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EXECUTIVE SUMMARY

PURPOSE
The purpose of the study is to provide technical support to the City of Indianapolis regarding opportunities
to restore or replace the existing Rocky Ripple levee also identified as White River Levee Segment 24
(WR-24).  This assessment includes detailed geotechnical investigations to establish the subsurface
conditions for use in establishing the foundation and structural requirements for different levee and
floodwall design sections.  Alternative alignments were then conceptually developed to better understand
the tradeoffs between higher costs and avoiding impacts to the homes built within or adjacent to the
existing levee footprint.  This effort is being carried out in conjunction with a Memorandum of
Understanding (MOU) by and among the City of Indianapolis - Department of Public Works, The Town of
Rocky Ripple, and Butler University.  The primary goal of the MOU and preliminary analysis is to minimize
impact to homes while achieving full FEMA accreditation for the flood damage reduction project.

LOCATION
The Rocky Ripple Levee system is built on the West Fork White River in Marion County, Indiana. It
extends from the walking path located adjacent to the Indianapolis Central Canal behind the Butler
University Athletic Fields upstream to the West Fork of the White River, southwest of Westfield Boulevard,
where the Line of Protection follows the Left Bank of the River and ties into high ground behind Ripple
Road.

BACKGROUND
The ongoing Indianapolis North Flood Damage Reduction Project includes a series of levees, floodwalls
and drainage works to reduce flood damage risks for over 2000 buildings in the Broad Ripple, Warfleigh,
Butler-Tarkington, and Butler University areas of Indianapolis.  Construction has been completed for
phases 3A and 3C of the project.  Three alternative Phase 3B alignments were considered by the
USACE.  In addition, an alternative around Rocky Ripple was evaluated.

The preferred USACE alignment identified in the Final Supplemental Environmental Impact Statement
(FSEIS) and accepted by the City of Indianapolis in December of 2015 extends the line of protection
across the Central Canal (owned by Citizens Energy Group) and southward between the canal and
Westfield Boulevard.  This determined alignment excluded the Town of Rocky Ripple and other Butler
University grounds from the protected area.

In 2017, at the direction of the City of Indianapolis, AECOM completed an evaluation of projects in the
area titled Review and Assessment of the Indianapolis North Levee System, Rocky Ripple Area.  Key
findings of that assessment were:

· The existing Rocky Ripple levee is in a seriously deteriorated condition. The analyses indicate
that the levee currently has a 5% or greater annual chance of overtopping (20 year level of
protection) and there is about a 92% change that the levee will be overtopped at least once over
the next 50 years.
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· The existing levee had not been evaluated for stability and seepage which may indicate that the
levee is subject to structural failure in addition to overtopping. An investigation of the levee
embankment and foundation materials were recommended to be undertaken to determine the
conditions of the embankment.  The geotechnical data would be utilized to perform a stability and
seepage analyses and to refine design requirements for rehabilitation or replacement of the
existing levee.

· If the existing levee were to be damaged or fail for any reason, the community of Rocky Ripple
would be exposed to more frequent flooding.  If levee repairs were not completed after such a
storm the average annual damage due to flooding would more than double.

· Rehabilitation of the existing levee could be eligible for inclusion in the USACE Rehabilitation
Inspection Program (RIP).  Participation in the RIP provides access to Federal funds for repair of
storm damage to the levee if it is damaged in an extreme flood event.

· Decisions regarding long-term plans to upgrade the Rocky Ripple Levee would require more
detailed engineering design assessments, including collection of existing embankment and
subsurface soils data.  Factors to be considered include: community acceptability; environmental
impacts, costs; design reliability.

ALTERNATIVES EVALUATED

Alternative 1 – Earthen Levee
In AIternative 1, approx. 9,350 feet of earthen levee throughout the project was evaluated.  This would
yield the least expensive construction cost while impacting a large number of residences.  The levee
alignment generally follows the centerline of the existing levee.  The earthen levee has 2.5H:1V side
slopes on either side.

Forty one homes will need relocation and three homes would remain unprotected.  Fifteen sheds would
need relocation.  The three homes that remain unprotected will have ramp access over the levee.

From an hydrologic and hydraulic (H&H) assessment, there is no change to the previous work, thus no
impacts are anticipated at this time.

The Preliminary Opinion of Probable Cost indicates a cost of approximately $63M.

Alternative 2 – Least Impact Levee/ Floodwall
In AIternative 2, a combination levee/ floodwall is proposed and evaluated with the least impact to existing
residences.  This levee would yield the highest construction cost while impacting the least number of
residences.  The levee alignment generally follows the centerline of the existing levee and incorporates
4,650 feet of earthen levee, 2,970 feet of I-Wall, 1,210 feet of T-Wall, and 650 feet of Combi-Wall.

No homes will need relocation and three homes will not be protected.  Three sheds will need relocation.
The three homes that remain unprotected will have ramp access over the levee.
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From an H&H assessment, there is no change to the previous work, thus no impacts are anticipated at
this time.

The Preliminary Opinion of Probable Cost indicates a cost of approximately $72M.

Alternative 3 – Low Impact Levee/ Floodwall
In AIternative 3, a combination levee/ floodwall is proposed and evaluated by taking Alternative 2 and
attempting to reduce the more expensive portions of the wall.  This continues to have a low impact to
existing residences.  The levee alignment incorporates 5,020 feet of earthen levee, 3,468 feet of I-Wall,
1,062 feet of T-Wall, and no Combi-Wall.

No homes will need relocation and nine homes are not protected.  Six sheds will need relocation.

From an H&H assessment, there is no change to the previous work, thus no impacts are anticipated at
this time.

The Preliminary Opinion of Probable Cost indicates a cost of approximately $66M.

RECOMMENDATIONS

Key Findings
The geotechnical investigation and design analyses have led to several significant refinements to the
design sections considered in the report titled Review and Assessment of the Indianapolis North Levee
System, Rocky Ripple Area (AECOM 2017).  Key findings regarding the design sections are:

· The high permeability of the granular subsurface soils will likely require seepage cutoffs to
meet the design factors of safety.

· In some areas the use of an I-Wall Levee/ Floodwall design section is appropriate for
protection heights to 6 feet.  This section has a small footprint relative to the earthen levee
and T-Wall sections and can minimize real estate impacts.

· The use of a T-Wall Levee/ Floodwall design section is appropriate for protection heights
from 6 feet to about 12 feet.  This section has a small footprint relative to the earthen levee
and can also minimize real estate impacts.

· Where I-Walls and T-Walls Floodwalls are not appropriate due to the required height of
protection, real estate impacts can be minimized with the use of a Combi-Wall section.  This
section utilizes either steel pipe piles and sheeting or overlapping drilled shafts to allow the
construction to be completed within a relatively small footprint.  This reduction comes at a
relatively high cost, with the Combi-Wall costs being approximately four times more
expensive as an earthen levee section.

· Restoring the existing levee at its current elevation to meet design standards would require
extensive seepage cutoffs, reshaping of the side slopes, clearing of vegetation & tree roots
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and removal of structures within the required clear zone.  These costs may approach the cost
of restoring the structure to the elevation required for FEMA accreditations and was
eliminated from consideration.

· Alternative 1 involves:
o Removal of 41 homes.
o Three homes are not protected by this configuration.
o Construction of the lowest cost levee, which is the earthen levee.
o Total Cost is estimated at approximately $63M.

· Alternative 2 involves:
o Removal of no homes.
o Three homes are not protected by this configuration.
o This levee system involves the very expensive Combi-Wall and moderately

expensive T-Wall and less expensive I-Wall and earthen levee.
o Total Cost is estimated at approximately $72M.
o Construction very close to many of the residences may be a challenge from a

vibration and constructability standpoint.

· Alternative 3 involves:
o Removal of no homes.
o Nine homes (six additional than Alternative 2) are not protected by this configuration.
o This levee system eliminates the very expensive Combi-Wall.
o Levee is routed around six homes that will not be protected.
o Requires a Vehicular Floodgate.
o This levee system involves the moderately expensive T-Wall and less expensive I-

wall and earthen levee.
o Total Cost is estimated at approximately $66M.
o Construction very close to many of the residences may be a challenge from a

vibration and constructability standpoint.

· Realigning levees toward the river to avoid impacting structures would result in significantly
higher impacts and should be excluded from further consideration.

Recommendations
The following is recommended as the project advances.

· Perform detailed stream and land survey.  The existing hydraulic model was initially
developed for use in flood hazard mapping and adapted for the USACE design.  Prior to
refining the design of any of these alternatives, the model should be updated based on
current stream and land surveys including additional sections to meet all permit requirements.
Updated hydraulic model runs should verify that the preferred alternative meets all permit
requirements or what modifications are needed to provide full compliance.
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· Advance design to conceptual level of a preferred alternative.  This will help confirm Earthen
Levee, I-Wall, T-Wall and Combi-Wall costs, depending upon the preferred alternative, and
assist in drainage design and utility cost verification.

· Advance design of Canal Gate and Tie-in structures so that costs can be more accurately
judged.
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1 INTRODUCTION

1.1 Purpose
The purpose of the study is to provide technical support to the City of Indianapolis regarding opportunities
to restore or replace the existing Rocky Ripple levee also identified as White River Levee Segment 24
(WR-24).  This assessment includes detailed geotechnical investigations to establish the subsurface
conditions for use in establishing the foundation and structural requirements for different levee and
floodwall design sections.  Alternative alignments were then conceptually developed to better understand
the tradeoffs between higher costs and avoiding impacts to the homes built within or adjacent to the
existing levee footprint.  This effort is being carried out in conjunction with a Memorandum of
Understanding (MOU) by and among the City of Indianapolis - Department of Public Works, The Town of
Rocky Ripple, and Butler University.  The primary goal of the MOU and preliminary analysis is to minimize
impact to homes while achieving full FEMA accreditation for the flood damage reduction project.

1.2 Location
The Rocky Ripple Levee system is built on the West Fork White River in Marion County, Indiana. It
extends from the walking path located adjacent to the Indianapolis Central Canal behind the Butler
University Athletic Fields upstream to the West Fork of the White River, southwest of Westfield Boulevard,
where the Line of Protection (LOP) follows the Left Bank of the River and ties into high ground behind
Ripple Road. A project area map is shown in Figure 1.

1.3 Background
The ongoing Indianapolis North Flood Damage Reduction Project includes a series of levees, floodwalls
and drainage works to reduce flood damage risks for over 2000 buildings in the Broad Ripple, Warfleigh,
Butler-Tarkington, and Butler University areas of Indianapolis.  Construction has been completed for
phases 3A and 3C of the project.  Unexpected soil conditions have required re-alignment of Phase 3B,
which provides the southern (downstream) levee tie-in to high ground necessary to complete the line of
protection.  Three alternative Phase 3B alignments were considered by the USACE.  In addition, a prior
alternative around Rocky Ripple was re-evaluated.

The preferred USACE alignment identified in the Final Supplemental Environmental Impact Statement
(FSEIS) and agreed to by the City of Indianapolis in December of 2015 extends the line of protection
across the Central Canal (owned by Citizens Energy Group) and southward between the canal and
Westfield Boulevard.  This preferred alignment excludes the community of Rocky Ripple and other Butler
University grounds from the protected area.

In 2017 AECOM completed an evaluation of projects in the area titled Review and Assessment of the
Indianapolis North Levee System, Rocky Ripple Area.  Key findings of that assessment were:

· The existing Rocky Ripple levee is in a seriously deteriorated condition. The analyses indicate
that the levee currently has a 5% or greater annual chance of overtopping (20 year level of
protection) and there is about a 92% change that the levee will be overtopped at least once over
the next 50 years.

· The levee has not been evaluated for stability and seepage which may indicate that the levee is
subject to structural failure in addition to overtopping. An investigation of the levee embankment
and foundation materials was recommended to determine the conditions of the embankment.
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The geotechnical data would be utilized to perform a stability and seepage analyses and to refine
design requirements for rehabilitation or replacement of the existing levee.

· Use of an earthen levee would provide cost savings as compared to the extensive use of
floodwalls in the USACE Rocky Ripple Alternative considered in the FSEIS in 2013.  However,
there would be greater real estate requirements associated with reconstructing the levee, in lieu
of the T-wall that was proposed in the USACE plan.

· If the existing levee were to be damaged or fail for any reason, the community of Rocky Ripple
would be exposed to more frequent flooding.  If levee repairs were not completed after such a
storm the average annual damage due to flooding would more than double.

· Given the badly deteriorated condition of the existing Rocky Ripple levee further analyses of the
levee are needed.  Rehabilitation of the existing levee could be eligible for inclusion in the
USACE Rehabilitation Inspection Program (RIP).  Participation in the RIP provides access to
Federal funds for repair of storm damage to the levee if it is damaged in an extreme flood event.
Therefore, working within accepted federal standards for levees is important to the project.

· Decisions regarding long-term plans to upgrade the Rocky Ripple Levee will require more
detailed engineering design assessments, including collection of existing embankment and
subsurface soils data.  Factors to be considered include: community acceptability; environmental
impacts, costs; design reliability.

· In order to determine the most appropriate technical approach for mitigating the flood risks to the
town of Rocky Ripple, the City of Indianapolis has contracted with AECOM to provide more
detailed engineering assessments.
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Figure 1 – Site Location Plan
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1.4 Overview of the Scope of Work
The present scope of work involves performing a geotechnical subsurface investigation by test
borings with associated laboratory testing.  This data is then utilized to preliminarily select levee
system components and alignments and evaluate four alternatives.  Finally, a preliminary opinion of
probable cost of the alternatives is presented for the alternatives.
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2 GEOTECHNICAL INVESTIGATION

2.1 Subsurface Exploration
The subsurface exploration at the site consisted of a total of 20 test boring locations (Borings B-1 to B-21;
B-14 was not drilled) located as shown on Figures 2A thru 2K, Site and Boring Location Plan.  The
borings were drilled during the period from August 23 to September 18, 2017 by 7NT Drilling of
Indianapolis, Indiana, under full-time technical supervision of AECOM.  Test boring and ground surface
elevations were estimated by the Topographic Survey provided by PCS Engineers of Avon, Indiana
dated February 21, 2014.  All elevations are referenced to NAVD88.

The test borings were performed using a CME-550 track-mounted drilling rig and were advanced by mud
rotary drilling techniques.  The borings were advanced to depths of 26 to 52 feet.  Samples of the subsoils
were recovered from the borings for identification and classification purposes by means of a 2-inch O.D.
split-barrel sampler driven 18 inches by a 140-pound hammer freely falling 30 inches (the Standard
Penetration Test, ASTM D 1586).  The number of hammer blows required to drive the sampler during the
interval from 6 to 18 inches, or fraction thereof, is reported on the test boring logs as the sampling
resistance.  Relatively undisturbed samples of fine-grained soils were obtained with a 3-inch O.D. thin-
walled Shelby tube sampler in general accordance with ASTM D 1587.

An HQ-size rock core (2.5-inch diameter), typically 5 to 10 foot in length was obtained in the borings upon
encountering bedrock.  After coring, the Rock Quality Designation (RQD) was determined as the total
length of all naturally segmented recovered rock core segments equal to or greater than 4 inches in
length divided by the total length of the core run, expressed as a percentage.  The RQD and the percent
core recovery are presented on the boring log.

Where fine-grained materials were encountered, Pocket Penetrometer Resistance (PPR) readings were
taken to obtain an indication of the unconfined compressive strength of the soils.  These readings are
shown on the test boring logs.

Four groundwater observation pipes (GOP's) were installed in boreholes (B-7, B-8, B-11, and B-15).  The
GOP's were installed with sand pack around a 10 feet screen and a bentonite plug above the sand pack.

At the completion of the test borings, the boreholes were grouted with a cement-bentonite grout.  The test
boring logs are presented on pages A-3 through A-32 of Appendix A.  A "Key to Soil Symbols and Terms"
used in this report is included on page A-2.

