status/ Swcface Volume, Statws/ Suface Valume,
Height | Arca, 82 e’ Acs. 82 | o8 Height | Area a2 e Height | Ama 2 yi?
_ 1997 _ | Comgtruct LIRYAS 5 )
_199s_ | Fn-3 | 1,430,387 | 156457 Comstrect 0 0 Constrect 0 o
1999 Dry | 1,430,387 | 156457 Fl-3 | 1476279 | 161,463 Fil-3 | 1288477 | 140642
2000 | Fill-6 | 1475411 | 317880 Uy 1476279 | 161,463 Dry 1288477 | 140642
2001 Dry 1,475.411 | 317880 Fil-6¢ | 15295 | 322079 Fil-6 | 1334351 | 286318
202 | Fil-y | 1521089 | 484344 Dey 152998 | 32079 Dry 1334351 | 236328
2003 Dry 1,521,089 484 344 Fli- | 15140t | 499920 -9 | 130881 | 437159
2004 | Fill-12' | 1,567,384 | 655917 | 345480 70,000 Dy 150408 | 499920 Dry 1390881 | 437,159
2005 Dry 1367384 | esson7 | FRI-1Y [ 1618319 | 617099 | Fii-1r | 1428034 | 993,195
2006 Dry 1567384 | 655917 | ‘1 Dey 16183191 " 677039 Dy E'1428034 ] 3931198
_2007* ] Fll-15' | 1,363,000 ] 332667 [ Dy 1613319 | €1709 Dey 1420034 | 593193
~2008* | Doy 1,363,090 | 832667 Fill-15' 11403076 | 89560 | Dy 1428034 | 59319
_2009° Dry 1,363,090 | 832667 v ]| 10030% | 859360 | Fili-15' | 11689%° | 754,500
210 | Dy 1,363,090 | 1332667 Dy | 140507 | 859360 Dry 1,0689% | 754 500
_WIl_ Fill-18 | 1,407,103 | 986053 Dey 1,4050% | 8393560 Dyy 116899 | 754 90
W12 Dry 1,407,103 | 986,053 Fll-1® | 1450716 | 1017686 Dry 1168996 | 754 500
00 | Dy 1,407,100 | 936653 Dyy 1,450,716 | 1017606 | Fil-1¥ | 1213313 | 896409
w14 Dry 1.407,103 | 986053 Dry 14%.716 | 1017686 Dry 1,213313 | 886409
015 Fill-21' | 1,451,667 | 1144865 Dry 1450716 | 1017686 Dry 1213313 | 886409
2016 Dry 1,451,667 | 1,144,865 Fil-21' | 149933 | 1181429 Dy 1213313 | 396409
2017 Dry 1450667 | 1144 963 Dry 1,496,933 | 1,181,429 | Fill-21' | 1250183 | 1023699
218 Dry 1,451,667 | 1 144 865 Dry 1496933 | 1181429 Dry 1,258,183 | 1023699
2009 | Fal-24° | 1496852 | 1308664 Dryy 1,496933 | 1181429 Dxy 1,258,183 | 1823699
2020 Dry 1,49%.852 | 1308664 Pl-2¢ | 154379 | 1350364 Dey 1258153 | 102369
2021 Dry 1,496.852 | 1308664 Dry 1,543,798 | 1390344 | Pll-2¢ | 13036% | 1,166,009
22 Dy | 1496352 | 1,308664 Dy 1,343,798 | 1350344 Dy 1383.6% | 1,166,809
w23° | Fill-27 | 1297831 | 143589%4 Dry 1.543798 | 1158344 Dey 1383676 | 1166009
004¢ Dvy 1,297831 | 1.458.9% Fl-27 | 1.335639° | 1 %5167 Dey 130367 | 1166009
2023 Dry 1297831 | 1458994 Dry 1333639 | 1505167 | PR -227 | 1854207° | 129120
226 Dry | 1,297,831 | 1438954 l_m 1335699 | 1,305,167 | Duy | 1854207 | 1291200
207 | Fill- 30 | 1340499 | 1605357 Dy 133569 | 1,983 367 Dey 1054207 | 1291, 90
2028 Diy | 1,340499 | 1605557 Fll-30 | 1379849 | 1655958 Dry 1,054,207 | 1.2912%
2029 Dry 1,340,499 | 1603357 I_ Dry 1379849 | 165599 | Fill-3¢ ]| 10%632 | 1.410692
12030 Dry 1,340,499 | 1605557 Dry 1379849 | 1633958 Dry 10%632 | 1410692
¢ Surface area in ocll decrcases due o building sext incresscatal stage of the dike. As

soca from Figare 28, each successive dilke stage: is built inside the previows

November 24, 1973
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* * Long Term Scenario

*» This 1s a model run for Air Concentrations at the ECI CDF

*x December 20, 1993

** For use of Long Term VOC Dispersion Modeling & Risk Assessment

co starting

co titleone ECI Site Combined Disposal Facility Air Dispersion (1986 met 4=
co modelopt dfault urban conc
‘co avertime annual

co pollutid VOC

co terrhgts flat

**» units of the input receptor elevations meters or feet

co runornot run

** ysually input ‘not’ for first time, program will then check for input err
co finished

* %

so starting

** area source 8-char id srctyp xXs ys Zs
* % - - - - - - - —omer e - - - -
so location areal area 0.0 . 554.482 0.0
area2 area 253.267 554.482 0.0
areal area 277.448 269.828 0.0
areasd area 277.448 0.0 0.0
areab area 0.0 0.0 0.0
areaé area 127.30 ~269.828 0.0
area? area 269.828 0.0 0.0
areas area 0.0 397.058 0.0
area$d area 142.184 397.058 0.0
* %
**parameters srcid aremis relhgt xinit
R - e e o= -
SO srcparam areal 1.0 4.57 253.267
areal2 1.0 4.57 253.267
areal 1.0 4.57 270.088
aread 1.0 4.57 270.088
areas 1.0 4.57 269.828
areaé 1.0 4.57 - 127.230
area?7 1.0 4.57 127.230
areas 1.0 4.57 142.184
area?d 1.0 4.57 1425184
[ X}

** gset two source groups -- one each for the tsca and non-tsca cells.

* R

SO srcgroup nontsca areal area2 areal area4 areaS5 area7 area8 area$d

SO srcgroup tsca areasé

** 50 srcgroup all

so finished

re starting

** Set cartesian receptor grids for the areas north, east, south & west
** of the CDF area. The receptors of interest are located in the south
** grid on the high school property. The boundary of the property is
**+ approximately 400 m from the CDF boundary and the high school building
** is approximately 800 m from the CDF boundary.

- *

** Grid inputs: Netid xinit xnum xdelta y1n1t ynum ydelta

* * -an an o> - an ap e o

re gridcart north sta .
xXyinc -800.0 20.0 100.0 1242.555 5.0 100.0
ve gridcart north end :
e gridcart east sta
. xyinc 965.0 5.0 100.0 -800.0 20.0 100.0. P4
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ra gr.izars east end
re gridcar=t south sta

xXyinc -800.0 20.0 100.°%° -800.0 5.0 14Q.2
re gridcart south end
re gridcart west sta _

xXyinc -300.0 5.0 100.0 -300.0 20.0 100.0
re gridcart west end

** Set a general cartesian grid that covers the entire vicinity.
**re gridcart all sta

* % . xXyinc -3000.0 10.0 500.0 -3000.0 10.0 500.0
**ra gridcart all end

re finished

%

me starting

me inputfil c:\iscmodel\ang\1780014.86

me anemhght 10.0

me surfdata 1780014 1986

me uairdata 1780014 1986

** Set average temp. (K) for each stability category.

me avetemps annual 3#*287.9 283.1 2%278.2

** Set average mixing height for each stability category

me avemixht annual A 6%1593.

me avemixht annual B 6*1062. .

me avemixht annual C 6%*1062. N
me avemixht annual D 6*756.

me avemixht annual E 6%449.

me avemixht annual F 6%449.

me finished

* %

ou starting

ou rectable srcgrp _

**ou maxtable srcgrp

ou finished ‘

*i**t***i**t***ﬁ***ii********ﬁ*****

#+*+* SETUP Finishes Successfully *#*
' Y22 222222222222 22222222222 22 R % %)
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Organization

I1linois L[PA/Radian

USEPA (Toxic Air
Monitoring System
(TAMS))

I1linois Institute
of Technology (11T)

National
Particul ate
Network

[11inois Dept. of
Energy and HNatural

Resources/Hazardous

Waste Reseach and

Information Center

(MMRIC)

INNlinois EPA

Table 2.

Monitoring Location

Monitoring Studies

Carver High School
(4611.7N/450. 9t )

S.E. Police Station
(4615.5K/450. OF )

S.E. Police Station
(4615.5N/450. OF )

Carver Elem. Schoo)
(4611.1N/449.8E)

Washington High School

(4615.0N/455.0F )
Addams School

(4616.2NM/453.8E)
Bright School

(4616.5N/453.2E)

Bright School

(4616.5N/453. 2E)

Bright School
(4616.5N/453. 2¢)

Washington High
(4615.08/455.0F)

Grissom School
(4612.3N/453.9E)

Monitoring Sampling
Method =~ Period
Canister 9/87 to 13/88
Cartridge "
Filter _ "
4
Tenax 1785 to
(no data for 11/86

canister samples)

Canister 11/86 to 2/87
Tenax *
Filters 1985 to 1987
I
Canister 10/86 to 6/87
Impactor 1987

Dichot.sampler 6/86 to 6/87
Streaker 1987

Polyurethane 2/86 to 8/86

Foam

Conducted in Southeast Chicagu

Number
of Samples

16

30

5 to 7

30/ year

10-15

Sample
quglipn

24 hrs.,
every
12 days

24 hrs.
every
12 days

4 hrs.

24 hrs,
every
12 days

I min.

24 hre.

100 hrs.
1 days

24 hrs.

