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Executive Summary

This report represents a Detailed Evaluation of Alternatives (DEA) of the
remedial alternatives presented in the Feasibility Study for the Lower Fox River.
This DEA reviews the range of remedial technologies used to develop the
aternatives in the FS and confirms that they are feasible. The DEA isintended to
develop a higher level of engineering detail for the individual technologies and
representative process options (capping, dredging, dewatering, and disposal), and
establishes a design basis for the technologies and representative process options
upon which final engineering and detailed design can later be performed.

The DEA does not pre-suppose or design the remedy, but rather provides
additional engineering content for those technologies and process options that
might eventually be incorporated into the remedy. The DEA is presented as a
transition effort; providing additional engineering detail subsequent to the FS, but
prior to detailed remedial design.

Technical Review Team

The DEA process began with the convocation of a Technical Review Team
(TRT). The TRT included local, national and internationally recognized
engineers, scientists, and sediment remedia contractors. The TRT also included
the co-chair of the National Research Council’s Committee on Remediation of
PCB-contaminated Sediments, and the Wisconsin Department of Natural
Resources and the U.S. Environmental Protection Agency.

The TRT evaluated the remedial alternatives presented in the Feasibility Study,
along with the available data for the Lower Fox River and reached the following
genera conclusions:

The range of dternatives in the FS that in combination, or
individually, have a high degree of probability of being able to be
successfully implemented.

The capping, removal, dewatering and disposal technologies are
implementable using currently available equipment and methods.
However, certain remedial technologies may not be implementable,
practicable, or face considerable social constraints in some reaches of
the River.

A well-defined remedial footprint (horizontal and vertical) is needed to
set the remedia boundaries, and to better refine the remedial cost. The
sengitivity of the costs, and feasibility, of all alternatives is highly
dependent on the remedial footprint.

The TRT recommended that effort be put into resolving variability
prior to construction, including (1) adequate and carefully-controlled
vertical and horizontal PCB distributions, (2) setting landfill space for
dredged sediments, and (3) physical sediment data upon which to base
removal or capping components.
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The TRT developed combinations of the representative process options, and
recommended that each of the technologies be developed within the DEA report.
Specifically, these included capping, dredging, material transport, dewatering and
wastewater treatment, solids treatment and disposal. In addition, the TRT
recommended that the permitting requirements, riverside land and access
requirements, specifications, and finally costs for each of the process options be
developed in more detail. The findings of the TRT then formed the basis for the
DEA report. Members of the TRT then also were part of the DEA report team.

Summary of Existing Conditions

Based upon the recommendation of the TRT, the DEA report examined the
existing conditions along the Fox River from the perspective of adequacy of
information upon which to develop a remedial design. These included upland
conditions (land-side support sites), operational considerations (mudline
elevations, water depth operational constraints), presence of in-water obstructions
to remedial activities (e.g., bridges, railroads, navigational channels, pipelines,
cables, piers, sunken vessels), hydraulic conditions (e.g., flood scour, flood
capacity, scour, ice), aswell as the adequacy of the existing sediment physical and
PCB data upon which to base a design.

Based on that review, data gaps were identified that would need to be addressed
for the remedia design. Of the information needed, the greatest uncertainty in
developing final engineering concepts and cost estimates is in the quantity of
sediment solids that would be dredged. This quantity, in turn, hinges on the
delineation of the 1 ppm contour and the solids content of the in-place sediment.
Additional sampling is recommended to better delineate the horizontal and
vertical PCB footprint, and to provide better physical data upon which to build
removal and capping alternatives.

A representative dredge plan was created based upon the PCB bed maps. The
dredge plan is presented as a series of plan drawings of dredged management
units (DMU). These engineering plan sheets show the removal elevation to the
bottom of the 1 ppm PCB footprint, and were used to develop dredged volume
estimates. Drawings similar to these would be required for any bid specification
package, and would need to be refined upon acquisition of additional PCB data.

Capping
The TRT concluded that capping is a viable component of aremedy for the River,
and that a detailed capping design, construction, permitting and cost evaluation be
developed for each of the three OUs. The DEA capping evaluation also addressed
long-term protection from contaminants, long-term liability, and operations and
maintenance. For all OUs, capping did not eliminate the need for removal actions
in order to meet the defined goals within the Proposed Plan.

Advective and diffusive flux calculations were conducted to determine the design
basis for the isolation cap. The cap design basis included allowance for mixing
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with underlying soft sediments, PCB isolation for 1000 years, operational
placement limitations, and included a factor of safety. Hydraulic calculations for
the 100 year flood were also conducted to determine that appropriate armoring
requirements for each OU.

For OU1, over 200 acres of sediment bed, representing 235,000 cubic yards (cy)
out of the 784,000 total cy of impacted sediment met the recommended technical
criteria for placement of a cap. Within OU3, 79 acres within the 1 ppm RAL met
the technical criteria for placement of a cap. This cap footprint represents
approximately 11% of the remedial volume (64,000 cy of the 586,788 cy). For
OU4, amaximum area of 262 acres, or 45% of the potential remedial volume (1.5
million cy out of 5.9 million cy). For al three reaches, the design basis for the
isolation cap was determined to be 18 inches of sand, with 6 inches of armor.
However, the armor specification required different grains sizes for the various
reaches.

Removal Actions

Three types of dredges were recommended for further development by the TRT;
(1) hydraulic pipeline dredge with cutterhead, (2) mechanical dredge with a haul
barge, and (3) mechanical dredge with hydraulic discharge (“hybrid dredging”).
The DEA developed evaluated each of these process options for each of the three
OUs.

At OU1, aproject consisting of hydraulic dredging and mechanical dewatering (as
described in the Proposed Plan and Record of Decision) remains practicable.
Using smaller-sized dredging equipment (to minimize sediment resuspension) and
typical production rates, the project could be completed over a duration of 3
years. The Bergstrom fill site at the southern end of the OU has potential as the
central processing site, pending a geotechnical evaluation of soil conditions.

The proposed remedy for OU3 and OU4, consisting of hydraulic dredging and
passive dewatering, is practicable. A timeframe of 8 to 11 years for a combined
project is anticipated. The most significant detail to be resolved will be the
acquisition of a very large parcel(s) of land, on the order of 500 acres, for the
construction of the necessary land-based facilities.  Assuming that this land
would be located in southern or eastern Brown County, the siting and design of
the overland dlurry forcemain would then be necessary. While implementable
using current technologies, both the construction of large land-based facilities and
an overland slurry forcemain are expected to generate significant interest from the
local community.

For OU3 and OU4, the use of a mechanical dewatering process at a riverside
location (compared to the use of an upland, land-based system) would greatly
reduce the land requirement and would avoid the need for an overland forcemain.
Mechanical dewatering would also significantly reduce the tonnage (and volume)
of sediment that would be landfilled.
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For OU3 and OU4, a hybrid dredging system (compared to a conventional
hydraulic dredge) provides the advantage of pumping solids at a higher
concentration. All other things equal, this attribute, when coupled with the use of
ariverside dewatering plant, could reduce the dredging duration.

Material Transport

Four means of transporting dredged material to a fina disposal site were
evaluated within the DEA; barge, hydraulic transport via pipeline, truck, and rail
transport. The use of haul barges to transport mechanically dredged solids is
considered a feasible means of transport in OUs 3 and 4, but is operationally
limited in OU1 due to depth constraints. Hydraulic transport using a series of
pumps and forcemains (pipes)to move dredged sediment as an aqueous slurry was
described in the Proposed Plan, and is still considered practicable and
implementable for OUs 3 and 4. For OU1 aforcemain was determined to be less
practicable. Pipeline routes, design basis, pumping requirements, and inwater vs.
overland routes were evaluated and presented. Truck transport of dredged solids
had been previously conducted at the Deposit N and the SMU 56/57
Demonstration Projects, and is practical and feasible for either a post-press filter
cake or for mechanically dredged sediments that have been drained of free water.
Rail transport could be implemented for either wet or dewatered sediment, and is
being used at several sites around the country for material transport. Existing rail
service lines within the Fox Valley were evaluated for potential for use in
transport.

Dewatering and Wastewater Treatment

Dewatering elements included course material separation, mechanical presses,
and gravity dewatering cells. Course material separation included screens or
hydrocyclones to separate sand from the finer fractions in the dredged sediments
before dredging, as was done in the previous demonstration projects. Based on
those projects, a minimum design requirement of 15 percent separation was
considered reasonable. Mechanical dewatering via plate-and-frame filter presses
or belt press were conducted as part of the demonstration projects and are
developed within the DEA. Filter presses have an established performance record
with the demonstration projects, whereas belt presses would require additional
development in order to demonstrate effectiveness for Fox sediments. However,
both remain viable alternatives.

A settling basin design was included in the DEA for either hybrid or hydraulic
dredging. A four-cell system was designed so that a single cell would hold al the
dredge sediments from one dredging season. The dewatering facility included
appropriate clay liners consistent with Wisconsin regulations, a granular drainage
layer, and a vacuum-enhanced under-drain system. The gravity-settled solids
would be rehandled after three to four years to a newly constructed NR500
landfill, or to avitrification facility.
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Carriage water from dredging operations requires treatment prior to discharging
back into the River. A wastewater treatment facility was detailed based on
granular media filtration and granular activated carbon polishing, consistent with
what was successfully accomplished at the demonstration projects.

Solids Treatment and Disposal

Vitrification, the process of melting sediments into a glass-like material, as a
treatment option was further developed in the DEA, and found to be
implementable for the treatment of dewatered sediment from OU3 and OUA4.
Vitrification provides the advantage of providing a permanent disposition of the
material. The DEA found that the most practicable application of vitrification is
when coupled with a mechanical dewatering process. Based on current
projections and plant design assumptions, the per-ton cost may not yet be
sufficiently low to compete favorably with a land disposal option. This issue
should be revisited periodically, as engineering improvements or project financing
options may eventually reduce the cost.

Disposal options considered both a combined dewatering basin/landfill, as well as
construction of a new monofill that could receive dewatered sediment solids. The
use of acombined “dewatering landfill” for management and disposal of OU3 and
OU4 dredge durry is practicable and the facility could be designed and
constructed under existing state rules. Because of the very large land area
required, however, it does not appear to offer cost savings in comparison with the
other options described above. Liner plans and typical sections for both the
dewatering landfill and a monofill were developed and presented.

Costs

The detailed engineering evaluation for each of the process options was used as a
basis for updating the costs presented in the FS. Within the DEA, costs were
developed only on the basis of individual technologies or process options, and not
for comprehensive remedial alternatives. For any of the technologies or composite
remedial alternatives, the costs consist of a combination of fixed capital costs
(such as for purchased equipment, buildings, equipment, etc.) and quantity-
proportional costs (such as for operating the equipment, consumable items, etc.
As aresult, there are very few true “unit costs’ (i.e., a cost per ton or cubic yard
that isvalid over any range of quantities). Because of this, costs derived in the FS
or DEA cannot always be applied to larger or smaller quantities of sediment that
might later be estimated. Similarly, if the project is broken up in to smaller
component projects (such as by deposit), aggregate costs are likely to increase
because of aloss of efficiency. In either event, both the FS and DEA use a set of
assumed quantities that will change after an expected, major pre-design sampling
effort is completed. Costswill change accordingly.
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1.2

Introduction
Background

The RETEC Group, Inc. (RETEC) has been performing Remedial
Investigation/Feasibility Study (RI/FS) work for the Wisconsin Department of
Natural Resources (WDNR) and United States Environmental Protection
Agency (EPA) Superfund program on the Lower Fox River and Green Bay
site since 1998.

In 2001, as the WDNR was proceeding with its remedy selection process, they
decided to perform some additional refinement of some of the remedial
technologies and process options identified in the Draft Feasibility Study (FS).
Towards this end, in early 2002, RETEC was awarded a contract to convene a
Technical Review Team (TRT) and conduct a detailed evaluation of remedial
alternatives. A summary of the findings of the TRT is contained in Appendix
A. This report and its supplements comprise the output for the detailed
evaluation of alternatives.

Discussion of The FS and Superfund
Process

The level of engineering performed at the FS stage is generally considered to
be “conceptual” (USACE, 2000). Based on contaminant concentrations and
exposure pathways, the FS identifies general response actions (e.g.,
containment, removal, institutional controls, etc.) that are necessary to protect
human health and the environment. To implement these general response
actions, a range of remedial technologies were identified and screened (e.g.,
capping, dredging, etc.). Then, individual technologies were assembled into
integrated remedial alternatives (e.g., dredging followed by disposal with
long-term monitoring of the residuals). The detailed analysis of these
remedial alternatives ultimately establishes the basis for remedy selection
(EPA, 1989). The extent of engineering detail is limited and concepts are
subject to change or refinement later in the Superfund process.

Within the FS, the individual remedial technologies and the integrated
remedial alternatives were developed to a level of detail sufficient to select a
preferred remedy from among a variety of possibly disparate approaches. For
example, for each technology that comprises a remedial alternative within the
FS, a representative process option is selected from what might be a lengthy
list of candidates. In situations like the Lower Fox River where a remedy can
be comprised of several remedial technologies each with several process
options, the number of combinations can be substantial. The FS assembled a
finite number of remedial alternatives which cover a wide spectrum of ways to
achieve the necessary risk reduction. This is necessary so that the comparison
of alternatives and remedy selection can proceed. The representative process
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option provides a basis for developing a preliminary design, but the actual
process may not be selected until detailed design is undertaken (EPA, 1988).
Another process option may be selected during remedial design if it is found
to be more advantageous (EPA, 1989). Thus, even at the point of remedy
selection and the development of a Proposed Remedial Action Plan (Proposed
Plan), significant engineering detail, cost estimating, and decision-making is
pending.

Within the Superfund process, the design of a remedy and the estimate of the
cost to complete a remedial action are influenced by the completeness and
accuracy of the conceptual site model. The model reflects the nature and
extent of contamination, the expected exposure pathways, and the overall
scale of the problem. It is first developed during the scoping of the RI/FS and
modified as additional information becomes available (EPA, 1996). As the
model is refined and engineering work on the selected remedy progresses,
uncertainty is reduced and estimates narrow. The Superfund process
anticipates that new information and additional detail will be developed
throughout the process and that these may result in modifications to earlier
work.  This inherent progression is reflected in the following graphic
(USACE, 2000).

Expected Cosi Eslimate Accuracy Along the Superiund Pipeline

; i 3
() Rerr;::kllﬂlaﬂﬂsahnnl : mﬂ) Remedial Design ’ Remadial Action ) Oparation & Maintenance )

+100%

50% Conceptual Design
Screening of
Altlematives

| Level of Project Definition
Low High

1.3 Purpose and Scope of the DEA

This report and accompanying drawings constitute the Detailed Evaluation of
Alternatives (DEA). The purpose of the work is to:

e Review the range of remedial technologies used to develop the
remedial alternatives in the FS, and confirm that they are feasible
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e Where possible, develop a higher level of engineering detail for the
individual technologies and representative process options
(capping, dredging, dewatering, and disposal) first developed
within the FS

e Establish a design basis for the technologies and representative
process options upon which final engineering and detailed design
can later be performed

This DEA should be considered to be a transition effort, providing additional
engineering detail subsequent to the FS, but prior to detailed remedial design.
The intent of the DEA is not to pre-suppose or design the remedy, but rather
to provide additional engineering content for those technologies and process
options that might eventually be incorporated into the remedy.

The scope of the DEA does not displace the FS, but extends the engineering
work started in the FS by providing a greater level of detail and site
specificity. The DEA establishes the design basis from which subsequent
final engineering and detailed design can quickly proceed.

To provide additional engineering detail for potential technologies and
process options, the DEA has developed the following:

e Additional engineering detail for such dredging process options as
hydraulic dredging, mechanical dredging, and “hybrid” dredging

e Engineering details for hydraulic conveyance of dredge slurry
e Engineering details for a sediment cap

e Identification of potential land availability and siting
considerations for the construction of land-based remediation
facilities

e Additional process detail for such remedial technologies as
dewatering, wastewater treatment, materials handling and materials
transport, including general arrangement drawings for these kinds
of facilities

e Design basis and preliminary sizing for potential disposal facilities

e Additional detail on permits and approvals for each remedial
technology

e Suggested scope and content for final construction specifications
for the range of remedial technologies and facilities that may be
required to implement a final remedy
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1.4

e An analysis of the effect of substituting other representative
process options for those originally included in the FS remedial
alternatives

The DEA is not a formal part of the Superfund process. It is intended as a
supporting document. Compared to the graph in Section 1.2, the work
represents a point just to the right of the “conceptual design” milestone (i.e.,
the FS), but still well short of what will eventually be developed at final
design. Both the DEA and a significant pre-design sampling program
(scheduled for 2003) will expand the level of project definition so that future
work can progress in the manner anticipated by the Superfund process.

Sensitivity Analysis of Process Options and
Contingent Remedy Selection

As described above, the original FS screened and retained a number of
representative process options. Some of these were then incorporated into
specific remedial alternatives. The DEA provides additional engineering and
cost detail to some of these process options, and their possible inclusion as
part of an integrated remedial alternative is further evaluated.

