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ATTACHMENT A-1

REMEDIAL ACTION AREA DELINEATION



The following is a summary of the steps used to delineate the lateral extents of RA

areas during the development of the dredge, cap, and cover plans.

Steps to evaluate lateral extents:

1. RA areas were initially delineated based on a core-by-core analysis using a
Thiessen polygon approach during the BODR phase. Each polygon
represented a single RD sampling location and preliminary RAs were
assigned to each polygon based on the PCB data from the RD sampling (see
additional details in Section 4.4.1.1).

2. A geostatistical model, using full indicator kriging (FIK; see Section 2.4 of
Volume 2) with RD data collected in 2004 and 2005 provided a three-
dimensional surface representing the elevation of contamination above the
RAL at various levels of significance (LOS). As discussed in the BODR and
30 Percent Design, the technical workgroups concluded that the LOS of 0.5
provides the optimum combination of maximum percent correct predictions
and minimum overall bias and was therefore selected as the basis for
delineating sediment with PCB concentrations exceeding the RAL.

3. The delineation of RA areas were refined from the Thiessen polygons
developed in the BOD during the 30 Percent Design phase based on the FIK
performed using the 2004 and 2005 RD sampling data. Geostatistical
delineation of PCB contamination, discrete RD sampling data, and
engineering judgment were used to refine the dredge prisms, as explained
below:

a. Cross-sections were generated every 100 to 200 feet along the alignment
of the river and at various locations where additional detail was
warranted (e.g., areas where the channel alighment and shoreline are not
parallel).

b. Each cross-section was analyzed individually and the lateral extents of
remediation (dredging, capping, and sand cover) were delineated based
on consideration of the following:

« RA areas were delineated to address areas where the DOC was
predicted to be in excess of approximately 2 to 4 inches (0.2 to 0.3 feet)
by the FIK geostatistical model.



« PCB data from discrete core locations within and adjacent to the area
were reviewed along with the FIK geostatistical model results. In
some instances, the geostatistical model predicted the DOC upwards
of 6 inches where the discrete core indicated all samples below the
RAL. In these cases, the results of the discrete core samples were
considered more accurate and RA areas were delineated accordingly.

« Engineering judgment was used to achieve a more efficient and
constructable design. This involved creating minimum width and
constant width “lanes” parallel to the channel centerline, bathymetry,
or shoreline.

c. Plan view maps of the RA areas were reviewed along with predicted
DOC from the geostatistical model shown on a regular grid spacing.
Additional refinements were made to the lateral extents of the RA areas
based on this review to ensure that the RA boundaries appropriately
addressed areas where at least 2 to 4 inches of sediment above the RAL

exist.

Figure 1 provides an example area that demonstrates the results of these steps.
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ATTACHMENT A-2

IN-WATER STRUCTURE TRANSITION AREA
DESIGN “GROUND RULES”



@ ANCHO R TETRATECH EC, INC

ENMVIRONMEMTAL, L.L.C.

Remedial Design Technical Memorandum

To:  Shoreline and Cap Design Sub-Group Coordinators: Tim Harrington (Hard Hat) and
Rich Weber (NRT)

From: Matt Henderson, Paul LaRosa, Ram Mohan, and Clay Patmont (Anchor)
Gary Braun and Steve McGee (Tetra Tech)

cc:  Jim Hahnenberg (U.S. Environmental Protection Agency), Greg Hill (Wisconsin
Department of Natural Resources), and George Berken (Boldt)

Date: June 13, 2008

Re: 60 Percent Design — In-Water Structure Transition Area Design “Ground Rules”

This remedial design (RD) technical memorandum establishes the “ground rules” for the design
process that will be used for transition areas between the proposed remedies (dredging and
capping) and bridge crossings and utilities in Operable Units (OUs) 2 to 5 of the Lower Fox
River (the River). This approach was discussed and agreed upon with the Agency/Oversight
Team (A/OT) during the Workgroup 2 conference calls held on April 11, 2008, and April 18,
2008. The “ground rules” described below will be incorporated into the 60 Percent Design
submittal and subsequently used to design the site-specific remedy for each bridge and utility
crossing in the River with the final remedy for each area to be presented in the annual Remedial
Action (RA) Work Plans. The example bridge and utility crossings discussed with the A/OT are
also included in this memorandum for reference. This technical memorandum will be included

as an appendix to the 60 Percent Remedial Design Report.

Bridge Crossings: Several logistical and safety concerns are associated with remedial
construction in close proximity to in-water or nearshore structures such as a bridge piers
including the potential to damage or compromise the integrity of a structure (due to settlement
or loss of bearing support) and ultimately cause damage to the bridge (in the short or longer
term) Therefore, to minimize this liability, the following ground rules were established through
collaboration within Workgroup 2:

1. Dredging shall typically be conducted to within 25 feet of a bridge pier, dolphin, or

fender, except as modified by site-specific conditions (i.e., a larger or smaller offset)

during preparation of annual remedial action work plans..
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2. The placement of a sand cover within 25 feet of a bridge pier may be performed if
technically feasible and RD sampling results indicate elevated polychlorinated biphenyl
(PCB) concentrations and environmental risk warranting special consideration.

3. The placement of capping materials around and under the bridge will be evaluated on a
case-by-case basis depending on the vertical clearance under the bridge deck as well as

horizontal distances between the piers and structures.

In addition, sand cover placement is currently being evaluated by J.F. Brennan during
implementation of the remedy in OU 1. The results of this work will assist in the selection of
the site-specific remedies for each bridge during the development of each of the annual RA
Work Plans. The proposed remedy will be discussed and coordinated with the owner of each
structure during the year prior to the planned RA in the vicinity of that bridge structure. For
the purposes of the 60 Percent Design submittal, a 25-foot offset from the edge of bridge piers

will be shown on the engineering plans as a general case.

Mason Street Bridge Crossing Example: Attachment A presents an example transition design for
the Mason Street bridge crossing in OU 4B that was discussed with the A/OT during the April
11 and 18, 2008, Workgroup 2 meetings. Sheets E-1 and E-2 present the plan and cross-section
for the Mason Street bridge, which is supported by concrete piers with a dolphin and fender
system protecting the main piers from damage around the navigation channel. The remedy
proposed in this area in the 30 Percent Design consists of both dredging and capping. As
described above, a 25-foot offset is shown from the edge of the piers and fenders system within
which no dredging or engineering capping would be performed. Instead, a 6-inch sand cover
may be placed in these areas (as described above) subject to site specific logistical and safety
considerations. In addition to the presence of the bridge piers in this area, a 16-inch water main
extends across the river parallel to and south of the bridge. A 50-foot offset around this crossing

is shown (consistent with the ground rules described below for utility crossings).

Utility Crossings: The primary concern in dredging or capping near buried utilities is that the
utility could be damaged during (or following) the implementation of the remedy, potentially
resulting in significant worker/public safety issues, environmental damage, as well as

disruption of public service. Similar to the ground rules developed for bridge crossings, an
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offset from the utility is planned to minimize the chance of damaging the utility during
remedial construction. The width of the offset is based on several factors, including:
e The nature of the utility (water, electric, sewer, communication, petroleum, or natural
gas, other)
e The availability (and reliability) of design drawings or construction (i.e., as-built) data

e PCB concentrations in the sediment surrounding the utility

In order to minimize the potential for environmental damage or safety concerns, the following
ground rules were established through collaboration within Workgroup 2:
1. Dredging and/or capping shall be conducted to within 50 feet of each known or reported
river utility crossing.
2. Dredging and/or capping may be conducted using a closer offset distance of 25 feet, if
both of the following conditions are met:

a. If the horizontal and vertical position of the utility or utilities is known with an
accuracy of + 6 inches vertically and + 5 feet horizontally along the entire utility
length as verified by physical surveys (e.g., manual probing)

b. If RD sampling results indicate elevated PCB concentrations and environmental
risk warranting special consideration

c. If dredging and/or capping will not pose an adverse stability condition to the

submerged utility crossing caused by undue stresses or excessive settlements

The proposed remedy and identification of the utility prior to construction will be discussed
with the owner of each utility during the year prior to the planned RA in the vicinity of that
utility and the design will be documented in the annual RA Work Plans. For the purposes of
the 60 Percent Design, a 50-foot offset from the centerline of utility crossings will be shown on

the engineering plans within which no dredging or engineering capping will be performed.

Reid Street and Scheuring Road Water Main Crossing Example: Attachment B presents example
transition designs for two utility crossings (City of DePere water main crossings) in OU 3 that
were discussed with the A/OT during the April 11 and 18, 2008, Workgroup 2 meetings. Sheets
E-3 through E-6 present the plan and cross-sections for these two crossings. The Reid Street
water main crossing consists of a 12-inch cast iron (C.I.) water main that extends across the

River. The Scheuring Road crossing consists of a 16-inch C.I. water main that is supported by
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wooden piles and concrete anchor blocks. To stabilize exposed portions of both water mains in
1997, the City of DePere covered approximately 680 linear feet of the Reid Street water main
and 700 linear feet of the Scheuring Road water main with %-inch bedding stone, a geotextile
fabric, and 2- to 5-inch cover stone. The cover stone features can be readily seen as a ridge (or
mound) on the 2004 bathymetry maps (Sheets E-3 and E-5). It is important to note that for the
Scheuring Road crossing, the cover stone mound observable on the 2004 bathymetry is
approximately 100 feet south of the location of utility as documented in project basemaps
developed in 2004 by RETEC. This underscores the uncertainty associated with working in the
vicinity of buried utilities as well as the need to field locate these utilities (both horizontally and

vertically) prior to actual construction work.

A 50-foot offset is shown on the example drawings in Attachment B from the centerline of each
utility crossing. As can be seen on these examples, this 50-foot offset (where no dredging or
capping will be performed) is intended to provide sufficient offset to prevent damage to the

bedding and cover stone placed by the City of DePere.
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MASON STREET BRIDGE CROSSING EXAMPLE
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NOTES:
1. SURVEY AND MAPPING WORK PERFORMED FOR THE WDNR BY THE RETEC GROUP CIRCA
2004.

HORIZONTAL DATUM: WISCONSIN TRANSVERSE MERCATOR (WTM), U.S. SURVEY FEET.

VERTICAL DATUM: INTERNATIONAL GREAT LAKES DATUM, 1985 (IGLD85), U.S. SURVEY FEET.

ALL STRUCTURES, LOCATIONS, AND ALIGNMENTS NEED TO BE FIELD VERIFIED AND SHOULD

BE CONSIDERED APPROXIMATE.

UTILITY CROSSING PLAN AND SECTION VIEWS DEVELOPED FROM INFORMATION OBTAINED

FROM DOCUMENT ENTITLED "CITY OF DE PERE WATER CROSSING STABILIZATION - FOX

RIVER WATERMAIN CROSSINGS AT REID STREET AND SCHEURING ROAD, BROWN COUNTY,

WISC.", BY COASTAL PLANNING AND DESIGN, INC. DATED JULY, 1997. ADDITIONAL

INFORMATION TAKEN FROM PIPE INSPECTION REPORT BY SEAVIEW DIVING CONTRACTORS,

INC. DATED MAY, 1997. NOTE THAT THESE ARE NOT AS-BUILT DRAWINGS.

. DREDGING SHALL BE CONDUCTED TO WITHIN 50 FEET OF EACH KNOWN OR REPORTED
RIVER UTILITY CROSSING. DREDGING MAY BE CONDUCTED USING A CLOSER OFFSET
DISTANCE OF 25 FEET, IF THE FOLLOWING CONDITIONS ARE MET: (a) IF THE HORIZONTAL
AND VERTICAL POSITION OF THE UTILITY OR UTILITIES IS KNOWN WITH AN ACCURACY OF
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VERIFIED BY PHYSICAL SURVEYS (E.G. MANUAL PROBING)]; AND (b) IF PCB SAMPLING
RESULTS WARRANT SPECIAL CONSIDERATION. THE RECOMMENDED OFFSET WILL BE
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. UTILITY LOCATIONS ARE APPROXIMATE BASED ON BEST AVAILABLE DATA. ALL UTILITIES
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ATTACHMENT A-3

SHORELINE DESIGN REFINEMENT “GROUND RULES”



@ ANCHOR TETRATECH EC, INC

ENMVIRONMEMTAL, L.L.C.

Remedial Design Technical Memorandum

To:  Shoreline and Cap Design Sub-Group Coordinators: Tim Harrington (Hard Hat) and
Rich Weber (NRT)

From: Matt Henderson, Paul LaRosa, Ram Mohan, and Clay Patmont (Anchor)
Steve McGee (Tetra Tech)

cc:  Jim Hahnenberg (U.S. Environmental Protection Agency), Greg Hill (Wisconsin
Department of Natural Resources), and George Berken (Boldt)

Date: June 6, 2008

Re: 60 Percent Design — Shoreline Design Refinement “Ground Rules”

This remedial design (RD) technical memorandum establishes the basis for design (or “ground
rules”) for developing appropriate transitions from offshore remedies into adjacent shoreline
areas. The approach for local shoreline design refinements was discussed with the
Agency/Oversight Team (A/OT) during the Workgroup 2 conference call held on April 28, 2008.
The ground rules described herein will be incorporated into the 60 Percent Design submittal
and subsequently used for the site-specific shoreline design in localized areas in the Fox River.
Application of these ground rules will be performed as remedial action (RA) work progresses
within the river, such that site-specific remedies are designed in the year prior to construction in

that area and the final remedy for each area documented in the annual RA Work Plans.