Monitored
Pollutants

Organics
formaldehyde
metals B(a)p

Organics
Organics

metals, B(a)p

Organics
metals
melals
metals

PCB
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Section 1. Executive Directive and Agency Guidance
This portion of the E.I.S. addresses environmental justice concerns as directed by the February 11, 1994,
Executive Order No. 12898 of the President. That the President's Order was to implement environmental
justice in areas of the country inhabited by minority or low income populations is evident from an
examination of Section 1-101 of the Grder which states that:

“...each Federal Agency shall make achieving environmental justice part of its mission by

identifying and addressing, as appropriate, disproportionally high and adverse human health or

environmental effects of its programs, policies and activities on minority populations and

lqw-income populations in the United States ...”
Another portion of the Executive Order requires that proposed activities be conducted in such manner as to
preclude any exclusion of persons or populations on account of race, color or national origin from
participating in or receiving the benefits of the proposed activity. This requirement is located at Section 2-2 of
the Order which provides:

"Each Federal Agency shall conduct its programs, policies, and activities that substantially

affect human health or the environment, in a manner that ensures that such programs, policies

and activities do not have the effect of excluding persons (including populations) from

participation in, denying persons (including populations) the 6eneﬁts of, or subjecting persons

(including populations) to discrimination under such programs, policies or activities because of

their race, color or national origin."
When the White House distributed this Order it was accompanied by a memorandum addressed to the Heads
of the Executive Branch of the government which directed them to:

"...analyze the environmental effects. including human health, economic and social effects. of

Federal actions, including effects on minority communities and low income communities, when

R Y
P
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such analysis is required by National Environmental Policy Act of 1969 (NEPA), 42 U.S.C.

Section 4321 et seq.” .
Subsequently, the administrator of the United States Environmental Protection Agency (U.S. EPA) issued a
number of guidance documents aimed at implementing both the Order and memorandum. In addition, such
guidance aided in complying with the provisions of Section 309 of the Clean Air Act which imposed a duty
upon the Administrator to "review and comment in writing on - the environmental impact of any matter ...
contained in any (1) legislation... (2) newly authorized Federal projects ... and (3) proposed regulations
published by any department or agency of the Federal government." Hlustrative of such guidance are the
"Preliminary Draft Guidance for Addressing Environmental Justice in Reviews Conducted Pursuant to
Section 309 of the Clean Air Act” dated August 18, 1994 issued by Scott C. Fulton, Deputy Assistant
Administrator within the Office of Enforcement and compliance Assurance and the}U.S. EPA's Draft
Environmental Justice Strategy dated January, 1995. This last document states that,

"EPA reviewers [of Environmental Impact Statements]} will focus on spatial distribution of

human health. social and economic effects to ensure that agency decision makers are aware of

the extent to which those impacts fall disproportionately on low-income and minority

communities. "'
The application of both the Executive Order and policy guidance to the activities identified within this

Environmental Impact Statement require a three tiered analysis. The analysis commences by determining the

! As set forth in the Executive Order, a "Working Group” will provide further guidance on issues
conceming Environmental Justice. To date. this group has not provided a formal definition of .
Environmental Justice. However, cne definition which has been developed in another context is that the
term Environmental Justice refers to:

“"the fair treatment of people of ali races, cuitures, incomes and educational ievels with respect to the
development. implementation and enforcement of environmental laws, reguiations and policies. Fair
treatment implies that no popuiation of people should be forced to shoulder a disproportionate share of the
negative environmental impacts of pollution or environmental hazards due to a lack of political or

economic strength.” United States Environmental Protection Agency, Environmental Protection Justice
Initiatives 1993, p. 19 (1994).
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geodemographic characteristics of the community surrounding the proposed federal activity. The first step is
to determine whether the proposed project would affect minority or low-income populations. In the event
minorities or low-income populations are found unaffected by the activity, the inquiry ends. Should that not
be the case, the second step is to assess the potential impact or impacts of the proposed activity uponrsuch a
community. The third step is to decide if the impacts of the activity could or would be disproportionate to
those experienced by others. Should the inquiry end by concluding that minority or low income populations
would not be impacted by the proposed activity, or that the effects of any impact resulting from the activity
would not be disproportionate to that of other groups, the requirements of ﬁe Executive Order have been

met.

Section II.  Site Geodemographics

A) Site Description
At its previous peak use, the ECI site, East Chicago, was a 288 acre parcel of land within the northwestern
portion of Lake County, Indiana located in a heavily industrialized area consisting of oil refineries, steel
production facilities, and chemical companies. Its north property line initially went slightly north from where
no~ stands an elevated extension of Indiana State Highway 912 (Cline Avenue), an east-west roadway which
serves also as the southern boundary line for both Whiting, Indiana and the Amoco Oil Refinery. This
refinery now also abuts the ECI site on most of its west side where the corporate limits of Hammond, Indiana
begin. Indianapolis Boulevard, which runs north and south on the site's east border, has another refinery and
oil reclamation business located on the opposite side of the street. The property south of the site is shared by
two of East Chicago's Park District parks; Todd Park which includes a swimming pool, and MacArthur Park

Golf Course. a nine hole golf course.
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Sales or divestitures of parcels from the original site as well as Bankruptcy proceedings have resulted in the
original ECI site now being smaller in size. What remains consists of several discrete parcels partitioned as a
resuit of the Indiana Harbor Ship Canal and a railroad running through the property, each intersecting the site
at right angles to the other as depicted on Site maps in the EIS. The B & 0 C.T. Railroad right of way which
runs from the south to north at the westerly one-quarter side turns east near the northerly portion of the
. property line, the remaining parcel of the site to the north of the roadbed being in Whiting, Indiana. No
portion west nor north from the railroad is being contemplated‘for use for the confined disposal facility
(CDF). The parcel is again bisected by the Lake George Branch of the Indiana Harbor Ship Canal which runs

westerly through the lower third of the site starting at the main channel.

" The larger portion north from the Lake George Branch contains about 151 acres. The proposed CDF is
intended to occupy the northerly 133 acres of it. This 151 acre tract at one time was an oil refinery with an
underground oil transportation network. The above ground structures have been dismantled and removed.
However, the below ground pipelines and contaminated soils remain. These will be addressed during the
Resource Conservation and Recovery Act (RCRA) closure of the site during the CDF's construction phase.
The smaller parcel south across from the Harbor Canal is totally vacant, its south lot line abutting the park
district. No project activities are planed for this parcel. To its south is the East Chicago Central High School,
a school with about two thousand students, which continues further south until it meets Chicago Avenue. On
the opposite side of Indianapolis Boulevard from the high school is another school, the West Side Junior High

School whose student body contains another two hundred students.



B. Community Profile

1. Geophysical Component
All parcels of land abutting the ECI CDF site are zoned industrial with the exception of the Park District
property. The closest residential area is three quarters of a mile south, on the south side of Columbus Drive.
Another residential area is located one mile east, on the east side of Canal Street which forms the beginning
of the Calumet Harbor neighborhood. There are no residential areas directly north from the site. A six square
block neighborhood called Mark Town is located northwest about one and one-half miles distant from the
site. Almost all the students from the neighborhobds south and east walk to the high school and junior high
school without passing in proximity to the ECI CDF site. Students from Mark Town are bused to the schools
at Columbus Drive and Indianapolis Boulevard. The majority of lands between these residential
neighborhoods and the ECI site are still being used for the production or transportation of oil.

2. Socio-economic Component
Data from the 1990 federal census found the population of East Chicago to be predominantly Hispanic. The
population was 47.8% Hispanic, with the remaining 52.2% almost equally divided among African-Americans
and Caucasians. Household characteristics for East Chicago disclose that Hispanics occupied 39.5% of all
households, African-Americans 34.8%, and Caucasians and other minorities occupy the remaining 25.7%.
The census data indicated that more than 25% of the City's inhabitants lived below the poverty level. When

the same poverty level was applied to children under 18 years of age, more than 40% of those children were

living below the poverty level.

The 2.78 average of persons per household were living on a median family income of $24,511‘.00. That is not
income per person within a household, but the combined median income for all inhabitants of the same

household. The unemployment rate for men over 16 was 15% and 13.5% for women. In 1990. 45.4% of the

. A =
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area's housing units were owner occupied.

These demographic data confirm that the proposed project is located within a predominately low-income and
minority community, an area envisioned for or the application of environmental justice pursuant to the

Presidential Order. Therefore, the analysis continues to the next level.

III. Impact Analysis attributable to:

A. Dredging
The area around the dredging activity will be impacted. Motor vehicle traffic will increase in the proximity of
Ye Canal as equipment is brought in to service dredging operations or to maintain equipment. Traffic within
the Canal will increase as barges move between the portions being dredged and the CDF. As a result, some
delays in water, land and railroad transportation may be expected to occur as a result of traffic congestion or
draw bridge operations. The aesthetic quality of the Canal may be slightly impacted when one views varied
pieces of equipment. However, in most instances it will be commercial vehicles that encounter equipment
actively engaged in the dredging operations that will be affected rather than community residents, since
dredging activities are expected to be confined to daylight operations, and because other major arterial streets
will be able to service the community's need to travel from the community to arterial roadways and

expressways.

Once the dredging is concluded, the resulting deeper channel will impact canal transportation, as large
commercial ships will be able to access docks that are presently inaccessible. As the number of larger
- -commercial ships make greater use of the Canal, commerce at shoreline facilities and employment

opportunities may increase.



The dredging is projected to prevent between four and five million cubic yards of contaminated sediments
from reaching Lake Michigan. This reduction of contaminated sediments entering the Lake will improve
benthic communities and their ingestion by others up the food chain, including humans, resulting in
potentially lowered exposure to contaminated sediménts. The dredging will also reduce the risk of

contaminated sediments adversely affecting the drinking water supply for the northwest Indiana area.

The proposed action should not adversely affect recreational activities within or in proximity to the project, as
there is little use of the Canal for swimming, fishing, boating or other activities. Once dredging is
completed, marinas on the shore of Lake Michigan should experience improved conditions due to

improvements to near shore water quality.

B. Confined Disposal Facility (CDF)
The short term ecological impacts of the disposal of the contaminated sediments on the northern parcel of the
ECI site will be relatively neutral. This site appears to be of little community, ec_onomic or ecological
significance, due to the past heavy industrial use and poor existing soil quality. Few animal species have been
observed at the site. The turbidity of the Canal, boat traffic on it, and lack of suitable habitat in the ECI site
seem to deter waterfowl from displaying real interest at the site. Although herbaceous plants, small trees and
some shrubs are present at the site, almost all are of little ecological significance. The Site has little economic

potential given the unresolved RCRA closure and corrective action requirements.

In the long term, however, the RCRA closure at both the CDF. and response at the other parcels at the ECI

site contemplated to be undertaken in conjunction with this project, will substantially reduce both on-site
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contamination and off-site migration of pollutants from the site to the Canal or to adjacent properties. In
addition, the total surface area of contaminated sediments will be reduced through disposal, which reduces
potential environmental exposure. Another benefit would be to afford the Park District with a potential site

should it proceed with plans to expand Todd Park northward toward the Canal.

The deposition of sediments at the CDF appears to offer little risk that either surface water or drinking water
would become pathways of contamination to members of the community. Waste waters resulting from
progressive trenching and evaporation operations would be collected and treated on site in a regulated waste
water treatment plant prior to discharge into the Canal. In addition, there will be virtually no opportunity for

‘ermatological contact or ingestion of dredged materials.