This evaluation is similar to a “sensitivity analysis”. The combination of
process options reflected in the remedial alternatives in the Proposed Plan
and/or Record of Decision (ROD) represents the “baseline.” For Operable
Unit 3 (OU3) and Operable Unit 4 (OU4), the DEA then evaluates the
technical and cost effect of substituting one or more process options for those
in the baseline. For Operable Unit 1 (OU1), the ROD identified a contingent
remedy that modifies one technology and adds another. The DEA evaluates
this combination further. The evaluations are contained in Section 10, and
summarized, as follows in the following table.
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Operable Units Where

Hydraulic dredging, transport via a slurry
forcemain, passive dewatering in basins, disposal
at a monofill (From the Proposed Plan)

Applicable
Ou3 and
out ou4
Baseline Alternatives
e Hydraulic dredging, mechanical dewatering, X
disposal at a monofill (From the ROD)
X

Analysis of Process Option Substitutes and Contingent Remedies

Scenario A: “Contingent Remedy” for OU1 — in-
situ capping in combination with removal

X

e Scenario B: Substitute hybrid dredging and X
mechanical dewatering at a riverside location (as
the dredging and dewatering technologies,
respectively)
e Scenario C: Substitute disposal in an upland X
dewatering landfill
X

Scenario D: Substitute mechanical dredging and
vitrification
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2 Summary of Existing Conditions

This section summarizes the upland and in-water conditions that are pertinent
to the alternatives analysis. The relevant existing conditions within the Lower
Fox River are documented in the Remedial Investigation (RETEC 2002) (RI),
and in subsequent White Papers to the Record of Decision for OU1 and OU2
(WDNR, 2003b). New information developed since the RI/FS is noted below.

2.1 OU1

2.1.1 Upland Conditions

OUTI includes all of Little Lake Buttes des Morts (LLBdM), and extends from
the Neenah and Menasha channel outlets from Lake Winnebago, to Appleton
Lock Number 1. Covering a total of 1,426 acres, OU1 is approximately 6
miles from north to south, and approximately 3,500 feet wide. This reach
includes sediment deposits A through H and POG. The total area of PCBs
exceeding the 1 ppm action level is approximately 441 acres (Figure 2-1).

The towns of Neenah, Menasha, and Appleton (Figure 2-2) are configured
around LLBdM. The regional land use along the Lower Fox River was
compiled by planning commissions in both the Fox Cities and Brown County,
and reported in the RI. The Fox Cities Area Existing Land Use Map (East
Central Wisconsin Regional Planning Commission [ECWRPC], 1996)
extends from the outlet of Lake Winnebago to a point about 5 km (3 mi)
downstream of Kaukauna. The Fox River Corridor Land Use Map (Brown
County Planning Commission, 1990) covers the entire length of the Lower
Fox River within Brown County. There is a stretch of river about 1.5 km
(1 mile) not covered by these two maps; however, land-use details on these
maps provide a general description of development in the river vicinity. The
approximated land use percentages for areas within about 0.4 km (0.25 mi) of
the bank of the Lower Fox River are in Table 2-1.

Table 2-1 Land Use Summary - Lower Fox River Valley

Land Use Fox Cities (1996) Brown County Entire River
(1990)
Residential 32.9% 25.5% 29.2%
Industrial/Commercial 26.2% 25.3% 25.8%
Woodlands 14.6% 17.9% 16.2%
Parks 11.6% 6.8% 9.3%
Agricultural 0.5% 11.4% 5.8%
Public 7.2% 1.3% 4.3%
Wetlands 5.1% 1.6% 3.4%
Vacant 2.0% 10.2% 6.0%

Notes:  Percentages are approximate and are intended to provide a general indication of land use along
the Lower Fox River. The Fox Cities includes all communities between Neenah/Menasha and Kaukauna.
Public land includes school properties.

WISCI-15933-121 2-1



e T e T N TR
PR, k. Tl
- [ Sy o e a
T e, ol T EE

1 .
PR

o
HE-

=11y
-. |III Illrll:|

1= gl
. : e ,_--ﬂ:::Ihl : \
APPLETQN
g, acan N, £ {'i

r

. F‘}bﬁ'ﬁﬂ]uﬂhﬂu,ﬁll_-hl’-u'.-u L

b oL B
I e & :

Deposit G

— ""._I_.. g

- -:!.'.._'.u.-_—.-

A ane

o 0
T

.
TETE .Y

10 b ol

-.!"
F R

" Belleega 1 ON

- -
o B

s

TE_'

Dam Locations

PCB Concentration (ug/kg)

i 4
B
I-I
"
[ .
A" i g
[ 1 L
iy fm then 7
" -
u ¥
p i o
. iy 1 1 = 3 ;-.. o
P e i
[ — A
[ " g ¥
i L F r O Y
;o " " d
b a 1 - o
. g B
q L N
-
& h o ...‘-_
L - Mg
I 1
" . ‘
i e
. 1|
Bl ) RS =
o il b, e e
o - " - ’ 5 :
B 1 B o Sy g BT 3
| F LT T =
# ey B L -
I 1 1 |
. Y o .
o N e " = ¥
§ - 4 2 o r H
Wl & - 3
1 - Ya 1
3 5 I y
5 % =L, - '
- ¥ Il A
e il st
i a
e ., d
o s : i
_- | .I L L d
- - » r i
M ] = .
i ! | — - L
E L
1
- ;.
¥ b wl -
- I-l.. T o
5, [l o L
. o, TR 3 F;
| i el
3 7|
L L. | |-' .- : -
i e [
s e 3 ¥
L al l”_ . & o
w - ] L - A i 7
p . 1 E - el g o
1 = s
. . S g M TR &
Y o el LA | Tl
& - Men 1 =
(] |-} T 1 II. T
hel A ] k
7 L —-EAL i
e = e
] = » ¥
i L,
- Bl e e
T - -
e o
. -
L’ L
5 W
'

i' 4

B
:

Ak

= - -

] - ] -E-:E"E

LAy
E _ \ ¥ L I.. . '.I_‘-! ':. “:I' - 3 l.-l :.:_- F Ls -.._-:‘ '3 ..'I. -;:;._ - |; ; [l
S -:: ¢ : — = o o ¥ :_. -t I:.I : ! .. & . ._ s ; '.. .. 1=
| i ovsr s, TN L A
x 2 I'\- i) = e - = > " . "1.'-.L § L A - B} i LI':.'E- I
i L .II 5 L I .- v A o J‘.‘ | _I = L o . '[ ; L

: ll- ' "y ] 1 |- . - II -

;

@ > 50,000

1000 2000

OPERABLE UNIT 1 DISTRIBUTION OF INTERPOLATED PCB

" _ . . CONCENTRATIONS IN SEDIMENTS (0-10 cm)
1 - 1000 Feet Lower Fox RlVer, Wisconsin (WISCN'15933'121) LlTTLE LAKE BUTTE DES MORTS

DATE: 12/20/02 |DRWN: SCJ/ SEA MAP: PCB Layerl.mxd FIGURE: 2-1




—— Bathymetric Contours
— Bridges

Dams
——— Railroads

LAKE WINNEBAGO

0 2,000 4,000
I ]
" OPERABLE UNIT 1 LOWER FOX RIVER BATHYMETRIC CONTOURS:
1"= 2’000 Feet Lower Fox River, Wisconsin (WISCN-15933-122) LITTLE LAKE BUTTE DES MORTS

‘l RETEC DATE: 01/30/03 | | FILE: OU1 Bathymetry.mxd [FIGURE: 2-2




Detailed Evaluation of Alternatives Report

The largest category of land use along the Lower Fox River is residential, and
this is especially evident in Figure 2-1 provided in Section 2 for OU1, where
the residential/industrial comprises 60 percent of the land use around LLBdM.

2.1.2 Operational Considerations

Mudline Elevations and Water Depth Constraints

Bathymetric contours, and corresponding mudline (bed) elevations are
presented in Figures 2-2 and 2-3. Bathymetric transects were conducted by
Ocean Surveys Incorporate (OSI) in 1999; metadata were provided as X and
Y coordinates for each recorded depth datapoint and were reported in meters
as Wisconsin Tranverse Mercator (WTM) NAD 1927. The OSI transect data
were converted to WTM NAD 1983, and depth contours were generated using
ArcView 8.0. To set mudline elevations, lake level was set at 736.1 feet
above mean sea level (MSL) (lower water datum), based upon the published
NOAA lake elevations between the Menasha Lock and Appleton Lock
Number 1 (NOAA, 1992). Water depth contours were subtracted from the
base lake elevation, to yield mudline elevations on 1-foot contour intervals.

Water depths may present operational constraints for in-water work. Most of
the OU water depths are less than 5 feet, and less than 2 to 3 feet in areas
around deposits A/B, C, and POG. Within the central part of the river along
the thalweg, depths are greater than 5 feet; being 10 feet deep throughout the
central part of the River, to a maximum depth of 18 feet at the north end of the
ou.

Depth to mudline is shown in Figure 2-2. The mudline elevation in OU1 is
generally greater than 730 ft. msl; corresponding water depths are less than 6
ft (NOAA, 1992). Within the center of the lake, elevations extend down as
low as 725 ft. Bed elevations near deposits A, C, and POG are 732 feet msl or
greater.

Mudline elevations in OU1 are estimates; they have specific uncertainties
associated with the type of survey conducted, and lack of specific QA/QC
information. Detailed project information was not forwarded with the OSI
survey data. Based upon a review of what was provided, the existing
bathymetric surveys do not appear to meet the USACE specifications for
conducting construction surveys (USACE, 2002). The transects were run
parallel to the shore, an average of 300 feet apart, with no apparent overlap. In
addition, near-shore transects were no closer than 100 feet from the shoreline,
leaving a data gap in terms of depths and changes in contours near shore. It is
not clear whether a single, or multi-beam survey was conducted, and what the
water elevation was in each OU at the time of the survey.
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Pre-design surveys conducted according to USACE specifications are required
for final design. At a minimum, transect lines conducted perpendicular to the
flow of the river no more than 100 feet apart will be required. An additional
bathymetric and a sidescan sonar survey, tied to fixed locations in WTM 1983
and measured lake elevation levels, are required.

Dams

OU1 is bounded on the southern end by the dams impounding Lake
Winnebago at Neenah and Menasha, and on the northern end by the Upper
Appleton dam. These three dams are indicated on Figure 2-1. There are no
indications of dam removal requirements or plans for any of the three dams
bounding OUI.

The Neenah and Menasha Power Company own the Neenah dam, while
ownership and maintenance of the other two are the responsibility of the
USACE. Based upon structural reports conducted in 1989 and 1994 for the
Menasha Dam, the dam is in good structural condition overall and no
structural deficiencies were found that would effect the operation of the dam.
However, in 1989 1,200 tons of armor stone were placed to fill scour holes.
For the upper Appleton dam, the USACE reported in 1995 that the dam was in
satisfactory condition, but that it could be expected to degrade over time. No
significant structural deficiencies were found that would immediately affect
the safety or operation of the dam. There were no safety inspection reports
available for the Neenah dam.

All three dams impounding waters into and out of OUI are classified as
“large” dams', and are classified as High Hazard when their failure would put
lives at risk. The “hazard” rating is not based on the physical attributes,
quality, or strength of the dam itself, but rather the possibility of loss of life
and property should the dam fail.

Any consideration for leaving sediments in place (natural attenuation or an in
situ cap) will need to consider the maintenance of the dam/lock system as an
institutional control with requirements for maintenance of the system in
perpetuity. All three dams have Federal Energy Regulation Commission
(FERC) re-licensing requirements, which would need to be considered in any
long-term planning and/or permitting. For this engineering analysis, only the
containment of sub-aqueous contaminants was considered (i.e., the long-term
maintenance of the dams is assured). In a final design, a component of safety
for safe isolation under conditions of dam failure, and/or the creation of
remnant on-land deposits, should be considered.

" A dam with a structural height of over 6 feet and impounding 50 acre-feet or more, or having a
structural height of 25 feet or more and impounding more than 15 acre-feet is classified as a large dam.
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A detailed description of the dams in all operable units (OU) is given in White
Paper No. 4 — Dams in Wisconsin and on the Lower Fox River, to the
December 2002 Responsiveness Summary (WDNR, 2002b).

Federal Navigation Channels

Navigation channels are indicated on the U.S. Army Corps of Engineers plan
sheets (USACE Detroit District) in OU1 at the Menasha Lock on the southern
end, and the upper Appleton Lock on the northern end, and are shown in
Figure 2-6.

The Menasha channel is authorized to a project depth of 6 feet, a width of 100
feet, and extends approximately 3,400 feet into LLBdAM. The Menasha
Channel passes through Deposit POG. The Upper Appleton Channel is
authorized to a project depth of 7 feet, a width of 100 feet, and extends
approximately 6,000 ft. southward into LLBdM. The Upper Appleton
Channel does not extend into any identified PCB-containing deposits in
LLBdM. The navigation channels do not extend further into LLBdM; there is
currently sufficient water depth in Little Lake Butte des Mortes (> 6 feet) to
accommodate navigation needs.

Infrastructure and Obstructions to In-water Operations

Infrastructure that have the potential to impact remedial operations are shown
in Figure 2-4. These include the railroad crossing at Menasha, the Highway
441 bridge, water intakes and discharge outfalls, submarine pipelines,
overhead cables, and cribs placed by WDNR for fish breeding. These sources
of information come from both the NOAA chart for LLBdM, as well as from
a GIS listing of structures obtained from WDNR and Winnebago County.

Transportation corridors across the River represent potential barriers to
in-water work. While not operational, the rail crossing sits on pilings with
insufficient overhead clearance to pass a vessel under the rail trestle. The
Highway 441 bridge does not represent a barrier to in-water removal
activities, but could impact potential capping locations. Discussions are
occurring within the Wisconsin Department of Transportation about adding a
second bridge south of the current one, which may need to be considered in
final design.

Aerial cable crossings are indicated near deposits A and B, and at the northern
end of Stroebe Island. The only indicated submarine cable is indicated at the
upper Appleton Dam.
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Outfalls and submarine pipelines occur through or in the vicinity of deposits
A/B, C, POG, and E. The pipelines that run from Neenah are indicated as gas
pipelines. The municipal sewer outfall runs from Menasha through Deposit
POG. A pipeline runs through the southern edge of Deposit E, but the
contents are unknown. Underwater structures that must be considered include
existing water intake lines for Eggers Industries and Kimberly-Clark, located
in Deposit A. Additionally The Eggers Industries line is abandoned, but the
Kimberly-Clark line is still active.

Natural obstructions or in-water structures indicated on the NOAA charts
include submerged pile, rocks, and other unknown obstructions. Neenah
Slough discharges adjacent to the Bergstrom Fill, and must be considered with
any action involving deposits A, B, or C.

Prior to completing remedial design, the nature and extent of these in-water
structures and obstructions must be understood and well demarcated. This is
best achievable through the use of detailed side-scan sonar surveys, as well as
checking with the local utilities for the presence of in-water cables and
pipelines.

Recreational Use

Principal known recreational uses on LLBdM include fishing, boating, sailing
and personal watercraft (e.g., jet ski). Recreational use was not covered in the
RI, and hard data on the actual area use was not available for the DEA. For
the purposes of design, the DEA does make an assumption that all recreational
boats within OU1 will have a draft of less than 3 feet. At a minimum, it will
be necessary to prepare and release post-construction navigation charts to the
public to reflect changes in depth conditions

2.1.3 River Characteristics

Hydrodynamic Conditions

Water flow and velocity rates in OU1 are typically low, owing to the fact that
LLBdM is a wide, generally shallow lake in comparison with the rest of the
river. Water is controlled into the lake by releases from Lake Winnebago. As
the lake narrows in the upper region, velocities increase. As reported in the
RI, discharge records by the Appleton water department show that the flow
into OU1 generally exceeds 96 m’/s (3,400 cfs). A flood frequency evaluation
completed by USGS (Krug, et al., 1992) showed that the expected 10-year
flood discharge is 544 m’/s (19,200 cfs) while the 100-year flood flow is over
685 m*/s (24,200 cfs), which is 5 to 6 times greater than the average discharge
of 122 m?/s (4,300 cfs). There are no projections for 500 or 1000-year floods.

Maximum bottom velocities that could be expected in OU1 were estimated
from the modeled projections developed in the Evaluation of the
Hydrodynamics of the Lower Fox River between Lake Winnebago and
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De Pere, WI. (HydroQual, 2000) (Figure 2-5). The projections developed in
that document were for the period of January 1, 1989 to May 31, 1990, and
had a maximum measured flow of 408 m’/s. The 100-year flow conditions
were not estimated for OU1.

To estimate the 100-year flood velocities, the linear regressions developed by
HydroQual (HydroQual, 2000) relating flow and velocity were used.
Applying these velocity-flow relationships to the 100-year flood flow of 680
m’/s results in an increase of between 1.2 and 1.9 times the velocities
developed for 408 m’/s.