2.2 Laboratory Testing
Physical property tests were conducted in the laboratory on selected representative soil samples to aid in
classification and for correlation with engineering behavior of the soils.  These tests included natural
water content (ASTM D 2216), liquid and plastic limits (ASTM D 4318), grain-size distribution (ASTM D
422), and specific gravity (ASTM D 854).  Engineering tests included five unconsolidated-undrained (UU)
triaxial compression tests (ASTM D 2850), twelve series of consolidated-isotropically-undrained (CIU)
triaxial compression tests (ASTM D 4767), one direct shear series (ASTM D 3080), two consolidation
tests (ASTM D 2435) and seven flexible wall permeability tests (ASTM D 5084) which were performed on
relatively undisturbed Shelby tube samples. Twelve unconfined compressive strength of rock tests (ASTM
D 2938) were also performed.  The geotechnical laboratory results are presented in Appendix B.
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2.3 Subsurface Conditions
Embankment Fill Stratum

The embankment fill materials of the existing levee generally consist of clayey sands (SC), silty sands
(SM) and sandy clays (CL).  Overall, the embankment fill extends from the crest elevation to depths of 5
to 10 feet.

Standard Penetration Test (SPT) values typically ranged from 4 to 20 blows per foot.  Pocket
Penetrometer Resistance (PPR) values typically ranged from 3 to 4.5 tons per square foot (tsf) in the fine-
grained portions, which is indicative of a very stiff condition.  The coarse-grained portions were generally
in a medium dense to dense condition.

The natural water content of this material typically ranged from 6 to 18 percent, with fine-grained samples
as high as 28 percent.  The laboratory testing indicated that the coarse-grained portions of the fill had 12
to 35 percent passing the No. 200 sieve.  Fine-grained portions of the fill had 40 to 80 percent passing the
No. 200 sieve.  Liquid limits in the fine-grained portions ranged from 24 to 37 percent.  The plasticity
index ranged from 5 to 18 percent.  The fine-grained samples typically classified in the Unified System
Classification System as CL and the coarse-grained samples as SM or SC.

Seven consolidated-isotropically-undrained (CIU) triaxial test series in the SC and CL materials generally
indicate effective friction angles ranging from 31 to 40 degrees.  Three flexible wall permeability tests on
relatively undisturbed samples from this stratum indicate a permeability of 1x10-5 cm/sec to 3x10-6
cm/sec on SC material.

Coarse-Grained Soil Stratum

Underlying the embankment materials in most borings, a coarse-grained stratum was encountered
generally consisting of silty sands (SW-SM, SM, and SP-SM), sandy gravels (GW-GM and GW).  The
thickness of this stratum ranges from 10 to 22 feet and extends to El. 675 to 690 ft.

Standard Penetration Test (SPT) values typically ranged from 5 to 25 blows per foot.  Typically, this
material was found in a medium dense to dense condition.  The natural water content of this material
typically ranged from 5 to 20 percent.  One consolidated-isotropically-undrained (CIU) triaxial test series
indicates an effective friction angle of 37 degrees.

The laboratory testing indicated that the majority of the samples tested in this stratum typically had 4 to 15
percent passing the No. 200 sieve.  The samples typically classified in the Unified System Classification
System as SW-SM, SM, SP-SM, GW-GM, and GW.

Fine-Grained Soil Stratum

Underlying the embankment fill or coarse-grained strata was encountered sandy clays and silty clays (CL
and occasional CH).    The thickness of this stratum generally ranges from 5 to 15 feet but was found as
thick as 30 to 35 feet.

Standard Penetration Test (SPT) values typically ranged from 3 to 15 blows per foot.  Pocket
Penetrometer Resistance (PPR) values typically ranged from 0.5 to 4 tons per square foot (tsf).  Typically,
this material was judged to be firm to very stiff consistency.
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The natural water content of this material typically ranged from 20 to 30 percent.  The laboratory testing
indicated that the majority of the samples tested in this stratum typically had 71 to 100 percent passing
the No. 200 sieve.  Liquid limits generally ranged from 27 to 61 percent with plasticity index ranging from
15 to 38 percent.  One sample had a liquid limit of 104 percent and a plasticity index of 82.  The samples
typically classified in the Unified System Classification System primarily as CL with an occasional CH.

Five unconsolidated-undrained (UU) triaxial compression tests indicate undrained shear strengths of 210
(disturbed), 530, 575, 700, and 2900 psf, generally indicative of firm to very stiff consistency.  Two
consolidation tests indicate compression ratios (Cc' on a strain basis) ranging from 0.08 to 0.16, and
recompression ratios (Cr' on a strain basis) ranging from 0.03 to 0.04.  Four consolidated-isotropically-
undrained (CIU) triaxial test series indicate effective friction angles of 21, 27, 31 and 32 degrees.  Three
flexible wall permeability tests on relatively undisturbed samples from this stratum indicate a permeability
of 1 to 2 x10-8 cm/sec on CL material.

Bedrock

Twelve of the test borings were cored 5 to 16 ft into the underlying relatively intact bedrock.  The bedrock
was typically found to be slightly weathered gray limestone with fractures ranging from 0 to 45 degrees
from horizontal.  Top of bedrock was encountered at El. 665 to 683 ft along the levee crown.  The
recovery for the rock cores generally ranged from 80 to 100 percent, and the Rock Quality Designation
from 32 to 90 percent.  Two rock cores at Borings B-18 and B-20A indicated lower recoveries of 46 and
53 percent and RQD’s from 13 to 32 percent.  A potential void was observed from 31.8 feet to 32.2 feet in
Boring B-18.  Unconfined compressive strength tests on twelve specimens ranged from 8,200 to 17,000
psi.

Groundwater

Groundwater levels were monitored in four groundwater observation pipes (GOP's) installed in Borings
B-7, B-8, B-11, and B-15.  In September 2017, groundwater was measured at depths of 17 to 22 ft below
the ground surface corresponding to El. 691 to 693 ft.  Groundwater data is found on the boring logs.  It
should be noted that groundwater levels are subject to seasonal and long-term variations in response to
climatic and man-made influences.

2.4 Geotechnical Evaluation

Slope Stability

Stability analyses were performed to evaluate the potential for slope instabilities of earthen levee sections
according to the USACE Design and Construction of Levee Manual (EM-1110-2-1913).  The potential for
global instability is dependent on factors such as slope geometry, groundwater/ phreatic surface
conditions, and shear strength of the embankment and foundation materials.  Our approach to the
analysis consisted of a number of steps, as described in this section.

Upon interpretation of the subsurface conditions, stability cross-sections were generated based upon
proposed slope geometries of 2.5H:1V.  The cross sections were selected to be representative of the
levee cross sections.  A total of four cross sections were constructed for this analysis at the following
locations: Sta 15, Sta 40, Sta 52, and Sta 75.  These sections depict a general subsurface profile,
including embankment and foundation soils and representative phreatic surfaces from piezometer data.
Shear strength parameters used in the analyses are presented in Table 1.
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Table 1 – Shear Strength Properties

Material
Drained (Effective)

Strength Parameters
Undrained (Total)

Strength Parameters Unit Weight
(pcf)c’ (psf) phi’

(degrees) c (psf) phi
(degrees)

Embankment Fill 40 32 100 20 128
Clay Stratum 50 26 100 20 128
Sand Stratum 0 34 0 34 128

The stability analysis was performed using limit equilibrium methods through the computer software
SLOPE/W from GeoStudio.  The stability analyses were performed using 2-dimensional limit equilibrium
analysis based on the method of slices according to Spencer’s Method (1967).  Both force and moment
equilibrium were analyzed in the analysis, and the most conservative values (lowest factors of safety)
were used in each case.

Potential failure surface geometries analyzed included primarily failures extending from the crest of the
levee to its toe and basal geometries passing through the foundation.

The following stability analysis conditions were analyzed for the four cross-sections.

· Still Water Level: This analysis considered the levees under the still water level, which is approx.
the White River level.  Drained (effective-stress) shear strengths were used for all materials.

· Flood Level and Steady-State Seepage:  This analysis considers the levees subject to the top of
protection, which varies from El. 710 to El. 716 ft.  This analysis assumes that the flood level is
present long enough for full steady state seepage condition to occur.  A chimney drain was
utilized to intercept seepage.  Drained (effective-stress) shear strengths were used for all
materials.

· Rapid Drawdown: These analyses were performed for each levee section and consisted of the
following. A drawdown of the river level from flood pool elevation to 8 feet below flood was
analyzed.  It was assumed that drawdown occurred quickly, and that no drainage occurred in the
embankment or foundation materials.  The methods recommended by Duncan, Wright, and Wong
(2005) were used with regard to the Rapid Drawdown analysis.

The minimum factor of safety required for each analysis case is provided in Table 2.  Computed factors of
safety are compared with these criteria to determine USACE compliance.

Table 2 – Minimum Factors of Safety for Stability Analyses

Analysis Case Minimum Factor of
Safety

Still Water Level 1.5

Flood Level -- Steady Seepage 1.4

Rapid Drawdown 1.1
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A summary of the minimum computed factors of safety are provided in Table 3.  The analyses meet the
minimum FS for each analysis case.

Table 3 - Summary of Slope Stability Analyses

Figure 3 – Station 15 Slope Stability Analysis: Flood Level and Steady Seepage

The slope stability analyses are presented in Appendix C.

LOADING
CONDITION SLOPE  CRITERIA Sta 15 Sta 40 Sta 52 Sta 75

Still Water Level Protected
Side

Minimum
FS=1.5 2.1 1.6 1.8 1.6

Flood Level
Steady  Seepage

Protected
Side

Minimum
FS=1.4 1.8 1.8 1.8 1.9

Rapid Drawdown River Side Minimum
FS=1.1 1.2 1.2 1.1 1.1
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Seepage

Seepage analyses were not performed as part of this evaluation.  Due to the presence of the coarse-
grained sand stratum with very low fines content of 4 to 15 percent, it is judged that a sheet-pile cutoff be
installed in the levee structures at this concept level.  This requirement may be evaluated further as the
design advances.
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3 FLOOD PROTECTION SYSTEMS

Due to existing conditions and constraints, several different types of flood control components are
anticipated to be used for the design. The four alternatives were evaluated and are described in Table 4
with the estimated quantities of levee components per alternative presented in Table 5.

Table 4 - Alternative Descriptions

Alt Components Pros Cons
1 · Earthen Levee

· Canal Gate
· Least expensive construction

cost
· Shortest construction schedule
· Continuous access to the river
· Continuous public walking path

· Requires the most real estate
acquisition.

· Significant demolition/ moving of
residences required.

· Highest maintenance cost due to grass
cutting

2 · Earthen Levee
· Combi-Wall
· T-Wall
· I-Wall
· Canal Gate

· Least impact to real estate
· Protects the most number of

existing structures

· Most expensive construction cost due
to restricted access near residences
and the river.

· Longest construction schedule.
· Limited access to the river.

3 · Earthen Levee
· T-Wall
· I-Wall
· Canal Gate
· Roadway Gate

· Alt 3 attempts to eliminate the
expensive Combi-Wall section of
Alt 2.

· Six additional residences will not have
protection.

· Requires a roadway floodgate to be
closed during a flood. Residents on the
flood side would have to evacuate
their homes when the gate is closed.

4 · Earthen Levee
· I-Wall
· Canal Gate
· Roadway Gate

· Alt 4 attempts to eliminate the
expensive Combi-Wall section of
Alt 2.

· Does not meet hydraulic requirements
unless granted a waiver.

· Six additional residences will not have
protection.

· In attempting to save costs, fill
impinges on the White River.

· Requires a roadway floodgate to be
closed during a flood. Residents on the
flood side would have to evacuate
their homes when the gate is closed.
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Table 5 - Estimated Quantity of Levee Components per Alternative

Floodwall
Component Unit

Alternative Comparison
1 2 3 4

Earthen Levee LF 9,351 4,650 5,020 5,296
I-Wall LF 0 2,970 3,468 4.283
T-Wall LF 0 1,210 1,062 0

Combi-Wall LF 0 650 0 0
Canal Floodgate EA 1 1 1 1

Roadway Floodgate EA 0 0 1 1

3.1 Structure and Hydraulic Elevations
Top of Flood Protection Elevation

The top of the flood protection will be designed to ~El. +716.0 (NAVD 88) on the upstream end of the site
and ~El. +710.0 (NAVD88) on the downstream.  Limited overbuild may be required to accommodate
expected settlement of the levee sections.

Frost Line

The bottom of structural slabs, footings and pile cap foundations should bear at minimum of 3-feet below
finished grade along the entire perimeter of each foundation.  Frost heave requirements for the project
location will dictate how far into the center of the foundation this depth will be maintained.

3.2 Earthen Levee
The levee will be enlarged and raised where there is sufficient space to accommodate the expansion and
where the following goals are met:  all project design criteria is met, doing so does not constitute a
significant encroachment into the river, and expansion does not encroach too close to adjacent houses
and buildings.  An Earthen Levee Typical Section is presented in Figure 4 and also presented in
Appendix D, Typical Levee Sections.

Figure 4 – Earthen Levee Typical Section
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Seepage Cutoff

In most locations a sheet pile or slurry (grouted) wall will be incorporated into the designs to extend the
seepage path, increase head losses and thereby reduce the volume of under-seepage and the chance of
piping failure.  Bottom tip elevations will be evaluated further as the design progresses.

3.3 I-Wall Levee
I-Walls will be installed in some areas of the project where 6-feet (maximum) is needed to achieve the
required flood elevation but a levee raise is not practical.  These structures are comprised of a sheet pile
wall installed through the center of the new levee section and a cap of cast-in-place reinforced concrete.
Height of the exposed concrete cap will range from 3-feet to 6-feet and the width will be roughly 2-feet.
I-Wall sections above 6-feet in height are not recommended because they may become unstable when
exposed to the highest flood loads.  The sheet pile is the primary structural element for this type of wall;
sheets are driven deep in the soil and use the earth it is embedded in to resist the lateral hydraulic force.
An I-Wall Levee Typical Section is presented in Figure 5 and also presented in Appendix D.  An I-Wall
Levee example is presented in Figure 6.

Steel sheet pile I-Wall will be designed in accordance with EM 1110-2-2504.  Allowable stresses for steel
sheet piling  for usual load condition will be limited to Fb = 0.50*Fy and Fv = 0.33*Fy with the applicable
USACE overstress factors for unusual and extreme loading.  Minimum thickness for corrosion control will
be 0.335-inch.  Sheet piles will be designed using the classical methods.

Figure 5 – I-Wall Levee Typical Section
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Figure 6 – I-Wall Levee Example

3.4 T-Wall Levee
An inverted cast-in-place, reinforced concrete structural T-Wall will be used when the exposed segment
of an I-Wall would rise above the 6-foot limit and below the 12-foot Combi-Wall limit.  The benefit of this
shape of wall is that, as water rises along the wall, the weight of water sitting on top of the base slab
(cross of the T) resists the lateral hydraulic force pushing on the wall stem.  Inverted T-Walls up to 12 ft in
height (including the base slab) will likely be required for this project, with cast-in-place reinforced
concrete walls and slabs approximately 2-feet thick.  All of these walls will be at least partially embedded
in the new levee sections, resulting in a final product that looks substantially similar to the shorter I-Wall
sections.  A T-Wall Levee Typical Section is presented in Figure 7 and also presented in Appendix D.  A
T-Wall Levee example is presented in Figure 8.

T-Walls may either be deep or shallow founded depending on loads, computed displacements, costs, and
schedule considerations.  Deep foundations, if required, will likely be pile foundations consisting of two
rows of piles with opposing angles (“batters”).  Piles are installed with these batters to better transmit the
lateral forces on the wall into the ground.  Piles will typically be 45-feet to 55-feet long.  A sheet pile cutoff
wall will be installed beneath the T-Wall; however, unlike the I-Wall the sheet pile is not a structural
element and only serves to prevent seepage beneath the wall.
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Figure 7 – T-Wall Levee Typical Section

Figure 8 – T-Wall Levee Example
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Drilled Foundation Piles

Pilings will likely be drilled micropiles.  This system is selected with consideration given to loading
conditions, computed displacements (both differential and vertical), space and real estate boundary
limitations, vibrations, and effects of installation on residences.