The inhalation risk assessment found, under the worst case situation, that the low levels of PCB's and PAH's
anticipated to be released by volatilization from the CDF into the air do not pose a threat to human health and
the environment. The releases are not expected to noticably contribute to the ongoing air quality problems of
the area. The odor threshold analysis conducted for this project indicates that the volitalized organics should
not be noticable beyond the ECI CDF property boundary. The CDF will be fenced off and posted, and will
have security guards preventing access. In addition, the barriers created by Cline Avenue and the fencing at
thebAmoco property line will provide additional access control at the site, preventing the site from being an

attractive nuisance.

Using the ECI site for the CDF offers an advantage over other potential parcels within the community
...ecause of its size and its economic unsuitability for other purposes due to contamination. The project will

result in cleanup of the site, and will not take an uncontaminated parcel that could be put to higher use.
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Overall, the proposed project reduces environmental risk in a number of ways. It removes the danger that the
contaminated sediments could pose a health .risk to inhabitants' supply of drinking water. By removing the
sediments. the risk of the contamination migrating into Lake Michigan to impact the fresh water supply
intakes is substantially lessened. The project also addresses the RCRA cleanup required for the main refinery
parcel, that currently remains open to the environment. Even assuming that the dredging will release
contaminants from the CDF location, some release occurs from the canal under the current conditions with
each significant rainfall. Currently, the contaminated sediments are located within East Chicago, in an
uncontrolled state. Finally, the management plan for the site requires compliance with RCRA regulations to
assure that hazardous wastes currently at the site are addressed. Implementation of the project will assure
closure of othe site in the near future, rather than at some indefinite time in the future and at local taxpayer

expense.

For these reasons it is evident that the project could reasonably have a beneficial impact upon the local
community taking into consideration the nature and extent of the risks that the community could be exposed
to in its absence. Furthermore, any short-term negative impact would be substantially outweighed after the

beneficial long-term consequence of the dredging project are taken into consideration.

IV. Disproportionality
Based on the preceding analysis, the effects of this project would not have a disproportionally high and
adverse impact upon the inhabitants of East Chicago over that of other inhabitants. The net impact of the
project should be positive with long-term benefits outweighing short-term impacts. Implementation of the
project would result in the sediments being rgmoved from the uncontrolled environment in East Chicago to a

controlled location. also within the City ot East Chicago.
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Modeled loadings from the proposed site are not expected to noticably impact existing loadings from other air
emission sources nearby. The implementation of this project will not adversely impact the low income or
minority populations in the project area and will not cause a disproportionally high and adverse human health

or environmental effect in East Chicago.

Considering all these factors, the project does not present a net disproportionate impact to the community.

V. Conclusion
The projects identified in the Comprehensive Management Plan comport with the President’s Executive Order

and the Policy of the United States Environmental Protection Agency in implementing Environmental Justice.
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1. INTRODUCTION ON GENERAL CONFORMITY

1.1 The 1990 amendments to the Clean Air Act (CAA) [42 United States Code 7401 ef seq.] require
Federal agencies to ensure that their actions conform to the appropriate State Implementation Plan (SIP).
An SIP is a plan that provides for implementation, maintenance, and enforcement of the National
Ambient Air Quality Standards (NAAQS), and includes emission limitations and control measures to
attain and maintain the NAAQS. Conformity to a SIP, as defined in the CAA, means conformity to a
SIP’s purpose of reducing the severity and number of violations of the NAAQS to achieve attainment of
such standards.

1.2 The Federal agency responsible for an action is required to determine if its action conforms to the
applicable SIP. Thus, the purpose of this analysis is to document the determination of conformity of the
Indiana Harbor Confined Disposal Facility (CDF) located in East Chicago, Indiana, to the Indiana SIP.

13 This conformity determination has been prepared in accordance with the final rule of the U.S.
Environmental Protection Agency (EPA), Determining Conformity of General Federal Actions to State or
Federal Implementation Plans, published in the Federal Register on November 30, 1993. The general
conformity rule [40 Code of Federal Regulations (CFR) Part 93, Subpart B] was effective January 31,
1994,

2. CONFORMITY BACKGROUND INFORMATION

2.1 Conformity provisions first appeared in the CAA Amendment of 1977. Although these
provisions did not define conformity, they did address the association of Federal department activities with
a SIP. The 1977 provisions stated that no Federal agency could engage in, support in any way or provide
financial assistance for, license or permit, or approve any activity that did not conform to a SIP after its

approval or promulgation.

22 Section 176(c) [42 USC 7506c] of the CAA Amendments of 1990 expanded the scope and
content of the conformity provisions by defining conformity to an implementation plan. Specifically, the
language requires that a Federal agency cannot approve or support an action that:

¢)) Causes or contributes to new violations of any NAAQS;

2) Increases the frequency or severity of existing violations of any NAAQS,
or;

3) Delays the timely attainment of any NAAQS or any required interim
emission reductions or milestones.

2.3 The purpose of Section 176(c) is to ensure that emissions from Federal actions are consistent
with the CAA’s air quality planning goals. The intent of the provisions is to foster long range planning
for the attainment and maintenance of air quality standards by evaluating air quality impacts of Federal
actions before they are undertaken. Federal actions are divided into transportation projects and non-
transportation related projects. The “transportation conformity” regulations (40 CFR Part 51, Subpart T)
govern projects developed or approved under the Federal Aid Highway Program or Federal Transit Act.
Non-transportation projects, which include the Federal action planned for Indiana Harbor CDF, are
governed by the “general conformity” regulations discussed above.

3. GENERAL CONFORMITY DETERMINATION PROCESS

The general conformity rule consists of three major parts-applicability, analysis, and procedure. These
three parts are described in the following sections.

“(J’ 4



3.1 Applicability
3.1.1 Attainment Areas

The general conformity rule applies to Federal actions occurring in air basins designated as nonattainment
for criteria pollutants or in attainment areas subject to maintenance plans (maintenance areas). Federal
actions occurring in air basins that are in attainment with criteria pollutants are not subject to the
conformity rule.

A criteria pollutant is a pollutant for which an air quality standard has been established under the CAA.
The designation of nonattainment is based on the exceedances or violations of the air quality standard. A
maintenance plan establishes measures to control emissions to ensure the air quality standard is
maintained in areas that have been redesignated as attainment from a previous nonattainment status.

3.1.2 De Minimis Emissions Levels

To focus conformity requirements on those Federal actions with the potential to have significant air
quality impacts, threshold (de minimis) rates of emissions were established in the final rule. With the
exception of lead, the de minimis levels are based on the CAA’s major stationery source definitions for the
criteria poltutants (and precursors of criteria pollutants) and vary by the severity of the nonattainment
area. A conformity determination is required when the annual net total of direct and indirect emissions
from a Federal action, occurring in a nonattainment or maintenance area, equals or exceeds the annual de
minimis levels.

Table 1 lists the de minimis levels by pollutant applicable for Federal actions. The de minimis level for
ozone applies to all precursor-volatile organic compounds (VOCs) and nitrogen oxides (NO,). The
proposed Federal action at Indiana Harbor will occur in an area designated as severe nonattainment for
ozone and moderate nonattainment for PM-10 (particulate matter less than 10 microns).

3.1.3 Regional Significance

A Federal action that does not exceed the threshold rates of criteria pollutants may still be subject to a
general conformity determination. The direct and indirect emissions from the action must not exceed 10
percent of the total emissions inventory for a particular criteria pollutant(s) in a nonattainment or
maintenance area. If the emissions exceed this 10 percent threshold, the Federal action is considered to be
a “regionally significant” activity, and thus, general conformity rules apply. The concept of regionally
significant is to capture those Federal actions that fall below the de minimis emission levels, but have the
potential to impact the air quality of a region.

3.2 Analysis

3.2.1  The conformity analysis for the Federal action examines the net impacts of the direct and indirect
emissions from mobile and stationary sources, and emissions from any reasonably foreseeable Federal
action. Indirect emissions include those emissions the Federal agency can practicably control and has
continuing program responsibility to maintain control, and emissions caused by the Federal action later in
time and/or farther removed in distance from the action itself, but that are still reasonably foresceable.
Reasonably foreseeable emissions are those from projected future Federal actions that can be quantified at
the time of the conformity requirements and are included in the analysis.



Table 1- De minimis Pollutant Levels

Pollutant and Tons/
Area Designation Year
Ozone (VOCs or NO,):

Serious Nonattainment Ar 50

Extreiﬁe Nonattainment Areas » 10

Other Ozone Nonattainment Areas Outside an
Ozone Transport Region 100
Marginal and Moderate Nonattainment Areas
Inside Ozone Transport Region: _
vOC 50
NO, 100
Carbon Monoxide; All Nonattainment Areas 100
SO, or NO,: All Nonattainment Areas 100

Serious Nonattainment Areas 70
Pb: All Nonattainment Areas 25
Source: 40 Code of Federal Regulations (CFR) Part 93, Subpart B, Section 51.853(b)(1).

3.2.2  The direct and indirect emission sources for this project include VOCs and PM-10. The three
sources (or locals) of volatile emissions are the resuspended sediments within the canal water around the
dredging operation, dredge material during transport to the CDF, and the drying dredged material, once
placed in the CDF. The volatile emissions are covered in the following sections. The PM-10 emissions
are presented in Section 3.2.11 and include particulate emissions during construction and operation of the

CDF.

3.2.3  Inorder to estimate the VOC emissions from the dredged material, mathematical models were
used (Thibodeaux, 1989; Semmler, 1990; Meyers, et al, 1994). Parameters used in the models were either
taken from from the USEPA’s Office of Air Quality, Planning and Standards (QAQPs) WATERS
database, the operational aspects described in this EIS, or defined through labratory analysis
(Environmental Laboratory, 1987). The aformentioned references describe the movement of chemicals
through environmental media (soil (sediment), water, and air). The following several sections will
describe the equations used to model VOC emissions. For an in-depth discussion of the equations
described below the reader should consult the references. However, it is important to note at this time that
volatile emissions from the exposed sediment surface, within the CDF (Section 3.2.5, Equation (6)) are

1
based on a function of the reciprocal of the time (7_—) of exposure. Basically, this means that the initial,
t

or instantaneous flux rate (t is near zero) is highest , and decreases by the reciprocal of the square root of
time. Therefore, the average flux rate from the exposed sediment surface in the CDF is based on the
amount of time that expires between the placement of sediment lifts. This timeframe is expected to range
from 2-4 years, as noted in Table 3 for t(1).

