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Engineering Appendix — Civil Engineering

Surveys & Mapping:

Surveys and mapping were provided by Fairfax County. Most of the data was provided
in GIS format, with the exception of field run-cross-sections and storm drain surveys
which were provided in autocad format. For use in the feasibility drawings, all GIS data
was imported to Autocad.

One-foot contours were provided for the study area. Information about the survey
method, datums, target scale, targeted contour interval, accuracy, etc. was requested, but
only partial information was provided (July 29, 2004 letter from Baker Engineering).
The contours appear to have been targeted for a map scale of 1”=100" or so, and a
contour interval greater than one-foot (for example, the contours do not indicate curbs
along the roads). A text file was provided stating “one-foot contours, interpolated from
5-ft contour data”. Discrepancies were noted between the contours shown along the
North streambank and the spot elevations shown on the field-run cross-sections S-2 and
S-3. The aerial imagery and the pavement outlines do not reflect the ramp that was built
along the north side of the stream.

Fairfax County provided detailed field surveys & mapping for the storm drain channels
and storm drain pipes. The USACE created contours for these areas as a separate
drawing file (456v-sp0la). The old contours within these areas were deleted from the
main contour drawing (456v-sp01).

Utility surveys (quality level “B”) for the immediate area around the levee was provided
by the County through a contract with So-Deep, Inc. They located utilities using surface
geophysical methods and review of record mapping. They did not provide surveys for
the gravity sanitary sewers. Additional utility mapping was provided in GIS format for
sanitary sewer pipes and water mains. As-built record plans were requested for all storm
drains and sanitary sewer pipes that cross through the line of protection. As-built plans
were received for the sanitary sewer siphon and 48” pipe, the Jones Point sewage
pumping station, and the sewer pipes outfalling to the pumping station. No other as-built
plans were received.

Cross-section data was provided for four cross-sections across Cameron Run. The cross-
sections were field-run after the June 2006 storm.

Wetland locations were delineated by USACE Planning Division.

Horizontal control: NAD 83, State Plane Virginia

Vertical control: Appears to be NGVD29

The original mapping data is filed under R:/civil/ Huntington LFP/data/surveys and
mapping/GIS_CADD. For use as autocad plan base sheet, the GIS data was imported

into Autocad files, and are filed under the main project folder as xreferences.
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Based on the accuracy of the mapping data, multiple sources of the data, and the above
mentioned discrepancies, new topographic mapping should be done during the
preconstruction engineering and design phase.

CADD:

A digital terrain model of the area was not provided. The USACE prepared digital
terrain models of the existing ditches based on the County’s field-run survey. The
USACE also prepared an approximate digital terrain model “existing surface from GIS”
using the 1-foot contour data and points. This was revised by pasting the existing ditch
surfaces onto it, and it is called “Final existing surface”.

The stream cross-section data was too widely spaced to create a terrain model of
Cameron Run. Instead, a model “existing cross sections” was created in the immediate
vicinity of the cross-sections.

Levee Alignments
Three levee alignments were investigated schematically.

Alignment 1 was located close to the stream bank (offset approximately 200’ from the
stream centerline). This alignment has the benefit of minimizing impacts to the park and
providing room for interior ponding (if needed); however, it impacts wetlands and
increases the floodplain elevation more than the other 2 alignments.

Alignment 2 was located further away from the stream (offset approximately 350” from
the stream centerline). This alignment should cause the least increase to the floodplain
elevation; however, it bisects the park and provides less room for interior ponding (if
needed).

Alignment 3 was located as close to the streambank without impacting the wetlands.
The alignment will impact the baseball field, bike path, and playground. Portions of the
playground and bike path can be relocated; however, the baseball outfield will be
shortened as shown.

Alignment 3 was advanced to the feasibility stage with minor revisions.

Levee Profile

The Water Resources Section provided the top of protection profile for the 100-year
event with risk & uncertainty. To provide additional protection, the top of levee profile
shown is approximately 0.5-feet higher. The eastern tie-out elevation should be verified
in the next phase with a more accurate topographic survey. The top of levee profile was
simplified as a straight line with a uniform slope.

Levee Cross-Section
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The Geotechnical Branch provided the typical sections shown on the drawings.
According to the Water Resources Section, riprap is not needed on the levee banks.

Levee Drainage Structures

Currently, the Huntington community is drained to Cameron Run by six drainage
channels/pipes. It is advantageous to provide a few large gravity outlets than numerous
smaller ones (EM 1110-2-1413 para. 5-2b). Two gravity drainage structures through the
levee are proposed, one at each end of the levee. The drainage structures will have flap
gates and sluice gates in accordance with EM 1110-2-1913. The flap gates are designed
to close automatically when floodwaters rise. The sluice gates provide a secondary way
to prevent backflow if the flap gates fail.  An additional drainage structure was
investigated near the middle of the levee, but since it would require excavating and
maintaining an outfall channel through wetlands, it was not pursued further. A storm
drain system adjacent to the levee is proposed to direct normal flows to the drainage
structures. This system will be susceptible to siltation due to the mild slope, so frequent
maintenance is expected.

The existing storm drain outfalls are set very low, within the tidal range. The new
drainage structures will likewise be set low. Based on the Cameron Run cross-sections, it
appears that the stream has silted in above the existing storm drain outfall elevations.
Therefore, Cameron Run and the storm drain outfall channels should be dredged. Since
this stream rises rapidly, the system is heavily dependent on the automatic flap gates. As
a result, maintenance dredging of the outfall channels down to el. -2.5 will be required to
maintain operation of the gates. This may require some maintenance dredging of
Cameron Run as well.

To minimize excavation and stream impacts, the westernmost drainage structure is
aligned with the existing drainage channel. For the inlet and outlet structure, non-flared
walls were chosen for the same reason. The backwall of the structures are parallel to the
levee contour to avoid warping the levee slope, and the box culvert will extend beyond
the outlet structure to facilitate the flap gate. This design is based on similar structures
used at nearby Fourmile Run.

Box culverts were chosen by the hydraulic engineer for the drainage structures through
the levee. EM 1110-2-2902 Chapter 3 only discusses using circular concrete pipe for
levees. The EM also specifies using joints that are pressure rated. Since precast box
culverts typically do not have pressure-tight joints, cast-in-place box culverts are
assumed for the box culverts beneath the levee. Further investigation of precast box
culvert joints, or alternative circular pipes, should be done during the next phase.
Drainage fill is provided around the landside ends of the pipes in accordance with EM
1110-2-1913. For pipes beneath the levee foundation, the EM requires outletting the
drainage fill to the surface by encapsulating the next manhole in drainage fill. This is the
case for the sanitary drainage structure. The box culverts beneath the levee are assumed
to be cast-in-place; will be 12 inches thick along the floor, walls, and the top; and
reinforced with #4 bars in the longitudinal direction at each face and #5 bars in the
transverse direction at each face.
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Headwalls and aprons that extend from the box culverts are assumed to be cast-in-place
and 12 inches thick. The headwalls are to be reinforced with #4 bars in the vertical
direction at each face and #5 bars in the horizontal direction at each face. The aprons are
to be reinforced with #4 bars in the longitudinal direction at each face and #5 bars in the
transverse direction at each face.

High Flow Diversion and Pumping Station

During a high-water event, the drainage structure gates will be closed, and flows will be
diverted to a centrally located pump station via a separate drainage system. Both ditches
and pipes were considered for the diversion system, and conceptual plans were
developed. A ditch would be a significant feature in this park, and it would remain wet
due to the mild slope. Therefore, a piped system was chosen. Precast box culverts are
acceptable for the diversion system. The diversion culverts were offset from the levee
toe so that the trench excavation line would not affect the levee toe. However, the
culvert was located near the toe at the westernmost end to avoid private property impacts
(at the request of Fairfax County).

The diversion system was designed to begin diverting flows to the pumping station when
water in the main outfall channels reaches elevation 3.5. Mean higher high water in
Cameron Run is approximately el. 2.7 (Cameron Run Sediment Study, 2007), so the
system is very dependent on the operation of the automatic flap gates on the drainage
structures. If the flap gates were to not close, a moderate storm occurring during a high
tide could cause the pump station to operate. As a result, maintenance dredging of the
outfall channels down to el. -2.5 will be required to maintain operation of the gates. This
may require some maintenance dredging of Cameron Run as well.

The pumping station was not detail-designed for this study, and an alternatives analysis
was not done. According to EM 1110-2-3105 (chapter 7), pumping stations can
discharge over the levee or through the levee. For the purpose of developing a
conceptual cost estimate, it is assumed that the pumping station will be similar to the
Edmonston or Colmar pumping station on the Anacostia River project. Those pumping
stations receive drainage from multiple pipes and channels, and they discharges through
the line of protection by way of a discharge chamber and gravity pipe. To avoid
excavating and maintaining a discharge channel through the wetland, the discharge pipe
will be elevated a few feet above the wetland.

For the pump station concept plan, the foundation is assumed to be a three foot thick mat
foundation reinforced at the top and bottom in each direction with #7 bars. Two 12 inch
thick floor slabs will be poured for the pump station. One slab includes the sump area
while the other includes the discharge chamber. The two slabs cover approximately 1200
square feet and are reinforced along the bottom in each direction with #8 bars and at the
top in each direction with #4 bars.
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The walls in and around the pump station vary in thickness from 12 inches to 18 inches to
24 inches. The upper level exterior walls of the pump station are 12 inches thick and are
reinforced with #8 bars at each face in the vertical direction and #6 bars at each face in
the horizontal direction. The lower level exterior walls are 24 inches thick and are
reinforced with #10 bars at each face in the vertical direction and #6 bars at each face in
the horizontal direction. The lower level 18 inches interior walls are reinforced with #8
bars at each face in the vertical direction and #6 bars at each face in the horizontal
direction.

The roof of the pump station is assumed to be constructed with steel framing members
that support a light gage metal deck.

Ponding Area for Pumping Station

In addition to the storage provided by the channels and pipes, the area adjacent to the
levee can be used as a ponding area. To provide additional storage, excavated ponding
areas were investigated. The area was limited to the park adjacent to the levee, but not
extending into the wooded areas. Geotechnical limitations required keeping the bottom
at el. 6.0 or greater. Due to this, the only way to provide significant storage is to grade
the entire area down to el. 6.0. As a result, the area will drain poorly, and will not be
suitable for park activities. At the request of the County, the design includes this ponding
area.

Access Routes

The levee can be accessed from three locations as shown on the drawings. Two of the
routes are to be elevated above the anticipated interior ponding elevation (8.0). The
Fenwick Drive access point is below the anticipated interior ponding elevation (el. 8.0).
The end of Fenwick Drive is shown to be raised to accommodate the diversion culverts;
however, it will still be up to 1-foot below the ponding elevation.

Ramps are provided to the top of the levee and down to the riverside toe. To allow for
recreational access, two handicap accessible ramps are provided. A maintenance route is
shown along the riverside toe to allow for maintenance of the drainage structure outfalls.

Beltway Info
VDOT provided survey drawings (contours-rtel.dgn and main-survey-align.dgn)

showing spot elevations along the roadway and shoulder. These were done in 1996 using
the NGVD29 datum. For use in the RAS model, the drawings were imported into
Autocad and roughly translated, rotated, and scaled to closely match the horizontal
datum. These drawings were provided to the Water Resources Section for use in the
RAS model. Reconstruction of this area of the beltway is on-going, and more is planned
in the near future.

Sanitary Sewer Impacts
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The line of protection will cross an existing 48 sanitary sewer pipe and an existing 16”
sewer pipe near the east end of the levee. EM 1110-2-1913 discourages pipes beneath
levees, and allows them only if they meet certain criteria. The criteria typically requires
upgrading the pipe and adding provisions for emergency closure to prevent floodwaters
from backing up through the pipe.

Since the 48” pipe crosses the line of protection, a drainage structure with a sluice gate
would be required to prevent backflow of floodwater, assuming that the pipe would be
flooded by Cameron Run. This sluice gate control manhole would need to be monitored
during a flood event, and the sluice gate would only be closed if backflow was observed.
Construction of a sluice gate on an existing 48” sanitary sewer pipe raises the following
concerns:

1. Sewage flow would need to be maintained during construction.

2. It would require personnel on the ready to close the gate during a storm.

3. Since this stream rises rapidly, it would be difficult to close the gate in time.

4. Closing the gate would cause sewage flows to overflow into the protected
area.
Closing the gate would impact the Jones Point Pumping Station.
The sewage flows may have to be considered in the stormwater pumping
station design.

o u

Due to these concerns, the assumption that the sewer would be flooded was investigated.
The as-built drawings for the 48” sewer were reviewed for possible flood entry points:

The manhole located just on the riverside of the levee is susceptible to flooding.
However, it may be possible to waterproof and anchor it to avoid flooding.

The 48” sewer transitions into an inverted siphon in order to pass beneath
Cameron Run. The influent chamber to the siphon is underground, but it has an
above-ground access structure with a low opening around el. 15.0. This is above
the 100-year water surface profile, but below the top of protection.

The siphon consists of ductile iron pipes encased in concrete and supported on
piles as it crosses below Cameron Run. Risk of flooding appears minimal.

The outlet chamber for the siphon is underground, but it has a 10” air vent pipe
with an opening around el. 15.0.  This is above the 100-year water surface
profile, but below the top of protection.

The next manhole north of the beltway is elevated above the levee, and flooding
IS not expected.

The risk of sewer flooding was discussed with the District’s engineering technical

leaders, and the conclusion was that the feasibility design should include a sluice gate
drainage structure on the 48” sanitary sewer.
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The 48” pipe beneath the levee was reviewed for conformance with the strength and
watertightness requirements in EM 1110-2-2902 and EM 1110-2-1913. As-built plans
for the 48” pipe are dated 1980. The pipe is noted as ASTM C-76, Class IV RCP on a
concrete cradle. It is buried 10-feet deep, and an additional 5-feet of levee will be
constructed on top of it. This type of pipe meets the minimum requirements, but there is
no indication of the type of joints used. Therefore, since a portion of the pipe will have
to be removed anyway to construct the sluice gate structure, all of the pipe beneath the
levee will be replaced. Drainage fill is provided around the landside end of the pipe in
accordance with EM 1110-2-1913. For pipes beneath the levee foundation, the EM
requires outletting the drainage fill to the surface by encapsulating the next manhole in
drainage fill.

The 16” pipe could be relocated to avoid crossing the levee, or it could be modified to
meet the criteria. Relocation has the advantage of less risk, but may be more costly. This
was discussed with the District’s engineering technical leaders, and the conclusion was
that the feasibility design should include relocating the 15” pipe.

The 16” sewer pipe outfalls to a pumping station (Jones Point Pumping Station) located
near the east end of the levee.  Based on the as-built plans, the wet well won’t flood
until flood waters rise above el. 18.0; therefore, direct flooding of the well is not
expected. As a precaution, backflow preventers are recommended on all sanitary house
connections to prevent sewage backflow in the event that the pumping station fails.

The stormwater pumping system will also impact the sanitary sewer system. If interior
ponding behind the levee extends over the sanitary manholes, stormwater could flood the
manholes. Stormwater and sewage could then backup into basements through the
sanitary house connections. It is assumed that the manholes within the ponding area are
not watertight.  Therefore, they should be waterproofed and modified with watertight
manhole lids. They may also need to be modified to prevent flotation. Stormwater and
sewage could also backup into the basements through any house cleanouts that may exist
within the ponding areas. Therefore, backflow preventers may be needed on all sanitary
house connections.

Other Utility Impacts

As shown on the drawings, light poles and a television line will need to be reconstructed.
The roadway work will also require raising some manholes, meter covers, valve covers,
and a hydrant.

Regulatory/Compliance Considerations:
Construction will affect existing wetlands, streams, tidal waters, and trees.

Required permits/approvals may include: erosion and sediment control, NPDES, possible
forest conservation (if applicable), and authorization to work in streams and wetlands.

Remaining Effort:
Several civil engineering-related tasks are deferred to the next phase:
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Engineering Appendix-Civil

w

11.
12.

13.

14.
15.
16.
17.

Topographic surveys & mapping suitable for final
design/preparation of construction drawings.

At the east end of the levee, verify the tie-out elevation
based on the survey.

Surveys & mapping of sanitary sewers.

Further investigation of the potential use of pre-cast box
culverts or circular culverts in lieu of cast-in-place culverts
for the drainage structures through the levee (due to
concerns about pressure-tight joints).

Alternatives analysis of the interior drainage system
(pumping station, culverts, ponding area).

If a ponding area is included as part of the interior drainage
system, design modifications to the sanitary sewer system
within the ponding area to prevent flooding of the sewers.
Assess impacts caused by ponding area (loss of recreational
areas, mosquitoes, etc.).

Assess need for backflow preventers at each house
connection.

Design toe drain outfall.

. Approval of truck route to site for construction. Consider

impacts/damage to roadways due to numerous truck loads
of materials.

Approval of the sanitary sewer modifications.

Approval of impacts to the park, especially if a ponding
area is part of the final design.

Final detailed design of levee, drainage structures, storm
drain system, roadway modifications, utility modifications,
pumping station, grading, erosion & sediment control,
stormwater management (if applicable), landscaping,
recreational features, traffic control, and access routes.
Preparation of construction drawings.

Specifications

Permits.

Preparation of operations & maintenance manual.
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1. Study Area.

The area of study is located in Huntington and Huntington Station subdivisions, which is
located in the north-east corner of Fairfax County, Virginia. The Huntington Community
lies along the south bank of Cameron Run, just upstream of the confluence of Cameron
Run and the Potomac River. The community is located within the 100-year flood plain,
which is susceptible to riverine and tidal flooding. After the development and evaluation
of the final concept plans during Phase 3, Fairfax County selected Plan 2c. The
geotechnical study for the flood damage reduction project generally consists of
subsurface investigation, testing, and the design of the levee embankments based on Plan
2cC.

2. Geology.

The project site is located along the western edge of the Coastal Plain Province. This
province is bordered to the west by the Piedmont Province and to the east by the Atlantic
Ocean and Continental Shelf. The Coastal Plain sediments are made up of Quaternary,
Tertiary, and Cretaceous deposits. These sediments lie on top of crystalline rock of the
Piedmont Province which slopes seaward. Along the fall line, which forms the divide
between the Piedmont and Coastal Plain, the deposits are only a few feet in thickness.
The deposits form a thickening wedge to the east that reaches depths of up to 10,000 feet
along the east coast in Maryland and Virginia. Regionally, the geology has been affected
by sea level fall and rise as well as respective decrease and increase river flow.

The Potomac Group crops out in the immediate vicinity of the project site and consists of
a complex series of ancient deltaic deposits varying from massive clays to interlayered
sands, gravels, silts and clays. Meandering rivers and distributary channels deposited
gravel, sand, silt, and clay during the early Cretaceous in a delta setting, with massive
clays deposited along the leading edge of the delta. This formation is characterized by
crossbedding, channel fills, rapid pinching and swelling of beds, and abrupt changes in
size grading. In the area of the project site, clays of the Potomac Formation tend to be
more montmorillonite rather than the mainly kaolinite and illite deposits which occur to
the north. During the late Tertiary, base level changed and the area was subjected to
erosion and fluvial deposition. Broad alluvial terraces were formed on the Potomac
Formation in the late Tertiary with sand and quartz gravel. As terraces were formed and
base levels changed, sliding and slumping of the Potomac clay occurred repeatedly until
stability was reached. The most prevalent geologic processes taking place in the Coastal
Plain today are creep, slumping, and sliding of Potomac Formation clays and slumping
and sliding of Quaternary sediments.*"

1 Obermeier, S. F., Swanson, P. G., Jones J. S. Jr., and Schnabel, J. J., 1984, Engineering Geology and
design of Slopes for Cretaceous Potomac Deposits in Fairfax County, Virginia, and Vicinity: Geological
Survey Bulletin 1556.

% Obermeier, S. F., and Langer, W. H., 1985, Relationships Between Geology and Engineering

Characteristics of Soils and Weathered Rocks of Fairfax County and Vicinity, Virginia: Geological Survey
Professional Paper 1344.
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The complexities of the Potomac Formation bring different issues to light when
considering them in an engineering project. Because of the large and abrupt variations in
lithology of the Potomac Formation, composition and grain size of soils vary drastically
over short horizontal distances.! Deposits may be lenticular and pinch out laterally, or
may be truncated and cut by channel in-fills of vastly different character. The highly
plastic montmorillonite clay is subject to high volume changes (shrink/swell), typically
has low residual shear strength and can cause problems with stability in natural and
engineered slopes.  Shrink/swell is often a problem for shallow foundations and
pavements.

3. Subsurface Exploration.

a. General. The subsurface exploration program was performed by the Baltimore
District between October 2007 and May 2008. In October 2007, 4 test pits were
excavation within the vicinity of the proposed alignment. Between March and May
2008, ten borings were drilled. In addition to the recent subsurface exploration
performed by the Corps, supplementary subsurface data was obtained from other studies
performed in the 1970s and early 1980s, which are described below.

b. Drilling. The drilling program performed by the Baltimore District consisted
of a total of 10 borings. The holes were drilled along the proposed levee alignment for
Concept Plan 2c, which parallels Cameron Run. Boring depths varied from
approximately 30 feet to 60 feet. Drilling was accomplished by standard penetration test
procedures using hollow-stem augers to advance the holes. Split spoons samples were
generally obtained at 2.5-foot intervals, except for the top 12 feet where continuous
sampling was performed. At certain locations, 3-inch diameter Shelby tubes were
pressed to obtain undisturbed samples of fine-grained foundation clays. Several attempts
were made to obtain Shelby tubes; however the Potomac clays are very stiff and can
contain varying amounts of gravel, making it very difficult to obtain undisturbed samples.
Only 2 Shebly tubes were obtained in DH-4B, located approximately 5 feet from DH-4.
In addition, constant and falling head field permeability tests were performed in 2 borings
to determine permeability values for the pervious sand stratum beneath the proposed
embankment. Borings logs are presented in Sub-Attachment A, Drill Logs. Also, boring
locations and soil profiles are shown on the enclosed Subsurface Boring Plans and Profile
Figures.

c. Test Pits. In October 2007 prior to the drilling program, 4 test pits were
excavated within the vicinity of the proposed alignment. Large bucket samples were
obtained from the excavation for classification testing. Test pit logs are presented in Sub-
Attachment A, Drill Logs.

d. Exploration by Others. As stated above, supplementary subsurface data was
also obtained from other studies performed in the 1970s and early 1980s. This
supplementary drilling data was obtained from the “Arlington Terrace Storm Drainage
Study, dated April 1982.” The study contained subsurface information on borings and
samples taken in 1981 for the Cameron Run-Huntington Flood Control Project and
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contain drilling logs of soil borings performed in 1972 for the Westgate Pump Power
Project. The subsurface exploration performed in 1981 for the flood control project
consisted of 11 borings, approximately 10 to 16 feet deep, drilled directly adjacent to the
riverbank using a hand probe sampler. In addition, 9 soil samples were obtained from the
river bottom for gradation analysis. In 1972, 4 borings (22’ to 50” deep) were drilled in
the vicinity of the proposed downstream levee tie-out. Soil descriptions, borings logs and
laboratory test data from these other subsurface explorations are presented in Sub-
Attachment C, Supplemental Subsurface Exploration Data.

4. Laboratory Testing.

All disturbed soil samples from the recent drill holes were tested at the Baltimore District
Material & Instrumentation Unit.  The samples were visually classified, and
representative samples were tested for Atterberg limits, moisture contents, and
mechanical analyses. Direct shear and unconfined compression testing were performed
on material taken from the undisturbed Shelby tube samples. Mechanical analyses, unit
weight, moisture content, and Atterberg limits were determined for each of the
undisturbed samples. The direct shear testing was performed at the Penniman and
Browne, Inc. Laboratory. Two direct shear tests were performed on one of the Shelby
tube samples. The first direct shear test was performed on undisturbed samples taken
from the tube, and the second set of direct shear tests was performed on previously
sheared samples to determine the residual shear strength of the material. Additional
discussion on the materials strength properties is provided below. Physical property soil
test results are presented in Sub-Attachment B, Laboratory Test Results.

5. Existing Foundation Condition.

a. Foundation Conditions beneath Levee Centerline. Subsurface exploration
indicates the existence of three general foundation overburden zones within the top 60
feet along the centerline of the levee embankment alignment. The top stratum consists
of an upper blanket zone of silt, clay and silty or clayey sand. This blanket material
varies in thickness from 5 to 16 feet, with an average thickness of 8 feet. In general, the
blow counts/foot (N) for the upper blanket material ranged from 3 to 20, with an average
N value of 6 for most of the material. Beneath this blanket stratum is a pervious stratum
of silty sand and gravel varying from 2 to 13 feet thick: however, at drill holes DH-1 and
4, the poorly graded sand and gravel stratum was not encountered and only a 2-foot thick
zone of silty gravel was encountered in DH-2. Mechanical sieve analysis performed on
soil sample of sand and gravel material showed that the material contained 3 to 12
percent fines (material passing the 200 sieve). The blow counts (N) for the pervious
sand and gravel stratum ranged from 10 to 48, with an average N value of 15 to 20 for
most of the material. Beneath the top two strata is thick deposit of very hard, lean to fat
clay, which continued to the bottom of the borings. The clay deposit had varying
amounts of sand and gravel. In some borings, seams of clayey, silty sand were
encountered within the clay deposit. The blow counts (N) for the clay deposit ranged
from 14 to 50+, with an average N value of 20 to 30 for most of the material.
Groundwater was generally encountered approximately 4 to 12 feet below the ground
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surface, with the average depth of groundwater at about 5 feet. At the upstream and
downstream ends of the alignment, a thin layer (less than 2’ thick) of soft clay and
organic silt was encountered between 2 to 8-feet below the ground surface. This soft
material had blow counts (N) ranging from 2 to weight of hammer.

The test pits, which were excavated to a depth of 6-feet, encountered materials similar to
those encountered in the borings. The material consisted of sandy clay (CH) or clayey
sand (SC) both containing gravel. At the upstream end of the alignment, TP-1
encountered a 1-foot thick layer of elastic silt, having an organic content of 8.3%. This is
very similar to the thin elastic silt encountered in DH-2. In TP-1, groundwater was
observed slowly entering the test pit at the bottom of the excavation.

b. Foundation Conditions along Riverbank and Riverbed. As stated above, 11
borings were drilled along the river channel in 1981, which was being considered for a
potential alignment of a levee embankment. The 1982 Preliminary Soils Investigation
report stated the following findings: “Boring depths ranged from 10-15.5 feet and were
generally stopped at the depths by gravels or other obstacles. Seven of the 11 borings
show an upper layer of poorly graded loose sands at depths of 2 to 5 feet. The other 4
borings have surface layers containing soft silty clay or soft organic silt. All boring show
substantial subsurface strata of soft and very soft fibrous peat or organic silts. The total
depth and thickness of the organic layers generally increased with distance downstream
along the [alignment].” Since the underlying strata along the river contain a very
substantial, highly compressible deposit of soft peat and organic silt, significant long term
and differential settlement would present problems for a levee embankment. For this
1982 study, samples were also taken from the river bed to classify the soil type for
potential used as levee embankment material. Within the upstream and downstream
limits of the proposed levee embankment alignment, the channel sediments consist of a
poorly graded fine and medium sands. Farther downstream of the proposed levee
embankment, the channel sediments consist primarily of silt and clay.

Soil profiles are shown on the enclosed Subsurface Boring Plans and Profile Figures.
6. Alternative Evaluation and Plan Selection.

Several alternatives were developed and considered to provide adequate flood damage
reduction measures for the Huntington Community. The plan formulation process was
divided into 3 phases, with each phase developing, evaluating, and eliminating
alternatives in order to identify the most cost-effective flood damage reduction plan for
the County to implement. A complete description of the plan formulation for this project
is presented in the main text. The geotechnical analysis evaluated those plans that would
directly impact the levee alignment and embankment design. During Phase 1, two levee
alignments were considered. The first levee alignment located the levee embankment as
close to Cameron Run as possible. The second levee alignment located the levee farther
away from the river bank to minimize impacts to the adjacent wetlands. Based on
geotechnical concerns, the levee alignment located along the riverbank was not desirable
because of the extremely poor foundation condition encountered along the riverbank. As
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described above, the underlying strata along the riverbank contain a highly compressible
deposit of soft peat and organic silt. This condition would present problems with the
stability and settlement of the embankment slope. Due to the potential for significant
long term and differential settlement of the soft peat and organic silt layer, overbuilding
the levee to accommodate for any settlement would most likely be required.
Furthermore, dewatering and the soft foundation issues would make construction of the
levee embankment along the riverbank extremely difficult and costly.

The second levee alignment is located farther away from the river bank, which provides
many benefits. This alignment minimizes impacts to the adjacent wetlands. The
foundation conditions are more suitable for constructing an embankment. In additional,
the total levee height is smaller since the alignment is located where the ground surface is
at a higher elevation than along the riverbank. The design and analysis of the levee
embankment and foundation were based on the second alignment and is presented in the
following paragraphs.

7. Levee Design

a. General. The design of the levee embankment is based on the selected Plan 2c,
which will consist of an earth levee embankment and drainage structures. The levee
design was performed in accordance with guidance contained in EM 1110-2-1913,
Design and Construction of Levees (30 April 2000). Detailed descriptions and results for
the various geotechnical analyses are provided in the Sub-Appendices.

b. Levee Section: A typical cross section of the levee embankment is shown on
Figure 4. The proposed embankment has a 10-foot wide crest and 1 vertical on 2.5
horizontal (1.0V:2.5H) side slopes. A 6-foot deep trapezoidal impervious
cutoff/inspection trench will be located beneath the levee along the alignment centerline.
The embankment will be constructed primarily using select fill material from a borrow
source obtained by the contractor. The select fill zone, shown on Figure 4, will consist of
impervious soils available in the area. The select fill (impervious earth) materials would
consist of clays, silty or sandy clays, clayey sands and gravels that contain at least 25%
by weight passing the No. 200 mesh sieve and have a plasticity index greater than 5 but
less than 30.

A combination blanket and toe drain will be placed along the landside toe of the levee
embankment. A typical blanket and toe drain detail is shown on Figure 4. The
combination blanket and toe drain will intercept seepage through the semi-pervious
foundation blanket layer and will reduce potential uplift pressures along the base of the
levee. The blanket drain will also provide a means of collecting any possible internal
seepage and provide an exit for the collected seepage at the landside levee toe. The
blanket drain will be 18-inches thick and will consist of fine aggregate similar to an
ASTM C 33 Fine Aggregate. A trapezoidal toe drain will be placed to a depth of about 5
feet below the existing ground surface at the levee toe at elevation 0.0. An 8-inch
perforated plastic pipe will be installed in the toe drain to collect and convey the seepage
flow beyond the levee toe. The toe drain material will consist of coarse, high
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permeability gravel similar to an AAHSTO No. 57 coarse aggregate. The gravel toe
drain will be surrounded by geotextile filter to prevent contamination of the gravel by the
fine grained foundation soils. The fine and coarse aggregates for the drains will be
obtained from off-site commercial sources.

At certain location, ramps will be constructed to provide access onto and over the levee
for maintenance and recreation activities. The ramps will be constructed with random
fill, consisting of a range of materials (gravels, sands, silts, clays or combination). The
surface of the ramps and levee crest will be paved.

c. Design Parameters for Foundation Soils. Geotechnical design parameters used
in the various analyses were based on blow count data, laboratory test results, and from
observations made during the drilling operation. Various studies and reports were used to
assist in determining soil parameters. These reports provide correlations between
strength properties of soils based on soil index properties and in-situ testing. The table
below shows the typical ranges of effective friction angles used in the stability analyses:

Zone/Stratum Blow Counts Effective Angle of
(N) Internal Friction, ¢’,

Clayey Silty Sand, Sandy Clay | 3to 20, o o — ono

Bla%/k)(;t ’ ’ ! avg. range =6 to 10 28°10 32, avg.= 30

Sand & Gravel Aquifer Layer 1010 48, 32° 1o 36°, avg.= 34°
avg. range =15 to 20 '

Lower lean to fat Clay 14 to 50+, See below lab test
avg. range = 20 to 30 | results

The lower clay deposit encountered is part of the Potomac Formation; the clays are very
stiff and are highly overconsolidated. Shear strength testing generally shows the
Potomac clays to have high effective peak strengths; however, the residual shear strength
can be significantly less than the peak strength due to saturation of the clay, shearing
along previously sheared, or the soil being highly fractured. For this project, 2 Shelby
tubes were also obtained from the lower clay deposit in order to performed unconfined
compression and direct shear testing. One unconfined compression test and 2 direct shear
tests were performed. The first direct shear test was performed on an undisturbed sample,
and the second test was performed on previously sheared samples from the first test. The
samples were resheared along the same failure plane to determine the residual shear
strength of the clay material. The test values (peak and residual) obtained for both tests
are consistent with published data for the Potomac clay material. Below are the results of
the testing.