3.5 Combi-Wall Levee
Combi-Walls will be installed in Alternative 2 where the total height of the wall is required to be 12-feet or
more but there is not enough space to raise and expand the levee section.  This type of wall system is a
series of pipe piles (“king piles”) with pairs of sheet piles installed in between.  A Combi-Wall Levee
Typical Section is presented in Figure 9 and also presented in Appendix D.  A Combi-Wall Levee
example is presented in Figure 10.

Combi-Walls will be designed in accordance with EM 1110-2-2504.  Allowable stresses for steel sheet
piling for usual load condition will be limited to Fb = 0.50*Fy and Fv = 0.33*Fy with the applicable USACE
overstress factors for unusual and extreme loading.  Minimum thickness for corrosion control will be
0.335-inch.  Sheet piles will be designed using the classical method.

Figure 9 – Combi-Wall Levee Typical Section
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Figure 10 – Combi-Wall Levee Example

Secant Pile Wall

A secant pile wall is an alternative to the Combi-Wall that is essentially overlapping drilled shafts.  The
secant pile wall offers a lower vibration installation that is a seepage cut-off and would structurally be
socketed into bedrock.

3.6 Vehicular Flood Gates
Vehicular flood gates will be used on Alternatives 3 and 4 to close Riverview Drive. The primary gate
design shall be a swing gate; swing gates are preferred since they can be easily closed by a two-person
field crew.  The width of the gate shall exceed the roadway crossing by a minimum of 2-feet clear on
each side and the concrete monolith that houses the gate shall be pile founded. An example of
Vehicular Flood Gates is shown in Figure 11.

Figure 11 – Vehicular Flood Gates
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3.7 Canal Flood Gates
Canal flood gates will be installed in all four options on the southern end of the project where the White
River meets the Indianapolis Department of Water Works Canal.  The USACE proposed this sluice gate
system for flood control. This type of gate is easy to close, self-contained and low maintenance.  An
example of Canal Flood Gates is shown in Figure 12.

Figure 12 – Canal Flood Gates

3.8 Utility Penetrations of Floodwalls
Water lines should penetrate T-Walls either above the base slab or through the under-seepage cut-off
wall (per EM-1110-2-1913).  Sheet pile floodwalls (I-walls) will be penetrated through the concrete cap,
through the steel sheet pile, or be routed beneath the bottom of the sheet pile as shown in Figure 13.
Where a water line penetrates the under-seepage wall alignment and its depth prevents installation of a
sheet pile wall beneath the utility, the under-seepage reduction system will be a grouted or slurry wall.

Figure 13 – Utility Penetrations of Floodwalls
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3.9 Temporary Shored Excavations
Temporary excavations are temporary works of construction and will be the responsibility of the
construction contractor.  Design requirements to which the Contractor’s engineer must comply will be
presented in the construction contract document.  Restrictions on layout and/or construction sequencing
will be identified in the contract documents.

3.10 Temporary Flood Protection
Temporary flood protection will be used whenever there is a breach in the existing flood system so that
the same level of protection is maintained throughout construction per USACE standards. Temporary
flood protection can be achieved using Hesco Baskets or similar flood control measures as shown in
Figures 14 and 15.

Figure 14 – Temporary Flood Protection

Figure 15 – Temporary Flood Protection Example
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3.11 Landscape Easements

USACE technical letter ETL 110-2-583 provides guidelines to assure vegetation does not compromise
the reliability of the flood control system.  As described in ETL 1110-2-583, the presence of undesirable
vegetation can undermine integrity and lead to failure if not corrected.  Trees and other woody
vegetation, such as shrubs and vines, can create both structural and seepage instabilities, prevent
adequate inspection, and create obstacles to maintenance and flood-fighting/ flood-control activities.

The offset requirements provide a minimum buffer of vegetation-free and root-free zones.  During
design the design team and Project Sponsor can decide if these minimum requirements are adequate
for the project.

Vegetation variances for either Federal or non-Federal flood damage reduction systems may be
permitted.  As described in ETL 1110-2-583 the vegetation variance must meet the following:

(1) The variance must be shown to be necessary, and the only feasible means, to: (1) persevere,
protect, and enhance natural resources, and/or (2) protect the rights of Native Americans,
pursuant to treaty and statute.

(2) With regard to flood damage reduction systems, the variance must retain: (1) safety, structural
integrity, and functionality, and (2) accessibility for maintenance, inspection, monitoring, and
flood-fighting.

(3) Some types of vegetation, both woody (trees, shrubs, and vines) and non-woody (grasses and
forbs), will be periodically cleared, as needed, to maintain the conditions described in the second
criterion.  The variance will not be a substitute for poor maintenance practices. See the following
references regarding variances to levee vegetation standards: ER 500-1-1, for policy; WP 500-1-
1, for the request and approval process; and, any other applicable guidance issued subsequent to
this document.

Typical Earthen Levee Section

The levee section requires a minimum of 15-foot clear zone from the toe of levee as shown below. The
8-foot vertical clear zone is required for inspections.
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Typical Floodwall Section

Floodwall sections require a minimum of 15-foot clear zone from face of the wall and a minimum of 8-feet
vertically from the face of the base foundation.
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3.12 Structural Engineering

References and Publications

The following is a list of codes and standards that are applicable to structural design of the floodwall
structures.  Local codes will govern in case of conflicting requirements.  All of the general codes and
standards listed below apply to all design elements, but are not necessarily limited to, the following:

a. Industry Codes and Standards.
(1) ACI 318-08 American Concrete Institute, Building Code Requirements for Structural

Concrete, latest edition
(2) AISC, American Institute of Steel Construction, Inc., Manual of Steel Construction, 13th

Edition (ASD only)
(3) ASCE 7-10 American Society of Civil Engineers, Minimum Design Loads for Buildings and

Other Structures
(4) ASTM, American Society for Testing and Materials
(5) AWS D1.1-04 American Welding Society, Structural Welding Code, latest edition
(6) Design of Reinforced Concrete (8th Edition) (using the ACI 318-08 Code Edition) Jack C.

McCormack and James K. Nelson.  John Wiley & Sons, Inc. USA: 2008

b. USACE Engineering Manuals and Guidance
(1) EM 1110-2-2000 Standard Practice for Concrete for Civil Works Structures, 31 March 01
(2) EM 1110-2-2002 Evaluation and Repair of Concrete Structures, 30 June 95
(3) EM 1110-2-2100, Stability Analysis of Concrete Structures, 01 December  05
(4) EM 1110-2-2102, Water Stops and Other Preformed Joint Material for Civil Works Structures,

30 Sep 95
(5) EM 1110-2-2104, Strength Design for Reinforced Concrete Hydraulic Structures, 20 Aug 03
(6) EM 1110-2-2105, Design of Hydraulic Steel Structures, 31 May 94
(7) EM 1110-2-2502, Retaining and Flood Walls, 29 Sep 89

(8) EM 1110-2-2705, Structural Design of Closure Structures of Local Flood Protection Projects, 31
Mar 94

(9) EM 1110-2-2906, Design of Pile Foundations, 15 Jan 91
(10) EM 1110-2-6053, Earthquake Design and Evaluation of Concrete Hydraulic Structures, 01

May 2007
(11) Guidelines for Landscape Planting and Vegetation Management at Levees, Floodwalls,

Embankment Dams, and Apparent Structures

c. Computer Programs
(1)  “Corps Pile Group Analysis (CPGA)”, WES Program No. X0080.
(2) ENSOFT Group 7, 2D/3D pile analysis program.
(3) “CWALSHT”, WES Program No. X0031.
(4) “STAAD-PRO”, Research Engineers.
(5)  “PCA Column”, PCS Structure Point.
(6) “SAP2000”, Computer and Structures, Inc.
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3.13 Operations and Maintenance Manual
An Operations and Maintenance Manual will be developed during design. The operation plan shall meet
the NFIP Regulations paragraph 65.10(c)(1), Operation Plan.  The maintenance plan shall meet the NFIP
Regulations paragraph 65.10(d), Maintenance Plan.

Regular levee inspections will be scheduled in accordance with the Levee Safety Program to monitor the
overall condition of the flood control system.  USACE routinely conducts two types of inspections:

Routine Inspection is a visual inspection to verify and rate levee system operation and maintenance.  It
is typically conducted each year for all levees in the USACE Levee Safety Program.

Periodic Inspection is a comprehensive inspection conducted by a USACE multidisciplinary team that
includes the levee sponsor and is led by a professional engineer.  USACE typically conducts this
inspection on the federally authorized levees in the USACE Levee Safety Program on a five-year
cycle.  Periodic Inspections include three key steps:

(1) Data collection:  A review of existing data on operation and maintenance, previous inspections,
emergency action plans and flood fighting records

(2) Field inspection:  Similar to the visual inspection for a Routine Inspection, but with additional features

(3) Final report development:  A report including the data collected, field inspection findings, an evaluation
of any changes in design criteria from the time the levee was constructed, and additional
recommendations as warranted, such as areas that need further evaluation.

Inspection Ratings
Both Routine and Periodic Inspections result in a final inspection rating for operation and maintenance.
The rating is based on the levee inspection checklist, which includes 125 specific items dealing with
operation and maintenance of levee embankments, floodwalls, interior drainage, pump stations, and
channels.

Each levee segment receives an overall segment inspection rating of Acceptable, Minimally Acceptable,
or Unacceptable. If a levee system comprises one or more levee segments (if there are different levee
sponsors for different parts of the levee) then the overall levee system rating is the lowest of the segment
ratings.

Levee System Inspection Ratings

Acceptable All inspection items are rated as Acceptable.

Minimally Acceptable One or more inspection items are rated as Minimally Acceptable or one or more items are

rated as Unacceptable and an engineering determination concludes that the Unacceptable

inspection items would not prevent the segment/system from performing as intended

during the next flood event.

Unacceptable One or more inspection items are rated as Unacceptable and would prevent the

segment/system from performing as intended, or a serious deficiency noted in past
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inspections (previous Unacceptable items in a Minimally Acceptable overall rating) has not

been corrected within the established timeframe, not to exceed two years.

A levee sponsor must maintain the levee to at least the Minimally Acceptable standard to remain eligible
for federal rehabilitation assistance through the USACE Rehabilitation and Inspection Program (PL 84-
99).

Sharing the Results
USACE shares inspection results with the authority responsible for levee operation and maintenance,
known as the levee sponsor.  This is typically a local agency but in some cases is the USACE
itself.  USACE also shares the results with FEMA to help inform decisions about levee accreditation for
flood insurance purposes.  The inspection ratings are available in the National Levee Database.

For more information see the USACE website:

http://www.usace.army.mil/Missions/Civil-Works/Levee-Safety-Program/Levee-Inspections/

http://cdm16021.contentdm.oclc.org/utils/getfile/collection/p16021coll11/id/1747

Emergency Closure and Action Plan

During design, an emergency closure and action plan will be written outlining the timing and procedures
for when to close the floodgates. The Army Corps provides a guide book for developing the Emergency
Action Plan and can be found at the flowing link:

http://www.mvs.usace.army.mil/Portals/54/docs/emergencymanagement/EAP_Combined_Ver1.1_Jan15_1.pdf

3.14 Survey
Survey was provided by PCS Engineers dated February 21, 2014.  All elevations will be referenced to
NAVD88.  Horizontal locations are referenced to Indiana State Plan Coordinate System, East Zone,
U.S. Foot NAD 1983.  Horizontal locations are established with GPS observation.

http://www.usace.army.mil/Missions/Civil-Works/Levee-Safety-Program/Levee-Inspections/c
http://cdm16021.contentdm.oclc.org/utils/getfile/collection/p16021coll11/id/1747%89%AE%CFJbw%82s%1Aa%17x%C9
http://www.mvs.usace.army.mil/Portals/54/docs/emergencymanagement/EAP_Combined_Ver1.1_Jan15_1.pdf
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4 ALTERNATIVE DEVELOPMENT

Four alternative levee configurations were considered.  The alternatives are presented below with a
discussion of layout, real estate requirements, Hydrologic & Hydraulic (H&H) assessment and cost
estimate for each.

4.1 Alternative 1 – Earthen Levee
In AIternative 1, approx. 9,350 feet of earthen levee throughout the project was evaluated.  This would
yield the least expensive construction cost while impacting a large number of residences.  The levee
alignment, as shown in Figure 16, follows the centerline of the existing levee.  The earthen levee has
2.5H:1V side slopes on either side.

Forty one homes will need relocation and three homes are not protected.  Fifteen sheds will need
relocation.  The three homes that are unprotected will have ramp access over the levee.

From an hydrologic and hydraulic (H&H) assessment, there is no change to the previous work, thus no
impacts are anticipated at this time.

Figure 16 – Alternative 1 Plan View: Earthen Levee
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The Preliminary Opinion of Probable Cost indicates a cost of approx. $62.6M.  This includes approx.:

· 22 acres of clearing and grubbing and tree removal;
· 110,000 cy of excavation;
· 214,000 cy of embankment fill (compacted);
· 234,000 sq ft of sheetpile;
· 11,700 cy of rip rap on the stream bank; and
· Canal Gate Structure.

Costs that were held as placeholders include:  utility relocation, interior drainage, roadway and pavement,
pump station, canal gate structure, and potential wetland mitigation.

These costs are summarized in Table 6.

Table 6 – Preliminary Opinion of Probable Cost (2018 Cost Basis)

Option 1: Option 2: Option 3: Option 4:

Item No. Major Items Earthen Levee Least Impact

Low Impact
 (eliminate

Combi-wall; 6
add'l homes

outside levee)

Low Impact
 (elim. Combi-

wall); fill
impinges in

White River;
H&H does not

work

Contingency
(%)

1 Clearing and Grubbing 443,000 302,000 282,000 302,000 25
2 Tree Removal 222,000 151,000 141,000 151,000 25
3 Excavation 5,119,000 3,908,000 4,341,000 5,020,000 25
4 Embankment Fill 10,196,000 6,670,000 7,752,000 8,433,000 25
5 Topsoil and Seeding 2,256,000 1,543,000 1,478,000 1,543,000 25
6 Utility Relocation 750,000 750,000 750,000 750,000 placeholder
7 Roadway and Pavement 500,000 500,000 500,000 500,000 placeholder
8 I-Wall 0 9,690,000 11,315,000 13,972,000 25
9 T-Wall 0 8,609,000 7,555,000 0 25

10 Combi-Wall 0 8,125,000 0 0 25
11 Sheet Pile under Embankment 14,025,000 7,349,000 7,672,000 7,852,000 15
12 Canal Gate Structure 3,380,000 3,380,000 3,380,000 3,380,000 placeholder
13 Roadway Gate Structure 0 0 750,000 750,000 placeholder
14 Pump Station 1,153,000 1,153,000 1,153,000 1,153,000 placeholder
15 Stream Bank Protection (Rip Rap) 1,170,000 1,080,000 1,260,000 1,300,000 25
16 Gatewell Structures 600,000 600,000 600,000 600,000 placeholder
17 Interior Drainage 2,000,000 2,000,000 2,000,000 2,000,000 placeholder
18 Mitigation and Permitting 1,750,000 1,750,000 1,750,000 1,750,000 placeholder
19 Restricted Access Contingency 500,000 2,000,000 2,000,000 2,000,000 placeholder
20 Lands and Damages 10,271,000 1,387,000 1,387,000 1,387,000 30
21 Mobilization and Demobilization 951,100 1,303,250 1,176,725 1,095,150

22
Planning, Engineering, Design (assume 12%

of Cost - exclude real-estate) 4,637,280 6,327,600 5,720,280 5,328,720

23
Construction Management (assume 7% of

Cost - exclude real-estate) 2,705,080 3,643,990 3,302,320 3,076,710
Total 62,628,460 72,221,840 66,265,325 62,343,580

PRELIMINARY OPINION OF PROBABLE COST
(2018 Cost Basis)



Page 27

Geotechnical Evaluation and Alternative Development
Rocky Ripple Local Flood Damage Reduction Project July 2018

4.2 Alternative 2 – Least Impact Levee/ Floodwall
In AIternative 2, a combination levee/ floodwall is proposed and evaluated with the least impact to existing
residences.  This levee would yield the highest expensive construction cost while impacting the least
number of residences.  The levee alignment, as shown in Figure 17, follows the centerline of the existing
levee and incorporates 4,650 feet of earthen levee, 2,970 feet of I-Wall, 1,210 feet of T-Wall, and 650 feet
of Combi-Wall.