Rk



3.2.4 Emissions From Ponded Water Surface During Dredging

N,=kK,(C,-C)

= Flux through air - water interface around dredge, g/ cm?® *hr

N,
K, = Overall liquid phase mass - transfer coefficient, cm/ hr

C,, = Dissolved contaminant concentration, g/cm’

w

C. = Hypothetical dissolved concentration in equilibrium with air , g/ cm®

w

c.C
el
K,C, +1\10

C, = Bulk contaminant concentration in sediment ,mg / kg
C, = Suspended Solids conc. in surface water around dredge, kg / l

K, = Equilbrium distribution coefficient ,// kg

le =Koc xfoc

K, = Organic carbon partition coefficient ,// kg
f,. = Sediment fraction organic carbon content, dimensionless

K = 10(0.54410g1<,,+1.377)

K, = Octanol water partition coefficient, dimensionless

K, =19.6V,**D,**

V. = Wind speed ,mph
D,, = Molecular diffusivity of chemical in water ,cm” / sec

M

(2)

(3)

@)

(%)

!For some chemical compounds laboratory defined values of K4 were used. See section on laboratory

defined K4's



3.2.5 Emissions From Exposed Sediment Surface in CDF

[

o)
N —2x 1000K, )

n*t 1
K K
DA:(“"l +_;{_p : )- 2

N, = Flux through sediment - air interface in CDF ,mg / cm® * sec

H = Henry's law constant, dimensionless

C,, = Background concentration of chemical at sediment - air interface,mg / cm’
t = Time since initial exposure , sec '

g, = Air filled porosity , dimensionless

P, = Sediment bulk density ,kg /!

D,, = Effective diffusion coefficient ,cm’ / sec

K, = Gas side mass transfer coefficient ,cm/ sec

10/3

&
Dyy=D,— (M

82

& = Total sediment porosity, dimensonless

K, =0.036R,**S " %3‘— | (3)

R, = 7, = Reynolds number, dimensionless

Uﬂ
§ =2a

4

= Schmidt number, dimensionless

A4
V, = wind speed,cm/ sec

D,, = Molecular diffusivity of chemical in air ,cm® / sec
F = Fetch length, cm
v, = Kinematic viscosity of air ,cm? / sec

[y

)

5 |t

n



3.2.6 Emissions From Exposed Sediment During Transport

P -P
N, = Kyp, ('MP—A) %9

N, = Flux through sediment - air interface during transport, g / cm* *sec
K, = Overall gas - side mass transfer coefficient ,cm / sec

p, = Density of air,g / cm’

P,, = Partial pressure of chemical in equilbrium with sediment , mm Hg
P, = Background partial pressure of chemical, mm Hg

P = Total atmospheric pressure, mm Hg

08 033
K,, =0.036| 2o || L ) [ 2 (10)
Lv va DAI

L, = Vessel length, cm

. RT
P, =760H| — |C 11
Al (M ) w ( )

4

R = Gas constant,atm* cm® | mol*°K

T = Temperature,”’K

3.2.7 Laboratory defined Ky’s (/kg)
The Equilibrium distribution coefficient, (K,) was either laboratory defined (Environmental Laboratory,

1987), or calculated using equation (3) and a value of K, taken from the USEPA WATERS database.
The laboratory defined values were completed on Indiana Harbor sediment and are provided in Table 2.

Table 2 - Laboratory Defined K4 Values

Parameter K4 Parameter Ka
Naphthalene 14,280 Acenapthene 4,510
Fluorene 5,620 Phenanthrene 12,650
Anthracene 14,130 Fluoranthene 25,100
Pyreng 25,600 Chrysene 20,380
Benzo (a) anthracene 21,740 Benzo (b) fluoranthane 20,470
Benzo (ghi) perylene 4,680 Benzo (a) Pyrene 17,400
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Discussion of Variables

3.2.8.1 This section provides a discussion of the assumptions made in defining variable values. In all
cases, conservative values (values on the high end of a realistic range) were used to maximize the
estimated volatile losses. The variables used in the model, and assumptions used to define the variables
are provided in Table 3.

Table 3 - Assumptions made to Define Variables

Parameter

Value

Variable

log K(ow),
D(w), M(A),
P*(A), C,
D(Al),H

See input
table

Values taken from USEPAs Office of Air Quality Planning and Standards
WATERS database.

P(A), C(a),
C(w*)

All background concentrations/pressure are assumed to be zero Thls isa
conservative assumption which maximizes the gradient driving force and
thereby maximizes flux.

CE

800 mg/l

The suspended solids concentration around the dredge was modeled at the
upper range of 500-800 mg/1 (standard Clamshell). These are values at the
bottom of the water column within 50 feet of dredge. Samples higher in
the water column and further away were only slightly above background.
(EIS, Appendix H-18). For this project a “close bucket” Clamshell will be
used, therefore, this is a conservative assumption which maximizes flux.

V(x)

10 mph

Typical range for this area is 8-12 mph.

(1)

3.2E+7 sec
(1yn

The CDF is divided into 3 cells. Although filling will occur almost yearly,
each cell will dry from 2-4 years. Therefore, averaging flux over a year
time frame is a conservative assumption which maximizes flux. In
addition, the total yearly flux (tons/yr) is based on continuous volatilization
for 12 months. There is likely to be little or no flux during winter months.

t2)

720 hr

A dredging operation will last about 3 months. Conservatively, this
variable was defined by assuming that dredging will operate 8 hr per day
over the entire timeframe (960 hr = 8 hr/d x 30 d/mo x 4 mo.) There will
be down time (typically, >25%) during the dredging operation , therefore
this assumption maximizes flux.

t(3)

720 hr

See comment above

A

4.29E+5
(m2)

This is the maximum exposed surface area (all 3 cells) over the life of the
CDF. The actual exposed surface area will vary over time, therefore, this is
a conservative assumption which maximizes flux.

AQ2)

2,917 (m2)

Based on a circular influence with a 200 ft diameter. As noted in the
comments for C(p) this is a conservative assumption which maximizes
flux.

AQ3)

2200 (m2)

Based on 2 large 1200 ton scows (195ft x 30ft) and approximately 50 large
trucks (10ft x 20 ft) transferring sediment and operating at t(2) above. This
is a conservative assumption which maximizes flux. ’

C(s)

See Table
5

Dredging volume weighted average sediment concentration based on
USEPA 1992 sediment sampling data (USEPA, 1992A).




329 Discussion of VOC Results

3.2.9.1 Table 4 provides a definition of all input parameters to the model. Table 5 provides the values
used in the model and the calculated emission rates. The estimated flux from the different locales is
provided below:

N, air-water interface around dredge 0.00321 g/m*hr (0.010 tonsfyr)
N, sediment-air interface during transport 0.0397 g/m’hr  (0.092 tons/yr)
N, sediment-air interface in CDF 0.00185 g/m’hr  (7.67 tonfyr)

The VOC flux from the sediment-air interface during transport provides the highest rate, however, since
the exposed surface area, and time for emissions to occur is much less than for the CDF locale, the annual
VOC loss is substantially less. It is clear that the CDF locale is the only locale that produces any
considerable VOC losses. A conservative estimate, using the assumptions provided, of VOC losses is 7.8
ton/yr. This is below the de minimus threshold of 25 tons/ yr. In order to maximize potential losses a
flux rate based on a 3 months (90 days) averaging time t(1), which would represent a dredging/disposal
operation, was also calculated. In this scenario it was assumed that there was a continous loss for 8
months at the 90 day flux rate. This provided an estimated annual VOC loss of 10.1 tons/yr, still well
below the threshold value. Information from IDEM shows a VOC emission inventory (1990) for this area
of about 200 tons/ summer day. The estimated VOC emissions from the proposed project (7.8 tons/ yr)
are below the 10% threshold, and therefore, the Federal action is not considered to be a “regionally
significant” activity.

3.2.10 Restraints on Solubility and Vapor Pressure

3.2.10.1 In equation (1) the dissolved contaminant concentration, C,, can not exceed the sblubility ©) of

the chemical . Therefore, in the model output when the column heading “Is C(w) < C” replies NO, then
chemical solubility is used to calculate N .

CH
3.2.10.2 In equation (6) the term W represents the equilibrium sediment chemical air
d

concentration. This values can not exceed the pure component vapor pressure which can be converted to a

concentration as such, —4-—=-_ Therefore, in the model output when the column heading “Is

RT
C(s)H/1000K(d) < P*(A)MA/RT™ replies NO, then the pure component vapor pressure, converted to a
concentration is used to calculate NV

3.2.10.3 In equation (9) the partial pressure of the chemical in equilibrium with the sediment, P ;1 can not

exceed the pure component vapor pressure P ,: . Therefore, in the model output when the column heading
“Is P*(A1) < P*(A)” replies NO, then the pure component vapor pressure is used to calculate N :



Table 4 - Model Input Parameter Definition

P(A) Background pressure of contaminant (mm Hg) P(1) Density of air (g/cm3)

C(ai)  Background air conc (mg/cm3) P(A) Background partial pressure in air (mm Hg)

C(w*) Hypothetical water conc. (g/cm3) P Total atmospheric pressure (mm Hg)

C(s) Bulk sediment contaminant conc. (mg/kg) L(v) Vessel length (cm)

C(p) Suspended solids around dredge (kg/l) A CDF Sediment exposed surface area (m2)

K()  Equilibrium distribution coefficient (I/kg) A(2) Ponded surface area around dredge (m2)

V(x) Wind velocity (mph) AQ3) Barge/truck surface area (m2)

D(w)  Molecular diffusivity in water (cm2/sec) N(w) Flux from ponded surface around dredge ((g/m2*hr)
M(A) Molecular weight (g/mol) K(oll)  Overall liquid phase MTC (cm/hr)

P*(A) Pure component Vapor pressure (atm) C(w) Dissolved contaminant concentration (g/cin3)

R Gas Constant (atm*cm3/mol*K) H Henry's Law constant (dimensionless)

T Temperature (K) K(L) liquid-side MTC (cm/sec)

C Solubility in water (g/cm3) V() Wind velocity in (in/sec)

V(curr) River velocity (m/sec) K(G) Gas-side MTC (cm/sec) - Ponded surface

Z Water depth (m) K(ol2)  Overall liquid phase MTC (cm/hr)

D(Al) Molecular diffusivity in air (cm2/sec) N(s) Flux from exposed sediment in CDF (g/m2*hr)

E(1) Air filled porosity (dimensionless) D(A3)  Effective diffusion cocfficicnt (cm2/sec)

E Total sediment porosily (dimensionless) K(G2) Gas-side MTC (cin/scc) - exposed sediment surface
t(l) Time for exposed sediment in CDF (sec) R(e) Reynolds number (dimensionless)