There is a lack of direct-measured bottom velocities within all operable units
of the Lower Fox River. As such modeling estimates are used in the basis of
design. Limits to the interpretation lie within the estimate of velocities within
OUl, and changes that would occur with loss of hydraulic control. Additional
hydrodynamic conditions data would improve the estimates.

Geological and Hydrogeological Conditions

The current understanding of the regional geological and hydrogeological
conditions is documented in Section 3 of the RI. The Lower Fox River is
fairly well documented to have either relatively nonporous clay or bedrock
underlying most of the River. Based on the fine-grained glacial deposits which
underlie the Lower Fox River and the absence of regional groundwater
extraction, there is little groundwater recharge from the Lower Fox River into
the upper aquifer. Available information also indicates little potential seepage
(advection) due to groundwater flow.

The regional geology of the Fox Valley does include sand stringers or
fractured bedrock. These features would need to be considered during
sampling for final design purposes. This information should be derived based
upon drilling and logging of cores in the uplands, parallel to the capping area.
If a shallow aquifer is identified to occur within the elevations from the
mudline to the bottom of the contaminated sediment, the overall gradient,
flow rate, and emergence points will need to be identified. In addition, the
presence of sand stringers may be identified by complete logging of sediment
cores collected through, and into, the underlying native materials.

Flood Flow Capacity

Federal Flood Emergency Management Act (FEMA) floodplain map for
Outagamie County along the shores of LLBdM are shown in Figure 2-6.
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Remedial alternatives for OU1 have the potential to influence flood flow
capacity. Chapter 116 of the Wisconsin Administrative Code (WACQ),
Wisconsin’s Floodplain Management Program, details the regulations for
construction and development in floodways and floodplains. NR 116 requires
that an in-water construction (including a cap) would be required to undertake
a determination of the potential effects on the regional flood heights. This
would require a substantive study on the hydrologic and hydraulic conditions
pre- and post-construction to determine if there would be an increase in flood
height due to any potential cap placement. NR 116.03(28) defines an
“increase in regional flood height” as being equal to or greater than 0.01 foot
if a cap would result in an increase in regional flood height.

FEMA Flood Zone maps were obtained and plotted for the 100-year and
500-year floods. Within OU1, the 100-year FEMA flood zone is indicated
throughout most of the length of OUl and may be specifically affected by
remedial actions within deposits A/B, C, POG, E and F. The 500-year flood
zones are indicated at the southernmost point at Neenah, and along Strobe
Island. Remedial actions at deposits A/B, C, POG, E and F may affect
500-year flood zones.

Ice Conditions

There are no data available concerning ice conditions on LLBdM. Ice does
form on the lake, but available data are anecdotal relating to the actual
thickness. In 1999, ice in excess of 18 inches had to be broken up in order to
conduct the post-removal confirmation sampling at Deposit N. Also, winter
outflow through the Neenah and Menasha gates can create problems with
frazil ice. Frazil ice is formed when fast moving water comes in contact with
air below 25 °F and develops into a slushy ball which rolls along the river
bottom. The USACE recognizes frazil ice formation as a management issue
in the regulation of pool elevation for Lake Winnebago especially during mild
winters when extensive gate changes may be required (USACE Facts Book,
2003) in addition to the obvious consequences to the integrity of a cap.
Confirmation of actual ice thickness must be incorporated into final design of
a cap.

Gas Formation

The Lower Fox River has high methane sediment content (GAS/SAIC, 1996).
Sub-bottom profiles of sediments revealed large subsurface accumulations of
methane in OU1, OU2, and OU3. Methane releases are frequently observed
during sediment sampling and were observed during the demonstration project
at SMU 56/57.

Habitat Considerations

Major habitat areas identified within the RI included the Stroebe Island Marsh
and backwater areas (see RI, Figure 4-1). In LLBdM, the marshland around
Stroebe Island has been identified by the WDNR as a valuable spawning
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habitat for bluegill, sunfish, and bass, and the last remnant of northern pike
spawning ground. Studies of LLBAM included descriptions of various species
of pondweeds, waterweed, eel-grass or water celery, and the water lilies.
These species are located on the shallow edges and backwater coves. Large
cattail stands are also identified near Stroebe Island where Mud Creek enters
the Lower Fox River. The last remnant of northern pike spawning marsh is
located along the west side of Stroebe Island. Northern pike is an important
predator species and WDNR has indicated that this spawning marsh should be
protected from future dredging or fill (WDNR, 2002¢). A detailed discussion
of the habitat within OU1, and the potential impacts associated with remedial
actions, may be found in White Paper No. 8 — Habitat And Ecological
Considerations As A Remedy Component For The Lower Fox River.

2.1.4 Sediment Characteristics

Sediment Thickness and Deposition Rates

LLBdM is considered to be a net depositional environment, but the rates at
which sediments accumulate are not well understood. Sediment-thickness
maps (Figure 2-7) used in the design are based principally on the relatively
sparse poling data collected as part of the Green Bay Mass Balance study, as
well as some supplemental information from sediment cores collected in the
individual deposits. All of the poling data are based upon depth-to-refusal
during poling, and are not tied to specific elevations.

The aerial extent and depth of the soft sediment in OU1 is not sufficiently
documented for final engineering design of either a removal or capping
alternative. Specific information needed includes bathymetric and side scan
sonar surveys tied to NAD 1983 waypoints and specific lake elevations to
document the mudline elevation and the aerial extent of soft sediment
thickness. In addition, core samples collected through the soft sediments and
into underlying native materials, tied to specific elevations are needed.
Finally, well-documented core logs are needed to identify the physical
conditions and potentially different substrata in the sub-surface layers.

There is a paucity of information on net deposition rates in OUI.
Furthermore, whether the net deposition represents sediment solids
transported into the system, or the accumulation of decayed organic matter in
the highly eutrophic system is unknown. Finally, how the deposition rate may
change upon completion of removal and/or capping actions is unknown.
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Sediment Physical Properties

The sediment physical properties in OU1 are discussed in the RI, and
specifically are listed for all operable units in Appendix G of the RI. The data
in Appendix G of the RI includes grain size, Atterberg Limits, the maximum
depth of sampling (i.e., soft sediment), total solids, total organic carbon, and
bulk densities by deposit. Additional data collected since the RI includes
samples in deposits A, C, POG, and southern portions of Deposit E.

At the present time, there are too few physical sediment data points for final
engineering and design of a remedy. These include data to support the design
of a removal project, as well as potential capping activities. To fill these gaps,
a major pre-design sampling program is anticipated for 2003-2004.

PCB Distribution

The vertical and horizontal extent of PCB distribution in the Lower Fox River
was developed in the RI, and discussed specifically for the purposes of
remedial planning in Section 2.4.2 of the FS. The basis for determining the
spatial distribution, volumes and mass are PCB chemical isopachs generated
using the Spatial Analyst Tool in ArcView 8.0. Table 2-1 of the FS provides
the aerial and depth extent of PCB contamination, as well as total volume, in
the individual deposits for OUI. As shown in Table 2-1 of the FS, the nine
sediment deposits in this reach (deposits A through H and POG) contain about
1,540 kg (3,395 pounds) of PCBs in about 1.35 million m® (1.77 million yd®)
of sediment with concentrations greater than 50 pg/kg PCB. These deposits
cover about 314 hectares (775 acres) and occur in thicknesses that range up to
approximately 1.9 meters (6.2 feet) thick. The highest detected total PCB
concentration in sediment was 222,722 ug/kg (average 15,043 ng/kg).

The ROD for OU1 sets 1 mg/kg (ppm) as the Remedial Action Level (RAL)
for PCBs within LLBdM. At that RAL, the FS defined the total potential
volume for removal as 784,192 yd® over 526 surface acres. Within that
volume, an estimated 16,165 yd3 exceed the Toxic Substance Control Act
(TSCA) limit of 50 mg/kg.

Since release of the RI/FS, additional data were provided to WDNR; these are
in part documented in the white paper prepared as part of the Responsiveness
Summary for Operable Units 1 and 2; Evaluation of new LLBdM PCB
Sediment Samples. These data were used to re-interpolate the PCB mudline
maps following the same procedures described in Technical Memo 2e
Estimation of Lower Fox River Sediment Bed Properties (WDNR 1999).
Specific data handling procedures are given in Appendix B.

Within the RI, the area falling within the 1 ppm action level totaled 527 acres
(2,133,979 m?), whereas in the re-interpolated mudline maps the area is
approximately 493 acres (1,993,087 m?). Thus, there is a reduction of roughly
6 percent in the overall surface area. While the overall surface area of
PCB-contaminated sediments did not change appreciably with the 2003 bed
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maps, the volume of sediment increased from the 784,192 yd® reported in the
Feasibility Study, to 883,848 yd®. This difference of almost 100,000 yd’
represents an increase of 13 percent from the FS.

For purposes of this DEA, only the original volumes documented through the
RI/FS process have been used. The discussion above indicates the potential
variability in the volume estimates. Once the upcoming pre-design sampling
program is implemented (as described above), the mudline mapping will again
be updated, and revised estimates suitable for final engineering of the remedy
will be prepared.

Development of DMUs

It is important to note that the theoretical mudline volume described above is
not necessarily the volume of material that would be removed during the
dredging project. The actual dredge volume will reflect constructability
factors, and the discretization of the PCB footprint into a series of individual
“cut” volumes, the aerial size of which depends on the dredge equipment
used. Each area, known as a dredge management unit (DMU), has a pre-
determined dredge elevation. For the DEA, the dredge elevation cut is
defined as that elevation that must be excavated to in order to remove all
PCBs greater than 1 ppm in a specified area. The direct recommendation of
the TRT was to provide contractors with a performance standard of a specific
aerial distribution and an absolute dredge elevation to ensure that all of the
PCBs greater than 1 ppm are removed. Plan sheets showing the dredge
elevations were created to develop an estimate of the volume that would
actually be removed during a dredging operation.

A dredge plan was created based upon the 2003 mudline maps showing PCB
distribution, and input from Greg Hartman, Bean Dredging, and RETEC. The
dredge plan is presented as a series of drawings of DMUs, bound separately as
supplemental documents to the DEA Report. Drawings of DMUs are
presented in Supplement I Plan Level Drawings, Dredge Management Units,
OU1 (Supplement I) for OU1, Supplement II Plan Level Drawings, Dredge
Management Units, OU3, (Supplement II) and Supplement III Plan Level
Drawings, Dredge Management Units, OU4 (Supplement III). Due to the
magnitude of OU1, the volume calculations and DMU representations were
presented within the Water Quality Segments (WQS) developed as part of the
Lower Fox River modeling efforts. The ten WQS are shown in drawing
OUI-1.

The procedure for developing the DMU and estimating volumes are defined in
detail in Appendix B, Developing Dredge Management Units and Estimating
Sediment Dredge Volume (RETEC, December 3, 2002). Briefly summarized
here, the DMUs were based first upon the PCB mudline maps (Drawing
OU1-2). The 1 ppm aerial contour was defined (Drawing OUI1-3), and
assigned to a WQS. Where the segments were too big to show on a single
drawing, they were further divided and delineated by letters (e.g., WQS 8a
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and 8b). DMUs were developed by first projecting mudline elevations from
existing bathymetric data. Dredge elevation contours showing the depth of
PCBs at 1 ppm were then developed from the PCB mudline maps.

Mudline elevations for each OU were determined from the bathymetric
profiles discussed above. For each of the data points generated in the
bathymetric survey, the reported depth was subtracted from the
NOAA-reported pool elevations, and contouring the resultant data®. For
example, in OU1, each of the measured depth intervals was subtracted from
the pool elevation of 736.1 feet msl to create the bottom profile shown in
Drawing OU1-4.

A dredge-depth elevation contour map showing the lowest elevation below the
mudline elevation where PCB concentrations exceed 1 ppm was then created.
A script was written in ArcView GIS to create a depth-of-dredge cut grid. The
depth of dredge cut script took into account all the 9 model sediment thickness
layers (e.g., 0 cm to 10 cm, 10 to 30, 300 cm to 350 cm). The depth-of-dredge
contour was subtracted from the mudline elevation to result in the dredge
elevation. The dredge elevation contours were generated at 1-foot intervals.

DMUs were determined by fitting 60 feet long by 20 feet wide dredge lanes
(equal to two 1 m’ clam-shell bucket lengths) over the dredged depth
elevation contours and the 1 ppm RAL aerial footprint. Dredge lanes were set
parallel to the River. The width, length, and direction of construction of the
individual DMU for mechanical dredging was confirmed in a discussion with
an experienced contractor. The resultant drawings for DMUs in OU1 are
represented in Drawings OU1-5 through OU1-14. While those drawings are
set for mechanical dredges, DMUs for a hydraulic removal would be a series
of 120 foot dredge lanes, with 20 foot depths (i.e., combining two dredge
lanes).

The mechanical dredging DMU plan drawings (OU1-5 through OU1-14) are
grouped by DMUs with similar dredge elevations along the dredge lanes that
traverse in the north-south direction. For example, Drawing OU1-5 represents
the DMUs for Deposit A/B, where the depth-of-cut for the individual DMUs
range from 728 feet msl to 732 feet msl, with most the dredge lanes between
729 feet msl to 731 feet msl elevation. Final design plan drawings would
group all of the individual 60 foot by 20 foot units in a single lane with similar
depth into a single DMU. For the purposes of this DEA, the individual DMUs
shown in the drawings were left as discrete units. Individual dredge cross
sections were also generated from these drawings. These are presented in
sheets 04 through 07 of the plan set of a fourth supplemental document to the
DEA  Report, Supplement 1V, Engineering Concept Drawings
(Supplement IV).

2 No pool elevations were provided with the OSI survey data. As such, the NOAA navigation chart
values were used as a default for each operable unit.
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Each DMU is assigned a unique identification number starting from the
northwest corner of the WQS in OUI, with sequential numbering traversing
west to east. For example, the DMUs for Deposit A/B shown in Drawing
OUI1-16 are numbered as OU1I WQS2-1 through WQS2-1479 from the north
to the south. DMU IDs are shown in Drawings OU1-16 through OU1-25.

To determine the volume in each DMU, the corrected mean dredge depth
elevation® was subtracted from the highest mudline elevation to obtain mean
dredge cut depth. The mean dredge depth for each DMU was multiplied by
the corresponding area of the DMU to obtain the mean volume of sediments
to be dredged within the DMU. These volumes were then summed for all
DMUs within the water quality segment, and within the OU, as shown in
Table 2-2. There is a total of 968,220 yd3 in 18,544 DMUs in OUl. The
volume of material estimated in the DMUs is 23 percent greater than that
estimated in the 2002 FS. Of that, 13 percent is due to the reinterpolated PCB
distributions, and 10 percent due to additional volume that will be dredged in
the management units, as summarized in Table 2-3.

Table 2-2 Number of DMUs and Estimated Mean Volume

from Each Water Quality Segment

Water Quality Number DMUs Mean Volume
Segment Number (cy)
2 1479 72177
4 2353 70021
5 1254 74356
6A 2414 123930
6B 1757 80314
7A 2541 103482
7B 2767 148455
8A 486 7699
8B 3366 280663
9 127 7123
TOTAL 18,544 968,220

* In some cases a single DMU was traversed by two or more mudline and/or PCB depth-of-cut
contours. In those cases, the highest mudline elevation was always used, but the volumes were

calculated based upon the lowest, mean, and highest PCB depth-of-cut contour.
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Table 2-3 Comparison of Estimated Mean DMU Volume with
the Volume Estimated in the Feasibility Study, and
in the 2003 Interpolated Bed Maps

DMU Mean

@ New Interpolated
Reach Volume™" FS V(ocl ;)me Dredge Volume®
(cy) (cy)
Ou 1 968,220 784,192 883,848
Percent Increase 23% - 13%

™ Does not include 6 inches of overdredge factored to the mean dredge elevation
@ From Table 7-2 of the Draft 2001 FS document. Includes overburden volume
® Based on 2002 re-interpolation utilizing new data. Includes overburden volume

The mean dredge volume for a mechanical dredging option and maximum
dredge volume for a hydraulic dredge option would be appropriate
representative volumes for design purposes. The mean dredge volume was
recommended for a mechanical dredge option as clamshell buckets with the
small bite size (20 ft x 10 ft) have the capability of removing sediments with
greater precision, thereby eliminating sediment removal within a DMU to flat-
bottom based on maximum dredge depth. For hydraulic dredging, use of the
maximum dredge volume was recommended as cutterhead dredges have a
larger horizontal span (120 ft x 10 ft), which reduces precision and precludes
sediment removal at varied depths within a DMU.

2.2 0OU3

2.2.1 Upland Conditions

OU3 includes Little Rapids to De Pere and extends from the Little Rapids
(Kaukauna) dam to De Pere dam. OU3 is approximately 7 miles from north
to south, and varies in width from over 2000 ft. at the southern end, to
approximately 1000 ft. at the narrows before the De Pere Dam. This reach
includes sediment deposits EE through HH. Most of the contaminated
sediments exist in a single contiguous depositional zone (Deposit EE). The
total area of PCBs exceeding the 1 ppm action level is approximately 328
acres (Figure 2-8).

