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ratio ranges from 20 to 25 percent for liquefaction remediation projects using deep soil
mixing techniques. Accordingly, the soilcrete column shear strength and area replacement
ratio were selected at 75 psi and 20 percent, respectively. Additional stability analyses
resulted in a factor of safety of 1.29 as shown in Figure 25. It is noted that these strength
parameters will also be considered in initial stability models for use in the ongoing numerical
seismic analysis, which is scheduled to be completed in January 2009, to further refine the
concepts presented herein.

Foundation improvements along other alignments were assumed to use similar soilcrete
strength parameters and area replacement ratios as Dike C. The exception was the Ash
Pond South Dike C which was assigned an area replacement ratio of 25 percent due to
improvement zone width restrictions. The width of the improvement zone (15-foot minimum)
was adjusted for a target factor of safety greater than 1.1. A rock buttress was added when
shallow surface failures with factors of safety less than 1.1 occurred.

3.2.2.2. Results

The results of the slope stability calculations are provided with the computer output
presented in Appendix A. As shown, embankment outslopes constructed to grades of five
percent or less (without improvements) results in factors of safety greater than the defined
target of 1.1. Steeper slopes modeled herein (i.e. 4(H):1(V)) result in factors of safety less
than 0.5 without improvements. It is noted that physical evidence exists indicating that
displaced ash surfaces from the December 22, 2008 incident resulted in average slopes
estimated to be on the order of one percent. This evidence along with recognized
uncertainties with estimating material properties (particularly residual strengths), suggested
that some degree of perimeter improvements may be required along embankment outslopes
constructed to grades of five percent or less (i.e. Swan Pond Road and Ball Field corridors
for Alternatives 1 and 2). In consideration of the overall cost opinion objectives for the
conceptual notebook, it is assumed that one-half of the length along these alignments will
require foundation improvements.

A summary of conceptual perimeter improvements and estimated affected areas (in square

feet) is provided in Table 1 below. Graphical sections and details along with specifications
are provided as Appendices B and C, respectively.
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Table 1.

Summary of Conceptual Perimeter Improvements

15-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep

Conceptual Conceptual Perimeter Improvement
Closure _ . Rock Buttress and |Affected Area
Alternative Perimeter Alignment Deep Soil Mixing Outslope Armoring (ft9)
Dike 2 40-ft-wide deep soil mixing zone at dike toe, about 30-ft-deep 5(H):1(V) rock buttress 56,000
Dike D 35-ft-wide deep soil mixing zone at dike toe, about 60-ft-deep 5(H):1(V) rock buttress 105,000
Ball Eield Corridor 35-ft-wide deep soil mixing zone for 50% of the corridor length, N/A
about 60-ft-deep
84,000
Swan Pond Road Corridor 35-ft-wide deep soil mixing zone for 50% of the corridor length, N/A
about 60-ft-deep
Alternative 1 . 25-ft-wide deep soil mixing zone at dike crest, about 60-ft-deep Outslope armoring
Ash Pond North Dike C , o ) 105,000
25-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep along upstream face
15-ft-wi il mixi ik -ft-
Ash Pond East Divider Dike 5 tW!de deep 50! m!x!ng zone at d! e crest, about 60-ft-deep N/A 66,000
15-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep
Ash Pond South Dike C 25-ft-wide deep soil mixing zone at dike crest, about 30-ft-deep Outslope armoring 30,000
along upstream face
5(H):1(V) rock
Dike D 35-ft-wide deep soil mixing zone at dike toe, about 60-ft-deep buttress, about 40 ft at 105,000
the base
Ball Field Corridor 35-ft-wide deep soil mixing zone for 50% of the corridor length, N/A
about 60-ft-deep
84,000
Swan Pond Road Corridor 35-ft-wide deep soil mixing zone for 50% of the corridor length, N/A
. about 60-ft-deep
Alternative 2
Dike C 130-ft-wide deep soil mixing zone beneath the proposed earthen Outslope armoring 260,000
berm, about 40-ft-deep along upstream face
Ash Pond North Dike C 25-ft-w?de deep so?l m?x?ng zone at d?ke crest, about 60-ft-deep Outslope armoring 105,000
25-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep along upstream face
L . |15-ft-wide deep soil mixing zone at dike crest, about 60-ft-deep
Ash Pond East Divider Dike N/A 66,000
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Table 1.