As part of the 30 Percent Design (Appendix B, Attachment B-6), a 2-foot threshold was
proposed as a minimum depth of contamination that would require detailed review and
potential shoreline capping. Areas with less than 2 feet of contamination could be dredged
without significant impact to the adjacent upland property; however, areas with predicted
depth of contamination in excess of 2 feet would warrant additional engineering analysis.
Additional site-specific engineering analysis involves consideration of existing slope angle and
soil types/conditions, potentially supplemented by additional shoreline
sampling/characterization. This RD technical memorandum builds upon the initial assessment
and presents three design approaches for transitioning offshore remedies into adjacent

shoreline areas. The approaches were developed in recognition of the following three sets of
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conditions representing the general range of conditions anticipated throughout Operable Units
(OUs) 2 to 5:

1) Transitioning from an offshore dredge area where the depth of contamination (DOC)
(represented by the level of significance [LOS] of 0.5 surface) or site-specific shoreline
samples indicate that sediments exceeding the 1.0 part per million (ppm)
polychlorinated biphenyl (PCB) remedial action level (RAL) extend to a depth greater
than 2 feet below the mudline and preliminary RA delineation included dredging

2) Transitioning from an offshore dredge area where the DOC (represented by the LOS 0.5
surface) or site-specific shoreline samples indicate that sediments exceeding the 1.0 ppm
RAL extend to a depth less than 2 feet below the mudline and preliminary RA
delineation included dredging

3) Transitioning from an offshore dredge and cap (or offshore cap) area into the shoreline

where preliminary RA delineation included capping

These three design alternatives were discussed with the A/OT and are included in this
memorandum for reference. This memorandum will be included as an appendix to the 60

Percent Remedial Design Report.

Shoreline Transition Case 1: This example case, illustrated in Attachment S-1, represents an area
where the DOC (represented by the LOS 0.5 surface) or site-specific shoreline samples indicate
that sediments exceeding the 1.0 ppm RAL extend to a depth greater than 2 feet below the
mudline and the nearshore remedy delineated during preliminary RD involved dredging to
remove all sediment exceeding the 1.0 ppm RAL. However, initial engineering analyses
presented in the 30 Percent Design (Appendix B, Attachment B-6) indicate that dredging more
than 2 feet immediately adjacent to the shoreline could destabilize the bank. Therefore, the
dredge cut will be designed to daylight at the edge of the shoreline and slope down towards the
river to the required dredge elevation at a 5 horizontal to 1 vertical (5H:1V) slope (maximum
slope based on shoreline slope stability analysis). Flatter slopes will be considered on a case-by-
case basis using site-specific physical/geotechnical and chemical information. The “edge of the
shoreline”, as it pertains to delineating the extent of in-water RA addressed by this RD, is
defined as the shoreline identified during the November 2003 photogrammetric aerial survey
performed by Jenkins Survey and Design, Inc. as part of the site survey work contracted by

Wisconsin Department of Natural Resources (WDNR). Additional sampling, either as part of
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annual infill sampling or following initial dredging, may be performed along shorelines to
confirm the need for a shoreline cap. Sediments with PCB concentrations above the 1.0 ppm
RAL that are left in place immediately adjacent to the shoreline will be capped following the
dredging. Shoreline cap construction will be generally sequenced to follow shortly after
dredging (typically within the same construction season). If site-specific conditions indicate a
high potential for erosion (e.g., from wind waves, vessel wakes, propwash, or ice scour),
shoreline cap construction may be sequenced immediately following dredging (e.g., within 1 to
3 months), to the extent practical. Evaluation of potential for post-dredge erosion will be a site-
specific analysis considering fetch distance relative to potential for wind wave attack, vessel
wake potential (e.g., OU 4B navigation channel versus OU 4A bench areas), etc. These site-

specific evaluations will be included in the annual RA Work Plans.

Where shoreline capping is deemed necessary, appropriate armor stone sizes and thicknesses
will be designed based on the results of wind wave, ice scour, propwash, and vessel wake
analyses. Based on these analyses, vessel wakes are expected to be the dominant erosive force
in most shoreline areas. Shoreline caps within OU 4B are expected to require larger armor stone
(up to 1-foot median stone diameter) than those in OUs 4A and 3. Preliminary wave run-up
calculations performed for the maximum predicted vessel wake and a 5H:1V slope using the
Automated Coastal Engineering System (ACES) software indicate that shoreline caps should
extend approximately 2 feet above the top of shoreline cap elevation to protect against scour
during extreme wave events (Attachment S-1). The appropriate top of shoreline cap elevation
will be determined based on the results of the hydrodynamic model generated by Sea
Engineering for the RD, which incorporated a 100+ year flow event and a maximum seiche
event. As the flood flow and seiche elevation will vary depending on the location within OU 4,
this elevation will be site-specific. For the purpose of these examples, a top of cap elevation of
approximately 581.6 feet North American Vertical Datum (NAVD) is shown, corresponding to a
high water elevation including river stage, seiche, and wave run-up (subject to site-specific
review and refinement as part of the annual RA Work Plans. The details of the wave run-up
calculations will be included in the 60 Percent Design Report. The base of the shoreline slope
cap will be designed with a toe berm (as necessary) to facilitate construction of the cap on the
slope as well as provide long-term support by preventing undercutting. An example toe berm
is depicted in Attachment S-1; further details of the toe berm configuration and associated

design analysis will be presented in the 60 Percent Design Report.
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Shoreline Transition Case 2: This design approach, illustrated in Attachment S-2, will apply to
areas where the geostatistical modeling (LOS 0.5 surface) or site-specific shoreline samples
indicate that sediments exceeding the 1.0 ppm RAL extend less than 2 feet below the existing
mudline and the nearshore remedy delineated during preliminary RD involved dredging to
remove all sediment exceeding the 1.0 ppm RAL. In addition, this case applies to shoreline
areas where settlement-sensitive structures (e.g., docks, bulkhead walls, slope protection, etc.)
are not positioned within approximately 10 feet of the slope. Based on initial engineering
analyses presented in the 30 Percent Design (Appendix B, Attachment B-6), it is expected that
essentially all of the sediment above the RAL under these conditions could be removed without
destabilizing the bank. Asin Case 1, the dredge cut will be designed to daylight at the edge of
the shoreline and slope down towards the river to the required dredge elevation at a 5SH:1V
slope. Flatter slopes will be considered on a case-by-case basis using site-specific
physical/geotechnical and chemical information. The “edge of the shoreline”, as it pertains to
delineating the extent of in-water RA addressed by this RD, is defined as the shoreline
identified during the November 2003 photogrammetric aerial survey performed by Jenkins
Survey and Design, Inc. as part of the site survey work contracted by WDNR. Since essentially

all of the targeted sediment will be removed, a shoreline cap will not be placed in these areas.

Shoreline Transition Case 3: This example case, illustrated in Attachment S-3, represents an area
where the nearshore remedy delineated during preliminary RD involved capping (alone or
more typically following initial dredging) to contain sediment exceeding the 1.0 ppm RAL at
current depths in excess of 2 feet below the mudline. This design approach provides general
design criteria for appropriate transition(s) between the nearshore cap (or dredge-and-cap)
remedy and planned offshore remedy (dredge-only, dredge-and-cap, or cap). As with Cases 1
and 2, the dredge cut will be designed to daylight at the edge of the shoreline and slope down
towards the river to the required dredge elevation at a 5H:1V slope. Sediments with PCB
concentrations above the 1.0 ppm RAL left in place at the shoreline will be capped following
dredging. Flatter slopes will be considered on a case-by-case basis using site-specific
physical/geotechnical and chemical information. The “edge of the shoreline”, as it pertains to
delineating the extent of in-water RA addressed by this RD, is defined as the shoreline
identified during the November 2003 photogrammetric aerial survey performed by Jenkins

Survey and Design, Inc. as part of the site survey work contracted by WDNR. As with Case 1,
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shoreline cap construction will be generally sequenced to follow shortly after dredging
(typically within the same construction season). If site-specific conditions indicate a high
potential for erosion (e.g., from wind waves, vessel wakes, propwash, or ice scour), shoreline
cap construction may be sequenced immediately following dredging (e.g., within 1 to 3
months), to the extent practical. Evaluation of potential for post-dredge erosion will be a site-
specific analysis considering fetch distance relative to potential for wind wave attack, vessel
wake potential (e.g., OU 4B navigation channel versus OU 4A bench areas), etc. These site-

specific evaluations will be included in the annual RA Work Plans.

Where shoreline capping is deemed necessary, appropriate armor stone sizes and thicknesses
will be designed based on the results of wind wave, ice scour, propwash, and vessel wake
analyses. Based on these analyses, vessel wakes are expected to be the dominant erosive force
in most shoreline areas. Shoreline caps within OU 4B are expected to require larger armor stone
(up to 1-foot median stone diameter) than those in OUs 4A and 3. Preliminary wave run-up
calculations performed for the maximum predicted vessel wake and a 5H:1V slope using the
ACES software indicate that shoreline caps should extend approximately 2 feet above the top of
shoreline cap elevation to protect against scour during extreme wave events (Attachment S-3).
The appropriate top of shoreline cap elevation will be determined based on the results of the
hydrodynamic model generated by Sea Engineering, which incorporated a 100+ year flow event
and a maximum seiche event. As the flood flow and seiche elevation will vary depending on
the location within OU 4, this elevation will be site-specific. For the purpose of these examples,
a top of cap elevation of approximately 581.6 feet NAVD is shown, corresponding to a high
water elevation including river stage, seiche, and wave run-up (subject to site-specific review
and refinement as part of the annual RA Work Plans. The details of the wave run-up
calculations will be included in the 60 Percent Design Report. The base of the shoreline slope
cap will be designed with a toe berm (as necessary) to facilitate construction of the cap on the
slope as well as provide long-term support by preventing undercutting. An example toe berm
is depicted in Attachment S-3; further details of the toe berm configuration and associated

design analysis will be presented in the 60 Percent Design Report.
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SHORELINE TRANSITION — EXAMPLE CASE 1



C:\Documents and Settings\evonckx\Desktop\FOX\CAD\60% drawings\neatline dredging\OU4 neatline design 4005-01 case 1 v6.dwg SHORELINE CASE 1
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Chemistry
location  top (ft)

bott (ft) [PCB]ppm

4005-01 0.0 0.6 54
0.6 1.1 8.6
1.1 1.7 18.8
1.7 2.3 29.0
2.3 2.9 19.0
2.9 3.4 25
3.4 4.0 0.7
4.0 4.6 0.7
4005-02 0.0 0.6 4.5
0.6 1.1 31.0
1.1 1.7 16.4
1.7 23 1.7
2.3 2.8 14
2.8 34 0.4
3.4 3.9 0.3
3.9 4.5 0.2
4005-03 0.0 0.5 4.0
0.5 1.1 25.5
1.1 1.6 21.0
1.6 22 13.0
2.2 2.7 0.8
2.7 3.2 0.6
3.2 3.8 0.6
3.8 4.3 0.2
4006-01 0.0 0.5 4.5
0.5 1.1 0.1
1.1 1.6 0.0
1.6 2.2 0.0
2.2 2.7 0.0
2.7 3.2 0.0

Visual observations from 2006 and 2007 shoreline surveys
(Vertical Datum: NAVD88, U.S. survey feet)

Taken from further offshore of
point 4204-01, just outside Phase 1
area, facing north.

At point 4-041gRR (south edge of
riprap embankment) facing northeast

NEATLINE DREDGE AREA

AN

MUDLINE (2004 BATHYMETRY)