OU3 lies entirely within Brown County and is largely agricultural for much of
the upper segment. In the area of De Pere dam, property use is principally
residential, with the community of De Pere on both sides of the river and St.
Norbert’s College on the west bank. The approximated land use percentages
for areas within about 0.4 km (0.25 mi) of the bank of the Lower Fox River
are summarized in Section 2.1.1.
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2.2.2 Operational Considerations

Mudline Elevations and Water Depth Constraints

Bathymetric contours, and corresponding mudline elevations, are presented in
Figures 2-9 and 2-10, respectively. Bathymetric transects were conducted by
OSI in 1999; metadata were provided as X and Y coordinates for each
recorded depth datapoint were reported in meters as Wisconsin Tranverse
Mercator NAD 1927. The OSI transect data were converted to WTM NAD
1983, and depth contours were generated using ArcView 8.0. To set mudline
elevations, lake level was set at 587.4 feet above MSL (lower water datum),
based upon the published NOAA lake elevations between Little Kaukauna
Lock and De Pere Lock. (NOAA, 1992). Water depth contours were
subtracted from the base lake elevation, to yield mudline elevations on 1 foot
contour intervals.

The main channel depth is generally greater than 6 feet throughout most of
OU3, and as deep as 18 feet at the De Pere dam. The water depth is less than 4
feet close to the shore and drops off abruptly.

Depth to mudline is shown in Figure 2-9. The mudline elevation in OU3 is
generally greater than 578 feet. msl; corresponding water depths are less than
10 feet (NOAA, 1992). Toward downstream portion of OU3, elevations
extend down as low as 571 feet. Mudline elevations near Deposit EE are 578
feet msl or greater.

The mudline elevations in OU3 are estimates, and have the same uncertainties
associated with the type of survey conducted, and lack of
construction-specific QA/QC information, as were described for OU1. As
described previously, pre-design surveys conducted according to USACE
construction specifications are required for final design. At a minimum,
transect lanes conducted perpendicular to the flow of the river no more than
100 ft. apart will be required. QA/QC according to Corps specifications will
final engineering considerations, both an additional bathymetric and a
sidescan sonar surveys, tied to fixed locations in NAD 1983 and measured
river elevation levels in OU3, are required.

Dams

OU3 is bounded on the southern end by Little Rapids (Kaukana) dam, and on
the northern end by the De Pere dam. These two dams are indicated on
Figure 2-11. There are no indications of dam removal requirements or plans
for either of the two dams bounding OU3.
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Both the dams impounding waters into and out of OU3 are classified as
“large” dams”, and are classified as High Hazard when their failure would put
lives at risk. The “hazard” rating is not based on the physical attributes,
quality, or strength of the dam itself, but rather the possibility of loss of life
and property should the dam fail.

Any consideration for leaving sediments in place (natural attenuation of an in
situ cap) will need to consider the maintenance of the dam/lock system as an
institutional control with requirements for maintenance of the system in
perpetuity. While the most recent safety surveys conducted by the USACE do
not indicate any structural issues, a failure of the De Pere dam would have
catastrophic implications for any in situ or natural recovery alternatives in
both OU3 and OU4. A detailed description of the dams in all operable units is
given in White Paper No. 4 — Dams in Wisconsin and on the Lower Fox River,
to the December 2002 Responsiveness Summary (WDNR, 2002a).

Federal Navigation Channels

Navigation channels are indicated on the USACE Detroit District in OU3 at
the Little Kaukauna Lock on the southern end, and the De Pere Lock on the
northern end, and are shown in Figure 2-11.

Infrastructure and Obstructions to In-water Operations

Infrastructure that have the potential to impact remedial operations are shown
in Figure 2- 11. These include submarine pipelines, overhead cables, and
ruins at the southern and northern ends of the OU. These sources of
information come from both the NOAA chart for Little Rapids to De Pere, as
well as from a GIS-listing of structures obtained from DNR and Brown
County.

Aerial cable crossings are indicated south of Deposit EE. Submarine cables
traverse through deposits GG and HH south of De Pere dam.

Prior to completing remedial design, the nature and extent of these in-water
structures and obstructions must be understood and well demarcated. This is
best achievable through the use of detailed side-scan sonar surveys, as well as
checking with the local utility firms for the nature and activity of in-water
cables and pipelines.

Recreational Use

Principal known recreational uses on OU3 include fishing, boating, sailing
and personal watercraft. Recreational use was not covered in the RI, and hard
data on the actual area use was not available to the DEA. For the purposes of
design, the DEA does make an assumption that all recreational boats within
OU3 will have a draft of less than 3 ft. At a minimum, it will be necessary to

* A dam with a structural height of over 6 feet and impounding 50 acre-feet or more, or having a
structural height of 25 feet or more and impounding more than 15 acre-feet is classified as a large dam.
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prepare and release post-construction navigation charts to the public to reflect
changes in depth conditions.

2.2.3 River Characteristics

Hydrodynamic Conditions

The average stream velocity in OU3 is 0.12 m/s (0.39 f/s). Flow velocities in
this OU range from 0.11 m/s (0.37 f/s) to 0.13 m/s (0.42 f/s), the smallest
variation in flow velocities in comparison with the rest of the OUs. The
maximum flood flow velocity noted in this OU is 0.68 m/s (2.23 {/s).

Maximum bottom velocities that could be expected in OU3 were estimated
from the modeled projections developed in the Evaluation of the
Hydrodynamics of the Lower Fox River between Lake Winnebago and De
Pere, WI. (HydroQual, 2000) (Figure 2-12). The 100-year flow conditions
were not estimated for OU3.

There is a lack of direct-measured bottom velocities within all operable units
of the Lower Fox River. As such, modeling estimates are used in the basis of
design. Limits to the interpretation lie within the estimate of velocities within
OU3, and changes that would occur with loss of hydraulic control. Additional
hydrodynamic conditions data would improve the estimates.

Geological and Hydrogeological Conditions

The geological and hydrogeological conditions are similar to those described
in Section 2.1.3.

Flood Flow Capacity

FEMA floodplain map for Brown County along the shores of OU3 are shown
in Figure 2-13. Remedial alternatives that may impact flood flow capacity for
OU3 must meet the same substantive requirements of NR 116, described
previously.

FEMA Flood Zone maps were obtained and plotted for the 100-year and
500-year floods. Within OU3, the 100-year FEMA flood zone is indicated
throughout most of the length of OU, and may be specifically affected by
remedial actions within all the deposits. Remedial actions at deposit EE may
affect 500-year flood zones.

Ice Conditions

Ice conditions, as discussed for OU1, are also applicable to OU3.
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Gas Formation

OU3 is subject to the same methanogenesis issues described for OU1, and
observed in all OUs. The Lower Fox River has high methane sediment
content (GAS/SAIC, 1996). Sub-bottom profiles of sediments revealed large
subsurface accumulations of methane in OUs 1, 2, and 3. Methane releases are
frequently observed during sediment sampling, and were seen during the
demonstration project at SMU 56/57.

Habitat Considerations

There is little wetland, nearshore or in-water habitat, identified within OU3.
The RI identifies very little SAV in this reach. This is likely due to the fact
that the river is narrower with faster stream flow velocities: conditions that
are not favorable for the establishment of SAV. No specific fish spawning
areas have been identified for OU3.

2.2.4 Sediment Characteristics

Sediment Thickness and Deposition Rates

Soft-sediment-thickness maps for OU3 are presented in Figure 2-14. These
deposits cover about 266 hectares (655 acres) with soft sediment thickness
range up to approximately 2.3 meters (7.5 feet) thick. For much of Deposit
EE, the soft-sediment accumulation is between 3 to 4 feet. The deposits
immediately behind the De Pere dam have greater accumulations, between 4
to 7.5 feet. As described previously, soft sediment thickness data are based
upon depth-to-refusal during poling, and are not tied to specific elevations.

The aerial extent and depth of the soft sediments in OU3 are not sufficiently
documented for final engineering design. There is no information on net
deposition rates in OU3. Specific information needed includes bathymetric
and side scan sonar surveys tied to NAD 1983 waypoints and specific lake
elevations to document the mudline elevations and the aerial extent of soft
sediment thickness. In addition, core samples collected through the soft
sediments and into underlying native materials, tied to specific elevations are
needed. Finally, well-documented core logs are needed to identify the
physical conditions and potentially different substrata in the sub-surface
layers.

Sediment Physical Properties

The sediment physical properties in OU3 are discussed in the RI, and
specifically are listed for all operable units in Appendix G of the RI. The data
in Appendix G includes grain size, Atterberg Limits, the maximum depth of
sampling (i.e., soft sediment), total solids, total organic carbon, and bulk
densities by deposit.
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At the present time there are too few physical sediment data points for final
engineering and design of a remedy. These include data to support the design
of a removal project, as well as potential capping activities. To fill these gaps,
a major pre-design sampling program is anticipated for 2003-2004.

PCB Distribution

The vertical and horizontal extent of PCB distribution in the Lower Fox River
was developed in the RI, and discussed specifically for the purposes of
remedial planning in Section 2.4.2 of the FS. Table 2-1 of the FS provides the
aerial and depth extent of PCB contamination, as well as total volume, in the
individual deposits for OU3. As shown in Table 2-1 of the FS, the four
sediment deposits in this reach (deposits EE through HH) contain about 980
kg (2,156 pounds) of PCBs in about 1.70 million m’ (2.22 million yd3) of
sediment with concentrations greater than 50 pg/kg PCB. As reported in the
RI, the average concentration in sediment throughout the reach is 5,980 pg/kg,
with the highest detected total PCB concentration is 54,000 ug/kg.

For the purposes of the DEA, the Remedial Action Level for the OU1/OU2
ROD of 1 mg/kg (ppm) was applied to OU3. At that RAL, the FS defined the
total potential volume for removal as 586,788 yd® over 328 surface acres.

Development of DMUs

DMUs were set for OU3 as described previously for OU1. A dredge plan for
OU3 was created based upon the 2003 bed maps showing PCB distribution,
and input from Greg Hartman, Bean Dredging, and RETEC. The dredge plan
is presented as a series of drawings of DMUs in supplement II. Due to the
magnitude of OU3, the volume calculations and DMU representations were
presented by dividing the deposits into sub units (e.g., EE1, EE2). The sub-
divided deposits are shown in Drawing OU3-1.

The procedure for developing the DMU and estimating volumes are defined in
detail in Appendix B, Developing Dredge Management Units and Estimating
Sediment Dredge Volume (RETEC, December 3, 2002). The discussions for
developing DMUs and sediment volumes for OU3 are similar to the
procedures described under Section 2.1.3. The resultant plan drawings for
DMUs in OU3 are represented in Drawings OU3-2 through OU3-14.
Information pertaining to the individual DMUs that include area, minimum
dry bulk density, mean dredge depth, shallow mudline elevation, mean dredge
elevation and mean volume of dredged sediments are provided in Appendix C.
Volumes were summed for all DMUs within OU3 as shown in Table 2-4.
There is a total of 793,761 yd® in 9,944 DMUs in OU3 as shown in Table 2-4.
The volume of material estimated in the DMUs is 35 percent greater than that
estimated in the 2002 FS, as summarized in Table 2-5.
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Table 2-4 Number of DMUs and Estimated Mean Volume
from Each Deposit

Deposit Number DMUs Mean Volume (cy)

EE1 1,400 97,418

EE2 1,260 56,922

EE3 1,375 61,186

EE4 2,667 155,960

EE5 2,258 310,025

GG-HH 984 112,250
TOTAL 9,944 793,761

Table 2-5 Comparison of Estimated Mean DMU Volume with
the Volume Estimated in the Feasibility Study

Reach DMU Mean Volume®" FS Volume®
(cy) (cy)
OouU 3 793,761 586,788
Percent Increase 35% -

™ Does not include 6 inches of overdredge factored to the mean dredge elevation.
@ From Table 7-2 of the Draft 2001 FS document. Includes overburden volume.

The engineering design team determined that using mean dredge volume for a
mechanical dredging option and maximum dredge volume for a hydraulic
dredge option would be the appropriate representative volume for design
purposes. The mean dredge volume was recommended for a mechanical
dredge option as clamshell buckets with the small bite size (20 ft x 10 ft) have
the capability of removing sediments with greater precision, thereby
eliminating sediment removal within a DMU to flat-bottom based on
maximum dredge depth. For hydraulic dredging, use the maximum dredge
volume was recommended as cutterhead dredges have a larger horizontal span
(120 ft x 10 ft), which reduces precision and precludes sediment removal at
varied depths within a DMU.

2.3 OU4
2.3.1 Upland Conditions

OU4 includes De Pere to Green Bay and extends from the De Pere dam to the
mouth of the river at Green Bay. OU4 is approximately 7 miles from north to
south. This reach includes 96 Sediment Management Units (SMU), numbered
20 through 115 and 16 water column segments (6 SMUs to a segment). The
SMUs and water column segments were initially established for computer
modeling studies. The total area of PCBs exceeding the 1 ppm RAL is
approximately 1,034 acres (Figure 2-15).
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OU4 is within the city of Green Bay. The shoreline is heavily developed,
principally with industrial uses, but with some mixed residential and
parklands. The approximated land use percentages for areas within about 0.4
km (0.25 mi) of the bank of the Lower Fox River are summarized in
Section 2.1.1.

2.3.2 Operational Considerations

Mudline Elevations and Water Depth Constraints

Bathymetric contours and corresponding mudline elevations, are presented in
Figures 2-16 and 2-17, respectively. Bathymetric survey data were those
previously described for OU1 and OU3. Data were converted to WTM NAD
1983, and depth contours were generated using ArcView 8.0. To set mudline
elevations, lake level was set at 577.5 feet above MSL (lower water datum),
based upon the published NOAA (1992) lake elevations between De Pere
Lock and Green Bay (NOAA, 1992). Water depth contours were subtracted
from the base lake elevation, to yield mudline elevations on 1 foot contour
intervals.

The river is broad and shallow at the upper end, becoming narrow and deep as
it approaches the mouth of the river. In the downstream portion, the federal
channel has been routinely dredged to maintain a navigation depth of 24 feet.
River depths outside of the federal channel range from 4 to 12 feet from De
Pere to the Fort James-West facility and up to 20-foot depths between the Fort
James-West facility and the mouth of the river.

Depth to mudline is shown in Figure 2-17. The mudline elevation in OU4 is
generally greater than 570 ft. msl; corresponding water depths are less than 8
feet (NOAA, 1992). Toward downstream portion of OU3, elevations extend
down as low as 550 feet. The same uncertainties described for OU1 and OU3
are also applicable to OU4.

Pre-design surveys conducted according to USACE construction
specifications are required for final design. At a minimum, transect lines
conducted perpendicular to the flow of the river no more than 100 feet apart
will be required. QA/QC according to USACE specifications will final
engineering considerations, both an additional bathymetric and a sidescan
sonar surveys, tied to fixed locations in WTM 1983 and measured lake
elevation levels, are required.
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Dams

OU4 is bounded on the southern end by the De Pere dam, and open to the bay
of Green Bay to the north. The dam is indicated on Figure 2-18. There are no
indications of removal requirements for this dam. Dam conditions for the De
Pere dam were discussed for OU3.

Federal Navigation Channels

Navigation channels are indicated on the USACE Detroit District Drawings in
OU4 between the De Pere dam and mouth of the river as shown in
Figure 2-18. This section of the Lower Fox River receives active dredging in
order to maintain the federal channel. The USACE currently only dredges
and maintains the navigation channel.

The navigational channel in Green Bay extends as far upstream as the Fort
Howard turning basin, located approximately 5.5 km (3.4 miles) upstream of
the mouth of the river. The channel between De Pere dam and Fort James
Corp is not maintained. The remaining portions of the navigation channel,
along with the lock and dam system, have been placed in “caretaker” status.
Data available on the USACE Detroit District web site indicates that since
1958, an average of 63,000 yd® is dredged from OU4, with a range of 5,300 to
377,000 yd’. Currently, all dredged material is handled at the Bay Port
Confined Disposal Facility (CDF). As documented in the RI, to date almost
9.4 million yd® have been placed in the Bay Port CDF, with the capacity for
another 2 million yd® of sediment.