Figure 17 – Alternative 2 Plan View: Least Impact Levee/ Floodwall

No homes will need relocation and three homes are not protected.  Three sheds will need relocation.  The
three homes that are unprotected will have ramp access over the levee.

From an H&H assessment, there is no change to the previous work, thus no impacts are anticipated at
this time.

The Preliminary Opinion of Probable Cost indicates a cost of approx. $72.2M.  This includes approx.:

· 15 acres of clearing and grubbing and tree removal;
· 84,000 cy of excavation;
· 140,000 cy of embankment fill (compacted);
· 117,000 sq ft of sheetpile under the earthen levee;
· 10,900 cy of rip rap on the stream bank; and
· Canal Gate Structure.
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Costs that were held as placeholders include:  utility relocation, interior drainage, roadway and pavement,
pump station, canal gate structure, and potential wetland mitigation.

These costs are summarized in Table 6.

4.3 Alternative 3 – Low Impact Levee/ Floodwall
In AIternative 3, a combination levee/ floodwall is proposed and evaluated by taking Alternative 2 and
attempting to reduce the more expensive portions of the wall.  This continues to have a low impact to
existing residences.  The levee alignment, as shown in Figure 18, incorporates 5,020 feet of earthen
levee, 3,468 feet of I-Wall, 1,062 feet of T-Wall, and no Combi-Wall.

Figure 18 – Alternative 3 Plan View: Low Impact Levee/ Floodwall

No homes will need relocation and nine homes are not protected.  Six sheds will need relocation.

From an H&H assessment, there is no change to the previous work, thus no impacts are anticipated at
this time.

The Preliminary Opinion of Probable Cost indicates a cost of approx. $66.3M.  This includes approx.:

· 14 acres of clearing and grubbing and tree removal;
· 93,300 cy of excavation;
· 163,000 cy of embankment fill (compacted);
· 128,000 sq ft of sheetpile under the earthen levee;
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· 12,600 cy of rip rap on the stream bank;
· Roadway Gate Structure; and
· Canal Gate Structure.

Costs that were held as placeholders include:  utility relocation, interior drainage, roadway and pavement,
pump station, roadway gate structure, canal gate structure, and potential wetland mitigation.

These costs are summarized in Table 6.

4.4 Alternative 4 – Low Impact Levee/ Floodwall and impinge on White River
In AIternative 4, a levee is proposed and evaluated by taking Alternative 2 and attempting to reduce the
more expensive portions of the wall by placing fill towards the White River.  This continues to have a low
impact to existing residences.  The levee alignment, as shown in Figure 19, incorporates 5,296 feet of
earthen levee, 4,283 feet of I-Wall, no T-Wall, and no Combi-Wall.  No homes will need relocation and
nine homes are not protected.  Five sheds will need relocation.

From an hydrologic and hydraulic (H&H) assessment, the fill placed on the White River side does change
the previous H&H work, and increases the flood level by 0.7 feet.  This increase is unacceptable.
Therefore, this alternative is unacceptable from a technical feasibility standpoint.

Figure 19 – Alternative 4 Plan View: Low Impact Levee/ Floodwall and impinge on White River
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The Preliminary Opinion of Probable Cost indicates a cost of approx. $62.3M.  This includes approx.:

· 15 acres of clearing and grubbing and tree removal;
· 108,000 cy of excavation;
· 177,000 cy of embankment fill (compacted);
· 131,000 sq ft of sheetpile under the earthen levee;
· 13,000 cy of rip rap on the stream bank;
· Roadway Gate Structure; and
· Canal Gate Structure.

Costs that were held as placeholders include:  utility relocation, interior drainage, roadway and pavement,
pump station, roadway gate structure, canal gate structure, and potential wetland mitigation.

These costs are summarized in Table 6.

4.5 Basis of Estimate

Cost estimates were developed at a 2018 price level for labor equipment and material.

· Preliminary costs for structural alternatives were based upon RS Means Heavy Construction Cost
Data for 2018 and costs utilized from the recent Green Brook Flood Control Project.  Costs from RS
Means were adjusted by a factor (93%) for the City of Indianapolis.  The unit cost used from the
Green Brook Project located in Bound Brook, New Jersey were adjusted appropriately for the site.

· Contingencies were generally set to 25 percent for construction and 30 percent for real estate.

· The cost for construction management or supervision and administration activities from pre-award
requirements through final contract closeout for structural measures was estimated at 7 percent of
construction costs (after contingency).

· Productivity assumed that all materials in the levee would be excavated and disposed off-site and that
the borrow site would be 20 miles away. A swell factor of 30% was used to develop hauling
quantities, and a compaction factor of 90% was assumed for levee compaction.

· Mobilization and demobilization were assigned a lump sum cost of 2.5% due to the multiplicity of
activities required to accomplish these items.

· Costs that were held as placeholders include:  utility relocation, interior drainage, roadway and
pavement, pump station, canal gate structure, roadway gate structure, and potential wetland
mitigation.  It was not attempted to verify these placeholder costs; this effort will be performed at a
later stage as the design advances.

I-Wall:
The quantities for the I-Wall were developed based upon the typical section:

· Concrete volume was assumed to be 0.6 cy/ft.
· Concrete cost was assumed to be $1,050/cy (INDOT recent bid for highway abutment)
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· Sheeting depth was assumed to be 30 ft.

T-Wall:
The quantities for the T-Wall were developed based upon the typical section:

· Concrete volume was assumed to be 1.75 cy/ft.
· Concrete cost was assumed @ $1,050/cy (INDOT recent bid for highway abutment).
· Sheeting depth was assumed to be 30 ft.
· Piles for the T-Wall were assumed to be two micropiles 50 ft in length every 8 ft. center-to-center.
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5 COMPARISON OF ALTERNATIVES

The following tables are re-stated so that the alternatives advantages and disadvantages can be
evaluated.

Alt Components Pros Cons
1 · Earthen Levee

· Canal Gate
· Least expensive construction

cost
· Shortest construction schedule
· Continuous access to the river
· Continuous public walking path

· Requires the most real estate
acquisition, which may require time.

· Significant demolition/ moving of
residences required.

· Highest maintenance cost due to grass
cutting.

· Highest mitigation and permitting
costs due to tree loss.

2 · Earthen Levee
· Combi-Wall
· T-Wall
· I-Wall
· Canal Gate

· Least impact to real estate
· Protects the most number of

existing structures

· Most expensive construction cost due
to restricted access near residences
and the river.

· Potentially longest construction
schedule.

· Limited access to the river.
3 · Earthen Levee

· T-Wall
· I-Wall
· Canal Gate
· Roadway Gate

· Alt 3 attempts to eliminate the
expensive Combi-Wall section of
Alt 2.

· Six additional residences will not have
protection.

· Requires a roadway floodgate to be
closed during a flood. Residents on the
flood side would have to evacuate
their homes when the gate is closed.

4 · Earthen Levee
· I-Wall
· Canal Gate
· Roadway Gate

· Alt 4 attempts to eliminate the
expensive Combi-Wall section of
Alt 2.

· Does not meet hydraulic requirements
unless granted a waiver.

· Six additional residences will not have
protection.

· In attempting to save costs, fill
impinges on the White River.

· Requires a roadway floodgate to be
closed during a flood. Residents on the
flood side would have to evacuate
their homes when the gate is closed.
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Estimated Quantity of Levee Components per Alternative

Floodwall
Component Unit

Alternative Comparison
1 2 3 4

Earthen Levee LF 9,351 4,650 5,020 5,296
I-Wall LF 0 2,970 3,468 4.283
T-Wall LF 0 1,210 1,062 0

Combi-Wall LF 0 650 0 0
Canal Floodgate EA 1 1 1 1

Roadway Floodgate EA 0 0 1 1

The comparison of alternatives is the following:

· Alternative 1 involves:
a. Removal of 41 homes.
b. Three homes are not protected by this configuration.
c. Construction of the lowest cost levee, which is the earthen levee.
d. Total Cost is estimated at approx. $62.6M.

· Alternative 2 involves:
a. Removal of no homes.
b. Three homes are not protected by this configuration.
c. This levee system involves the very expensive Combi-Wall and moderately expensive T-

Wall and less expensive I-Wall and earthen levee.
d. Total Cost is estimated at approx. $72.2M.
e. Construction very close to many of the residences may be a challenge from a vibration

and constructability standpoint.

· Alternative 3 involves:
a. Removal of no homes.
b. Nine homes (six additional than Alternative 2) are not protected by this configuration.
c. This levee system eliminates the very expensive Combi-Wall.
d. Levee is routed around six homes that will not be protected.
e. Requires a Vehicular Floodgate
f. This levee system involves the moderately expensive T-Wall and less expensive I-wall

and earthen levee.
g. Total Cost is estimated at approx. $66.3M.
h. Construction very close to many of the residences may be a challenge from a vibration

and constructability standpoint.

· Alternative 4 involves:
a. Removal of no homes.
b. Nine homes (six additional than Alternative 2) are not protected by this configuration.
c. This levee system eliminates the very expensive Combi-Wall and moderately expensive

T-Wall.
d. Levee is routed around six homes that will not be protected.
e. Requires a Vehicular Floodgate
f. This levee system involves only has the less expensive I-wall and earthen levee.
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g. Total Cost is estimated at approx. $62.3M.
h. This alternative has fill encroaching into the White River floodplain and does not meet the

H&H requirements.  Thus, not technically feasible.
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6 FINDINGS AND RECOMMENDATIONS

6.1 Key Findings
The geotechnical investigation and design analyses have led to several significant refinements to
the design sections considered in the report titled Review and Assessment of the Indianapolis
North Levee System, Rocky Ripple Area (AECOM 2017).  Key findings regarding the design
sections are:

· The high permeability of the granular subsurface soils will likely require seepage cutoffs to
meet the design factors of safety.  The need for seepage cutoffs under earthen levee impacts
the cost of each of the alternative design sections by approx. $7M to $14M.

· In some areas the use of an I-Wall design section is appropriate for protection heights to
6 feet.  This section has a small footprint relative to the earthen levee and T-Wall sections
and can minimize real estate impacts.

· The use of a T-Wall design section is appropriate for protection heights from 6 feet to about
12 feet.  This section has a small footprint relative to the earthen levee and can also minimize
real estate impacts.

· Where I-Walls and T-Walls are not appropriate due to the required height of protection, real
estate impacts can be minimized with the use of a Combi-Wall section.  This section utilizes
either steel pipe piles and sheeting or overlapping drilled shafts to allow the construction to
be completed within a relatively small footprint.  This reduction comes at a relatively high
cost, with the Combi-Wall costs being approximately four times more expensive as an
earthen levee section.

· Restoring the existing levee at its current elevation to meet design standards would require
extensive seepage cutoffs, reshaping of the side slopes, clearing of vegetation & tree roots
and removal of structures within the required clear zone.  These costs may approach the cost
of restoring the structure to the elevation required for FEMA accreditations and was
eliminated from consideration.

· Alternative 1 involves:
o Removal of 41 homes.
o Three homes are not protected by this configuration.
o Construction of the lowest cost levee, which is the earthen levee.
o Total Cost is estimated at approx. $62.6M.

· Alternative 2 involves:
o Removal of no homes.
o Three homes are not protected by this configuration.
o This levee system involves the very expensive Combi-Wall and moderately

expensive T-Wall and less expensive I-Wall and earthen levee.
o Total Cost is estimated at approx. $72.2M.
o Construction very close to many of the residences may be a challenge from a

vibration and constructability standpoint.
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· Alternative 3 involves:
o Removal of no homes.
o Nine homes (six additional than Alternative 2) are not protected by this configuration.
o This levee system eliminates the very expensive Combi-Wall.
o Levee is routed around six homes that will not be protected.
o Requires a Vehicular Floodgate.
o This levee system involves the moderately expensive T-Wall and less expensive I-

wall and earthen levee.
o Total Cost is estimated at approx. $66.3M.
o Construction very close to many of the residences may be a challenge from a

vibration and constructability standpoint.

· Based on the existing hydraulic model, Alternative 4 would result in an increase in the water
surface elevation for the 1% annual flood greater than 0.14 feet which is the maximum
allowable impact.  Thus, it is not technically feasible.

· Realigning levees toward the river to avoid impacting structures would result in significantly
higher impacts and should be excluded from further consideration.

6.2 Recommendations
The following is recommended as the project advances.

· Perform detailed stream and land survey.  The existing hydraulic model was initially
developed for use in flood hazard mapping and adapted for the USACE design.  Prior to
refining the design of any of these alternatives, the model should be updated based on
current stream and land surveys including additional sections to meet all permit requirements.
Updated hydraulic model runs should verify that the preferred alternative meets all permit
requirements or what modifications are needed to provide full compliance.

· Advance design to conceptual level of a preferred alternative.  This will help confirm Earthen
Levee, I-Wall, T-Wall and Combi-Wall costs, depending upon the preferred alternative, and
assist in drainage design and utility cost verification.

· Advance design of Canal Gate and Tie-in structures so that costs can be more accurately
judged.
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BY: RODNEY J KELLY
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TEMPORARY BENCH MARKS

POINT NO. NORTHING EASTING ELEVATION DESCRIPTION

402 1673543.922 184747.887 703.021

5/8" Cripe Rebar ± 375' North of NW Corner of Fence Around

Tennis Court & ± 160' SE of SW Corner of Fence Around Soccer

Field

CONTROL POINTS

POINT NO. NORTHING EASTING ELEVATION DESCRIPTION

4000 1672852.048 185279.227 703.763

5/8" Rebar With Blue "PCS Control Firm #0085" Cap Set

4001 1673312.009 185454.689 701.336

5/8" Rebar With Blue "PCS Control Firm #0085" Cap Set

(Destroyed)

NOTES
1. TREE LINES LOCATIONS ARE CONSIDERED APPROXIMATE  AND

ARE DERIVED FROM AERIAL PHOTOGRAPHY OBTAINED FROM
NATIONALMAP.GOV.

2. APPARENT PROPERTY LINES ARE CONSIDERED APPROXIMATE
AND ARE SHOWN PER GIS PROVIDED BY DPW.

BENCHMARK DESCRIPTION
WASHINGTON 33A - GENERAL COORDINATES: 3800 N & 300 W: 38TH STREET AND
MONON RAILROAD SEC. 23-16-3: COUNTY BM, RUN IN FROM W-33 BY MCS,
BOULEVARD PLACE AND W. 38TH STREET, ON A CONCRETE CAP OF A 3' HIGH BRICK
WALL OF FENCE SURROUNDING CROWN HILL CEMETERY, 2' S OF THE S FACE OF THE
BRICK CORNER POST AT THE NE CORNER OF THE CEMETERY, 49' S OF THE
CENTERLINE OF W. 38TH STREET AND 31' W OF THE CENTERLINE OF BOULEVARD
PLACE.
ELEV. 739.61 (NGVD 29)
ELEV. 739.18 (NAVD 88)

Y 78 - 3 MILES SE FROM AUGUSTA, ALONG STATE HIGHWAY 29 ABOUT 3.05 MILES SE
OF THE INTERSECTION WITH 71ST STREET AT AUGUSTA, ABOUT 125 FEET NW OF THE
JUNCTION WITH A PRIVATE DRIVEWAY LEADING WEST, SET IN THE TOP OF THE
CENTER OF THE SW HEADWALL OF AN 8' CONCRETE BOX.
ELEV. 745.54 (NAVD 88)

FIGURE - 2A
BORING LOCATION PLAN
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TEMPORARY BENCH MARKS

POINT NO. NORTHING EASTING ELEVATION DESCRIPTION

402 1673543.922 184747.887 703.021

5/8" Cripe Rebar ± 375' North of NW Corner of Fence Around
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Field

CONTROL POINTS

POINT NO. NORTHING EASTING ELEVATION DESCRIPTION

4000 1672852.048 185279.227 703.763

5/8" Rebar With Blue "PCS Control Firm #0085" Cap Set

4001 1673312.009 185454.689 701.336

5/8" Rebar With Blue "PCS Control Firm #0085" Cap Set

(Destroyed)
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4002 1674221.828 184390.767 703.052
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Mag Nail With "PCS Control Firm #0085" Washer Set

4004 1675126.547 184390.305 703.441

Mag Nail With "PCS Control Firm #0085" Washer Set

TEMPORARY BENCH MARKS

POINT NO. NORTHING EASTING ELEVATION DESCRIPTION

403 1674506.276 184382.103 704.723
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 Appendix A 
 Subsurface Exploration 

 A-1 

The subsurface exploration at the site consisted of a total of 20 test boring locations (Borings B-1 
to B-21; B-14 was not drilled) located as shown on Figures 2A thru 2K, Site and Boring 
Location Plan.  The borings were drilled during the period from August 23 to September 18, 
2017 by 7NT Drilling of Indianapolis, Indiana, under full-time technical supervision of AECOM.  
Test boring and ground surface elevations were estimated by the Topographic Survey provided 
by PCS Engineers of Avon, Indiana dated February 21, 2014.  All elevations are referenced to 
NAVD88.   