PN
l || SHORELINE CAP
A A - Water | Mudline S
con Point Name General Note Specific feature depth(ft) | elev. TOE BERM
T E)S,S‘II,[\IIE _— SHORELINE CAP TO EXTEND TO 581.6 (SEE NOTE 6) riprap embankment at west; thin
586 y SLJRFPI:(‘;E 4-041gRR residential shoreline, riprap, layer of gravel along riprap 0 578.6
o84 / EDGE OF SHORELINE and docks residential areas - soft ’ ——< TRANSECT LOCATIONS
= underneath
582 DREDGECUTTO (SEE NOTE 5) MUDLINE (2004 N. edge of maintained
P~ DAYLIGHT AT — BATHYMETRY| N N : ’
Z® 580 EDGE OF ) 4.041hpp | residential shoreline, riprap, embankment at outfall; thin layer 0 578.6 O 4005-01 SAMPLING POINT
, and docks of gravel along riprap residential : H :
g g 578 SHORELINE LOW WATER EL. = 577.6' (NAVD 88) (OU 4) aregas soft ur?delr)nezth At polnt 4001 -401 OqST, faCIng WeSt.
= - - SHORELINE SURVEY POINT
E Z 576 9P S. edge of residential riprap ©4 0419RR
2 BANK AT 5H:1V OR MORE &S / gy, residential shoreline, riprap embankment; thin layer of gravel
w 74 T -041i ’ ’ . . ’ .
o u 5 GRADUAL SLOPE BASED &0/ % 4-041RR | 4 docks along riprap residential areas - 0 5786 NOTES:
Wy 5 ON SITE-SPECIFIC { soft underneath 1. SURVEY AND MAPPING WORK PERFORMED FOR THE WDNR BY THE
PHYSICAL/GEOTECHNICAL / /‘ /' | RETEC GROUP CIRCA 2004,
570 AND CHEMICAL ( / ’ | shorel 2. HORIZONTAL DATUM: WISCONSIN STATE PLANE CENTRAL, U.S.
p residential shoreline, riprap, : SURVEY FEET.
- INFORMATION REMOVAL AREA -/ 4-041jDK and docks east end of private dock 2 576.6 3. VERTICAL DATUM: NORTH AMERICAN VERTICAL DATUM 1988 (NAVD
—— 88), U.S. SURVEY FEET.
566 DREDGE AREA TOE TOE-BERM ngEEGCEOL(?I'gEQT_ITII\INEE 4. ALL STRUCTURES, LOCATIONS, AND ALIGNMENTS NEED TO BE
OF SLOPE (SEENOTET7) ’ ) . ’ . " . FIELD VERIFIED AND SHOULD BE CONSIDERED APPROXIMATE.
4001-4010gST residential shoreline upstream | transition from hard sand to 6" of 0.50 576.9 5. "EDGE OF SHORELINE" IS DEFINED AS THE ADMINISTRATIVE
of county fairgrounds softer sand over hard sand : : BOUNDARY OF THE OUs 2 TO 5 SITE AS DEFINED BY THE RETEC
50 100 150 200 250 SURVEY COMPLETED IN 2004.
o " 6. WAVE RUNUP ANALYSIS SHOWED A POTENTIAL FOR A 2-FOOT
residential shoreline upstream g:gi;ng; :m;]n r?argbe:t?om RUNUP WITH A 5:1 SLOPE; THEREFORE, THE SHORELINE CAP WILL
! EXTEND TO 581.6 FT (NAVD 88) TO ACCOUNT FOR A 2-FOOT SEICHE
A SHORELINE TRANSITION CASE 1 4001-4010rST of county fairgrounds below to very soft deep 1.0 5764 AND 2-FOOT RUNUP. THE TOP OF SHORELINE CAP ELEVATION
SCALE 1" = 30' 5X VERTICAL EX. sediment offshore WILL BE FURTHER REFINED BASED ON A SITE-SPECIFIC ANALYSIS
& of soft sediment above hard OF THE RESULTS OF THE HYDRODYNAMIC MODEL GENERATED BY
. ) ) of soft sediment above har SEA ENGINEERING, WHICH INCORPORATED A 100+ YEAR FLOW
4001-4010sSP L&;s;((is:il;lf;t:grrsg:zsupstream bottom, and very soft further 15 575.9 EVENT AND A MAXIMUM SEICHE EVENT.
D R B FT offshore from this point. 7. ggg/lxcl;lhsocgimsggls BERM DESIGN WILL BE INCLUDED IN THE 60%
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SHORELINE TRANSITION — EXAMPLE CASE 2
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C:\De

Jun 06, 2008 10:56am gbolin

06/17/2006
{
|

Just inside mouth of inlet, facing SW

At mouth of inlet, facing NW

SECTION LOCATION

toward south shore Chemistry
location top (ft) bott (ft) [PCB]ppm
4020-07 0.00 0.53 0.72
0.53 1.06 0.37
1.06 1.59 0.03
1.59 212 0.03
212 2.65 0.03
2.65 3.18 0.03
3.18 3.71 0.03
4020-08 0.00 0.57 0.51
0.57 1.13 1.50
1.13 1.70 3.20
1.70 2.27 0.06
06/17/2006 2.27 2.83 0.03
2.83 3.40 0.03
.. . . . 4020-09 0.00 0.51 4.40
Just inside mouth of inlet facing Taken near core location 4020-08,
directly south. facing west. 0.51 1.03 2.60
1.03 1.54 0.03
1.54 2.05 0.03
2.05 2.56 0.03
A A 402121 | 000 | 055 0.08
584.0" 584.0"
EXISTING GROUND MUDLINE (4004
L DREDGE CUT TO 0.55 1.10 0.03
582.0" /_SURFACE DAYLIGHT AT I:L)l;'i oF BATHYMETRY) 582.0°
1.10 1.65 0.03
580.0° SHORELINE (SEE NOTE 5) 580.0° NEATLINE DREDGING NOTES:
=& : /4 — LQW WATER EL. = 577.6' (NAVD88) (OU 4) : m 1. SURVEY AND MAPPING WORK PERFORMED FOR THE 1.65 2.20 0.03
e 578.0 578.0 MUDLINE (2004 BATHYMETRY) WDNR BY THE RETEC GROUP CIRCA 2004.
3 S 56| EDGE OF SHORELINE L L e s o s 760 — 2. HORIZONTAL DATUM: WISCONSIN STATE PLANE 2.20 2.75 0.03
= - I/ /A1 /7 7/ Lt .
Eg CENTRAL, U.S. SURVEY FEET. 201921 | 0.00 056 017
<< sue - 574.0° [[I]IHIH]] COVER 3. VERTICAL DATUM: NORTH AMERICAN VERTICAL DATUM, ; : : :
Wi s FAVAURNRSCLY Yoiss / LOS 0.5 CON r.O.L.JE—/ 5120 1988 (NAVDS88), U.S. SURVEY FEET. 0.56 111 003
mw N SITE.SPEGIFIG HINE ’ TRANSECT LOCATIONS 4. ALL STRUCTURES, LOCATIONS, AND ALIGNMENTS NEED
570.0° SHVBICALT  EVOVAL AREA— 570.0° TO BE FIELD VERIFIED AND SHOULD BE CONSIDERED 1.11 1.67 0.03
568.0'——GEOTECHNIGAL-AND PREDGE TO NEATLINE 568.0° ©4104-01 SAMPLING POINT 5 "'LI\ETZ)PSIEO())(::MQJ&?ELINE" IS DEFINED AS THE 1.67 222 0.03
see.0r [ CHEMICAL INFORMATION 566.0° ADMINISTRATIVE BOUNDARY OF THE OUs 2 TO 5 SITE
0 100 200 300 400 AS DEFINED BY THE RETEC SURVEY COMPLETED IN
2004.
A SHORELINE TRANSITION CASE 2
SCALE 1" = 30' 5X VERTICAL EX.
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SHORELINE TRANSITION — EXAMPLE CASE 3
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Chemistry

location  top (ft) bott (ft) [PCB]ppm
4059-03 0.0 0.5 2.2
0.5 1.1 2.3
11 1.6 24
1.6 2.1 2.5
2.1 2.6 0.0
2.6 3.2 0.0
3.2 3.7 0.0
3.7 4.2 0.0
4.2 4.8 0.0
4059R-04 0.0 0.7 2.1
0.7 14 2.1
14 2.1 2.1
2.1 2.8 2.3
2.8 34 2.3
3.4 4.1 2.0
4.1 4.8 1.7
48 55 24 SECTION LOCATION
55 6.2 1.5
[\N\TY neatLine brepeiNG
e MUDLINE (2004 BATHYMETRY)
Visual observations from shoreline survey, June 14, 2006
(Vertical Datum: NAVDS88, U.S. Survey Feet) DREDGE AND CAP
A A Water CAP A
Point Name Specific feature Mudline elev.
584.0° EXISTING GROUND) 584.0° depth(ft)
) SURFACE[  ——. . CAPC
582.0 1ok BERM BDGE OF ﬁ 5820 4-021jRR south end of riprap 0.5 577.8
580.0° = SHORELINE. 580.0'
SEE NOTE 7
78,0 LOW WATER EL. =|577.6' (NAVD88) (OU 4) ( ) (SEE[NOTE 5) ﬁ' \\ S78.0r 4-021kWP | north end of abandoned piles 3 5753 % SHORELINE CAP
. DREDGED AREA SHORELINE CAP . " DA
6.0 6.0 N 92554 TOE BERM
* PROPOSED EL.|= 571.6‘\ \ JToextTeEnDTO | 4-021IWP [ south end of piles 07 577.7 9529508
574.0° 581-6-(SEE-NOTE 6} 574.0' A A
\ ' 4-021mWP north end of abandoned pile group 5.0 573.3 © & TRANSECT LOCATIONS
572.0 572.0"
570.0' MUDLINE-(2004 ,A//”' \ DREDGE-CUTFO—| 570.0° 4-021nWP south end of piles 1.5 576.8 04059-02 SAMPLING POINT
zo BATHYMETRY
=8 seeo TOE BERM v’\\ \ ggé"E'%T AT 568.0' ©®4-021jRR  SHORELINE SURVEY POINT
Z9 (SEE NOTE 7) \\
=g 5660 CAPA \\ \ SHORELINE 566.0' NOTES
= - .
4 :
§ o sea0 DREDGE TO \ \ \ \ BANK AT 5H:1V OR MORE GRADUAL | 564.0° 1. SURVEY AND MAPPING WORK PERFORMED FOR THE
u W oo SLOPE BASED ON SITE-SPECIFIC | 565 ¢ WDNR BY THE RETEC GROUP CIRCA 2004.
w "Egh‘;\'“;gﬁ \ \ \ [~ PHYISICAL/GEOTECHNICAL AND 2. HORIZONTAL DATUM: WISCONSIN STATE PLANE
560.0° T = CHEMICAL INFORMATION 560.0° CENTRAL, U.S. SURVEY FEET.
580 \ \ \ S50 3. VERTICAL DATUM: NORTH AMERICAN VERTICAL DATUM,
'~ |REMOVAL AREA \ DREDGE ’ 1988 (NAVD88), U.S. SURVEY FEET.
556.0° -\ AREA TOE.OF 556.0° 4. ALL STRUCTURES, LOCATIONS, AND ALIGNMENTS NEED
i \ SLOPE TO BE FIELD VERIFIED AND SHOULD BE CONSIDERED
554.0 LOS 05 554.0° APPROXIMATE.
s52.0 L — CONTOUR LINE s52.0° 5. "EDGE OF SHORELINE" IS DEFINED AS THE
REMOVAL ADMINISTRATIVE BOUNDARY OF THE OUs 2 TO 5 SITE
550.0 AREA 550.0° AS DEFINED BY THE RETEC SURVEY COMPLETED IN
548.0° DREDGE AREA s48.0° 2004.
| SLOPE 3H:1V ’ 6. WAVE RUNUP ANALYSIS SHOWED A POTENTIAL FOR A
546.0° 546.0° 2-FOOT RUNUP WITH A 5:1 SLOPE; THEREFORE, THE
0 100 200 300 400 SHORELINE CAP WILL EXTEND TO 581.6 FT (NAVD 88)
TO ACCOUNT FOR A 2-FOOT SEICHE AND 2-FOOT
RUNUP. THE TOP OF SHORELINE CAP ELEVATION WILL
A SHORELINE TRANSITION CASE 3 BE FURTHER REFINED BASED ON A SITE-SPECIFIC
SCALE 1" = 30' 5X VERTICAL EX. ANALYSIS OF THE RESULTS OF THE HYDRODYNAMIC
MODEL GENERATED BY SEA ENGINEERING, WHICH
. . INCORPORATED A 100+ YEAR FLOW EVENT AND A
Taken near sample location 4060-04, facing southeast MAXIMUM SEICHE EVENT.
7. DETAILS ON THE TOE BERM DESIGN WILL BE INCLUDED
IN THE 60% DESIGN DRAWINGS.
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DREDGED CUT AND CAPPED SLOPE STABILITY MEMO



X ANCHOR

ENVIRONMENTAL, L.L.C.

Memorandum

To:  Basis of Design Report File
From: John Laplante, Paul LaRosa, and John Verduin

ccC: George Hicks (Shaw), Paul Montney, Chip Hilarides, Richard Moser, (Georgia Pacific)
Roger McCready (NCR), John Heyde (Sidley)

Date: February 14, 2006

Re:  Dredged Cut and Capped Slope Stability

This memorandum provides details and background on the dredge cut slope and cap stability
analyses. The analyses described herein were performed during development of the Basis of

Design for the Fox River.

Details of the slope stability analyses performed for the design of dredge cut slopes are
provided below using data generated during the 2004 and 2005 Remedial Design (RD)
geotechnical investigation program (Shaw/Anchor 2004 and 2005). Three (3) horizontal to 1
vertical (3H:1V) slopes were selected for the dredge prism design based on review of vane shear
and triaxial strength data collected as part of the RD and previous investigations. These data
indicate that a 3H:1V slope will have a factor of safety of at least 1.3 for the vast majority of the

data reviewed. Slopes cut at 3H:1V are expected to remain stable throughout construction.

Moreover, under the ROD Remedy (and areas handled in a similar fashion under the
Optimized Remedy), any long-term sloughing of adjacent slopes is expected to involve clean
material (less than 1 ppm PCBs), since the dredge prism in these areas was designed to remove
the deepest contamination between adjacent cuts. Slight adjustment of the slopes is expected in
some areas over time due to the dynamic nature of hydrodynamic conditions. However,

adjustments in these dredge slopes will not expose contaminated sediments in the future.

Based on detailed stability analyses outlined below, capped areas are predicted to be stable on
existing slopes as steep as 2.75H:1V, as generally discussed in Appendix H. While the cap will
be stable on these steeper slopes, only one very localized section of the capped area has a slope
of this angle. The vast majority of capped areas proposed under the Optimized Remedy have
slopes of 10H:1V or flatter.
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STABILITY OF DREDGE CUT SLOPES

For purposes of the Basis of Design Report (BODR), the stability of cut slopes was evaluated for
a range of slope angles and a range of cut depths. For purely cohesive sediments, the stability
of the cut is a function of the height of the cut. For sediments with appreciable sand, the

stability is also a function of the slope angle.

Lambe and Whitman (1969) present methods to evaluate the stability of slopes using infinite
slope theory, for both cohesive and granular materials. These methods were used to compute
the factor of safety for slopes based on the existing site strength data, which includes the
following:

e Vane Shear Test (VST) data collected in 2004 and 2005

e Laboratory Unconsolidated Undrained (UU) shear strength test data collected by the

Johnson Company as well as the Shaw/Anchor team
e Laboratory Consolidated Undrained (CU) shear strength test data collected by the

Shaw/Anchor team

Using the methods presented by Lambe and Whitman, a graph was prepared to show the
required sediment shear strength for a given slope, and a given depth of cut, at a selected factor
of safety. Figure 1 presents these curves, which are linear plots of cut depth vs. required shear
strength, for slopes of 3H:1V, 4H:1V, 5H:1V and 10H:1V, assuming a factor of safety of 1.3 for

these slopes.