Sample Depth Material qu Dry Water | Pl | PL
Class. (tsf) Density | content

DH-4B , , | Fat Clay

Shelby-1 22.0°-24.0 (CH) 148 | 95.5pcf | 25.3 26 |24
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Sample Material | Dry Water PI | PL | Direct Shear | ¢’
Class. Density | content Test

DH-4B Undistrubed | 30°

Shelby-2 (thf'ay 955pof (282 |31 |28 [ T

28.0’ = 30.0’ esheare

As stated above, constant and falling head field permeability tests were performed in 2
wells. A detailed description of the test procedures and results are provided in Sub-
Attachment D, Hydraulic Conductivity Field Testing. The well screens were installed in
the previous foundation zone, which consisted of poorly graded sand with gravel and silt
such as SP and SP-SM classified in accordance with the Unified Soil Classification
System. In general, the testing yielded the following:

Well Material/Zone Hydraulic conductivity, k
DH-3 Poorly graded Sand w/ gravel (SP) 2 x 10" cm/sec (falling)
DH-3 Poorly graded Sand w/ gravel (SP) 4.0 x 10”° cm/sec (constant)
DH-6 Poorly graded Sand w/ gravel & silt (SP-SM) | 3.0 x 10” cm/sec (constant)

Based on field testing, visual classification, and mechanical sieve analyses of selective
soil samples, a range of hydraulic conductivity values were selected for the various
foundation strata encountered. The table below shows the typical ranges of values used
in the seepage analysis:

Zone/Stratum

Clayey Silty Sand, Sandy Clay Blanket
Sand & Gravel Aquifer Layer

Lower lean to fat Clay

Hydraulic conductivity, k
1x 10 to 1 x 10° cm/sec
1x 10° to 2 x 10 cm/sec
1x10° to 1 x 10® cm/sec

d. Design Parameters for Embankment Material. The proposed design for the
levee assumes a homogenous embankment, constructed primarily of select earth material
from a borrow source obtained by the contractor. The select earth material should
generally consist of impervious silty or sandy clays, clayey silts or clayey sands and
gravels that contain at least 25% by weight passing the No. 200 mesh sieve and have a
plasticity index greater than 5 but less than 30. At this phase of the project design,
assumptions were made on the embankment’s shear strength and hydraulic conductivity
parameters. The design parameters were based on engineering judgment and experience
with the design and analysis of embankments with similar dimensions and function.
Generally, the effective shear strength (¢’) for a compacted embankment material would
range between 28° and 36°. A value of 34° and no cohesion (c=0) was used in the
stability analysis. A conservative hydraulic conductivity range of 1 x 10° to 1 x 10°
cm/sec was used in the seepage analysis. Design parameters used in the seepage and
stability analyses for the drainage materials were within the normal range of strength (¢’=
30° to 34°) and hydraulic conductively (k= 1 x 10™ to 1 x 10°° cm/sec) normally obtained
for processed aggregate materials.
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e. Settlement Analysis: For the proposed alignment, the foundation conditions
are considered suitable for embankment construction with very little to no consolidation
of the foundation or long term settlement of the levee embankment. The deposit of
Potomac clay, which is approximately 15 feet below the ground, is very hard and
overconsolidated. The clay deposit is considered to have been preloaded since the natural
water contents are closer to the plastic limit than to the liquid limit. During drilling it was
extremely difficult to push Shelby tubes and to obtain undisturbed samples for testing.
Based on published data, consolidometer test on unweathered samples of Potomac clay
material commonly have preconsolidation values 10 to 20 tsf in excess of existing
overburden. Based on these conditions, the addition load (0.9 tsf) from the levee
embankment will not induce consolidation of the Potomac clay material. The foundation
exploration, however, did encounter small isolated pockets of soft organic silt and clay
material at the upstream and downstream ends of the project. These soft zones are 1 to 2
feet thick, within 7 feet of the ground surface, and with blow counts of weight of hammer
to 2. It is anticipated that these isolated soft zones will fully consolidate during the
construction of the embankment and cause no long term settlement of the embankment.
Therefore, long term settlement should not occur and overbuilding the embankment to
accommodate for settlement is not considered necessary.

f. Seepage Analysis: The embankment was evaluated for seepage through and
beneath the embankment. Since the duration of a flood event at or above the design
water surface is very brief, it is unlikely that a condition of full saturation of the
embankment will occur. However, the seepage analysis did assume a full steady state
condition, causing saturation of the levee embankment. Any seepage through the
embankment will be collected by the sand blanket drain and discharged at the toe of the
levee, which will prevent saturation of the landside portion of the levee embankment.
Because of the pervious aquifer and varying thickness of blanket, analysis of
underseepage was performed. Preliminary seepage analysis was performed using
techniques presented in EM 1110-2-1913, Design and Construction of Levees (30 April
2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum Pressures.
This analysis indicated that the uplift pressures and exit gradients at the landside toe of
the levee are within acceptable ranges, except at along one reach where the exit gradients
were slightly higher. During the design, it was determined that additional area was
required for ponding interior drainage run-off. In order to provide space for ponding, the
area landward of the levee toe will be excavated to elevation 6.0. The excavation depth
varies from 0 to 3 feet and starts about 50 feet from the levee toe and extends to 250 feet
away from the levee toe. Because of the pervious sand and gravel stratum below the thin
blanket layer, a toe drain was included to relieve excess hydrostatic pressures that could
develop beneath the blanket layer. The toe drain also collects seepage and relieves
seepage pressures that could develop farther landward in the vicinity of the ponding area.
Additional underseepage analysis was performing in order to gain an understanding of
the flow rates and the magnitudes of hydrostatic uplift pressures acting beneath the
blanket layer and the levee foundation. A finite element seepage program, SEEP/W
2007, developed by GEO-Slope International was used to analyze seepage conditions.
The hydraulic conductivity values for the foundation materials were varied to determine a
range of possible results. In addition, the sand blanket drain and gravel toe drain beneath
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the levee embankment were also included in the typical section being analyzed. The
analysis showed that the excess hydrostatic pressures would dissipate through the blanket
layer and be controlled by the drains. The results from the seepage analysis are provided
in Sub-Attachment E, Seepage Aanlysis.

g. Stability Analysis: For small levee embankments less than about 10 to 15 feet
high, formal slope stability analyses are generally not performed. The maximum height
of the proposed Huntington levee would be about 15 feet on the riverside and 13 feet on
the landside; however, a majority of the landside levee embankment is less than than10
feet high due to the additional fill placed along the toe to provide cover for the pump
station conduit. Nevertheless, a stability analysis was performed using the same typical
levee section and foundation profile that was developed for the seepage analysis. The
slope stability seepage program, SLOPE/W 2007, developed by GEO-Slope International
was used to analyze stability of the embankment and foundation. The slope stability
analyses were performed for the intermediate river stage, sudden drawdown, steady
seepage, and end-of-construction conditions. The minimum factors of safety are 1.4 for
intermediate river stage and steady seepage, 1.3 for end of construction, and 1.0 for
sudden drawdown. Results from the stability analysis showed that the proposed
embankment and foundation meet the factor-of-safety requirements as required in EM
1110-2-1913, Design and Construction of Levees (30 April 2000). The results from the
stability analysis are provided in Sub-Attachment F, Stability Analysis.

f. Filter Design: The internal drains will collect and control seepage. In order to
meet this objective, the drainage material must be designed to retain the protected
materials (impervious embankment fill and foundation) and permit the movement of
water through the drain and out to the embankment toe. The sand drain for the proposed
embankment should be designed to meet the filter design requirements as presented in the
Natural Resources Conservation Service (NRCS) Chapter 26 “Gradation Design of Sand
and Gravel Filters”.  During the development of plans and specifications, the filter
design should be accomplished to meet filter criteria for both the embankment and
foundation material adjacent to the sand drain. Attached in Sub-Attachment G is a copy
of the NRCS filter criteria.

8. Sources of Construction Materials.

The design for the proposed embankment materials should be readily available in the
immediate vicinity of the project. The materials required to construct the various
structures consist of the following:

e impervious earth and random fills

processed sand and gravel materials (aggregates)

riprap

topsoil

pavement and sidewalk materials (concrete, asphalt, etc.)

concrete

and various geosynthetics and plastic pipe
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In the next design phase, consideration could be given to perform an extensive borrow
source investigation program, where several borrow areas would be identified for
obtaining the various types of earth materials. However, the prospect of developing a
government project owned borrow source for the various materials becomes complex due
to environmental, cultural, archeological, and real estate agreement issues. Because of
these factors and the small quantities that would be required, it is considered reasonable
to assume that all the materials would be obtained from commercially available sources.
By utilizing existing operating commercial sources, the need and cost for potential
studies, investigations, mitigation, permitting, and real estate acquisition or leasing was
eliminated. Therefore, the levee embankment will be constructed using materials from
borrow sources provided by the contractor, commercial sources, and required excavation,
which is the most effective approach. The contractor should be required to provide all
necessary permits to ensure acceptability of the site(s).

Descriptions for some of the various materials that will be required are provided below:

e Impervious Earth Fill: Impervious earth fill is required for constructing the
select fill zone of the levee embankment. The impervious embankment
materials would consist of clays, silty or sandy clays, clayey sands and gravels
that contain at least 25% by weight passing the No. 200 mesh sieve and have a
plasticity index greater than 5 but less than 30.

e Random Fill: Random fill material will be required for the ramps and to cover
the box culvert for the pump station. The random fill can consist of a wide
range of materials such as clays, sands, gravels or a combination. The
material excavated to create the ponding areas could also be possibly used for
random fill.

e Aggregates: Various types of processed aggregates would be used in the
project. Aggregates would be used for the sand blanket drain, toe drain, and
subbase course beneath pavements. The specifications for the various
aggregates should be written to assure that they meet filter requirements, and
are aggregates listed in Virginia Department of Transportation, Road and
Bridge Specification, or meet ASTM or AAHSTO standards. These materials
would be readily available from local commercial suppliers. Below is a table
showing various types of aggregates.

Aggregate Type Specification

Fine (Drainage Fill) Aggregate ASTM C 33 Fine Aggregate

Coarse (Drainage Fill) Aggregate | AAHSTO Coarse Aggregate #57

Road subbase material Dense Graded Aggregate 21A or 21B.*
* Virginia Department of Transportation, Road and Bridge Specification

e Riprap. Riprap will mostly be required for drainage channels to prevent
erosion. The riprap or stone material would be available from local stone
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quarries. Riprap would most likely be specified to meet Virginia Department
of Transportation, Road and Bridge Specification’s Riprap Class I, Il , or Al.

9. General Construction Considerations.

To construct the various features, the usual type of construction equipment will be used,
such as dozers, excavators, cranes, compactors, hauling trucks, and other miscellaneous
equipment. Materials would be transported to and from the site using normal size on-
road hauling (dump) trucks and concrete trucks. Careful consideration of the operations
and methods used to construct the various features in the vicinity of utilities and adjacent
properties and buildings will be necessary. At certain locations, during placement of fill
in low areas, some type of temporary protection such as flood-barriers berms may be
required in order to provide the required protection from flooding during a high creek
event. In addition, temporary shoring and bracing may be required for some of the
structural excavation.

As described above, isolated soft areas were encountered in some of the borings and test
pits. If these areas or zones are near the surface and are encountered during the
excavation, it may be necessary to remove these compressible and weak materials
depending on the thickness and extent of these zones. Another option may be to
temporary surcharge the area to induce consolidation of the material.

Access along certain reaches will require phasing and planning of the construction work.
This is especially important for the upstream tie-out reach adjacent to the homes at the
toe of the proposed levee. The proposed ponding areas can be used as the staging areas
and stockpiling of materials adjacent to the site.

10. Next Phase of Design

Based on the subsurface investigation and the preliminary design for this study,
additional subsurface investigation, testing, and design work will be necessary.
Additional drilling and testing will be required in order to provide the necessary data to
complete the design for the pump station. Prior to developing construction plans and
specifications, additional geotechnical design will consist of performing the appropriate
foundation design and analyses for the following features:

e Pump Station

e Drainage Structures

e Filter Design of sand drain and geotextile

e Foundation Design for the Interior Drainage features (manholes, inlets,
conduit/piping, swales, etc.)

e Pavement design

e And possibly some additional subsurface investigation (testing pits) to
identify any potential soft areas beneath the proposed embankment, especially
along the riverside toe.
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e Modification to the proposed design and embankment slopes depending on the
actual properties of the materials that will be used to construct the
embankment.

Prior to completing the construction of the project, O&M manuals should be completed
for all features of the system (embankments, drainage structure, pump station, etc).
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SUB-ATTACHMENT A

DRILL LOGS
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FLOOD PROTECTION PROJECT
HUNTINGTON, VA.

SUBSURFACE EXPLORATION NOTES

EXPLORATION WAS PERFORMED BETWEEN MARCH AND MAY 2008.

DRILL HOLES (DH) WERE ACCOMPLISHED BY STANDARD PENETRATION TEST
PROCEDURE (SPT, ASTM - 1586) USING A 1-3/8"ID SPLIT SPOON SAMPLER.
SAMPLE SPOONS WERE ADVANCED BY A 140# HAMMER FALLING 30'. THESE HOLES
WERE POWER AUGERED BETWEEN SAMPLES UNLESS OTHERWISE INDICATED. BLOW
COUNTS SHOWN ARE FOR 0.5 OF DRIVE, UNLESS OTHERWISE INDICATED.

ALL BORINGS WERE DRILLED BY A CME-750 EXCEPT DH-3 & DH-4 WHICH WERE
DRILLED BY A CME-720.

P - INDICATES LOCATION OF PRESSED SHELBY TUBE SAMPLE
WH - DENOTES WEIGHT OF HAMMER

BLOW COUNTS REQUIRED TO ADVANCE SAMPLE SPOON ARE SHOWN IN COLUMN (a)-

COLUMN (b) SHOWS THE NATURAL WATER CONTENTS IN PERCENT OF DRY WEIGHT
OF THOSE SAMPLES TESTED.

SOIL DESCRIPTIONS ARE SHOWN IN COLUMN (c)-
ALSO SHOWN IN THIS COLUMN ARE:

PPR - UNCONFINED COMPRESSION STRENGTH (tsf) READINGS FROM POCKET
PENETROMETER TESTS. DASHES ARE SHOWN WHEN PART OF A SAMPLE DRIVE 1S
NOT SUITABLE FOR POCKET PENETROMETER TESTS. NOTHING IS SHOWN IF THE
ENTIRE SAMPLE IS NOT SUITABLE FOR PPR TESTS.

SOIL DESCRIPTIONS ARE LABORATORY CLASSIFICATIONS BASED ON THE UNIFIED
SOIL CLASSIFICATION SYSTEM (ASTM D2487/2488), EXCEPT THOSE INDICATED
THUS (**), WHICH ARE FIELD INSPECTOR"S CLASSIFICATIONS.

GROUNDWATER DEPTHS ARE INDICATED ON THE LOGS AS ¥, ¥ & ¥ AND ARE
SHOWN IN COLUMN (d). PERTINENT DATA FOR THESE READINGS ARE SHOWN AT
THE BOTTOM OF LOG UNDER GROUNDWATER DATA OR ADDITIONAL GROUNDWATER
DATA. THESE READINGS MAY VARY DEPENDING UPON SEASONS AND AMOUNT OF
RAINFALL.

ELEVATIONS SHOWN ON THE BORING LOGS ARE GROUND SURFACE ELEVATIONS AT
THE TIME OF EXPLORATION. THEY WERE DETERMINED BY SURVEY.

VERTICAL DATUM: NAVD”88 (US FEET)

HORIZONTAL DATUM: NAD”83 (US FEET), NSRS”2007, VIRGINIA NORTH STATE
PLANE COORDINATE SYSTEM.

FOR LOCATIONS OF SUBSURFACE EXPLORATIONS, SEE BORING LOCATION PLAN.



GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6976700.99 DH-1
OFFSET: HUNTINGTON, VA. E 11889996.02 10f2
TOP ELEV: 4.6 COMPLETED: March 14, 2008
Depth(ft) (©) d (a) (b)
Moist, brown, sandy, LEAN CLAY w/brick frags, roots, & tr. of gravel
(CL) | 222
1.50 7 PPR 0.8'-1.5": 0.5, 0.5, 0.5
?z Moist, dk. yellow brown, clayey, fine SAND w/piece of root (SC) 7 243
3.00 K PPR 1.5-3.0:0.5,0.5,0.5
? Moist, yellow brown, soft, sandy FAT CLAY w/roots (CH)
/ PPR 3.0-4.5": 0.5, 2.0,2.0 I 317
4.50| Y4
//‘ Moist, yellow brown, clayey, fine SAND w/tr. of roots (SC) v 5]
o PPR 4.5-6.0:0.5,05,05 [¥ WH-WH-WH
6.00 //
Moist, yellow brown, fine, sandy, soft LEAN CLAY w/large gravel
(CL) 1 454
7.50 PPR 6.0'-7.5: 0.5, 0.5, 0.5
Moist, yellow brown, fine, sandy, soft LEAN CLAY (CL) 7 47-6
9.00
/7 Moist, gray & yellow brown, hard FAT CLAY w/tr. of sand (CH)
/ PPR 9.0-10.5:2.5,2.5,2.5 10— 44
10.50| %4
/7 Moist, gray, pale olive & yellow brown, sandy FAT CLAY (CH) 1
% PPR 10.5'-12.0": 4.0, 4.0, 4.0 2-4-9 254
[ 12.25
/ Moist, pale to yellow brown, clayey, fine SAND (SC)
// PPR 12.5-14.0': 3.5, 4.0, 4.0 1 eiLie
7
1 1450
| % Moist, gray & brown, silty, clayey, fine SAND (SC) 5
% PPR 15.0-16.5: 4.5,4.5,4.5
7/// PPR 17.5-19.0: 4.5,4.5,4.5 I
? 1 111621
19.50| /]
Moist, grayish brown, sandy LEAN CLAY (CL) 20
PPR 20.0"-21.5"4.5,4.5,4.5
PPR 22.5'-24.0" 3.5,3.5,3.5 ] #1316
1 8132 23.7
] 24.50
DH-1
GROUNDWATER DATA <
¥ WHILE DRILLING: 5.0 Fill [JAuger  XsPT  IRB
¥ ON COMPLETION: 5.3 [lcorea D300 [JTubex [{] Hand
¥24 Hr.READING: 5.0 ] Fish Tail [ Vibra Core [}y Water Jet[[l] Odex

G.2-21




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6976700.99 DH-1
OFFSET: HUNTINGTON, VA. E 11889996.02 20f2
TOP ELEV: 4.6 COMPLETED: March 14, 2008
Depth(ft) (©) d (a) (b)
Moist, grayish brown & gray, fine, sandy, hard LEAN CLAY (CL)
PPR 25.0'-26.5" 4.5, 4.5, 4.5 (continued from previous page) 14-16-29 | 21.8
{l_27.00| .
! / Moist, dk. yellow brown & gray, clayey fine SAND (SC)
/ PPR 27.5'-29.0": 4.5,4.5,4.5
7// 13-14-17
| 2050 ]
! Moist, brown, fine, sandy LEAN CLAY (CL) 30
PPR 30.0'-31.5": 4.5,4.5,4.5
| 5-13-16
31.50
BOTTOM OF HOLE |
Hole moved 6 feet to the east. i
35+
40—
45—
50—

G.2-22




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6976557.99 DH-2
OFFSET: HUNTINGTON, VA. E 11890401.01 10f2
TOP ELEV: 32 COMPLETED: March 18, 2008
Depth(ft) (©) d (a) (b)
0.50| ¥~ Moist, dk. yellow brown, clayey, fine SAND w/roots & leaves (SC)
Moist, dk. yellow brown, firm LEAN CLAY wr/tr. of gravel & sand 4 WHI3
1.50 (CL)
PPR 0.5'-1.0": ---, 0.5, 0.5/ -
1-3-2 41.1
3.00 Moist, dk. yellow brown, soft, sandy ELASTIC SILT w/decaying
organic material (MH)
PPR 1.5-3.0": ---, ---, 0.5 | 2-3-2
4.50 Moist, dk. yellow brown, sandy, soft LEAN CLAY w/decaying organic
material (CL) 5— WH.12
6.00 PPR 3.0'4.5":2.0, 1.5, 1.0 o
111\ Moist, black, sandy, clayey SILT w/decaying organic material & gravel
111\ (ML/OL) | 2-2-3
7.50] [ PPR 4.5'-6.0": 0.5, 2.0, 1.0
HH Wet, grayish brown, silty, coarse SAND w/gravel (SM) / 1 a3 16.6
9.00| [[|{{| Moist, grayish brown, silty, coarse SAND w/gravel (SM)
Y Wet, yellow brown, well graded GRAVEL wisilt & sand (GW-GM)
> K v 6-7-4
old t 10—
/ O N 4
S A 4 i
11.60| [ 343
12.25| W/ Moist, yellow brown, hard FAT CLAY (CH)
i PPR 11.6-12.0 3.0, 3.0, 3.0
Moist, red-yellow brown & gray, hard FAT CLAY w/sand (CH) ] 3.4-6 263
| PPR 12.5'-14.0" 3.5,3.5,3.5
PPR 15.0'-16.5" 4.0, 3.0, 2.5
s = 15
b } 5-7-9
fl_17.00 i
! /7 Moist, greenish gray, hard FAT CLAY witr. of fine sand (CH)
PPR 17.5'-19.0" 3.0, 3.5, 3.0 i
5-8-10
19.50
Moist, reddish brown & gray, hard FAT CLAY (CH) 20
PPR 20.0'-21.5" 3.0, 3.5, 3.0
PPR 22.5'-24.0": 3.0, 3.5, 2.5 ] T2
PPR 25.0'-26.5" 2.5,2.5,2.5
I PPR 27.5'-29.0" 2.5,2.5,2.5 .
PPR 30.0'-31.5":2.5,2.5,2.0
PPR 32.5'-34.0": 2.5, 3.0, 3.5 71 489
PPR 35.0'-36.5" 4.5, 4.0, 4.5
DH-2 DH-2A (26 MARCH 2008) P - indicates pressed shelby tube sample obtained
GROUNDWATER DATA GROUNDWATER DATA from an additional boring. .
¥ WHILE DRILLING: 10.0 | WHILE DRILLING: Fil [Pavger  [JspT  UrB
¥ ON COMPLETION: 10.5 | ON COMPLETION: [lcorea D300 [JTubex [{] Hand
¥24 Hr.READING: 11.0 Hr. READING: ] Fish Tail [ Vibra Core [}y Water Jet[[l] Odex

G.2-23




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6976557.99 DH-2
OFFSET: HUNTINGTON, VA. E 11890401.01 2 of 2
TOP ELEV: 3.2 COMPLETED: March 18, 2008
Depth(ft) (©) d () (b)
7/
% } 4-7-9
% 1 478
fl 29.50 /A
! 11| Moist, reddish brown & gray, hard silty SAND (SM) 30
H PPR 30.0'-31.5" 2.5,2.5,2.0
X 4 | 5-7-10 36.7
32.00] [} i
/ Moist, reddish brown & gray, hard FAT CLAY (CH)
/ PPR 32.5'-34.0": 2.5, 3.0, 3.5 ]
% PPR 35.0-36.5": 4.5, 4.0, 4.5 5-7-9
! g .
% | 6811
Moist, reddish brown & gray, fine sandy LEAN CLAY (CL)
PPR 37.5-38.84.5,4.5,4.5 i
7-11-18
38.80
T 3950| | | 1| Moist, dk. yellow brown, silty, fine SAND (SM)
= 7 PPR 38.8'-39.0": 1.5,2.0, 1.5 40
% Moist, dk. yellow brown, clayey, fine SAND (SC)
7/ PPR 40.0'-41.5" 1.5,2.0, 1.5 i
Jl 42.00| [/ ]
! 11| Moist, dk. yellow brown, silty, fine SAND (SM)
i PPR 42.5'-44.0": 1.5,1.5, 1.5 i
X 14 14-20-32
44.50| |1
/ Moist, reddish-yellow brown & gray, silty, clayey, fine SAND (SC/SM) 45
// PPR 45.0'-46.5": 3.5, 1.5, 2.0
7/ 11-24-37
46.50 //;
BOTTOM OF HOLE i
50—

G.2-24




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6976391.93 DH-3
OFFSET: HUNTINGTON, VA. E 11890764.05 10f2
TOPELEV: 7.1 COMPLETED: March 13, 2008
Depth(ft) (©) d (a) (b)
0.20/ 7,2 N\Moist, gray, silty, fine GRAVEL w/sand (GM)
/ Moist, strong brown, clayey, med SAND w/gravel (SC) - 774
H 9% PPR 0.2'-1.5": 0.5, 0.5, 0.5
500 / 0 5:0.5,0.5, |
! Moist, strong brown, LEAN CLAY w/sand & tr. of gravel (CL)
PPR 2.5'-4.0": 0.5, 0.5, 0.5 i
v 3-3-3
fl 4.0 A 2
! ~ldl Moist, strong brown, well graded GRAVEL wisilt & sand (GW-GM) 5
> PPR 5.0'-6.5": 2.0, 4.0, 2.5
) VA } 5-9-6 6.9
S
7.00| |24 _
t Wet, yellow brown, poorly graded GRAVEL wrisilt & sand (GP-GM)
1 61418
9.50
.| Wet, dk. yelow brown, poorly graded SAND w/gravel (SP) 10
o PPR 12.5'-14.0" 0.5, 0.5, 1.0
ST PPR 15.0-16.5" 0.5,0.5, 0.5 ] ele9 a2
1 5518 | 112
t 15
o 110047 | 112
| 17.00] |2 1
! %// Moist, greenish gray, hard FAT CLAY (CH)
/ PPR 17.5-19.0": 4.0, 4.0, 4.0 i
% 5-7-11
19.50 %
Moist, reddish brown & gray, hard LEAN CLAY w/sand (CL) 20
PPR 20.0'-21.5" 4.0, 4.0, 4.0
| 8-11-16 24.3
22.00 i
%/7 Moist, brown & gray, firm FAT CLAY w/fine sand (CH)
/ PPR 22.5'-24.0": 3.0, 4.0, 4.5 i
% 7-12-16
] 24.50 %
DH-3
GROUNDWATER DATA <
¥ WHILE DRILLING: 6.0 Fill Hlavger  [XseT  ErB

¥ ON COMPLETION: 3.5 []corea P00

¥ 24 Hr. READING: 4.5

E Tubex

) Fish Tail | Vibra Core [{J Water Jet[[l] Odex

@ Hand

G.2-25




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA.
OFFSET:

TOP ELEV: 7.1

FLOOD PROTECTION PROJECT
HUNTINGTON, VA.

N 6976391.93
E 11890764.05
COMPLETED: March 13, 2008

DH-3

20f2

Depth(ft) (c) d (a) (b)
Moist, reddish brown, fine sandy, hard LEAN CLAY (CL)
PPR 25.0'-26.5": 4.0, 3.5, 3.5 1 %1317
[ PPR 27.5'-29.0": 3.0, 3.5, 3.0 (continued from previous page)
T 711412
§l 29.50
! 7 Moist, reddish brown, hard FAT CLAY w/fine sand (CH) 30
/ PPR 30.0'-31.5": 4.0, 4.5, 4.5
% PPR 32.5'-34.0": 4.5, 4.0, 4.0 4 91319
I % PPR 35.0-36.5" 4.0, 3.5, 4.0
é 1 711413
b7 .
% | 61012 263
37.00 é |
7 Moist, yellow brown & gray, hard FAT CLAY w/fine sand (CH)
/ PPR 37.5'-39.0" 2.5, 3.5, 4.0 ]
% 7-13-16
Il 39.50 /
! Moist, yellow & reddish brown, hard FAT CLAY w/fine sand (CH) 40
/ PPR 40.0'-41.5" 3.0, 3.5, 4.0
% | 81521
Il 42.00 % ]
! 7 Moist, yellow brown & gray, clayey, fine SAND (SC)
/ PPR 42.5'-44.0' 1.5, 2.5, 2.0 i
7/// PPR 45.0-46.5" 2.5, 2.0, 3.0 71217
I %/ 45
// | 81518 | 240
46.50 //;
BOTTOM OF HOLE |
50—

G.2-26




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6976169.98 DH-4
OFFSET: HUNTINGTON, VA. E 11891108.89 10f2
TOPELEV: 6.4 COMPLETED: March 13, 2008
Depth(ft) © d (a) (b)
11[|| Moist, dk. grayish brown, silty fine SAND w/gravel (SM) 32
I 2.00| [l i
1] / Moist, gray & strong brown, clayey, coarse SAND w/gravel (SC)
0 PPR 2.5'4.0: 2.0, 1.5, 1.5 T
7 4s0| [ \ 2
1 7/ Moist, yellow brown & gray, firm, sandy FAT CLAY (CH) 5
/ PPR 5.0-6.5": 0.5, 0.5, 0.5 33
Z i 3-
% PPR 7.5-8.8 0.5, 0.5, 0.5
/ N 3. 36.5
8.80 /A 2
9.50 2 large gravels, & 25 grams of silty sand
I 77 PPR 8.8-9.0": 0.5, 0.5, 0.5 10
/ Moist, dk. gray & yellow brown, soft, clayey SAND w/gravel (SC) 1 2-2-1 40.4
7/ PPR 10.0-11.5; 0.5, 0.5, 0.5
i // PPR 12.5-14.0': 0.5, 0.5, 0.5 -
% ] 3-4-9
I 14.50 %
/7 Moist, yellow brown & gray, hard FAT CLAY (CH) 15
% PPR 15.0-16.5" 1.5,2.0,2.5 733
o _
/7 Moist, reddish brown & gray, hard FAT CLAY (CH)
% PPR 17.5'-19.0": 4.0, 4.0, 4.0 1 s
f o0
/7 Moist, brown w/gray, hard FAT CLAY (CH) 20
/ PPR 20.0'-21.5": 4.0, 4.0, 4.0 0815
% PPR 22.5'-24.0": 3.0, 4.0, 4.0 iy
P% T 9142 253
Jl24.50 _é
1 Moist, brown & gray, hard, sandy LEAN CLAY (CL) 25
PPR 25.0-26.5": 3.0, 2.5, 2.5 7:9.17 4
Jl27.00 i
1] %/ Moist, brown, hard FAT CLAY (CH)
—/ PPR 27.5'-29.0": 4.0, 4.0, 4.0 1 siats
P% PPR 30.0'-31.5": 4.0, 4.0, 4.0
I / PPR 32.5-34.0': 4.5, 4.5, 4.5
i 7/
DH-4 DH-4B (16 JUNE 2008) P - indicates pressed shelby tube sample obtained
GROUNDWATER DATA GROUNDWATER DATA from an additional boring. .
¥ WHILEDRILLING: 6.0 | WHILE DRILLING: Fil [favger  [dseT IrB
¥ ON COMPLETION: 3.5 ON COMPLETION: []corea Pq30om [\ Tubex  [{I] Hand
¥24 HrREADING: 45 Hr. READING: ] Fish Tail [ Vibra Core [}y Water Jet[[l] Odex

G.2-27




STA. FLOOD PROTECTION PROJECT N 6976169.98 DH-4

OFFSET: HUNTINGTON, VA. E 11891108.89 2 0f2
TOPELEV: 6.4 COMPLETED: March 13, 2008
Depth(ft) (©) d (a) (b)
%// Moist, brown, hard FAT CLAY (CH)
/ PPR 27.5'-29.0": 4.0, 4.0, 4.0 4 eI
I % PPR 30.0-31.5" 4.0, 4.0, 4.0 |
/ PPR 32.5'-34.0": 4.5, 4.5, 4.5 (continued from previous page)
% 1 10-11-14
Il 34.50 /
1 ? Moist, brown & gray, hard FAT CLAY (CH) 35
% PPR 35.0-36.5 4.5, 4.5, 4.5 | 1010
I 37.00| YA ]
7 Moist, brown, hard, sandy FAT CLAY (CH)
/ PPR 37.5'-39.0: 4.5,4.5,4.5 1 g1419
/ PPR 40.0'-41.5" 4.5,4.5,4.5
I % PPR 42.5'-44.0': 4.5, 4.5, 4.5
/ PPR 45.0-46.5": 4.0, 4.5, 4.5 40
% | 8-13-15
é T 7-10-14
I 7 ;
% | 79414 | 256
%// Moist, brown & gray, hard FAT CLAY (CH)
% PPR 50.0-51.5" 4.0, 4.5, 4.5 i
/ 50
% 1 3812
525 A -
7// Moist, dk. grayish brown, hard FAT CLAY (CH)
/ PPR 55.0-56.5" 4.5, 4.5, 4.5 )
% PPR 60.0-61.5" 4.5, 4.5, 4.5 55
% | 6-12-16 28.4
/ | 817220
61.50| Y
BOTTOM OF HOLE i

GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6976002.98 DH-5
OFFSET: HUNTINGTON, VA. E 11891000.05 10f2
TOP ELEV: 6.1 COMPLETED: March 14, 2008
Depth(ft) (©) d (a) (b)
| Moist, dk. grayish brown, silty SAND w/tr. of roots (SM) saa
1.30] {1H: . o
A 1.50 Moist, dk. grayish brown, silty SAND wrtr. of gravel (SM) i
3.00 PPR 1.3'-1.5": 1.5, 0.5, 0.5/ 5-5-6
' Moist, dk. brown, clayey, coarse SAND w/gravel (SC)
Moist, dk. yellow brown, poorly graded med SAND wrsilt & gravel | 782 >3
4.50 (SP-SM) y
6.00 Moist, dk. yellow brown, silty GRAVEL w/sand (GM) > 141516
. )4
Wet, dk. yellow brown, poorly graded GRAVEL wrisilt & sand v
(GP-GM) | 7-8-9 10.3
1 577 10.3
11-19-19 10.3
10.50 107
Very moist, dk. yellow brown, poorly graded GRAVEL wisilt & sand i
(GP-GM) 19-24-22 10.3
1 12.25 PPR 10.5'-12.0" 1.5,0.5, 1.5
Wet, yellow brown, poorly graded GRAVEL wrisilt & sand (GP-GM) 1 139
I 14.50
Moist, olive gray & yellow brown, clayey, fine SAND (SC) 15
PPR 15.0'-16.5" 2.5, 3.0, 3.0 5.4.10
I 17.00 |
Moist, It. olive gray, firm LEAN CLAY (CL)
PPR 17.5'-19.0": 4.5,4.5,4.5 1 s9.5
I 19.50
Moist, greenish gray, hard LEAN CLAY (CL) 20
PPR 20.0"-21.5"4.5,4.5,4.5 1 61012 252
L 22.00 i
1 %/ Moist, brown wilt. gray, hard FAT CLAY (CH)
/ PPR 22.5'-24.0:2.5,3.0,3.5 1 ssn
% PPR 25.0-26.5": 4.0, 4.0, 3.0
I % 25
% 1 711415
Jl_27.00 / -
1 Moist, olive gray, firm SILT (ML)
PPR 27.5'-29.0": 4.0, 4.0, 4.0 1 81419
Jl29.50
DH-5
GROUNDWATER DATA -
Fill [Jlauger s KRB

¥ WHILE DRILLING: 6.5

¥ ON COMPLETION: 6.0 []corea P00

¥ 24 Hr. READING: 4.5

E Tubex @ Hand

) Fish Tail | Vibra Core [{J Water Jet[[l] Odex

G.2-29




STA. FLOOD PROTECTION PROJECT N 6976002.98 DH-5

OFFSET: HUNTINGTON, VA. E 11891000.05 2 of 2
TOP ELEV: 6.1 COMPLETED: March 14, 2008
Depth(ft) (© d (a) (b)
7 Very moist, It. olive brown, clayey, fine SAND (SC)
/ PPR 30.0'-31.5": 1.5, 2.0, 3.0 (continued from previous page) . 23:5
3l 32.00| 4 i
1 Moist, brown w/gray, hard LEAN CLAY w/sand (CL)
PPR 32.5'-34.0": 4.0, 4.0, 4.0 1 1400
Jl_34.50
1 Moist, brown w/gray, hard LEAN CLAY (CL) 35
PPR 35.0-36.5" 4.5,4.5,4.5 0.13.19
I 37.00 i
Moist, brown & gray, hard LEAN CLAY (CL)
PPR 37.5-39.0" 4.5, 4.5,4.5 1 101418
I 39.50
? Moist, brown, red & greenish gray, hard FAT CLAY (CH) 40
% PPR 40.0-41.5" 4.5, 4.5, 4.5 | w016 | 291
I 42.00| Y/ i
/7 Moist, brown & lt. gray, hard FAT CLAY (CH)
% PPR 42.5'-44.0: 4.0, 3.0, 4.5 1 5109
I 44.50 é
/7 Moist, dk. grayish brown, hard FAT CLAY (CH) 45
/ PPR 45.0'-46.5': 4.5,4.5,4.5 6.9.13
% PPR 50.0'-51.5": 4.0, 4.0, 4.5 iy
% | 6-15-18
53.25 / ]
Moist, brown & greenish gray, hard FAT CLAY (CH)
% PPR 55.0'-56.5": 4.0, 4.5, 4.0 ]
/ 55
% | 8-15-17
525 A _
T[] Moist, dk. yellow brown, silty, fine SAND (SM)
PPR 60.0-61.5" 3.0, 4.5,2.5 ]
60
| 15-20-46
61.50
BOTTOM OF HOLE i

GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975985.85 DH-6
OFFSET: HUNTINGTON, VA. E 11891392.38 10f2
TOP ELEV: 5.7 COMPLETED: March 18, 2008
Depth(ft) (c) d (a) (b)
Moist, dk. brown, SILT w/roots & leaves (ML)
223
1.30 i
150 // Moist, pale yellow, soft-firm LEAN CLAY (CL)
/ PPR 1.3-1.5" 1.0, 1.0, 1.5 / 1 333 | ois
3.00 A Moist, strong brown, firm, sandy FAT CLAY wr/tr. of gravel (CH)
PPR 1.5'-3.0": 1.0, 1.5, 2.0 330
4.50 Moist, strong brown, soft LEAN CLAY (CL) ]
PPR 3.0-4.5:15,15,1.5/ |y 5
Y -1-
6.00 Moist, strong brown, soft LEAN CLAY w/wood & sand (CL) v i
; 7 PPR 4.5-6.0:0.5,1.0,2.5 /|
1 Wet, yellow brown, clayey, coarse SAND w/gravel (SC) 1 376 23.3
7.50 / PPR 6.0'-7.5": 2.5, 0.5, 1.5
' Wet, brown, poorly graded SAND wrsilt & gravel (SP-SM) 7 4-5.7
/\ PPR 9.0'-10.5": ---, 0.5, 0.5
PPR 10.0'-11.5": ---, 0.5, 0.5
PPR 15.0'-16.5": ---, 0.5, 0.5 10 +7H
1 755
1 769
L 15
| 12-13-14
fl_17.00 i
! Moist, yellow brown, firm LEAN CLAY (CL)
PPR 17.5'-19.0" 2.5,2.5, 3.0 |
10-6-6
19.50
/7 Moist, greenish gray, firm FAT CLAY (CH) 20
/ PPR 20.0'-21.5" 3.5,3.5,3.5
% 1 6811
22.00 7 1
Moist, greenish gray & brown, hard FAT CLAY (CH)
PPR 22.5'-24.0": 4.5,4.5,4.5 i
7-10-14 25.1
] 24.50
DH-6
GROUNDWATER DATA -
Fill [Jlauger s KRB

¥ WHILE DRILLING: 5.0

¥ ON COMPLETION: 5.3 []corea P00

¥ 24 Hr. READING: 5.8

E Tubex

) Fish Tail | Vibra Core [{J Water Jet[[l] Odex

N~

@ Hand

G.2-31




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975985.85 DH-6
OFFSET: HUNTINGTON, VA. E 11891392.38 20f2
TOP ELEV: 5.7 COMPLETED: March 18, 2008
Depth(ft) (c) d (a) (b)
%// Moist, brown, hard FAT CLAY (CH)
/ PPR 25.0-26.5" 4.0, 4.5, 4.5 ] oll-14
[ % PPR 27.5'-29.0": 3.5, 3.5, 3.5 (continued from previous page)
% 1 s-10-12
§l 29.50 é
) Y// Moist, brown & gray, hard, sandy FAT CLAY (CH) 30
/ PPR 30.0'-31.5" 4.5, 4.5, 4.5
% PPR 32.5'-34.0": 4.5, 4.5, 4.5 1 71218
/ PPR 35.0-36.5" 4.5, 4.5, 4.5
I % PPR 37.5'-39.0": 3.0, 3.0, 3.0 b
é 1 101420 | 265
I % 35
% | 101318
% 1 8-12-17
§l 39.50 /
! 11| Very moist, brown & gray, silty, fine SAND (SM) 40
TH| PPR 40.0'-41.5": 3.0, 3.0, 3.0
| 81217
§l 42.00] L1 i
! / Moist, brown, hard FAT CLAY (CH)
/ PPR 42.5'-44.0": 4.5,4.5,4.5 ]
% PPR 45.0-46.5': 4.5, 4.5, 4.5 8-10-16
! g .
/ | 81417
46.50| Y
BOTTOM OF HOLE 1
50—

G.2-32




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975822.72 DH-7
OFFSET: HUNTINGTON, VA. E 11891645.25 10f2
TOP ELEV: 54 COMPLETED: March 19, 2008
Depth(ft) (©) d (a) (b)
Moist, very dk. brown, soft SILT w/organic material & gravel (ML)
2-2-3
1.30 i
w Moist, strong brown, sandy LEAN CLAY (CL)
PPR 1.3'-1.5": 1.0, 1.0, 1.5 1 333
3.00 Z PPR 1.5-3.0:2.0,1.5,2.5
//‘/ Wet, strong brown, soft, clayey SAND w/wood (SC) 43 274
450 PPR 3.04.5: 0.5, 1.0, 1.5 ]
Very moist, yellow brown, soft LEAN CLAY w/sand (CL) 5
PPR 4.5-6.0: 1.5, 1.0, 1.5 2-22
6.00
7 Wet, brown, clayey, coarse SAND w/gravel (SC)
gy PPR 6.0'-7.5": 1.5,2.0, 1.5 1 766 17.5
7.50| 1/ ¥
% Wet, brown, clayey, coarse SAND (SC) |
% PPR 7.5-9.0": ---, 0.5, 0.5 358
9.00 ////
% Wet, brown, clayey, coarse SAND w/gravel (SC)
gy PPR 9.0'-10.5": 0.5, 0.5, 0.5 | 6810
10.50 ///// 10
11| Wet, yellow brown, poorly graded coarse SAND wisilt & gravel 1
St (SP-SM) 1-4-6
=l PPR 15.0-16.5": -—, 0.5, 0.5
{ A
= 1 ss10
L .::'.. : 15
al | 356
fl_17.00] |-{} 1
! 11l Wet, yellow brown, poorly graded med SAND wisilt & gravel (SP-SM)
18.00] |- 1f i
%// Moist, grayish brown, FAT CLAY (CH) 5-5-9
/ PPR 18.0'-19.0" 3.5, 3.0, 2.5
19.50| %4
/7 Moist, It. olive brown, firm FAT CLAY w/sand (CH) 20
/ PPR 20.0'-21.5" 2.0, 4.0, 4.5
% PPR 22.5'-24.0': 3.0, 3.5, 4.0 J et
I % PPR 25.0-26.5"; 4.0, 4.0, 4.0
é 1 4638 335
| 7
DH-7
GROUNDWATER DATA <
¥ WHILE DRILLING: 7.0 Fill Hlavger  [XseT  ErB
¥ ON COMPLETION: 7.2 [lcorea D300 [JTubex [{] Hand
¥24 Hr.READING: 7.4 ] Fish Tail [ Vibra Core [}y Water Jet[[l] Odex
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975822.72 DH-7
OFFSET: HUNTINGTON, VA. E 1189164525 20f2
TOPELEV: 54 COMPLETED: March 19, 2008
Depth(ft) (©) d (2) (b)
7/
% 6-9-11
| 27.00 % .
! Moist, brown, hard LEAN CLAY (CL)
PPR 27.5'-29.0": 4.5, 4.5, 4.5 ]
PPR 30.0'-31.5" 4.5,4.5,4.5 6-9-14
[ PPR 32.5'-34.0": 4.5,4.5,4.5
PPR 35.0'-36.5" 2.5, 3.0, 4.0
L 30
| 7-12-13
1 10-16-17
| y
| 7-14-16 23.0
37.00 |
Moist, brown & gray, hard LEAN CLAY wrtr. of sand (CL)
PPR 37.5'-39.0": 4.5, 4.5, 4.5 ]
8-12-15
§l 39.50
) %// Moist, brown & gray, hard FAT CLAY (CH) 40
/ PPR 40.0'-41.5" 4.0, 4.5, 4.5
% 1 81517
Il 42.00 / i
! Moist, brown, hard FAT TO LEAN CLAY (CH/CL)
/ PPR 42.5'-44.0": 4.0, 4.5, 4.5 ]
% PPR 45.0-46.5" 4.5,4.5,4.5 8-14-19
\ 7 -
/ | 91417
46.50| Y
BOTTOM OF HOLE i
50—

G.2-34




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975639.00 DH-8
OFFSET: HUNTINGTON, VA. E 11891944.26 10f2
TOPELEV: 3.5 COMPLETED: March 24, 2008
Depth(ft) (c) d (a) (b)
Very moist, very dk. brown, soft SILT w/gravel, glass, & plastic (ML)
1.10 ] 233
1.50 Moist, dk. yellow brown, soft LEAN CLAY w/sand (CL)
PPR 1115 0.5,05,0.5/ | 1
7-3-3
3.00 Very moist, yellow brown, soft LEAN CLAY w/sand & gravel (CL)
370 PPR 1.5'-3.0": 0.5, 0.5, 0.5
4,50 Very moist, yellow brown, soft LEAN CLAY (CL) - 2-22
. T PPR 3.0'-3.7": 0.5, 0.5, 1.5
I\ Wet, dk. grayish brown, soft SILT w/decayed wood (ML) 7] 1-1-2 60.8
6.00 PPR 3.7-4.5": 0.5, 1.0, 1.5
Wet, very dk. grayish brown, soft silty SAND (SM) WH-WH-WH
750 PPR 4.5'-6.0": 0.5, 0.5, 0.5 ]
Wet, dk. grayish brown, soft LEAN CLAY w/sand (CL) -
0.00 PPR 6.0-7.5 0.5,0.5, 0.5 3
Wet, olive brown, gravelly LEAN CLAY w/sand (CL)
PPR 7.5'-9.0: 0.5, 0.5, 0.5 10— 5-8-6
10.50 Wet, olive brown, poorly graded GRAVEL wisilt & sand (GP-GM)
PPR 9.0'-10.5" 05, 05, 05/ 7 7-10-15
Wet, yellow brown, poorly graded GRAVEL wrisilt & sand (GP-GM) v
i PPR 10.5-12.0: 0.5,05,0.5 |¥
PPR 12.5'-14.0# 0.5,0.5,0.5 |¥ 1 572
fl_14.50
! 11| Very moist, yellow brown, poorly graded med SAND wisilt & gravel 15
S| (SP-SM)
ol PPR 15.0'-16.5" 0.5, 1.0, 0.5 ] 1420-17
L 17.00] |1 |
! %// Moist, brown, firm FAT CLAY w/sand (CH)
% PPR 17.5'-19.0: 0.5, 1.0, 0.5 -
% PPR 20.0-21.5" 3.5,3.5,3.5 479
! g ’
% | 7915 28.0
I 22.00 é |
1 7-12-15
| 2
DH-8
GROUNDWATER DATA <
¥ WHILE DRILLING: 12.1 Fill [JAuger  XsPT  IRB
¥ ON COMPLETION:  13.1 [lcorea D300 [JTubex [{] Hand
¥24 Hr.READING: 125 ] Fish Tail [ Vibra Core [}y Water Jet[[l] Odex
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975639.00 DH-8
OFFSET: HUNTINGTON, VA. E 11891944.26 20f2
TOP ELEV: 35 COMPLETED: March 24, 2008
Depth(ft) (c) d (a) (b)
%// Moist, brown & gray, hard FAT CLAY (CH)
/ PPR 22.5'-24.0" 3.5, 2.5, 4.0 | 7-10-11
| % PPR 25.0-26.5" 4.5, 4.5, 4.5
/ PPR 27.5'29.0": 4.5, 4.5, 4.5 -
s / PPR 30.0'-31.5": 4.5, 4.5, 4.5
/ PPR 32.5-34.0": 4.5, 4.5, 4.5 1 s
% PPR 35.0'-36.2": 4.5, 4.5, 4.5 (continued from previous page)
] % 30
% | 81119
é 1 6-10-16 24.5
b7 "
36.20 % | 91114
11[|| Moist, It. olive gray, silty, fine SAND (SM)
I 37.00 7 PPR 36.2-36.5" 4.5, 4.5, 4.5 .
/ Moist, brown, hard FAT CLAY (CH) |
/ PPR 37.5'-39.0": 3.0, 2.5, 3.0 7-11-13
| / PPR 40.0'-41.5": 4.0, 3.5, 4.0
% PPR 42.5'-44.0": 4.5, 4.5, 4.5
t / PPR 45.0-46.5" 4.5. 4.5, 4.5 40
% | 9914 27.7
é 1 8-14-19
7 ’
/ | 81115
46.50| Y/
BOTTOM OF HOLE |
50—
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975466.95 DH-9
OFFSET: HUNTINGTON, VA. E 11891842.09 10f2
TOP ELEV: 6.5 COMPLETED: March 25, 2008
Depth(ft) (c) d (@) (b)
0.70 | | | | Moist, dk. brown, soft SILT w/sand & roots (ML)
150 Moist, brown, sandy LEAN CLAY wi/tr. of gravel (CL) WH-1-2
: T PPR 0.7'-1.5": 1.5, 1.0, 1.5
1l Moist, brown, silty med SAND (SM) T 323
3.00 1 PPR 1.5'-3.0" ---, ---, 0.5
' 1] Very moist, strong brown, silty med SAND (SM) 204
4.50 PPR 3.0'-4.5": 0.5, 0.5, 0.5 N
| Very moist, brown, silty, med SAND (SM) A4 5]
PPR 4.56.0:0.5,0.5,0.5 |¥ 24 D4
6.00| |11 A 4
| Very moist, brown, silty, med SAND wi/clay lens & gravel (SM)
PPR 6.0'-7.5": 0.5, 0.5, 0.5 i 1-3-3 194
7.50| bHiL
| Wet, brown, silty med SAND w/gravel (SM) 1
PPR 7.5'-9.0": 0.5, 1.0, --- 2-4-6
9.00
Wet, brown, silty GRAVEL w/sand (GM)
PPR 9.0'-10.5": 0.5, 1.0, 0.5 10 101713
10.50
| Wet, brown, sitly fine-med SAND w/gravel (SM) 1
PPR 10.5'-12.0": 0.5, 1.0, 0.5 3-3-6
[ 12.25 :
Wet, yellow brown, poorly graded SAND wi/silt & gravel (SP-SM)
PPR 12.5'-14.0": 0.5, 0.5, 0.5 7-10-12
Jl_14.50] [
! 1 Wet, yellow brown, poorly graded med SAND w/gravel (SP) 15
PPR 17.5'-18.6": 0.5, 0.5, 0.5
PPR 15.0-16.5" 0.5, 0.5, 0.5 4 %16
18.60| f.. .. ] 3-4-4
Moist, yellow brown & gray, firm LEAN CLAY (CL)
I 19.50 Z PPR 18.6-19.0": 2.5, 3.0, 3.5
/ Moist, reddish brown, hard FAT CLAY (CH) 20
% PPR 20.0'-21.5": 4.0, 4.5, 4.5 | 6814
22.00 7 1
Moist, brown, hard FAT CLAY w/sand (CH)
PPR 22.5'-24.0": 4.5,4.5,4.5 i
PPR 25.0-26.5" 4.5,4.5,3.0 T13-18 ) 259
DH-9
GROUNDWATER DATA <
¥ WHILE DRILLING: 5.5 Fill Hlavger  [XseT  ErB
¥ ON COMPLETION: 4.9 [lcorea D300 [JTubex [{] Hand
¥24 Hr.READING: 6.0 ] Fish Tail [ Vibra Core [{ Water Jet[[l] Odex
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:24

STA. FLOOD PROTECTION PROJECT N 6975466.95 DH-9
OFFSET: HUNTINGTON, VA. E 11891842.09 20f2
TOP ELEV: 6.5 COMPLETED: March 25, 2008
Depth(ft) (c) d (a) (b)
| 612-15
{l_27.00 / i
! Moist, grayish brown, hard FAT CLAY (CH)
PPR 27.5'-29.0": 4.5, 4.5, 4.5 _
PPR 30.0-31.5" 4.5, 4.5, 4.5 7-8-11
: 30
| 6811
32.00 _
Moist, brown, hard FAT CLAY (CH)
PPR 32.5'-34.0": 4.5, 4.5, 4.5 _
6-12-16
34.50 /
Moist, brown & lt. gray, hard FAT CLAY (CH) 35
PPR 35.0'-36.5": 4.5, 4.5, 4.5
PPR 37.5'-39.0": 4.5, 4.5, 4.5 4 71318
T 9-1423
§l 39.50
! Moist, greenish gray, hard FAT CLAY (CH) 40
PPR 40.0'-41.5" 3.0, 3.5, 4.5
| 81118
§l 42.00 i
! Moist, brown & lt. gray, hard FAT CLAY (CH)
/ PPR 42.5'-44.0" 4.5, 4.5, 4.5 ]
% PPR 45.0-46.5: 4.5,4.5, 4.5 6-12-18 | 219
! g .
/ | 51218
46.50| Y
BOTTOM OF HOLE 1
50—
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA. FLOOD PROTECTION PROJECT N 6975460.04 DH-10
OFFSET: HUNTINGTON, VA. E 11892245.03 1o0f2
TOP ELEV: 10.4 COMPLETED: March 25, 2008
Depth(ft) (c) d (a) (b)
Moist, dk. brown, SILT w/roots & pieces of asphalt (ML)
2-3-3
1.30 i
A 1.50, Moist, yellow brown, soft LEAN CLAY (CL)
PPR 1.3'-1.5" 0.5, 1.0, 1.5/ T 2-4-3
3.00 Moist, dk. gray, firm LEAN CLAY w/sand (CL)
PPR 1.5-3.0": 0.5, 0.5, 0.5/
1 454
4.50 Moist, dk. yellow brown, soft LEAN CLAY (CL)
PPR 3.04.5": 1.5,2.0,2.5 5
6.00 Moist, dk. grayish brown, firm LEAN CLAY w/sand (CL) 64
: PPR 4.5'-6.0": 0.5, 1.0, 1.5
Very moist, brown, soft LEAN CLAY wi/tr. of gravel (CL) i 3-6-4
71.50 / PPR 6.0'-7.5 0.5, 0.5, 0.5
Very moist, brown, soft ELASTIC SILT w/sand & wood (MH) WH-WH=2 | 43.9
9.00 PPR 7.5'-9.0: 0.5, 0.5, 0.5
V,
Very moist, brown, soft LEAN CLAY wi/tr. of wood & gravel (CL) 532
10,50 PPR 9.0-10.5:0.5,0.5,0.5 [¥| 10+
Moist, olive brown, soft LEAN CLAY (CL) 1
PPR 10.5'-12.0" 2.0, 2.5, 2.0 2-25
[ 12.25
% Very moist, yellow brown, clayey, coarse SAND (SC)
% PPR 12.5-13.0:15,1.0,15 |¥ 1 ton3
T 1450,
! || Wet, yellow brown, poorly graded coarse SAND wrisilt & gravel 15
(SP-SM)
PPR 15.0'-16.5": 0.5, 0.5, 0.5 1 1097 12.0
fl_17.00 i
! Wet, yellow brown, silty, GRAVEL w/sand (GM)
PPR 17.5'-19.0" 0.5, 0.5, 0.5 i
6-21-22
19.50 v
1 Wet, yellow brown, poorly graded SAND w/gravel (SP) 20
PPR 20.0'-21.5" 0.5, 0.5, 0.5
PPR 22.5'-24.0: 0.5, 0.5, 0.5 4 oS 130
1 682 13.0
] 24.50
DH-10
GROUNDWATER DATA <
¥ WHILE DRILLING: 10.0 Fill [JAuger  XsPT  IRB
¥ ON COMPLETION:  13.1 [lcorea D300 [JTubex [{] Hand
¥24 Hr.READING: 19.1 ) Fish Tail | Vibra Core [{J Water Jet[[l] Odex
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/8/08 12:23

STA.
OFFSET:

TOP ELEV: 104

FLOOD PROTECTION PROJECT
HUNTINGTON, VA.

N 6975460.04
E 11892245.03
COMPLETED: March 25, 2008

DH-10

20f2

Depth(ft) (c) d (a) (b)
Moist, yellow brown, firm LEAN CLAY w/sand (CL)
PPR 25.0'-26.5": 4.0, 4.0, 4.0 (continued from previous page) 4 3610
fl 27.00 i
! Moist, greenish gray, firm, sandy LEAN CLAY (CL)
PPR 27.5'-29.0": 4.0, 4.0, 4.0 |
112432 | 217
fl 29.50
) Y// Moist, brown & lt. gray, hard FAT CLAY (CH) 30
/ PPR 30.0'-31.5": 4.0, 4.0, 4.0
% PPR 32.5'-34.0: 4.5, 4.5, 4.5 4 12
% 1 91524 24.0
34.50 é
Moist, brown, hard FAT CLAY (CH) 35
PPR 35.0-36.5:4.5,4.5,4.5
PPR 37.5'-39.0": 4.5, 4.5, 4.5 4 1
1 91421
| 39.50| Y
| /7 Moist, brown & olive, hard FAT CLAY (CH) 40
/ PPR 40.0-41.5: 4.5, 4.5, 4.5
% PPR 42.5'-44.0": 4.5, 4.5, 4.5 4 710
| % PPR 45.0-46.5" 4.5, 4.5, 4.5
é 1 91420
I % 45
/ | 10-15-21
46.50 é
BOTTOM OF HOLE 1
50—
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/14/08 14:00

STA. FLOOD PROTECTION PROJECT N TP-1
OFFSET: HUNTINGTON, VA. E 1of1
TOP ELEV: COMPLETED: October 1, 2007
Depth(ft) (©) d (a) (b)
050! =1 Slightly moist, TOPSOIL (**)
'/ Moist, It. red brown, CLAY w/sand & large pieces of wood (CH) i
4.00 7
Very moist, dk. gray, ELASTIC SILT (MH)
500 {Organic Content: 8.3%} S74
Wet, very dk. gray, sandy, clayey GRAVEL w/some water at bottom >
Kk
6.00 )
BOTTOM OF TEST PIT
Notes:
1. Test Pit was 10.0' long, 3.0' wide and 6.0' deep. ]
2. Water slowly appeared at bottom of pit.
10—
15—
TP-1
GROUNDWATER DATA <
WHILE DRILLING: NE Fill Hlavger  [XseT  ErB
ON COMPLETION: NE [lcorea D300 [JTubex [{] Hand
24 Hr.READING: NE ] Fish Tail [ Vibra Core [}y Water Jet[[l] Odex

G.2-41




GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/14/08 14:00

STA. FLOOD PROTECTION PROJECT N TP-2
OFFSET: HUNTINGTON, VA. E 1ofl
TOP ELEV: COMPLETED: October 1, 2007
Depth(ft) (c) d (a) (b)
050! =21 TOPSOIL witr. of wood (**)
'/ Moist, red yellow, sandy CLAY wr/tr. of gravel (CH) i
3.00 é i
% Moist, red yellow to gray, clayey SAND wr/tr. of gravel (SC)
4.50| (7
Very moist, gray to dk. gray, sandy CLAY to clayey SAND w/tr. of
gravel & some wood at bottom of pit (**) 5
6.00 |
BOTTOM OF TEST PIT
Note:
Test Pit was 10.0' long, 3.0' wide and 6.0' deep. ]
10—
15—
TP-2
GROUNDWATER DATA <
WHILE DRILLING: NE Fil - [flauger  DIseT UrB
ON COMPLETION: NE [lcorea D300 [JTubex [{] Hand
24 Hr.READING: NE ) Fish Tail | Vibra Core [{J Water Jet[[l] Odex
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/14/08 14:00

STA. FLOOD PROTECTION PROJECT N TP-3
OFFSET: HUNTINGTON, VA. E 1of1
TOP ELEV: COMPLETED: October 1, 2007
Depth(ft) (©) d (a) (b)
Moist, It. red yellow, gravelly, clayey SAND (**) i
2.10 -
? Moist, It. red yellow, sandy CLAY w/some gravel (CH)
Moist, gray brown to gray, sandy CLAY w/some gravel (**) s
5.50
6.00 Very moist, sandy CLAY w/some gravel (**)
BOTTOM OF TEST PIT
Note:
Test Pit was 10.0' long, 3.0' wide and 6.0' deep. ]
10—
15—
TP-3
GROUNDWATER DATA <
WHILE DRILLING: NE Fill Xser KRB

ON COMPLETION: NE
24 Hr. READING: NE

I] Cored

E Tubex

) Fish Tail | Vibra Core [{J Water Jet[[l] Odex

@ Hand
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GEO-2 FLOOD PROTECTION PROJECT.GPJ 10/14/08 14:01

STA. FLOOD PROTECTION PROJECT N TP-4
OFFSET: HUNTINGTON, VA. E 1of1
TOP ELEV: COMPLETED: October 1, 2007
Depth(ft) (©) d (a) (b)
% Moist to very moist, yellow red, clayey SAND w/gravel (SC) i
Z .
5.50| [/
6.00 P/ Very moist, very stiff, red yellow to brown gray, sandy FAT CLAY 32.9
] w/gravel (CH) {Organic Content: 6.9%}
BOTTOM OF TEST PIT
Note:
Test Pit was 10.0' long, 3.0' wide and 6.0' deep. ]
10—
15—
TP-4
GROUNDWATER DATA -
WHILE DRILLING: NE Fil [favger  [dseT IrB

ON COMPLETION: NE
24 Hr. READING: NE

[]corea Pq30om

E Tubex

@ Hand

) Fish Tail | Vibra Core [{J Water Jet[[l] Odex
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Test Pit Photos

e 5

o

TestPitl I Test Pit 2

Test Pit 3
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SUB-ATTACHMENT B

LABORATORY TEST RESULTS
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PROJECT: Flood Protection Project

AREA:

LABORATORY TEST RESULTS

Huntington, VA

TEST: Natural Moisture Contents (ASTM D2216) & Atterberg Limits (ASTM D 4318)

DATE: Jun.2008

Moisture Atterberg

Hole No.  Sample No. Depth (ft.) Content, % LL PL Pl Classification Symbol
DH-1 Jar-4 3.0-4.5 31.7 52 23 29 Fat Clay CH
DH-1 Jar-9 10.5-12.0 25.4 50 20 30 Fat Clay CH
DH-1 Jar-11 15.0-16.5 21.9 36 21 15 Lean Clay CL
DH-1 Jar-14 22.5-24.0 23.7 44 21 23 Lean Clay CL
DH-1 Jar-15 25.0-26.5 21.8 48 22 26 Lean Clay CL
DH-2 Jar-3 1.5-3.0 41.1 61 32 29 Elastic Silt MH
DH-2 Jar-7 7.5-9.0 16.6
DH-2 Jars 8&9 9.0-11.6
DH-2 Jar-11 12.5-14.0 26.3 53 21 32 Fat Clay CH
DH-2 Jar-18 30.0-31.5 36.7 70 34 36 Elastic Silt MH
DH-2 Jar-23 40.0-41.5 19.9 36 20 16 Lean Clay CL
DH-3 Jar-4 5.0-6.5 6.9 Not Enough Sample to Test.
DH-3 Jars 6-8 10.0-16.5 11.2 27 23 4 Silt ML
DH-3 Jar-10 20.0-21.5 24.3 44 22 22 Lean Clay CL
DH-3 Jar-16 35.0-36.5 26.3 54 26 28 Fat Clay CH
DH-3 Jar-20 45.0-46.5 24.0 43 20 23 Lean Clay CL
DH-4 Jar-3 2.5-4.0 21.8
DH-4 Jar-5 7.5-8.8 36.5 75 22 53 Fat Clay CH
DH-4 Jar-7 10.0-11.5 40.4 81 31 50 Fat Clay CH
DH-4 Jar-13 25.0-26.5 22.4 42 19 23 Lean Clay CL
DH-4 Jar-21 45.0-46.5 25.6
DH-4 Jar-23 55.0-56.5 28.4 66 30 36 Fat Clay CH
DH-5 Jar-4 3.0-4.5 5.3
DH-5 Jars 6-9 6.0-12.0 10.3
DH-5 Jar-13 20.0-21.5 25.2 47 20 27 Lean Clay CL
DH-5 Jar-17 30.0-31.5 23.5
DH-5 Jar-21 40.0-41.5 29.1 58 27 31 Fat Clay CH
DH-6 Jar-3 1.5-3.0 215 61 25 36 Fat Clay CH
DH-6 Jar-6 6.0-7.5 23.3 53 25 28 Fat Clay CH
DH-6 Jars 7-11 7.5-16.5
DH-6 Jar-14 22.5-24.0 25.1 67 24 43 Fat Clay CH
DH-6 Jar-18 32.5-34.0 26.5 50 23 27 Fat Clay CH

Note: The Atterberg Limits test is only performed on minus No. 40 material portion of a
sample and does not represent the entire sample. Refer to the Visual Classification or the
Gradation Analysis for the complete classification.
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LABORATORY TEST RESULTS

PROJECT: Flood Protection Project

AREA:

TEST: Natural Moisture Contents (ASTM D2216) & Atterberg Limits (ASTM D 4318)

Huntington, VA

Moisture
Hole No. Sample No. Depth (ft.) Content, %
DH-7 Jar-4 3.0-45 27.4
DH-7 Jar-6 6.0-7.5 17.5
DH-7 Jar-8 9.0-10.5
DH-7 Jars 9-11 10.5-16.5
DH-7 Jar-12 17.5-18.0
DH-7 Jar-15 22.5-24.0 33.5
DH-7 Jar-20 35.0-36.5 23.0
DH-8 Jar-6 4.5-6.0 60.8
DH-8 Jars 9-11 9.0-14.0
DH-8 Jar-12 15.0-16.5
DH-8 Jar-14 20.0-21.5 28.0
DH-8 Jar-19 32.5-34.0 24.5
DH-8 Jar-23 40.0-41.5 27.7
DH-9 Jars 5&6 4.5-7.5 19.4
DH-9 Jar-9 10.5-12.0
DH-9 Jar-10 12.5-14.0
DH-9 Jars 11-12 15.0-18.6
DH-9 Jar-15 22.5-24.0 25.9
DH-9 Jar-23 42.5-44.0 21.9
DH-10 Jar-7 7.5-9.0 43.9
DH-10 Jar-12 15.0-16.5 12.0
DH-10 Jars 14&15 20.0-24.0 13.0
DH-10 Jar-17 27.5-29.0 21.7
DH-10 Jar-19 32.5-34.0 24.0

LL

59
44

83

63

51
54

62
50

68

42
54

29
18

42

27

24
29

28
21

33

21
26

30
26

41

36

27
25

34
29

35

21
28

DATE: Jun.2008

Atterberg
Classification Symbol
Fat Clay CH
Lean Clay CL
Elastic Silt MH
Fat Clay CH
Fat Clay CH
Fat Clay CH
Fat Clay CH
Fat Clay CH
Elastic Silt MH
Lean Clay CL
Fat Clay CH

Note: The Atterberg Limits test is only performed on minus No. 40 material portion of a
sample and does not represent the entire sample. Refer to the Visual Classification or the
Gradation Analysis for the complete classification.

G.2-48



GRADATION CURVES
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS

12" 6" am 3" 2" 1.5" 1" 3/4" "3/8" 4 10 20 40 70 100 200 HYDROMETER
I ] [ e | | L ] 0
100 .\Q —F—+ S
95 X
N
I~
90 — 10
B \
& ] \l\
80 &g 20
. -\
70 30 g
& \ \ g
o 65 7
: R %
= 60 * 40 3
Q
E 55 \g DO>‘
o \ e K )
[] 50 50 0
= \ g
[E2] 45 x -
E =
4
= 0 60 =
O N N =
e 35 N 3
: » :
20 m\\ M\ 0
25 \%\.I
20 \ a hx[® 80
0 =
15
\t\\{ p>
10 § ﬁ 90
5
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc$| LL PL PI PROJECT : Huntington VA
J
—— Jar-4 3.0-4.5 SANDY FAT CLAY CH| 31.7 52 23 29
—x— Jar-9 10.5-12.0 | SANDY FAT CLAY CH| 25.4 50 20 30 | AREA: Flood Protection Project
—A— Jar-11 15.0-16.5 | CLAYEY SAND sC| 21.9 36 21 15
—k— Jar-14 22.5-24.0 | SANDY LEAN CLAY CL| 23.7 44 21 23 | BORING NO.: DH-1
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GPJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
127 6" an 3n 2" 1.5" 1" 3/4"  1/2"3/8" 4 10 20 40 70 100 200 HYDROMETER
l l l l l l l l l l l l 0
100 \\‘\
95 \.\
90 \ 10
85 \
80 \ 20
75 \
70 30 g
= =
o 65 7
i 2
E 60 h 40 3
> Q
m 55 (@]
e
a9 X
[=] 50 50 0
: X :
=~ =
£ 45
o3}
E =
4
= 0 60 =
2 =
& 35 @
[al} sy
30 70 H
25 \K
20 e 80
15
10 ) 90
5
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : Huntington VA
f
—— Jar-15 25.0-26.5 | SANDY LEAN CLAY cL| 21.8 | 48 22 26
— — AREA: Flood Protection Project
l— BORING NO.: DH-1
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GBJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS

12" [ 4 3" 2" 1.5" 1" 3/4" 1/2"3/8" 4 10 20 40 70 100 200 HYDROMETER
100 l l A l l l ‘ \l‘\ l _‘—;\ l l l
ﬁ \
95
\ h N
90 \ \I\
85 ki
N N )
80 \
. \ I N
70 S g
E . =
jas] 65 o
@] Q
= \ E
= 60 \ |
. \ .
m 55 \ .'JO>‘
o _\ N \ oy
[ 50 W &
Z [l
H =
[ 45 X -
: ki -
4
=i 0 |i\ I =
O \ e
e 35 H
5 N g
30 \ \! \}J H
25 N \! %\
20 \k Y
15
b
10 E*H\
X
5 L
0
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : Huntington VA
J
—— Jar-3 1.5-3.0 SANDY ELASTIC SILT MH | 41.1 61 32 29
—X— Jar-7 7.5-9.0 SILTY SAND with GRAVEL SM| 16.6 AREA: Flood Protection Project
—A— | Jars 8&9 9.0-11.6 |WELL-GRADED GRAVEL with SILT and SAND GW-GM
—k— Jar-11 12.5-14.0 | FAT CLAY with SAND CH| 26.3 53 21 32 BORING NO. : DH-2
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GPJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
12" 6" am 3n 2m 1.5m 1" 3/4" 1/273/8" It 10 20 10 70 100 200 HYDROMETER
100 ] ] [ L ] ® 4* L ] 0
95
90 \ 10
85 \
80 ¥ 20
75 \
70 30 g
E g2l
E e .
H— X» E
= 60 40 3
Q
o 55 o
e
[ae el
[=] 50 50 [9p]
Z =
— el
[E2] 45 -
E .| =
40 60
[] =
& s o
& 35 @
o~ \g T
30 70 H
25 A \'\l\
g .
20 \n < 80
L
15 &l —®—
10 . | 90
BN
5 =
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc$%| LL PL PI PROJECT : Huntington VA
J
—— Jar-18 30.0-31.5 | SILTY SAND SM| 36.7 70 34 36
—X— Jar-23 40.0-41.5 | CLAYEY SAND sC| 19.9 36 20 16 | AREA: Flood Protection Project
li— BORING NO.: DH-2
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GPJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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U.

12m

S.

o g
|

STANDARD SIEVE OPENING IN INCHES

1 3/4m 1/2"3/8" 4
| | | | |

U.s.

10

&

STANDARD SIEVE NUMBERS

20 40

70 100 200

HYDROMETER

100

95

90

X

85

80

75

70

65

|

60

55

50

45

40

35

PERCENT FINER BY WEIGHT

30

25

20

15

10

1,000

100

10

1

GRAIN SIZE IN MILLIMETERS

0.01 0.001

COBBLES

GRAVEL

SAND

COARSE

[ FINE COARSE |

MEDIUM [

FINE

SILT or CLAY

10

20

30

40

50

60

70

80

90

100

IHDIEM Ad dHSYVOD INHDTHA

Legend | Sample No.