Summary of Conceptual Perimeter Improvements

along upstream face

Conceptual Conceptual Perimeter Improvement
Closure _ _ Rock Buttress and |Affected Area
Alternative Perimeter Alignment Deep Soil Mixing Outslope Armoring (ft9)
Ash Pond South Dike C 25-ft-wide deep soil mixing zone at dike crest, about 30-ft-deep Outslope armoring 30,000
along upstream face
5(H):1(V) rock
Dike D 35-ft-wide deep soil mixing zone at dike toe, about 60-ft-deep buttress, about 40 ft at 105,000
the base
Ash Pond North Dike C 25-ft-w?de deep so?l m?x?ng zone at d?ke crest, about 60-ft-deep Outslope armoring 105,000
Alternative 3 25-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep along upstream face
15-ft-wide deep soil mixing zone at dike crest, about 60-ft-dee
Ash Pond East Divider Dike . : L g . . N/A 66,000
15-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep
Ash Pond South Dike C 25-ft-wide deep soil mixing zone at dike crest, about 30-ft-deep Outslope armoring 30,000
along upstream face
; 0 i ; 5(H):1(V) rock
50-ft-wide deep soil mixing zone at dike crest, about 80-ft-dee
Dike D . P S 9 . P buttress, about 40 ft at 300,000
50-ft-wide deep soil mixing zone at dike toe, about 60-ft-deep
the base
Ball Field Corridor 100-ft-wide deep soil mixing zone, about 60-ft-deep N/A 480 000
Swan Pond Road Corridor |100-ft-wide deep soil mixing zone, about 60-ft-deep N/A ’
. 130-ft-wide deep soil mixing zone beneath the proposed earthen Outslope armoring
. Dike C 260,000
Alternative 4 berm, about 40-ft-deep along upstream face
25-ft-wide deep soil mixing zone at dike crest, about 60-ft-dee '
Ash Pond North Dike C Wf p ol mbing 2 ! ! P | Outslope armoring 105,000
25-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep along upstream face
. .. |15-ft-wide deep soil mixing zone at dike crest, about 60-ft-deep
Ash Pond East Divider Dike ) o ) N/A 66,000
15-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep
Ash Pond South Dike C 25-ft-wide deep soil mixing zone at dike crest, about 30-ft-deep Outslope armoring 30,000
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Table 1.

Summary of Conceptual Perimeter Improvements

along upstream face

Conceptual Conceptual Perimeter Improvement
Closure _ . Rock Buttress and |Affected Area
Alternative Perimeter Alignment Deep Soil Mixing Outslope Armoring (ft9)
4(H):1(V) rock
buttress, about 50 ft
Ball Field Corridor 25-ft-wide deep soil mixing zone, about 60-ft-deep wide and 15 ft tall;
6(H):1(V) to top of 120,000
slope
Swan Pond Road Corridor |25-ft-wide deep soil mixing zone, about 60-ft-deep N/A
Dike C 130-ft-wide deep soil mixing zone beneath the proposed earthen Outslope armoring 260 000
Alternative 5 berm, about 40-ft-deep along upstream face '
25-ft-wide deep soil mixing zone at dike crest, about 60-ft-dee '
Ash Pond North Dike C Wf ps ' 'Xl gz ' S u p Outslope armoring 105,000
25-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep along upstream face
- . |15-ft-wide deep soil mixing zone at dike crest, about 60-ft-deep
Ash Pond East Divider Dike _ S . N/A 66,000
15-ft-wide deep soil mixing zone at dike toe, about 50-ft-deep
Ash Pond South Dike C 25-ft-wide deep soil mixing zone at dike crest, about 30-ft-deep Outslope armoring 30,000
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3.3. Construction Feasibility

The foundation improvements described herein are currently defined as deep soil mixing. In
the United States, this technique was first developed in the 1950s as intrusion grout mixed-
in-place piles. Significant refinement has been made since its full-scale applications became
feasible in the 1970s. Although the initial intent of deep soil mixing was relatively large-area
soil treatment for soft ground stabilization, its applications have been expanded to include
hydraulic cutoff and excavation support walls, slope stabilization, liquefaction mitigation,
environmental remediation, etc.

Typically, deep soil mixing may be more attractive than other improvement technigues where
the foundation to be treated does not contain boulders or other obstructions; treatment depth
is less than 100 feet; significant amounts of spoil can be tolerated; treated foundation
volumes are relatively large; and resulting strength gains need to be closely engineered. Site
conditions are anticipated to meet these criteria, making deep soil mixing a viable foundation
improvement technique.

Major factors that influence the engineering properties of treated foundation zones include
soil type, amount of cement or other admixtures used, water/cement ratio, degree of soil-
cement mixing, curing environment and age. Different installation patterns may be used to
meet the defined design criteria. For liquefaction mitigation, research indicates that with
similar ground treatment ratios, the grid pattern is most effective, followed by the wall type,
and then the column type. Currently, a grid pattern is proposed for the project.