1(2) Time for ponded flux (hr) V(z) Wind velocity in (cm/scc)

1(3) Time for sediment during transport (hr) S(c) Schmidt Number (dimensionlcss)

P() Sediment bulk density (kg/) N() Flux from sediment during barge transport (g/cm2*scc)
F CDF fetch length (cm) K(og) Overall gas-side MTC (cm/sec) - barge transport
V(@)  Kinematic viscosity of air (cm2/sec) P*(Al) Partial pressure of contaminant in equilibrium with sediment (mm Hg)

e
kN




o1

Paramaters Entered

Chemical

Acenaphthene
Acenaphthylene
Anthracene

Benzene
Benzo(a)anthracene
Benzo{a)pyrens
Benzo(b)fluoranthene
Benzo(g, h,i)perylene
Benzo(k)fluoranthene
bis(2-Ethyihexyl)phthalate
Butanone-2
Chloromethane
Chrysene
Di-n-octylphthalate
Dibenzofuran
Ethylbenzene
Fluoranthene
Fluorene
m,p-Xylenes
Methyinaphthalene-2
Naphthalene
o-Xylene
Phenanthrene
Pyrene

Styrene

Toluene

Total

print

Table 5 - VOC Model Input/Output Results

0 P(A)  Background pressure of contaminant mm Hg 960 t(2) Time for ponded flux (hr)
0 C(ai) Background air conc (mg/cm3) 960 1(3) Time for sediment during transport (hr)
0 C(w% Hypothetical water conc. (g/cm3) 1.2 P(b) Sediment bulk density {(kg/1)
8.00E-04 C(p)  Suspended solids around dredge (kg/) 55,000 F CDF fetch length (cm)
10 V{x) wind velocity (mph) 0.1508 V(a) Kinematic viscosity of air (cm2/sec)
821 R Gas Constant (atm*cm3/mol*K) 0.001 P(1) Density of air (g/cm3)
298 T Temperature (K) 0 P(A) Background partial pressurre in air (mm Hg)
0.3048 V(cum) river velocity (m/sec) 760 P Total atmosphric pressure (mm Hg)
72 Water depth {m) 5,950 L{v) Vessel length (cm)
0.3 E(1) Air filled porosity (dimenslonless) 429,000 A (1) CDF Sediment exposed surface area (m2)
07E Total sediment porosity (dimensioniess) 2,917 A(2) Ponded surface area around dredge (m2)
3156407 t (1) Time for exposed sediment (sec) 2,200 A(3) Bargeftruck surface area {(m2)
0.14 f(oc) Fraction organic carbon in sediment
|
C(s) D{w) M(A) P*(A) D{A1) H (dimenst K{olf) C{(w) D{A3)
(mg/kg)  log K(ow) K(d) (Ilkg) (cm2/sec) (g/mol) (atm) C(g/cm3) (cm2/sec) onless) {cutr)  (g/em3)  (cm2/sec)
28.87 3.92 451000 7.69E-06 15421 6.58E-06 3.42E-06 4.21E-02 3.15E-01 1.29E+00 501E09  1.55E-03
102.06 407 546.02 7.53E-06 15221 3.02E-05 393E-06 4.39E-02 4.66E-03 1.27E+00 5.68E-08 1.62E-03
56.57 445 14130.00 7.74E-06 178.23 1.71E-09 1.29E.08 3.24E-02 2.76E+00 1.30E+00 3.68E-09 1.20E-03
4,99 215 4929 9.80E-06 78.10 1.25E-01 1.78E-03 8.80E-02 227E-01 1.52E+00 3.84E-09 3.25E-03
51.40 561 2174000 9.00E-06 22830 1.97E-10 1.00E-08 S5.10E-02 5.64E-06 1.43E+00 224E-09  1.88E-03
38.50 598 17400.00 9.00E-06 25230 7.47E-07 3J.00E-09 430E.02 5.84E-08 1.43E+00 2.06E-08  1.59E-03
48,33 6.84 2047000 S5.56E-068 25232 208E+00 2.58E+01 2.26E-02 8.21E-04 1.04E+00 2.23E-09  B.34E-04
37.30 1.23 4680.00 5.26E-06 276.34 1.326-13 260E-10 2.01E-02 5.71E-08 1.00E+00 6.29E-09 7.41E-04
23.31 6.84 1754238 S5.56E06 25232 1.26E-13 J.00E-07 2.26E-02 4.37E-08 1.04E+00 1.24E-09 8.34E-04
30.30 53 254875 3.66E-06 390.56 2.63E-14 4.00E-07 3.51E-02 1.23E-05 7.87E-01 7.98E09  1.29E-03
0.66
0.13 :
49.52 561 2038000 6.21E-06 22820 7.58E-13 6.00E-09 248E-02 4.82E-08 1.12E+00 2.29E-09 9.15E-04
33.90 9.2 33723142 358E-06 39056 6.3BE-12 - 2.85E-07 1.51E-02 5.60E+00 7.766-01 1.00E-10  5.57E-04
43.79 57 4206.57 6.00E-06 222.00 BB1E-06 490E07 267E-02 1.63E-01 1.09E400 B.03E-09 9.85E-04
0.90 3.15 17248 7.80E06 106.20 1.32E-02 1.52E-04 7.50E-02 3.22E-01 1.30E+00 6.29E-10 2.77E-03
130.23 5§33 25100.00 6.35E-06 202.00 233E-05 J.00E-07 3.02E-02 2.74E+00 1.14E+00 4.84E-09 1.11E03
67.79 4.18 562000 7.88E-06 166.00 2,24E-05 2.00E-06 3.60E-02 4.78E-03 1.31E+00 987€-089 1.33E-03
9.74 32 183.62 7.80E-06 106.16 1.056-02 2.00E-04 7.00E-02 3.04E-01 1.30E+00 6.79E-09  2.58E-03
92.08 413 588.64 7.84E06 14219 B91E-05 2.18E-04 460E-02 2.37E03 1.31E+00 501E-08 1.77E-03
939.27 337 14280.00 7.50E-06 128.20 3.03E-04 8.03E-05 S5.90E-02 1.97E-02 1.27E+00 6.05E-08 2.18E-03
294 295 13425 1.00E-05 106.20 9.21E-03 , 1.75E-04 B8.70E-02 1.99E-01 1.54E+00 2.12E-09 3.21E-03
184.13 446 1265000 7.476-068 176.22 2.76E-07 B.10E-09 3.33E-02 247E-01 1.27E400 1.32E08  1.23E-03
105.77 518 25600.00 7.246-06 20230 553E-12 2.00E-06 272E-02 286E-07 1.24E+00 3.94E09 1.00E-03
5.10 3.16 17465 B.00E-06 10420 9.61E-03 3J.00E-D4 7.10E-02 1.08E-01 1.33E+00 3.58E09 2.62E-03
9.52 269 96.84 . 8.60E-06 92,40 3.95E-02 S5.156-04 B8.70E-02 2.62E-01 1.39E+00 7.06E-09 3.21E-03
2097.08

e
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Table § - VOC Modq_l_lgp_gt_lgggpu_t_l_'\:{e‘s_g‘lts (Continued) % of total
i 1
H C(s)Hr100}
R(e) S(c) ! "Is 0K !
K(G2) {dimenst V(z) {dimensl K(og) P(A1) ! *ls P*(A1) < <P'(A)MA:N(w) N(s) N(t)

Chemical {cm/sec) onless) (cmizec) onless) (cmisec) (mmHg) |_C(wi<GC __ PYA)___ /RT__i(g/m2'hr) (9/mZ'hr) (g/m2*hr) N(w) N(s)
Acenaphthene 1.57E-01 1.63E+08 447.02 368 2.43E01 1.90E-D4 VYES YES YES 6.47E-05 7.51E05 2.19E-03 202%  4.05%
Acenaphthylene 1.61E-01 1.63E+08 447.02 344 250E-01 3.23E05 VYES YES YES 7.24E-04 9.42E05 3.83E04 2256%  5.08%
Anthracene 1.32E-01 1.63E+08 447.02 465 204E-01 1.06E03 VYES NO NO 477E-05 2.44E07 1.26E05 148% 0.01%
Benzene 2.56E-01 1.63E+08 447.02 1.71 3.89E-01 2.07E04 YES YES YES 5.83E05 1.53E04 3.92E03 1.82% 8.25%
Benzo(a)anthracene 1.78E-01 1.63E+08 447.02 296 277E-01 1.03E08 YES YES YES 3.21E08 1.07E-07 1.35E-08 1.00% 0.01%
Benzo(a)pyrene 1.59E-01 1.63E+08 447.02 3.51 247E-01 8.58E-12 YES YES YES 296E-06 1.34E-09 1.00E-10 0.92% 0.00%
Benzo(b)uoranthene 1.03E-01 1.63E+08 447.02 6.67 1.60E-01 1.35E07 YES YES YES 232E-05 1.92E08 1.02E-06 0.72% 0.10%
Benzo(g,h,l)perylene 9.57E-02 1.63E+08 447.02 750 1.48E01 24209 NO NO NO 261E-068 4.84E-09 7.02E-10 0.08% 0.00%
Benzo(k)fluoranthene 1.03E-01 1.63E+08 447.02 6.67 1.60E-01 4.00E-12 YES YES YES 1.29E-05 4.12E-10 3.04E-11 0.40% 0.00%
bis(2-Ethythexyt)phthalate 1.39E-01 1.63E+08 447.02 430 215E-01 467E09 YES NO NO 6.28E-05 1.22E-09 2.04E-10 1.96% 0.00%
Butanone-2 .
Chloromethane
Chrysene 1.10E-01 1.63E+08 447.02 6.08 1.71E-01 9.00E-12 YES YES YES 2.56E-05 8.83E-10 7.27E-11 0.80% 0.00%
Di-n-octyiphthatate 7.90E-02 1.63E+08 447.02 999 1.22E-01 267E-05 YES NO NO 7.77€-07 4.64E-09 281E-08 0.02% 0.00%
Dibenzofuran 1.16E-01 1.63E+08 447.02 665 1.79E-01 1.10E04 YES YES YES 8.79E05 6.75E-05 9.31E-04 2.74%  3.64%
Ethylbenzene 2.30E-01 1.63E+08 447.02 201 23.58E-01 3.55E-05 VYES YES YES 821E06 1.61E05 6.02E-04 0.26% 0.87%
Fiuoranthene 1.25E-01 1.63E+08 447.02 499 1.95E-01 1.25E-03 YES YES YES 5.62E-05 3.59E-04 1.15E-02 1.75% 19.36%
Fluorene 1.41E-01 1.63E+08 447.02 419 219E01 529E06 YES YES YES 130604 1,75E-05 ©5.48E-0S 4.04% 0.95%
m,p-Xylenes 2.20E-01 1.63E+08 447.02 215 3.42E-01 361E-04 YES YES YES 8.86E-05 1.59E-04 5.85E-03 2.76%  8.60%
Methyinaphthalene-2 1.71E-01 1.63E+08 447.02 314 266E-01 155E05 VYES YES YES 6.55E-04 6.08E-05 1.95E-04 20.43%  3.28%
Naphthalene 1.96E-01 1.63E+08 447.02 256 3.056-01 1.73E-04 YES YES YES 7.68£-04 3.99E-04 2.50E-03 23.95% 21.55%
o-Xylene 2.54E-01 1.63E+08 447.02 173 3.96E-01 741E05 YES YES YES 3.27E05 5.08E-05 1.39E-03 1.02% 2.74%
Phenanthrene 1.34E-01 1.63E+08 447.02 453 208E-01 3.42E04 NO NO NO 1.03E-04 1.26E-04 2.07E-03 3.20% 6.78%
Pyrene 1.17E-01 1.63E+08 447.02 554 1.82E-01 1.04E-10 YES YES YES 489E05 B8.95E09 8.91E-10 1.52% 0.00%
Styrene 2.22E-01 1.63E+08 447.02 212 3.45E-01 8.78E05 YES YES YES 475E-05 S609E05 1.11E-03 1.48% 2.75%
Toluene 2.54E-01 1.63E+08 447.02 173 3.96E-01 3.73E-04 VYES YES YES 9.83E-05 2.22E-04 6.99E-03 3.06% 11.99%
Total Total 3.21E03 1.85E-03 3.97E-02 100.00% 100.00%