Infrastructure and Obstructions to In-Water Operations

Infrastructure that have the potential to impact remedial operations are shown
in Figure 2-18. As would be expected in a heavy industrial use area,
infrastructure includes numerous road and railroad crossings, submerged
pipelines and cables, intake/discharge pipes, pilings, dolphins, and overhead
cables. Most of the infrastructure occurs north of the Fort Howard facility, in
SMU groups 50 through 115. In addition, there are several active docks in
OU4 that have boat dockings that would need to be considered in any
remedial design.
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There are four bridges, and three railroad crossings over the river (Port of
Green Bay web site). The roads are principally fixed structures, while the
railroad crossings are swing bridges. Both physical support structures and
operations would need to be considered in any remedial design. These
include:

e Tower Drive - At mile 0.41 from River mouth. Fixed span 4-lane
1-43 Interstate Highway Bridge. Vertical clearance can vary
depending upon fluctuations of lake level, but was built at 120 feet
above high water datum. Full channel width is available through
the bridge

e Wisconsin Central RR - At mile 1.02. Left opening 85 feet. Right
opening 85.6 feet. Vertical clearance 7.5 feet. Normal position
open. The crossing is unattended, and is closed by train personnel
only as required for train crossings. Audio and visual warnings
when moving

e Main Street - At mile 1.57. Horizontal clearance 95 feet; vertical
clearance 14.9 feet

e Walnut Street - At mile 1.8. Horizontal Clearance 95 feet with a
vertical clearance 11.8 feet

e Don A. Tilleman (Mason Street) - At mile 2.25. Horizontal
clearance of 95 feet, with vertical clearance of 32.6 feet

e Wisconsin Central RR - At mile 2.6. The left and right openings
each 75 feet with a vertical clearance 8.3 feet. Unattended with
normal position open

e Wisconsin Central RR - At mile 3.3. The left and right openings
each 75 feet with a vertical clearance of 31.1 feet. Unattended
with normal position open

Aerial cable crossings are indicated at the southern and northern ends of the
OU4. Submarine pipelines are indicated to traverse through SMU 26-31 and
32-37 at the southern end of OU4. Submarine pipelines and submarine cables
traverse through a significant portion of OU4 at the northern end.

WDNR records indicate that there are 15 outfalls located along the River in
OU4. One outfall is at the sewage treatment facility into SMU 26, and the
remainder are located north of the Fort Howard facility, beginning in SMU 50
and the northward to the mouth of Green Bay (Figure 2-18).

The NOAA navigation chart (NOAA Chart 14918) shows that there are
potential barges or ships submerged in the river, as well as sites of potential
archeological interest. These are shown on Figure 2-18, and include sites just
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north of the railroad bridge at mile 3.3 (next to the Northeast Asphalt and
LaFarge North America facilities), at the Mason Street Bridge, and then at and
north of the railroad bridge at mile 1.02. There are no immediate records
concerning what those sites are.

Shipping traffic includes approximately 200 ship-calls annually, handling
principally cement, coal, limestone, salt, and asphalt (Port of Green Bay web
site). Active docking facilities, as indicated by the Port of Green Bay, are
shown in Figure 2-18. Turning basins include the confluence of the Fox and
East Rivers, and a second turning basin above the Wisconsin Central RR
bridge at the south limits of the city of Green Bay.

Prior to completing remedial design, the nature and extent of these in-water
structures and obstructions must be understood and well demarcated. This is
best achievable through the use of detailed side-scan sonar surveys, as well as
checking with the local utility firms for the nature and activity of in-water
cables and pipelines.

Recreational Use

Principal known recreational uses on OU4 include fishing, boating, sailing
and personal watercraft. Recreational use was not covered in the RI, and hard
data on the actual area use was not available for the DEA. For the purposes of
design, the DEA does make an assumption that all recreational boats within
OU4 will have a draft of less than 3 feet. At a minimum, it will be necessary
to prepare and release post-construction navigation charts to the public to
reflect changes in depth conditions.

2.3.3 River Characteristics

Hydrodynamic Conditions

The stream velocity in OU4 is the lowest compared to other OUs with an
average stream velocity of 0.08 m/s (0.26 f/s). Due to the overall low stream
flow velocities, the largest volume of deposited sediment occurs in OU4.

Bottom velocities that could be expected in OU4 were obtained from the
output of the whole Lower Fox River Model (WLFRM) (WDNR 2001).
Figure 2-19 shows the velocity obtained for averaged model units in the
wLFRM over the 1989 — 1995 calibration period, and not the maximum
estimated velocities. While those data were generated for WDNR in
Technical Memo 5b (Baird and Associates, 2000) to the Model
Documentation Report, the output data were not available, directly for
evaluation by the DEA. As such, the generalized conditions used in the
wLFRM were used.
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There is a lack of direct-measured bottom velocities within all operable units
of the Lower Fox River; as such modeling estimates are used in this design.
Limits to the interpretation lie within the estimate of velocities within OU4,
and changes that would occur with loss of hydraulic control. Additional
hydrodynamic conditions data would improve the estimates.

Geological and Hydrogeological Conditions

The geological and hydrogeological conditions are similar to those described
in Section 2.1.3.

Flood Flow Capacity

The FEMA floodplain map for Brown County along the shores of OU4 is
shown in Figure 2-20. Remedial alternatives for OU4 have the potential to
influence flood flow capacity. Wisconsin state regulations, and specifically
Chapter 116 of the WAC, Wisconsin’s Floodplain Management Program,
details the regulations for construction and development in floodways and
floodplains. These were discussed previously for OUI and OU3, and are
applicable for OU4.

FEMA Flood Zone maps were obtained and plotted for the 100-year and
500-year floods. Within OU4, the 100-year FEMA flood zone is indicated
throughout most of the length of OU. Both the 100 and 500 year zones are
especially indicated where the River narrows, beginning at SMU 50, and
northward into Green Bay. Those SMUs in particular may be specifically
affected by remedial actions.

Ice Conditions
Ice conditions, as discussed for OU1, are also applicable to OU3.

Gas Formation

The Lower Fox River has high methane sediment content (GAS/SAIC, 1996).
Sub-bottom profiles of sediments revealed large subsurface accumulations of
methane in OUI, OU2, and OU3. Methane releases are frequently observed
during sediment sampling and were observed during the demonstration project
at SMU 56/57.

Habitat Considerations

The RI and the Ecological Risk Assessment indicate that there is very little
nearshore habitat within OU4. There are some smaller wetlands and/or
submerged aquatic vegetation at the southern end of the reach near the Brown
County Fairgrounds below the De Pere dam, but otherwise the River is
heavily channelized with riprap or industrial use along the water edge.
Notwithstanding this, there is a considerable influx of fish into the reach from
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Green Bay. These especially include walleye, perch, sturgeon, carp and
several species of forage fish. WDNR has installed spawning cribs for
walleye in the southern end of the reach.

2.3.4 Sediment Characteristics

Sediment Thickness and Deposition Rates

As reported in the RI, OU4 is almost a continuous deposit of sediment extends
from the De Pere dam to the Fort James-West turning basin (Figure 2-21).
These deposits cover about 524 hectares (1,284 acres) and thicknesses range
up to approximately 3.96 meters (13 feet) thick. Downstream of the turning
basin, most of the sediment is routinely removed by dredging operations
conducted to maintain the navigation channel, and only isolated areas of
sediment are present. Sediment thickness is typically up to 3 feet between the
dam and SMU group 38-43. Downstream of SMU group 38-43, large areas of
the river bottom are covered by sediment thicker than 6 feet. This is
especially true in SMU group 44 — 49, where sediments have been measured
exceeding 12 feet.

Sediment Physical Properties

The sediment physical properties in OU4 are discussed in the RI, and
specifically are listed for all operable units in Appendix G of that document.
The data in Appendix G of the RI includes grain size, Atterberg Limits, the
maximum depth of sampling (i.e., soft sediment), total solids, total organic
carbon, and bulk densities by deposit.

As noted previously for OUI and OU3, at the present time there are too few
physical sediment data points for the purpose of planning and evaluating
remedial activities. These include data to support the design of a removal
project, as well as potential capping activities. To fill these gaps, a major pre-
design sampling program is anticipated for 2003-2004.

PCB Distribution

The vertical and horizontal extent of PCB distribution in the Lower Fox River
was developed in the RI, and discussed specifically for the purposes of
remedial planning in Section 2.4.2 of the FS. The basis for determining the
spatial distribution, volumes and mass are PCB chemical isopachs generated
using the Spatial Analyst Tool in ArcView 8.0. Table 2-1 of the FS provides
the aerial and depth extent of PCB contamination, as well as total volume, in
the individual SMUs for OU4. As shown in Table 2-1 of the FS, the sixteen
SMU groups in this reach contain about 25,984 kg (57,165 pounds) of PCBs
in about 5.50 million m® (7.19 million yd®) of sediment with concentrations
greater than 50 pug/kg PCB.
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For the purposes of the DEA, the RAL of 1 ppm total PCBs set for the OU1
ROD was applied to OU4. At that RAL, the FS defined the total potential
volume for removal as 5,879,529 yd3 over 1,034 surface acres. Within that
volume, an estimated 240,778 yd® exceed the TSCA limit of 50 mg/kg.

Development of DMUs

An important element directly influencing the final volume to be excavated is
the depth-of-cut. For the DEA, the depth-of-cut is defined as that elevation
that must be excavated to in order to remove all PCBs greater than 1 ppm in a
specified area. The direct recommendation of the TRT was to provide
contractors with a performance standard of a specific aerial distribution and an
absolute removal elevation to ensure that all of the PCBs greater than 1 ppm
are removed. Standard engineering plan sheets showing the depth of cut were
created to develop an estimation of the volume that would actually be
removed during a removal operation.

A dredge plan was created based upon the 2003 bed maps showing PCB
distribution, and input from Greg Hartman, Bean Dredging, and RETEC. The
dredge plan is presented as a series of drawings of DMUs in Supplement III.
Due to the magnitude of OU4, the volume calculations and DMU
representations were presented by SMU group. The SMU groups for OU4 are
shown in Plan Drawing OU4-1.

The procedure for developing the DMU and estimating volumes are defined in
detail in Appendix B, Developing Dredge Management Units and Estimating
Sediment Dredge Volume (RETEC, December 3, 2002). The discussions for
developing DMUs and sediment volumes for OU4 are similar to the
procedures described under Section 2.1.3. The resultant plan drawings for
DMUs in OU4 are represented in Drawings OU4-2 through OU4-36 and are
provided in Appendix C. Information pertaining to the individual DMUs that
include area, minimum dry bulk density, mean dredge depth, shallow mudline
elevation, mean dredge elevation and mean volume of dredged sediments.
Volumes were then summed for all DMUs within OU4, as shown in Table
2-6. There is a total of 6,866,021 yd3 in 39,029 DMUs in OU3. The volume
of material estimated in the DMUs is 17 percent greater than that estimated in
the 2002 FS, as summarized in Table 2-7.
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Table 2-6 Number of DMUs and Estimated Mean Volume
from Each SMU

SMU Number DMUs Mea"(é’y‘;'”me
20-25 7724 1184.605
26-31 1,657 248,918
32-37 2.339 349.424
38-43 3.074 487 271
44-49 10,531 1,753,342
50-55 2.930 460,746
56.61 2.778 753.783
62-67 1.149 262.365
66-73 1196 436.212
7479 763 181.430
80-85 799 139.198
86-91 582 92,908
92-97 917 125516
98-103 319 20,705
104-109 992 98.429
110-115 1,279 271.169
TOTAL 39,029 6,866,021

Table 2-7 Comparison of Estimated Mean DMU Volume with
the Volume Estimated in the Feasibility Study

DMU Mean Volume®” FS Volume®
Reach
(cy) (cy)
ou4 6,866,021 5,879,529
Percent Increase 17% -

™ Includes 6 inches of overdredge factored to the mean dredge elevation.

@ From Table 7-2 of the Draft 2001 FS document. Includes overburden volume.

The engineering design team determined that using mean dredge volume for a
mechanical dredging option and maximum dredge volume for a hydraulic
dredge option would be the appropriate representative volume for design
purposes. The mean dredge volume was recommended for a mechanical
dredge option as clamshell buckets with the small bite size (20 feet x 10 feet)
have the capability of removing sediments with greater precision, thereby
eliminating sediment removal within a DMU to flat-bottom based on
maximum dredge depth. For hydraulic dredging, use of the maximum dredge
volume was recommended as cutterhead dredges have a larger horizontal span
(120 feet x 10 feet), which reduces precision and precludes sediment removal
at varied depths within a DMU.
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3 Capping

This section provides a description of the conceptual design of in situ capping
(ISC) for isolating and containing the contaminated sediments. ISC is defined
as the placement of an engineered subaqueous cover, or cap, of clean isolating
material over an in situ deposit of contaminated sediment.

The placement technique proposed in this section has evolved out of past
dredging and filling methods that have been used for decades in creating

nearshore or open water fills.

Projects that have been successfully

accomplished using the spreader barge technique are described and included
as Table 3-1. Detailed backup materials are contained in Appendix C.

Table 3-1 Examples of Capping Projects Using Spreader

Barge Configuration

Site Name

Description

Port of Portland, Oregon - Terminal 2

In 1965, the Port of Portland designed a
fill project on the Willamette River using
this method to fill 20 acres of shallow
water area. The area was filled from an
approximate elevation of -20 to +30
using sand applied in one to two foot lifts.
The soft underlying soil was compressed
slowly and no soft sediment failures
where noted during placement.

Port of Los Angeles, California

Over the past 25 years the Port of Los
Angeles has used this method of
subaqueous material placement. While
this method was not used to cap
contaminated sediments, the method of
material placement was the same
proposed for the Lower Fox River
applying the material from a radial
controlled spreader barge in multiple
passes. This method has been used to
create added real estate to the Port
facilities. In all, over 20 successful
projects have been completed placing
over 100 million tons of materials.
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Site Name Description

Port of Oakland, California Over the past 5 years the Port of
Oakland has used this method of
subaqueous material placement. While
this method was not used to cap
contaminated sediments, the method of
material placement was the same
proposed for the Lower Fox River
applying the material from a radial
controlled spreader barge in multiple
passes. This method has been used to
create added real estate to the Port
facilities. To date, three successful
projects have been completed placing
over 4 million tons of materials in one to
two foot lifts.

Milwaukee Waterway, Port of Tacoma, | In the early 1990’s, the Port of Tacoma
Washington filled the 50 acre Milwaukee waterway
using this method of subaqueous
material placement. One to two foot lifts
of cap material where placed in over 10-
25 foot thick soft sediments in water
depths reaching 30 feet. The area was
successfully filled with no apparent
failure of soft sediments.

This section contains the details of a containment option involving the
construction of a subaqueous ISC. An ISC is used to isolate contaminated
sediments in-place. This option could be designed and implemented at OUI,
OU3 or OU4.

A few key assumptions form the basis for designing the ISC for the different
OUs. The assumptions are listed below:

e No capping in areas of navigation channels (with an appropriate
buffer zone)

e No capping in areas of infrastructure such as pipelines, utility
easements, bridge piers, etc (with appropriate buffer zone)

e No capping in areas with PCB concentrations exceeding TSCA
levels

e No capping in shallow water areas (bottom elevations which would
result in a cap surface at elevation greater than -3 feet chart datum
for OU 1 or OU3, but -4 feet. chart datum in OU4 to account for
potential lake level changes, without prior dredging to allow for
cap placement)
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3.1

The above-mentioned criteria were considered to design the ISC for different
OUs for physical and chemical isolation of contaminated sediments. The ISC
areas have been estimated to be 221 acres, 102 acres and 634 acres for OU1,
OU3 and OU4 respectively. Cross-sections for each of the OUs are provided
in Appendix C.

Process Description

Considering the magnitude of capping area and requirement for precise cap
placement, a spreader barge with a diffuser plate and pipeline assembly is
recommended for the cap installation. A process schematic and list of
required equipment has been included in Appendix C. The spreader barge
will be fitted with a diffuser plate, drum winches, fairleads, a GPS and plotter,
and a generator. Cap material will be stockpiled and developed into a slurry
at an on-shore staging area. The slurry is then hydraulically pumped from the
staging area to the mobile spreader barge operating in the capping area and
systematically discharged using a diffuser plate. The diffuser plate will be
positioned at or near the surface of the river water. A reduction in slurry
velocity occurs as the slurry is distributed onto the diffuser plate minimizing
the potential for erosion of in-place material. The spreader barge will have a
draft of approximately 1.5 to 3 feet. Movement of the barge will be controlled
using winches and anchor wires that will follow an “arc” pattern across the
capping area. The anchor wires will be attached to submerged anchors.

For each of the OUs, the ISC will consist of 18-inches of sand cap overlain by
6-inches of armor. The cross-section of the ISC in each OU is depicted in
Appendix C. Each cap layer (lift) will be applied in 1.5-inch lifts, half of
which is immediately covered with a second 1.5-inch lift creating a 3-inch lift
as shown in Sheet 31. This method is specified to minimize disturbance of the
contaminated sediment, specifically; mixing, lateral redistribution, mud waves
and shear failure. Additional sand layers will be applied in similar 3-inch
lifts, although pilot testing may show that thicker lifts may be acceptable. The
6-inch armor layer will be placed using the same method as the cap.