The test borings were performed using a CME-550 track-mounted drilling rig and were advanced 
by mud rotary drilling techniques.  The borings were advanced to depths of 26 to 52 feet.  
Samples of the subsoils were recovered from the borings for identification and classification 
purposes by means of a 2-inch O.D. split-barrel sampler driven 18 inches by a 140-pound 
hammer freely falling 30 inches (the Standard Penetration Test, ASTM D 1586).  The number of 
hammer blows required to drive the sampler during the interval from 6 to 18 inches, or fraction 
thereof, is reported on the test boring logs as the sampling resistance.  Relatively undisturbed 
samples of fine-grained soils were obtained with a 3-inch O.D. thin-walled Shelby tube sampler 
in general accordance with ASTM D 1587. 

An HQ-size rock core (2.5-inch diameter), typically 5 to 10 foot in length was obtained in the 
borings upon encountering bedrock.  After coring, the Rock Quality Designation (RQD) was 
determined as the total length of all naturally segmented recovered rock core segments equal to 
or greater than 4 inches in length divided by the total length of the core run, expressed as a 
percentage.  The RQD and the percent core recovery are presented on the boring log.  

Where fine-grained materials were encountered, Pocket Penetrometer Resistance (PPR) readings 
were taken to obtain an indication of the unconfined compressive strength of the soils.  These 
readings are shown on the test boring logs. 

Four groundwater observation pipes (GOP's) were installed in boreholes (B-7, B-8, B-11, and B-
15).  The GOP's were installed with sand pack around a 10 feet screen and a bentonite plug 
above the sand pack.   

At the completion of the test borings, the boreholes were grouted with a cement-bentonite grout.  
The test boring logs are presented on pages A-3 through A-32 of Appendix A.  A "Key to Soil 
Symbols and Terms" used in this report is included on page A-2.
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Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 12" inches.
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END OF BORING

Notes:
1. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
2. Casing refusal at 43.2 feet.
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penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 12" inches.

(Bedrock)
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Notes:
1. Boring offset 10 feet southeast of location shown on
plans, due to overhead obstruction (tree limbs).
2. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
3. Casing refusal at 45.3 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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92
664.2Slightly weathered gray LIMESTONE, fractures inclined

approximately 0 to 10 degrees from the horizontal, fracture
spacing typically ranges from 1" to 24" inches.

(Bedrock)
END OF BORING

Notes:
1.  Accurate groundwater level could not be obtained
during drilling due to the drilling method.
2.  Drilling resistance (i.e. rig chatter) noted at
approximately 4 to 5 feet and 36 to 38.6 feet, which may be
indicative of gravel and/or cobbles.
3. Casing refusal at 38.6 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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Notes:
1. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
2. Drilling resistance (i.e. rig chatter) noted at
approximately 23.5 to 24 feet, which may be indicative of
gravel and/or cobbles.
3. Casing refusal at 39 feet
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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Topsoil (approx. 4")

Medium dense to dense brown silty medium to fine SAND

- becoming coarse to fine SAND, trace silt, fine gravel

Firm to stiff gray silty CLAY, trace medium to fine sand

Dense to very dense gray silty coarse to fine SAND and
coarse to fine GRAVEL, trace cobbles

Stiff to very stiff gray silty CLAY with fine sand

Very dense gray decomposed rock friable to silty coarse to
fine SAND and coarse to fine GRAVEL-sized rock
fragments

(Decomposed Rock)
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Notes:
1. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
2. Drilling resistance (i.e. rig chatter) noted at
approximately 14 to 16 feet, 29 to 30 feet, and 33 to 35 feet
which may be indicative of gravel and/or cobbles.
3. Casing refusal at 35.0 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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710.0

704.3

Topsoil (approx. 6")

Medium dense brown fine sandy SILT/ silty fine SAND,
trace fine gravel

(Fill)

END OF BORING

Notes:
1. Test boring advanced by hand auger.  Boring terminated
at 6.2 feet due to tool refusal.
2. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
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668.1
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21.2

26.7

Topsoil (approx. 6")

Medium dense to dense brown silty medium to fine SAND

Medium dense to dense gray and brown silty coarse to fine
SAND and coarse to fine GRAVEL

Notes:
1. Boring offset 6 feet north of location shown on plans,
due to overhead obstruction (tree limbs).
2. Groundwater observed at approximately 13 feet below
ground surface during drilling.
3. Running sands encountered from 14 feet to 18 feet.
4. Auger refusal at 35.9 feet.
5. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.

Stiff to very stiff grayish brown to brownish gray silty
CLAY, trace medium to fine sand, fine gravel

Very dense gray decomposed rock friable to coarse to fine
sandy coarse to fine GRAVEL-sized rock fragments

(Decomposed Rock)
END OF BORING
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Topsoil (approx. 6")
Stiff to very stiff brown silty CLAY, trace medium to fine
sand, trace fine gravel

(Fill)

Loose to medium dense brown silty medium to fine SAND,
trace organics

Firm to stiff gray sandy silty CLAY/ clayey SILT

Medium dense to dense brown coarse to fine GRAVEL
with coarse to fine sand, trace silt

Interbedded layers of stiff to very stiff gray and brown fine
sandy SILT, trace fine gravel, organics, and medium dense
brown silty medium to fine SAND, trace fine gravel

Stiff to very stiff grayish brown silty CLAY, trace sand,
trace gravel

Slightly weathered gray LIMESTONE
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100
664.2Slightly weathered gray LIMESTONE, fractures inclined

approximately 0 to 10 degrees from the horizontal, fracture
spacing typically ranges from 1" to 6" inches.

(Bedrock)
END OF BORING

Notes:
1. Casing refusal at 41.3 feet.
2. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
3. Two-inch diameter PVC groundwater observation point
was installed to a depth of 36.6 ft below the existing ground
surface with the bottom 10 ft screened.

Date GW Depth (ft) GW Elev (ft)
 9/06/2017                 17.3                      693.2 +/-
 9/07/2017                 17.2                      693.3 +/-
 9/11/2017                 17.3                      693.2 +/-
 9/12/2017                 17.4                      693.1 +/-
 9/13/2017                 17.5                      693.0 +/-
 9/14/2017                 17.5                      693.0 +/-
 9/15/2017                 17.5                      693.0 +/-
 9/18/2017                 17.7                      692.8 +/-
 9/19/2017                 17.8                      692.7 +/-
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Topsoil (approx. 6")

Medium dense to very dense brown clayey coarse to fine
SAND, trace fine gravel, organics

(Fill)

Soft to stiff brown to brownish gray coarse to fine sandy
silty CLAY/ clayey SAND, trace fine gravel

-becoming brown silty CLAY with fine gravel

-with gravel-sized weathered limestone

END OF BORING
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Notes:
1. Casing refusal at 40.0 feet.
2. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
3. Two-inch diameter PVC groundwater observation point
was installed to a depth of 31.3 ft below the existing ground
surface with the bottom 10 ft screened.

Date GW Depth (ft) GW Elev (ft)
 8/31/2017                 20.2                      691.3 +/-
 9/05/2017                 20.1                      691.4 +/-
 9/06/2017                 19.7                      691.8 +/-
 9/07/2017                 20.0                      691.5 +/-
 9/11/2017                 20.1                      691.4 +/-
 9/12/2017                 20.1                      691.4 +/-
 9/13/2017                 20.0                      691.5 +/-
 9/14/2017                 20.0                      691.5 +/-
 9/15/2017                 20.0                      691.5 +/-
 9/18/2017                 20.2                      691.3 +/-
 9/19/2017                 20.2                      691.3 +/-
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Topsoil (approx. 5")

Stiff to very stiff brown sandy silty CLAY/ clayey SILT,
trace fine gravel

Medium dense brown  coarse to fine SAND and coarse to
fine GRAVEL, trace silt

Firm to stiff brown silty CLAY/ clayey SILT, trace fine
gravel
Medium dense brown silty medium to fine SAND

Firm to stiff grayish brown to gray medium to fine sandy
silty CLAY, trace fine gravel

- with gravel-sized limestone fragments in tip of spoon

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 8" inches.

(Bedrock)

END OF BORING
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Notes:
1. Drilling resistance (i.e. rig chatter) noted at
approximately 14 to 15 feet, which may be indicative of
gravel and/or cobbles.
2. Casing refusal at 29.4 feet.
3. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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Topsoil (approx. 5")

Firm to stiff brown sandy silty CLAY, trace fine gravel
interbedded with medium dense silty SAND, trace organics

(Fill)

Loose to medium dense brown medium to fine sandy SILT/
silty SAND

Medium dense to dense coarse to fine SAND and coarse to
fine GRAVEL, trace silt

Stiff to very stiff grayish brown to gray silty CLAY

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 8" inches.
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664.3Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 8" inches.

(Bedrock)
END OF BORING

Notes:
1. Boring offset 5 feet southwest of location shown on
plans, due to overhead obstruction (tree limbs).
2. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
3. Casing refusal at 36.9 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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Topsoil (approx. 6")

Stiff brown sandy silty CLAY, trace fine gravel

- becoming with black medium dense coarse to fine
GRAVEL-sized slag fragments

(Fill)

Medium dense brown silty fine SAND/ fine sandy SILT

- becoming medium dense to dense brown silty coarse to
fine SAND with fine gravel

Stiff to very stiff grayish brown to gray silty CLAY, trace
organics

Very dense gray decomposed rock friable to silty coarse to
fine SAND and coarse to fine GRAVEL-sized rock
fragments

(Decomposed Rock)
END OF BORING
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Notes:
1. Casing refusal at 36 feet.
2. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
3. Two-inch diameter PVC groundwater observation point
was installed to a depth of 31.0 ft below the existing ground
surface with the bottom 10 ft screened.

Date GW Depth (ft) GW Elev (ft)
 8/31/2017                 20.1                      691.4 +/-
 9/05/2017                 20.5                      691.0 +/-
 9/06/2017                 20.1                      691.4 +/-
 9/07/2017                 20.2                      691.3 +/-
 9/11/2017                 20.5                      691.0 +/-
 9/12/2017                 20.1                      691.4 +/-
 9/13/2017                 20.1                      691.4 +/-
 9/14/2017                 20.1                      691.4 +/-
 9/15/2017                 20.1                      691.4 +/-
 9/18/2017                 20.2                      691.3 +/-
 9/19/2017                 20.2                      691.3 +/-
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Topsoil (approx. 6")

Firm to stiff brown fine sandy silty CLAY, trace fine gravel

Medium dense brown coarse to fine SAND with fine
gravel, trace silt

Firm to stiff grayish brown to gray silty CLAY

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 15 degrees from the horizontal, fracture
spacing typically ranges from 1" to 18" inches.

(Bedrock)

END OF BORING

Notes:
1. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
2. Drilling resistance (i.e. rig chatter) noted at
approximately 25 to 26 feet, which may be indicative of
gravel and/or cobbles.
3. Casing refusal at 26 feet.
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Topsoil ( Approx. 4")

Stiff to very stiff brown fine sandy CLAY

(Fill)

Medium dense brown silty medium to fine SAND

Dense to very dense brown coarse to fine SAND and
coarse to fine GRAVEL, trace silt

Dense to very dense gray silty fine SAND with clay lenses
throughout

Very dense gray decomposed rock friable to silty coarse to
fine SAND with gravel-sized rock fragments

(Decomposed Rock)
END OF BORING

Notes:
1. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
2. Casing refusal at 34.0 feet.
3. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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Topsoil (approx. 4")
Firm to stiff brown fine sandy silty CLAY/ clayey SILT
Medium dense brown silty medium to fine SAND, trace
fine gravel

Firm to stiff dark brown fine sandy silty CLAY, trace fine
gravel

(Fill)

Dense to very dense brown coarse to fine SAND and
coarse to fine GRAVEL, trace silt

Firm to stiff gray silty CLAY with interbedded layers of
highly weathered limestone

Very dense gray decomposed rock friable to silty coarse to
fine SAND and coarse to fine GRAVEL-sized rock
fragments

(Decomposed Rock)
END OF BORING
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Notes:
1. Casing refusal at 39 feet.
2. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
3. Two-inch diameter PVC groundwater observation point
was installed to a depth of 30.0 ft below the existing ground
surface with the bottom 10 ft screened.

Date GW Depth (ft) GW Elev (ft)
 9/07/2017                 21.5                      691.0 +/-
 9/11/2017                 21.6                      690.9 +/-
 9/12/2017                 21.5                      691.0 +/-
 9/13/2017                 21.5                      691.0 +/-
 9/14/2017                 21.5                      691.0 +/-
 9/15/2017                 21.5                      691.0 +/-
 9/18/2017                 21.3                      691.2 +/-
 9/19/2017                 21.6                      690.9 +/-
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696.8
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687.5
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675.8

16.2

42.2

11.1

7.2

0.2

Firm brown silty CLAY with medium to fine sand, trace
organics

Medium dense brown silty fine SAND, trace organics
(roots)

Firm to stiff brown sandy silty CLAY, trace organics
(roots)

Medium dense brown coarse to fine SAND and coarse to
fine GRAVEL, trace silt

Stiff gray silty CLAY, trace fine sand

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 15 degrees from the horizontal, fracture
spacing typically ranges from 1" to 8" inches.

(Bedrock)

END OF BORING

Notes:
1. Boring offset 5 feet southwest of location shown on
plans, due to overhead obstruction (tree limbs).
2. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
3. Casing refusal at 14.4 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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682.9

672.2
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11.3
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7.3

9.6

26.8

0.4

Topsoil (approx. 3")

Stiff to very stiff brown sandy silty CLAY, trace fine gravel
with layers of silty sand

(Fill)

Medium dense to dense brown coarse to fine SAND with
coarse to fine gravel, trace silt

Notes:
1. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
2. Casing refusal at 30.6 feet.
3. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.

Stiff to very stiff grayish brown silty CLAY with fine sand

-with fine gravel

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 6" inches.

(Bedrock)

END OF BORING
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Topsoil (approx. 9")

Stiff to very stiff dark brown silty CLAY, trace medium to
fine sand

(Fill)

Medium dense to dense brown coarse to fine SAND with
coarse to fine gravel, trace silt

Notes:
1. Groundwater observed at approximately 14 feet below
ground surface during drilling.
2. Running sands encountered from 16 feet to 27 feet.
3. Auger refusal at 30.3 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.