* C(w), C in units of glcm3; P*(A1), P*(A) in units of atm; C(s)H/1000K(d), P*(A)MA/RT in units of mg/cm3

INDHAR2A XLS
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5.53%
0.97%
0.03%
9.87%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
2.35%
1.52%
28.95%
0.14%
14.74%
0.49%
6.30%
3.50%
5.21%
0.00%
2.80%
17.61%

100.00%



3.2.11 PM-10 Emissions

3.2.11.1 Introduction

The particulate emissions from the proposed CDF were calculated based on the preliminary design presented in the
draft Environmental Impact Statement. The formulas used to calculate the emissions are from Supplement B,
AP-42, Compilations of Air Pollutant Emission Factors.

The particulate emissions from the proposed CDF have been divided into two parts. The first part includes the
construction of the dike walls and the second part includes the operation or filling of the CDF with dredged
material.

3.2.11.2 Construction

The major construction of the CDF will take place during the first two years when the first stage of the dike walls
are built. The construction will be staged over a time period of six months during each year. The first stage of the
dike walls for the SW cell will be constructed the first year and the walls for the N and SE cells will be constructed
during the following year. The worst case or maximum particulate emissions would occur during the second year
because the construction acreage is larger than the first year. The emission factor for heavy construction
operations was used because it best suited the construction operation. However, the emissions estimate will be
conservative because the heavy construction operations described in AP-42 include land clearing, blasting, and cut
and fill operations and these operations would not occur during construction of the CDF.

The emissions during construction of the N and SE cells is estimated to be 41.7 tonsfyear. Table 6 presents the
calculations.

3.2.11.3 Operation

Sediment from Indiana Harbor and Canal will be dredged and placed in barges or scows. The barges will be
unloaded at the ECI facility from the canal using a clamshell bucket and placed into trucks or onto conveyor belts.
It will be assumed that trucks are used because that will generate the highest particulate emissions. The trucks will
transport the dredged material to the CDF using haul roads and the CDF dike walls. The material will be placed
into the cell and the truck will return to the barge for an additional load. In the mean time, the material will be
reworked in the cell by a bulldozer. The bulldozer will spread and distribute the material around in a manner to
promote dewatering. It is estimated that the dredging operation will last for four months of the year. Just as the
construction of the cells alternated, the filling of the cells with dredged material will alternate. The worst or
maximum emissions will occur on the years that the N and SE cells are filled. The following emissions were based
on the volume of sediment dredged when those two cells are filled concurrently.

Four sources were considered for the total emissions generated during the operation of the CDF. The sources are
as follows:

1) Handling the wet sediment (lifting from the barges into trucks and dropping loads from the trucks into the
CDF),

2) Dump trucks traveling on unpaved roads;

3) Reworking of the dredged material inside the CDF by a bulldozer; and

4) Particulate emissions from exposed sediment in the CDF.

Starting with the first source, the following discussion will provide the emissions from Table 6 and assumptions
made to arrive at the emissions. Conservative numbers were used for the assumptions. The emissions from
handling the wet sediment are approximately 0.3 tons/year. The emissions from the dump trucks hauling the
dredged material are conservatively estimated at 1 ton/year. Although the silt and clay content (particles less than
10 microns) of the haul road construction material could range from 10 to 30 %, it was assumed to be 30 %. Also,
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Table 6 - PM-10 Emission Calculations

CONSTRUCTION
Emission factor (EF) = 1.2 tons per acre (from AP42, p. 11.2.4-1, Supplement B}

Calcutlating emissions, tons/yr
Emissions = 1.2 x acres of construction (per month) x months of construction

acres of dike (N & SE cells)= 35
acres of construction {per month) = 5.80
Emissions = 41.7 tons/yr :
Maximum Yearly Total for Construction 41.7 TONS/YR
OPERATIONS

1. Handling wet sediment {lifting into trucks and dropping into CDF)
Calculating emission factor (EF) per ton of sediment (from AP-42, p. 11.2.3-3, Supplement B)
EF={(k*0.0032*((u/5)" 1.3)}(/((m/2)" 1.4)

k =particle size multiplier 0.35 (AP-42, <10 um)
u=mean wind speed, mph 10 (Table 4, App T)
m=moisture content, % 0.5 {Table E-3)

EF= 0.02 Ib/ton wet sediment

Calculating emissions, tons/yr -
Emissions = EF times tons of sediment hauled/yr times number of times handled

tons of sediment/yr= 17,000 (Cost Engineering)
number of times handled = 2
Emissions = 663 Ib/yr .
= 0.3 ton/yr 0.3 tons/yr

2. Dump trucks on unpaved roads
Calculating emission factor (EF) per mile (from AP42, 11.2.1-1, Supplement B)
EF=k*5.9°(s/12)*(S/30)* ((Wt/3)"0.7)"{(w/4)"0.5)*{(365-p)/365)

k =particle size multiplier 0.36 (AP-42, <10 um)

s =silt & clay content (wet), % 0.3 (GeoTech)

Assumed dump truck is D230B Caterpillar  (Cost Engineering)

S =speed, mph 20 (Cost Engineering)

Wt =vehicle wt (full), tons 33.5 (Cost Engineering)

w =numbaer of wheels 8 (Cost Engineering)

p =days precip > 0.01” 116 {Hydraulic Engineering)

EF= 0.16 Ib/mile

Calculating emissions, tons/yr
Emissions = EF times miles traveled per year
miles traveled = 12,300 (Cost Engineering)
Emissions = 1,970 Ib/yr
= 1.0 tons/yr 1.0 tons/yr

3. Reworking of dredged material in CDF by bulldozer (equate to tilling solil}
Calculating emisson factor (EF) per acre (AP-42, p. 11.2.2-1, Supplement B)
EF=k*4.8*(s"0.6)

k =particle size multiplier 0.21 (AP-42, <10 um)
s =silt & clay content, % 0.18 (Figure E-5)
EF= 0.336 Ib/acre

Calculating emissions, tons/yr
Emissions = EF times acres/yr
acres/yr = 218 (CDF plan view)
Emissions = 0.037 tons/yr 0.04 tons/yr

4. Particulate emissions from exposed dredged mat'l in the COF
{reference Risk Analysis of draft EIS, Appendix T, Table 14)

Emissions = 5,395 Ib/yr (Table 14, App T}
= 2.70 tons/yr 2.70 tons/yr
Maximum Yearly Total for Operation 4.0 TONS/YR
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the full weight of the truck was used for the round-trip distance instead of the weight of a full truck to the CDF and
weight of an empty truck for the return trip. The next source is from the bulldozer which will rework the dredged
material after it is placed in the CDF by the trucks. This operation was estimated to produce the same emission as
agricultural tilling for lack of a better comparison. The emissions are estimated at 0.04 tons/year. The highest
source of emissions, 2.7 tons/year, is from wind erosion of the exposed dredged material in the CDF. This was
calculated in the Inhalation Risk Assessment presented in Appendix T of the draft Environmental Impact
Statement. The total emissions during operation is approximately 4 tons/year.

3.2.11.4 Total PM-10 Emissions

Construction of the dike walls will not always occur concurrently with operation of the CDF. In addition, the
emissions presented above include the maximum acres of construction and the maximum amount of dredged
material placed in the CDF which will occur during the beginning. As the CDF increases in height, the inward
slope of the dike walls will cause a decrease in construction area and volume of dredged material.

Adding both of the emission totals together, the maximum emissions is 46 tons/year. However, both the
construction and operation emissions are based on the N and SE cells because the two cells are larger than the SW
cell. Since the construction and filling of the two cells will not occur within the same year, the total emission from
construction and operation is conservative. In fact, after the first eight years of operation, the filling pattern will
change. Filling of the cells will change to a four year cycle. A different cell of the three cells will be filled each
year, and no filling will occur during the fourth year. Therefore, the emissions of 46 tons/year are conservative.

The ECI site is located in northwest Indiana which is a moderate non-attainment area for PM-10, therefore, the
PM-10 emissions from the project cannot exceed 100 tons/year. With a conservative maximum estimate of 46
tons/year, the particulate emissions does not exceed the annual limit. IDEM reported that the PM-10 inventory
(1990) for this area is 16,611 tons/yr. The PM-10 estimate for the project is less than 10% of the annual inventory,
excluding the project as a regionally significant activity.

33 Procedure

Procedural requirements of the conformity rule allow for public review of the Federal agency’s conformity
determination. Although the conformity determination is a Federal responsibility, state and local air agencies are
provided notification and their expertise consulted. No documentation or public participation is required for
applicability analyses that result in de minimis determination.

The Federal agency must provide a 30-day notice of the Federal action and draft conformity determination to the
appropriate EPA Region, and State and local air control agencies. The Federal agency must also make the draft
determination available to the public to allow opportunity for review and comment.