Depth (ft)

Classification (ASTM D 2487)

Nat wc$

LL PL

PI

—— Jar-4

5.0-6.5

WELL-GRADED GRAVEL with SILT and SAND

GW-GM

6.9

—X— Jars 6-8

10.0-16.5

POORLY GRADED SAND with GRAVEL

SP

11.2

27 23

4

—A— Jar-10

20.0-21.5

LEAN CLAY with SAND

CL

24.3

44 22

22

PROJECT: Huntington, VA

AREA: Flood Protection Project

—k— Jar-16

35.0-36.5

FAT CLAY

CH

26.3

54 26

28

REMARKS :

BORING NO.: DH-3

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS:

ASTM D 422,

D4318,

D2216

DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
127 6" an 3n 2" 1.5" 1" 3/4" 1/2"3/8" 4 10 20 40 70 100 200 HYDROMETER
l l l l l l l ‘ l l l l 0
100 ‘\\\\J
95
90 \ 10
85
80 \ 20
75 \
70 30 g
e 53|
o 65 7
i 2
= 60 40 3
> \R Q
m 55 (@]
>
[ad el
[=] 50 50 0
Z =
=~ e
[ 45 o
: . :
4
= 0 60 =
2 =
& 35 Q
[al} sy
30 70 H
” "\\\\.\\
20 80
Ll
15 \W‘LWOK
10 \.*.\ 90
5
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : f{urnhqghgn VA
:
—— Jar-20 45.0-46.5 | CLAYEY SAND SC| 24.0 43 20 23

AREA: Flood Protection Project

REMARKS :

BORING NO.: DH-3

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS: ASTM D 422,

D4318, D2216

DATE: May 2008
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U.

12m

S.

STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS

6" 4m 3n 2" 1.5" 1" 3/4m 1/2m3/8" 4 10 20 40
A

| . |

70 100
| |

200

HYDROMETER

100

95

90

fhie |

85

80

N

75

70

65

60

55

50

45

40

35

PERCENT FINER BY WEIGHT

30

25

fald

"

20

15

10

1,000

100

10 1

GRAIN SIZE IN MILLIMETERS

0.01 0.001

COBBLES GRAVEL

SAND

COARSE |

FINE COARSE | MEDIUM [

FINE

SILT or CLAY

10

20

30

40

50

60

70

80

90

100

IHDIEM Ad dHSYVOD INHDTHA

Legend | Sample No.

Depth (ft)

Classification (ASTM D 2487) Nat wc$

LL

PL

PI

—— Jar-3

2.5-4.0

CLAYEY SAND

sC| 21.8

—X— Jar-5

7.5-8.8

SANDY FAT CLAY

CH| 36.

75

22

53

—A— Jar-7

10.0-11.5

CLAYEY SAND with GRAVEL

81

31

50

PROJECT: Huntington, VA

AREA: Flood Protection Project

—k— Jar-13

25.0-26.5

SANDY LEAN CLAY

5
SC| 40.4
CL| 22.4

42

19

23

REMARKS :

BORING NO. : DH-4

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS: ASTM D 422,

D4318,

D2216

DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
12" 6" am 3n 2" 1.5" 1" 3/4"  1/2"3/8" 4 10 20 40 70 100 200 HYDROMETER
100 Il Il Il Il Il Il Il . \dl Il Il Il 0
95
90 \\ 10
85
80 \Q 20
75 \
70 30 g
) =
S %
[ \ E
= 60 40 3
> Q
m 55 (@]
(N >
[ad el
[ 50 50 n
Z =
= e
o as \0\
oy
E =
4
& 0 60 =
o :
S 2
* 5
30 \‘ 70
25 1o
20 \.‘k\ 80
15 e
10 90
5
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc$%| LL PL PI PROJECT : f{urnhqghgn VA
J
—— Jar-21 45.0-46.5 | SANDY FAT CLAY cH| 25.6

AREA: Flood Protection Project

REMARKS :

BORING NO. : DH-4

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS: ASTM D 422,

D4318, D2216

DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS

12" [ 4m 3 2" 1.5" 1" 3/4™ 1/2"3/8" 4 10 20 40 70 100 200 HYDROMETER

100 . L ﬁ L Ll L — ! [ !
x
\

95

90

85

80

75

70

65

60

55

50

45

40

35

PERCENT FINER BY WEIGHT

30

25

20

15

10

e i

10

20

30

40

50

60

70

80

90

100

IHDIEM Ad dHSYVOD INHDTHA

1,000 100 10 1 0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS

COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE

Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc$%| LL PL PI PROJECT : Huntington VA
J
— Jar-4 3.0-4.5 POORLY GRADED SAND with SILT and GRAVEL SP-SM 5.3

—X— | Jars 6-9 6.0-12.0 | POORLY GRADED GRAVEL with SILT and SAND GP-GM| 10.3 AREA: Flood Protection Project

—A— Jar-17 30.0-31.5 | CLAYEY SAND SC 23.5

BORING NO.: DH-5

REMARKS :

GRADATION CURVES TEST METHODS: ASTM D 422, D4318, Dp2216 | DRTE: May 2008

ENG FORM ENG2087HUNTINGTON VA FPP.GPJ
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U.

12m

S.

STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS

o

g 3w on 1.5m  1m 3/4n 1/2v3/g"

4 10 20 40

70 100

200
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100 l l A T l l ‘\\; l l l 0
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70 x 30 g
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o O Ny o
i 50 T o 50 @
E e
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B 35 { 8 @
30 X \-\.\‘\ 0 |
25 \ﬂ\u\ *\\ e |
20 N ~x E3 80
RN
15 \ mi\ml\
10 \\ @ 90
s g
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : Huntington VA
J
—— Jar-3 1.5-3.0 SANDY FAT CLAY CH| 21.5 61 25 36
—X— Jar-6 6.0-7.5 CLAYEY SAND with GRAVEL sCc| 23.3 53 25 28 | AREA: Flood Protection Project
—aA— | Jars 7-11 | 7.5-16.5 | POORLY GRADED SAND with SILT and GRAVEL SP-SM
—k— Jar-18 32.5-34.0 | SANDY FAT CLAY ca| 26.5 | 50 23 27 | BORING NO.: DH-6
REMARKS :
DATE:

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS: ASTM D 422,

D4318, D2216

May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
12m 6" 4n 3 2" 1.5" 1" 3/4" 1/2"3/8" 4 10 20 40 70 100 200 HYDROMETER
l l b l l l l l l 0
100
95
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90 10
= 1T
85 x e
80 \! 20
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70 \ \q 30 g
= % &)
R =
H x|
= 60 K N 40 =
> \ \ Q
m 55 > (@)
=
a9 X
] 50 50 [9p]
g 5
a
=N 45 M|
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Z 40 60
[ =
< Na o
S -
30 L 70 =
25 X e
20 e | g
e N I By N
]
A B
10 " \H‘HI 90
\k\ A
5 Tk
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc$%| LL PL PI PROJECT : Huntington VA
J
—— Jar-4 3.0-4.5 CLAYEY SAND sc| 27.4
—X— Jar-6 6.0-7.5 CLAYEY SAND with GRAVEL sc| 17.5 AREA: Flood Protection Project
—A— Jar-8 9.0-10.5 | CLAYEY SAND with GRAVEL SC
—*— | Jars 9-11 | 10.5-16.5 | POORLY GRADED SAND with SILT and GRAVEL SP-SM BORING NO. : DH-7
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GPJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.sS.

STANDARD SIEVE NUMBERS

12" 6" am 3n 2m 1.5" 1" 3/4" 1/273/8" It 10 20 10 70 100 200 HYDROMETER
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM FINE
Legend | Sample No. [ Depth (ft) Classification (ASTM D 2487) Nat wc$%| LL PL PI PROJECT : f{urnhqghgn VA
J
—— Jar-12 17.5-18.0 | POORLY GRADED SAND with SILT and GRAVEL SP-SM
—X— Jar-15 22.5-24.0 | FAT CLAY with SAND CH| 33.5 59 29 30 | AREA: Flood Protection Project

REMARKS :

BORING NO.: DH-7

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS: ASTM D 422,

D4318, D2216

DATE: May 2008
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STANDARD SIEVE OPENING IN INCHES

o g 3w
| |
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PERCENT FINER BY WEIGHT
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GRAIN SIZE IN MILLIMETERS
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FINE COARSE |

MEDIUM [

FINE

SILT or CLAY
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IHDIEM Ad dHSYVOD INHDTHA

Legend | Sample No.

Depth (ft)

Classification

(ASTM D 2487)

Nat wc$

LL PL

PI

—— Jar-6

4.5-6.0

SILTY SAND

SM| 60.8

83 42

41

—X— | Jars 9&ll

9.0-14.0

POORLY GRADED GRAVEL with SILT and SAND

GP-

GM

—A— Jar-12

15.0-16.5

POORLY GRADED SAND with SILT and GRAVEL

SP-

SM

PROJECT: Huntington, VA

AREA: Flood Protection Project

—k— Jar-14

20.0-21.5

FAT CLAY with SAND

CH| 28.0

63 27

36

REMARKS :

BORING NO.: DH-8

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS:

ASTM D 422,

D4318,

D2216

DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
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1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc$%| LL PL PI PROJECT : Huntington VA
J
— Jar-19 32.5-34.0 FAT CLAY CH 24.5 51 24 27
—_— — AREA: Flood Protection Project
li— BORING NO.: DH-8
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GPJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
12" [ 4m 3 2" 1.5" 1" 3/4™ 1/2m3/8" 4 10 20 40 70 100 200 HYDROMETER
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25 D\
20 \ \.\ 80
- \ g:
10 \\ \:ﬁ:ﬂitﬁ 90
5 N
0 100
1,000 100 10 1 .1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : Huntington VA
J
—@— | Jars 5&6 4.5-7.5 SILTY SAND sM| 19.4
—X— Jar-9 10.5-12.0 | SILTY SAND with GRAVEL SM AREA: Flood Protection Project
—A— Jar-10 12.5-14.0 | POORLY GRADED SAND with SILT and GRAVEL SP-SM
—%*— | Jars 11§12 | 15.0-18.6 | POORLY GRADED SAND with GRAVEL SP BORING NO.: DH-9
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GPJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
12m 6" 4n 3 2" 1.5" 1" 3/4" 1/2"3/8" 4 10 20 40 70 100 200 HYDROMETER
Il Il Il Il Il Il Il Il Il Il
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15
10 90
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0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : Huntington VA
s
—— Jar-15 22.5-24.0 | FAT CLAY with SAND CH| 25.9 62 28 34
— — AREA: Flood Protection Project
l— BORING NO.: DH-9
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GPJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: May 2008
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o g 3w on 1.gm
| |

1" 3/4n

1/2m3/8" 4 10

STANDARD SIEVE NUMBERS

20

40
|

70 100
| |

200

HYDROMETER

100

95

=

R

R

90

LA

85

\

80

75

70

65

60

55

50

45

40

35

PERCENT FINER BY WEIGHT

30

25

20

15

10

77

1,000

100

10

GRAIN SIZE IN MILLIMETERS

1

0.01 0.001

COBBLES

GRAVEL

SAND

COARSE

FINE COARSE |

MEDIUM

FINE

SILT or CLAY

10

20

30

40

50

60

70

80

90

100

IHDIEM Ad dHSYVOD INHDTHA

Legend | Sample No.

Depth (ft)

Classification

(ASTM D 2487)

Nat wc$

LL

PL

PI

—— Jar-7

7.5-9.0

ELASTIC SILT with SAND

MH

43.

9

68

33

35

—X— Jar-12

15.0-16.5

POORLY GRADED SAND with SILT and GRAVEL

SP-SM

12.

—A— | Jars 14¢15

20.0-24.0

POORLY GRADED SAND with GRAVEL

SP

13.

PROJECT: Huntington, VA

AREA: Flood Protection Project

—k— Jar-17

27.5-29.0

SANDY LEAN CLAY

CL

21.

0
0
7

42

21

21

REMARKS :

BORING NO.: DH-10

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS:

ASTM D

422,

D4318,

D2216

DATE: May 2008
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND l SILT or CLAY
| corrse ] FINE | COARSE [  MEDIUM FINE |
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc% LL PL PI PROJECT: Huntington Flood Reduction Project
—— Bucket-1 0.50~-4.00 CLAY with SAND (Visual-Manual Class) CH
—®—— | Bucket-1 4.00-5.00 | ELASTIC SILT MH| 57.4 59 36 23 | AREA: Huntington, VA
—_— Bucket-1 4.00-5.00 Organic Content: 8.3%
— BORING NO.: TP-1
REMARKS :
FNG FCRM FNG2C87HUNTTNGTON FLOOD REBUUTION PROJECT.UPZ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D221¢6 DATE: OCt 2007
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U.S. STANDARD SIEVE OPENING IN INCHES U.S5. STANDARD SIEVE NUMBERS
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
| coarse | FINE [coarse [ MepIUM | FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) at we%| LL PL PI PROJECT: Hunﬁngton FIOOd RedUCtion ProjeCt
— Bucket-1 0.50~3.00 SANDY CLAY (Visual-Manual Class) CH
—®— | Bucket-1 | 3.00-4.50 |CLAYEY SAND (Visual-Manual Class) SC-H AREA: Huntington, VA
- BORING NO.: TP-2
REMARKS :
ERNG FCRY. RNG2CS7HUNTINGTON FLOOD REGUCTION PROJECT,GFI GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: OCt 2007
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
12" [ FEERET P IR VP U 1 3 I 20 40 70 100 200 HYDROMETER
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GRAIN SIZE IN MILLIMETERS
COBBLES [ GRAVEL SAND | SILT or CLAY
| comrse | FINE { conrsE | MEDTUM FINE 1
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT: Hunﬁngton Flood Reduction PrOjeCt
—— Bucket-1 2.10-4.50 SANDY CLAY (Visual-Manual Class) CH
—_— — AREA: Huntington, VA
— BORING NO.: TP-3
REMARKS :
FNG FORM SNG20S7HUNTINGTON FLCOD REBDUTTON PROJECT.GRI GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: OCt 2007
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS
12 o 4 an P T L Y T Y L Y B iy 20 19 79100 2t HYDROMETER
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND | SILT or CLAY
| coarse | FINE [coarse ]~ mEDIUM ] FINE |
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc% LL PL PI PROJECT: Hunﬁngton Flood Reductidn Project
— Bucket-1 0.50-4.00 | CLAYEY SAND (Visual-Manual Class) SC-H
—®@— | Bucket-1 5.50-6.00 | SANDY FAT CLAY cH| 32.9 78 23 55 | AREA: Huntington, VA
_ Bucket-1 5.50-6.00 |Organic Content: 6.9%
— BORING NO.: TP-4
REMARKS :
FNG FORM ENG2CS 7HUNTTINGTON FLCOD RERUCTTON PROJECT.GRI GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: OCt 2007
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UNCONFINED COMPRESSION & DIRECT SHEAR TEST REPORTS
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PROJECT:
AREA:

Flood Reduction Project
Huntington, VA

Date: Jun 2008

Hole No. Sample No. Depth (ft)
DH-4B Shelby-1 22.0-24.0
A A
0 0 O
Tube plug & void
412 mm
B
T 3
Wet, It. olive brown, poorly graded GRAVEL w/ silt & sand (GP- A
GM) : b 150 mm
S O: 762 mm
Ol
7
Moist, brown & greenish gray, hard, FAT CLAY (CH) Unconfined f
Compression ZCH A oomm

G.2-72
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UNCONFINED COMPRESSION TEST

FAILURE PICTURE

-"ﬂiﬁh'- =

CONTROLLED STRAIN

1.60
1.40
1.20 \W
o] i

0.80 | /J

0.60 | /

o

Unconfined Compressive Strength (tons/ft

0.20 1 ""”r

0.00 8t

0.0% 20% 40% 6.0% 8.0% 10.0%
Axial Strain

TEST NO. 1 2 4
TYPE OF SPECIMEN Undisturbed
WATER CONTENT, % W, 25.3
VOID RATIO € 0.816
SATURATION, % So 86.3
DRY UNIT WEIGHT, LB./CU.FT. Yq 95.5
TIME TO FAILURE, MIN. & 6.00
UNCONFINED COMPRESSIVE STRENGTH, TSF a, 1.48
UNDRAINED SHEAR STRENGTH, TSF Su 0.74
SENSITIVTY RATIO S | -
INITIAL SPECIMEN DIAMETER, IN. D, 2.87
INITIAL SPECIMEN HEIGHT, IN. H, 7.40
CLASSIFICATION: (ASTM D2487)
Moist, brown & greenish gray, hard, FAT CLAY (CH)
LL= 50 | PL= | Pl= 26  (ASTM D4318) | Gs= 2.78 (ASTM D854)
REMARKS: PROJECT: Flood Reduction Project
AREA: Huntington, VA
Hole No.: DH-4B Sample No.: Shelby-1
Depth (ft.): 22.0-24.0 Date: Oct.2008
ENG ForM 3659 (Test method: ASTM D2166) UNCONFINED COMPRESSION TEST REPORT
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U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS
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0 100
1,000 100 10 1 0.1 0.01
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : Huntington VA
:
—— Shelby-1 22.0-24.0 | FAT CLAY CH| 25.3 50 24 26
— — AREA: Flood Protection Project
l— BORING NO.: DH-4B
REMARKS :
ENG FORM ENG2087HUNTINGTON VA FPP.GBJ GRADATION CURVES TEST METHODS: ASTM D 422, D4318, D2216 DATE: Jun 2008
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PROJECT: Flood Reduction Project
AREA: Huntington, VA

Date: Jun 2008

Hole No. Sample No. Depth (ft)
DH-4B Shelby-2 28.0-30.0
A A
O O O
464 mm
Tube plug & void
Moist, mottled brown & greenish gray, firm, FAT CLAY 7
(CH) 762 mm
7,
Z
Direct Shear 7 cH %
Moist, brown, hard, FAT CLAY (CH) Test taken /// 7
7
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60 Results
C, psi 4.38 ~ —
o, deg | 27.84 p
Tan(¢ 0.53 i
=
_ 40
g >
g P
o ]
EI-)‘ .,
.—_'. /’
m I~
[V -
20 D>
my
/'
0
0 20 40 60 80 100 120
Normal Stress, psi
60 Sample No. 1 2 3
Water Content, % 28.6 29.1 27.0
50 Dry Density, pcf 95.9 94.1 96.6
8 | Saturation, % 101.6 98.6 97.5
40 £ | Void Ratio 0.7636 0.7988 0.7516
& Diameter, in. 250 250 2.50
2 Pams s Height, in. 100 1.00  1.00
B 0 Water Content, % 380 409  34.8
g nzd _ | Dry Density, pf 959 941  96.6
7 ® | Saturation, % 1350 138.8  125.6
20 ) [
= 2 | % |Vvoid Ratio 0.7636 0.7988 0.7516
; N Diameter, in. 250 250 250
10 ] 4 Height, in. 100 1.00 1.0
7 Normal Stress, psi 1390 27.80 55.60
o5 Fail. Stress, psi 1120 19.84 33.49
0 2.5 5 7.5 10 Strain, % 5.5 3.5 5.8
Strain, % Ult. Stress, psi
Strain, %
Strain rate, in./min. 0.03 0.03 0.02

Sample Type: Shelby Tube
Description: Tan Fat Clay

LL=59 PL=28 Pl= 31

Specific Gravity=2.71
Remarks: Undisturbed Sample

Figure 1

Client: US ARMY CORP OF ENGINEERS
Project: US ARMY CORP OF ENGINEERS-FLOOD REDUCTION

PROJECT HUNTINGTON,VA
Sample Number: ST DH-4B Depth: 28'-30'

Proj. No.: 80001930 Date: 6/13/08

DIRECT SHEAR TEST REPORT

PENNIMAN & BROWNE, INC.

Tested By: Alex Checked By: TCS

G.2-76




Specific Gravity=2.71
Remarks: Reshear Testing

Figure 1 Reshear

Sample Number: ST DH-4B

Proj. No.: 80001930

Date: 6/13/08

Depth: 28'-30'

30 Results
C, psi 0
o, deg | 17.28
Tan(¢ 0.31
_ 20
123 -
Q. [~
7
o = i
» =
10 o
|
=t
| p!
o]
po]
o=
0 10 20 30 40 50 80
Normal Stress, psi
30 Sample No. 1 2 3
Water Content, % 28.6 29.1 27.0
25 Dry Density, pcf 959 941  96.6
S | Saturation, % 101.6 98.6 97.5
— 20 £ | Void Ratio 0.7636 0.7988 0.7516
23
o Diameter, in. 2.50 2.50 2.50
2 ; = 3 Height, in. 100 1.00 _ 1.00
» Water Content, % 38.0 409 34.8
S | Dry Density, pcf 95.9 94.1 96.6
.C kvl
S o] 8 | Saturation, % 1350 1388 1256
% | Void Ratio 0.7636 0.7988 0.7516
il 2 Diameter, in. 2.50 2.50 2.50
5 Height, in. 100 1.00  1.00
. Normal Stress, psi 1390 27.80 55.60
0 Fail. Stress, psi 236 6.89 18.66
0 2.5 5 7.5 10 Strain, % 0.5 0.6 2.4
Strain, % Ult. Stress, psi
Strain, %
Strain rate, in./min. 0.03 0.03 0.02
Sample Type: Shelby Tube Client: US ARMY CORP OF ENGINEERS
Description:
Project: US ARMY CORP OF ENGINEERS-FLOOD REDUCTION
LL= 59 PL=28 Pl= 31 PROJECT HUNTINGTON,VA

DIRECT SHEAR TEST REPORT

PENNIMAN & BROWNE, INC.

Tested By: Alex

Checked By: TCS
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Particle Size Distribution Report

RN LETET 2 gg§gg§g g %8
100 E | ’ If B 9!
90
80 b!j\
70 \
% 60 :
2 é | A\
w : :
E s S ia \
w P !
Q ] ‘
T -;
o 40 :
30
20
10
0 ' e d
500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
0.0 0.0 1.9 35.6 62.5
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Brown Clay(USDA),Brown Fat clay(USCS)
#4 100.0
#10 99.8
#20 99.8
2‘6‘8 gg-g Atterberg Limits
4100 99:1 PL= 28 LL= 359 Pl= 31
#200 98.1 Coefficients
Dgs= 0.0434 Dgp= 0.0038 Dsp= 0.0016
D30= Dq5=
CLI= CC=
Classification
USCS= CH AASHTO=
Remarks
* (no specification provided)
Sample No.: ST DH-4B Source of Sample: 6/24/08
Location: Elev./Depth: 28-30'
PEN NlMAN Client: US ARMY CORP OF ENGINEERS
& Project: US ARMY CORP OF ENGINEERS-FL,OOD REDUCTION
PROJECT HUNTINGTON,VA
BROWNE, |NC Project No: 80001930
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LIQUID AND PLASTIC LIMITS TEST REPORT

110

60 y 7
Dashed line indicates the approximate /
upper limit boundary for natural soils
/
/
50 /
/ Ny
/
/ &
/ >
/ @)
/
40 > /
> /
L
/
S / /
/
o °
& S/
3 /
o //
20 y; /
/ oY,
/ o‘
// Y
/
10 y;
7
4 LS w e oL MH or OH
' |
I
10 30 50 70 90
LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUIZ | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LiMiT LiMIT INDEX uscs
(%) (%) (%) (%)
ST DH-4B 28'-30" 28 59 31 CH

LIQUID AND PLASTIC LIMITS TEST REPORT || Client: US ARMY CORP OF ENGINEERS
PENNIMAN Project: US ARMY CORP OF ENGINEERS-FLOOD REDUCTION PROJECT
& HUNTINGTON,VA
BROWNE, INC. Project No.: 80001930 Figure
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SUB-ATTACHMENT C

DRILLING LOGS AND TEST DATA FROM
ARLINGTON TERRACE STORM DRAIANGE STUDY, APRIL 1982

PRELIMINARY SOILS INVESTIGATION
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APPENDIX D

Preliminary Soils Investigation
Cameron Run - Huntington Flood Control Project
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£ ¥
fod
fund
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MEMORANDUM
Bill Henry, Division'of‘Utilities Planning
TO: and Design, Department of Public Works pams January 21, 1982
FROM: Larry K. Johnson — AT DI
Soil Scientist for Falrfax‘C’ néy” "~ -
FILE NOs

SURICCTs Cameron Run-Huntington Flood Control Project
Preliminary Soils Investigation
REFERENCH

Enclosed with this memo are the soil boring profiles and test data for
samples taken during the preliminary investigation for the Cameron-Run-Huntington
flood control project. Soil borings and samples were taken through a cooperative
investigation with Ronald Chernik of Camp, Dresser and McKee, Inc. The flood
control project includes dredging of alluvial sediments from the Cameron Run channel
and utilizing the soil materials for construction of an earthen flood control levee
below the lower part of the Huntington subdivision. The levee is to be approximately
2400 feet in length and lie along the south bank of Cameron Run.

Eleven (11) soil borings were taken with hand probe samplers along the
proposed levee alignment. Boring depths ranged from 10-15.5 feet and were generally
stopped at those depths by gravels or other obstacles. Seven of the eleven borings
show an upper layer of poorly graded loose sands to depths of two to five feet.

The other four borings have surface layers containing soft silty clay or soft organic
silt. All borings show substantial subsurface strata of soft and very soft fibrous.
peat or organic silts. The total depth and thickness of the organic layers generally
increased with distance downstream along the tranverse.

Soil borings were taken by Law Engineering Testing Company in 1972 for the
Westgate Pumpower Project at points approximately 600 feet from B-11, our farthest
downstream boring. Their borings show substantially the same strata as our borings
B-1 to B-11, further, that soft organic layers increase to depths downstream of
30 feet or more. LETCO borings show sands and gravels below the organic layers,
which in turn overly hard clays, probably of the Potomac Group. LETCO borings
also show that deep soft organic layers underly the surface at least 300 feet
south of the existing channel of Cameron Run. See boring location plans and
LETCO boring profiles.

Nine (9) soil samples of the channel sediments proposed for dredging were
analyzed for gradation by this office and for compaction characteristics and
Atterberg Limits by the Department of Environmental Management Soils Lab. Results
are shown on the grain size distribution charts. Stream bed soil materials at S-8
and above are generally poorly graded fine and medium sands. Stream bed materials
at 5-9 and below are silt and clay primarily. The particle size distribution
pattern along the stream bed of Cameron Run determined by the gradation tests, is

as expected with the present stream gradient, estuarial influence, and upstream
source materials.
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Bill Henry
January 21, 1982
Page 2

In summary, the underlying strata along the stream in the project area
contain substantial beds of soft and very soft peat and organic silts that are
variable and generally increase in thickness in a downstream direction. These
materials will not perform satisfactorily as a foundation for the proposed
earthen levee and would probably result in substantial long term total and
differential settlement. Firm foundation soils may occur some distance south
of the existing channel but would need to be verified by soil borings. It is likely
that the area lying between the lower units of the Huntington subdivision and the
present Cameron Run channel contains substantial quantities of uncontrolled £ill
material. ;

The stream bed materials can be used for the earthen levee if properly
stabilized and compacted according to test data. The poorly graded fine and
medium sands are subject to internal erosion or piping, slope instability under
saturation and surface erosion. Accordingly stabilization procedures will be
required.

Silty an& clayey downstream soil materials can be effectively used after
spreading and drying to attain suitable moisture percentages.

Enclosures: ~ 1. Soil boring and sample sites
2. Soil boring profiles
3. Stream bed gradation and compaction data.
4. Law Engineering boring data

cc: Ronald Chernick
Camp, Dresser and McKee, Inc.
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Boring B-1

Depth
0-5.0'

5.0-6.5"'
6.5-9.5'
9.5-10.0'

10.0'

Boring B-2

0—3. 5'

3.5-6.0'
6.0-6.5'
6.5-9.0'

9.0'

Boring B-3

0-6.0'
6.0-9.0'

9.0' -

Boring B-4
0-2.0"'

2.0-6.0'

6.0-8.0'

8.0-11.0'

11.0'

CAMERON RUN FLOOD
CONTROL PROJECT
SOIL BORING PROFILES

Description

Sand, poorly graded, fine and medium, brownish gray ,
saturated, loose, stratified, alluvial sand.

Gray silt, saturated, soft.
Dark brown peat, fibrous, saturated, very soft.
Gray silty sands, saturated, soft.

Boring stopped on gravel or other obstacle

Sand, poorly graded, fine and medium, brownish gray ,
saturated, loose, stratified, alluvial sand.

Gray clayey silt, saturated, soft.
Gray silt, saturated, soft.
Dark brown peat, fibrous, saturated, very soft.

Boring stopped on gravel or other obstacle.

Gray silty clay, saturated, soft.
Dark brown peat, fibrous, saturated, very soft.

Boring stopped on gravel or other obstacle.

Sand, poorly graded, fine and medium, brownish gray ,
saturated, loose, stratified, alluvial sand.

Very dark grayish brown organic clayey silt, saturated, soft.

Very dark grayish brown highly organic silt (muck),
saturated, very soft.

Dark brown peat, fibrous, saturated, very soft.

Boring stopped on gravel or other obstacle.
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Boring B-5

Depth
0-4.0'

4,0-8.0'
8.0-14.0'

14.0'

Boring B-6

0-9'

9.0-14"'

14.0

Boring B-7

0-5.0'

5.0-8.0'
8.0-14.0'

14.0'

Boring B-8

0_5. 0'

5.0-12.0'

12.0-15.0'

15’

Boring B-9

0-5.0'

5.0-12.0'

12-15"
15!

Description

Silt? to clayey fill, soft.

Very dark grayish brown silt, saturated, soft to very soft.
Very dark brown clayey éilt, saturated, soft to very soft.

Boring stopped on gravel or other obstacle.

Very dark grayish brown organic silt, saturated, soft.

Very dark grayish brown highly organic silt (muckK),
very soft.

Boring stopped on gravel or other obstacle.

Brownish gray sand and silty sand, stratified, sand poorly
graded, saturated, loose.

Gray silt, saturated, very soft.
Very dark grayish brown highly organic silt (muck), very soft.

Boring stopped on gravel or other obstacle.

Sand, poorly graded, fine and medium, brownish gray ,
saturated, loose, stratified, alluvial sand.

Brownish gray sand and silty sand, stratified, sand poorly
graded, saturated, loose.

Very dark grayish brown highly organic silt (muck), very soft.

Brownish gray sand, saturated, loose.

Sand, poorly graded, fine and medium, brownish gray ,
saturated, loose, stratified, alluvial sand.

Brownish gray sand and silty sand, stratified, sand poorly
graded, saturated, loose.

Very dark grayish browﬁ highly organic silt (muck), very soft.

Brownish gray sand, gagurated, loose.



oy

éoringﬁ B-10

0-2'

2-13o5'

13.5'

o Boring B-11

7 0-11'
11_12l5'
12.5-15.5"

15.5'

g ]
:
el

Sand, poorly graded, fine and medium, brownish gray ,
saturated, loose, stratified, alluvial sand.

Very dark grayish organic silt, saturated, soft.

Boring stopped on gravel or other obstacle.

Very dark grayish brown organic silt, saturated, soft.
Dark brown peat, fibrous, saturated, very soft.
Very dark grayish brown highly organic silt (muck), very soft.

Boring stopped on gravel or other obstacle.
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GRAIN SIZE DISTRIBUTION Soil Description A-h (8) Tested By kg
SIEVE ° Maximum dry density lbs/cu. ft. __ 105.2 Liquid limit 3.1 A
HYDROMETER Optimum moisture 17.5 A Plasticity Index 10.4 7
< 2 mm only + SAND’ SILT CLAY
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PERCENT FINER BY WEIGHT

GRAIN SIZE DISTRIBUTION

SIEVE o
HYDROMETER
< 2 mm only +

Total Sample O

[ RVETEUN

PR TTIRWINRINY

Sample No. 2

Soil Description
Maximum dry density lbs/cu. ft,

Optimum moisture 32.1 %
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Boring No.

A-7-5 (11)

86.0

Date Tested 12/16[&1

Tested By

JEB

Liquid limit

46.4

A

Plasticity index 13.5 7%
CLAY

SAND SILYT
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USDA USDA
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GRAIN SIZE DISTRIBUTION
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Sample No._3

Soil Pescription
Maximum dry density lbs/c. ft.

N )
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e e

Date Tested 12/1 Sl!ﬁl

Tested By JEB

Liquid limit 21.4
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< 2 mm only ,
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Sample No. 5 Boring No. Depth pPate Yested 12/]6/8]

GRAIN SIZE DISTRIBUTION Soil Description SP-SM fested By JEB
" SIEVE o Maximum dry density lbs/cu. ft.  101.8 Liquid limie -~ g
HYDROMETER Optimum moisture 17.5 % Plasticity index -—- %
+ —_— R
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SILT

UNIFIED o ]
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PERCERT FINER BY WEIGHT
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GRAIN SIZE DISTRIBUTION
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Total Sample O
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Sample No._ g Boring No. Depth Date 'Tusted 12/16/8)
GRAIN SIZE DISTRIBUTION Soil pescription A-6 (8) Tested By JEB
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TEST BORING RECORD

¥ N
» STRATUM ~or ,
v, DEPTH VISUAL SOIL DESCRIPTION D SR K CR S8 REMARKS
CF . 00
€ ~—"To02 TUFSOIL 1.0%, 3-23-72, 9:00 A.M.
i FILL, firm to very dense brown silty SAND with {2 1.5, 3-24-72, 9:C0 A M.
e trace gravel & debris (SM) Casing Blows per
I 2 foot of depth
a & : e ———
. | 6 11
LN : ' 2 4
)
4 3 20
oy’ ¥ 5.0 4 .29
"% 5 32
i 11 8 30
g : 7 29 |
|00 s %
4 10 36
3 16 11 33
12 40
: - 13 41
. g '13.0 14 37
2 15 43
16 57
. 221 22 7 7
. 29 5 Hard ¢ray & brown silty CLAY (CL) }8 32
j -20.0 o e ‘ 19 48
ring Terminated _ ’ Notes: Boring drilled
im with 4"’ casing
!
3 Instaiied 20’ of piastic
: tubing as observation
o » well.
-E . ) : Boring offset 23 feet
' southwest due to terrain

Soil Symbols Page 1 _of _1 BORINGNUMBER: _B:29

D . Sample Depths N or CR DATE DRILLED: __3-23-72
s .
N - Penetration in blows SR - Sample Spoon Recovery JOB NUMBER: WS-2-206
: per foot (ASTM 18 in inches '
- D-1586) 18 } S - Symbols Described Below WESTGATE PqI\IIPOVER
. 22 = Undistarb FAIRFAX COUNTY, VIRGINIA
CR- % Core RECOVQYY, NX 19 'r isturbed Sample (ASTM D-1587) .
or BX designates bit |70 L. 4 Water Level, time of boring
size (ASTM D-2113) INX] 14 = Water Level £
100 4 | Loss of Water LAW ENGINEERING TESTING COMPANY &
BX
18 | ¢ Caved Depth of Boring
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. TEST BORING RECORD
N

STRATUM or
. DEPTH VISUAL SOQIL DESCRIPTION D SR X CR S - REMARKS

19 No topsoil-filled area

..;

%

%
%o

it

v

5.0 FILL, firm brown sandy, gravelly silty CLAY"

. with debris
% (CL)

‘0

s

<

S
X
o%e

.

9.