Also plotted on Figure 1 are the available laboratory UU and CU shear strength data from the
sources listed above. The UU data are plotted as discrete shear strengths for each undisturbed
sample, at the depth from which the sample was collected. The CU data are plotted as strength
versus depth, using the cohesion and friction angle measured during the laboratory CU test on

each sample.

Evaluations made using the VST shear strength data (corrected based on plasticity index after
Bjerrum, 1972) indicate that more than 95 percent of the time, a factor of safety of 1.3 or better is
achieved using a 3H:1V cut slope. Most importantly, the CU data, which are among the highest
quality of the tests, all show adequate strength to achieve the target factor of safety.
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The preliminary limit equilibrium slope stability analyses demonstrate that the Lambe and
Whitman methods provide a conservative estimate of the strength required to achieve the target
factor of safety. More detailed computer modeling limit equilibrium analyses will be

performed during later stages of design (30 or 60 Percent Design).

Based on this evaluation, the 3H:1V cut slope was selected for design. This represents the slope
that the Contractor will be required to achieve, and will likely be the basis for measurement of

pay volumes during construction.

STABILITY OF CAPS ON SLOPES

To evaluate the stability of caps on slopes, areas of interest were identified in the river, and a
representative section was selected that included a steep slope and capping as part of the
remedy. The selected section, 112+00, is located in OU 4. The east bank of the river in this area
has an average slope of 4.7H:1V, with localized steeper areas up to 2.75H:1V, and a proposed

cap thickness of 13 inches.

Slide 5.0 is a two-dimensional slope stability analysis software, complete with sensitivity,
probabilistic and back analysis capabilities. The Slide software offers various vertical slice limit
equilibrium methods (Bishop, Janbu, Spencer, Corps of Engineers #1 and #2, and more) for
stability modeling. Slope stability evaluations are conducted by inputting the geometry and
subsurface stratigraphy of an existing or proposed slope as well as various parameters
describing the sediment and water conditions (sediment and water densities, cohesion, friction
angle, soil model, groundwater/surface water elevations, etc.). The software output includes
graphical solutions of the factor of safety associated with various failure surfaces and well as

numerous other tabular and graphical outputs useful for data analyses.

In situ sediment properties for the slope stability evaluations were obtained from laboratory
measurements on samples collected during the 2004 and 2005 pre-design sampling and analysis
program. In addition, physical properties of the capping materials were estimated based on the
nature of the cap materials proposed (sand and gravel) and the method of cap placement
(mechanical clamshell). The following input assumptions were used in the model:

e Cap unit weight = 120 pcf (this is a conservative value; the unit weight will likely be

lower), friction angle = 32 degrees and cohesion = 0 psf.
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e Sediment unit weight= 92 pcf, friction angle = 0, and cohesion varying as a function of
depth from 50 to 750 psf, based on results of the vane shear and laboratory strength
testing.

Both circular and non-circular surfaces were evaluated, and the software performed a search for
the critical (i.e. lowest factor of safety) slip surface. Generalized Limit Equilibrium and Spencer

methods were used to compute the factor of safety.

Based on the results of the static stability analysis, caps on slopes similar to the conditions
modeled for river section 112+00 (average slope of 4.7H:1V, with localized steeper areas up to
2.75H:1V) are expected to have a static factor of safety of 1.3 or better, which meets the criteria
presented by Hammer and Blackburn (1977) for the long term stability condition. Results of the
static slope stability evaluation are presented on Figure 2. Future phases of the design will

include evaluation of the slope stability during seismic events.

Appropriate construction techniques will be required to ensure proper cap placement thereby
limiting the potential for slope stability failures during or shortly after construction. This will
involve the placement of materials in a “bottom up” fashion, whereby materials are first placed
at the toe of a slope and construction produces towards to top of slope. In this way, cap
materials will be continually placed against a firm toe support and are not allowed to slump

towards the base.
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Preliminary Mass Balance Calculations for OUs 2 to 5

60 Percent Design - Appendix A
Dredging and Materails Handling Design Support Documentation

Boskalis Dolman COMPOSITE NUMBER

Total estimated volume per composite in m3 situ sediment

In situ Material Characteristics

Dry solids, %, in situ

Organics, % of dry solids, in situ

Specific Gravity, mtons/m3

Density, mtons/m3 in situ

Particle size distribution conform BRAUN 2007
Total Sand (+63 micron)

Coarse Sand (+150 micron)

Fine Sand (+63 - 150 micron)

Process Design Characteristics Dredging and Desanding
Design capacity, cyard/hr in situ

Design capacity, m3/hr in situ

Total Volume Inpute in gpm

Total Volume Input in m3 per hour

Process Input Characteristics

Input solids per hour in mtds/hr

Input organics in mtds/hr

Input minerals in mtds/hr

Total Sand Load (+63 micron) in mtds/hr
Coarse Sand Load (+150 micron) in mtds/hr
Fine Sand Load (+63 - 150 micron) in mtds/hr
Fine minerals Load in mtds/hr

Organics in mtds/hr

Total Residue Load (Fine + Organics) in mtds/hr

Total Process Volumes (maximized)
Total Flow in m3/hr

Total Flow Solids in mtds/hr

Total Flow Solids Volume in m3/hr
Total Flow Water Volume in m3/hr
Total Flow Mixture Density in mton/m3

Simplified Process calculations Desanding
Load De-sander Coarse Sand, mtds/hr

Load De-sander Coarse Sand, m3/hr

Coarse Sand Removal, mtds/hr

Gravity drained solids

Coarse Sand Removal, wet mtons/hr

Process Water addition, estimated, m3/hr

Load De-sander Fine Sand, mtds/hr
Load De-sander Fine Sand, m3/hr

Fine Sand Removal, mtds/hr

Gravity drained solids

Fine Sand Removal, wet mtons/hr
Process Water addition, estimated, m3/hr

Simplified Process calculations Dewatering
Dewatering Load Total Residue, mtds/hr
Dewatering Load Total Residue, m3/hr

Total Residue Removal in mtds/hr

Filter cake dry solids after pressing

Filter Cake Removal, wet mtons/hr

Process Water addition, estimated, m3/hr

Simplified Water Balance

Water Flow to Process Water Tank, m3/hr

Process Water to Desanding and dewatering, m3/hr

Total Excess Water at maximized productions, m3/hr
Extra water addition for cleaning works etc, m3/hr (?)
Uptime Factor

Daily Excess Water to Water Treatment, m3

Average hourly Excess Water to Water Treatment, m3/hr
Average hourly Excess Water to Water Treatment, GPM

Filter press sizing

Process Design Characteristics Filter Presses
Design capacity, cyard/hr in situ
Design capacity, m3/hr in situ

Filter Press Inputs

Filter cake dry solids, %

Cake density, mtons/m3

Dewatering Load Total Residue, mtds/hr
Dewatering Load Total Residue, mtons/hr
Dewatering Load Total Residue, m3/hr
Cycle time, minutes

Press size, m3

Compression factor membrane press
Capacity per press in m3 per drop

Nr of Drops per press per hour

Capacity per press in m3 per hour
Uptime factor

Nett Capacity per press in m3 per hour
Number of Presses needed

1 2 3 4 5
106,000 70,000 500,000 430,000 1,150,000
45.7% 31.9% 57.1% 59.9% 40.8%
9.8% 15.7% 9.1% 6.2% 12.8%
2.52 2.45 253 257 2.48
1.37 1.22 151 1.56 131
58.6% 31.4% 66.1% 81.8% 42.6%
30.8% 18.6% 27.8% 51.5% 11.6%
27.8% 12.8% 38.3% 30.3% 31.0%
250 250 250 250 250
191 191 191 191 191
6,000 6,000 6,000 6,000 6,000
1368 1368 1368 1368 1368
119 74 165 179 102
12 12 15 11 13
108 63 150 168 89
63 20 99 137 38
33 12 42 86 10
30 8 57 51 28
45 43 51 31 51
12 12 15 11 13
56 55 66 42 64
1368 1368 1368 1368 1368
119 74 165 179 102
47 30 65 70 41
1,321 1,338 1,303 1,298 1,327
1.053 1.032 1.073 1.080 1.045
119 74 165 179 102
1,321 1,338 1,303 1,298 1,327
33 12 42 86 10
82.5% 82.5% 82.5% 82.5% 82.5%
40 14 50 105 12
100 100 100 100 100
86 63 123 92 92
1,334 1,407 1,295 1,174 1,400
30 8 57 51 28
82.5% 82.5% 82.5% 82.5% 82.5%
36 10 69 62 33
100 100 100 100 100
56 55 66 42 64
1,356 1,486 1,245 1,142 1,428
56 55 66 42 64
52.5% 52.5% 52.5% 52.5% 52.5%
107 104 125 79 122
250 250 250 250 250
1,420 1,555 1,279 1,255 1,466
450 450 450 450 450
970 1,105 829 805 1,016
100 100 100 100 100
75% 75% 75% 75% 75%
19,265 21,685 16,714 16,284 20,088
803 904 696 678 837
3,521 3,963 3,055 2,976 3,671
180 180 180 180 180
138 138 138 138 138
52.5% 52.5% 52.5% 52.5% 52.5%
1.417 1.417 1.417 1.417 1.417
41 39 47 30 46
7 75 90 57 88
54 53 64 40 62
75 75 75 75 75
17.7 17.7 17.7 17.7 17.7
13 13 13 13 13
13.6 13.6 13.6 13.6 13.6
0.8 0.8 0.8 0.8 0.8
10.9 10.9 10.9 10.9 10.9
75% 75% 75% 75% 75%
8.2 8.2 8.2 8.2 8.2
6.7 6.5 7.8 4.9 7.6

6

317,000

69.0%
5.7%
2.58
1.71

89.6%
52.7%
36.9%

250
191
6,000
1368

226
13
213
191
112
78
22
13
35

1368
226
88
1,280
1.101

226
1,280
112
82.5%

100

35
985

52.5%
67
250

1,120
450
670
100
75%

13,853

577
2,532

180
138

52.5%
1.417
25
48
34
75
17.7
13
13.6
0.8
10.9
75%
8.2
4.1

Total

2,573,000
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Appendix A - Attachment A-7

Geotechnical Data for All Dredge Areas (2009 and Beyond)