Stantec presented the conceptual foundation improvement layout and target strength
objectives to a specialty contractor (Hayward Baker Inc.) to receive initial feedback relative to
feasibility. The contractor indicated that the initial layout was constructible and that the target
strength objectives were achievable. Stantec will continue to network with a contractor to
review modified concepts developed in future project phases.

3.4. Construction Sequence

For the purposes of the conceptual notebook, anticipated generalized construction sequence
(in order presented) for the primary capital construction elements are provided below.

» Reconstructed Dike C (for Alternatives 2, 4 and 5)
o Site Preparation (includes regrading to design subgrade elevation);
o Working platform construction;

o Foundation improvements (deep soil mixing techniques; requires specialty
contractor and equipment);

o Earthen berm construction;
o Vegetative soil cover placement;
o Outslope armoring placement; and

o Perimeter ditch construction.

Vv:\1756\active\175669014\clerical\report\rpt_003_175669014\rpt_003_175669014.doc 1 1



e Dike 2 (for Alternative 1):

@)

(@)

@)

@)

Regrade truck access ramps;
Working platform construction;

Foundation improvements (deep soil mixing techniques; requires specialty
contractor and equipment);

Rock buttress construction;
Vegetative soil cover placement; and

Perimeter ditch construction.

* Dike D (for Alternatives 1 though 4)

(@)

@)

@)

@)

Working platform construction;

Foundation improvements (deep soil mixing techniques; requires specialty
contractor and equipment);

Rock buttress construction;
Vegetative soil cover placement; and

Perimeter ditch construction.

e Swan Pond Road and Ball Field Corridors (for Alternatives 1 through 5)

(@)

@)

(@)

@)

Working platform construction, if necessary;

Foundation improvements, if necessary (deep soil mixing techniques; requires
specialty contractor and equipment);

Rock buttress construction, if necessary; and

Perimeter ditch construction.

e Ash Pond North Dike C, Ash Pond East Divider Dike and Ash Pond South Dike C (for
Alternatives 1 through 5)

@)

@)

Working platform construction, if necessary;

Foundation improvements (deep soil mixing techniques; requires specialty
contractor and equipment);

Outslope armoring placement, if necessary; and

Perimeter ditch construction.
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3.5. Equipment, Labor and Material Quantities

The specialty contractor estimates that typical production rates for deep soil mixing may be
on the order of 450 cubic yards of treated foundation materials per individual crew per day.
Typical earthwork (constructed as engineered fill) production rates are estimated to be on the
order of 2,500 cubic yards per individual crew per day using minimal equipment. It is noted

that these rates may be increased if additional crews/equipment are applied. A summary of
anticipated equipment and labor is provided below.

e Excavators and Operators;
e Loaders and Operators;
e Articulated Trucks and Operators;
e Dozers and Operators;
* Sheepsfoot Rollers and Operators;
e Smooth Drum Rollers and Operators;
e Graders and Operators;
* Deep Soil Mixing; and
o Dirilling/Mixing Rigs and Crews;
o High Volume Colloidal Mixer and Operators; and

o Bulk Material Silos and Operators.

Water Trucks and Operators.

Material quantities for primary capital construction elements are presented in the cost opinion
(discussed below) provided as Appendix D.

3.6. Capital Cost Opinion

A capital cost opinion for base grade / working platform construction across the site and
implementation of the conceptual perimeter improvements for each defined alternative as
outlined herein is presented as Appendix D. Costs were derived in (current) 2009 dollars
and were based on available data/information from a published source (RS Means, 2009)
along with various manufacturer's and specialty contractor's cost data along with our
experience with similar projects. No adjustments were made to these costs to account for
inflation.

The cost opinion is intended to represent the target +50/-30% degree of accuracy and does
not consider program management, documentation and permitting (including related
activities such as final drilling, testing, engineering analysis and design, etc.).
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4. Closure

The conceptual component notebook elements presented herein are based on requested
activities as defined in our revised work plan dated August 21, 2009 along with additional
directions received from Jacobs during the course of the work, using that degree of care and
skill ordinarily exercised under similar circumstances by respectable members of the
engineered profession. No warranties, whether expressed or implied, can be provided to the
accuracy of information supplied by others.
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Preliminary Engineering
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Conceptual Closure
Alternatives



Alternative 1 — Grade Dredge Cell / Embayment Area

Mapping Dated February 25, 2009
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Mapping Dated February 25, 2009
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Alternative 3 — Grade Dredge Cell (with central ditch) and Remove Ash
from Embayment Area
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Appendix B

Conceptual Perimeter
Improvements



Appendix C

Specifications
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