9.
Q)
e

11 | 11

o 12.0° 3-30-72, 7:30 AM.
-~ 125", 3-29-72,9:00 A.M.

(L
¢/

X2

c

)
(0

0%
%!

)
®

9.
0¥

X2

9.

C 13.1°, 3-30-72, 7:30 A.M.

o
0

0.0,
0%
0% %

16 | 8

X)
®
20

X )
55

Q

0

. -5.0 18.3-19.0 Boulder
19.0

%)

1

) Soft dark gray fine sandy organic SILT lZl 6
G -10.0 (OL)

s
-

23.0°

Push 247

TN s Az

25.0 25.0°

, ) ' s | 16 ] 22 ,
Firm gray SAND & GRAVEL Lo Note: Boring offset
' (SP) ] 39’ north due to possible
T 4" water line to bath
o~ il house
31-1 1 13 PR 27
-20.0 330 Very stiff red silty CLAY (CL)

Hard brown fine sandy silty CLAY (CL)

36 |18 56

VA%

36.5
-25.0

- Boring Terminated

S

K-So o
 Symbols Pagel of 1 BORING NUMBER: _B:30

D- Sample Depths ~Nor CR _ DATE DRILLED: _3:28.72 to 3-29-72

. 5 v . Ly
N - Penetration in blows Sample Spoon Recovery JOB NUMBER: _WS-2-206

SR -
, Per foot (ASTM 18 [ )ininches
- D'1586) 18 | S - Symbols Described Below WESTGATE PI{MPOVER :
29 . — FAIRFAX COUNTY, VIRGINTA

CR-g Core Recovery, NX Undisturbed Sairple (ASTM D-1587)
12 Water Level, time of boring

Water Level

Loss of Water

Caved Depth of Boring

or BX designates bit 70 B
- fize (ASTM D-2113)  |NX| 14

100
BX 18

[}
1]
'}

E
LAW ENGINEERING TESTING COMPANY k

O A

G.2-99



T

TEST BORING RECORD

N
573,4'1"[.‘."{ or _
CEV. DEPTH VISUAL SOIL DESCRIPTION D SR K CR 8 REMARKS
°s.! 0.9
2 Casing Blows per
FILL-firm brown clayey SAND & GRAVEL Joot of depth
with debris (SC)
10.0 : 1 6
6 2 26
) ' 3 21
4 18
5 19
5.0 6 12
11 7 13
8 17
9 20
13.5 10 31
0 Soft dark gray organic SILT with trace fine 11 61
sand, thin peat layers (OL) 16 12 18
13 23
14 14
15 12
-5.0 16 14
17 11
18 19
23 19 14
20 15
-10.0 21 19
26 22 20
23 19
24 21
25 22
-15.0 26 33
30.2 31 27 27
Very dense tan fine to coarse SAND & GRAVEL 28 37
(8W) 24 60
30 94
-20.0 31 178
i 32 118
36.6 33 96
’ 34 100
Hard to very hard brown and gray silty CLAY 39 35 40
-25.0 (CL) 36 56
41 37 64
*** Installed 20’ plastic tubing
for observation well * Redrove sampler @ 29’
-30.0 to obtain sample
Boring plowed over, 4-10-72 *= 10.1°, 3-30-72, 7:30 AM
u7 Note: Boring drilled by
driving a 4” diameter
. i ith 300 b hama-
350 | 50.5 50 casing with 30
Boring Terminated ) -
K - Soil Symbols Page 1 of ! BORINGNUMBER: _B-31

D- Sample Depths

N - Penetration in blows

per foot (ASTM
D1586)

~Nor CR
5

SR - Sample Spoon Recovery
18 in inches
18 | S - Symbols Described Below

or BX desiznates bit |70 - - Water Level, time of boring

size (ASTM D-2113)  |NX] 14

—{ Water Level
100 d Loss of Water
C

BX
18 Caved Depth of Boring
G.2-100

22 : .
CR. % Core P.acovery, NX 19 Undisturbed Sample (ASTM D-1587)

DATE DRILLED: 3-27-72 to 3-:28-72
JOB NUMBER: WS-2-206

WESTGATE PUMPOVER
FAIRFAX COUNTY, VIRGINIA

< !E
LAW ENGINEERING TESTING COMMANY r



TEST BORING RECORD

N
STRATUM or
ey, pEPTH VISUAL SOIL DESCRIPTION D SR K CR § REMARKS
+.1 00 . .
"""-‘ Very loose clean fine SAND (SP) 1 Lt Elcvation taken from
i 2.0 ﬂ, . bottom of cameron rua
HES 2455
] Very soft dark gray organic SILT, trace fine 44-, 4.0’
: sand (OL) EJy Push 24"
o ' T 6.0’
i 1| B
‘ 2.0 S0
SRR
& ~ 10 R
‘ D ey
ar ;.z
. 15.0 24 (5T
: 3 %" 14.0°
: £37 Push 24"
, R 16.0°
17 N
-20.0 gy Casing Blows per
19.0 : el foos of depth
Very loose gray silty fine SAND (SM) 20 ‘ 11 0-23 —-— Hammer not
' 1 2313 dropped 18"
EEEE 24 27 {ue tosoft
25.0 | 23.0 25 34 material.
Firm gray slightly siity fine to coarse SAND & ; 26 28
GRAVEL (SW) . - 25 27 21
. 28 43
29 63
-30.0 3 50 80
29.0 ] 31 72
Y
y Hard to very hard red, brown & green silty CLAY 30 \ 33 .
with trace fine sand (CL) \ Note: Borring offset
\ 5’ east.
-35.0 \
\ Boring drilled by
. 35 \ 95 by driving a 3%”
! \ - casing with a 300 Ib.
\ hammer falling
s <40.0 \ 18" and chopping
and washing.
| 0 § o
45.0 \
45 \ 59
45.5 AN
-
Boring Terminated
-50.0
K- Soil Symbols , Page 1 of 1  BORING NUMBER: _B-32
D - Sample Depths ~\N or CR ~ DATE DRILLED: _3-27-72 to 3-28-72
‘ 5 . s . rS.2.9
N - Penetration in blows SR - Sample Spoon Recovery JOB NUMBER: _WS-2-206
per foot (ASTM 18 in inches WES
18 | S - Svmbol . TGATE PUMPOVER
- D-1586) 20 [’S\Svm_o_g Described Below FAIRFAX COUNTY, VIRGINIA
. CR- % Core Recovery, NX 12 Undisturbed Sample (ASTM D-1537)
or BX designates bit {70 m« « Water Level, time of boring
-] -
- size (ASTM D-2113) [NX| 14 j=- Water Level
' 100 ‘ Loss of Water LAW ENGINEERING TESTING COMPANY E
; BX .
18 1 ¢ | Caved Depth of Boring
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TEST BORING RECORD

B N
; STRATUM or ,
5. pEPTH' VISUAL SOIL DESCRIPTION D SR K CR § REMARKS
! . 00 -
1 e Very loose gruy & brown slightly silty fine SAND {1 - Marine boring-elevation
2.0 with trace organics (SP) —r taken @ boitom of
Cameron run
I Very soft dark gray organic SILT with fine sand ' 4.0
3 . seams Push 24"
.3 6.0’ No recovery
L ‘ 7 |24
, : 9.0’
. 129 Push 24" *
o o 11.0°
12 | 24
‘ 135 Casing Blows per
' ; .15.0 (I;’E;AT very soft black organic matter & silt 15 foot of depth
t e e
3 0-23’ hammer not
) 18.5 - dropped 18" due to
; ' : soft material
K -22.0 : 20 23 14
o Very soft gray fine sandy SILT (MH) 24 27
P 25 24
4 23.0 borvhs 26 29
i _ : 27 21
E .25.0 Firm gray SAND & GRAVEL (SW) - 25 28 43
: ' ' 29 63
4 3 30 80
} . .
' 28.5 31 uzZ
s . . N
-30.0 Hard red, brown & green silty CLAY with trace |39 35 Notes:
‘f fine sand (CL) \ Boring offset
I § 5’ south
, . \ Boring drilled by
p 3.0 35 \ 47 driving a 3%”
) \ casing with a
\ 300 Ib hammer
p 18" and chopping
\ and washing
. 0.0 40 \ 44
. \ W=55.1%
\ * 7=89.7%
- \ e =1.838
5.0 1455 45 NN 47
11 ’
Boring Terminated
<200
1 K-Soil ' : ‘
*é oll Symbels Page_lof 1 BORINGNUMBER: B:33
k¥ D-Sample Depths ~ or CR  DATE DRILLED: _3-28-72
6 ) . . 9.
N - Penetration in blows SR - Sample Spoon Recovery JOB NUMBER: _ W5:2:206
per foot (ASTM 18 in inches
. D1586 18 | S - Symbol cri WESTGATE PUMPOVER
) 20 ymbols Described Below  pu1ppax COUNTY, VIRGINIA
CR.o Core Recovery, NX 19 Undisturbed Sample (ASTH D-1537)
]
or BX designates bit |79 ] Water Level, time of boring
- ze (ASTM D-2113) |NX| 14 |== Water Level 73
, 100 4 Loss of Water LAW ENGINEERING TESTING COMPANY b
‘ BX /18 ;
C | Caved Depth of Boring
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SUB-ATTACHMENT D

HYDRAULIC CONDUCTIVITY FIELD TESTING
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Field Hydraulic Conductivity Testing:

Field hydraulic conductivity (permeability) tests were performed in 2 wells at drill
holes DH-3 and DH-6. The wells consisted of 4-inch diameter PVC pipe with a 5-foot
length screen. The screens were placed below the groundwater level and located in the
most pervious stratum encountered in the hole. A uniform sand filter pack was placed
around the screen and approximately 2 feet above the top of screen. Details of the well
installations and test data for each well are shown on the following pages.

The groundwater level varies along the proposed alignment. Groundwater was general
encountered approximately 4 to 12 below the ground surface, with the average depth of
groundwater at about 5 feet. In general the top of the previous stratum (aquifer) is
approximately 5 to 16 feet below top of ground with an average thickness of about 10
feet. The well screens were installed in the previous zones, which consisted of sands
and gravels, such as SP, SP-SM, and GP-GM, classified in accordance with the Unified
Soil Classification System. Gradation test results for these materials are provided
herein.

The field permeability testing was performed by filling the well with water and
recording the various times and water levels in the well. Constant head tests were
performed in both wells, where the water level and pumping rate were kept constant
during the test. For DH-3, a falling head test was performed after the constant head
test. The formulas for determining the hydraulic conductivity (permeability) from the
field permeability tests are shown on the next page. The formulas were originally
presented in the report Time Lag and Soil Permeability in Groundwater Observation,
Bulletin No. 36 Waterways Experiment Station, by Juul Hvorslev, 1951. On the
following page is a copy of the two formulas used in this analysis which is presented in
the TM 5-818-5, Dewatering and Groundwater Control for Deep Excavation, April
1971. The first formula assumes an impervious boundary above the screen; and the
second formula assumes a uniform soil at and above the screen. In addition, the
analysis varied the horizontal to vertical permeability ratio to determine its impact on
the calculated permeabilities. Also, for the falling head tests, various time intervals
were selected to help in determining permeability values. An excel spread sheet was
developed to perform the computations, and these sheets are provided in this section.
In general, the testing showed that the following:

Well Material/Zone Hydraulic conductivity, k
DH-3 | Poorly graded Sand w/ gravel (SP) 2 x 10" cm/sec (falling)
DH-3 | Poorly graded Sand w/ gravel (SP) 4.0 x 10 cm/sec (constant)
DH-6 | Poorly graded Sand w/ gravel & silt (SP-SM) | 3.0 x 10™ cm/sec (constant)

It is considered reasonable to assume a hydraulic conductivity value ranging from 1.0 x
10cm/sec to 2.0 x 10%cm/sec for the sand and gravel aquifer stratum.

G.2-104



U.

12m

S.

o g
|

STANDARD SIEVE OPENING IN INCHES

1 3/4m 1/2"3/8" 4
| | | | |

U.s.

10

&

STANDARD SIEVE NUMBERS

20 40

70 100 200

HYDROMETER

100

95

90

X

85

80

75

70

65

|

60

55

50

45

40

35

PERCENT FINER BY WEIGHT

30

25

20

15

10

1,000

100

10

1

GRAIN SIZE IN MILLIMETERS

0.01 0.001

COBBLES

GRAVEL

SAND

COARSE

[ FINE COARSE |

MEDIUM [

FINE

SILT or CLAY

10

20

30

40

50

60

70

80

90

100

IHDIEM Ad dHSYVOD INHDTHA

Legend | Sample No.

Depth (ft)

Classification (ASTM D 2487)

Nat wc$

LL PL

PI

—— Jar-4

5.0-6.5

WELL-GRADED GRAVEL with SILT and SAND

GW-GM

6.9

—X— Jars 6-8

10.0-16.5

POORLY GRADED SAND with GRAVEL

SP

11.2

27 23

4

—A— Jar-10

20.0-21.5

LEAN CLAY with SAND

CL

24.3

44 22

22

PROJECT: Huntington, VA

AREA: Flood Protection Project

—k— Jar-16

35.0-36.5

FAT CLAY

CH

26.3

54 26

28

REMARKS :

BORING NO.: DH-3

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS:

ASTM D 422,

D4318,

D2216

DATE: May 2008
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U.

12m

S.

STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS

o

g 3w on 1.5m  1m 3/4n 1/2v3/g"

4 10 20 40

70 100

200

HYDROMETER

100 l l A T l l ‘\\; l l l 0
AN ™
95 \ \
90 - 10
ima\lllisd= \
——
85
A I X
80 \ \. \ 20
. ® \
70 x 30 g
e 53|
o« %
= 60 40 3
N
> Q
m 55 L} NN o
™~ b
o O Ny o
i 50 T o 50 @
E e
45
\ w
= N =
4
& 0 60 =
& 3 0
B 35 { 8 @
30 X \-\.\‘\ 0 |
25 \ﬂ\u\ *\\ e |
20 N ~x E3 80
RN
15 \ mi\ml\
10 \\ @ 90
s g
0 100
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT or CLAY
COARSE | FINE COARSE | MEDIUM [ FINE
Legend | Sample No. | Depth (ft) Classification (ASTM D 2487) Nat wc%| LL PL PI PROJECT : Huntington VA
J
—— Jar-3 1.5-3.0 SANDY FAT CLAY CH| 21.5 61 25 36
—X— Jar-6 6.0-7.5 CLAYEY SAND with GRAVEL sCc| 23.3 53 25 28 | AREA: Flood Protection Project
—aA— | Jars 7-11 | 7.5-16.5 | POORLY GRADED SAND with SILT and GRAVEL SP-SM
—k— Jar-18 32.5-34.0 | SANDY FAT CLAY ca| 26.5 | 50 23 27 | BORING NO.: DH-6
REMARKS :
DATE:

ENG FORM ENG2087HUNTINGTON

VA FPP.GPJ

GRADATION CURVES TEST METHODS: ASTM D 422,

D4318, D2216

May 2008
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TM 5-818-5/NAVFAC P-418/AFM 88-5, Chap. 6

NOTATION

D =DIAM, INTAKE, SAMPLE, CM

d = DIAM, STANDPIPE, CM

L =LENGTH, INTAKE, SAMPLE, CM
H_ = CONSTANT PIEZ HEAD, CM

H, =PIEZ HEAD FOR t=t,

H, = PIEZ HEAD FOR $=1,, CM

q = FLOW OF WATER, CM¥/SEC

t = TIME, SEC

k, = VERT PERM CASING, CM/SEC
k, = VERT PERM GROUND, CM/SEC
k, = HORIZ PERM GROUND, CM/SEC
k,, = MEAN COEFF PERM, CM/SEC

WELLPOINT | WELLPOINT m = TRANSFORMATION RATIO
FILTER AT | FILTER IN _ _
‘ IMPERVIOUS | UNIFORM k= Vlth k, m= A\/l(h/kv
- BOUNDARY somn. = =
A o In=log, =23 log,,
‘ (‘
& - é
CASE CONSTANT HEAD VARIABLE HEAD

oo

SensssseEee

n | & [—-—ﬂ/:_— ]
i in |22 (im_h)' T el -1
A qn =y +A/Y + >
ky, =
2rLH

2 qm.)
k —i_.:_(_o__lnfl FOR %)4
"_BL(fz-||) H, [°) 44—

' B E |
el |

2 i (201 g
dln(o) H|

In— FOR—)A Py SR,

S

fonie

k, =
h™ sLat, -1

ASSUMPTIONS

S s e S

SOIL AT INTAKE, INFINITE DEPTH AND DIRECTIONAL 1S0TROPY (k AND k, CONSTANT) - NO
DISTURBANCE, SEGREGATION, SWEL.LING, OR CONSOLIDATION OF SOIL - NO SEDIMENTATION OR
LEAKAGE - NO AIR OR GAS IN SOIL, WELLPOINT, OR PIPE ~ HYDRAULIC LOSSES IN PIPES, WELL -
POINT, OR FILTER NEGLIGIBLE.

(U. S. Army Engineer Waterways Experiment Station) ¢

R

Figure 20. Formulas for determining permeability from
field falling head tests [modified from ref 5]

7

35




CONSTANT HEAD AND FALLING HEAD Test DATA FORM

PROJECTHuntington Flood Control Project DATE 28 March 2008 LOCATION: Huntington, VA

WELL DH-3A LENGHT OF SCREEN_5 Ft RISER IN GROUND11 ft
RISER ABOVE GROUND 0.6 ft INITIAL WATER LEVEL 6.5Ft
REMARKS

Constant Head Test

Time Water Water Pumping Rate
(mins) added Level (gallons/min)
(gallons) | (feet)

0 0 1.0 0

5 15 1.0 3.0

10 12 1.0 2.4

15 11 1.0 2.2

20 11 1.0 2.2

Diameter of PVC pipe
0.33ft

A

»
>

Riser above ground \
0.6ft Ground Level

A

Riser in ground 11ft

Screen 5ft
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CONSTANT HEAD AND FALLING HEAD Test DATA FORM

Falling Head Test for DH-3A

Time Depth to Draw Draw Down
(mins) | Water (ft) | Down (ft) | Rate (ft/min)
0 1.0 0.0 0.0
0.5 5.3 4.3 9.0
1.0 5.8 0.5 1.0
15 6.0 0.2 0.4
2.0 6.0 0.0 0.0
2.5 6.0 0.0 0.0
3.0 6.0 0.0 0.0
4.0 6.0 0.0 0.0
5.0 6.0 0.0 0.0
6.0 6.0 0.0 0.0
7.0 6.0 0.0 0.0
8.0 6.0 0.0 0.0
9.0 6.0 0.0 0.0
10.0 6.0 0.0 0.0
11.0 6.0 0.0 0.0
12.0 6.0 0.0 0.0
17.0 6.0 0.0 0.0
22.0 6.0 0.0 0.0
27.0 6.0 0.0 0.0
32.0 6.0 0.0 0.0
37.0 6.0 0.0 0.0
42.0 6.0 0.0 0.0
47.0 6.0 0.0 0.0
52.0 6.0 0.0 0.0
57.0 6.0 0.0 0.0
62.0 6.0 0.0 0.0
67.0 6.0 0.0 0.0
72.0 6.0 0.0 0.0
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DRILL HOLE: DH-3

k equation for well with Impervious boundary above aquifer

inches Feet -
Screen Diameter D= 4.00 0.33 amL 2mt\ 2
Screen Length = 5.00 qin T"’ 1+ -y
= =
Diam:Length Ratio L/D 15.00 kl‘ zm_ﬂc
gpm cfm
Flow rate q 2.45 0.33
Head (ft) h 5.50
Kh/Kv m (2*mL/D), Kh (ft/min) @ Kh (cm/sec)
1.00 1.00 30.00 7.74E-03 3.95E-03 T
5.00 2.24 67.08 9.26E-03 4.72E-03 ﬁﬂ-ggﬂ;j;
10.00 3.16 94.87 9.92E-03 5.06E-03 IMPERVIOUS
A
DRILL HOLE: DH-3 k equation for well in uniform soil:
inches Feet
Screen Diameter D= 4.00 0.33 mbL
Screen Length = 5.00 q In
Diam:Length Ratio L/D 15.00 kh =
gpm cfm
Flow rate q 2.45 0.33
Head (ft) h 5.50
Kh/Kv m (mL/D) | Kh (ft/min)  Kh (cm/sec)
1.00 1.00 15.00 6.43E-03 3.28E-03 A
5.00 2.24 33.54 7.95E-03 4.06E-03 FILTER IN
10.00 3.16 47.43 8.61E-03 4.39E-03 son
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DRILL HOLE: DH-3

k equation for well with Impervious boundary above aquifer

[ [ [
inches Feet
. L —
Screen Diameter D= 4.00 0.33 din (‘—::—) H 2L
— ' -
Screen Length L= 5.00 kh = .y =) In o FOR _g._ >4 |
Diam:Length Rato.  L/D  15.00 2 ! 2 R
Kh/Kv m tl(min) | H1 (ft)  t2(min) | H2 (ft) In (h1/H2) (t2-t1) |In (4mL/D) Kh (ft/min) Kh (cm/sec)
1.00 1.00 0.00 5.50 0.50 1.20 1.52 0.50 4.09 3.46E-02 1.77E-02
5.00 2.24 0.00 5.50 0.50 1.20 1.52 0.50 4.90 4.14E-02 2.11E-02
10.00 3.16 0.00 5.50 0.50 1.20 1.52 0.50 5.25 4.44E-02 2.26E-02
1.00 1.00 0.50 1.20 1.00 0.70 0.54 0.50 4.09 1.23E-02 6.25E-03
5.00 2.24 0.50 1.20 1.00 0.70 0.54 0.50 4.90 1.47E-02 7.48E-03
10.00 3.16 0.50 1.20 1.00 0.70 0.54 0.50 5.25 1.57E-02 8.01E-03
WELLPOINT
1.00 1.00 0.00 5.50 1.00 0.70 2.06 1.00 4.09 2.34E-02  1.20E-02 T AT
5.00 2.24 0.00 5.50 1.00 0.70 2.06 1.00 4.90 2.81E-02 1.43E-02 a°""A°”“
10.00 3.16 0.00 5.50 1.00 0.70 2.06 1.00 5.25 3.00E-02 1.53E-02
DRILL HOLE: DH-3 k equation for well in uniform soil:
\ \ .
_ inches Feet 2 i 2mL |
Screen Diameter D= 4.00 0.33 d* In —D—' [*] . mL B
Screen Length L= 5.00 kh = In— FOR — > &
sL "a ol B Hz D N
Diam:Length Ratio L/D 15.00
Kh/Kv m ti(min) | H1 (ft) t2(min) @ H2 (ft) |In (h1/H2) (t2-t1) In (2mL/D) Kh (ft/min) Kh (cm/sec)
1.00 1.00 0.00 5.50 0.50 1.20 1.52 0.50 3.40 2.88E-02 1.47E-02
5.00 2.24 0.00 5.50 0.50 1.20 1.52 0.50 4.21 3.56E-02 1.81E-02
10.00 3.16 0.00 5.50 0.50 1.20 1.52 0.50 4.55 3.85E-02 1.96E-02
1.00 1.00 0.50 1.20 1.00 0.70 0.54 0.50 3.40 1.02E-02 5.19E-03
5.00 2.24 0.50 1.20 1.00 0.70 0.54 0.50 4.21 1.26E-02 6.42E-03
10.00 3.16 0.50 1.20 1.00 0.70 0.54 0.50 4.55 1.36E-02 6.95E-03
BN
1.00 1.00 0.00 5.50 1.00 0.70 2.06 1.00 3.40 1.95E-02 9.93E-03 WELLPOINT
5.00 2.24 0.00 5.50 1.00 0.70 2.06 1.00 421 2.41E-02 = 1.23E-02 FORIFORM
10.00 3.16 0.00 5.50 1.00 0.70 2.06 1.00 4.55 2.61E-02 = 1.33E-02 3°;‘-
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CONSTANT HEAD DATA FORM

PROJECTHuntington Flood Control Project DATE 28 March 2008 LOCATION: Huntington, VA

WELL DH 6A LENGHT OF SCREEN_5 Ft RISER IN GROUND 10 ft
RISER ABOVE GROUND 0.6 ft INITIAL WATER LEVEL 5.8ft
REMARKS

Time Water Water Pumping Rate

(mins) added Level (gallons/min)

(gallons) | (feet)

0 0 0.6 0
5 8 0.6 1.6
10 8 0.6 1.6
15 9 0.6 1.6
20 6 0.6 1.6

Diameter of PVC pipe
0.33ft

4—P

Riser above ground \_ |
0.6ft Ground Level

Riser in ground 10ft

Screen 5ft
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DRILL HOLE: DH-6

k equation for well with Impervious boundary above aquifer

inches Feet -
Screen Diameter D= 4.00 0.33 2mL 2mt\ 2
Screen Length = 5.00 qln T"’ 1+ -y
= .
Diam:Length Ratio LD  15.00 ky 2rLH_
gpm cfm
Flow rate q 1.55 0.21
Head (ft) h 5.20
Kh/Kv m (2*mL/D), Kh (ft/min) @ Kh (cm/sec)
1.00 1.00 30.00 5.18E-03 2.64E-03 FEngh
500 224  67.08  6.20E-03  3.16E-03 WELLPOINT
10.00 3.16 94.87 6.64E-03 3.38E-03 fupERVIOUS
A
DRILL HOLE: DH-6 k equation for well in uniform soil:
inches Feet
Screen Diameter D= 4.00 0.33 mbL
Screen Length = 5.00 q In
Diam:Length Ratio L/D 15.00 kh =
gpm cfm
Flow rate q 1.55 0.21
Head (ft) h 5.20
Kh/Kv m (mL/D) | Kh (ft/min)  Kh (cm/sec)
1.00 1.00 15.00 4.30E-03 2.20E-03 RS
5.00 224 | 3354 5.32E-03 2.71E-03 ‘RLTER N
10.00  3.16 = 47.43  576E-03 2.94E-03 Yo
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SUB-ATTACHMENT E
SEEPAGE ANALYSIS

1. General: The embankment was evaluated for seepage through and beneath the embankment.
Since the duration of a flood event at or above the design water surface is very brief, it is unlikely that
a condition of full saturation of the embankment will occur. However, the seepage analysis did
assume a full steady state condition, causing saturation of the levee embankment. Any seepage
through the embankment will be collected by the sand blanket drain and discharged at the toe of the
levee, which will prevent saturation of the landside portion of the levee embankment. However,
because of the pervious aquifer and varying thickness of blanket, analysis of underseepage was
performed.

2. Embankment and Foundation Conditions:

a. In general, the proposed levee embankment will have a 10-foot wide crest and 1 vertical on
2.5 horizontal (1.0V:2.5H) side slopes. A 6-foot deep trapezoidal inspection trench will be located
beneath the levee centerline. The embankment will be constructed primarily using select earth
material from a borrow source obtained by the contractor. In addition, a combination sand blanket and
gravel toe drain will be placed along the landside levee toe.

b. Foundation Conditions beneath Levee Centerline. Subsurface exploration indicates the
existence of three general foundation overburden zones within the top 60 feet along the centerline of
the levee embankment alignment. The top stratum consists of an upper blanket zone of silt, clay and
silty or clayey sand. This blanket material varies in thickness from 5 to 16 feet, with an average
thickness of 8 feet. Beneath this blanket stratum is a pervious stratum of silty sand and gravel varying
from 2 to 13 feet thick: however, at drill holes DH-1 and 4, the poorly graded sand and gravel stratum
was not encountered and only a 2-foot thick zone of silty gravel was encountered in DH-2.
Mechanical sieve analysis performed on the foundation sand and gravel samples showed that the
material contained 3 to 12 percent fines (material passing the 200 sieve). Beneath the top two strata is
a thick deposit of very hard clay, with varying amounts of sand and gravel. In some borings, seams of
clayey, silty sand were encountered within the clay deposit. A summary of gradation curves for each
of the different foundation strata are provided on the following pages.

Based on visual classification and mechanical sieve analyses of selective soil samples, a range of
hydraulic conductivity values were selected for the various foundation strata or deposits encountered.
The table below shows the typical ranges of values used in the analyses for foundation and
embankment materials:

Zone/Stratum Hydraulic conductivity, k
Upper Blanket of Clay, Silt, & Clayey Sand 1x10™ to 1 x 10°® cm/sec
Sand & Gravel Aquifer Layer 1 x 107 to 2 x 10 cm/sec
Lower Clay Stratum 1x10° to 1 x 10 cm/sec
Sand Blanket Drain 1x107% to 1 x10° cm/sec
Gravel Toe Drain 1x 107 cm/sec
Impervious Levee Fill 1x10°tol x 10° cm/sec
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3. Underseepage Analysis:

a. Since the foundation condition consist of semi-impervious blanket overlying an aquifer,
significant hydrostatic pressures within the aquifer and beneath the foundation blanket could develop
during high river stages. These potentially high pressures should be considered when analyzing
foundation conditions at the toe of the levee embankment. Preliminary seepage analysis was
performed using techniques presented in EM 1110-2-1913, Design and Construction of Levees (30
April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum Pressures.”
Calculations for this analysis are presented on the following pages. The results indicated that the uplift
pressures and exit gradients at the landside toe of the levee are generally within acceptable ranges,
with certain exceptions. The analysis did show that landward of the levee in the vicinity of the
proposed ponding area, the exit gradient is slightly above the recommended minimum. Therefore, it is
recommended that a toe drain be included with the sand blanket drain to collect and control seepage.

b. Additional underseepage analysis was performed to evaluate the toe drain and its impact on
reducing seepage pressures at the levee toe and landward of the toe. The analysis provided data on
flow rates, exit gradients, and pressures heads within the levee embankment and foundation. The
finite element seepage program, SEEP/W 2007, developed by GEO-Slope International was used to
analyze seepage conditions. To perform the seepage analysis, a typical levee section and foundation
profile was developed to provide a conservative model for the conditions of the site. The foundation
was divided into 3 zones. The foundation semi-impervious top blanket was modeled being 6 feet
thick, the sand and gravel aquifer being 10 feet thick, and the clay deposit being 30 feet thick. The
section included the sand blanket and gravel toe drains located beneath the levee embankment and toe
to control and collect seepage. Certain critical parameters were varied in the model to determine their
influence and impacts, which are listed below:

e Water levels at both the top of protection and design water surface were assumed it the
analysis, which created a maximum differential head of approximately 13 and 10 feet,
respectively.

e Tailwater levels used in the analysis were at the ground surface and ponding level,
elevation 6.0 and 9.0, respectively.

e The hydraulic conductivity values for the foundation materials were varied.

e The toe drain was modeled for 2 conditions. The first condition assumed that the toe
drain only partially penetrates through the semi-impervious blanket and does not make
contact with the underlying sand and gravel aquifer stratum. The other condition
assumed that the bottom of toe drain does fully penetrate the upper blanket and makes
fully contact with the aquifer.

Several output plots (flow net figures) are provided at the end of this section, which show the various
conditions that were modeled. The data presented on the figures show potential head contours, flow
quantities, and seepage gradients at the toe and farther landward of the levee embankment. For the
river at the design water surface level, the analysis showed the exit gradients and hydrostatic heads to
be within acceptable ranges. For condition with the river at top of protection, the analysis showed the
exit gradients and hydrostatic heads to be higher; however, these values are considered to be within
acceptable ranges based on the extreme event. In general, the analysis showed that the excess
hydrostatic pressures would dissipate through the blanket layer and be controlled by the drains.
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c. As stated above, during the design it was determined that additional area is required for
ponding interior drainage run-off. In order to provide space for ponding, the area landward of the
levee toe will be excavated to elevation 6.0. The depth for the excavation would vary from 0 to 3 feet.
The excavation would begin 50 feet from the levee toe and would extend out to about 250 feet from
the levee toe. The toe drain would help to relieve excess hydrostatic pressures that could develop
farther landward in the vicinity of the ponding area.
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Typical Gradation Curves for Embankment and Foundation Materials
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Mathematical Analysis of Underseepage and Substratum Pressures.
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Computation for Undersepage Pressures Beneath Semi-Impervious Blanket

Because of the foundation conditions beneath the proposed levee, significant hydrostatic pressures within the
aquifer and beneath the foundation blanket could develop during high river stages. These potential high pressures
should be considered when analyzing foundation conditions at the toe of the levee embankment. Preliminary
seepage analysis was performed using techniques presented in EM 1110-2-1913, Design and Construction of
Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum Pressures.” On the
following pages are computations for determining underseepage flows and pressures beneath the landside semi-
impervious blanket for the Huntington levee. This analysis indicated that the uplift pressures and exit gradients at
the landside toe of the levee are generally within acceptable ranges, with certain exceptions.

At the toe of the levee, it is generally desirable to have exit gradients less than 0.6 and factors-of-safety against
uplift greater than 1.7 for a river stage at the design water surface (DWS) elevation and a blanket unit weight
greater than 120pcf. For the river at top of protection, it is considered reasonable to allow higher gradients at the
levee toe but not greater than about 0.8, which yields a FS against uplift of 1.25. Also, additional evaluation of the
areas landward of the levee toe that would be excavated for the creation of the ponding areas were analyzed to
ensure that the exit gradients and uplift were acceptable. For a significant reach of the levee, addition fill will be
placed along the toe for the access ramp and to cover the culverts for the pump station. This additional fill will
assist in providing resistance to uplift, and therefore, significantly increases the factor-of-safety against uplift at the
levee toe.

The following summary tables provide data on the calculated exit gradients and uplift factors of safety at the
levee toe and at some distance landward of the toe. In general, all the exit gradients and uplift FS are adequate
with certain exceptions. It is recommended that a toe drain be included with the sand blanket drain to control
seepage. A finite element seepage analysis was performed to evaluate the toe drain and its impact on reducing
seepage pressures at the levee toe and landward. Results and output plots are provided in the next section.

) Head at Levee | Exit Gradient at | Factor of Safety Factor.of Safgty at
Reach Tailwater Toe, hg Levee Toe, i, at Levee Toe Toe W|trf1”,;l\dd|t|on
EL. DWS TP DWS TP DWS TP DWS TP
0+00 to 5+00 6 4.75 6.77 0.59 0.85 1.69 1.19 2.70 1.91
0+00 to 5+00 9 3.23 5.25 0.40 0.66 2.48 1.53 3.73 2.29
5+00 to 10+00 6 4.83 6.82 0.80 1.14 1.25 0.88 2.70 1.91
5+00 to 10+00 9 3.25 5.25 0.54 0.87 1.85 1.15 4.00 2.48
10+00 to 17+00 8 3.41 5.16 0.43 0.64 2.36 1.56
10+00 to 17+00 9 2.9 4.66 0.36 0.58 2.76 1.72
17+00 to 24+00 8 3.22 4.84 0.36 0.54 2.8 1.87
17+00 to 24+00 9 2.72 4.33 0.30 0.48 3.32 2.08
24+00 to 29+00 6 3.99 5.44 0.36 0.49 2.76 2.03
24+00 to 29+00 9 2.55 3.99 0.23 0.36 4.33 2.76
) Head at Levee | Exit Gradient at [ Factor of Safety "X
Reach Tailwater Toe, hy Levee Toe, iy at Levee Toe distance
from toe
EL. DWS TP DWS TP DWS TP
0+00 to 5+00 6 3.41 4.86 0.43 0.61 2.35 1.65 60
0+00 to 5+00 9 2.32 3.77 0.29 0.47 3.46 2.13 60
5+00 to 10+00 6 3.69 5.21 0.61 0.87 1.63 1.16 60
5+00 to 10+00 9 2.49 4.01 0.41 0.67 2.42 1.50 60
10+00 to 17+00 8 3.01 4.56 0.50 0.76 2.00 1.32 30
10+00 to 17+00 9 2.57 4.12 0.43 0.69 2.34 1.46 30
17+00 to 24+00 8 2.71 4.06 0.30 0.45 3.34 2.22 50
17+00 to 24+00 9 2.28 3.64 0.25 0.40 3.95 2.48 50
24+00 to 29+00 6 3.35 4.56 0.30 0.41 3.29 2.42 50
24+00 to 29+00 9 2.14 3.35 0.19 0.30 5.16 3.29 50
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum
Pressures.”