- becoming clayey medium to fine SAND

Very stiff dark gray silty CLAY/ clayey SILT with coarse
to fine gravel

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 12" inches.
- 31.8'-32.2 ft possible void

(Bedrock)

END OF BORING
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Topsoil (approx. 6")

Very stiff dark brown silty CLAY, trace coarse to fine
sand, trace fine gravel

Medium dense to very dense light brown to dark brown
coarse to fine SAND and coarse to fine GRAVEL, trace silt

Very dense brown to dark gray decomposed rock friable to
silty coarse to fine SAND and coarse to fine
GRAVEL-sized rock fragments

(Decomposed Rock)
END OF BORING

Notes:
1. Groundwater observed at approximately 12.5 feet below
ground surface during drilling.
2. Running sands encountered from 14 feet to 24 feet.
3. Auger refusal at 25.8 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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HQ

714.5

706.0

683.0

679.7

8.4

5.5

6.3

12.3

10.4

21.6

Topsoil (approx. 4")

Dense to very dense brown silty coarse to fine SAND, trace
fine gravel

(Fill)

Medium dense to dense brown coarse to fine SAND with
fine gravel, trace silt

- becoming fine SAND, trace silt

Very dense brown silty coarse to fine SAND with coarse to
fine gravel

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 14" inches.
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HQ
94

HQ

663.7

0.4

Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 14" inches.

(Bedrock)

END OF BORING

Notes:
1. Boring offset 40 feet northeast of location shown on
plans, due to underground obstruction (reinforced concrete
pipe).
2. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
3. Drilling resistance (i.e. rig chatter) noted at
approximately 34.5 to 35.2 feet, which may be indicative of
gravel and/or cobbles.
4. Casing refusal at 35.2 feet.
5. Loss of water return noted at approximately 41 feet
during rock coring. Driller advanced casing from 35.2 feet
to 46.3 feet to seal off fractured rock.
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706.5
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14.0
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Topsoil (approx. 4")

Medium dense to dense brown silty coarse to fine SAND
with fine gravel

(Fill)

Firm gray silty CLAY, trace fine sand

Medium dense to dense brown coarse to fine SAND with
coarse to fine gravel, trace silt

- gray silty CLAY seam observed from approx. 41.8 to 42.3
ft
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HQ
100

HQ
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HQ

669.0

663.2

0.3
Slightly weathered gray LIMESTONE, fractures inclined
approximately 0 to 45 degrees from the horizontal, fracture
spacing typically ranges from 1" to 14" inches.

(Bedrock)

END OF BORING

Notes:
1. Boring offset 15 feet southwest of location shown on
plans, due to canal tow path.
2. Accurate groundwater level could not be obtained during
drilling due to the drilling method.
3. Casing refusal at 45.5 feet.
4. Values under "Pocket Penetrometer" are pocket
penetrometer resistance readings in tons per square foot, an
indication of unconfined compressive strength of cohesive
soils.
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Appendix B
Laboratory Testing

 B-1

Physical property tests were conducted in the laboratory on selected representative soil samples
to aid in classification and for correlation with engineering behavior of the soils.  These tests
included natural water content (ASTM D 2216), liquid and plastic limits (ASTM D 4318), grain-
size distribution (ASTM D 422), and specific gravity (ASTM D 854).

Engineering tests included five unconsolidated-undrained (UU) triaxial compression tests
(ASTM D 2850), twelve series of consolidated-isotropically-undrained (CIU) triaxial
compression tests (ASTM D 4767), one series of direct shear tests (ASTM D 3080), two
consolidation tests (ASTM D 2435) and seven flexible wall permeability tests (ASTM D 5084)
which were performed on relatively undisturbed Shelby tube samples (one remolded).  Twelve
unconfined compressive strength of rock tests (ASTM D 2938) were also performed.

The numerical results are summarized on pages B-2 to B-9 and are also shown on the appropriate
boring logs.  Grain-size distribution curves are presented on pages B-10 to B-46, UU triaxial
shear test results on pages B-47 to B-51, CIU triaxial shear test results from pages B-52 to B-63,
direct shear test results on page B-64, permeability test results on pages B-65 to B71, unconfined
compressive strength of rock test results on pages B-72 to B-83, and consolidation test results on
pages B-84 to B-105.
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Water Initial Length Initial Dia.
Content (%) Weight (pcf) Weight (pcf) LL PL (in) (in)

37.5 112.8 82.1 59 25 5.59 2.88
Description: Tested by: TV Reviewed by: MHD

Project No.:
60542772

Boring No.: 18.5-19.0 Date:

Project Name:
Rocky Ripple Levee

ST-2Sample No.:B-1

Unconsolidated-Undrained Triaxial Compression (UU) Test
ASTM D 2850

Sample Depth (ft):

Specimen Information Test Summary
Wet Unit Dry Unit Atterberg Limits ( 1 - 3 )max

(ksf)
f

%
1.44 1.15

Strain Rate
(%/min)

3
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Water Initial Length Initial Dia.
Content (%) Weight (pcf) Weight (pcf) LL PL (in) (in)

22.0 128.6 105.5 42 23 5.59 2.88
Description: Tested by: TV Reviewed by: MHD

Project No.:
60542772

Boring No.: 25.3-25.8 Date:

Project Name:
Rocky Ripple Levee

ST-4Sample No.:B-1

Unconsolidated-Undrained Triaxial Compression (UU) Test
ASTM D 2850

Sample Depth (ft):

Specimen Information Test Summary
Wet Unit Dry Unit Atterberg Limits ( 1 - 3 )max

(ksf)
f

%
1.73 5.81

Strain Rate
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Water Initial Length Initial Dia.
Content (%) Weight (pcf) Weight (pcf) LL PL (in) (in)

28.4 125.3 97.6 44 22 5.59 2.88
Description: Tested by: TV Reviewed by: MHD

Project No.:
60542772

Boring No.: 24.5-25.0 Date:

Strain Rate
(%/min)

3

(ksf)

4/4/2018

Brown GRAVELLY LEAN CLAY
15.0 1.0

Specimen Information Test Summary
Wet Unit Dry Unit Atterberg Limits ( 1 - 3 )max

(ksf)
f

%
1.87 0.42

Project Name:
Rocky Ripple Levee

ST-5Sample No.:B-8

Unconsolidated-Undrained Triaxial Compression (UU) Test
ASTM D 2850

Sample Depth (ft):
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Water Initial Length Initial Dia.
Content (%) Weight (pcf) Weight (pcf) LL PL (in) (in)

28.7 123.2 95.7 55 25 5.58 2.88
Description: Tested by: TV Reviewed by: MHD

Project No.:
60542772

Boring No.: 18.8-19.3 Date:

Project Name:
Rocky Ripple Levee

ST-3Sample No.:B-12

Unconsolidated-Undrained Triaxial Compression (UU) Test
ASTM D 2850

Sample Depth (ft):

Specimen Information Test Summary
Wet Unit Dry Unit Atterberg Limits
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Brown FAT CLAY
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Water Initial Length Initial Dia.
Content (%) Weight (pcf) Weight (pcf) LL PL (in) (in)

43.3 108.0 75.4 61 23 5.58 2.88
Description: Tested by: TV Reviewed by: MHD

Project No.:
60542772

Boring No.: 10.6-11.1 Date:

Project Name:
Rocky Ripple Levee

ST-1Sample No.:B-21

Unconsolidated-Undrained Triaxial Compression (UU) Test
ASTM D 2850

Sample Depth (ft):

Specimen Information Test Summary
Wet Unit Dry Unit Atterberg Limits ( 1 - 3 )max

(ksf)
f

%
1.15 1.06

Strain Rate
(%/min)
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File No.:
Date:

Test Boring Sample B sc

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-2 ST-1/34.4-34.9 24.2 24.5 103.3 103.8 103.7 106.4 97.0 0.631 0.622 1.01

2 B-2 ST-1/34.9-35.4 23.4 24.7 104.6 105.9 103.5 113.1 98.0 0.612 0.590 1.51

3 B-2 ST-1/35.4-35.9 21.9 23.0 107.0 110.9 102.7 119.5 100.0 0.576 0.519 2.02

2.70 41 41 41

1.9 23 23 23

0.07 0.02 -0.06

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 0.91 11.7 2.052

2 2.01 5.2 3.113

3 2.24 6.2 2.401

4

5

6

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed

0.280

Project No.:

Test #3

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress
Test #2       Test #1

60542772 2017-10-16

0.154

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

0.187

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

October 20, 2017
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f= Angle of Internal Friction

sin   = tan
 = 26.7 degrees

c = a/cos
c = 0 psf
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File No.:
Date:

Test Boring Sample B sc

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-3 ST-2/30.1-30.6 28.5 28.4 97.0 98.3 100.7 104.0 98.0 0.783 0.758 1.08

2 B-3 ST-2/30.6-31.1 28.8 28.8 96.3 97.4 100.4 103.0 96.0 0.795 0.774 1.66

3

2.77 42 42

1.9 22 22

0.32 0.34

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 0.96 15.0 2.047

2 1.17 12.6 2.053

3

4

5

6

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Measured

0.465

Project No.:

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress
Test #2       Test #1

60542772 2017-10-16

0.167

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

October 20, 2017
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c= Cohesion
f= Angle of Internal Friction

sin   = tan
 = 21.1 degrees

c = a/cos
c = 0 psf
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-4 ST-1/30.4-30.9 22.6 22.3 104.5 108.6 96.5 105.5 100.0 0.643 0.580 1.01

2 B-4 ST-1/30.9-31.4 30.0 30.8 92.3 94.6 95.9 104.1 98.0 0.861 0.814 1.51

3 B-4 ST-1/31.4-31.9 30.7 30.5 90.5 92.8 94.1 98.6 99.0 0.897 0.849 2.02

2.75 50 50 50

1.9 22 22 22

0.02 0.29 0.31

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 1.13 15.0 2.716

2 2.42 4.0 3.402

3 2.72 3.9 3.227

4

5

6

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

0.293

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

June 25, 2018

60542772 2018-03-11

0.310

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

0.210

Project No.:

Test #3

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress

Test #2       Test #1

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Measured
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sin   = tan
 = 30.7 degrees
c = a/cos
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-8 ST-1/8.1-8.6 21.1 23.8 99.3 103.5 81.6 102.6 96.0 0.698 0.627 0.58

2 B-8 ST-1/8.6-9.1 20.4 22.3 102.4 106.2 85.0 102.4 96.0 0.647 0.587 1.08

3 B-8 ST-1/9.1-9.6 17.3 19.2 106.0 109.2 79.0 95.2 95.0 0.590 0.543 1.58

2.70 50 50 50

1.9 23 23 23

-0.07 -0.10 -0.21

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 0.83 15.0 3.080

2 1.58 13.7 2.724

3 2.39 15.0 3.343

4

5

6

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed

0.105

Project No.:

Test #3

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress

Test #2       Test #1

60542772 2018-03-11

0.215

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

0.235

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

March 23, 2018
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c= Cohesion
= Angle of Internal Friction

sin   = tan
 = 31.3 degrees
c = a/cos

c = 0 psf
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-8 ST-2/12.4-12.9 28.7 26.2 93.8 101.0 99.4 109.1 99.0 0.764 0.637 0.72

2 B-8 ST-2/12.9-13.4 24.1 20.6 99.4 108.5 96.0 104.3 99.0 0.665 0.524 1.30

3

2.65 26 26

1.9 14 14

1.22 0.84

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 0.67 15.0 2.613

2 1.05 6.8 3.010

3

4

5

6

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed

0.741

Project No.:

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress
Test #2       Test #1

60542772 2018-03-11

0.451

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

April 4, 2018
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c= Cohesion
= Angle of Internal Friction

sin   = tan
 = 31.3 degrees
c = a/cos

c = 0 psf
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-9 ST-1/2.6-3.1 15.8 19.6 104.1 108.2 69.9 96.3 95.0 0.608 0.545 0.58

2 B-9 ST-1/3.1-3.6 14.5 19.4 106.5 110.1 68.2 100.2 95.0 0.570 0.519 1.08

3

2.68 24 24

1.9 17 17

-0.17 -0.36

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 0.82 14.9 3.842

2 2.48 14.0 3.660

3

4

5

6

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

April 4, 2018

60542772 2018-03-11

0.347

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

0.059

Project No.:

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress
Test #2       Test #1

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Measured
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c= Cohesion
= Angle of Internal Friction

sin   = tan
 = 36.9 degrees
c = a/cos

c = 0 psf
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-10 ST-1/6.3-6.8 16.5 17.8 106.9 110.9 80.0 96.1 96.0 0.547 0.491 1.08

2

3

2.65 26

1.9 16

0.05

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 1.05 6.7 4.075

2

3

4

5

6

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed

Project No.:

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress
       Test #1

60542772 2018-03-11

0.708

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

April 4, 2018
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c= Cohesion
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sin   = tan
 = 36.9 degrees
c = a/cos

c = 0 psf
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-11 ST-1/2.3-2.8 16.5 17.0 109.3 118.2 79.6 103.4 96.0 0.571 0.452 0.50

2 B-11 ST-1/2.8-3.3 15.2 17.4 110.6 115.8 75.5 99.1 95.0 0.552 0.482 1.01

3

2.75 27 27

1.9 16 16

0.05 -0.08

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 1.15 15.0 4.441

2 3.50 15.0 4.086

3

4

5

6

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

April 4, 2018

60542772 2018-03-11

0.146

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

-0.036

Project No.:

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress
Test #2       Test #1

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed
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c= Cohesion
= Angle of Internal Friction

sin   = tan
 = 37.6 degrees
c = a/cos
c = 130 psf
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File No.:
Date:

Test Boring Sample B sc

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-11 ST-2/16.0-16.5 16.6 17.0 108.8 114.9 78.8 94.6 98.0 0.578 0.494 0.58

2 B-11 ST-2/16.5-17.0 17.6 20.3 106.6 109.3 79.3 98.1 96.0 0.610 0.570 1.08

3 B-11 ST-2/17.0-17.5 14.7 16.0 117.0 120.0 86.5 102.3 99.0 0.467 0.430 1.58

2.75 NP NP NP

1.9 NP NP NP

NP NP NP

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 2.22 15.2 3.721

2 2.85 19.3 3.783

3 6.85 14.4 3.677

4

5

6

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

-0.142

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

October 20, 2017

60542772 2017-10-16

-0.108

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

0.020

Project No.:

Test #3

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress
Test #2       Test #1

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Measured
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c= Cohesion
f= Angle of Internal Friction

sin   = tan
 = 36.9 degrees

c = a/cos
c = 0 psf
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-12 ST-1/2.2-2.7 24.0 31.5 86.2 89.2 67.7 95.9 97.0 0.956 0.888 0.43

2 B-12 ST-1/3.2-3.7 15.4 19.6 107.5 117.7 73.4 123.0 97.0 0.568 0.431 1.15

3

2.70 26 26

1.9 16 16

0.80 -0.06

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 0.56 15.0 4.878

2 3.83 15.0 3.974

3

4

5

6

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

-0.036

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

60542772 2018-03-11

0.518

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

Project No.:

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress

Test #2       Test #1

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed

June 25, 2018
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c= Cohesion
= Angle of Internal Friction

sin   = tan
 = 42.8 degrees
c = a/cos
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-12 ST-2/6.4-6.9 22.3 25.0 97.6 99.8 82.7 98.2 96.0 0.728 0.688 0.50

2 B-12 ST-2/6.9-7.4 22.9 23.4 100.1 104.1 90.3 102.4 98.0 0.684 0.618 1.01

3 B-12 ST-2/7.4-7.9 15.4 18.2 110.0 114.1 78.1 103.1 95.0 0.533 0.477 1.51

2.70 24 24 24

1.9 17 17 17

0.76 0.84 -0.23

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 1.11 15.0 3.891

2 1.95 15.0 4.356

3 8.10 15.0 3.763

4

5

6

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed

0.219

Project No.:

Test #3

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress

Test #2       Test #1

60542772 2018-03-11

0.108

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

-0.175

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

April 5, 2018
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c= Cohesion
= Angle of Internal Friction

sin   = tan
 = 39.8 degrees
c = a/cos

c = 0 psf
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File No.:
Date:

Test Boring Sample B c

No. No. No./Depth Initial Final Initial Final Initial Final Factor,% Initial Final tsf

1 B-16 ST-1/6.2-6.7 35.4 35.0 83.0 85.4 94.6 99.2 100.0 0.993 0.936 0.50

2 B-16 ST-1/6.7-7.2 23.9 22.7 98.7 101.7 93.8 96.0 99.0 0.676 0.626 1.01

3

2.65 59 59

1.9 27 27

0.26 -0.10

Test Max. Deviator

No. Stress, tsf Axial Strain, % Obliquity

1 0.57 15.0 3.528

2 1.35 15.0 3.455

3

4

5

6

Project Name:

Test Series Summary

Test Sample Summary
Void RatioWater Content, % Dry  Density, pcf

Assumed

0.341

Project No.:

Degree of Saturation, %

Rocky Ripple Levee

 Value at Maximum Shear Stress

Test #2       Test #1

60542772 2018-03-11

0.496

Note: Atterberg Limits were conducted on Test No.1 only.