The barge will be anchored using a submerged anchoring system and moved
using the drum winch and anchor wires discussed. Accurate cap placement is
dependant on barge speed and slurry (sand) flow rate. Therefore, the barge
operator and slurry operator will be in constant communication and maintain
detailed records to show that the cap has been installed properly. To assist in
placement verification, the spreader barge movement will be constantly
monitored and regulated to control the rate of application of capping material.
The barge location will be tracked with a Global Positioning System (GPS)
and will be coordinated with the pre-construction survey reference points
established for the river. These data will be plotted and reviewed to ensure
that planned coverage of the ISC has been achieved.
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3.2

3.3

Operation and maintenance monitoring will be required to ensure adequate
and accurate cap placement, maintenance of cap integrity, compliance with
water quality standards and isolation and containment of contaminants. Both
physical and chemical monitoring will be conducted during ISC placement.
Construction monitoring will include collection of bathymetric survey data at
50 feet intervals along the ISC placement area and surface water sample
collection (1 sample upstream and 3 samples downstream) for Total
Suspended Solids analysis.

Upon completion of cap placement, long-term monitoring will be conducted
after 5, 10, 20, 30 and 40 years to verify maintenance of cap integrity for
physical and chemical isolation of contaminated sediments. Long-term
monitoring will include bathymetric or side-scan sonar profiling, sediment and
cap sampling, and capture and analysis of pore water that may migrate
through the cap, as well as diver inspections to ensure that the cap is intact and
containing contaminants.

Several of the main assumptions made for ISC placement include:
e On-river work can occur during 8 months of the year

e Time for mobilization and demobilization, wintering over, and
start-ups will occur during the 4 months when river work cannot be
performed

e Average slurry rates are 3,000 cy per day
e  Work will be performed 22 days per month

Based on these assumptions it would require two years to install the cap in
OU1 if the entire acceptable area were remediated in this manner. Similarly,
one construction season would be needed to complete the cap installation at
OU3 and five construction seasons would be needed to complete OU4.

Design Basis

The design of the ISC is based on hydrodynamic conditions that vary by reach
and operable unit. Sets of preliminary calculations and analyses have been
performed to arrive at the suggested cap and armor thickness and material
gradations. The design basis and calculations are described in detail in
Appendix C.

Follow-Up Information and Needs

The design concepts for ISC have been developed based on the available
information. To further refine the capping design calculations, the following
information required is presented in Table 3-2, below.
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Table 3-2 Information Needs for Design of ISC

Tasks and Needs

Means for Completing

Capping site selection

WDNR input required to determine the basis for
selection of capping areas considering that only less
than twenty five percent of the total sediment volume
within any OU can be capped.

Geotechnical testing

This work could be completed during “pre-design”
sampling efforts. A number of samples should be
collected and tested, representing the full range of
grain size distributions that are likely to be encountered
during this project. The results will then be used to
make a final determination on the cap material and
thickness.

Water depth and
bathymetry

This work could be completed during “pre-design”
sampling efforts.

3.4 Permits and Approvals

The permits and approvals necessary for construction of an ISC is not a

straightforward matter.

The use of the technology is still somewhat

innovative in Wisconsin, and a number of legal and jurisdictional issues that
do not yet have well-developed precedents will eventually impact the project.
These are described in detail in Appendix C.
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4 Removal

This section describes the type of dredges and the methods of dredging that
are considered to be feasible for the removal of sediment from OU1, OU3 and
ou4.

Three types of dredging operations are described below

Hydraulic pipeline dredge with cutterhead
Mechanical dredge with haul barge
Mechanical dredge with hydraulic discharge (hybrid dredging)

The selection of a specific method depends on cost, location of the dewatering
or disposal options, the availability and development potential of waterfront
support property, and the variability of the sediment. These factors are
described below and in subsequent sections of this report.

4.1 Hydraulic Pipeline Dredge with Cutterhead

The hydraulic pipeline cutterhead dredge is the most widely used dredge type
in the United States. This type of dredge operates on the design principles of
a centrifugal pump with a suction line (ladder pipe) and a discharge line
(discharge pipe).

As described in the Proposed Plan, the standard pipeline dredge with
cutterhead is considered a preferred dredge type for the Lower Fox River
remediation. Specificaly, a 10 to 14 inch pipeline dredge was identified
because of concerns that larger equipment may result in unacceptable amounts
of resuspension. Additional details of the hydraulic dredging option are
described below.

4.1.1 Process Description

Using a hydraulic pipeline dredge with cutterhead, sediment is removed to a
design elevation by the suction pipeline that is vertically controlled by the
dredge operator. An active cutterhead is positioned at the end of the suction
pipe that excavates and disturbs the bed sediment up into the water column
near the suction mouth. The solid sediment and water slurry is entrained into
the pipeline, through the pump and discharged to the dewatering or disposal
site without re-handling. The design of the dewatering or disposal site must
accommodate this dlurry delivery. Additional discussion of this integral
hydraulic transport component is contained in Section 5.2.

The cutterhead on a pipeline dredge can be the standard basket cutterhead, an
auger cutter, a dustpan head, or a bucket cutterhead. The diameter of a
cutterhead is determined by pipeline dredge size (measured by the inside
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diameter of the discharge pipe). A small to medium dredge is 12 to 14 inches
in diameter and typically supports a cutterhead with a 3.5 to 4.5 foot diameter.

For this project, the proposed dredge size is in the range of 10 to 14 inches.
The distance the dredge slurry must be pumped and the overall project
schedule will determine the final size. For example, in OU3 and OU4, the
dredging operation must achieve a typical production rate of approximately
3000 cubic yards per day to meet a proposed eight to ten year remediation
schedule.

Maintenance dredging, or navigation dredging as it is often labeled, is subtly
different than environmental dredging. Understanding these differences is
extremely important in the successful completion of an environmental
dredging project. Maintenance dredging is performed in areas that have been
dredged before. Environmental dredging is most often performed in areas that
have never been dredged. First-time dredging is called “new work” dredging.
Maintenance dredging is in soft, recently deposited sediment with little or no
debris. “New work” dredging is typically in a geological deposit with dense
sediment and a lot of debris, trash and other man-made materias.
Maintenance dredging minimizes the dredge time and maximizes the dredge
volume.  Environmental dredging minimizes the dredge volume and
maximizes the X, y and z precision of dredging.

The hydraulic pipeline dredge was devel oped to provide high production rates
of maintenance dredging for navigable waterways. The removal rate of a
large pipeline dredge, 24 to 32 inch discharge diameter, performing
maintenance work (as opposed to new work dredging) can be as high as
70,000 cubic yards per day. The pipeline dredge operator must maneuver the
dredge in a more precise and deliberate manner to realize environmental
project success. However, recent designs of pipeline dredges for
environmental dredging have improved the suction capture of the sediment
excavated by the cutterhead. This assures that the majority of the disturbed
and resuspended sediment is within the energy field of the suction mouth,
which reduces resuspension at the point of dredging.

Residual contamination is a potential artifact of hydraulic dredging. Residual
contamination is defined as an elevated concentration in surface sediments
that remain after remedia dredging has occurred. All proven dredging
methods available today leave some post dredge residuals on the bed of the
waterway. This occurs for several reasons; however, the predominant reason
for excessive residual contamination is the design engineer’s and operator’s
lack of knowledge regarding environmental dredging.

The following items describe the typical dredging practices that result in
residual contamination and how they can be overcome:
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Cutter head excavation beyond the suction limit. The cutterhead
dredge excavates and disturbs sediment beyond the suction limit of
the dredge. This results in a layer of “spillage” that makes up a
portion of the residual deposit after dredging. Use of a smaller
pipeline dredge with a smaller diameter cutterhead and extension
of the suction pipe, to reduce angle of attack of the cutterhead,
reduces the depth of spillage, and residual.

Cut dlope failure causing adjacent contaminated bed sediment
to flow back into the dredge cut. Control of the dredging
operation will require precise horizontal and vertical positioning.
This will be accomplished by use of GPS and acoustical sounding,
as well as real time monitoring of the dredge head and the bed
elevation. The dredging must be accomplished limiting the
thickness of cut to a value that is less than 0.8 times the cutterhead
diameter. Two cuts will be made for all dredging areas except
those areas that are less than two feet thick to avoid over spill onto
the rotating cutterhead due to cut slope failure. Completion of the
work in a two cut approach also limits the residual concentration.
The two cut approach limits the height of the cut slope, and further
reduces the impact of cut slope sloughing back into the completed
dredge cut.

Localized scour by auxiliary work boats on the contaminated
non-dredged bed. This can create resuspension, and residual after
the disturbed sediment settles. Control of vessel draft and vessel
movement to deeper water areas or dredged areas will reduce and
avoid this source of residual contamination.

The standard pipeline dredge is not a powered vessel like typical boats or
other work vessels. A standard pipeline dredge with a basket cutterhead
moves and positions itself in the waterway using swing wires on winches at
the front of the barge, and spuds, or anchors, at the rear of the barge. To
perform sediment excavation, the barge operator positions the ladder and
cutterhead at the required depth of excavation. This depth is identified as a
specific elevation, or a depth at a low water datum. The operator swings the
fixed ladder/cutterhead in an arc across the dredging area to remove sediment
to specific elevation. The rate of advance is determined by the swing wire
winch speed and the width of the cut.

4.1.2 Design Basis

The hydraulic pipeline dredge is one continuous operating unit from the
suction mouth through the pump and out the discharge pipeline to the
dewatering or disposal site. The dredge depth, cut thickness, sediment grain
size and specific gravity, debris and the length of discharge pipeline, impacts
the production of the dredge. This report evaluates the dredging of sediment
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in OU1, OU3, and OU4, each of which represents a different set of
characteristicsin thisregard.

The 4-1 presents the design basis for a hydraulic dredging operation. (Note
that Section 2 described how the estimate of the quantity of sediment can
change once the dredge prism is discretized into actual dredge management
units. However, until the expected pre-design characterizations are complete,
this DEA will use the sediment quantity estimates from the FS).

Table 4-1 Design Basis for Hydraulic Dredging

Parameter Value Basis or Assumption
Volume of in-place | OU1: 784,000 cy These values are presented in the
sediment dredged, | OU3: 587,000 cy RI/FS and are rounded off. They are
cy OuU4: 5,880,000 cy subject to change after the pre-design

sampling program is implemented.
Solids content of OU1: 24.2% These values are from the overall
in-place sediment, | OU3: 37.1% RI/FS data set, but adjusted as
percent by weight OuU4: 33.8% needed to reflect the characteristics of
the interval that is expected to be
dredged. They are subject to change
after the pre-design sampling program
is implemented.
Specific gravity of OuUl: 251 These values are from the RI/FS data
sediment solids 0ou3: 2.47 set. They are subject to change after
(dimensionless) OuU4: 2.36 the pre-design sampling program is

implemented.

Years to
accomplish
removal (preferred)

QU1: 2 - 3years

OU3 and OU4

(if performed
sequentially): 8 - 11
years

These values are based on schedules
suggested in the FS and Proposed
Plan, and discussions with the WDNR.

Duration of 35 weeks (8 months, This is based on typical weather
dredging season April to November) conditions in the Fox Valley.

Maximum OuU1l: 12/5 (175 These values are presented in the FS.
allowable days/yr) It is expected that work on OU1 will be

hours/days per
week during the
dredging season

OU3 and OU4: 24/7
(245 daysl/yr)

limited to a maximum 12-hr day for 5
days per week because of the
residential nature of the surrounding
area. After considering routine
maintenance and downtime (as
described below), a maximum 12-hr
day will likely result in less than 11
hours of useful production. Work in
OU3 and OU4 would not be
constrained, and a full 24/7 schedule
would be allowed.

Long-term daily
production required
to meet schedule
preference

OU1: 2010 cy/day

OU3: 2280 cy/day
OU4: 2560 cy/day

These are the minimum values
needed to meet the upper end of the
preferred schedule. Higher daily rates
would be desirable to provide a
contingency against downtime and
seasonal conditions.
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The design of a hydraulic dredging project will be based largely on the desired
rate of sediment removal. Dredge production rates for a standard hydraulic
pipeline dredge with a basket cutterhead are typically expressed as cubic yards
removed per hour. The cubic yard measurement is by the in situ cubic yard
volume in the waterway. When calculating the ability of a particular dredge
and pipeline to meet a desired daily rate, however, it is important to consider
two components: the dredge/pipeline average hourly rate and the effective
time in each day. Effective time is when the dredge is actually dredging and
sediment dlurry is in the pipeline. Non-effective time typically includes the
following:

Clean out of the cutterhead,

Dredge repositioning into another cut,
Shutdown due to vessel passage,
Debris removal from the pump,
Adding or taking out pipe,

Minor repairs, and

Other non-effective time.

Maintenance dredging in navigable waterways typically has an effective time
of 18 hours per 24-hour working day (75 percent). This type of dredging
handles the loose, unconsolidated sediment deposited since the last dredging
event, and does not encounter significant debris. The majority of dredging in
OU1, OU3, and OU4 is in new work areas that have denser sediment and
significant debris to contend with. Therefore, it is assumed that OU3 and
OuU4 will have a maximum effective time of 16 hours per 24-hour working
day (67 percent). 1n OU1, the alowable hours of work time per day is 12, and
it is assumed that routine downtime and maintenance would occur outside this
12-hour window.

Since the dredge is one continuous operating unit from the suction mouth
through the pump and out the discharge pipeline, the length of discharge
pipeline also impacts the production of the dredge. Dredging and disposal at
all three OUs will require the use of at least one booster pump from the most
distant dredging locations to reach the anticipated processing sites.

As described in further detail in Section 5.2.1, the addition of a booster pump
into the discharge line will decrease the amount of effective time for the
pipeline dredge. When one pump stops (either the on-dredge pump or the
booster pump), the entire dredging operation stops. For purpose of production
estimates for the entire project, a value of 10 percent reduced effective time
will occur with the addition of each booster pump in the discharge pipeline.
This is consistent with the USACE’s cost estimating guidelines for dredging
operations (USACE, 1985).

Production rates in cubic yards per hour for 10, 12 and 14-inch pipeline
dredges were determined using the program DRDGRATE (Hartman, 1984).
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As described above, each OU sediment to be dredged has a distinct grain size
and in situ specific gravity. Each OU aso has a specific assumed pumping
distance to reach the possible dewatering and/or disposal sites. These factors
were taken into account in the calculation of the hourly production rate. This
hourly rate was then converted to an average daily rate, using the effective
time based upon the number of booster pumps. The results of these
calculations are described for arange of alternative scenariosin Section 10.

The DRDGRATE program aso computes the corresponding dredge slurry
rate (in gallons of durry per minute) and dredge slurry solids (as a percent
solids by weight) that would be generated when a dredge of specified size is
operating at a particular production rate and pumping through a pipeline of
specified length. These values are also important because they determine the
sizing of downstream dewatering and wastewater treatment facilities. Thisis
discussed further in Sections 6, 7 and 10.

4.1.3 Follow-Up Information Needs and Tasks

The most significant information need for the dredging component of the
project is a final determination on sediment volume and physical parameters.
This information is expected to be derived from a major pre-design sampling
effort that is scheduled to begin in 2003. It will form the basis for the
preparation of “performance-based” construction specifications, as described
further in Section 9 of this report.

4.1.4 Permits and Approvals

Section 30.20, Wis. Stats, regulates the removal of materials from the beds of
waterways (WDNR, 2003a). A permit is required for the dredging of streams
where the bed is not owned by the State. A contract is required for the
dredging of lakes where the bed material is owned by the state.

The substantive requirements for contracts and permits are contained in WAC
NR 346 and NR 347, respectively. WDNR’s dredging project guidance
specifies that the application for a permit or contract must include the
information required in WAC NR 347.07 through 347.11 (WDNR, 2003a).

Because the dredging component of the Lower Fox River remedy would be an
“on-site” activity under the Superfund process, the need to actually obtain the
relevant permit is waived. Nonetheless, any substantive requirements in the
corresponding regulations would apply.

The most significant component of WAC NR 347 is the sediment sampling
and analysis requirements contained in NR 347.06. However, for the Lower
Fox River project, these requirements have aready been met through the
extensive RI/FS process. Other requirements within NR 347 cover the
management of dredge carriage water and the disposal of dredge solids in
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accordance with other state laws and regulations, but these requirements are
described elsewhere in this DEA for the particular remedial technologies
affected, and do not bear upon the dredging activity itself. Thus, it does not
appear that implementation of the dredging component of a remedial action
will be subject to any new permit or substantive requirements.

4.2 Mechanical Dredge with Haul Barge

The mechanical dredge with haul barge is a widely used dredging process in
the United States. It is designed to excavate loose to dense sediment, for sand
and gravel harvesting, and for work in open water where the wave climate can
disrupt afloating pipeline or damage aladder structure on a hydraulic pipeline
dredge. The use of a mechanical dredge at OU3 and OU4 is considered to be
feasible, subject to further review during final engineering.

4.2.1 Process Description

A major difference in operation between the standard mechanical dredge and
the hydraulic pipeline dredge is that the sediment dredged by a mechanical
dredge is at or near itsin situ water content. No additional water needs to be
added to the dredged sediment for transport. The sediment is transported by
haul barge, and requires re-handling from the barge to a processing or disposal
site, or to truck or rail for transport to a treatment or disposal site.