— L’ —
J.# X |t L, —t e Lo - 0O
:z:I N A ‘k “““““ T T s l'\
| ‘ ’ :’ o £__9.______:__.E_l\x B
T T — g7 enaa
TT T 777777 7777777 7K 7777V
S e —————g— X
Project: Huntington, VA - FDR Study Reach: Station 0+00 to 5+00
Date: Oct-08
Top of Protection (TP) El. = 19.4 Head (TP -TW) Hp = 13.4 L= 75
Design Water Surface (DWS) El. = 15.4 Head (DWS -TW) Hpys = 9.4 L,= 70
Top of Ground (TG) EL. = 6.0 L= O
Tailwater (TW) El.= 6.0 distance landward from levee toe, x = 60
Blanket Thinkness at x distance (z,)= 8
Blanket Thinkness (z,,)= 8 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 5 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
k k d tanh cL
ForL,=o where ¢ = ol x, B S Rl x, = anh cL,
" kf z, d c ky, c
P Hx
® HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TOE.......... B, = ———2
= * ox, +L +x
< 1 2 3
8, HEAD LANDWARD OF THE LEVEE TOE: h,=h,e®, e=2.718
L
dk H
SEEPAGE PER UNIT LENGTH OF LEVEE . Q =8kH = —L——

x, +L +x

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe
c= 0.00707107

Dist to eff seepage entrance X, = 69 Seepage/ If of levee - Q (gpm/If) = 0.02
Dist to effective seepage exit X;= 141
S = (X+Ly) = 139
Ri Level at Head at Levee Toe, Exit Gradient at toe, Factor of Safety at Toe
ver Levela ho i, = hy/zp, FS= 7, (125-62.4)/h,(62.4)
Design Water Surface 475 0.59 1.69
Top of Protection 6.77 0.85 1.19
-~ el " distance from toe Note: There is about 3.5 ft of additional fill along the
Iver Level a Head, h, Gradient, i, levee Foe for thg ramp.and to cover the pump sta
= - conduit. This will provide additional resistance at the
De_?lgn \;Vgter Su_r ace Zgé 82? toe against uplift- for river at DWS & TP- FS =2.70 &
op of Protection : : 1.91, respectively
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum
Pressures.”

- X |t L, | L"-.=—°°

=) N 7/._:\;‘33_;_. e

) - 4 r—1r—T—TrTrrrTrrTr 1 1T

T T —r FE
TT T 777777 7777777 7K 7777V
S e —————g— X
Project: Huntington, VA - FDR Study Reach: Station 0+00 to 5+00
Date: Oct-08
Top of Protection (TP) El. = 19.4 Head (TP -TW) Hp = 10.4 L= 75
Design Water Surface (DWS) El. = 15.4 Head (DWS -TW) Hpys = 6.4 L,= 70
Top of Ground (TG) EL. = 6.0 L= O
Tailwater (TW) El.= 9.0 distance landward from levee toe, x = 60
Blanket Thinkness at x distance (z,)= 8
Blanket Thinkness (z,)= 8 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 5 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
k k d tanh cL
ForL,=o where ¢ = ol x, B S Rl x, = anh cL,
" kf z, d c ky, c
P Hx
® HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TOE.......... B = :
= * ox, +L +x
< 1 2 3
8, HEAD LANDWARD OF THE LEVEE TOE: h,=h,e®, e=2.718
L
dk H
SEEPAGE PER UNIT LENGTH OF LEVEE . Q =8kH = —L——

x, +L +x

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe
c= 0.00707107

Dist to eff seepage entrance X, = 69 Seepage/ If of levee - Q (gpm/If) = 0.01
Dist to effective seepage exit X;= 141
S = (X+Ly) = 139
River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 3.23 0.40 2.48
Top of Protection 5.25 0.66 1.53

Note: There is about 3.5 ft of additional fill along the
levee toe for the ramp and to cover the pump sta
conduit. This will provide additional resistance at the

De_f_;ign \;Vster Su-rface 233 823 toe against uplift- for river at DWS & TP- FS =3.73 &
op of Protection : : 2.29, respectively

"x" distance from toe

River Level at Head, h, Gradient, i,
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum
Pressures.”

- X |t L, | L"-.=—°°

=) N 7/._:\;‘33_;_. e

) - 4 r—1r—T—TrTrrrTrrTr 1 1T

T T —r FE
oy V. R R S I s B k/ P
TT T 777777 7777777 7K 7777V
S e —————g— X
Project: Huntington, VA - FDR Study Reach: Station 5+00 to 10+00
Date: Oct-08
Top of Protection (TP) El. = 19.0 Head (TP -TW) Hyp = 13.0 L;= 80
Design Water Surface (DWS) El. = 15.2 Head (DWS -TW) Hpys = 9.2 L,= 82
Top of Ground (TG) EL. = 6.0 L= O
Tailwater (TW) El.= 6.0 distance landward from levee toe, x = 60
Blanket Thinkness at x distance (z,)= 6
Blanket Thinkness (z,)= 6 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 10 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
k k d tanh cL
ForL,=o where ¢ = ol x, B S Rl x, = anh cL,
" kf z, d c ky, c
P Hx
® HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TOE.......... B = :
= * ox, +L +x
< 1 2 3
8, HEAD LANDWARD OF THE LEVEE TOE: h,=h,e®, e=2.718
L
dk H
SEEPAGE PER UNIT LENGTH OF LEVEE . Q =8kH = —L——

x, +L +x

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe

c= 0.0057735

Dist to eff seepage entrance X, = 75 Seepage/ If of levee - Q (gpm/If) = 0.03
Dist to effective seepage exit X;= 173
S = (X+Ly) = 157

River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 4.83 0.80 1.25
Top of Protection 6.82 1.14 0.88

Note: There is about 3.5 ft of additional fill along the
levee toe for the ramp and to cover the pump sta
conduit. This will provide additional resistance at the

De_f_;ign \;Vster Su-rface ggi 83% toe against uplift- for river at DWS & TP- FS =2.70 &
op of Protection : : 1.91, respectively

"x" distance from toe

River Level at Head, h, Gradient, i,
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum
Pressures.”

— L’ —
-~ X |t L, . - 0O
:z:I N A ‘k “““““ T T s l'\
| ‘ ’ :’ T £__9.______:__.E_l\x B
T T — g7 enaa
oy V. R R S I s B k/ P
TT T 777777 7777777 7K 7777V
S e —————g— X
Project: Huntington, VA - FDR Study Reach: Station 5+00 to 10+00
Date: Oct-08
Top of Protection (TP) El. = 19.0 Head (TP -TW) Hyp = 10.0 L;= 80
Design Water Surface (DWS) El. = 15.2 Head (DWS -TW) Hpys = 6.2 L,= 82
Top of Ground (TG) EL. = 6.0 L= O
Tailwater (TW) El.= 9.0 distance landward from levee toe, x = 60
Blanket Thinkness at x distance (z,)= 6
Blanket Thinkness (z,,)= 6 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 10 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
k k d tanh cL
ForL,=o where ¢ = ol x, B S Rl x, = anh cL,
" kf z, d c ky, c
P Hx
® HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TOE.......... B, = ———2
= * ox, +L +x
< 1 2 3
8, HEAD LANDWARD OF THE LEVEE TOE: h,=h,e®, e=2.718
L
dk H
SEEPAGE PER UNIT LENGTH OF LEVEE . Q =8kH = —L——

x, +L +x

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe

c= 0.0057735
Dist to eff seepage entrance X, = 75 Seepage/ If of levee - Q (gpm/If) = 0.02
Dist to effective seepage exit X;= 173
S = (X+Ly) = 157
Ri Level at Head at Levee Toe, Exit Gradient at toe, Factor of Safety at Toe
ver Levela ho i, = hy/zp, FS= 7, (125-62.4)/h,(62.4)
Design Water Surface 3.25 0.54 1.85
Top of Protection 5.25 0.87 1.15
-~ el " distance from toe Note: There is about 3.5 ft of additional fill along the
Iver Level a Head, h, Gradient, i, levee Foe for thg ramp.and to cover the pump sta
= - conduit. This will provide additional resistance at the
De_?lgn \;Vgter Su_r ace ig? 82’% toe against uplift- for river at DWS & TP- FS =4.0 &
op of Protection : : 2.48, respectively
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and

Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum

Pressures.”
— L’ —
-~ X |t L, . - 0O
el | T e T 7/-_:\£h
F ‘ - 1 1 1 1 TA‘I 1 1 1 1 1 1L 1 1 1 1 1 -_l_ : 1 . L_r-g::;-T_l :__g_k\x B ’
oy ’ Lo K . : ke oo

VT L A v v G G G AV VS S A . G G A T
S el ——————g— X

Project: Huntington, VA - FDR Study
Date: Oct-08

Reach: Station 10+00 to 17+00

Top of Protection (TP) El. = 18.3 Head (TP -TW) Hyp = 10.3 L;= 140
Design Water Surface (DWS) El. = 14.8 Head (DWS -TW) Hpys = 6.8 L,= 70
Top of Ground (TG) EL. = 8.0 L= O
Tailwater (TW) El.= 8.0 distance landward from levee toe, x = 30
Blanket Thinkness at x distance (z,)= 6
Blanket Thinkness (z,,)= 8 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 9 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
ForL, = where ¢ = ky, x, = 1 _ k z, d X, - tanh cL,
kf z, d c ky, c
Hx
HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TCE........... B = —————r

EQUATIONS

HEAD LANDWARD OF THE LEVEE TOE: h,=h, e, e=2.718

dk H

SEEPAGE PER UNIT LENGTH OF LEVEE

) =$8kH= ——L
o 7 x, + L +x

c= 0.00527046

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe

Dist to eff seepage entrance X, = 119 Seepage/ If of levee - Q (gpm/If) = 0.02
Dist to effective seepage exit X;= 190
S = (X+Ly) = 189
River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 3.41 0.43 2.36
Top of Protection 5.16 0.64 1.56

"x" distance from toe
Head, h, Gradient, i,

Design Water Surface 3.01 0.50
Top of Protection 4.56 0.76

River Level at
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum
Pressures.”

— et L, P - La‘.__oo

=) N 7/._:\;‘33_;_. e

) - 4 r—1r—T—TrTrrrTrrTr 1 1T

T T —r FE
TT T 777777 7777777 7K 7777V
S e —————g— X
Project: Huntington, VA - FDR Study Reach: Station 10+00 to 17+00
Date: Oct-08
Top of Protection (TP) El. = 18.3 Head (TP -TW) Hyp = 9.3 L;= 140
Design Water Surface (DWS) El. = 14.8 Head (DWS -TW) Hpys = 5.8 L,= 70
Top of Ground (TG) EL. = 8.0 L= O
Tailwater (TW) El.= 9.0 distance landward from levee toe, x = 30
Blanket Thinkness at x distance (z,)= 6
Blanket Thinkness (z,)= 8 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 9 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
k k d tanh cL
ForL,=o where ¢ = ol x, B S Rl x, = anh cL,
" kf z, d c ky, c
P Hx
® HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TOE.......... B = :
= * ox, +L +x
< 1 2 3
8, HEAD LANDWARD OF THE LEVEE TOE: h,=h,e®, e=2.718
L
dk H
SEEPAGE PER UNIT LENGTH OF LEVEE . Q =8kH = —L——

x, +L +x

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe
c= 0.00527046

Dist to eff seepage entrance X, = 119 Seepage/ If of levee - Q (gpm/If) = 0.02
Dist to effective seepage exit X;= 190
S = (X+Ly) = 189
River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 2.90 0.36 2.76
Top of Protection 4.66 0.58 1.72

"x" distance from toe
Head, h, Gradient, i,

Design Water Surface 2.57 0.43
Top of Protection 412 0.69

River Level at
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum
Pressures.”

— et L, P - La‘.__oo

=) N 7/._:\;‘33_;_. e

) - 4 r—1r—T—TrTrrrTrrTr 1 1T

T T —r FE
oy V. R R S I s B k/ P
TT T 777777 7777777 7K 7777V
S e —————g— X
Project: Huntington, VA - FDR Study Reach: Station 17+00 to 24+00
Date: Oct-08
Top of Protection (TP) El. = 17.6 Head (TP -TW) Hyp = 9.6 L= 200
Design Water Surface (DWS) El. = 14.4 Head (DWS -TW) Hpys = 6.4 L,= 60
Top of Ground (TG) EL. = 8.0 L= O
Tailwater (TW) El.= 8.0 distance landward from levee toe, x = 50
Blanket Thinkness at x distance (z,)= 9
Blanket Thinkness (z,)= 9 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 11 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
k k d tanh cL
ForL,=o where ¢ = ol x, B S Rl x, = anh cL,
" kf z, d c ky, c
P Hx
® HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TOE.......... B = :
= * ox, +L +x
< 1 2 3
8, HEAD LANDWARD OF THE LEVEE TOE: h,=h,e®, e=2.718
L
dk H
SEEPAGE PER UNIT LENGTH OF LEVEE . Q =8kH = —L——

x, +L +x

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe
c = 0.00449467

Dist to eff seepage entrance X, = 159 Seepage/ If of levee - Q (gpm/If) = 0.02
Dist to effective seepage exit X;= 222
S = (X+Ly) = 219
River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 3.22 0.36 2.80
Top of Protection 4.84 0.54 1.87

"x" distance from toe
Head, h, Gradient, i,

Design Water Surface 2.71 0.30
Top of Protection 4.06 0.45

River Level at
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and

Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum

Pressures.”
— L’ —
-~ X |t L, . - 0O
el | T e T 7/-_:\£h
F ‘ - 1 1 1 1 TA‘I 1 1 1 1 1 1L 1 1 1 1 1 -_l_ : 1 . L_r-g::;-T_l :__g_k\x B ’
oy ’ Lo K . : ke oo

VT L A v v G G G AV VS S A . G G A T
S el ——————g— X

Project: Huntington, VA - FDR Study
Date: Oct-08

Reach: Station 17+00 to 24+00

Top of Protection (TP) El. = 17.6 Head (TP -TW) Hyp = 8.6 L= 200
Design Water Surface (DWS) El. = 14.4 Head (DWS -TW) Hpys = 5.4 L,= 60
Top of Ground (TG) EL. = 8.0 L= O
Tailwater (TW) El.= 9.0 distance landward from levee toe, x = 50
Blanket Thinkness at x distance (z,)= 9
Blanket Thinkness (z,,)= 9 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 11 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
ForL, = where ¢ = ky, x, = 1 _ k z, d X, - tanh cL,
kf z, d c ky, c
Hx
HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TCE........... B = —————r

EQUATIONS

HEAD LANDWARD OF THE LEVEE TOE: h,=h, e, e=2.718

dk H

SEEPAGE PER UNIT LENGTH OF LEVEE

) =$8kH= ——L
o 7 x, + L +x

c = 0.00449467

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe

Dist to eff seepage entrance X, = 159 Seepage/ If of levee - Q (gpm/If) = 0.02
Dist to effective seepage exit X;= 222
S = (X+Ly) = 219
River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 2.72 0.30 3.32
Top of Protection 4.33 0.48 2.08

"x" distance from toe
Head, h, Gradient, i,

Design Water Surface 2.28 0.25
Top of Protection 3.64 0.40

River Level at
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum

Pressures.”
— L’ —
-~ X |t L, . - 0O
el | T e T 7/-_:\£h
F ‘ - 1 1 1 1 TA‘I 1 1 1 1 1 1L 1 1 1 1 1 -_l_ : 1 . L_r-g::;-T_l :__g_k\x B ’
oy ’ Lo K . : ke oo

VT L A v v G G G AV VS S A . G G A T
S el ——————g— X

Project: Huntington, VA - FDR Study
Date: Oct-08

Reach: Station 24+00 to 29+00

Top of Protection (TP) El. = 17.3 Head (TP -TW) Hyp = 11.3 L= 250
Design Water Surface (DWS) El. = 14.3 Head (DWS -TW) Hpys = 8.3 L,= 60
Top of Ground (TG) EL. = 8.0 L= O
Tailwater (TW) El.= 6.0 distance landward from levee toe, x = 50
Blanket Thinkness at x distance (z,)= 11
Blanket Thinkness (z,,)= 11 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 9 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
ForL, = where ¢ = ky, x, = 1 _ k z, d X, - tanh cL,
kf z, d c ky, c
Hx
HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TCE........... B = —————r

EQUATIONS

HEAD LANDWARD OF THE LEVEE TOE: h,=h, e, e=2.718

dk H

SEEPAGE PER UNIT LENGTH OF LEVEE

) =$8kH= ——L
o 7 x, + L +x

c = 0.00449467

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe

Dist to eff seepage entrance X, = 180 Seepage/ If of levee - Q (gpm/If) = 0.02
Dist to effective seepage exit X;= 222
S = (X+Ly) = 240
River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 3.99 0.36 2.76
Top of Protection 5.44 0.49 2.03

"x" distance from toe
Head, h, Gradient, i,

Design Water Surface 3.35 0.30
Top of Protection 4.56 0.41

River Level at
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Undersepage Pressures Beneath Semi-Impervious Blanket

Below are computations for determining underseepage flows and pressures beneath the landside semi-impervious
blanket. Analysis was performed using equations and techniques presented in EM 1110-2-1913, Design and
Construction of Levees (30 April 2000), Appendix B, “Mathematical Analysis of Underseepage and Substratum
Pressures.”
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S e —————g— X
Project: Huntington, VA - FDR Study Reach: Station 24+00 to 29+00
Date: Oct-08
Top of Protection (TP) El. = 17.3 Head (TP -TW) Hyp = 8.3 L= 250
Design Water Surface (DWS) El. = 14.3 Head (DWS -TW) Hpys = 5.3 L,= 60
Top of Ground (TG) EL. = 8.0 L= O
Tailwater (TW) El.= 9.0 distance landward from levee toe, x = 50
Blanket Thinkness at x distance (z,)= 11
Blanket Thinkness (z,)= 11 Blanket k,, cm/s = 1.00E-05
Aquifer Thickness (d)= 9 Aquifer ki cm/s = 5.00E-03
Blanket Unit Wt. (pcf) = 125
k k d tanh cL
ForL,=o where ¢ = ol x, B S Rl x, = anh cL,
" kf z, d c ky, c
P Hx
® HEAD BENEATH TOP STRATUM AT LANDSIDE LEVEE TOE.......... B = :
= * ox, +L +x
< 1 2 3
8, HEAD LANDWARD OF THE LEVEE TOE: h,=h,e®, e=2.718
L
dk H
SEEPAGE PER UNIT LENGTH OF LEVEE . Q =8kH = —L——

x, +L +x

Computations: Assumes No Toe Drain or additional fills for ramp, etc at levee toe
c = 0.00449467

Dist to eff seepage entrance X, = 180 Seepage/ If of levee - Q (gpm/If) = 0.01
Dist to effective seepage exit X;= 222
S = (X+Ly) = 240
River Level at Head at Levee Toe, Exit Qradient at toe, Factor of Safety at Toe
hg io = holzy FS= z,, (125-62.4)/h,(62.4)
Design Water Surface 2.55 0.23 4.33
Top of Protection 3.99 0.36 2.76

"x" distance from toe
Head, h, Gradient, i,

Design Water Surface 2.14 0.19
Top of Protection 3.35 0.30

River Level at
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Hydraulic Conductivity Properties of Embankment Foundation Materials

Material

Range of Hydraulic Conductivity (k)

K assumed in analysis

Upper Fnd Blanket of Clay, Silt, & Clayey Sand

1x10% to 1 x 10 cm/sec

1x 10™ cm/sec

Fnd Sand & Gravel Aquifer Layer

1x10° to 2 x 10 cm/sec

5x 10 cm/sec

Lower Clay Stratum

1x10° to1x 10 cm/sec

1x 10" cm/sec

Sand Blanket Drain

1x 107 to 1 x 10° cm/sec

5x 10° cm/sec

Gravel Toe Drain

1x 10" cm/sec

1x 10" cm/sec

Impervious Levee Fill

1x10°tol1 x 10° cm/sec

1x10° cm/sec

20 p— “"‘*-..., Sand Blanket Drain
T Gravel Toe Drain

c 10— Impemious Levee Fill vy
o R ~ o PP PSP
'-E n' M S S o (1 <1411t v Blanket N / Fnd Sand, Silt, & Clay Blanket
L) Frnd Sand & Gravel Aguifer
W g

-20 = Lower Clay Stratum

a0 -

40 I I I I I I I I I I I I I I I I I

100 80 8O0 70 B0 500 40

-20 10 ] 10 20 30

Typical Section
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Elevation

Elevation

G.2-133

20 - Design Water Surface el 16.0 {7
10 — e l & s, T Tallwater el 5.0
—_— e s T 1D 'qqg! T j—t——t=
o 12 === W 2 _ (e 3 B
n —
] i=0.46 =0 B0
-10 2
f Toe Drain not in contact with aguifer
20 = < i = seepage gradient
h Total Flow = 0.013 gpmdinear ft of leves
Flow from Toe Drain = 0.004 gpm/If
49 | I I | I | I | I | | | I I | I I I
-100 80 80 70 B0 .50 40 230 20 10 10 20 30 40 50 &0 70 a0 a0
20 = Design Water Surface el 1680 U/
H“"‘-u..__:
10 " Tailwaterel60
" — ——— 1&'{ - - - b *
: W i
i=0.01 i=0.02
-10
Toe Drain in contact with aquifer
20— i = seepage gradient
i Total Flaw = 0.0271 gpmdlinear ft of leves
Flow fram Toe Drain = 0.02 gpmilf
40 | | | | | | | | | | | | | | | | | |
00 80 80 70 B0 50 40 30 20 10 10 20 30 40 50 B0 70 &0 a0



Elevation

Elevation

-10

=20

=30

-40
.00

20 = Design Water Surface el 160 7
§/ Tailwater el 3.0
10
| =
] 12
=0.32 =042
=10
Toe Drain not in contact with aguifer
-2 = i = seepage gradient
- Total Flow = 0.008 gpmdlinear ft of leves
Flow from Toe Drain = 0.002 gpm/If
40 l | | | | | | | | | | | | l l | | | |
A00 .80 80 70 60 50 0 -40 30 -20 <0 a 10 20 30 40 1) &0 7a an a0
20 = Design Water Surface el 16.0 {7
5/ Tailwater el 3.0
10

-
) - 19 ﬁf—o—ﬁ—r—i—ﬂ—l—-—
a

} i=0.01 i=0.01

Toe Drain in contact with aquifer
I = seepage gradient
Total Flow = 0.015 gpm/dinear ft of leves

Flow frarn Toe Drain = 0014 gpmdf
| I I | | | | | I | | | | | | I I | |
-40 =70 =40 20 30 40 50 60 7o 80 a0
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Elevation

Elevation

30

Top of Protection el 19.0 {7

G.2-135

20
10 T/ Tailwater el 6.0
— | —
] cR— : 10 *
i=0.75
-10 -
oe Drain not in contact with aquifer
S i = seepage gradient
% Total Flow = 0.018 gpm/flinear ft of leve
Flow from Taoe Drain = 0.0068 gpm/If
40 I I I I | I I I | I I I I I I |
-100 0 -80 -80 =70 -B0 &0 40 30 -20 -10 ] 10 20 30 40 50 &0 it a0 a0
20 Top of Protection el 19.0 7
1o _;. . Tailwater EI_E.D
0 %
@ i=0.02 i=0.03
10 |
Toe Drain in contact with aguifer
20 = i = seepage gradient
A Total Flow = 0.028 gpmiflinear ft of leves
Flow from Toe Drain = 0027 gpm/If
o I I I I I | I | | I I I I | I I I I I
-100 .40 80 70 60 .50 40 30 20 <10 ] 10 20 30 40 50 &0 70 80 80



Elevation

Elevation

20— Top of Protection el 19.0 {7
§/ Tailwater el 9.0
10
0 13 12 ==
I I =0.47 =060
-10
Toe Drain not in contact with aguifer \

-0 =  i=seepage gradient o

i Total Flow = 0.013 gpmédlinear ft offleves

Flow fram Tae Drain = 0.005 gpmflf

i I I I I I I | I I I I I I I I I I I

-100 80 -80 -70 -B0 50 40 -30 20 -10 ] 10 20 30 40 50 &0 7o 80 a0

0 Top of Protection el 190 7

5/ Tailwater el 9.0
10
; e
i=0.02
=10
Toe Drain in contact with aquifer
-0 = e i = seepage gradient
” Total Flow = 0.021 gpmdlinear ft of leves
Flowe from Toe Drain = 0.021 gpr/if
i | I I I I I I | I I | I I I I I I I |
100 =80 -80 .70 50 50 40 =30 20 =10 a 10 20 30 40 50 80 70 &0 a0
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SUB-ATTACHMENT F
STABILITY ANALYSIS

1. General Embankment and Foundation Conditions: To perform the stability analysis,
the same typical levee section and foundation profile that was developed for the seepage
analysis was used for the stability program. The foundation was divided into 3 zones.
The foundation semi-impervious top blanket was modeled being 6 feet thick, the sand
and gravel aquifer being 10 feet thick, and the clay deposit being 30 feet thick. The
section also included the sand blanket and gravel toe drains located beneath the levee
embankment.

2. Design Parameters:

a. Foundation Materials: Geotechnical design parameters used in the various
analyses were based on blow count data and laboratory test results. Various studies and
reports were used to assist in determining soil parameters. These reports provide
correlations between strength properties of soils based on soil index properties and in-situ
testing. The table below shows blow count data and the typical ranges of effective
friction angles used in the stability analyses:

Zone/Stratum Blow Counts Effective Angle of
(N) Internal Friction, ¢’,
Clayey Silty Sand, Sandy Clay 3to 20, o o — ono
Blanket avg. range =6 to 10 28710 32, avg.= 30
10 to 48,

Sand & Gravel Aquifer Layer avg. range =15 to 20 32° to 36°, avg.= 34°

14 to 50+, See below lab test
avg. range = 20 to 30 results

Lower lean to fat Clay

The lower clay deposit is part of the Potomac Formation; the clays are very stiff and are
highly overconsolidated. Published shear strength data on the Potomac clays generally
shows the clays to have high effective peak strengths; however, the residual shear
strength can be significantly less than the peak strength due to saturation of the clay,
shearing along previously sheared, or the soil being highly fractured. For this project,
shear strength testing was performed on samples taken from the lower clay deposit. Two
direct shear tests were performed. The first on an undisturbed sample, and the second test
was performed on previously sheared samples from the first test. The samples were
resheared along the same failure plane to determine the residual shear strength of the clay
material. The test values (peak and residual) obtained for both tests are consistent with
published data for the Potomac clay material. An unconfined compression test was also
performed on a sample taken form one of the Shelby tubes. The results form the
laboratory testing is shown on the following tables.
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Sample Depth Material Ou Dry Water | Pl | PL
Class. (tsf) | Density | content

DH-4B , , | FatClay

Shelby-1 22.0'-24.0 (CH) 1.48 | 95.5pcf | 25.3 26 | 24

Sample Material Dry Water Pl | PL | Direct Shear o’

Class. Density | content Test

DH-4B Undistrubed 30°

Shelby-2 F?t(:%';‘y 955pcf | 282 | 31|28 [ o
28.0, _ 30.0’ es eare

b. Embankment Materials: The proposed design for the levee assumes a
homogenous embankment, constructed primarily of select earth material from a borrow
source obtained by the contractor. The select earth material should generally consist of
impervious silty or sandy clays, clayey silts or clayey sands and gravels that contain at
least 25% by weight passing the No. 200 mesh sieve and have a plasticity index greater
than 5 but less than 30. At this phase of the project design, assumptions were made on
the embankment’s shear strength values, which were based on engineering judgment and
experience with analysis of levee embankments with similar features and dimensions. In
general the effective shear strength (¢’) for compacted embankment materials can range
between 28° and 36°. For this project, a ¢’value of 34° with no cohesion (c=0) was used
in the stability analysis. Design parameters for the drainage materials were selected to be
within the normal range of shear strengths (¢’= 30° to 34°) for typical aggregates.

c. The table below shows the shear strength values used in the slope stability
analysis:

Unit Weights | Q S R
Zone/Stratum . C ) C ) c
Motst®eh) | (psf) | (deg) | (psh) | (deg) | (psf)
Clayey Silty Sand, Sandy o
Clay Blanket 125 30
Sand & Gravel Aquifer 125 32°
Lower lean to fat Clay 125 1000 | 11° 5° 1000
Impervious Emb Fill 125 34°
Blanket Sand Drain 120 30°
Gravel Toe Drain 125 32°

3. Stability Analysis: For small levee embankment less than about 10 to 15 feet high,
formal slope stability analyses are generally not performed. The maximum height of the
proposed Huntington levee would be about 15 feet on the riverside and 13 feet on the
landside; however, a majority of the landside levee embankment is less than 10 feet high
due to the additional fill placed along the toe to provide cover for the pump station
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conduit. However, this fill was not included in the stability analysis section.
Nevertheless, a stability analysis was performed using the same typical levee section and
foundation profile that was developed for the seepage analysis. The same conditions
(river and tailwater levels) modeled for the seepage analysis was used in the stability
program. The slopes were analyzed in accordance with EM 1110-2-1913, "Design and
Construction of Levees." The slope stability seepage program, SLOPE/W 2007,
developed by GEO-Slope International was used to analyze stability of the embankment
and foundation. The slope stability analyses were performed for the intermediate river
stage, sudden drawdown, steady seepage, and end-of-construction conditions. The
minimum factors of safety are 1.4 for intermediate river stage and steady seepage, 1.3 for
end of construction, and 1.0 for sudden drawdown. In general, results from the stability
analysis showed that the proposed embankment and foundation meet the factor-of-safety
requirements as required in EM 1110-2-1913. Below is a summary of the results for each
condition:

e Steady Steepage Condition: For the steady seepage condition, the pore pressure
data generated by SEEPW program was used in the stability program. Water
levels at both the top of protection and design water surface and tailwater levels at
the ground surface and ponding level were evaluated. For the river level at the
design water surface, all the factors of safety were above the required minimum
factor of safety 1.4 for all the various tailwater and toe drain conditions. In
addition, the extreme condition with the river at top of protection was also
analysis and all the factors of safety were above 1.4, except one case where the
factor of safety was 1.3. However for this extreme condition, it is considered that
a factory of safety of 1.3 is acceptable. If the additional fill that will be used to
cover the pump station conduit along the landside toe was added to the typical
section, the factors of safety would significantly increase for all the loading cases.

e Sudden Drawdown Condition: For the sudden drawdown condition, a 2, stage
analysis was performed. It was necessary to use only effective “drained” shear
strength values for the embankment material since undrained shear strength
values are unknown. However, based on the location of the trial arcs, it appears
that the drained or effective shear strengths would provide conservative results.
For the extreme drawdown case (from top of levee to top of ground) the factor-of-
safety for drawdown exceeded the minimum required safety factor of 1.0.

e Intermediate River Stage Condition: Four different river stages were used to
analyze the riverside slope for the intermediate river stage condition. All the
factors of safety computed by the stability program exceeded the required
minimum of 1.4.

e End-of-Construction Condition: Both the landside and riverside embankment
have 2.5 horizontal on 1 vertical slope; however, since the riverside slope is
slightly higher, it was used to analyze the end-of construction condition. The
undrained shear strength (Q) for the lower clay material was used in the analysis.
All the factors of safety computed by the stability program exceeded the required
minimum of 1.3.

Summary plots of the critical failure surface are provided on the following pages.
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The table below shows the typical shear strength values used in the analysis:
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Moist () | (i) | (aag) | (o) | (o) | (oD
Clayey Silty Sand, Sandy Clay Blanket 125 30°
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Lower lean to fat Clay 125 1000 | 11° 5° 1000
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Blanket Sand Drain 120 30°
Gravel Toe Drain 125 32°
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Gravel Filters

633.2600 Purpose

Chapter 26 presents criteria for determining the grain-

size distribution (gradation) of sand and gravel filters
needed to prevent internal erosion or piping of soil in
embankments or foundations of hydraulic structures.

These criteria are based on results of an extensive
laboratory filter study carried out by the Soil Conser-
vation Service at the Soil Mechanics Laboratory in
Lincoln, Nebraska, from 1980 to 1985. (See Section
633.2605, References, for published reports.)

Refer to section 633.2604 for definitions used in this
chapter.

633.2601 Basic purpose of
filters and drains

Filters are placed in embankment zones, foundations,
or other areas of hydraulic structures for two pur-
poses:

» To intercept water flowing through cracks or
openings in a base soil and block the move-
ment of eroding soil particles into the filter.
Soil particles are caught at the filter face,
reducing the flow of water through cracks or
openings and preventing further erosion and
enlargement of the cracks or openings.

* To intercept water flowing through the pores
of the base soil, allowing passage of the water
while preventing movement of base soil par-
ticles. Without filters, piping of susceptible
base soils can occur when seepage gradients
or pressures are high enough to produce
erosive discharge velocities in the base soil.
The filter zone is generally placed upstream of
the discharge point where sufficient confine-
ment prevents uplift or blow-out of the filter.

Drains consist of sand, gravel, or a sand and gravel
mixture placed in embankments, foundations, and
backfill of hydraulic structures, or in other locations to
reduce seepage pressure. A drain’s most important
design feature is its capacity to collect and carry water
to a safe outlet at a low gradient or without pressure
build-up. Drains are often used downstream of or in
addition to a filter to provide outlet capacity.

Combined filters and drains are commonly used. The
filter is designed to function as a filter and as a drain.

(210-vi-NEH. October 1994) 26-1
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633.2602 Permeability and
capacity

The laboratory filter study clearly demonstrated that
graded filters designed in accordance with these
criteria will seal a crack. The sealing begins when
water flows through a crack or opening and carries
soil particles eroded from the sides of the openings.
Eroding soil particles collect on the face of the filter
and seal the crack at the interface. Any subsequent
flow is through the pores of the soil. If filters are
designed to intercept cracks, the permeability required
in the filter zone should be based on the steady state
seepage flow through the pores of the base soil alone.
The hydraulic capacity of any cracks need not be
considered in designing the filter because the cracks
have been shown to seal.

Where saturated steady-state seepage flow will not
develop, for instance in dry dams for flood control
having a normal drawdown time of 10 days or less,
filter capacity need only be nominal. Filters designed
either to protect against steady state seepage or inter-
nal erosion through cracks are to be thick enough to
compensate for potential segregation and contamina-
tion of the filter zones during construction. They must
also be thick enough that cracks cannot extend
through the filter zone during any possible differential
movements.