Stain Rate, %/hr.

Liquid Limit, %

ASTM D4767 Isotropically Consolidated Undrained Triaxial Test Series ( With Pore Pressure Measurements  )

A- Factor

Plastic Limit, %

Liquidity Index

Specific Gravity=

June 25, 2018
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 = 32.0 degrees
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Project  No. Test No. 1 2 3 4
Project Name Initial Water Content, % 9.3 9.4 9.8
Boring No. Dry Density, pcf 107.9 107.8 107.5
Sample No.
Depth, ft. Normal Stress, psi 7.0 14.0 21.0
Liquid Limit Initial Saturation, % 44.9 45.2 46.5
Plastic Limit Initial Void Ratio 0.561 0.564 0.569
Plastic Index Final Water Content, % 19.9 18.5 18.3
Specific Gravity Final Void Ratio 0.523 0.515 0.494
Description Final Saturation, % 102.5 96.7 100.1

NA Maximum Peak Load, psi 6.18 13.34 14.36
107.7 Displacement at Peak,  inch 0.20 0.20 0.20
9.5 Displacement rate, inch/min 0.0030 0.0030 0.0030

Rocky Ripple Levee
B-20A
S-2,3,4
2.0-8.0
26

Target Dry Density d, pcf:
Natural Moisture Content, %:

Compaction Method (ASTM):

          Direct Shear Test of Soils Under Consolidated Drained Condition (ASTM D 3080)

10
2.7 (Assumed)
Brown CLAYEY SAND with GRAVEL

60542772

16

y = 0.5846x + 3.1081
R² = 0.8416
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PERMEABILITY TEST
VARIABLE HEAD TEST WITH CONSTANT VOLUME U-TUBE

TEST METHOD: ASTM D 5084-F

Project Number: 60542772 Project Name: Rocky Ripple Levee
Sample Identification: B-3   ST-2    31.1-31.5 ft

Sample Classification: Brown LEAN CLAY
Maximum Dry Density (pcf): Optimum Moisture Content:

Apparatus Number: 5 Cell Number: P-123 Date: 10/12/17

Test Sample Data

Specimen Height (in): 4.041 Specimen Diameter (in): 2.875
4.041 2.875
4.041 2.875

 Average Height (in): 4.041 Average Diameter (in): 2.875
L, Average Height (cm): 10.264

Change in Length, DHc, (in.): 0.011 AO, Sample Area(cm2): 41.883
Initial Wet Sample wt (g): 884.4 AC, Final Area(cm2): 41.540

Final Specimen Height Lc  (in): 4.030 Specific Gravity of Sample: 2.77

Water Content

Initial Final
Pan Number: Pan Number:

Pan weight: 0 Pan weight: 0
Wet Sample + Pan Weight: 884.4 Wet Sample + Pan Weight: 890.4
Dry Sample + Pan Weight: 710.7 Dry Sample + Pan Weight: 710.7

Water Content, %: 24.4 Water Content, %: 25.3
% Over Optimum:

Initial Final
Dry Density (pcf): 103.2 104.0

Wet Density (pcf): 128.5 130.3
Degree of Saturation (%): 100.4 105.8

% Compaction:

Start Elapsed Mercury Readings Perm.@200C

Run Date Time Time (min)
0C oF Gradient Right (hRo) Left(hLo) (cm/sec)

Initial 15.54 32.75 20.10
Final 15.05 32.45 20.20

Initial 15.05 32.45 20.20
Final 14.62 32.20 20.30

Initial 18.67 34.40 19.20
Final 17.56 33.80 19.50

Initial 18.30 34.20 19.30
Final 17.93 34.00 19.40

1.4E-08

Maximum Cell Pressure: 114 psi Permeant Liquid Utilized: City tap water (deaired)5
Confining Pressure: 14 psi5

Maximum Back Pressure: 100 psi B   Coefficient: 0.98

Remarks:

Performed by: TV Checked By: YM Date: 10/12/2017

Temp.

1.7E-08

1.4E-08

1.5E-08

9.4E-09

73.023.0

23.0 73.0

23.0 73.0

73.023.0

60

62

111

604 10/12/2017

AVERAGE PERMEABILITY @ 20oC =

Test Sample Run Data

10/12/2017

10/12/2017

1

2

3 10/12/2017

B-65



PERMEABILITY TEST
VARIABLE HEAD TEST WITH CONSTANT VOLUME U-TUBE

TEST METHOD: ASTM D 5084-F

Project Number: 60542772 Project Name: Rocky Ripple Levee
Sample Identification: B-4   ST-1   30.1-30.4 ft

Sample Classification: Brown FAT CLAY
Maximum Dry Density (pcf): Optimum Moisture Content:

Apparatus Number: 4 Cell Number: P-4 Date: 03/09/18

Test Sample Data

Specimen Height (in): 4.042 Specimen Diameter (in): 2.851
4.042 2.856
4.042 2.874

 Average Height (in): 4.042 Average Diameter (in): 2.860
L, Average Height (cm): 10.267

Change in Length, Hc, (in.): 0.036 AO, Sample Area(cm2): 41.456
Initial Wet Sample wt (g): 818.7 AC, Final Area(cm2): 40.339

Final Specimen Height Lc  (in): 4.006 Specific Gravity of Sample: 2.75

Water Content

Initial Final
Pan Number: Pan Number:

Pan weight: 0 Pan weight: 0
Wet Sample + Pan Weight: 818.7 Wet Sample + Pan Weight: 815.2
Dry Sample + Pan Weight: 625.6 Dry Sample + Pan Weight: 625.6

Water Content, %: 30.9 Water Content, %: 30.3
% Over Optimum:

Initial Final
Dry Density (pcf): 91.8 94.2

Wet Density (pcf): 120.1 122.8
Degree of Saturation (%): 97.6 101.5

% Compaction:

Start Elapsed Mercury Readings Perm.@200C

Run Date Time Time (min)
0C oF Gradient Right (hRo) Left(hLo) (cm/sec)

Initial 17.54 39.90 25.70
Final 16.43 39.30 26.00

Initial 16.43 39.30 26.00
Final 15.88 39.00 26.15

Initial 16.80 39.50 25.90
Final 16.25 39.20 26.05

Initial 16.25 39.20 26.05
Final 15.57 38.80 26.20

1.7E-08

Maximum Cell Pressure: 114 psi Permeant Liquid Utilized: City tap water (deaired)5
Confining Pressure: 14 psi5

Maximum Back Pressure: 100 psi B   Coefficient: 1

Remarks:

Performed by: TV Checked By: YM Date: 3/9/2018

4 3/9/2018

AVERAGE PERMEABILITY @ 20oC =

Test Sample Run Data

3/9/2018

3/9/2018

1

2

3 3/9/2018 73.0

73.023.0

78

60

52

73

Temp.

2.1E-08

1.5E-08

1.7E-08

1.6E-08

73.023.0

23.0 73.0

23.0

B-66



PERMEABILITY TEST
VARIABLE HEAD TEST WITH CONSTANT VOLUME U-TUBE

TEST METHOD: ASTM D 5084-F

Project Number: 60542772 Project Name: Rocky Ripple Levee
Sample Identification: B-6   ST-1   29.3-29.6 ft

Sample Classification: Brown GRAVELLY FAT CLAY with SAND
Maximum Dry Density (pcf): Optimum Moisture Content:

Apparatus Number: 3 Cell Number: P-123 Date: 03/09/18

Test Sample Data

Specimen Height (in): 4.036 Specimen Diameter (in): 2.880
4.036 2.885
4.036 2.891

 Average Height (in): 4.036 Average Diameter (in): 2.885
L, Average Height (cm): 10.251

Change in Length, Hc, (in.): 0.012 AO, Sample Area(cm2): 42.184
Initial Wet Sample wt (g): 839.1 AC, Final Area(cm2): 41.807

Final Specimen Height Lc  (in): 4.024 Specific Gravity of Sample: 2.70

Water Content

Initial Final
Pan Number: Pan Number:

Pan weight: 0 Pan weight: 0
Wet Sample + Pan Weight: 839.1 Wet Sample + Pan Weight: 848.2
Dry Sample + Pan Weight: 650.2 Dry Sample + Pan Weight: 650.2

Water Content, %: 29.1 Water Content, %: 30.5
% Over Optimum:

Initial Final
Dry Density (pcf): 93.9 94.7
Wet Density (pcf): 121.2 123.5

Degree of Saturation (%): 98.7 105.4
% Compaction:

Start Elapsed Mercury Readings Perm.@200C

Run Date Time Time (min)
0C oF Gradient Right (hRo) Left(hLo) (cm/sec)

Initial 14.02 37.30 25.90
Final 13.35 37.00 26.15

Initial 12.30 36.40 26.40
Final 11.93 36.20 26.50

Initial 13.41 37.00 26.10
Final 12.92 36.70 26.20

Initial 12.92 36.70 26.20
Final 12.30 36.40 26.40

1.5E-08

Maximum Cell Pressure: 114 psi Permeant Liquid Utilized: City tap water (deaired)5
Confining Pressure: 14 psi5

Maximum Back Pressure: 100 psi B   Coefficient: 0.95

Remarks:

Performed by: TV Checked By: YM Date: 3/9/2018

4 3/9/2018

AVERAGE PERMEABILITY @ 20oC =

Test Sample Run Data

3/9/2018

3/9/2018

1

2

3 3/9/2018 73.0

73.023.0

76

56

70

77

Temp.

1.4E-08

1.4E-08

1.6E-08

1.5E-08

73.023.0

23.0 73.0

23.0
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PERMEABILITY TEST
VARIABLE HEAD TEST WITH CONSTANT VOLUME U-TUBE

TEST METHOD: ASTM D 5084-F

Project Number: 60542772 Project Name: Rocky Ripple Levee
Sample Identification: B-7   ST-1   4.5-5.8 ft

Sample Classification: Brown SANDY LEAN CLAY
Maximum Dry Density (pcf): Optimum Moisture Content:

Apparatus Number: 5 Cell Number: P-2 Date: 03/08/18

Test Sample Data

Specimen Height (in): 4.006 Specimen Diameter (in): 2.860
4.006 2.840
4.006 2.844

 Average Height (in): 4.006 Average Diameter (in): 2.848
L, Average Height (cm): 10.175

Change in Length, Hc, (in.): 0.042 AO, Sample Area(cm2): 41.100
Initial Wet Sample wt (g): 779.4 AC, Final Area(cm2): 39.793

Final Specimen Height Lc  (in): 3.964 Specific Gravity of Sample: 2.70

Water Content

Initial Final
Pan Number: Pan Number:

Pan weight: 0 Pan weight: 0
Wet Sample + Pan Weight: 779.4 Wet Sample + Pan Weight: 778.3
Dry Sample + Pan Weight: 616.5 Dry Sample + Pan Weight: 616.5

Water Content, %: 26.4 Water Content, %: 26.2
% Over Optimum:

Initial Final
Dry Density (pcf): 92.1 95.0
Wet Density (pcf): 116.4 119.9

Degree of Saturation (%): 85.9 91.6
% Compaction:

Start Elapsed Mercury Readings Perm.@200C

Run Date Time Time (min)
0C oF Gradient Right (hRo) Left(hLo) (cm/sec)

Initial 8.43 28.80 22.05
Final 1.69 25.25 23.90

Initial 6.74 27.90 22.50
Final 1.87 25.30 23.80

Initial 6.62 27.80 22.50
Final 1.87 25.30 23.80

Initial 5.12 27.10 23.00
Final 1.50 25.10 23.90

3.8E-05

Maximum Cell Pressure: 106 psi Permeant Liquid Utilized: City tap water (deaired)5
Confining Pressure: 6 psi5

Maximum Back Pressure: 100 psi B   Coefficient: 0.96

Remarks:

Performed by: TV Checked By: YM Date: 3/8/2018

4 3/9/2018

AVERAGE PERMEABILITY @ 20oC =

Test Sample Run Data

3/9/2018

3/9/2018

1

2

3 3/9/2018 73.0

73.023.0

1.25

1

1

1

Temp.

3.8E-05

3.8E-05

3.7E-05

4.0E-05

73.023.0

23.0 73.0

23.0

B-68



PERMEABILITY TEST
VARIABLE HEAD TEST WITH CONSTANT VOLUME U-TUBE

TEST METHOD: ASTM D 5084-F

Project Number: 60542772 Project Name: Rocky Ripple Levee
Sample Identification: B-8   ST-1   8.0-10.0 ft   Remolded

Sample Classification: Brown CLAYEY SAND
Target Dry Density (pcf): 102.6 Natural Moisture Content: 19.6

Apparatus Number: 10 Cell Number: P-3 Date: 03/27/18

Test Sample Data

Specimen Height (in): 4.000 Specimen Diameter (in): 2.891
4.000 2.891
4.000 2.891

 Average Height (in): 4.000 Average Diameter (in): 2.891
L, Average Height (cm): 10.160

Change in Length, Hc, (in.): 0.020 AO, Sample Area(cm2): 42.350
Initial Wet Sample wt (g): 839.6 AC, Final Area(cm2): 41.712

Final Specimen Height Lc  (in): 3.980 Specific Gravity of Sample: 2.70

Water Content

Initial Final
Pan Number: Pan Number:

Pan weight: 0 Pan weight: 0
Wet Sample + Pan Weight: 839.6 Wet Sample + Pan Weight: 862.0
Dry Sample + Pan Weight: 707.3 Dry Sample + Pan Weight: 707.3

Water Content, %: 18.7 Water Content, %: 21.9
% Over Optimum: -0.9

Initial Final
Dry Density (pcf): 102.7 104.1
Wet Density (pcf): 121.9 126.9

Degree of Saturation (%): 78.8 95.6
% Compaction: 100.1%

Start Elapsed Mercury Readings Perm.@200C

Run Date Time Time (min)
0C oF Gradient Right (hRo) Left(hLo) (cm/sec)

Initial 11.38 29.40 20.25
Final 8.15 27.70 21.15

Initial 12.13 29.80 20.05
Final 5.41 26.30 21.95

Initial 14.05 30.80 19.50
Final 5.41 26.30 21.95

Initial 12.87 30.20 19.85
Final 5.91 26.55 21.80

7.5E-07

Maximum Cell Pressure: 107 psi Permeant Liquid Utilized: City tap water (deaired)5
Confining Pressure: 7 psi5

Maximum Back Pressure: 100 psi B   Coefficient: 0.98

Remarks:

Performed by: TV Checked By: YM Date: 3/27/2018

4 3/27/2018

AVERAGE PERMEABILITY @ 20oC =

Test Sample Run Data

3/27/2018

3/27/2018

1

2

3 3/27/2018 73.0

73.023.0

11

29

32

26

Temp.