COMPACTION CORRECTE DATA 30% Design Dredge Plan
Depth | Top sample | Sotom | Average | COIM.TOD | oicing ey, | Optimized Remedial  Target Dredge = Sample win
samplein| _ P Interval Depth Sample | Sample | Sample | 255, o\ yey) Action Depth Dredge Prism|
Sampled Depth Depth Depth
(Letter) (1) () (1) () (1) [IGLD 85] (1) | (esio)
200501 | 8/9/04 CDEF 10 3.0 20 11 589.8 Dredge or D&EC 13 ves
2006-01 | 5/17/05 BC 05 10 08 11 590.2 Dredge or D&C 17 yes
302101 | 1004 | BCDE 05 25 15 06 584.7 Dredge or D&C 12 yes
304504 | sno4 | BCDE 05 25 15 05 580.5 Dredge or D&C 30 yes
304602 | /1004 | BCDE 05 25 15 06 577.8 Dredge or D&C 23 yes
304901 | 822004 | EFGH 2.0 40 3.0 24 5808 Dredge or D&C 33 yes
305302 | 82104 | BCDE 05 25 15 05 5718 Dredge or D&C 23 yes
306103 | 822004 | BCDE 05 25 15 05 5709 Dredge or D&C 19 yes
306203 | 822004 AH 0.0 40 20 0.0 5712 Dredge or D&C 17 yes
3067-02 | 822004 AB 0.0 10 05 0.0 5729 Dredge or D&C 29 yes
3067-02 | 8/23/04 DE 15 25 20 17 5729 Dredge or D&C 29 yes
400105 | 6/28/04 | ABCDE 0.0 25 13 00 5754 Dredge or D&C 14 yes
400108 | 6/28/04 BC 05 15 10 07 575.7 Dredge or D&C 17 yes
400205 | 6/20004 | BCDE 05 25 15 06 575.6 Dredge or D&C 21 yes
400208 | 6/20004 | EFGH 20 40 3.0 20 5748 Dredge or D&C 148 yes
4002R-22 | 5/6/05 FGH 25 40 33 37 5748 Dredge or D&C 16.8 yes
400308 | 6/30004 | EFGH 20 40 3.0 24 5707 Dredge or D&C 107 yes
4004-06 | /30004 | CDEF 15 35 25 16 5761 Dredge or D&C 21 yes
4004-12 | 771104 | GHIK 3.0 50 40 50 569.4 Dredge or D&C 104 yes
4004R-12 | 10/8/04 HIKL 35 55 45 58 569.4 Dredge or D&C 105 yes
4005-02 | 7/1/04 BCDE 05 25 15 06 5763 Dredge or D&C 28 yes
4005-05 |  7/1/04 A 0.0 05 0.3 00 576.0 Dredge or D&C 20 yes
400505 |  7/1/04 BCDE 05 25 15 05 576.0 Dredge or D&C 20 yes
4005-12 | 771104 | CDEF 10 30 20 11 5733 Dredge or D&C 13 yes
4006-01 |  7/6/04 BC 05 15 10 05 5761 Dredge or D&C 06 yes
4006-05 |  7/7/04 BCD 05 20 13 06 575.6 Dredge or D&C 16 yes
4006R-12 | 5/7/05 HI 35 45 40 43 564.8 Dredge or D&C 103 yes
4006R-12 | 5/7/05 Qr 7.0 80 75 86 564.8 Dredge or D&C 103 yes
4007-03 | 777104 EFGH 20 40 3.0 22 5758 Dredge or D&C 28 yes
4007-11 | 7/9/04 CDEF 10 30 20 13 5612 Dredge or D&C 72 yes
4008-01 | 777104 BC 05 15 10 06 575.1 Dredge or D&C 11 yes
4008-06 |  7/8/04 BC 05 15 10 06 5734 Dredge or D&C 0.9 yes
4000-02 | 7/8104 BC 05 15 10 05 5748 Dredge or D&C 18 yes
4000-05 |  7/8/04 BC 05 15 10 06 5716 Dredge or D&C 16 yes
4000-08 |  7/8/04 CDEF 10 30 20 11 5725 Dredge or D&C 15 yes
401001 | 771004 | CDEF 10 30 20 13 5736 Dredge or D&C 30 yes
4010-04 | 710004 cp 10 20 15 12 5709 Dredge or D&C 24 yes
401104 | 77004 | COEF 10 30 20 13 550.7 Dredge or D&C 22 yes
401202 | 772004 | CDEF 10 30 20 12 569.4 Dredge or D&C 54 yes
401203 | 51805 | ABCD 0.0 20 10 0.0 5619 Dredge or D&C 44 yes
401302 | 7720004 | EFGH 2.0 40 3.0 25 5615 Dredge or D&C 40 yes
401802 | 7713004 | BCDE 05 25 15 06 5744 Dredge or D&C 29 yes
4020-08 | 7/14/04 BCD 05 20 13 06 5769 Dredge or D&C 14 yes
402101 | 722104 | BCDE 05 25 15 05 566.3 Dredge or D&C 54 yes
402101 | 7721104 KL 40 55 48 41 566.3 Dredge or D&C 54 yes
402302 | 7709004 | CDEF 10 30 20 11 5754 Dredge or D&C 12 yes
402305 | 712104 | DEFG 15 35 25 18 5727 Dredge or D&C 22 yes
402403 | 77109004 | CDEF 10 30 20 10 575.2 Dredge or D&C 12 yes
402502 | 77109004 | EFGH 20 40 3.0 21 5734 Dredge or D&C 44 yes
402602 | 722004 | EFGH 20 40 3.0 22 5745 Dredge or D&C 25 yes
4030-08 | 7/23/04 cp 10 20 15 11 573.0 Dredge or D&C 25 yes
4032-10 | 7/24/04 co 10 20 15 12 5733 Dredge or D&C 28 yes
403306 | 7/25/04 | CDEF 10 30 20 12 5715 Dredge or D&C 35 yes
403403 | 726004 | GHIK 3.0 50 40 31 5722 Dredge or D&C 32 yes
403407 | 726004 | CDEF 10 30 20 11 573.0 Dredge or D&C 25 yes
4034-08 | 7/26/04 EF 20 30 25 24 5734 Dredge or D&C 49 yes
403601 | 7127104 | CDEF 10 30 20 10 5758 Dredge or D&C 18 yes
403608 | 7227004 | GHIK 3.0 50 40 33 5733 Dredge or D&C 48 yes
4036-09 | 7227104 | BCDE 05 25 15 06 5729 Dredge or D&C 49 yes
4036-09 | 7/27/04 B-K 05 50 28 06 5729 Dredge or D&C 49 yes
403723 | 518005 | ABCD 00 20 10 0.0 572.9 Dredge or D&C 6.9 yes
403801 | 7227104 | BCDE 05 25 15 06 575.1 Dredge or D&C 26 yes
4038-03 | 7227104 | BCDE 05 25 15 05 572.9 Dredge or D&C 29 yes
4038-06 | 7/28/04 cp 10 20 15 11 5709 Dredge or D&C 29 yes
403807 | 728004 | EFGH 20 40 3.0 21 5721 Dredge or D&C 41 yes
4040-04 | 7/28/04 BCD 05 20 13 06 568.4 Dredge or D&C 09 yes
404201 | 7728004 CDE 10 25 18 11 5711 Dredge or D&C 25 yes
404401 | 8/3004 co 10 20 15 11 5709 Dredge or D&C 49 yes
404401 | 8/3004 HIK 35 50 43 38 5709 Dredge or D&C 49 yes
4045-03 |  8/3004 BCD 05 20 13 06 566.1 Dredge or D&C 31 yes
4046-02 |  8/3/04 AM 0.0 6.0 3.0 0.0 568.3 Dredge or D&C 43 yes
404701 | /3104 | BCDE 05 25 15 06 5653 Dredge or D&C 58 yes
404802 | 853104 | GHIK 3.0 50 40 31 5727 Dredge or D&C 72 yes
404805 | 824004 | BCDE 05 25 15 06 556.0 Dredge or D&C 35 yes
4048R-03 |  5/10/05 EF 20 30 25 26 557.7 Dredge or D&C 52 yes
404908 | 1014004 | EFGH 20 40 3.0 25 563.5 Dredge or D&C 6.4 yes
405003 | 824004 | CDEF 10 30 20 12 5708 Dredge or D&C 101 yes
405105 | 853104 | GHIK 3.0 50 40 63 567.1 Dredge or D&C 109 yes
4051R-04 | 510005 | BCDE 05 25 15 08 569.4 Dredge or D&C 126 yes
405202 | 825004 | BCDE 05 25 15 05 565.8 Dredge or D&C 122 yes
4053-03 |  9/3/04 BCDE 05 25 15 05 5710 Dredge or D&C 126 yes
4053-03 | 9/3004 EFGH 20 40 3.0 21 5710 Dredge or D&C 126 yes
4055-02 | 9/3/04 IKLM 40 6.0 50 44 575.6 Dredge or D&C 6.1 yes
405506 | 51805 | ABCD 0.0 20 10 0.0 563.6 Dredge or D&C 21 yes
4055-06 |  9/3/04 CDEF 10 30 20 10 563.6 Dredge or D&C 21 yes
4056-01 |  9/1/04 BCDE 05 25 15 05 5753 Dredge or D&C 08 yes
4056-04 |  9/1/04 GHIK 3.0 50 40 36 554.9 Dredge or D&C 6.4 yes
4058-02 | 8/25/04 BCD 05 20 13 05 558.8 Dredge or D&C 58 yes
4058-02 | 825004 | LMNP 50 7.0 6.0 51 558.8 Dredge or D&C 58 yes
406002 | 825004 | CDEF 10 30 20 11 5511 Dredge or D&C 31 yes
406203 | 518005 | DEFG 20 40 3.0 22 552.0 Dredge or D&C 35 yes
4063-02 |  9/2004 CDEF 10 30 20 12 548.2 Dredge or D&C 6.6 yes
4064-32 | 51105 | BCDE 05 25 15 06 550.2 Dredge or D&C 34 yes
4066-32 |  5/8105 BCDE 05 25 15 06 550.0 Dredge or D&C 15 yes
4077-04 | 9/9/04 EFGH 2.0 40 3.0 21 5720 Dredge or D&C 7.0 yes
408503 | 105504 | BCDE 05 25 15 05 5749 Dredge or D&C 59 yes
408001 | 51705 | BCDE 05 25 15 05 5783 Dredge or D&C 6.8 yes
409103 | o/14/04 CDE 10 25 18 10 550.0 Dredge or D&C 15 yes
4107-32 | 5/8I05 BC 05 15 10 05 5483 Dredge or D&C 41 yes

Geotech Data_6-12-08.xIs/60% Design Dredge Prism Extract

Moisture Compaction
% | corrected Moisture
Content Content ® Percent Solids
) (6)

222.8 246.7

2732 648.3

235.9 314.1

197.6 219.2

41.0 64.0

169.4 206.6

2112 2317 30%
248.9 2721 2%
248.6 321.0 24%
301.4 3517 22%
155 238 81%
196.3 2227 31%
2777 384.1 21%
254.8 307.0 25%
229.3 2293 30%
2234 350.8 22%
276.1 335.2 23%
203.9 2133 32%
230.7 412.0 20%
2122 381.1 21%
204.6 235.6 30%
281.6 286.2 26%
187.7 191.0 34%
60.5 70.4 59%
44.1 51.0 66%
226.6 298.6 25%
253.8 321.2 24%
234.6 297.5 25%
2105 2419 29%
256.6 331.0 23%
60.4 77 58%
187.2 238.4 30%
269.4 2917 26%
209.2 2433 29%
726 89.5 53%
184.9 262.3 28%
246.3 299.8 25%
229.3 296.9 25%
259.6 328.3 23%
288.3 378.8 21%
237.6 307.2 25%
150.0 193.7 34%
65.0 79.1 56%
140.4 146.6 41%
247 26.9 79%
436 51.8 66%
39.0 55.8 64%
65.0 67.9 60%
1824 197.2 34%
1533 171.6 37%
1822 2118 32%
2429 308.7 24%
218.1 270.1 2%
117.8 124.4 45%
129.8 1435 41%
195.1 2428 29%
91.8 95.1 51%
203.0 228.6 30%
238.3 286.5 26%
229.0 2756 2%
184.6 2248 31%
190.4 229.0 30%
234.1 2523 28%
219.8 254.0 28%
2204 2377 30%
60.6 75.7 57%
208.3 236.0 30%
204.1 2272 31%
403 48.0 68%
2417 2731 2%
248.9 3323 23%
189.2 239.2 29%
239.2 2515 28%
206.6 260.6 28%
230.9 3126 24%
2133 276.9 2%
207.1 265.0 2%
168.6 402.3 20%
1811 334.3 23%
222.0 236.7 30%
227 25.7 80%
1714 181.4 36%
159.6 181.9 35%
229.1 236.1 30%
207.6 214.0 32%
162.6 165.7 38%
235.9 2923 25%
61.6 62.8 61%
87.0 88.6 53%
178.4 198.5 33%
875 99.8 50%
1226 161.0 38%
103.2 1235 45%
1281 150.5 40%
45.8 52.0 66%
159.6 174.7 36%
2418 2418 29%
137.4 146.2 41%
166.6 182.4 35%