A zone of coarser materials immediately downstream
or below the filter, or both, provides additional capac-
* ity to collect and convey seepage to a controlled
outlet. In some cases a strip drain is used, and in
others a perforated collector pipe is employed to
outlet the collected seepage. To prevent movement of
the filter materials into the coarse drain materials, the
coarse drain materials must be designed for the proper
gradation using procedures in this subchapter. Perfo-
rations in collector pipes must also be sized properly
to prevent movement of the coarse drain materials
into the perforations.

633.2603 Determining fil-
ter gradation limits

Determine filter gradation limits using the following
steps:

Step 1: Plot the gradation curve (grain-size
distribution) of the base soil material. Use enough
samples to define the range of grain sizes for the base
soil or soils. Design the filter using the base soil that
requires the smallest D5 size for filtering purposes.
Base the design for drainage purposes on the base soil
that has the largest D5 size.

Step 2: Proceed to step 4 if the base soil contains
no gravel (material larger than No. 4 sieve).

Step 3: Prepare adjusted gradation curves for
base soils that have particles larger than the
No. 4 (4.75 mm) sieve.
» Obtain a correction factor by dividing 100 by
the percent passing the No. 4 (4.75 mm) sieve.
» Multiply the percentage passing each sieve
size of the base soil smaller than No. 4 (4.75
mm) sieve by the correction factor deter-
mined above.
+ Plot these adjusted percentages to obtain a
new gradation curve.
* Use the adjusted curve to determine the per-
centage passing the No. 200 (0.075 mm) sieve
in step 4.

Step 4: Place the base soil in a category deter-
mined by the percent passing the No. 200 (0.075
mm) sieve from the regraded gradation curve
data according to table 26-1.

Step 5: To satisfy filtration requirements, deter-
mine the maximum allowable D, size for the
filter in accordance with the table 26-2.

If desired, the maximum D5 may be adjusted for
certain noncritical uses of filters where significant
hydraulic gradients are not predicted, such as bedding
beneath riprap and concrete slabs. For fine clay base
soil that has dgs sizes between 0.03 and 0.1 mm, a maxi-
mum D5 of < 0.5 mm is still conservative. For fine-
grained silt that has low sand content, plotting below the
"A" line, a maximum D5 of 0.3 mm may be used.

26-2 (210-vi-NEH, October 1994)
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Step 6: If permeability is a requirement (see
section 633.2602), determine the minimum allow-
able D5 in accordance with table 26-3. Note: The
permeability requirement is determined from the d,5
size of the base soil gradation before regrading.

Step 7: The width of the allowable filter design
band must be kept relatively narrow to prevent
the use of possibly gap-graded filters. Adjust the
maximum and minimum D, 5 sizes for the filter
band determined in steps 5 and 6 so that the
ratio is 5 or less at any given percentage passing
of 60 or less. Criteria are summarized in table 26-4.

This step is required to avoid the use of gap-graded
filters. The use of a broad range of particle sizes to
specify a filter gradation could result in allowing the
use of gap-graded (skip-graded) materials. These
materials have a grain size distribution curve with
sharp breaks or other undesirable characteristics.
Materials that have a broad range of particle sizes may
also be susceptible to segregation during placement.
The requirements of step 9 should prevent segregation,
but other steps are needed to eliminate the use of any
gap-graded filters.

Gap-graded materials generally can be recognized by
simply looking at their grain size distribution curve.
However, for specification purposes, more precise
controls are needed. In designing an acceptable filter
band using the preliminary control points obtained in

G.2-154

Table 26-1 Regraded gradation curve data
— steps 1 through 6, the following additional require-
ments should be followed to decrease the probability
Base % finer than Base of using a gap-graded filter.
soil No. 200 sieve soil
category (0.075 mm) description
(after regrading,
where applicable)
Table 26-3  Permeability criteria
> 85 Fine silt and clays —
2 40 - 85 Sands, silts, clays, and silty _ —
& clayey sands Base soil category Minimum D,;
3 15-39 Silty & clayey sands and
gravel All categories > 4 x d;;5 of the base soil before
4 <15 Sands and gravel regrading, but not less than 0.1 mm
23105 dig (EMwo-2-1501 hpd)
Table 26-2  Filtering criteria — Maximum D,
— Table 26-4  Other fiiter design criteria
.
Base soil Filtering criteria
category Design element Criteria
<9 x dgs but not less than 0.2 mm
2 <0.7 mm To prevent The width of the designed filter
gap-graded band should be such that the ratio
3 < 40-A [(4>< d85) _ O.7mm] +0.7mm filters of tbe maxirnum diameter tf’ the
40-15 minimum diameter at any given
i percent passing value < 60% is < 5.
A =% passing #200 sieve after regrading
(If 4 x dgs is less than 0.7 mm, use 0.7 Filter band Coarse and fine limits of a filter
mm) limits band should each have a coefficient
4 <4 x dg; of base soil after regrading of uniformity of 6 or less.
> <\
-4 & 5xdg, (EMWO-2-Ti01, App D)
(210-vi-NEH, October 1994) 26-3
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First, calculate the ratio of the maximum Ds to the
minimum D, sizes determined in steps 5 and 6. If this
ratio is greater than 5, adjust the values of these con-
trol points so that the ratio of the maximum D;; to the
minimum D5 is no greater than 5. If the ratio is 5 or
less, no adjustments are necessary. Label the maxi-
mum D5 size as Control point 1 and the minimum Dy
size as Control point 2. Proceed to step 8.

The decision on where to locate the final D5 sizes
within the range established with previous criteria
should be based on one of the following consider-
ations:

1. Locate the design filter band at the maximum
D,; side of the range if the filter will be re-
quired to transmit large quantities of water
(serve as a drain as well as a filter). With the
maximum D;; size as the control point, estab-
lish a new minimum D5 size by dividing the
maximum D5 size by 5, and locate a new
minimum D5 size. Label the maximum D5 size
Control point 1 and the minimum D, size
Control point 2.

2. Locate the band at the minimum D5 side of
the range if it is probable there are finer base
materials than those sampled and filtering is
the most important function of the zone. With
the minimum D; size as the control point,
establish a new maximum D5 size by multiply-
ing the minimum D5 size by 5, and locate a
new maximum D, size. Label the maximum
D, size Control point 1 and the minimum D5
size Control point 2.

3. The most important consideration may be to
locate the maximum and minimum D;; sizes,
within the acceptable range of sizes deter-
mined in steps 5 and 6, so that a standard
gradation available from a commercial source
or other gradations from a natural source near
the site would fall within the limits. Locate a
new maximum D5 and minimum D5 within
the permissible range to coincide with the
readily available material. Ensure that the ratio
of these sizes is 5 or less. Label the maximum
D, size Control point 1 and the minimum D5
size Control point 2.

Step 8: The designed filter band must not have
an extremely broad range of particle sizes to
prevent the use of possibly gap-graded filters.
Adjust the limits of the design filter band so that
the coarse and fine sides have a coefficient of
uniformity of 6 or less. The width of the filter
band should be such that the ratio of maximum
to minimum diameters is less than or equal to 5
for all percent passing values of 60 or less.

Other filter design criteria in step 8

To prevent gap-graded filters—Both sides of the
design filter band will have a coefficient of uniformity,
defined as:

cu=Dso ¢
Djo

Initial design filter bands by this step will have CU
values of 6. For final design, filter bands may be ad-
justed to a steeper configuration, with CU values less
than 6, if needed. This is acceptable so long as other
filter and permeability criteria are satisfied.

Calculate a maximum D,, value equal to the maximum
D,; size divided by 1.2. (This factor of 1.2 is based on
the assumption that the slope of the line connecting
D,5 and D, should be on a coefficient of uniformity of
about 6.) Calculate the maximum permissible Dg size
by multiplying the maximum D, value by 6. Label this
Control point 3.

Determine the minimum allowable Dg size for the fine
side of the band by dividing the determined maximum
D¢ size by 5. Label this Control point 4.

Step 9: Determine the minimum D5 and maxi-
mum D, g, sizes of the filter according to table
26-5. Label as Control points 5 and 6, respectively.

Table 26-5

Maximum and minimum particle size criteria*

Base soil category ~ Maximum D, Minimum D,, mm

0.075 mm
(No. 200 sieve)

< 3inches
(75 mm)

All categories

* The minus No. 40 (.425 mm) material for all filters must be
nonplastic as determined in accordance with ASTM D4318.

26-4 (210-vi-NEH, October 1994)
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Step 10: To minimize segregation during con-
struction, the relationship between the maximum
Dy and the minimum D, of the filter is impor-
tant. Calculate a preliminary minimum D, size
by dividing the minimum D,; size by 1.2. (This
factor of 1.2 is based on the assumption that the
slope of the line connecting D;5 and D,, should
be on a coefficient of uniformity of about 6.)
Determine the maximum Dy, using table 26-6.
Label this as Control point 7.

Sand filters that have a Dy, less than about 20 mm
generally do not require special adjustments for the
broadness of the filter band. For coarser filters and
gravel zones that serve both as filters and drains, the
ratio of Dgy/Dg should decrease rapidly with increas-
ing Dy sizes.

Step 11: Connect Control points 4, 2, and 5 to
form a partial design for the fine side of the
filter band. Connect Control points 6, 7, 3, and 1
to form a design for the coarse side of the filter
band. This results in a preliminary design for a
filter band. Complete the design by extrapolating
the coarse and fine curves to the 100 percent
finer value. For purposes of writing specifica-
tions, select appropriate sieves and correspond-
ing percent finer values that best reconstruct the
design band and tabulate the values.

Step 12: Design filters adjacent to perforated
pipe to have a Dg; size no smaller than shown in
table 26-7. For critical structure drains where rapid
gradient reversal (surging) is probable, it is recom-
mended that the D5 size of the material surrounding
the pipe be no smaller than the perforation size.

Additional design considerations: Note that these
steps provide a filter band design that is as well graded
as possible and still meets criteria. This generally
provides the most desirable filter characteristics.
However, in some casesa more poorly graded filter
band may be preferable; for example, if more readily
available standard gradations are needed or where
onsite filters are used for economy.

The design filter band obtained in steps 1 through 12
may be adjusted to a steeper configuration in such
cases. The width of the filter band should be main-
tained so that the ratio of the maximum diameters to
the minimum diameters at a given percent finer is no
greater than 5 below the 60 percent finer value.

Only the portion of the design filter band above the
previously established minimum and maximum D
sizes should be adjusted. The design band may be
adjusted so that the coefficients of uniformity of both
the coarse and fine sides of the design band are less
than 6, but not less than 2, to prevent use of very
poorly graded filters.

Table 26-6  Segregation criteria
——
Base soil category  If D is: Then maximum D, is:
(mm) (mm)
All categories <05 20
05-1.0 25
1.0-20 30
20-5.0 40
50-10 50
> 10 60

Criteria for filters used adjacent to perforafed
collector pipe

Table 26-7
]

Noncritical drains
where surging or
gradient reversal is
not anticipated

The filter Dg; must be greater
than or equal to the
perforation size

Critical drains where
surging or gradient
reversal is anticipated

The filter D5 must be greater
than or equal to the
perforation size.

(210-vi-NEH, October 1994) 265

G.2-156



Chapter 26
Gravel Filters

Gradation Design of Sand and Part 633

National Engineering Handbook

Note that the requirements for coefficient of unifor-
mity apply only to the coarse and fine limits of the
design filter band. It is possible that an individual,
acceptable filter whose gradation plots completely
within the specified limits could have a coefficient of
uniformity greater than 6 and still be perfectly accept-
able. The design steps of this procedure will prevent
acceptance of gap-graded filters, which is the main
concern associated with filters having a high coeffi-
cient of uniformity, and it is not necessary to closely
examine the coefficient of uniformity of a particular
filter as long as it plots within the design filter band.

Illustrations of these filter design steps are in the
following examples. The steps in the filter design
process are summarized in appendix 26A. The sum-
mary is useful to follow as the example problems are
reviewed.

26-6 (210-vi-NEH, October 1994)
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Purpose

The purpose of the Huntington Flood Study is to determine the effectiveness of various
alternative designs with the goal of reducing flood damages in the Huntington community
caused by the Cameron Run.

Modeling Details

The hydraulic modeling was completed using the Hydrologic Engineering Center’s River
Analysis System (HEC-RAS) version 3.3. The original model is a HEC-RAS model
created by the Virginia Department of Transportation (VDOT) and has been subsequently
updated by the US Army Corps of Engineers (COE). The HEC-RAS model includes the
Route 1 improvements that VDOT has recently completed, however, it does not include
the proposed improvements to Telegraph Road and the Capital Beltway (1-495/1-95)
upstream of Huntington. The original model has been georeferenced to include GIS
information and updated to the latest version of HEC-RAS (version 3.1.3). The
hydrologic flow values have also been updated to reflect changes based on a new
hydrologic study performed by the US Army Corps of Engineers. Tablel lists the titles
of the previous studies and dates they were completed.

Table 1: Previous Studies of the Huntington Community and the
Cameron Run Watershed

Date
Previous Study Title Completed Study Author Study Description
Arlington Terrace Storm April Water Resources Hydrologic and Hydraulic Study
Drainage Study 1982 Division of Camp of the Cameron Run Watershed
Dresser & McKee
Inc. including possible flooding solutions.
Woodrow Wilson Original HEC-RAS model studying
Bridge February | Virginia Department | the
Project: Cameron Run 2002 of Transportation effects of new bridge construction
Hydrologic and
Hydraulic on Cameron Run.
Study
June 2006 Flood January UsS Army Study prepared for Fairfax Co., VA
Investigation for 2007 Corps of Engineers | Updated VDOT model studying the
Cameron Run
Fairfax County, VA flood event of June 2006.
Hydrologic and
Hydraulic May US Army Study prepared for FEMA including
Analysis for the
Cameron 2007 Corps of Engineers | updated hydrology and hydraulic
Run Watershed models on which this study is based.
in Northern Virginia




Study Location and Areas of Interest

The study focused on the Huntington and Huntington Station communities located in
Fairfax County, Virginia adjacent to the Cameron Run. The area of interest extends from
the Washington Metro bridge crossing Cameron Run to the Riverside Apartment
development downstream of the community. The hydraulic model covers a much larger
area extending from the Beltway (1-495) bridge upstream to the confluence with the
Potomac River downstream.

Modeling
Original HEC-RAS Model

The original HEC-RAS model for the Woodrow Wilson Bridge Project was completed in
February 2002 by VDOT. The channel geometry, Manning’s n values, and bridge
geometries were taken directly from this model. The VDOT model was completed using
HEC-RAS version 2.2.

The original model appears to have surveyed cross-sections for the channel portion of
each cross-section with the overbanks using either 10 or 20 foot contour data picked from
a map.

Updating the Model

The model was updated by loading the older files into the newest version of HEC-RAS
and rerunning the plan data to recalculate the water surface profiles. A comparison of the
outputs from RAS version 3.1.3 and version 2.2 showed a negligible difference in water
surface profiles and no further investigation into the differences was deemed necessary.

Georeferencing the Model

The original model did not have any georeferencing information associated with the
cross-sections or stream centerline. Georeferenced information places the surveyed
information into a coordinate system that allows the model to be displayed or
“georeferenced” in any GIS software package. This allows for easy location and
comparison to other GIS layers of information and is valuable for mapping the locations
of the model results. The georeferencing was accomplished using ESRI ArcMap
software in conjunction with the HEC-GeoRAS extension. The cross-section locations
were determined using existing GIS information including layers and aerial photos
provided by Fairfax County. See Appendix A for maps with the georeferenced cross-
sections.



Refining the Overbank Areas

The overbank areas in the original model were most likely picked from a 10 or 20 foot
contour map and therefore were inaccurate. GIS data was used for the overbank areas
including 1 foot contour maps and points provided by Fairfax County. The overbank
areas were imported from GIS into the HEC-RAS model. The old information was
replaced by the newer contour information. The surveyed channel information was not
changed. Buildings were also shown in each cross-section as a blocked obstruction.

Figure 1 shows the difference between the original cross-section and the cross-section
with the refined overbanks.



Figure 1. Cross-section comparison
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Preliminary Plans and Alternatives

A number of alternative solutions were modeled for the Huntington FDRS. Many of the

alternatives are combinations of several hydraulic designs.

The two main hydraulic

designs used in the study are levees and channel dredging.

Table 2 is a list of the plans and alternatives with a description of the features that are
modeled in HEC-RAS.

Table 2: List of Plans and Alternatives with Descriptions

Plan Geometry Flow Description

Existing w/ updated | Existing Updated flows from | Existing georeferenced model with the

HMS flows Georeferenced | new HMS model HMS updated flows

Levee Levee #1 Updated flows from | Existing georeferenced model with the

Alignment #1 new HMS model Levee #1 alignment closest to the
stream banks

Levee Levee #2 Updated flows from | Existing georeferenced model with the

Alignment #2 new HMS model Levee #2 alignment half way between
the housing and the stream banks

Levee Levee #2 Updated flows from | Alignment refined to avoid wetlands which

Alignment #3 new HMS model causes negligible hydraulics effects,

*Concept Plan 2*

therefore used the model with
Levee #2 alignment

Dredging With dredging Updated flows from | Model with dredging from the Potomac
Alternative #1 5 ft deep full new HMS model river to upstream of Huntington
length to river
Dredging With dredging Updated flows from | Shorter dredging from
Alternative #2 5 ft deep to new HMS model Metro bridge to upstream of
Rt 1 bridge US Route 1 bridge
Dredging With dredging Updated flows from | Shorter dredging from Metro bridge to
Alternative #3 5 ft deep to new HMS model just upstream of sanitary siphon that goes
sanitary siphon under the channel
Combined Dredging #2 Updated flows from | Combination of dredging alternative #2
Dredging #2 and Levee #2 new HMS model and levee alignment #2

and Levee #2

Combined
Dredging #3
and Levee #3

Dredging #3
and Levee #2

Updated flows from
new HMS model

Combination of dredging alternative #3
and levee alignment #3 (same model as
Levee #2)

Combined
Dredging #4

and Levee #3
*Concept Plan 1*

Dredging #4
(2.5ftdeepto
siphon)

and Levee #2

Updated flows from
new HMS model

Combination of dredging alternative #4
(dredge 2.5 ft deep from Metro Bridge to
siphon) and levee alignment #3

(same model as Levee #2)




Levee Alignment #1

The Levee Alignment #1 alternative studied the hydraulic effects of a full levee
protecting the community of Huntington. The levee alignment was placed as close to
Cameron Run as possible. Advantages of this alternative include more available storage
area behind the levee for interior flooding storage. Levee Alternative #1 also allows
room for the existing recreational areas to maintain their function. Disadvantages of the
alternative include higher flood levels that may cause flooding on the opposite bank
across the Beltway and upstream. The alignment also affected some small “wetland”
areas near the channel banks.

See Appendix B for maps of the features for this alternative.

Results

Levee Alternative #1 raised the water surface profile as much as 0.7 feet for the 1%
annual chance flood event upstream of Huntington with the increase stretching as far as
the Telegraph Road bridge (0.3 feet).

See Appendix C for the output table for this alternative.

Levee Alignment #2

The Levee Alignment #2 alternative studied the hydraulic effects of placing the levee
further away from the channel bank. Advantages of Levee Alignment #2 include
increased flood capacity of the channel and floodplain and avoidance of wetland areas.
Disadvantages include decreased interior flooding storage and destruction of recreational
areas.

See Appendix B for maps of the features for this alternative
Results
Levee Alternative #2 raised the water surface profile as much as 0.6 feet for the 1%

annual chance flood event upstream of Huntington with the increase stretching as far as
the Telegraph Road bridge (0.2 feet).

See Appendix C for the output table for this alternative.

Dredging Alternative #1

Dredging Alternative #1 looked at the hydraulic effects of dredging the Cameron Run
channel 5 feet below the current channel invert. The dredging extends from upstream of
the Huntington community downstream to the confluence with the Potomac River.



Originally this alternative called for a 200 foot channel width but this was revised to 150
feet because of channel and dredging restraints. Advantages of this alternative are more
flood capacity within the channel. Disadvantages include project sustainability because
the effectiveness of dredging is based on periodic maintenance.

See Appendix B for maps of the features for this alternative.

Results

Dredging Alternative #1 lowered the flood stages approximately 1.7 feet for the 1%
annual chance flood event. The channel invert slope was set at 0.0004 to maintain a
constant slope throughout the system. Problems with this alternative include dredging
around the piers along and within the channel and a sewer pipe that runs beneath the
channel that would need to be relocated to dredge to the designed depth.

See Appendix C for the output table for this alternative.
Dredging Alternative #2

Dredging Alternative #2 is the same as Dredging Alternative #1 except that the extent of
the dredging is limited. The dredging in this alternative extends from the Metro bridge to
upstream of the US Route 1 bridge. The advantages and disadvantages are the same as
Dredging Alternative #1.

See Appendix B for maps of the features for this alternative.

Results

Dredging Alternative #2 lowered the flood stages approximately 1.3 feet for 1% annual
chance flood event. The dredging is stopped upstream of Route 1 and as a result an
inverse slope is created at the Route 1 bridge.

See Appendix C for the output table for this alternative.
Dredging Alternative #3

Dredging Alternative #3 is the same as Dredging Alternative #2 except that the extent of
the dredging is more limited than the previous two alternatives to avoid relocating the
sanitary siphon. The dredging in this alternative extends from upstream of the
Huntington community (Cross-section 1389) to upstream of the siphon sewer line (Cross-
section #595). The advantages and disadvantages are the same as Dredging Alternative
#1 and #2.

See Appendix B for maps of the features for this alternative.



Results

Dredging Alternative #3 lowered the flood stages approximately 0.6 feet for the 1%
annual chance flood event. The dredging is stopped upstream of the siphon sewer pipe
and as a result an inverse slope is created at the siphon sewer pipe.

See Appendix C for the output table for this alternative.

Combined Alternatives Dredging #2 and Levee Alignment #2

Another alternative was to combine alternatives into a single solution. In this case the
shorter dredging option (#2) with the Levee Alignment #2 was used so that the dredging
would lower the flood stages enough to offset the increase created by constructing the
levee.

See Appendix B for maps of the features for this alternative.

Results
The combined alternative succeeded in lowering the flood stage approximately 1.0 feet
for the 1% annual chance flood event just upstream of the Huntington levee.

See Appendix C for the output table for this alternative.
Combined Alternatives Dredging #3 and Levee Alignment #3

The second combination of alternatives is to combine a short dredging option (Dredging
Alternative #3) with a refined levee alignment (Levee Alignment #3).

The third dredging option extends from the upstream of Huntington to the siphon sewer
pipe at a depth of 5 feet. Levee Alignment #3 is very similar to Levee Alignment #2 with
some refinements made to avoid wetland areas and to tie into high ground. Levee
Alignment #2 was used to model Levee Alignment #3 because the minor differences in
the alignments have a negligible hydraulic effect on the flood stages.

Advantages of this combination of alternatives are largely based on constructability and
cost rather than hydraulic factors, but do include the benefits of the dredging offsetting
the increased flooding created by the levee. Disadvantages are the same as those
associated with Levee Alignment #2, including decreased interior flooding storage.

See Appendix B for maps of the features for this alternative.
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Results

The combined alternative lowers the flood stages about 0.4 feet for the 1% annual chance
flood event just upstream of the Huntington levee. Dredging alternative #3 does offset
the stage increase caused by the levee alignment #3.

See Appendix C for the output table for this alternative.
Final Concept Plans:

Two plans were considered for further study, Plan 1 and Plan 2. Plan 1 is a combination
of a new Dredging Alternative #4 and Levee Alignment #3. The dredging in this
alternative #4 is 2.5 feet deep and extends from upstream of the Huntington community
(cross-section 1389) to upstream of the siphon sewer line (cross-section #595). The
initial dredging will be 5 feet deep, to allow for sediment to fill in. When the sediment
fills in to 2.5 feet deep, the channel will be dredged again. The Hec-Ras model reflects a
dredging depth of 2.5 feet. Plan 2 is the Levee alignment #3 alone.

Each plan was considered with three top of protection profiles:

1. Plans 1a and 2a: The top of protection protects for a 1% annual chance flood event
without any additional amount to account for risk and uncertainty.

2. Plans 1b and 2b: The top of protection protects for a 2% annual chance flood event.
An additional amount was added to the top of protection to account for risk and
uncertainty. An amount of 3.4 ft was added at the upstream tie-out and 2.4 ft was added
at the downstream tie-out. The top of protection profile was extended by straight line
from the upstream tie-out elevation to the downstream tie-out elevation.

3. Plans 1c and 2c: The top of protection protects for a 1% annual chance flood event.
An additional amount was added to the top of protection to account for risk and
uncertainty. An amount of 4 ft was added at the upstream tie-out and 3 ft was added at
the downstream tie-out. The top of protection profile was extended by straight line from
the upstream tie-out elevation to the downstream tie-out elevation.

It was decided to go forward with Plan 1c and Plan 2c. See Appendix C for the output
tables for these alternatives.

Risk and Uncertainty Analysis:

At the request of Fairfax County, a risk and uncertainty analysis was performed for Plan
1c and Plan 2c although this is currently not a requirement by FEMA for levee
certification. The FEMA requirement is that the levee needs to be a minimum of 3 feet
higher than the 1% annual chance flood elevation. If the county constructs this project
without the Corps’ involvement, they are required to meet that standard. The risk and
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uncertainty analysis that was conducted is a U.S. Army Corps of Engineers (USACE)
requirement for levee certification.

The analysis was performed using the Hydrologic Engineering Center’s programs, HEC-
RAS (River Analysis System) and HEC-FDA (Flood Damage Analysis). EM 1110-2-
1619, “Risk-Based Analysis for Flood Damage Reduction Studies”, dated 1 August 1996,
and TL 1110-2-570 Draft, “Certification of Levee Systems”, dated 12 September 2007,
were used as guidance.

The procedure for risk analysis for levee certification is as follows:

U.S. Army Corps of Engineers standards outlined in TL 1110-2-570 Draft require a risk-
based analysis for levee certification, using EM-1110-2-1619 as guidance.

There are 3 "areas" to consider: geotechnical, hydrology, and hydraulics. Information
for hydrology and hydraulics is input to HEC-FDA to compute a measure of assurance
for containing a certain frequency event, typically a 1% annual chance flood event.

Geotechnical:

For a Corps-designed levee that is relatively new and well maintained, it is assumed that
the levee will not fail. The Huntington flood damage reduction project includes a levee
that is assumed will be well maintained. Therefore, non-failure is a valid assumption as
long as the levee is not overtopped.

Hydrology:

To determine the existing peak flows for the 2-, 5-, 10-, 25-, 50-, 100-, 200- and 500-year
flood events a HEC-HMS (Hydrologic Modeling System) watershed model was
developed by others for a Federal Emergency Management Agency (FEMA) study of the
entire Cameron Run watershed. Although the watershed contains a streamflow gage
operated by the U.S. Geological Survey (USGS), with 50+ years of record, a HEC-HMS
rainfall-runoff model was developed to determine the peak flow frequency data for
multiple locations in the watershed, including at Huntington. This is due to the theory that
the data record at the USGS gage is not homogeneous due to increasing levels of
watershed development throughout the period of record. USACE Engineering Regulation
1110-2-1464 states that a rainfall-runoff model is desirable where urbanization has
changed the runoff response during the gaging record. FEMA guidelines and
specifications state that rainfall-runoff models should be used in lieu of a gage analysis
where the data is non-homogeneous. The resulting discharge-probability data was input
graphically into the HEC-FDA model and is presented in the table below. The HEC-
FDA model calculates the confidence limit curves assuming a normal distribution of
errors in computing flow vs. frequency.
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Hydraulics:

The discharge-probability information is used to perform steady-flow simulations in the
HEC-RAS model for the eight frequency events (2, 5, 10, 25, 50, 100, 200, and 500 yr).
This develops a relationship between stage and flow and is the “expected risk™ or “best
estimate” of the with project conditions. This data is exported from a HEC-RAS table and
used in the HEC-FDA software program.

An uncertainty estimate must be created for the hydraulic model. The uncertainty in the
flood stages are computed by calculating a low estimate and a high estimate for the
relationship between stages and flows. For the risk and uncertainty analysis, it is
assumed that these estimates capture 95% of the distribution of the variability in our best
estimates (the resulting water surface elevations are assumed to be normally
distributed). The difference in water surface elevations at "index" locations is computed
and the standard deviation about the mean (best) estimate is calculated as follows:

Standard Deviation = 95% band/4 = (high estimate stage-low estimate stage)/4

The HEC-RAS model for the Huntington FDRS was developed from surveyed channel
cross sections with the overbanks determined using digital mapping with 1 foot contours.
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The model was calibrated using one storm, June 2006. Taking this into consideration, the
high and low estimates were established by identifying ranges of channel roughness (or
Mannings n-values), bridge loss coefficients, and pier debris to reflect uncertainty in
mapping and modeling that could affect the water surface profiles. These ranges are
shown below.

High Risk Estimate:
e Manning’s n values increased 20%
e Bridges modeled as abrupt transitions so contraction and expansion coefficients
increased at bridges to 0.6 and 0.8 respectively
e Bridge debris modeled as floating debris. Pier width increased by 50% for 50% of
the submerged pier height.

Low Risk Estimate:
e Manning’s n values decreased 15%
e No change in contraction and expansion coefficients
e No bridge debris modeled

HEC Flood Damage Analysis Program (HEC-FDA):

HEC-FDA requires inputs from the hydrology, hydraulics, geotechnical, and economic
analyses. The economic data does not affect the risk and uncertainty calculations.

The proposed line of protection is on the right bank of a fairly straight, congruous reach
of Cameron Run. Therefore, for this phase of study one stream reach was determined to
sufficiently model the characteristics of the channel. The reach was assigned an index
cross-section to assess the entire length of the levee section. The risk and uncertainty
analysis was completed with the assumption that the minimum increment between the
preliminary levee elevation and the best estimate of the 1% chance exceedance event
water surface elevation is 3 feet.

HEC- FDA determines the degree of ™"assurance" (i.e., conditional non-exceedance
probability) that each frequency event will be contained by the levee in each reach. A
value of at least 90% assurance is required to meet COE levee certification requirements.
FEMA does not require a risk and uncertainty analysis for levee certification
requirements. Instead FEMA requires a minimum of 3 ft of freeboard with additional
freeboard upstream of significant structures such as bridges.

The HEC-FDA analysis was performed for the Plan 1c, which consists of a line of
protection along the right bank of Cameron Run and 2.5” minimum depth of dredging to
reduce flood damages at Huntington from a 1% annual chance flood event, and for Plan
2¢, which is the same as Plan 1c¢ but without dredging.
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The table below presents the HEC-FDA results for the Huntington FDRS for Plan 1c and
Plan 2c.

Table 3: HEC-FDA Results for Plan 1c and Plan 2¢

Conditional Non-Exceedance
Probability by Events

Plan 10% 4% 2% 1% 0.4% 0.2%
Plan 1c 0.9998 0.9998 0.9992 0.9949 0.9836 0.9751
Plan 2c 0.9999 0.9997 0.9986 0.9921 0.9783 0.9705

As shown in the table, the conditional non-exceedance probability is above the required
90% for the stream reach for Plan 1c and Plan 2c for the 1% annual chance flood event.
Therefore, the Huntington flood damage reduction plans meet the levee certification
requirements for assuring that it provides a 1% annual chance level of flood protection.
The non-exceedance probability for the 1% flood is 99.49% for Plan 1c and 99.21% for
Plan 2c. The non-exceedance probability for the two plans were much larger than
required, which indicates that a lower top of protection may be possible.

It was decided to investigate the possibility of decreasing the top of protection profile for
Plan 1c. The HEC-RAS model for Plan 1c was rerun with the top of protection profile
decreased by 0.5 feet, reducing the minimum increment between the top of levee and the
1% chance exceedance event water surface elevation to 2.5 feet. The results of the HEC-
RAS analysis were used to determine the standard deviations and revise the input into the
FDA model. The result of lowering the top of protection (TOP) profile by 0.5 feet is
presented in the table below.

Table 4: HEC-FDA Results for Plan 1c with Lower Top of Protection

Conditional Non-Exceedance
Probability by Events

Plan 10% 4% 2% 1% 0.4% 0.2%
Plan 1c with
TOP - 0.5ft 0.9998 0.9998 0.9946 0.9670 0.8986 0.8466

To meet Corps levee certification requirements for projects, levees that are 3 ft or higher
above the 1% chance event water surface elevations must have a non-exceedance
probability of at least 90%; whereas, those with less than a 3 ft increment must have a
non-exceedance probability of at least 95%. The non-exceedance probability for the 1%
event of the lower top of protection plan is 96.70%, which meets the requirement of 95%
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for levees with less than a 3 ft increment above the 1% annual chance flood event water
surface elevation. Therefore, the decreased top of protection still meets the Corps’ risk
and uncertainty requirements for levee certification.

Riprap Analysis

An analysis to determine the need for erosion protection for the Huntington

project was conducted using the with-project Plan 1c and Plan 2c HEC-RAS model for
the design event (100-year). The water depth and velocity information was determined at
each cross section along the proposed project. The levee side slope of 2.5 horizontal to 1
vertical was used.

The Riprap16 models were developed for the cross sections where the channel velocity
was greater than or equal to 5.7 fps. Results from the Riprapl16 analysis showed that no
riprap protection was required for both plans. Cameron Run is fairly straight and the
levee slope is located away from the main channel, this coupled with the reasonable
channel velocities contributed to the lack of required riprap protection.

To check how the project affects channel velocities upstream and downstream, a
comparison was performed between the channel velocities from the Plan 1¢c and Plan 2c
HEC-RAS model results and the channel velocities from the existing conditions HEC-
RAS model results for the 1% annual chance flood event. There was no increase in

channel velocity upstream or downstream of the proposed levee, therefore, no riprap
protection is required upstream or downstream of the tie outs.

Appendices

APPENDIX A: HEC-RAS Cross-section location map

APPENDIX B: Maps showing features of each alternative

APPENDIX C: HEC-RAS output tables

16



APPENDIX A: HEC-RAS Cross-section location maps

Huntington HEC-RAS cross-sections
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Huntington HEC-RAS cross-sections
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Huntington HEC-RAS cross-sections

Plate A-3
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Huntington HEC-RAS cross-sections

Plate A-4
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APPENDIX B: Maps showing features of each alternative

Levee Alignment #1

Plate B-1
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Levee Alignment #3

Plate B-3
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Dredging Alternative #2

Plate B-5
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Dredging Alternative #3

Plate B-6
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APPENDIX C: HEC-RAS output tables

Table C-1: Existing Conditions Output Table

HEC-RAS Plan: existing est River: Cameron Run Reach: One Profile: 100-year

Min Ch W.S. Min Ch W.S.