7.8E-07

7.1E-07

7.5E-07

7.7E-07

73.023.0

23.0 73.0

23.0
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PERMEABILITY TEST
VARIABLE HEAD TEST WITH CONSTANT VOLUME U-TUBE

TEST METHOD: ASTM D 5084-F

Project Number: 60542772 Project Name: Rocky Ripple Levee
Sample Identification: B-9   ST-1   3.6-3.9 ft

Sample Classification: Brown SILTY, CLAYEY SAND
Maximum Dry Density (pcf): Optimum Moisture Content:

Apparatus Number: 9 Cell Number: P-9 Date: 03/22/18

Test Sample Data

Specimen Height (in): 4.030 Specimen Diameter (in): 2.865
4.030 2.865
4.030 2.865

 Average Height (in): 4.030 Average Diameter (in): 2.865
L, Average Height (cm): 10.236

Change in Length, Hc, (in.): 0.035 AO, Sample Area(cm2): 41.592
Initial Wet Sample wt (g): 835.0 AC, Final Area(cm2): 40.499

Final Specimen Height Lc  (in): 3.995 Specific Gravity of Sample: 2.68

Water Content

Initial Final
Pan Number: Pan Number:

Pan weight: 0 Pan weight: 0
Wet Sample + Pan Weight: 835.0 Wet Sample + Pan Weight: 851.8
Dry Sample + Pan Weight: 698.7 Dry Sample + Pan Weight: 698.7

Water Content, %: 19.5 Water Content, %: 21.9
% Over Optimum:

Initial Final
Dry Density (pcf): 102.5 105.1
Wet Density (pcf): 122.5 128.2

Degree of Saturation (%): 82.8 99.5
% Compaction:

Start Elapsed Mercury Readings Perm.@200C

Run Date Time Time (min)
0C oF Gradient Right (hRo) Left(hLo) (cm/sec)

Initial 7.62 29.15 23.00
Final 2.85 26.60 24.30

Initial 7.87 29.30 22.95
Final 2.73 26.55 24.35

Initial 8.05 29.40 22.90
Final 2.97 26.70 24.30

Initial 7.74 29.25 23.00
Final 2.79 26.60 24.35

1.4E-05

Maximum Cell Pressure: 108 psi Permeant Liquid Utilized: City tap water (deaired)5
Confining Pressure: 8 psi5

Maximum Back Pressure: 100 psi B   Coefficient: 0.96

Remarks:

Performed by: TV Checked By: YM Date: 3/22/2018

Temp.

1.3E-05

1.4E-05

1.3E-05

1.4E-05

73.023.0

23.0 73.0

23.0 73.0

73.023.0

2

2

2

24 3/22/2018

AVERAGE PERMEABILITY @ 20oC =

Test Sample Run Data

3/22/2018

3/22/2018

1

2

3 3/22/2018

B-70



PERMEABILITY TEST
VARIABLE HEAD TEST WITH CONSTANT VOLUME U-TUBE

TEST METHOD: ASTM D 5084-F

Project Number: 60542772 Project Name: Rocky Ripple Levee
Sample Identification: B-10   ST-1   6.9-7.2 ft

Sample Classification: Brown CLAYEY SAND
Maximum Dry Density (pcf): Optimum Moisture Content:

Apparatus Number: 5 Cell Number: P-10 Date: 03/22/18

Test Sample Data

Specimen Height (in): 4.000 Specimen Diameter (in): 2.885
4.000 2.885
4.000 2.885

 Average Height (in): 4.000 Average Diameter (in): 2.885
L, Average Height (cm): 10.160

Change in Length, Hc, (in.): 0.042 AO, Sample Area(cm2): 42.175
Initial Wet Sample wt (g): 832.4 AC, Final Area(cm2): 40.832

Final Specimen Height Lc  (in): 3.958 Specific Gravity of Sample: 2.65

Water Content

Initial Final
Pan Number: Pan Number:

Pan weight: 0 Pan weight: 0
Wet Sample + Pan Weight: 832.4 Wet Sample + Pan Weight: 858.8
Dry Sample + Pan Weight: 715.3 Dry Sample + Pan Weight: 715.3

Water Content, %: 16.4 Water Content, %: 20.1
% Over Optimum:

Initial Final
Dry Density (pcf): 104.2 107.6
Wet Density (pcf): 121.3 129.1

Degree of Saturation (%): 74.0 98.9
% Compaction:

Start Elapsed Mercury Readings Perm.@200C

Run Date Time Time (min)
0C oF Gradient Right (hRo) Left(hLo) (cm/sec)

Initial 5.63 27.30 22.80
Final 2.44 25.60 23.65

Initial 7.82 28.45 22.20
Final 3.75 26.30 23.30

Initial 9.25 29.20 21.80
Final 3.13 26.00 23.50

Initial 9.00 29.10 21.90
Final 2.19 25.50 23.75

2.5E-06

Maximum Cell Pressure: 106 psi Permeant Liquid Utilized: City tap water (deaired)5
Confining Pressure: 6 psi5

Maximum Back Pressure: 100 psi B   Coefficient: 1

Remarks:

Performed by: TV Checked By: YM Date: 3/22/2018

Temp.

2.4E-06

2.6E-06

2.5E-06

2.5E-06

73.023.0

23.0 73.0

23.0 73.0

73.023.0

10

8

12

164 3/22/2018

AVERAGE PERMEABILITY @ 20oC =

Test Sample Run Data

3/22/2018

3/22/2018

1

2

3 3/22/2018
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.3 164.0 163.5 5.02 2.39 16,094 0.27 0.28

Project No.
Rocky Ripple Levee

Boring: B-1

Sample: R-2  Depth:47.6-48.5 October 2017

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS RC 1016-01 B-1 R-2 47.6-48.5 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.3 161.7 161.2 4.94 2.39 14,855 0.17 0.28

Project No.
Rocky Ripple Levee

Boring: B-2

Sample: R-2  Depth:46.9-47.5 October 2017

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:
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                          Analysis File: UCDAPV1.XLS RC 1016-02 B-2 R-2 46.9-47.5 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.2 164.9 164.5 4.81 2.40 14,745 0.18 0.28

Project No.
Rocky Ripple Levee

Boring: B-3

Sample: R-2  Depth:41.3-41.8 October 2017

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:
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                          Analysis File: UCDAPV1.XLS RC 1016-03 B-3 R-2 41.3-41.8 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.2 164.8 164.4 4.94 2.39 15,907 0.20 0.28

Project No.
Rocky Ripple Levee

Boring: B-7

Sample: R-1  Depth:45.6-46.3 October 2017

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:
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                          Analysis File: UCDAPV1.XLS RC 1016-04 B-7 R-1 45.6-46.3 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.3 164.6 164.1 4.98 2.39 15,478 0.23 0.28

Project No.
Rocky Ripple Levee

Boring: B-9

Sample: R-2  Depth:34.0-34.5 October 2017

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS RC 1016-05 B-9 R-2 34.0-34.5 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.2 158.8 158.5 4.90 2.39 8,195 0.10 0.28

Project No.
Rocky Ripple Levee

Boring: B-10

Sample: R-2  Depth:45.5-46.2 October 2017

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS RC 1016-06 B-10 R-2 45.5-46.2 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.3 165.0 164.5 4.91 2.39 15,614 0.22 0.28

Project No.
Rocky Ripple Levee

Boring: B-12

Sample: R-2  Depth:30.5-31.0 October 2017

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS RC 1016-07 B-12 R-2 30.5-31.0 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.2 163.6 163.2 4.91 2.39 17,015 0.25 0.28

Project No.
Rocky Ripple Levee

Boring: B-16

Sample: R-3  Depth:20.7-21.3 October 2017

Strain Rate

10/10/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS RC 1016-08 B-16 R-3 20.7-21.3 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.4 163.4 162.7 4.99 2.39 14,764 0.43 0.28

Project No.
Rocky Ripple Levee

Boring: B-17

Sample: R-3  Depth:40.7-41.3 October 2017

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772

Strain Rate

10/11/2017 Reviewed by: DCTested by: BS Test Date:
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                          Analysis File: UCDAPV1.XLS RC 1016-09 B-17 R-3 40.7-41.3 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.2 158.4 158.0 4.97 2.39 13,118 0.21 0.28

Project No.
Rocky Ripple Levee

Boring: B-18

Sample: R-2  Depth:34.1-34.9 October 2017

Strain Rate

10/11/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS RC 1016-10 B-18 R-2 34.1-34.9 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.4 165.3 164.6 4.96 2.39 12,954 0.42 0.28

Project No.
Rocky Ripple Levee

Boring: B-20A

Sample: R-4  Depth:50.6-51.3 October 2017

Strain Rate

10/11/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS RC 1016-11 B-20A R-4 50.6-51.3 10/18/2017
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Specimen Information Test Summary
Water Wet Unit Dry Unit Length Diameter qu Strain to

Content (%) Weight (pcf) Weight (pcf) (in) (in) (psi) Peak (%)  (%/min)

0.3 161.7 161.2 5.16 2.39 9,161 0.12 0.28

Project No.
Rocky Ripple Levee

Boring: B-21

Sample: R-2  Depth:47.9-48.5 October 2017

Strain Rate

10/11/2017 Reviewed by: DCTested by: BS Test Date:

UNCONFINED COMPRESSION TEST

ON ROCK CORE SPECIMEN60542772
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                          Analysis File: UCDAPV1.XLS 2017-10-16 RC 1016-12 B-21 R-2 47.9-48.5 10/18/2017
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CONSOLIDATION TEST REPORT

Coefficients of Consolidation and Secondary Consolidation

No. Load
(tsf)

Cv
(ft.2/day) C No. Load

(tsf)
Cv

(ft.2/day) C No. Load
(tsf)

Cv
(ft.2/day) C

1 0.06 0.133
2 0.13 0.055 0.001
3 0.25 0.033 0.001
4 0.50 0.030 0.002
5 1.00 0.020 0.004
6 2.00 0.023 0.005
7 1.00 0.074

8 0.50 0.027
9 0.25 0.010
10 0.50 0.075 0.000
11 1.00 0.047 0.001
12 2.00 0.032 0.002
13 4.00 0.014 0.003
14 8.00 0.013 0.007

15 4.00 0.060
16 1.00 0.543
17 0.25 0.472
18 0.06 3.109
19 0.01 0.001
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Applied Pressure - tsf
0.01 0.1 1 10

Natural Dry Dens. LL PI Sp. Overburden Pc Cc Cr
Swell Press. Swell

% eoSat. Moist. (pcf) Gr. (tsf) (tsf) (tsf)
101.3 % 40.8 % 80.7 59 34 2.7 0.8 0.34 0.08 1.088

Brown FAT CLAY CH

60542772 AECOM Conshohocken
Rocky Ripple Levee The coefficient of secondary

compression values are strain
based.

MATERIAL DESCRIPTION USCS AASHTO

Project No. Client: Remarks:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

AECOM
Conshohocken, Pennsylvania Figure
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D90 =

D100 =
T90 =

Cv @ T90

0.133 ft.2/day

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.055 ft.2/day

C  = 0.001

60542772
Rocky Ripple Levee

1
0.06 tsf
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8.92 min.
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.033 ft.2/day

C  = 0.001

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.030 ft.2/day

C  = 0.002

60542772
Rocky Ripple Levee

3
0.25 tsf

0.0076
0.0092
0.0108
8.30 min.

4
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8.88 min.
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.020 ft.2/day

C  = 0.004

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.023 ft.2/day

C  = 0.005

60542772
Rocky Ripple Levee

5
1.00 tsf

0.0232
0.0314
0.0396
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.074 ft.2/day

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.027 ft.2/day

60542772
Rocky Ripple Levee

7
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0.0725
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3.09 min.
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.010 ft.2/day

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.075 ft.2/day

C  = 0.000

60542772
Rocky Ripple Levee

9
0.25 tsf

0.0631
0.0597
0.0563
24.25 min.
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0.0556
0.0563
0.0570
3.17 min.
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.047 ft.2/day

C  = 0.001

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.032 ft.2/day

C  = 0.002

60542772
Rocky Ripple Levee

11
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0.0578
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0.0629
5.00 min.
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.014 ft.2/day

C  = 0.003

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.013 ft.2/day

C  = 0.007

60542772
Rocky Ripple Levee

13
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.060 ft.2/day

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.543 ft.2/day

60542772
Rocky Ripple Levee
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.472 ft.2/day

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

3.109 ft.2/day

60542772
Rocky Ripple Levee
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-1 Depth: 19.1-19.3 Sample Number: ST-2

Load No.=
Load=

D0 =
D90 =

D100 =
T90 =

Cv @ T90

0.001 ft.2/day

60542772
Rocky Ripple Levee
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CONSOLIDATION TEST REPORT

Coefficients of Consolidation and Secondary Consolidation

No. Load
(tsf)

Cv
(ft.2/day) C No. Load

(tsf)
Cv

(ft.2/day) C No. Load
(tsf)

Cv
(ft.2/day) C

1 0.06 0.002
2 0.13 0.031 0.000
3 0.25 0.026 0.001
4 0.50 0.025 0.001
5 1.00 0.024 0.001
6 2.00 0.034 0.001
7 1.00 0.051

8 0.50 0.023
9 0.25 0.010
10 0.50 0.036 0.001
11 1.00 0.032 0.000
12 2.00 0.037 0.001
13 4.00 0.047 0.001
14 8.00 0.058 0.003

15 4.00 0.100
16 1.00 4.428
17 0.25 0.470
18 0.06 5.661
19 0.01 0.003
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Natural Dry Dens. LL PI Sp. Overburden Pc Cc Cr
Swell Press. Swell

% eoSat. Moist. (pcf) Gr. (tsf) (tsf) (tsf)
101.9 % 28.6 % 97.0 55 30 2.76 0.9 0.14 0.06 0.776

Brown FAT CLAY CH

60542772 AECOM Conshohocken
Rocky Ripple Levee The coefficient of secondary

compression values are strain
based.

MATERIAL DESCRIPTION USCS AASHTO

Project No. Client: Remarks:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3

AECOM
Conshohocken, Pennsylvania Figure
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.002 ft.2/day

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.031 ft.2/day

C  = 0.000

60542772
Rocky Ripple Levee

1
0.06 tsf
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.026 ft.2/day

C  = 0.001

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.025 ft.2/day

C  = 0.001

60542772
Rocky Ripple Levee

3
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-0.0005
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.024 ft.2/day

C  = 0.001

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.034 ft.2/day

C  = 0.001

60542772
Rocky Ripple Levee
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1.00 tsf

0.0100
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11.29 min.
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.051 ft.2/day

Load No.=
Load=

D0 =
D50 =

D100 =
T50 =

Cv @ T50

0.023 ft.2/day

60542772
Rocky Ripple Levee
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Dial Reading vs. Time
Project No.:
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Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3
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Dial Reading vs. Time
Project No.:
Project:

Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3
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Dial Reading vs. Time
Project No.:
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Source of Sample: B-12 Depth: 19.3-19.5 Sample Number: ST-3
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Appendix C 
Stability Analyses
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ROCKY RIPPLE
STATION 15+00
BORING B-3
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clayey Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 15+00
BORING B-3
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clayey Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 15+00
BORING B-3
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clayey Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 40+00
BORINGS B-8 & B-9
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 40+00
BORINGS B-8 & B-9
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 40+00
BORINGS B-8 & B-9
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 52+00
BORINGS B-11 & B-12
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 52+00
BORINGS B-11 & B-12
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 52+00
BORINGS B-11 & B-12
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 75+00
BORINGS B-15 & B-16
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 75+00
BORINGS B-15 & B-16
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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ROCKY RIPPLE
STATION 75+00
BORINGS B-15 & B-16
STABILITY ANALYSIS
SLOPE/W V.7.23

Name: New Embankment      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 40 psf     Phi: 32 °     Piezometric Line: 1      
Name: Sand Drain      Model: Mohr-Coulomb      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 32 °     Piezometric Line: 1      
Name: Clay      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 50 psf     Phi: 26 °     Piezometric Line: 1      
Name: Sand      Model: Mohr-Coulomb      Unit Weight: 128 pcf     Cohesion: 0 psf     Phi: 34 °     Piezometric Line: 1      
Name: Bedrock      Model: Bedrock (Impenetrable)      Piezometric Line: 1      
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Appendix D 
Typical Levee Sections
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Appendix E 
Alternative 1 – Earthen Levee
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Appendix F
Alternative 2 – Least Impact Levee/ Floodwall
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Appendix G
Alternative 3 – Low Impact Levee/ Floodwall
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Appendix H
Alternative 4 – Low Impact Levee/ Floodwall and impinge on White River
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Appendix I
Memorandum of Understanding
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