Atterberg Limits " rain Size © Grain size Parameters
Organic
Liquid Limit|Plastic Limit P“a:‘::x“y Gravel sand (%) sit | cay | sand Gs'::” sivclay | Dy Dis Dsy Dy Deo Dys Dy cu c | Uses USCS Description Content® Z:’:‘:“'f
(%) (%) %) (%) eff. gs) niformity) _ (gradation)| (%)
OH ORGANIC CLAY, ORGANIC SILT
220 | 80 | 80 | 920 | <0001 <0001 00022 00053 001 0052 2 oH ORGANIC CLAY, ORGANIC SILT 2.353
oH ORGANIC CLAY, ORGANIC SILT
450 | 113 | 113 | 886 | <0.001 <0001 00024 0006 0009 0055 2 oH ORGANIC CLAY, ORGANIC SILT
oH ORGANIC CLAY, ORGANIC SILT 2378
2 X X oH ORGANIC CLAY, ORGANIC SILT
1616 612 1004 | 00 | 00 33 309 | 453 | 205 | 342 | 342 | 658 | 0002 00032 00084 004 006 026 2 3000 059 | ow ORGANIC CLAY, ORGANIC SILT
2039 50.1 1538 | 00 | 15 59 | 120 | 471 | 335 | 194 | 194 | 806 | <0001 <0.001 00042 00091 0016 015 49 oH ORGANIC CLAY, ORGANIC SILT
158.0 62.1 95.9 00 | 06 03 203 | 483 | 215 | 302 | 302 | 69.8 | 00022 00033 0007 0011 0015 024 49 | 682 148 | OH ORGANIC CLAY, ORGANIC SILT
190.2 63.5 1267 | 00 | 00 00 176 | 654 | 170 | 176 | 176 | 824 | 00018 00024 00074 00089 00095 017 = 041 | 528 320 | oM ORGANIC CLAY, ORGANIC SILT
89 | 60 414 408 | 09 | 20 | 882 | e71 | 20 | 021 o026 038 048 06 2 127 | 286 | 115 | sp POORLY-GRADED SAND
1436 455 98.1 oH ORGANIC CLAY, ORGANIC SILT 91
1925 53.1 139.4 oH ORGANIC CLAY, ORGANIC SILT 2.408
2026 485 154.1 oH ORGANIC CLAY, ORGANIC SILT
166.5 443 1222 oH ORGANIC CLAY, ORGANIC SILT
2001 479 1612 | 00 | 00 25 160 | 495 | 320 | 185 | 185 | 815 | <0001 <0001 0043 0011 0015 0095 2 oH ORGANIC CLAY, ORGANIC SILT
2326 50.1 1825 oH ORGANIC CLAY, ORGANIC SILT
179.3 135.2 441 oH ORGANIC CLAY, ORGANIC SILT
196.6 464 150.2 oH ORGANIC CLAY, ORGANIC SILT
2161 486 1675 oH ORGANIC CLAY, ORGANIC SILT
2009 480 152.9 oH ORGANIC CLAY, ORGANIC SILT
oH ORGANIC CLAY, ORGANIC SILT
199.7 62.1 137.6 oH ORGANIC CLAY, ORGANIC SILT 107
07 | 00 08 573 | 307 | 105 | s81 | 588 | 412 | 00049 00078 0045 00095 011 = 018 96 | 2245 376 | SC CLAYEY SAND
1011 17.9 83.2 CH | CLAY OF HIGH PLASTICITY, FAT CLAY
2046 420 1626 | 00 | 00 05 103 | 442 | 450 | 108 | 108 | 892 | <0001 <0001 0003 0006 001 003 2 oH ORGANIC CLAY, ORGANIC SILT
00 | 02 111 259 | 268 | 360 | 372 | 372 | 628 | <0001 <0001 00034 0009 003 = 03 48 oH ORGANIC CLAY, ORGANIC SILT 2219
00 | 02 172 249 | 278 | 300 | 423 | 423 | 578 | <0.001 00015 0005 0015 0085 054 48 oH ORGANIC CLAY, ORGANIC SILT 2.258
166.9 417 119.2 oH ORGANIC CLAY, ORGANIC SILT
NP oL ORGANIC SILT, ORGANIC CLAY 26.8
63 | 18 34 694 | 110 | 80 | 747 | 810 | 190 | 00065 00238 014 017 019 037 13 | 2023 1587 | sC CLAYEY SAND
203.0 43.9 159.1 0.5 38 116 31.2 28.0 25.0 46.6 47.1 53.0 0.0015 0.0019 = 0.0068 0.06 0.1 0.43 9.6 66.67 0.31 OH ORGANIC CLAY, ORGANIC SILT
2262 517 1745 oH ORGANIC CLAY, ORGANIC SILT
192.7 467 146.0 oH ORGANIC CLAY, ORGANIC SILT
86.8 175 69.3 13 | 12 74 538 | 138 | 225 | 624 | 637 | 363 | <0001 00024 001 013 018 035 13 sc CLAYEY SAND
178.9 453 133.6 0.0 0.4 132 30.0 36.9 195 43.6 436 56.4 0.0016 = 0.0031 0.009 0.02 0.095 0.38 49 59.38 0.53 OH ORGANIC CLAY, ORGANIC SILT
2197 50.8 168.9 oH ORGANIC CLAY, ORGANIC SILT
2319 52.6 179.3 oH ORGANIC CLAY, ORGANIC SILT
237.2 53.4 1838 | 00 | 00 08 151 | s81 | 260 | 159 | 159 | 841 | 00013 0002 00064 002 0035 008 2 2692 090 | ow ORGANIC CLAY, ORGANIC SILT
2264 612 152 | 00 | 04 17 | 109 | 530 | 250 | 220 | 220 | 780 | 0001 0002 0066 0025 0041 013 49 oH ORGANIC CLAY, ORGANIC SILT 146 2.365
2244 50.9 1735 | 03 | 14 206 264 | 218 | 205 | 484 | 487 | 513 | <0001 00014 0005 0019 017 06 96 oH ORGANIC CLAY, ORGANIC SILT 2.44
1452 419 103.3 oH ORGANIC CLAY, ORGANIC SILT
64.7 341 30.6 CH-OH| CLAY OF HIGH PLASTICITY, FAT CLAY
119.3 203 90.0 oH ORGANIC CLAY, ORGANIC SILT
44 | a1 153 82 | 50 | 30 | 876 | 920 | 80 | 009 = 015 o019 026 03 07 19 333 134 | s SILTY SAND
05 | 12 34 643 | 71 | 235 | 689 | 694 | 306 | <0.001 00017 0013 016 018 028 13 sc CLAYEY SAND
0.0 1.2 4.1 el 11.0 6.0 83.0 83.0 17.0 0.011 0.035 0.12 0.17 0.18 0.25 49 16.36 7.27 SsC CLAYEY SAND
76.6 181 58.5 00 | 04 20 384 | 357 | 235 | 408 | 408 | 592 | <0.001 00016 0008 005 0077 018 49 CH-OH | CLAY OF HIGH PLASTICITY, FAT CLAY
1825 371 1454 | 00 | 12 108 259 | 201 | 330 | 379 | 379 | 621 | <0001 <0001 00043 0012 0021 033 49 oH ORGANIC CLAY, ORGANIC SILT
123.4 324 91.0 <0001 0002 0006 0009 oH ORGANIC CLAY, ORGANIC SILT
186.0 205 1455 | 00 | o1 201 190 | 433 | 85 | 482 | 482 | 518 | 0006 0008 0013 0064 019 088 49 | 3167 015 |OHSC| ORGANIC CLAY, ORGANIC SILT
2200 56.4 163.6 oH ORGANIC CLAY, ORGANIC SILT
2142 53.4 1608 | 00 | 00 05 188 | 507 | 300 | 193 | 193 | 807 | <0001 0002 0005 0014 0031 0.1 2 oH ORGANIC CLAY, ORGANIC SILT
169.1 38.3 130.8 oH ORGANIC CLAY, ORGANIC SILT
153.6 338 1198 oH ORGANIC CLAY, ORGANIC SILT
186.3 55.5 1308 | 06 | 85 201 204 | 189 | 225 | 580 | 586 | 414 | 00014 00022 00076 017 026 12 | 96 | 1871 016 | sC CLAYEY SAND
96.5 24.3 72.2 00 | 00 07 80 | 388 | 525 | 87 | 87 | 913 | <0.001 <0001 00017 00045 00075 0046 2 oH ORGANIC CLAY, ORGANIC SILT
2035 58.1 1454 oH ORGANIC CLAY, ORGANIC SILT
198.3 54.4 1439 | 00 | 00 75 | 187 | 503 | 235 | 262 | 262 | 738 | <0001 00027 0007 0027 0042 017 2 oH ORGANIC CLAY, ORGANIC SILT
150.6 60.2 90.4 00 | 00 00 263 | 547 | 190 | 263 | 263 | 737 | 00025 0004 001 0035 0049 02 0425 | 1060 082 | OM ORGANIC CLAY, ORGANIC SILT
137.3 385 98.8 01 | 08 59 278 | 418 | 235 | 346 | 347 | 653 | 00012 00023 008 004 006 016 96 oH ORGANIC CLAY, ORGANIC SILT 133 2319
179.6 427 1369 | 00 | 01 06 42 | 531 | 420 | 49 | 49 | 951 | <0001 <0001 0002 00064 00093 0035 2 oH ORGANIC CLAY, ORGANIC SILT
196.0 463 149.7 oH ORGANIC CLAY, ORGANIC SILT
205.5 471 1584 | 00 | 00 26 177 | 557 | 240 | 203 | 203 | 797 | 00016 00022 00071 0019 0031 014 2 1938 102 | oM ORGANIC CLAY, ORGANIC SILT
2009 480 152.9 oH ORGANIC CLAY, ORGANIC SILT
10 | 07 48 683 | 101 | 150 | 738 | 748 | 251 | 0002 00055 041 017 018 028 13 | 90.00 3361 | SC CLAYEY SAND
1756 437 1319 oH ORGANIC CLAY, ORGANIC SILT
161.2 482 1130 oH ORGANIC CLAY, ORGANIC SILT
00 | o1 07 662 | 250 | 80 | 670 | 670 | 330 | 00071 0019 006 013 016 025 2 2254 317 | sc CLAYEY SAND
196.4 436 1528 oH ORGANIC CLAY, ORGANIC SILT
188.4 54.7 1337 | 00 | 00 03 204 | 563 | 140 | 207 | 207 | 703 | 0004 00052 00099 0017 0025 024 05 | 625 098 | OM ORGANIC CLAY, ORGANIC SILT 231
148.9 404 1085 oH ORGANIC CLAY, ORGANIC SILT 9.2 2.39
2044 55.7 1487 | 28 | 166 259 203 | 219 | 125 | 628 | 656 | 344 | 0003 0008 0015 03 07 26 96 | 23833 o0il | sC CLAYEY SAND
1705 57.2 1133 oH ORGANIC CLAY, ORGANIC SILT
00 | 00 17 119 | 564 | 300 | 136 | 136 | 864 | <0.001 <0001 0005 0011 0035 0075 2 oH ORGANIC CLAY, ORGANIC SILT
189.1 408 148.3 oH ORGANIC CLAY, ORGANIC SILT
165.8 65.7 1001 | 00 | 00 0o 198 | 632 | 170 | 198 | 198 | 802 | 0003 00043 00095 0031 0044 013 0425 | 1467 068 | OH ORGANIC CLAY, ORGANIC SILT
185.4 56.4 129.0 sc CLAYEY SAND
1617 435 182 | 00 | 00 19 99 | s27 | 355 | 118 | 118 | 882 | <0001 <0001 0003 0011 0017 0055 2 oH ORGANIC CLAY, ORGANIC SILT
185.0 76.7 183 | 00 | 00 02 244 | 594 | 160 | 246 | 246 | 754 | 00031 0005 0012 0043 005 015 0425 | 1613 093 | OM ORGANIC CLAY, ORGANIC SILT
sM SILTY SAND
169.8 32.7 137.1 oH ORGANIC CLAY, ORGANIC SILT
155.1 410 114.1 oH ORGANIC CLAY, ORGANIC SILT
1728 a2 1306 | 00 | 00 19 245 | 436 | 300 | 264 | 264 | 736 | 0001 00017 0005 0016 003 014 2 oH ORGANIC CLAY, ORGANIC SILT 94 2319
2095 425 1670 | 00 | 00 06 243 | 396 | 355 | 249 | 249 | 751 | <0001 <0001 0004 001 0018 013 2 oH ORGANIC CLAY, ORGANIC SILT
1483 36.9 1114 oH ORGANIC CLAY, ORGANIC SILT 68
2120 53.6 158.4 oH ORGANIC CLAY, ORGANIC SILT 2407
146 | 127 07 461 | 229 | 30 | 595 | 741 | 259 | o012 0016 0012 028 028 475 95 | 2333 004 | sum SILTY SAND
78.2 305 417 SC-OH CLAYEY SAND
156.0 488 1072 | 08 | o6 02 270 | 529 | 185 | 278 | 286 | 714 | 00026 0004 001 0041 0055 023 95 | 2115 070 | OM ORGANIC CLAY, ORGANIC SILT
87.3 238 63.5 00 | 00 02 55 | 363 | 580 | 57 | 57 | 943 | <0.001 <0001 00011 00032 00055 0026 2 oH ORGANIC CLAY, ORGANIC SILT 42 2482
93.4 20.3 64.1 SC-OH CLAYEY SAND
12 | 74 119 377 | 141 | 275 | 570 | 582 | 416 | <0001 00018 0006 01 015 085 95 sc CLAYEY SAND
03 | 10 86 362 | 218 | 320 | 458 | 461 | 538 | <0.001 <0001 00041 001 0094 029 97 oH ORGANIC CLAY, ORGANIC SILT
39.0 237 153 sc CLAYEY SAND
1100 33.1 76.9 03 | 10 35 375 | 448 | 130 | 420 | 423 | 578 | 00036 00065 0028 006 008 022 49 | 2222 202 | OM ORGANIC CLAY, ORGANIC SILT
00 | 00 13 232 | 430 | 325 | 245 | 245 | 755 | 0001 <0001 0043 0013 004 012 2 oH ORGANIC CLAY, ORGANIC SILT
1215 201 924 oH ORGANIC CLAY, ORGANIC SILT
1514 38.8 126 | 04 | 11 s2 312 | 316 | 305 | 375 | 379 | 621 | <0001 00016 0048 0013 003 024 13 oH ORGANIC CLAY, ORGANIC SILT 2315
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Corrected Bulk
Density (Calc'd)

(pcf)
75.15
67.59
7273
76.49
96.49
7721
75.85
7411
7253
7174

118.83
76.30
7097
72.94
75.96
7176
7215
76.82
7050
71.09
75.66
7361
7821
95.27

102.19
7320
7176
7257
75.36
72.26
94.90
7553
73.42
75.30
90.48
74.49
73.16
73.25
7233
7095
72.98
78.02
9291
81.94

116.24

101.86

100.24
96.02
7779
7964
76.90
72.89
7419

82.27
75.32
89.33
76.00
73.60
73.98
75.65
75.98
74.90
74.83
75.56
93.80
75.64
76.07
103.55
74.07
71.82
75.34
74.94
74.56
7277
73.93
74.38
70.67
7217
75.60
117.24
78.88
78.85
75.11
76.78
80.13
73.33
97.67
90.68
77.71
88.99
80.55
84.69
81.54
101.75
79.39
75.37
81.98
78.11

Corrected Dry
Density (Calc'd)

(pef)