The mechanical dredge operates on the design principle of a digging bucket,
or a re-handling bucket, to remove sediment and place it into a haul barge.
The standard mechanical dredge can have a wire-connected dredge bucket
(clamshell) or a fixed arm dredge bucket (backhoe or dipper). A third type of
mechanical dredge, the bucket ladder dredge, is not considered a feasible
aternative for the Lower Fox River remediation effort.

Recent design and modification of the dredge bucket has focused on
minimizing the resuspension of sediment at the point of dredging. This has
resulted in the development of the environmental bucket, or closed-bucket,
and the hydraulic bucket. These environmental buckets reduce the loss of
sediment during the bucket closure and retrieval through the water column.

The size of a mechanical dredge is identified by the capacity of the bucket.
An 8 to 10 cubic yard bucket would be effective for the remediation dredging
at OU3 and OUA4.

The mechanical dredge requires a haul barge and tugboat for transport of
contaminated sediment from the dredging site to the processing site. As a
result, the use of a mechanical dredge will require at least one re-handling of
the dredged sediment from the barge before final disposal. The material can
be dewatered at the offloading site, transferred to overland transport such as
rail or truck, or placed in a mixing hopper where slurry water is added to
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allow hydraulic pumping to the disposal site. Scenarios for mechanical
dredging and disposal would require the use of multiple barges with
re-handling and upland transport to the disposal site. Additional details of
these potential remedy components are described in Section 5.

Environmental dredging is accomplished by minimizing the dredge volume
and maximizing the x, y and z precision of dredging. The wire-connected
bucket of a standard mechanical dredge is not a precision dredging unit. Even
with a good operator, the inherent operation capability of a cable connected
bucket will mean the dredging accuracy on the vertical will be in a range of
one to two foot overdepth dredging. Use of a fixed arm mechanical dredge,
equipped with precision real time monitoring, can control dredging depth with
avertical accuracy of four inches overdepth (FWENC, 2001b).

The standard mechanical dredge is not a powered vessel that can move as a
typical boat or other work vessel. The dredge is a barge mounted clamshell or
backhoe excavator that is equipped with working spuds or an anchor system to
hold the barge in position while dredging. The depth of dredging isidentified
as a specific elevation, or a depth at a low water datum. The dredge removes
sediment to that specific elevation.

The barge is anchored in one position, and the dredge arm or boom is set at a
specific distance out from the barge. The boom rotates and removes an arc of
sediment with several bucket grabs. The dredge boom is rotated so that each
grab is dightly overlapped to assure removal of al sediment. One barge
position can have two or three boom sets. The barge is then moved forward,
and anew two or three set dredging action is compl eted.

The width of the dredge cut for a mechanical dredge can be limited to one
bucket footprint, or to one set of bucket grabs on the radius of the boom
swing. The mechanical dredge does not need to have a minimum swing to
advance as would a standard pipeline dredge. Thisis an important difference
between the mechanical and cutterhead dredges; the cutterhead dredge's
volume is determined by the constant cut elevation times the swing. The
mechanical dredge’ s volume is determined by each bucket grab area times the
cut elevation. A standard hydraulic pipeline dredge will cut a 60-foot wide
swath at a constant elevation. The mechanical dredge cuts a 15-foot wide
bucket footprint at a constant elevation.

For purpose of preliminary engineering and analysis of the mechanical dredge
in this report, the swing width of the fixed arm dredge is at 60 feet, with the
bucket grabs equivalent to an 8-10 cubic yard bucket footprint, and 10 percent
overlap.

The issue of residual contamination was first described in Section 4.1.1.
Residual contamination by a mechanica dredge, equipped with an
environmental hydraulic bucket on a fixed arm dredge, has demonstrated
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better control of residual than the standard pipeline dredge (FWENC, 2001
a,b). However, the primary cause of excessive residua has historically been
the design engineer’s and operator’s lack of knowledge and understanding on
how residuals are created from dredging. The improved operational factors of
the environmental hydraulic bucket cannot override the lack of operator skill,
or bank sloughing caused by excessive dredge cut thickness.

Control of the dredging operation will require precise horizontal and vertical
positioning. This control has been implemented and proven successful using
the fixed arm mechanical dredge with standard and environmental buckets
(Taylor, 2003). This mechanical dredge system (fixed arm) has demonstrated
the capability to control vertical dredging to within 4 inches of target depth.
This alows the contractor to remove a smaller cut of material, which limits
the amount of slope failure and recontamination during the dredging.

Sensors placed on the bucket, and on the dredge arm, provide real time
monitoring and control of the dredge bucket. The development of the
hydraulically closed bucket allows the operator to slowly lower the open
bucket and set it on the surface of the fine, soft grain sediment, thereby
reducing resuspension. The bucket is articulated so that as the hydraulic
motors close the bucket, it removes a constant and level layer of sediment
from the bed. The closed bucket prevents escape of any captured sediment
during retrieval to the surface.

Localized scour by auxiliary work boats on the contaminated non-dredged bed
are independent actions from the dredging. The requirement is to limit vessel
draft and to keep vessel movement only in deeper water areas or dredged
areas. Failure to do this will override any reduction in residuals the dredge
operation may provide.

4.2.2 Design Basis

The guantitative design basis and production expectations for a hydraulic
dredging operation as described in Section 4.1.2 are the same for a mechanical
dredging operation.

The Lower Fox River project characteristics (sediment grain size, disposal
options, dredging season) will have different impacts on the mechanical
dredge production and residua than they will on the hydraulic dredge.
Production rates for the mechanical dredge are based on the bucket size, the
fill capacity, the bucket retrieval and return to the bed, and the number of
boom sets per barge move. The Lower Fox River sediment is fine grain silts
and clays with some granular sediment. This will require use of an
environmental bucket to reduce or eliminate sediment resuspension during
dredging. To meet the overall schedule requirements identified in the design
basis, a production rate for dredging with a hydraulic environmental bucket
must be on the order of 150 to 200 cubic yards per hour. Thisis based on an
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average cut thickness of 3 feet, an average cycle time of 80 seconds, using an
8 to 10 cubic yard bucket, and factoring the impact of dredge effective time.

Effective time for amechanical dredge is that time when the dredge is actually
removing material from the bed, lifting and swinging to the barge, and
depositing sediment into the haul barge. Non- effective time occurs when the
dredge is waiting for an empty haul barge, minor repairs, crew change, bucket
repair or debris removal, vessel passage, and other non-dredge activities.
Effective time for maintenance dredging in navigable waterways with a
mechanical dredgeistypically 18 hours per 24-hour working day (75 percent).
The remaining 6 hours of each working day is non-effective time.

As described in Section 4.1.1, the majority of dredging in OU3 and OU4 is
not in the navigation channel area. It isin new work areas that have never
been dredged before. These new work areas will have significant debris to
contend with. For OU3 and OU4 effective time per day for the mechanical
dredge, based on use of a fixed arm dredge equipped with a hydraulic
environmental bucket, is estimated at 17 hours per 24-hour working day
(70 percent).

Dewatering and/or disposal will require secondary transport of sediment, or
slurry transport from an off loading site. The haul barges should be offloaded
a a rate that allows the empty barge return to the dredge for continuous
dredge operations. The details of such a barge transfer operation are
described further in Section 5.1.

4.2.3 Follow-Up Information Needs and Tasks

The follow-up information needs for a mechanical dredging process option
will be the same as for the use of a hydraulic dredge. These are described in
Section 4.1.3.

4.2.4 Permits and Approvals

4.3

The permitting considerations for a project using a mechanical dredge will be
the same as those for a hydraulic dredge. These are described in
Section 4.1.4.

Performance of Hydraulic and Mechanical

Dredges on Recent Projects

RETEC reviewed the performance of hydraulic and mechanical dredges used
for three separate PCB sediment dredging events in New Bedford Harbor,
Massachusetts. Several key parameters of these events were analyzed for
applicability to the Lower Fox River project.
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The New Bedford Harbor Pilot Dredging Study was completed in 1989, the
Hot Spot Dredging Event was completed in 1995, and the Pre-Design Field
Test (PDFT) was completed in 2000 (FWENC, 2001a, b). The first two
dredging events were completed prior to understanding the differences
between environmental and navigational dredging. Foster Wheeler concluded
that remedial dredging technology changed substantially after the completion
of the first two projects (FWENC, 1999).

The dredging technology that demonstrated the best performance on the first
two events was an Ellicott 370 HP Dragon Series 10 inch hydraulic pipeline
dredge. The third event was a field test of a Caterpillar 375 LC Hydraulic
Excavator with a 4.5 cubic yard Horizontal Profiling Grab Bucket. Thisis a
fixed arm mechanical dredge with an environmental bucket that is
hydraulically opened and closed. A comparison of the performance of these
dredgesis shown in Table 4-2.

Table 4-2 Comparison of Hydraulic Pipeline and Mechanical
Dredge Performance

New Bedford, 1989.
10 inch pipeline

New Bedford, 1995.
10 inch pipeline

New Bedford, 2001.
4.5 cy bucket

dredge dredge
Average workday, hr 4.1 7.7 11
Effective time 78% 52% 47%
g\;grage production 37 cy/hr 13.4 cy/hr 72.5 cy/hr
Accuracy Avg. 9.5 in* N/A +/- 4 in.
Required dredging 1574 cy 8428 cy 1985 cy
Over dredging 0 5568 cy 323 cy
Total volume 951 cy 14000 cy 2308 cy

dredged

The table summarizes a number of important project metrics that can be
compared to work on the Lower Fox River.

The effective time for a long-term operation like the Lower Fox
River project will be significantly higher than that experienced
during alimited-time testing project like New Bedford.

The accuracy of vertical dredging depth is affected primarily by
dredge type, not dredge size and sediment characteristics.
Therefore, the New Bedford values for vertical dredge accuracy
are directly representative of the dredge types proposed for the
Lower Fox River.

Production rates depend on the dredge size and the sediment
characteristics. While the New Bedford production rates indicate
the relative rates that each type of dredge can achieve, they are not
indicative of those that can be achieved on the Lower Fox River.
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The production rate for the Lower Fox River project will be
significantly higher because the project will employ a larger
pipeline dredge (12 to 14 inch) or alarger mechanical dredge (8 to
10 cy), and the sediment will be less dense. The New Bedford
Harbor sediment was typically denser than Lower Fox River
sediment, as indicated by the sediment in situ specific gravity data
in Table 4-3.

Table 4-3 Comparisons of New Bedford and Lower Fox River

Sediment Characteristics

New Bedford Lower Fox River

OuUl Oou3 ou4

Sediment in situ specific
gravity

1.26-141 1.18 1.28 1.24

Sediment D50 grain size 0.01t0 0.25

Not Available
mm

Solids specific gravity 2.4 2.51 | 2.47 | 2.36

4.4

Although not specifically indicated in Table 4-2 and Table 4-3, the data for
dredge solids from the New Bedford project can aso be compared to future
work on the Lower Fox River. In general, the dredge solids concentration of
the pipeline dredge (10 inch) at New Bedford Harbor was on the low side of
average, reflecting a method of operation where the suction was also used to
capture surface sheen by lifting the ladder off the bed (US Corps of Engineers,
2000). For purpose of analysis in this report, an average value of 8 percent
solids in the dredge slurry over the long term is expected for the 12 to 14 inch
dredge. This is based on the 2000 performance at the SMU 56/57
demonstration project on the Lower Fox River (Hart Crowser, 2001).

Mechanical Dredge with Hydraulic
Discharge (Hybrid Dredging)

Hybrid dredging uses mechanical excavation with a hydraulic materia
transport system. This dredging technology was developed specifically for
environmental dredging. It provides material excavation with high vertical

accuracy and limited water entrainment, and materials transportation by
pipeline with controlled slurry water input.

For a hybrid dredging operation, the mechanical dredge would operate as
described in section 4.2.1. The dredge is a fixed arm hydraulic excavator
mounted on a barge. The bucket is a horizontal profiling grab bucket that is
hydraulically powered, and a crane monitoring system that provides the
operator precise control of the bucket in the horizontal and vertical plane. The
equipment is designed to achieve a vertical dredging accuracy exceeding +/-
0.5 feet, and horizontal accuracy exceeding +/- 2 feet.
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The dredged material is transported by hydraulic slurry rather than haul barge.
The excavated material is placed into a hopper and mixed with make-up water
to create the transport slurry. To minimize the water delivered to the
dewatering or disposal location, a patented Slurry Processing Unit (SPU) (C.
F. Bean Environmenta LLC) delivers slurry with high percent solids
concentration. The recirculation system reduces the volume of water
generated during dredging by pumping the decant water from the processing
facility back to the dredge for use as make-up water for the dredge slurry.

The hybrid dredge system was used on a remediation project in Bayou Bon
Fouca, Louisiana, and on the test dredge in New Bedford. The Bayou Bon
Fouca was a large dredging project, with removal controlled to within +/- 3
inches vertical accuracy. New work dredging was completed in the Bayou at
a production rate of 1,000 cubic yards per day, working a 9-hour workday
with 72 percent effective time. The material dredged was a dense silt and
plastic clay (Taylor, 2003).

A modified version of the hybrid dredge was used for the New Bedford Pre-
Design Field Test. Thisfield test was designed to determine the ability of the
dredge bucket (sediment profiling grab) to remove contaminated sediment
without causing adverse ecologica impacts (FWENC, 2001b). The removal
efficiency was evaluated by determining the sediment PCB concentrations
before and after dredging and calculating overall PCB removal. Results
indicated that approximately 97 percent of the PCB mass within the dredging
boundaries was removed. The data aso indicated that the average post
dredging sediment PCB concentration was 29 ppm, which was above the
upper harbor clean up level of 10 ppm. The average post dredging PCB
concentration was attributed to re-contamination from adjacent areas by
sloughing, tidal action, work vessel prop wash, not inefficient or inaccurate
dredging (FWENC, 2001b). After further analysis of the Pre-Design Field
Test data set, it was concluded that residual contamination caused by
sloughing or vessel disturbance could be controlled by using aternative
dredging and vessel movement procedures.

The solids concentration of the dredge slurry (by weight) in New Bedford
ranged from 13 to 16 percent (FWENC, 2001a). This solids concentration is
similar to what we expect to achieve on the Lower Fox River project.
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5.1.1

Material Transport

This section describes options for transporting dredged sediment, either in
bulk or as slurry, and options for transporting dewatered sediment.
Throughout this and subsequent sections the reader is referred to supporting
drawings in Supplement IV to this report.

Barge Transport

This section describes the options for using barges to transport dredged
sediment. Barges can transport large volumes of contaminated sediment to a
transfer facility, in an efficient and effective manner, within specified
operational and environmental restrictions.

Process Description

Transport barges, also referred to as scows or haul barges, are cargo-carrying
craft towed or pushed by powered vessels (i.e., tugboats) on inland or ocean
waters. Tugboats operate to move both sediment-laden and empty barges
between the dredge site and transfer facility. Haul barges are designed to
provide effective transportation of materials on waterways and are commonly
used to transport dredged sediment from a dredging operation to the transfer
facility.

The use of haul barges as a means of sediment transport in OU3 and OU4 is
considered a feasible method for transfer of mechanically dredged sediment.
As described in Section 4.2, mechanical dredging has a lower production
capacity than hydraulic dredging operations; however, mechanical dredging is
more feasible in restricted areas and areas confined by piers and docks.
Mechanical dredging is advantageous because the removed sediment has
nearly the same water content as the in situ sediment. For this reason, less
dewatering is necessary and the use of haul barges for transporting sediment
becomes a viable option.

During dredging, continuous tugboat and haul barge movement would be
required to complete the implementation of the dredging operations within a
reasonable timeframe. With this continuous movement, the tugboats and haul
barges would be equipped with the necessary and mandatory accessories to
facilitate surveillance and compliance with all navigation and channel
requirements.

The primary features to consider in the selection of an appropriate tugboat are
maneuverability and draft. Dredging operations will be conducted along
shoreline areas and shallow shelves where the draft of the tugboat may be
limited by water depth. There are also specific draft allowances within the
locks of Lower Fox River that restrict vessel size. The selected tugboats must
be sized based on water depths at all locations where the tugboats would be
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operating and based on the size of the locks. To provide effective and
efficient tugboat operation, a tugboat that is reliable under varied conditions
should be selected and an experienced and skilled tugboat operator should be
employed. The speed of the tugboat is a less relevant feature because The
Lower Fox River is a “no wake” zone. Tugboat speed with or without tow
cannot exceed a maximum rate of 5 miles per hour.