4. ODOR ANALYSIS

41 In order to address the potential for odors to emanate from the dredging/disposal operation, an odor
analysis was completed. A literature review was conducted to determine odor thresholds in air, and/or background
air concentrations for the chemical compounds modeled in the VOC analysis. Several compounds were identified
from the available information, these include Benzene, m,p-Xylenes, Naphthalene, o-Xylene, Styrene, and
Toluene. As shown in Table 7 the VOC emission rate for all six chemical compounds is highest for the CDF
sediment locale (N(s)). In addition, these six chemical compounds were estimated to produce 55.8% (Table 5) of
the total VOC emissions from this local.

4.2 The flux rates from N(s) were input into a dispersion model to estimate the chemical concentration in the
air from VOCs being released from the sediment. USEPA’s SCREEN model, developed by the Office of Air
Quality Planning and Standards was used to do the dispersion modeling. For all scenarios the emission source was
assumed to be level with the ground surface. This is a conservative assumption which maximizes the modeled
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chemical air concentrations, since the CDF is surrounded by a dike which effectively raises the emission source
above the ground surface. In Table 7, the column labeled “Onsite Modeled Conc.” provides the modeled air
concentration, to which workers directly involved in managing the sediment within the CDF could be exposed to.
In all cases, these concentrations are substantially below the Occupational Safety and Health Administration’s
(OSHA) Permissible Exposure Limit (PEL).

43 The column labeled “Max Modeled Conc. from emission source” provides the maximum chemical
concentration in the air away from the emission source. This value occurs at a distance of approximately 20 m
from the exposed sediment source. The receptor for this calculation was assumed to be at a vertical height of 1.6 m
(5.3 ft). As noted above, the dredged material within the CDF is surrounded by a dike and access area which, at a
minimum, would provide a space of 30 m to the fence line as shown in Figure 1.
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Table 7 - Results of Odor Analysis

Max Modeled Back-
Conc. from Offsite ground
Onsite emmission Modeled Conc. Odor
Modeled source Conc. {ug/m3) S.E. Threshold
Cone, (20m) (100m) study/S.W. (ug/m3)in OSHA/PEL % of Total
Chemical M(A) (gimol) _ N(w)(g/s) N(s)(g/s) N(t) (g/s) (ug/md)' (ug/m3)?  (ug/im3)®  study* alr® (ug/m3)*  CDF Flux
Acenaphthene 154.21 5.25E-05 8.95E-03  1.34E-03
Acenaphthylene 152.21 5.86E-04 1.12E-02  2.34E-04
Anthracene 178.23  3.87E-05 2.91E-05 7.68E-08
Benzene 78.10 4.73E-05 1.82E-02  2.39E-03 476 14.3 4.9 4.41/6.26 4,500 3,150 8.25%
Benzo(a)anthracene 228.30 2.60E-05 1.27E-05 8.22E-09
Benzo(a)pyrene 25230 2.40E05 1.60E-07 6.13E-11
Benzo(b)fiuoranthene 252,32 1.88E-05 2.29E-04 6.25E-07
Benzo(g,h,l)perylene 27634 211E08 5.77E-07 4.29E-10
Benzo(k)fluoranthene 25232 1.05E-05 4.90E-08 1.86E-11
bis(2-Ethylhexyl)phthalate 380.56 5.09E-05 1.46E-07 1.2SE-10
Butanone-2
Chloromethane
Chrysene 228.20 2.08E-05 1.0SE-07 4.44E-11
Di-n-octylphthalate 390.56 6.29E-07 5.53E-07 1.72E-08
Dibenzofuran 22200 7.12E-05 8.04E-03 5.69E-04
Ethylbenzene 106.20 6.65E-08 1.92E-03 3.68E-04
Fluoranthene 202.00 4.55E-05 4.28E-02 7.02E-03
Fluorene 166.00 1.05E-04 2.09E-03  3.35E-05 .
m,p-Xylenes 106.16 __ 7.18E-05  1.90E-02 _ 3.58E-03 497 14.9 5.1 18.797 348 433,300° 8.60%
Methylnaphthalene-2 14219  S5.31E-04 7.24E-03  1.19E-04
Naphthalene 128.20  6.23E-04 4.76E-02  1.53E-03 1244 37.4 12.8 199 52,300 21.55%
o-Xylene 106.20  2.65E-0§ 8.06E-03  8.49E-04 158 4.8 1.6 18.797 348 433,300° 2.75%
Phenanthrene 178.22  8.32E-05 1.50E-02 1.26E-03
Pyrene 202.30  3.96E-05 1.07E-06  5.44E-10
Styrene 104.20  3.85E-05 6.07E-03  6.78E-04 159 4.8 1.6 ~—/2.13 638 212,500 2.75%
Toluene 92.40 7.97E-05 2.65E-02 4.27E-03 892 20.8 7.1 10.23/— 641 377,100 11.94%
’ozone (03) 48 260E-03 221E-01 2.43E-02 NA NA 60 'g4-109 1000 197
total 55.84%

" This value Is based on the minimium distance(1 m) that the SCREEN model can provide an air concentration. it is representative of the exposure to workers within the CDF.
2 This value is based on a 1.6 m high receptor. The value Is the maximium air concentration which occurs at a distance of 20 m from the emission site (COF Intedor)
3 This column provides the air concentration at 100 m from the edge of the dredged material.
4 Average of reported values in (USEPA, 1989) and (USEPA,1993).
5 Lowest value from either (USEPA, 1992B) or (ASTM, 1978)
SOSHA permissible Exposure Limit (PEL) time weighted average (8 hr. work shift, 40 hr. week).
7 This data point Is for Xylenes and Styrenes combined.
® value is based on Xylene mixture (Ortho-, Meta-, Para-).
® Flux rates for Ozone are based on the sumation of all the parameters In the table. Since Ozone Is formed in the upper atmosphere the first two columns are not applicable (NA).
The modeled concentration at 100 m , would also not actually occur, but is provided to show that if formation of ozone couki occur at this elevation, it would be within background concentrations wlthln 100
' Range Is for the arithmetic mean for years 1989-1884, Source is IDEM Alr Quality Subsystem Invemtory Report, Lake County. A
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Figure 1 - CDF Cross Section
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4.4 The column labeled “Offsite Modeled> Conc.” provides the ground level (worst case) chemical air
concentration at a distance of 100 m from the dredged material. It can be seen that at this distance the influence
of the VOC emissions from the sediment cannot be distinguished from background conditions for the data shown.

4.5 Finally, the emissions analysis indicates that the odor threshold for Xylene, Naphthalene, and Toluene,

may be exceeded within the interior of the CDF, however by a distance of 20 m (within the minimum distance to
the fence line) the odor thresholds are not exceeded for any of the chemical compounds.
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INDIANA HARBOR
CONFINED DISPOSAL FACILITY
EAST CHICAGO, INDIANA

APPENDIX W
REALL ESTATE SUPPLEMENT

INTRODUCTION

This Real Estate Supplement describes the overall real
estate requirements for the Indiana Harbor Confined Disposal
Facility.

PROJECT NAME

1. The project is the Indiana Harbor Confined Disposal Facility
as shown in the enclosed mapping (See Exhibit A).

LOCATION

2. Indiana Harbor and Canal (IHC) is an authorized Federal
navigation project located in East Chicago, Indiana. Project
features include breakwaters at the harbor entrance and a deep
water draft navigation channel. The bottom sediments in the IHC
are contaminated and not suitable for open water disposal in Lake
Michigan, nor are they suitable for unconfined upland disposal or
beneficial use. Consequently, dredging to maintain adequate
navigation depths has not been conducted at this harbor since
1972 due to the lack of an approved economically feasible and
environmentally acceptable disposal facility for dredged
materials from the IHC.

FINAL FEASIBILITY REPORT APPROVAL

3. In 1975, the Chicago District began to formulate an
economically feasible and environmentally acceptable plan for
disposal of dredged material from the IHC. On December 7, 1992
the District presented a briefing to representatives of the
Headquarters, U.S. Army Corps of Engineers (HQUSACE), on the
results of the plan formulation at that time. The HQUSACE
subsequently recommended that the Chicago District submit a draft
Comprehensive Management Plan (CMP) Report on the IHC dredged
material disposal issue as a decision document.
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On May 17, 1993, the District Engineer briefed the Acting
Assistant Secretary of the Army for Civil Works (ASA) (CW). 1In a
memorandum to the Director of Civil Works, dated May 21, 1993,
the Acting ASA (CW) provided further guidance regarding
preparation of this CMP Report, primarily concerning Resource
Conservation and Recovery Act (RCRA) liability and cost sharing
issues.

A draft CMP Report, dated June 1993, was prepared in
response to the Acting ASA (CW) and HQUSACE guidance. A revised
draft CMP report was prepared in response to the guidance
provided in CECW-LM memorandum, December 20, 1993.

The cost sharing for CDF construction was revised to reflect
legislation contained in the Water Resources Development Act
(WRDA) of 1996. Section 201 of WRDA 96 provides that dredged
material disposal facilities associated with the construction,
operation and maintenance of Federal navigation projects shall be
considered general navigation features and cost shared in
accordance with Title I of WRDA 86. Under section 101 (a) cost
sharing, the non-Federal sponsor would pay during construction 25
percent of the cost of disposal facility for a project with
depths greater than 20 feet but not greater than 45 feet. The
non-Federal sponsor would also have to pay an additional 10
percent of the cost of the disposal facility over a period not to
exceed 30 years but with the value of lands, easements, rights-
of-way and relocations credited against this additiomal 10
percent payment. :

DESCRIPTION
GENERAL DESCRIPTION OF THE AREA

4. Indiana Harbor is located in East Chicago, Lake County,
Indiana. It is on the Southwest shore of Lake Michigan, 4 1/2
miles east of the Illinois-Indiana State line and 17 miles from
downtown Chicago. The site is located in an industrial area.
The nearest housing development is over 1/2 mile from the site.
(See Exhibits C and D)

TOTAL ACREAGE TO BE ACQUIRED

5. Total land requirements for the Confined Disposal Facility
are 208.36 acres. This parcel is currently owned in Fee by the
Non-Federal Sponsor, the Indiana Harbor and Ship Canal Waterway
Management District. A railroad spur passing through the site
must be relocated. This relocation is further discussed in
Paragraph 13. No Federally owned lands are involved in this
project; however, navigational servitude will be invoked for the
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dredging portion of this project. Preliminary estimates are that
up to 2 1/2 million cubic yards of clay will be required for the
project. We have not identified a borrow site for this project
but are aware of a number of clay sources in the area. (See map
of CDF labeled figure 25, Exhibit A.) (Also see map of potential
Borrow sites in relation to the proposed CDF, Exhibit E.)
Engineering Division is exploring requiring the contractor to
provide the needed borrow material and is considering using fly-
ash in lieu of clay as a for much of the liner. Their opinion is
that a borrow site will not be required and that one or both
other alternatives will be used.