21.67




COMPACTION CORRECTE DATA 30% Design Dredge Plan ‘Atterberg Limits " rain Size© Grain size Parameters
Compaction
Bottom Average | Corr. Top . . . Moisture Organic Corrected Bulk | Corrected Dry
samplein| _ DA€ ,,?(ee?cl;l To%:s:uple Sample Sample Sample (szo‘g:"sguss;) Op"m'id"?fmed'a‘ Targ;'eghedge Dsr:'d”gp Lep","i/;"m Content * Co"eg;ﬁx? S percent Solids Liquid Limit| Plastic Limi P“a:‘::x“y Gravel Sand (%) silt clay | sand Gs'::” silucClay| Dy D5 Dy Dsg Deo Das Dioo cu co | USes USCS Description Content” Z?:‘:“';,c Density (Calc'd) | Density (Calc'd)
Sampled Depth Depth Depth
(Letter) (t) (ft) (t) (ft) (ft.) [IGLD 85] (ft) | (yesino) (%) (%) (%) (%) Coarse__ Medium __Fine (%) (%) (%) (%) (%) (eff. gs) uniformity) _ (gradation)| (%) (pef) (pcf)
420104 | 5/6/05 EFGH 2.0 40 3.0 26 575.5 Dredge or D&C 95 yes 300.9 400.2 20% 0.0 0.0 33 255 | 432 | 280 | 288 | 288 | 712 | <0.00L 00014 00053 0011 | 0021 | 019 2 OH ORGANIC CLAY, ORGANIC SILT 7071 1414
420106 |  5/6/05 DEF 15 30 23 20 575.6 Dredge or D&C 116 yes 220.0 3016 25% 0.0 0.0 29 | 245 | 466 | 260 | 274 | 274 | 726 | <0001 <0.001 00063 002 003 016 2 oH ORGANIC CLAY, ORGANIC SILT 73.10 18.20
420106 |  5/6/05 QRS 7.0 85 7.8 92 575.6 Dredge or D&C 116 yes 239.4 327.0 23% 0.0 00 39 263 | 418 | 280 | 302 | 302 | 698 | <0001 00017 00057 001 0013 021 2 oH ORGANIC CLAY, ORGANIC SILT 7236 16.95
420207 | 5/6/05 EFGH 20 40 3.0 28 565.6 Dredge or D&C 106 yes 295.0 4225 19% 239.1 565 1826 00 0.0 02 80 | 598 | 320 | 82 82 | 918 | <0001 <0.001 00043 0013 0026 0065 2 oH ORGANIC CLAY, ORGANIC SILT 70.31 13.46
420307 | 507105 B-H 05 40 23 06 557.4 Dredge or D&C 24 yes 774 1113 7% 64.7 25 42.2 53 21 131 505 | 155 | 135 | 657 | 710 | 200 | 00025 0006 008 016 = 021 066 13 8400 1219 | sc CLAYEY SAND 2587 87.93 4162
423201 | 5/8/05 EFGH 20 40 3.0 24 572.1 Dredge or D&C 37 yes 196.2 239.4 20% 31 3.4 40 162 | 428 | 305 | 236 | 267 | 733 | <0.001 <0001 00047 001 0019 0.4 13 oH ORGANIC CLAY, ORGANIC SILT 75.48 22.24
4242-01 |  5/8/05 BCD 05 20 13 06 5713 Dredge or D&C 43 yes 224.8 295.9 25% 00 08 60 197 | 415 | 320 | 265 | 265 | 735 | <0.001 <0.001 00045 0012 0021 019 48 oH ORGANIC CLAY, ORGANIC SILT 73.28 1851
424201 | 5/8/05 FGHJ 25 45 35 32 5713 Dredge or D&C 43 yes 353 55.8 64% 55 39 79 111 | 66 50 | 829 | 884 | 116 | 0020 0081 011 017 022 05 13 1048 262 |sp-sm POORLY-GRADED SAND 100.25 64.36
4245-05 |  5/10/05 GHIK 3.0 5.0 4.0 38 561.9 Dredge or D&C 67 yes 210.7 280.5 26% 0.0 00 18 199 | 453 | 330 | 217 | 217 | 783 | <0001 00015 0004 0013 0027 012 2 oH ORGANIC CLAY, ORGANIC SILT 7381 19.40
4245R-01 |  5/10/05 BCDE 05 25 15 06 571.0 Dredge or D&C 40 yes 207.8 233.0 30% 0.0 00 10 156 | 504 | 330 | 166 | 166 | 83.4 | <0.001 0.0015 0004 0011 0026  0.085 2 oH ORGANIC CLAY, ORGANIC SILT 75.78 2275
4246-01 | 5/10/05 BCDE 05 25 15 06 565.0 Dredge or D&C 33 yes 198.1 241.7 20% 150.6 423 108.3 02 88 166 330 | 146 | 270 | 584 | 586 | 416 | <0.001 0.0016 00071 0013 0.2 1 13 oH ORGANIC CLAY, ORGANIC SILT 7537 22.06
4247-01 | 5/10/05 GHIK 30 5.0 4.0 39 561.1 Dredge or D&C 86 yes 200.9 270.8 27% 0.0 0.0 12 68 | 260 | 660 | 80 80 | 920 | <0001 <0.001 00034 00095 0013  0.06 2 oH ORGANIC CLAY, ORGANIC SILT 74.16 20.00
4249-02 | 5/10/05 BCDE 05 25 15 07 5718 Dredge or D&C 36 yes 220.8 300.3 25% 03 05 32 200 | 460 | 300 | 237 | 240 | 760 | <0.001 00018 0005 0012 = 0023 014 9 oH ORGANIC CLAY, ORGANIC SILT 2.365 72.91 18.22
425102 | 5/10/05 EFGH 20 4.0 3.0 25 556.8 Dredge or D&C 83 yes 2228 282.7 26% 00 00 07 186 | 447 | 360 | 193 | 103 | 807 | <0001 <0.001 0.0037 0.0093 0014  0.09 2 oH ORGANIC CLAY, ORGANIC SILT 73.73 19.26
5002-06 | 9/13/04 cD 10 20 15 12 573.4 Dredge or D&C 19 yes 1184 1466 1% 126.7 287 98.0 oH ORGANIC CLAY, ORGANIC SILT 81.94 33.23
5002-08 | 9/14/04 FGH 25 40 33 26 5515 Dredge or D&C 45 yes 174.8 1822 35% 185.3 49.4 135.9 oH ORGANIC CLAY, ORGANIC SILT 78.83 27.94
16 a7
DATA SUMMARY

GU25 Count 115 115 115 86 86 86 3 65 65 65 3 65 65 5 5 26 26 9 6 115 115
Max 301 648 81% 239 135 184 15 17 a1 78 65 66 88 97 95 233 34 27 2.5 1188 9.0

Average 182 227 35% 171 46 125 1 1 6 29 37 26 36 37 63 a1 4 12 237 79.5 20.1

Min 16 24 13% 39 18 15 0 0 0 4 1 2 5 5 3 3 0 4 222 67.6 9.0

St. Dev. 72 105 14% 44 15 38 2 3 8 18 16 13 22 24 24 55 7 7 0.09 104 17.6

GU23 Count 8 B 8 B B B 7 7 7 7 2 7 7 7 7 T T 2 B 8

Max 273 648 61% 210 61 177 0 2 6 31 48 45 34 34 92 30 1 2.38 9.5 58.8

Average 200 275 31% 188 46 141 0 0 3 15 46 36 18 18 82 30 1 237 77.0 24.9

Min a1 64 13% 157 2 100 0 0 0 8 44 21 8 8 66 30 1 235 67.6 2.0
St. Dev. 72 167 14% 21 12 28 0 1 2 1 2 11 12 12 12 #DIVIO!__#DIVIO! 85 14.6
GU 45 Count 104 104 104 76 76 76 0 60 0 60 60 60 60 60 60 %5 25 9 4 104 104
Max 301 423 81% 239 135 184 15 17 a1 78 65 66 88 97 95 233 34 27 2.5 1188 96.0
Average 181 224 35% 170 46 124 1 2 6 30 36 25 38 39 61 42 4 12 237 79.7 295
Min 16 24 19% 39 18 15 0 0 0 4 1 2 5 5 3 3 0 4 222 70.3 135

St. Dev. 73 100 15% 6 16 39 3 3 8 18 17 13 23 24 24 56 7 7 0.09 106 18.1

Geotech Data_6-12-08.xIs/60% Design Dredge Prism Extract Page 2 of 2
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ATTACHMENT B-1

CAP DESIGN TECH MEMO



X ANCHOR

ENVIRONMENTAL, L.L.C.

Memorandum

To: 60 Percent Design File
From: Paul LaRosa, Clay Patmont, and Kim Powell (Anchor Environmental)
CC:

Date: June 10, 2008

Re:  Lower Fox River OUs 2 to 5 - Engineered Cap Design Technical Memo

1 INTRODUCTION

This memorandum presents a summary of engineering evaluations necessary to complete the
remedial design (RD) of engineered sediment caps as part of the remedial action for Operable
Units (OUs) 2 through 5 of the Lower Fox River, consistent with the June 2007 Record of
Decision [ROD] Amendment for OUs 2-5. This memorandum builds upon and incorporates by
reference, preliminary cap designs presented in the OUs 2-5 Basis of Design Report [BODR]
(Shaw and Anchor 2006), approved in July 2006 by the U.S. Environmental Protection Agency
(USEPA) and the Wisconsin Department of Natural Resources (WDNR). In addition, this
memorandum presents a summary of additional cap design evaluations that have been
conducted subsequent to the BODR which will be integrated into the final remedial design for
OUs 2-5.

Additional engineering evaluations will be performed during subsequent stages of RD,
including standardized actions for post-dredge management of undisturbed and generated
residuals, considering feasibility and cost-effectiveness. Further design details will be
developed as part of the Construction Quality Assurance Project Plan (CQAPP) and Adaptive

Management Plan.

2 REFINEMENTS TO TECHNICAL DESIGN OF IN SITU CAP

As described in the BODR, preliminary designs for engineered sediment caps in OUs 2-5
followed detailed guidance for in situ capping developed by USEPA and the U.S. Army Corps
of Engineers (USACE):
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e Contaminated Sediment Remediation Guidance for Hazardous Waste Sites (USEPA
2005a)

¢ Guidance for Subaqueous Dredged Material Capping (Palermo et al. 1998a)

e Assessment and Remediation of Contaminated Sediments (ARCS) Program Guidance

for In Situ Subaqueous Capping of Contaminated Sediments (Palermo et al. 1998b)

These documents provide detailed procedures for site and sediment characterization, cap
design, cap placement operations, and monitoring for subaqueous capping. Caps designed
according to the USEPA and USACE guidance have been demonstrated to be protective of
human health and the environment (USEPA 2005a).

The thickness and other design specifications for in situ engineered caps in OUs 2-5 consider the
following five components:

e Chemical isolation of contaminants (Ti)

e Bioturbation (Tb)

e Consolidation (Tc)

e Erosion (Te)

e Operational considerations (i.e., gas generation, placement inaccuracies, and other

pertinent processes) (To)

As discussed in the BODR, an appropriate thickness of cap was determined individually for
each component based on site-specific design parameters. The total cap thickness that satisfies
all design components is equal to the summation of the individual component thicknesses listed
above. Note however, that the technical Workgroup concluded that the erosion component and
the bioturbation component may be a concurrent thickness and not independent thickness
requirements, consistent with White Paper 6B (Palermo et al. 2002). Therefore, a set thickness of
an armor layer can serve to resist erosion as well as accommodate bioturbation. Given the
variability of site conditions (PCB concentrations, erosion potential, etc.) throughout OUs 2-5,
several cap designs were developed for the Optimized Remedy, as listed below and described
in detail in Appendix D of the BODR:

e Cap A - 13-inch sand and gravel cap — consisting of a minimum 3 inches of placed sand

(equivalent to a targeted average thickness of 6 inches within the placement area
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considering normal overplacement allowances), overlain by a minimum 4 inches of
placed gravel (7 inches with overplacement allowances)

e Cap B - 16-inch sand and gravel cap - consisting of a minimum 6 inches of placed sand
(9 inches with overplacement allowances) overlain by a minimum 4 inches of placed
gravel (7 inches with overplacement allowances)

e Cap C-33-inch sand and gravel/quarry spall cap — consisting of a minimum 12 inches
of placed sand (15 inches with overplacement allowances) overlain by a minimum 12-
inch-thick placed layer of suitably sized armor material (18 inches with overplacement
allowances). Within the active portions of the OU 4B navigation channel, four to nine-
inch quarry spall material may be required for the armor layer; smaller material could

potentially be used in other areas of the OU 4 that are subject to lower erosional forces.

The sections below present the design of each cap component including refinements to and
additional considerations regarding specific cap components from the BODR through the 60
Percent design. Note that the design considerations for certain cap components have remained

the consistent since the development of the BODR (e.g., bioturbation).

2.1 Chemical Isolation

As described in the BODR, a series of calculations were performed using location-specific
conditions (PCB concentrations, vertical groundwater velocity, sediment total organic
carbon [TOC], consolidation-induced porewater flux, etc.) to evaluate the chemical isolation
component of a subaqueous cap for PCB containment. Specifically, chemical isolation
modeling included the use of a transient model described in Appendix B of the ARCS
Program Guidance for In Situ Subaqueous Capping of Contaminated Sediments (Palermo et al.
1988b) to estimate contaminant flux through the chemical isolation layer and the time to
achieve steady state chemical flux conditions in the isolation layer of the cap. In addition,
the steady state model of Reible et al. (2004) was used to estimate chemical concentrations in
the surficial (bioturbation) sediment layers of the cap once steady state conditions are
achieved. The results of the steady state model indicated that, with the cap designs
incorporated into the Optimized Remedy, once steady state conditions are achieved, there is
greater than a 99 percent probability that sediment PCB concentrations in the cap
bioturbation zone would be maintained (in perpetuity) below the 1 ppm remedial action

level (RAL).
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As described in the BODR, proposed cap thicknesses with respect to chemical isolation of
PCBs were preliminarily based on the average sediment PCB concentration in the top 1.5
feet of sediment immediately underlying the prospective cap layer for a given core location.
As such, cap designs were developed with varying chemical isolation thicknesses to contain
sediment with between 1 and 10 ppm, 10 and 50 ppm, and greater than 50 ppm in the top
1.5 feet of sediment. For areas outside of the federally authorized navigation channel, a 13-
inch cap was proposed for areas with PCB concentrations less than 10 parts per million
(ppm) and a 16-inch cap was proposed for areas with PCB concentrations between 10 and 50

ppm in the top 1.5 feet of sediment.