The primary features to consider in the selection of an appropriate haul barge
are work area restrictions such as channel dimensions, site obstructions, lock
size, piers, jetties, and height restrictions such as bridges and power lines.
Barge draft is also a consideration when dredging along shallow shorelines or
shallow shelves. Haul barges can be single or double hulled, and drafts of the
barges are typically 6 to 8 feet when full, and 4.5 to 5 feet when half full.
Tank barges, flat deck barges, and hopper barges are three types of barges
typically used for transferring dredged sediment over waterways.

e Tank barges have cargo compartments that are either continuous or
divided into sections, and can be loaded and unloaded using a
mechanical or hydraulic dredge. Tank barge capacities typically
range from 100 to 6,000 cubic yards (75 to 4,600 cubic meters).
Tank barges can be used to transport fluids of bulk materials and
have been used to transport dredged materials.

e Hopper barges have funnel shaped hull interiors that can be opened
longitudinally, or have bottom mounted discharge doors for
unloading. The design principle of hopper barges is for delivery of
bulk materials to open water sites, but is also used in mechanical
dredging operations as a method of transfer. Hopper barges have
the same capacity range as tank barges, and can be unloaded from
the top using a mechanical or hydraulic dredge, or from the bottom
using the discharge doors. Hopper barges can be used for
mechanical or hydraulic dredging operations, but are generally
avoided in environmental dredging operations. According to
USACE Buffalo District studies, hopper barges have been shown
to leak from hull seams, and should be stabilized with plastic
liners, sandbags, or hay bales. Thus, use of a hopper barge would
cause loss of contaminants to surrounding waters, and would offset
efforts to minimize the re-suspension of contaminants. Typical
hopper barges capacities range from 100 to 6,000 cy (75 to
4,600 m*).

e The deck barge is a typical design chosen for transferring dredged
sediment. Deck barges have an open and flat work surface and can
be modified to provide leak proof cargo containment. This type of
barge is most suitable for hauling equipment, as well as bulk
materials. Modifications can be made to the deck barges that will
facilitate material transfer on the deck of the barge, or sediment
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can be hauled on unmodified deck barges by placing sediment bins
or dumpsters on the barges. Modified deck barges would be a
useful method for transporting dredge equipment and mechanically
dredged sediment in the Lower Fox River. The capacity of the
deck barge is dependant upon the size of the modification or
sediment containment dumpster implemented. Deck barges also
have more offloading options than the other barge types, and are
available and frequently used on the Lower Fox River. It may be
paramount that modifications be made to flat deck barges used
during environmental dredging operations in the Lower Fox River.
Sealed, reinforced steel sides can easily be added to provide
dredged sediment containment. Modifications can also be made to
deck barges that will provide for residual water removal at the
transfer facility.  Deck barge capacity is dependant upon
modification design applied or upon capacity of containers
implemented.

Transport of the sediment between the dredge site and the processing facility
or disposal facility will require at least one re-handling of the material at the
transfer facility. Processing and/or short-term storage of the contaminated
dredged sediment may also be necessary at the transfer facility, and may also
require construction of a lined containment area or large holding tank.

Re-handling of the sediment will require positioning the barges against a dock
or bulkhead in such a manner as to minimize sediment loss. The following
options are feasible for transfer of materials from haul barges to a land based
facility:

e Pumping of the slurry via hydraulic or modified hydraulic dredge.
This method could be used for removing dredged sediment from
tank barges without compartment divisions, or deck barges with or
without modification. Water may be added to the slurry, if
necessary, to employ hydraulic pumping.

e Use of a submerged dredge pump re-handling is an option for
removing dredged sediment from any barge type selected.

e Clamshell bucket used in combination with crane equipment is an
option for removing dredged sediment from any barge type
selected.

e Backhoes, dozers, belt conveyers, and re-handling buckets are
options that may be used for removing dredged sediment from
deck barges only.
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e Bucket line dredge used in combination with crane equipment is an
option that could be used for removing dredged sediment from
deck barges only.

Three significant sediment re-handling considerations are offloading time,
spill prevention, and management of residual contaminated water. With
respect to offloading time, offloading operations are expected to take longer
than loading operations. The transfer facility and re-handling methods should
be designed to minimize offloading time and not limit the rate of dredging.
With respect to spill prevention, the transfer facility should be equipped with a
drip apron to minimize the potential for loss of material and re-suspension of
contaminants in the waterway. Preventative measures can also be
implemented by ensuring that equipment operators are trained and skilled.
With respect to residual contaminated water, following the transfer of
sediment from the haul barges, an estimated 20 percent of each haul barge
load will be residual wastewater. The wastewater must be removed at a rate
that is somewhat equivalent to the material offloading time.

Management of residual wastewater could be addressed by several different
methods. The wastewater could be removed from the haul barge and
transported to a treatment facility or treated on modified haul barges fitted
with a treatment unit for immediate discharge of treated wastewater to the
river. To facilitate removal of the wastewater from the haul barges, sump
pumps could be used and the haul barges could be modified to allow for
wastewater to collect at a certain location prior to treatment. Another option
is to mix the wastewater with sediment to form a slurry with a flocculating
polymer for transport to a dewatering facility prior to treatment. The most
feasible method for removing residual wastewater is to provide pumps that
will transfer the wastewater to a collection point prior to transfer to treatment.

Water depth, channel dimensions, lock and bridge access way dimensions, in-
water traffic, and the presence of obstructions influence the effective use of
tugboats and haul barges. The following items describe specific features of
the Lower Fox River that pose limitations to the use of haul barges for
transport of dredged sediment:

e One lock exists between OU3 and OU4 that is 35 feet wide by 144
feet long, and permits a 6-foot draft. Typical tugboats and loaded
barges either draft more water, or are larger than the lock will
accommodate. Smaller tugboats and deck barges are available;
however, load capacity is reduced with these options.

e The Lower Fox River has areas outside the shipping channel that
are shallow, and in many areas will not draft full barge loads or
tugboats.
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e Several drawbridges exist in OU4 that may result in delays in
transfer of materials from dredge site to the re-handling site.

e Shipping traffic in OU4 may also result in delays.

Based on

analysis of traffic on the Lower Fox River, most shipping traffic
occurs close to the mouth of the river. However, the percentage of
sediment removal within these high traffic areas is minimal, as
indicated in the following graph:
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As indicated in section 5.1.1, barge type, barge modification, type of dredging
being performed, and nature of the dredged sediment are all factors in the
efficient and effective transport of dredged sediment from the remedial site to
the transfer facility. The dredging contractor, under a performance-based
contract, would ultimately make final selection from the options available.
Table 5-1 indicates minimum performance requirements.
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Table 5-1 Design Basis for Barge Transport

Parameter

Value

Basis or Assumption

Volume of in-place
sediment dredged, cy

OU3: 587,000 cy
OU4: 5,880,000 cy

These values are represented in
the RI/FS and are rounded off.
They are subject to change after
the pre-design sampling program
is implemented.

Duration of barging

35 weeks/year

This is based on typical weather

during the dredging
season

season (8 months; April- conditions in the Fox Valley.
November)

Long term daily 2550 cy This is the minimum value

production required to needed to meet the upper end of

meet schedule the preferred schedule. It

preference corresponds to a dredging rate of
150 cy/hr and an effective time of
17 hr/day. Higher daily rates
would be desirable to provide a
contingency against downtime
and seasonal conditions.

Years to accomplish 8-11 years These values are based on

removal (preferred) performing OU3 and OU4
dredging sequentially, and on
schedules suggested in the FS
and Proposed Plan, and
discussions with the WDNR.

Maximum allowable 2417 Work in OU3 and OU4 would not

hours/days per week (245 daysl/yr) be constrained, and a full 24/7

schedule would be allowed.

Expected rate of
wastewater generation

127,500 gallons/day

Based on a barge load containing
20% residual wastewater
offloaded at a rate of 7,500
gallons/hour, and assuming
17-hour effective time per day.

5.1.3 Follow-Up Information Needs and Tasks

There is no further information that is needed to further the design of barge
transfer. Once the dredging contractor has been selected, decisions such as
barge size, barge capacity, and off-loading crane size will be determined.
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5.1.4 Permits and Approvals

5.2

5.2.1

There are no specific environmental permits or approvals associated with this
particular project element.

Hydraulic Transport

Hydraulic transfer is the process of pumping dredge slurry from a point of
generation to a point of processing or disposal. Several options and possible
configurations for hydraulic transfer of dredge slurry are discussed in
Section 4.2.1.

Process Description

Hydraulic transport uses a series of pumps and forcemains (pipes) to move
dredged sediment as aqueous slurry. While hydraulic transport is not typically
utilized in conjunction with dredging projects, it is analogous to other
common applications. For example, municipalities throughout the country
pump wastewater from a point of generation to a point of processing or
disposal. Also, the mining industry routinely transports solids-bearing slurries
over long distances.

This process is compatible with several remedial scenarios. Certain logical
combinations include the following:

e To convey slurry directly from a hydraulic dredge or hybrid
processing unit via an in-water route, to a riverside mechanical
dewatering plant

e To convey slurry from a hydraulic dredge or hybrid processing unit
via a combination of in water and overland routes, to an upland
confined disposal facility (CDF)

From an engineering standpoint, the primary difference in pumping slurry
from a hydraulic or hybrid dredge source would be the solids content. The
long-term average solids content from a hydraulic dredge is expected to be
approximately 7 or 8 percent (by weight) compared to approximately 15
percent from a hybrid dredging operation. The hydraulic dredge solids
content will vary in accordance with the action of the cutterhead. The solids
content from a hybrid dredging operation will have less variability since the
goal of the process is to maintain more consistent slurry. Higher solids
content results in denser slurry, which in turn requires additional pump
horsepower and/or shorter distances between pumps.

The in-water run of a slurry forcemain could consist of floating or submerged
pipe, depending on local navigational needs. Booster pump stations would be
situated on barges. The barges would likely be anchored near a riverside
access point or materials staging yard. It is assumed that booster pump
stations require electrical service and potable water (for maintaining seals).

WISCI-15933-121 5-7



Detailed Evaluation of Alternatives Report

The booster pump stations would be located at intervals along the run of
slurry forcemain.

The overland length of forcemain could follow any accessible route where
rights-of-way can be secured. Wherever possible, the forcemain would be
exposed at-grade for inspection and maintenance purposes. Road crossings
would be constructed by conventional jacking or open-cut methods,
depending on the volume of traffic in the area. As with the in-water
forcemain, booster pump stations would be located at intervals along the run
of slurry forcemain, and would be housed in small, pre-engineered buildings
such as those used for telephone and other utility operations.

The length over which dredge slurry can be pumped does not have an inherent
hydraulic limit. However, each booster pump serves to reduce the amount of
time that a dredge can productively operate due to startup, maintenance, and
operational coordination between the dredge and conveyance system. An
industry rule of thumb is that each pump reduces the available dredge time by
10 percent. With a dredge in production for 16 hours (i.e., at best), the
number of booster pumps soon becomes limiting. For example, the
corresponding available dredge time in a maximum workday of 24 hours
would be as follows:

No booster pumps — 16 hours
One pump — 14.4 hours

Two pumps — 13.0 hours
Three pumps — 11.7 hours
Four pumps — 10.5 hours
Five pumps — 9.4 hours

For a given pumping scenario, the required pipe diameter can be calculated
based on the following major variables:

e Dredge slurry rate (varies by size and type of dredging equipment)
e Solids concentration of the slurry
¢ Distance between pumps

When the distance between pumps and the maximum slurry solids
concentration are fixed, a range of dredge slurry rates and the corresponding
required pipe diameters could be calculated through iteration. Since the
number of pumps will be limited, the total forcemain distance will also have a
practical maximum limit (i.e., “x” times the spacing between the pumps,
where “x” is the number of pumps) for a particular combination of pipe
diameter, slurry rate, and slurry solids concentration. The results of these
relationships and the corresponding calculations are discussed in

Section 5.2.2.
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5.2.2 Design Basis

As indicated in Section 5.2.1, the design of a slurry forcemain and
intermediate booster pumps is closely linked to the output of the dredge, in
terms of slurry flow rate and slurry solids concentration. Sizing of the pipe

and pumps cannot be completed until the dredge output is known. However,
certain minimum parameters (presented in the Table 5-2) are likely to be
relevant for any configuration of facilities.

Table 5-2 Design Basis for Hydraulic Transport

Parameter Value Basis or Assumption
Slurry Solids 7 to 15 percent, The low end of this range of values
Concentration, | long-term represents the expected long-term average
Percent by average output of a hydraulic dredge and the upper
Weight (short-term end represents a hybrid dredging operation.
exceedances For a hydraulic dredge, exceedances outside
likely) of this range are likely due to the normal

action of the cutterhead.

Pipe Materials
of Construction

In-water: HDPE

Overland: Steel

These are recommended based on common
dredging applications and the need to
provide a protective, secure system.

Pipe Diameter

In OU3 and OU4,
likely to be in the
range of 12
inches to 16
inches

For OU1, could
be as small as 8
inches

This is based on the sizes of dredge
equipment that are likely to be needed to
meet the overall production and schedule
requirements.

Secondary
Containment

Not required

The use of double-walled piping system is
not believed to provide benefits that are
commensurate with the cost and complexity.
A single-walled piping system can be
instrumented to provide good control and
process safety. Routine, preventative
maintenance and replacement of long runs of
pipe is also greatly facilitated by the use of
single-wall piping system.

Booster
Pumps, Power

Supply

Onland: electric-
driven motors

Floating: diesel
or electric-driven

These are recommended configurations.
Electric service, wherever possible, is
probably more cost effective, and avoids the
need to provide fuel storage or handling
operations.

Typical System
Appurtenances

Cleanout points
along pipe route,
air relief points at
pipe transitions,
possible backup
pumps at booster
stations

These are standard features that would be
part of a final system.
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The routing of the forcemain and the siting of intermediate booster pump
stations cannot yet be established because the type and location of slurry
processing facilities has not been determined. However, the following
scenarios are described for illustrative purposes:

e For OUI, construction of an overland slurry forcemain would be
limited by the density of development and current land uses around
LLBdM. On the other hand, if a central dewatering facility could
be located at the Bergstrom fill site, then an in-water route would
be straightforward and implementable, and any overland facilities
could be avoided. For a maximum pumping distance of 5 miles
(from the most distant end of the OU, back to Bergstrom) only a
single booster pump may be needed. This is illustrated on Sheet
02 on the plan set in Supplement IV.

e For OU3 and OU4, if a central dewatering plant could be sited at
the river’s edge, in-water piping from each end of the OU could be
constructed and overland piping could be avoided. The total
length of OU3 and OU4 is approximately 12 miles, as indicated on
Sheet 03 of the plan set in Supplement IV. Pumping from either
end to a location near the center would equate to a maximum
transport distance of 5 to 7 miles. A distance of 5 to 7 miles could
be accommodated with one booster pump.

e For OU3 and OU4, if an upland dewatering or disposal facility
were located in rural Brown County, an overland route could be
established. A route could follow existing roads or other corridors.
For example, the existing Fox River Bike Trail provides a
convenient corridor from the river’s edge to the southeast, with the
exception of the northern end of the bike trail that traverses heavily
developed areas of Green Bay and De Pere. South of De Pere, the
trail is routed through rural lands. The Bomier Boat Launch in De
Pere, where the trail turns inland from the river, could serve as a
location for transitioning the pipe route from an in-water segment
to an overland segment. The overland route along the bike trail is
indicated on Sheet 03 of the plan set in Supplement IV, although
no commitment has been made to siting a sediment dewatering
plant or disposal location in this vicinity.

e For OU3 and OU4, the in-water segment could be extended further
south where the near-river land use is more rural. This option
would avoid possible interferences with residential neighborhoods
and city street crossings near the Bomier Boat Launch. An
overland route could then be established from a take-out point
south of De Pere along rural county roads and perhaps connect to
the Bike Trail for part of its length depending on the ultimate
location of the slurry dewatering or disposal facility. An example
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of this configuration is also illustrated on Sheet 03 in
Supplement IV.

5.2.3 Follow-Up Information Needs and Tasks

At this time, there are no immediate information needs for the hydraulic
transfer element of this project. Final design details would be determined
based on the design and location of dewatering facilities and the type of
dredge employed.

5.2.4 Permits and Approvals

5.3

5.3.1

There are no specific permits or approvals that would be required prior to final
engineering and design. However, any overland route would be subject to
routine construction approvals from the local jurisdictions through which it
traverses. While such construction approvals are routine in nature, the unique
aspects of the Lower Fox River project and public sensitivity to any handling
of the polychlorinated biphenyl (PCB) sediment means that additional effort
and transactional time will be required to obtain these approvals.

Securing access agreements needed to cross private lands may be a greater
challenge than obtaining local approvals. This work would commence once
the siting of facilities is established. The project schedule must provide time
for negotiating and drafting necessary easements and possible owner
indemnifications.

Truck Transport

This section provides a description of options and procedures for loading
dredged material into trucks for transportation to a disposal facility.

Process Description

Trucks could be used to transport sediment to a treatment or disposal facility.
This process could be applied in at least two ways:

e Dewatered dredge solids, in the form of sand and filter cake, could
be transported from the dewatering plant to an off-site treatment or
disposal facility (such as a vitrification plant or landfill)

¢ A mechanically dredged sediment, after free water is allowed to
drain, could be transported from a barge or riverside processing
site to an off-site treatment or disposal facility

The transport of either kind of material would be performed using standard
over-the-road vehicles. The material would be loaded from the dewatering or
processing site into trucks using conventional earthmoving equipment or
conveyors. The loadout facility would be equipped with paved access roads
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