PUBLIC LAW 91-646 RELOCATIONS

6. No Public Law 91-646 relocations are required for this
project.

NON-FEDERAL SPONSOR CAPABILITIES

7. The non-Federal Sponsor for this project is the East Chicago
Waterway Management District. There is only one tract required
for this project which the non-Federal Sponsor already owns in
fee. For this reason, the Real Estate Acquisition Capabilities
Assessment was abbreviated to address the pertinent questions.

I. Legal Authority:

a. Does the Sponsor have legal authority to acquire
and hold title to real property for project purposes? Yes.

b. Does the Sponsor have power of eminent domain for
the project? No.

c. Does the Sponsor have "quick take" authority for
this project? No

d. Are any the lands/interests in land required for
the project located outside of the Sponsor's political boundary?
No.

e. Are any of the lands/interests required for the
project owned by an entity whose property the Sponsor cannot
condemn? Yes, the offshore dredging area is owned by the state
of Indiana; however, Navigational Servitude of the United States
is invoked for obtaining the rights for this temporary work area.

f. Will the Sponsor likely request USACE assistance in
acquiring real estate? Yes, the Sponsor has no condemnation
powers under its statutory authorities and, unless subsequently
obtained, will request that the Federal government perform a
friendly condemnation suggested by the railroad. All other CDF
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lands are already owned in fee by the non-Federal Sponsor,
including lands to be provided for the railroad relocation.
Navigation Servitudes will be asserted for the dredging
operations.

g. Will the Sponsor's staff be located within
reasonable proximity to the project site? Yes.

h. Has the Sponsor approved the project/real estate
schedule/milestones? Yes.

i. With regard to this project, the Sponsor is
anticipated to be: Fully capable.

II. Coordination:

a. Has this assessment been coordinated with the
Sponsor? Yes

b. Does the Sponsor concur with this assessment? Yes

BASELINE COST ESTIMATE

8. An appraisal has not been prepared for the real estate for two
reasons. First, the site is not marketable and therefore has no
value. USEPA has determined that the site cannot be used for any
purpose until closure and corrective action is completed.

Closure will not take place at the time the non-Federal sponsor
issues a right of entry for construction, but rather, after the
CDF is capped. Secondly, the sponsor understands and concurs in
this determination. A confirmation letter has been sent to the
sponsor summarizing that understanding.

The proposed site was formerly owned by Energy Cooperative,

Inc. (ECI). This site was a former oil refinery which was
demolished in the 1980's. The refinery operations included the
production of mineral spirits, propane, unleaded gasoline, fuel
0il, kerosene, asphalt, grease, lubricating oils, paraffin wax,
phenols, and sulfur. Additional investigation in 1990,
including discussions with the U.S. EPA and the State of Indiana,
indicated that the oil refinery structures on the site had been

- removed above the ground surface. However, there were facilities
below ground level which had not been removed, including two
structures which come under regulatory authority of the Resources
Conservation and Recovery Act (RCRA). The site currently has an
open RCRA status and is not available for use until corrective
action and closure is completed. The U.S. EPA has determined
that cleanup is not an economically viable alternative.

Based on a September 10, 1998 letter from the Assistant Secretary
of the Army (Civil Works), all site development features,
including RCRA features will be treated as dredged material
disposal features and cost shared in accordance with Section 201
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of WRDA 1996. Until that guidance was received, it was assumed
that the non-Federal Sponsor would be solely responsible for the
estimated cost of the closure.

There has been no wvalue included in the Real Estate portion of
the baseline cost estimate for a potential borrow site for two
reasons. First, it is anticipated that acquisition of a borrow
site will not be required. Secondly, the Construction Estimate
includes a value of $12/cubic yard for material to be provided by
the contractor. Based on our historical experience, this amount
will far exceed the cost of either acquiring a borrow site or
using fly-ash as a filler. As a result of these considerations,
only administrative costs have been included in the estimates.
(See exhibit B).

PROJECT AREA MAP AND ADDITIONAL SITE CONSIDERATIONS

9. See exhibits A, C, and D attached. The proposed ECI Confined
Disposal Facility is located on lands which have open RCRA
status. Approximately the south 400 feet of the ECI site (also
known as parcel I) previously housed the RCRA hazardous waste
units. These structures were razed along with the above ground
structures, but were never closed in conformance with RCRA
regulations. Proposals for closure of the RCRA hazardous waste
units in the State of Indiana must be approved by Indiana
Department of Environmental Management (IDEM). Due to the
ubiquitous nature of the on-site contamination on this parcel,
IDEM determined that closure in place would be most appropriate
for the area which previously housed the hazardous waste

units. The in-situ closure design of parcel I would include a
slurry wall, a gradient control system consisting of groundwater
extraction wells, which would maintain groundwater flow into this
portion of the CDF, and an overlaying three foot compacted clay
cap. The U.S. EPA has determined that construction of these
components would address the corrective action requirements for
parcel I as well as parcels IIA and IIB. These RCRA closure and
corrective action components have been incorporated into the
proposed CDF design.

MINERAL ACTIVITY IN THE VICINITY OF THE PROJECT
10. No mineral extraction activities are operating on or near

the project lands. No extractable minerals are known to exist
within the project lands.

PROPOSED NON-STANDARD ESTATES AND JUSTIFICATION

11. No non-standard estates are contemplated for this project.
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SCHEDULE OF ACQUISITION ACTIVITIES

12. All lands required for the project are owned by the
Non-Federal Sponsor except for the offshore dredging areas as
previously discussed, which will be covered by the Navigational
Servitude. A borrow easement will be required if the current
engineering decision to require contractors to obtain their own
borrow material as part of the contract bid is changed. The
Rights-of-Entry and Attorney Certifications will be completed
within one month of execution of the Project Cooperation
Agreement. The relocation of the railroad must be accomplished
prior to constructing the facility and may take six months to
complete through condemnation.

UTILITIES AND FACILITIES RELOCATIONS

13. A railroad spur bisecting the site will require relocation
in kind to the northern boundary of the site. Preliminary
negotiations with the railroad, CSX, indicate legal problems
exist between themselves and the State of Indiana regarding
railroad rights-of-way. They suggested a "friendly condemnation"
as the quickest way to resolve this problem. The non-Federal
Sponsor is expected to request that the Corps of Engineers
conduct the condemnation proceedings in their behalf and
understands that this is a local responsibility. However, the
Sponsor has no condemnation powers. They intend to enter into a
Memorandum of Agreement with the Governmment and fund all
activities associated with this work in advance. Conversations
with CSX indicate that the rail spur is active, supporting
several steel mills and an Amoco refinery and that they have no
intention of abandoning the line. A preliminary relocation plan
has been reviewed and approved by CSX. We have dealt with CSX in
the past and know that this track has been in service for a long
period of time. Our preliminary assessment is that the railroad
has a compensable interest and.a valid existing easement. An
Attorney Opinion of Compensability is being completed to confirm
the interest of the railroad.

ATTITUDE OF LANDOWNERS

14. The non-federal Sponsor is most anxious to initiate this
project since no dredging activity has been conducted in the
harbor since 1972. The sediment accumulation prevents ships from
carrying full loads in the harbor and the canal; thus, creating
an adverse economic impact to deep-draft navigation.

HTRW AND LIABILITY
15. Appendix R contains an analysis of HTRW materials located at

the site, which is presently owned in fee by the non-Federal
Sponsor. The primary Potentially Responsible Party, the previous
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owner ECI declared Chapter 7 bankruptcy and is no longer in
existence. ARCO, a previous owner, has participated to a limited
extent in corrective action. Proceeds from the bankruptcy
totaling $13.22 million were set aside for closure and
corrective action in a trust fund which is controlled by the non-
Federal Sponsor as trustee.

A risk analysis was performed concerning the construction of the
Site (See CMP Pages 129-130). Since the dredge material, also
containing contaminants, will be interspersed with the on-site
contaminants, further liability under RCRA by the previous owners
is unlikely, and CERCLA exposures for releases is less likely,
given the design of the CDF. Since USACE will be operating the
CDF until capped and will participate in monitoring after the
capping, USACE will be exposed to liability for any releases
under RCRA but will rely on the indemnification and cleanup
responsibilities of the non-Federal Sponsor pursuant to the PCA.
In addition to the trust fund, the Sponsor may, without
limitation, seek funding from the State of Indiana.
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CONFINED DISPOSAL FACILITY

INDIANA HARBOR, INDIANA

REAL ESTATE SUPPLEMENT
Code 01 — Lands & Damages
Baseline Estimate

Account Item Unit Qty $/Unit __ Total Contingency Totals Non-—Fed Federal
_ _ _ ($) ($) %___($) ($) ($)
O1A Project Planning M/D 25 632 15800 3160 20.00% 18960 0 18960
01B Acquisitions
01B2 ByLS Tract 0 0 20.00% 0 0 0
01B4 Review of LS M/D 0 0 10.00% 0 0 0
o1C Condemnations
01C2 ByLS Tract 1 15000 15000 3000 20.00% 18000 18000 0
01C4 Review of LS M/D 5 632 3160 316 10.00% 3476 0 3476
01D Inleasing
01D2 ByLS Tract 0 0 10.00% 0 0 0
01D4 Review of LS M/D 0 0 10.00% 0 0 0
O1E Appraisals
O1E2 By Govt (Contract) Each 0] 0 10.00% 0 0 0
0O1E3 ByLS EACH 0 0 10.00% 0 0 0
O1E5 Review of LS M/D o] 0 10.00% 0 0 0
O1F PL 91 ~646 Assistance
01F2 ByLS Tract 0] 0 10.00% 0] 0 0
01F4 Review of LS M/D o 0 10.00% 0 0 0
01G Temporary Permits
01G2 ByLS Each 2 600 1200 120 10.00% 1320 1320 0
01G4 Review of LS M/D 2 450 900 90 10.00% 990 0 990
01R Real Estate Payments
O1Rt Land Payments
01R1B ~ByLS Each 0 0 20.00% 0 0 0
-— 01R1D Review of LS M/D 0 0 10.00% o 0 0
>< 01R2 PL 91—-646 Title 1|
01R2B By LS Each 0 0 10.00% 0 0 0
E 01R2D Review of LS M/D 0 0 10.00% 0 0 0
0 01R3 Damage Payments
—— 01R3B ByLS Each 0 0 " 10.00% 0 0 0
- 01R3D Review of LS~ M/D 0 0 10.00% 0 0 0
g TOTALS — LANDS & DAMAGES 36060 6686 18.54% 42746 19320 23426
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