Subsequent to the BODR, the delineation of caps with the appropriate chemical isolation
layer thickness was refined based on the PCB concentration in the top 6 inches of sediment
immediately underlying the cap, consistent with the criteria specified in the ROD
Amendment (USEPA and WDNR 2007):
e Engineered caps of at least 6 inches of sand for chemical isolation: PCB
concentrations will not exceed 50 ppm within the sediment profile and PCBs in
the top six inches of sediment immediately beneath the cap will be less than 10
ppm.
¢ Engineered caps of at least 9 inches of sand for chemical isolation: PCB
concentrations will not exceed 50 ppm within the sediment profile.
e Engineered caps of at least 15 inches of sand (and filter material) for chemical
isolation: PCB concentrations exceeding 50 ppm buried within the sediment

profile or in shoreline areas where dredging would result in instability.

For dredge-and-cap (“hybrid”) areas of OUs 2-5, appropriate sand layer thicknesses for
chemical isolation of PCBs (i.e., 6-, 9-, or 15-inch-thick layers)) were determined based on
estimates of the maximum PCB concentration anticipated in the top six inches of sediment
immediately beneath the cap, considering the following:
a) The upper-bound generated residual PCB concentration and thickness/density
anticipated following dredging (e.g., assuming a range of generated residual

releases using the framework outlined by Patmont and Palermo 2007); and
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b) The upper-bound undisturbed residual PCB concentration in the 6-inch interval

immediately beneath the dredge elevation.

Field verification of designed cap thicknesses will include the collection of samples for PCB
analysis in dredge-and-cap areas following dredging but prior to cap placement, in order to
verify RD forecasts and confirm the appropriate cap thickness is applied based on the
measured concentration of residuals. The CQAPP Addendum provides additional details
of PCB analysis in dredge-and-cap areas. Sampling densities and frequencies for this

purpose may be reduced over time if the RD forecasts are consistently verified.

2.2 Bioturbation Component

The BODR stated that the bioturbation depth is expected to be limited to the upper 5 to 10
cm (2 to 4 inches). As mentioned above and as discussed in the BODR, the cap designs
developed in the 30 Percent Design and summarized herein provide an erosion protection
layer component (Te) of the cap that is sufficient for protection against both physical

isolation and bioturbation (Tb).

2.3 Consolidation Component

The cap material itself will be granular and is expected to undergo minimal elastic
settlement within the period of construction. Therefore, no additional cap thickness is
included to account for cap consolidation. However, as discussed in the BODR, cap-
induced consolidation of existing sediments resulting in porewater expulsion was

considered in the chemical isolation thickness design discussed in Section 2.1.

2.4 Erosion Protection Component

The erosion protection component of an in situ cap prevents external forces from disturbing
the cap or the underlying contaminated sediments. Several potential forms of erosion
including hydrodynamic flows, ice scour, wind-induced waves, and vessel-induced
propeller wash and vessel wakes were evaluated for the preliminary cap design, as detailed
in Appendix D in the BODR. Refinements to and additional considerations regarding the

erosion component of the cap design have been conducted since the submittal of the BODR,



Cap Design Tech Memo
June 10, 2008
Page 6

specifically related to hydrodynamic flows, vessel-induced propeller wash, and vessel

wakes. These evaluations are described in the sections below.

2.4.1 Hydrodynamic Flows

Sea Engineering Inc. (SEI) developed and calibrated a detailed 2-dimensional
hydrodynamic model using an extensive data set from USGS in OUs 3 and 4 to predict
bottom shear stresses during a design level flow event (24,200 cfs [685 m?/s]) with a
recurrence interval of approximately 100 years. Initial model runs were conducted
using existing bathymetry and results were used to evaluate the applicability of various
cap designs under the Optimized Remedy. Following initial design of the Optimized
Remedy, the detailed hydrodynamic model was run again using post-remedy design
bathymetry and the remedial actions refined as necessary to accommodate predicted
hydrodynamic erosion forces. These analyses are described in detail in Appendix D of
the BODR. In summary, relative to existing conditions, the hydrodynamic model
predicted only minor changes from existing conditions in shear stresses throughout OUs
3 and 4 under the Optimized Remedy bathymetric conditions and corresponding to the
reasonable worst-case hydrodynamic design condition (i.e., simultaneous 100-year
flows, historical low water levels, and maximum seiche amplitude). A conservative
maximum bottom shear stress of 100 dynes/cm? was selected for design and was
correlated to minimum thickness of 4 inches of 1.5-inch armor stone, consistent with

USEPA and USACE guidance.

Subsequent reviews of the hydrodynamic information available for the Lower Fox River
suggest that local runoff (e.g., from the East River) may discharge into OU 4 at rates
higher than the values assumed during the BODR hydrodynamic modeling. To further
inform sensitivity analyses of RD parameters, SEI performed additional supplemental
model simulations in March 2007 using a range of extreme flow assumptions, including
hindcasting from a record rainfall event that occurred on June 22-23, 1990 (Shaw and
Anchor 2007). The results of this sensitivity analysis modeling further confirmed that
the engineered cap designs presented in the BODR will adequately protect against

disturbance from extreme river flows.
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To supplement previous modeling of extreme river flows and to further ensure that
appropriately conservative cap design are specified for localized areas of OU 4, the 2-
dimensional hydrodynamic model was revised in October 2007 as part of the 30 Percent
Design to evaluate the localized effects of tributary inflows at their specific geographic
location during the peak discharges measured during the June 22-23, 1990 event
discussed above. Tributary flow contributions to the Lower Fox River during the
extreme rainfall event were determined using the Soil and Water Assessment Tool
(SWAT) model, a physically-based river basin scale model developed for the USDA
Agricultural Research Service (ARS) to quantify the impact of land management
practices in large, complex watersheds (Technical Memorandum 2a, 1998). These
tributary loadings were then applied to the hydrodynamic model developed for OUs 3
and 4 to simulate the June 22-23, 1990 flow conditions.

For both OUs 3 and 4, resulting shear stresses in the majority of the reaches were
predicted to be significantly less than the maximum bottom stress of 100 dynes/cm?2
selected for armor stone design in the BODR. Localized shear stresses in excess of the
original design shear stress (100 dynes/cm?) were observed in only two areas: in OU 3
immediately below the Little Rapids Dam, and in OU 4 just downstream of the East
River. However, these areas have not been targeted for capping as part of the OUs 2 to 5
remedial action. Therefore, this supplemental modeling further confirms that the
engineered cap designs presented in the BODR will adequately protect against

disturbance from extreme river flows.

2.4.2 Vessel-Induced Propeller Wash

As part of the BODR, the potential impacts of vessel-induced propeller wash were
evaluated consistent with USEPA/USACE guidance documents (USACE 1998a) and
technical literature (Verhey 1983, Blaauw and van de Kaa, 1978). Certain components of
the available guidance and technical literature are based on large ocean-going vessels
operating at very slow speeds (e.g., maneuvering operations), and therefore are not
applicable to much smaller recreational vessels operating in portions of the Lower Fox
River. Therefore, to evaluate these recreational vessels as part of the BODR, the
predictive equations developed for the larger vessels were adapted to address smaller

recreational vessels under moving conditions based on a field study conducted in
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October 2005 where bottom-mounted current meters were used to measure actual
bottom velocities of maneuvering and passing recreational vessels in the Fox River.
Based on engineering evaluations performed for the BODR, a median stone size of 1.5
inches (i.e., gravel) was shown to resist the reasonable worst-case hydrodynamic
condition in all areas of OU 3 and 4 and to also resist erosion expected when subjected to
the propeller wash of a range of characteristic vessels (e.g., Foxy Lady Tour boat or

recreational boats) passing over an in situ cap under relatively shallow water conditions.

Since submittal of the BODR in May 2006, more detailed analyses of the propwash from
recreational vessels was performed to inform the 30 Percent Design phase to refine and

optimize cap designs to further ensure long-term stability and performance. As part of

these more detailed analyses, available site-specific vessel information was reviewed to

develop a refined propwash modeling framework specifically for evaluating

recreational propwash on the Lower Fox River.

The refined recreational propwash evaluation was aimed at developing
recommendations for the size of armor stone that would be necessary to resist the
erosive forces from the propeller wash generated by recreational boats operating on the
Lower Fox River. The evaluation consisted of an engineering evaluation utilizing the
following general considerations:

e Modeling results based on the technical framework discussed below

¢ Engineering considerations including material gradations, implementability,

cost, etc.
e Best professional judgment (e.g., consideration of other natural and engineered

aquatic sites)

The JETWASH model used for the OUs 2-5 cap armor design is very similar to that
recommended in the USEPA/USACE guidance, but includes additive velocities to
account for the propeller shaft pitch relative to the bottom (critical factor for recreational
boats) and the reflection of the propeller jet with the bottom. The OUs 2-5 modeling
framework utilizes a momentum-based particle stability evaluation to account for the
transient nature of the recreational propwash. A series of technical memoranda were

submitted summarizing the technical basis for the Fox River propwash modeling
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framework and illustrating an example computation. The technical memoranda were

reviewed and accepted by USEPA and WDNR on September 10, 2007.

Due to the wide variety of recreational vessels and modes of operation on the Lower Fox

River, the refined propwash computations utilized a Monte Carlo simulation for a range

of appropriately conservative input variables based on site-specific data. The Monte

Carlo simulations were used to generate a probability of occurrence for each particular

combination of input parameters. Furthermore, the cap armor design framework

utilized five levels of conservatism, as follows:

Model conservatism — In addition to the additive velocities (prop pitch and
bottom reflection) discussed above, several other components of the model are
conservative, including the use of a maximum static thrust, the definition of
particle instability (i.e., threshold of motion), and computation of a theoretical
maximum particle displacement.

Conservative input parameters — The Agency/Respondent propwash technical
Subgroup selected a range of appropriately conservative modeling parameters
(e.g., limited to vessels with engines larger than 25 horsepower (HP) when a
significant percentage of the vessels operating on the Fox River are below 25 HP).
Low probability of occurrence — The Subgroup evaluated the results of the Monte
Carlo simulations through cumulative frequency (i.e., probability of occurrence
of particular combinations of input parameters) and based the armor size
recommendations on a very low probability of occurrence (generally less than 5
to 10 percent) prior to considering cap-induced consolidation (see below).
Conservative cap gradation (i.e., Dso) — Consistent with USEPA/USACE
guidance, the results of the modeling were used to recommend a median stone
size (Ds) for cap armor. However, aggregate materials obtained from natural
sources are typically comprised of graded materials and not a single uniform
particle size. Therefore, by definition, 50 percent of the material (by weight) used
for cap armor material, will have a particle size that exceeds the median stone
size.

Self-armoring — The process of self armoring occurs when the larger particles
within a gradation form a relatively thin layer near the top of the cap for which

the median stone size exceeds that recommended for design. This self-armoring
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response to extreme propwash events exceeding the recommended design value

further ensures the protectiveness of the overall cap armor design.

A total of 10,000 combinations of parameters for several representative water depths (3,
5,7, and 10 feet) were generated through the Monte Carlo simulation. As part of the
modeling inputs, constraints were developed to prevent unrealistic combinations (e.g.,
limiting the depth of the propeller shaft relative to the water depth to avoid scenarios in
which the boat would be expected to contact the bottom). Approximately 2,500
combinations that met all constraints were used as input to the JETWASH model. The
JETWASH model and particle stability evaluation were then performed for each of the
combinations. Figure 1 presents the number of times a stable particle diameter was
computed in the JETWASH model (shown as a cumulative frequency) for 3-, 5-, 7-, and

10-foot water depths as part of the Monte Carlo simulation.
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Figure 1 — Cumulative Frequency of Stable Particle Diameters Predicted from Monte
Carlo Analysis
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Table 1 summarizes the general cap armor recommendations necessary to resist the
erosive forces expected to be generated by recreational vessels on the Lower Fox River,
as developed by the technical Subgroup based on the engineering evaluation described
above (i.e., utilizing Monte Carlo model output [see Figure 1], engineering

considerations, and best professional judgment).

Table 1
Summary of Cap Armor Recommendations for Propwash

Median Stone Maximum
Water Depth Size, Dsp Stone Size, Classification
[inches] Digo [inches]
3 to 4 feet 3 6 Gravel/Cobble
4 to 6 feet 1.5 3 Gravel
>6 feet 0.25 1 Sand/Gravel

In general, the selected median stone size correlated with at least the 90 percent
cumulative frequency predicted by the Monte Carlo simulation (Figure 2, Table 2);
however, this analysis did not account for the estimated consolidation of the cap which

would result in deepening of the water depth after placement.

In order to evaluate the magnitude of the cap-induced consolidation, several samples
were collected for seepage-induced consolidation testing (SICT) as part of the 2004 and
2005 pre-design sampling and analysis effort. The SICT is a specialized consolidation
test for very soft sediments, through which 5 dimensionless parameters are determined
that describe the consolidation characteristics as a function of void ratio, stress, and
permeability. These relationships were then used to estimate cap-induced consolidation
which, for placement of 13-inch-thick cap, ranged from 5 to 11 inches with an average of
8 inches. This average cap-induced settlement of 8 inches was applied to the capping
areas to evaluate the post-consolidation water depth and specifically the associated

propwash cumulative frequency that will be achieved after consolidation.

When incorporating the estimated cap-induced consolidation (i.e., 8 inches average), the
selected median stone sizes listed in Table 1 correspond to greater than the 95t percent
cumulative frequency for a majority of the post-consolidation water depths in capping

areas. Figure 2 illustrates this evaluation. For example, the Monte Carlo simulation
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predicted a stable particle diameter of 1.5 inches or less in 5 feet of water for 91 percent
of the input combinations. When the additional 8 inches of cap-induced consolidation is
considered (approximate water depth of 5 feet, 8 inches), the stable particle diameter of

1.5 inches corresponds to approximately the 98" percent cumulative frequency.
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