River Profile Q Total El Elev River Q Total El Elev
Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)
2650 Beltway Bridge 659 25414 -0.5 14.24
2623 | 100-year 25398 14 24.32 640 25414 -0.47 14.05
2526 | 100-year 25398 -0.2 23.83 625 25414 -1.7 14
2398 | 100-year 25398 -1.2 23.16 610 25414 -0.59 13.93
2211 | 100-year 25414 -2.4 21.76 595 25414 -2 13.92
2169 | 100-year 25414 0.14 22.05 575 25414 -1.26 13.82
Telegraph Road
2149 Bridge 555 25414 -2 13.41
2129 | 100-year 25414 -1.21 19.21 540 25414 -1.82 13.34
2071 | 100-year 25414 0.7 18.18 530 25414 -2 13.14
1963 | 100-year 25414 -3.8 16.61 510 25414 -1.99 13.07
1823 | 100-year 25414 0.2 15.92 485 25414 -2.3 12.98
1707 | 100-year 25414 -0.2 15.9 465 25414 -1.61 12.63
1597 | 100-year 25414 -1.5 15.61 445 25414 -1.2 12.67
1389 | 100-year 25414 -1.5 15.41 425 25414 -0.91 12.55
1280 | 100-year 25414 0.53 15.29 395 25414 -2.5 12.48
1260 | 100-year 25414 0.45 15.21 385 25414 -2.12 12.41
1240 | 100-year 25414 0.5 15.15 375 25414 -3.5 12.39
1220 | 100-year 25414 0.41 15.09 355 25414 -3.5 12.15
1200 | 100-year 25414 0.27 15.01 337 25414 -2.23 12.08
1180 | 100-year 25414 0.25 14.93 325 25414 -2.25 12.09
1160 | 100-year 25414 0.22 14.91 310 25414 -2.25 11.9
1140 | 100-year 25414 0.22 14.89 290 25414 -2 12.02
1120 | 100-year 25414 0.31 14.87 270 25414 -2 11.79
1100 | 100-year 25414 0.06 14.85 255 25414 -2.27 11.81
1080 | 100-year 25414 0.06 14.82 240 25414 -2.27 11.39
1060 | 100-year 25414 0.06 14.79 210 25414 -2 11.4
1040 | 100-year 25414 0.14 14.78 180 25414 -2 11.26
1020 | 100-year 25414 0.2 14.76 170 25414 -2 11.24
1000 | 100-year 25414 0.2 14.73 165 25414 -2 11.25
980 100-year 25414 0.19 14.7 160 25414 -2 11.18
960 100-year 25414 0.19 14.69 155 25414 -2 11.18
940 100-year 25414 0.27 14.67 150 25414 -2.7 10.92
920 100-year 25414 0.27 14.7 145 25414 -2.7 10.97
900 100-year 25414 0.27 14.65 135 25414 -2.7 10.8
880 100-year 25414 0.27 14.55 130 25414 -2.7 10.86
860 100-year 25414 0.28 14.5 120 25414 -3.2 10.9
840 100-year 25414 0.27 14.48 110 25414 -3.2 10.87
820 100-year 25414 0.27 14.48 100 25414 -3.5 10.86
800 100-year 25414 0.3 14.45 99.8 25414 -3.5 10.89
720 100-year 25414 0.27 14.4 99.7 25414 -3.5 10.89
700 100-year 25414 0.28 14.41 99.6 25414 -3.5 10.8
680 100-year 25414 -0.37 14.34 99.5 25414 -3.5 10.85
660 100-year 25414 -0.46 14.26 99 25414 -4 10.9
Route 1
96 Bridge
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Figure C-1: Profile of Existing Conditions
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Table C-2: Output Table for Levee Alignment #1

HEC-RAS Plan: levee 1 River: Cameron Run Reach: One Profile: 100-year

Q W.S. Q W.S.

River Profile Total Min Ch El Elev River Total Min Ch El Elev
Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)

2650 Bridge 700 25414 0.28 14.28
2623 | 100-year | 25398 1.4 24.39 680 25414 -0.37 14.2
2526 | 100-year | 25398 -0.2 23.91 660 25414 -0.46 13.89
2398 | 100-year | 25398 -1.2 23.26 659 25414 -0.5 14.24
2211 | 100-year | 25414 -2.4 21.9 640 25414 -0.47 14.05
2169 | 100-year | 25414 0.14 22.18 625 25414 -1.7 14
2149 Bridge 610 25414 -0.59 13.93
2129 | 100-year | 25414 -1.21 19.49 595 25414 -2 13.92
2071 | 100-year | 25414 0.7 18.49 575 25414 -1.26 13.82
1963 100-year | 25414 -3.8 17.09 555 25414 -2 13.41
1823 | 100-year | 25414 0.2 16.57 540 25414 -1.82 13.34
1707 | 100-year | 25414 -0.2 16.59 530 25414 -2 13.14
1597 | 100-year | 25414 -1.5 16.36 510 25414 -1.99 13.07
1389 | 100-year | 25414 -1.5 15.81 485 25414 -2.3 12.98
1280 | 100-year | 25414 0.53 15.66 465 25414 -1.61 12.63
1260 | 100-year | 25414 0.45 15.53 445 25414 -1.2 12.67
1240 | 100-year | 25414 0.5 15.45 425 25414 -0.91 12.55
1220 | 100-year | 25414 0.41 15.38 395 25414 -2.5 12.48
1200 | 100-year | 25414 0.27 15.26 385 25414 -2.12 12.41
1180 | 100-year | 25414 0.25 15.2 375 25414 -3.5 12.39
1160 | 100-year | 25414 0.22 15.19 355 25414 -3.5 12.15
1140 | 100-year | 25414 0.22 15.13 337 25414 -2.23 12.08
1120 | 100-year | 25414 0.31 15.1 325 25414 -2.25 12.09
1100 | 100-year | 25414 0.06 15.06 310 25414 -2.25 11.9
1080 | 100-year | 25414 0.06 14.98 290 25414 -2 12.02
1060 | 100-year | 25414 0.06 14.9 270 25414 -2 11.79
1040 | 100-year | 25414 0.14 14.86 255 25414 -2.27 11.81
1020 | 100-year | 25414 0.2 14.79 240 25414 -2.27 11.39
1000 | 100-year | 25414 0.2 14.77 210 25414 -2 11.4
980 100-year | 25414 0.19 14.76 180 25414 -2 11.26
960 100-year | 25414 0.19 14.75 170 25414 -2 11.24
940 100-year | 25414 0.27 14.71 165 25414 -2 11.25
920 100-year | 25414 0.27 14.75 160 25414 -2 11.18
900 100-year | 25414 0.27 14.7 155 25414 -2 11.18
880 100-year | 25414 0.27 14.56 150 25414 -2.7 10.92
860 100-year | 25414 0.28 14.53 145 25414 -2.7 10.97
840 100-year | 25414 0.27 14.52 135 25414 -2.7 10.8
820 100-year | 25414 0.27 14.5 130 25414 -2.7 10.86
800 100-year | 25414 0.3 14.44 120 25414 -3.2 10.9
780 100-year | 25414 0.3 14.41 110 25414 -3.2 10.87
760 100-year | 25414 0.27 14.4 100 25414 -3.5 10.86
740 100-year | 25414 0.27 14.38 99.8 25414 -3.5 10.89
720 100-year | 25414 0.27 14.36 99.7 25414 -3.5 10.89
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Table C-3: Output table for Levee Alignment #2 (equal to Levee Alignment #3 and Final Concept
Plan 2c — Selected Plan)

HEC-RAS Plan: Levee 2 Locations: User Defined

Profile: 100-year

Q Min Ch Q Min Ch W.S.

River Profile Total El W.S. Elev | River Profile Total El Elev
Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)

2650 Bridge
2623 100-year | 25398 1.4 24.37 720 100-year | 25414 | 0.27 14.45
2526 100-year | 25398 -0.2 23.89 700 100-year | 25414 | 0.28 14.34
2398 100-year | 25398 -1.2 23.23 680 100-year | 25414 | -0.37 14.21
2211 100-year | 25414 -2.4 21.86 660 100-year | 25414 | -0.46 13.89
2169 100-year | 25414 0.14 22.14 659 100-year | 25414 -0.5 14.24
2149 Bridge 640 100-year | 25414 | -0.47 14.05
2129 100-year | 25414 -1.21 19.42 625 100-year | 25414 -1.7 14
2071 100-year | 25414 0.7 18.41 610 100-year | 25414 | -0.59 13.93
1963 100-year | 25414 -3.8 16.97 595 100-year | 25414 -2 13.92
1823 100-year | 25414 0.2 16.4 575 100-year | 25414 | -1.26 13.82
1707 100-year | 25414 -0.2 16.42 555 100-year | 25414 -2 13.41
1597 100-year | 25414 -1.5 16.17 540 100-year | 25414 | -1.82 13.34
1389 100-year | 25414 -1.5 15.6 530 100-year | 25414 -2 13.14
1280 100-year | 25414 0.53 15.52 510 100-year | 25414 | -1.99 13.07
1260 100-year | 25414 0.45 15.45 485 100-year | 25414 -2.3 12.98
1240 100-year | 25414 0.5 15.39 465 100-year | 25414 | -1.61 12.63
1220 100-year | 25414 0.41 15.34 445 100-year | 25414 -1.2 12.67
1200 100-year | 25414 0.27 15.24 425 100-year | 25414 | -0.91 12.55
1180 100-year | 25414 0.25 15.2 395 100-year | 25414 -2.5 12.48
1160 100-year | 25414 0.22 15.17 385 100-year | 25414 | -2.12 12.41
1140 100-year | 25414 0.22 15.14 375 100-year | 25414 -3.5 12.39
1120 100-year | 25414 0.31 15.11 355 100-year | 25414 -3.5 12.15
1100 100-year | 25414 0.06 15.06 337 100-year | 25414 | -2.23 12.08
1080 100-year | 25414 0.06 15 325 100-year | 25414 | -2.25 12.09
1060 100-year | 25414 0.06 14.93 310 100-year | 25414 | -2.25 11.9
1040 100-year | 25414 0.14 14.91 290 100-year | 25414 -2 12.02
1020 100-year | 25414 0.2 14.89 270 100-year | 25414 -2 11.79
1000 100-year | 25414 0.2 14.88 255 100-year | 25414 | -2.27 11.81
980 100-year | 25414 0.19 14.85 240 100-year | 25414 | -2.27 11.39
960 100-year | 25414 0.19 14.84 210 100-year | 25414 -2 114
940 100-year | 25414 0.27 14.82 180 100-year | 25414 -2 11.26
920 100-year | 25414 0.27 14.87 170 100-year | 25414 -2 11.24
900 100-year | 25414 0.27 14.81 165 100-year | 25414 -2 11.25
880 100-year | 25414 0.27 14.68 160 100-year | 25414 -2 11.18
860 100-year | 25414 0.28 14.63 155 100-year | 25414 -2 11.18
840 100-year | 25414 0.27 14.6 150 100-year | 25414 -2.7 10.92
820 100-year | 25414 0.27 14.6 145 100-year | 25414 -2.7 10.97
800 100-year | 25414 0.3 14.56 135 100-year | 25414 -2.7 10.8
780 100-year | 25414 0.3 14.54 130 100-year | 25414 -2.7 10.86
760 100-year | 25414 0.27 14.53 120 100-year | 25414 -3.2 10.9
740 100-year | 25414 0.27 14.5 110 100-year | 25414 -3.2 10.87
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Figure C-3: Profile for Levee Alignment #2 (equal to Levee Alignment #3 and Plan 2)
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Table C-4: Output Table for Dredging Alternative #1

HEC-RAS Plan: full dredge Locations: User Defined

Profile: 100-year

Q Min Ch W.S. Q Min Ch W.S.
River Profile Total El Elev River Profile Total El Elev
Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)
2650 Bridge
2623 100-year | 25398 14 23.62 720 100-year | 25414 -5.17 13.02
2526 100-year | 25398 -0.2 23.05 700 100-year | 25414 -5.21 13.04
2398 100-year | 25398 -1.2 22.15 680 100-year | 25414 -5.23 12.98
2211 100-year | 25414 2.4 20.12 660 100-year | 25414 -5.26 12.91
2169 100-year | 25414 -2.55 20.53 659 100-year | 25414 -5.28 12.9
2149 Bridge 640 100-year | 25414 -5.3 12.76
2129 100-year | 25414 -3.06 17.21 625 100-year | 25414 -5.33 12.69
2071 100-year | 25414 -3.33 16.93 610 100-year | 25414 -5.35 12.66
1963 100-year | 25414 -3.76 14.5 595 100-year | 25414 -5.36 12.62
1823 100-year | 25414 -3.88 14.36 575 100-year | 25414 -5.38 12.53
1707 100-year | 25414 -3.9 14.37 555 100-year | 25414 -5.41 12.27
1597 100-year | 25414 -3.97 13.9 540 100-year | 25414 -5.43 12.22
1389 100-year | 25414 -4.3 13.94 530 100-year | 25414 -5.46 12.02
1280 100-year | 25414 -4.44 13.78 510 100-year | 25414 -5.48 12
1260 100-year | 25414 -4.46 13.78 485 100-year | 25414 -5.52 11.92
1240 100-year | 25414 -4.49 13.65 465 100-year | 25414 -5.54 11.74
1220 100-year | 25414 -4.51 13.64 445 100-year | 25414 -5.55 11.74
1200 100-year | 25414 -4.54 13.59 425 100-year | 25414 -5.58 11.7
1180 100-year | 25414 -4.58 13.59 395 100-year | 25414 -5.63 11.61
1160 100-year | 25414 -4.6 135 385 100-year | 25414 -5.63 11.6
1140 100-year | 25414 -4.62 13.5 375 100-year | 25414 -5.65 11.56
1120 100-year | 25414 -4.65 13.48 355 100-year | 25414 -5.69 11.42
1100 100-year | 25414 -4.68 13.44 337 100-year | 25414 -5.7 11.42
1080 100-year | 25414 -4.7 13.38 325 100-year | 25414 -5.73 11.39
1060 100-year | 25414 -4.72 13.37 310 100-year | 25414 -5.74 11.25
1040 100-year | 25414 -4.75 13.37 290 100-year | 25414 -5.77 11.34
1020 100-year | 25414 -4.78 13.36 270 100-year | 25414 -5.79 11.19
1000 100-year | 25414 -4.8 13.34 255 100-year | 25414 -5.81 11.21
980 100-year | 25414 -4.83 13.32 240 100-year | 25414 -5.84 10.96
960 100-year | 25414 -4.87 13.31 210 100-year | 25414 -5.86 10.95
940 100-year | 25414 -4.89 13.24 180 100-year | 25414 -5.88 10.96
920 100-year | 25414 -4.91 13.28 170 100-year | 25414 -5.89 10.91
900 100-year | 25414 -4.94 13.21 165 100-year | 25414 -5.9 10.9
880 100-year | 25414 -4.96 13.12 160 100-year | 25414 -5.9 10.89
860 100-year | 25414 -4.99 13.09 155 100-year | 25414 -5.93 10.86
840 100-year | 25414 -5.02 13.09 150 100-year | 25414 -5.94 10.7
820 100-year | 25414 -5.04 13.09 145 100-year | 25414 -5.95 10.73
800 100-year | 25414 -5.07 13.08 135 100-year | 25414 -5.96 10.61
780 100-year | 25414 -5.09 13.04 130 100-year | 25414 -5.97 10.66
760 100-year | 25414 -5.12 13.05 120 100-year | 25414 -5.99 10.69
740 100-year | 25414 -5.15 13.04 110 100-year | 25414 -6.01 10.67
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Table C-5: Output Table for Dredging Alternative #2

HEC-RAS Plan: dredging Locations: User Defined

Profile: 100-year

Q Min Ch W.S. Q Min Ch W.S.
River Profile Total El Elev River Profile Total El Elev
Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)
2650 Bridge
2623 100-year | 25398 1.4 23.98 720 100-year 25414 | -5.17 13.54
2526 100-year | 25398 -0.2 23.46 700 100-year 25414 -5.21 13.55
2398 100-year | 25398 -1.2 22.69 680 100-year 25414 | -5.23 13.5
2211 100-year | 25414 -2.4 21.06 660 100-year 25414 | -5.26 13.45
2169 100-year | 25414 0.14 21.36 659 100-year 25414 | -5.28 13.44
2149 Bridge 640 100-year 25414 -5.3 13.32
2129 100-year | 25414 -1.21 18.82 625 100-year 25414 | -5.33 13.26
2071 100-year | 25414 0.7 17.73 610 100-year 25414 | -5.35 13.21
1963 100-year | 25414 -3.8 15.78 595 100-year 25414 | -5.36 13.19
1823 100-year | 25414 0.2 14.77 575 100-year 25414 | -5.38 13.11
1707 100-year | 25414 -0.2 14.56 555 100-year 25414 | -5.41 12.86
1597 100-year | 25414 -3.97 14.32 540 100-year 25414 | -5.43 12.81
1389 100-year | 25414 -4.3 14.36 530 100-year 25414 | -5.46 12.63
1280 100-year | 25414 -4.44 14.21 510 100-year 25414 | -5.48 12.61
1260 100-year | 25414 -4.46 14.21 485 100-year 25414 | -5.52 12.55
1240 100-year | 25414 -4.49 14.1 465 100-year 25414 | -5.54 12.39
1220 100-year | 25414 -4.51 14.08 445 100-year 25414 | -5.55 12.39
1200 100-year | 25414 -4.54 14.05 425 100-year 25414 | -5.58 12.35
1180 100-year | 25414 -4.58 14.05 395 100-year 25414 | -5.63 12.27
1160 100-year | 25414 -4.6 13.96 385 100-year 25414 | -5.63 12.27
1140 100-year | 25414 -4.62 13.96 375 100-year 25414 | -5.65 12.23
1120 100-year | 25414 -4.65 13.95 355 100-year 25414 | -5.69 12.09
1100 100-year | 25414 -4.68 13.91 337 100-year 25414 -5.7 12.09
1080 100-year | 25414 -4.7 13.86 325 100-year 25414 | -5.73 12.07
1060 100-year | 25414 -4.72 13.85 310 100-year 25414 | -5.74 11.95
1040 100-year | 25414 -4.75 13.85 290 100-year 25414 | -5.77 12.04
1020 100-year | 25414 -4.78 13.84 270 100-year 25414 | -5.79 12
1000 100-year | 25414 -4.8 13.82 255 100-year 25414 | -5.81 11.95
980 100-year | 25414 -4.83 13.8 240 100-year 25414 | -2.27 11.39
960 100-year | 25414 -4.87 13.8 210 100-year 25414 -2 11.4
940 100-year | 25414 -4.89 13.74 180 100-year 25414 -2 11.26
920 100-year | 25414 -4.91 13.77 170 100-year 25414 -2 11.24
900 100-year | 25414 -4.94 13.71 165 100-year 25414 -2 11.25
880 100-year | 25414 -4.96 13.63 160 100-year 25414 -2 11.18
860 100-year | 25414 -4,99 13.6 155 100-year 25414 -2 11.18
840 100-year | 25414 -5.02 13.6 150 100-year 25414 -2.7 10.92
820 100-year | 25414 -5.04 13.6 145 100-year 25414 -2.7 10.97
800 100-year | 25414 -5.07 13.59 135 100-year 25414 -2.7 10.8
780 100-year | 25414 -5.09 13.56 130 100-year 25414 -2.7 10.86
760 100-year | 25414 -5.12 13.57 120 100-year 25414 -3.2 10.9
740 100-year | 25414 -5.15 13.55 110 100-year 25414 -3.2 10.87
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Figure C-5: Profile for Dredging Alternative #2
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Table C-6: Output Table for Dredging Alternative #3

HEC-RAS Plan: dred

e3 Locations: User Defined

Profile: 100-year

Q Q Min Ch W.S.

River Profile Total | Min Ch El | W.S. Elev | River Profile Total El Elev
Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)

2650 Bridge 720 100-year | 25414 | -5.17 14.33
2623 100-year | 25398 1.4 24.27 700 100-year | 25414 | -5.21 14.34
2526 100-year | 25398 -0.2 23.78 680 100-year | 25414 -5.23 14.3
2398 100-year | 25398 -1.2 23.09 660 100-year | 25414 | -5.26 14.25
2211 100-year | 25414 -2.4 21.66 659 100-year | 25414 | -5.28 14.24
2169 100-year | 25414 0.14 21.95 640 100-year | 25414 -5.3 14.13
2149 Bridge 625 100-year | 25414 | -5.33 14.09
2129 100-year | 25414 -1.21 19.01 610 100-year | 25414 | -5.35 14.06
2071 100-year | 25414 0.7 17.95 595 100-year | 25414 | -5.36 14.04
1963 100-year | 25414 -3.8 16.22 575 100-year | 25414 | -1.26 13.82
1823 100-year | 25414 0.2 15.44 555 100-year | 25414 -2 13.41
1707 100-year | 25414 -0.2 15.34 540 100-year | 25414 | -1.82 13.34
1597 100-year | 25414 -1.5 14.97 530 100-year | 25414 -2 13.14
1389 100-year | 25414 -4.3 14.99 510 100-year | 25414 | -1.99 13.07
1280 100-year | 25414 -4.44 14.91 485 100-year | 25414 -2.3 12.98
1260 100-year | 25414 -4.46 14.91 465 100-year | 25414 | -1.61 12.63
1240 100-year | 25414 -4.49 14.81 445 100-year | 25414 -1.2 12.67
1220 100-year | 25414 -4.51 14.8 425 100-year | 25414 | -0.91 12.55
1200 100-year | 25414 -4.54 14.77 395 100-year | 25414 -2.5 12.48
1180 100-year | 25414 -4.58 14.77 385 100-year | 25414 | -2.12 12.41
1160 100-year | 25414 -4.6 14.68 375 100-year | 25414 -3.5 12.39
1140 100-year | 25414 -4.62 14.68 355 100-year | 25414 -3.5 12.15
1120 100-year | 25414 -4.65 14.68 337 100-year | 25414 | -2.23 12.08
1100 100-year | 25414 -4.68 14.66 325 100-year | 25414 | -2.25 12.09
1080 100-year | 25414 -4.7 14.63 310 100-year | 25414 | -2.25 11.9
1060 100-year | 25414 -4.72 14.6 290 100-year | 25414 -2 12.02
1040 100-year | 25414 -4.75 14.6 270 100-year | 25414 -2 11.79
1020 100-year | 25414 -4.78 14.61 255 100-year | 25414 | -2.27 11.81
1000 100-year | 25414 -4.8 14.59 240 100-year | 25414 | -2.27 11.39
980 100-year | 25414 -4.83 14.53 210 100-year | 25414 -2 114
960 100-year | 25414 -4.87 14.49 180 100-year | 25414 -2 11.26
940 100-year | 25414 -4.89 14.48 170 100-year | 25414 -2 11.24
920 100-year | 25414 -4.91 1451 165 100-year | 25414 -2 11.25
900 100-year | 25414 -4.94 14.47 160 100-year | 25414 -2 11.18
880 100-year | 25414 -4.96 14.4 155 100-year | 25414 -2 11.18
860 100-year | 25414 -4.99 14.38 150 100-year | 25414 -2.7 10.92
840 100-year | 25414 -5.02 14.38 145 100-year | 25414 2.7 10.97
820 100-year | 25414 -5.04 14.38 135 100-year | 25414 -2.7 10.8
800 100-year | 25414 -5.07 14.37 130 100-year | 25414 -2.7 10.86
780 100-year | 25414 -5.09 14.35 120 100-year | 25414 -3.2 10.9
760 100-year | 25414 -5.12 14.35 110 100-year | 25414 -3.2 10.87
740 100-year | 25414 -5.15 14.34
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Figure C-6: Profile for Dredging Alternative #3
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Table C-7: Output table for Combined Alternatives Levee #2 and Dredging #2

HEC-RAS Plan: combined Locations: User Defined

Profile: 100-year

Q Min Ch W.S.

River Profile Total | Min Ch El | W.S. Elev | River Profile Q Total El Elev
Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)

2650 Bridge 720 100-year | 25414 -5.17 13.56
2623 | 100-year | 25398 14 23.68 700 | 100-year | 25414 -5.21 13.5
2526 | 100-year | 25398 -0.2 23.12 680 | 100-year | 25414 -5.23 13.42
2398 | 100-year | 25398 -1.2 22.25 660 | 100-year | 25414 -5.26 13.27
2211 | 100-year | 25414 -2.4 20.3 659 | 100-year | 25414 -5.28 13.44
2169 | 100-year | 25414 -2.55 20.69 640 | 100-year | 25414 -5.3 13.32
2149 Bridge 625 100-year | 25414 -5.33 13.26
2129 | 100-year | 25414 -3.06 17.48 610 | 100-year | 25414 -5.35 13.21
2071 | 100-year | 25414 -3.33 17.18 595 | 100-year | 25414 -5.36 13.19
1963 | 100-year | 25414 -3.76 14.98 575 | 100-year | 25414 -5.38 13.11
1823 | 100-year | 25414 -3.88 14.92 555 | 100-year | 25414 -5.41 12.86
1707 | 100-year | 25414 -3.9 14.95 540 | 100-year | 25414 -5.43 12.81
1597 | 100-year | 25414 -3.97 14.57 530 | 100-year | 25414 -5.46 12.63
1389 | 100-year | 25414 -4.3 144 510 | 100-year | 25414 -5.48 12.61
1280 | 100-year | 25414 -4.44 14.3 485 | 100-year | 25414 -5.52 12.55
1260 | 100-year | 25414 -4.46 14.31 465 | 100-year | 25414 -5.54 12.39
1240 | 100-year | 25414 -4.49 14.19 445 | 100-year | 25414 -5.55 12.39
1220 | 100-year | 25414 -4.51 14.18 425 | 100-year | 25414 -5.58 12.35
1200 | 100-year | 25414 -4.54 14.14 395 | 100-year | 25414 -5.63 12.27
1180 | 100-year | 25414 -4.58 14.15 385 | 100-year | 25414 -5.63 12.27
1160 | 100-year | 25414 -4.6 14.07 375 | 100-year | 25414 -5.65 12.23
1140 | 100-year | 25414 -4.62 14.05 355 | 100-year | 25414 -5.69 12.09
1120 | 100-year | 25414 -4.65 14.03 337 | 100-year | 25414 -5.7 12.09
1100 | 100-year | 25414 -4.68 13.98 325 | 100-year | 25414 -5.73 12.07
1080 | 100-year | 25414 -4.7 13.92 310 | 100-year | 25414 -5.74 11.95
1060 | 100-year | 25414 -4.72 13.9 290 | 100-year | 25414 -5.77 12.04
1040 | 100-year | 25414 -4.75 13.9 270 | 100-year | 25414 -5.79 12
1020 | 100-year | 25414 -4.78 13.88 255 | 100-year | 25414 -5.81 11.95
1000 | 100-year | 25414 -4.8 13.87 240 | 100-year | 25414 -2.27 11.39
980 | 100-year | 25414 -4.83 13.85 210 | 100-year | 25414 -2 114
960 | 100-year | 25414 -4.87 13.85 180 | 100-year | 25414 -2 11.26
940 | 100-year | 25414 -4.89 13.78 170 | 100-year | 25414 -2 11.24
920 | 100-year | 25414 -4.91 13.82 165 | 100-year | 25414 -2 11.25
900 | 100-year | 25414 -4.94 13.76 160 | 100-year | 25414 -2 11.18
880 | 100-year | 25414 -4.96 13.67 155 | 100-year | 25414 -2 11.18
860 | 100-year | 25414 -4.99 13.64 150 | 100-year | 25414 -2.7 10.92
840 | 100-year | 25414 -5.02 13.64 145 | 100-year | 25414 -2.7 10.97
820 | 100-year | 25414 -5.04 13.64 135 | 100-year | 25414 -2.7 10.8
800 | 100-year | 25414 -5.07 13.63 130 | 100-year | 25414 -2.7 10.86
780 | 100-year | 25414 -5.09 13.59 120 | 100-year | 25414 -3.2 10.9
760 | 100-year | 25414 -5.12 13.59 110 | 100-year | 25414 -3.2 10.87
740 | 100-year | 25414 -5.15 13.58
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Figure C-7: Profile for Combined Alternatives Levee #2 and Dredging #2
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Table C-8: Output table for Combined Alternatives Levee #3 and Dredging #3

HEC-RAS Plan: dredge2sewer Locations: User Defined  Profile: 100-
year
Q Min Ch W.S.

River Profile Total | Min Ch El | W.S. Elev | River Profile Q Total El Elev

Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)
2650 Bridge 720 100-year | 25414 -5.17 14.33
2623 | 100-year | 25398 1.4 24.29 700 100-year | 25414 -5.21 14.28
2526 | 100-year | 25398 -0.2 23.8 680 100-year | 25414 -5.23 14.22
2398 | 100-year | 25398 -1.2 23.12 660 100-year | 25414 -5.26 14.08
2211 | 100-year | 25414 -2.4 21.7 659 100-year | 25414 -5.28 14.24
2169 | 100-year | 25414 0.14 21.99 640 | 100-year | 25414 -5.3 14.13
2149 Bridge 625 | 100-year | 25414 -5.33 14.09
2129 | 100-year | 25414 -1.21 19.09 610 | 100-year | 25414 -5.35 14.06
2071 | 100-year | 25414 0.7 18.04 595 | 100-year | 25414 -5.36 14.04
1963 | 100-year | 25414 -3.8 16.37 575 | 100-year | 25414 -1.26 13.82
1823 | 100-year | 25414 0.2 15.62 555 | 100-year | 25414 -2 13.41
1707 | 100-year | 25414 -0.2 15.56 540 100-year | 25414 -1.82 13.34
1597 | 100-year | 25414 -1.5 15.22 530 100-year | 25414 -2 13.14
1389 | 100-year | 25414 -4.3 15.07 510 100-year | 25414 -1.99 13.07
1280 | 100-year | 25414 -4.44 14.99 485 100-year | 25414 -2.3 12.98
1260 | 100-year | 25414 -4.46 15 465 100-year | 25414 -1.61 12.63
1240 | 100-year | 25414 -4.49 14.89 445 | 100-year | 25414 -1.2 12.67
1220 | 100-year | 25414 -4.51 14.88 425 | 100-year | 25414 -0.91 12.55
1200 | 100-year | 25414 -4.54 14.85 395 | 100-year | 25414 -2.5 12.48
1180 | 100-year | 25414 -4.58 14.86 385 | 100-year | 25414 -2.12 12.41
1160 | 100-year | 25414 -4.6 14.77 375 | 100-year | 25414 -3.5 12.39
1140 | 100-year | 25414 -4.62 14.76 355 | 100-year | 25414 -3.5 12.15
1120 | 100-year | 25414 -4.65 14.76 337 100-year | 25414 -2.23 12.08
1100 | 100-year | 25414 -4.68 14.71 325 | 100-year | 25414 -2.25 12.09
1080 | 100-year | 25414 -4.7 14.67 310 | 100-year | 25414 -2.25 11.9
1060 | 100-year | 25414 -4.72 14.64 290 100-year | 25414 -2 12.02
1040 | 100-year | 25414 -4.75 14.64 270 100-year | 25414 -2 11.79
1020 | 100-year | 25414 -4.78 14.64 255 100-year | 25414 -2.27 11.81
1000 | 100-year | 25414 -4.8 14.63 240 100-year | 25414 -2.27 11.39
980 100-year | 25414 -4.83 14.56 210 | 100-year | 25414 -2 114
960 100-year | 25414 -4.87 14.53 180 | 100-year | 25414 -2 11.26
940 100-year | 25414 -4.89 14,52 170 | 100-year | 25414 -2 11.24
920 100-year | 25414 -4.91 14.55 165 100-year | 25414 -2 11.25
900 100-year | 25414 -4.94 14.51 160 | 100-year | 25414 -2 11.18
880 100-year | 25414 -4.96 14.43 155 | 100-year | 25414 -2 11.18
860 100-year | 25414 -4.99 14.41 150 | 100-year | 25414 -2.7 10.92
840 100-year | 25414 -5.02 14.4 145 | 100-year | 25414 -2.7 10.97
820 100-year | 25414 -5.04 14.4 135 | 100-year | 25414 -2.7 10.8
800 100-year | 25414 -5.07 144 130 100-year | 25414 -2.7 10.86
780 | 100-year | 25414 -5.09 14.37 120 100-year | 25414 -3.2 10.9
760 | 100-year | 25414 -5.12 14.37 110 100-year | 25414 -3.2 10.87
740 100-year | 25414 -5.15 14.35
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Figure C-8: Profile for Combined Alternatives Levee #3 and Dredging #3
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Table C-9: Output table for Combined Alternatives Levee #3 and Dredging #4

HEC-RAS Plan: Planlc Locations: User Defined

Profile: 100-year

Q MinCh | W.S.
River Profile Total | Min Ch El | W.S. Elev | River Profile Q Total El Elev

Station (cfs) (ft) (ft) Station (cfs) (ft) (ft)
2650 Bridge 720 | 100-year | 25414 -2.71 14.37
2623 | 100-year | 25398 1.40 24.32 700 | 100-year | 25414 -2.73 14.30
2526 | 100-year | 25398 -0.20 23.83 680 100-year | 25414 -2.73 14.20
2398 | 100-year | 25398 -1.20 23.16 660 | 100-year | 25414 -2.76 14.00
2211 | 100-year | 25414 -2.40 21.76 659 100-year | 25414 -2.78 14.23
2169 | 100-year | 25414 0.14 22.05 640 | 100-year | 25414 -2.80 14.08
2149 Bridge 625 | 100-year | 25414 -2.83 14.03
2129 | 100-year | 25414 -1.21 19.22 610 100-year | 25414 -2.85 14.00
2071 | 100-year | 25414 0.70 18.19 595 100-year | 25414 -2.86 13.98
1963 | 100-year | 25414 -3.80 16.63 575 | 100-year | 25414 | -1.26 13.82
1823 | 100-year | 25414 0.20 15.95 555 | 100-year | 25414 -2.00 13.41
1707 | 100-year | 25414 -0.20 15.93 540 100-year | 25414 -1.82 13.34
1597 | 100-year | 25414 -1.50 15.64 530 100-year | 25414 -2 13.14
1389 | 100-year | 25414 -1.80 15.29 510 100-year | 25414 -1.99 13.07
1280 | 100-year | 25414 -1.94 15.18 485 | 100-year | 25414 -2.3 12.98
1260 | 100-year | 25414 -1.96 15.18 465 | 100-year | 25414 | -1.61 12.63
1240 | 100-year | 25414 -1.99 15.05 445 | 100-year | 25414 -1.2 12.67
1220 | 100-year | 25414 -2.01 15.03 425 | 100-year | 25414 -0.91 12.55
1200 | 100-year | 25414 -2.04 15.00 395 100-year | 25414 -2.5 12.48
1180 | 100-year | 25414 -2.08 15.00 385 | 100-year | 25414 | -2.12 12.41
1160 | 100-year | 25414 -2.10 14.91 375 | 100-year | 25414 -3.5 12.39
1140 | 100-year | 25414 -2.12 14.89 355 100-year | 25414 35 12.15
1120 | 100-year | 25414 -2.15 14.89 337 | 100-year | 25414 -2.23 12.08
1100 | 100-year | 25414 -2.18 14.84 325 | 100-year | 25414 | -2.25 12.09
1080 | 100-year | 25414 -2.20 14.78 310 | 100-year | 25414 -2.25 11.90
1060 | 100-year | 25414 -2.22 14.75 290 100-year | 25414 -2 12.02
1040 | 100-year | 25414 -2.25 14.74 270 | 100-year | 25414 -2 11.79
1020 | 100-year | 25414 -2.28 14.73 255 100-year | 25414 -2.27 11.81
1000 | 100-year | 25414 -2.30 14.72 240 | 100-year | 25414 -2.27 11.39
980 | 100-year | 25414 | -2.33 14.66 210 | 100-year | 25414 -2 11.40
960 | 100-year | 25414 | -2.37 14.63 180 | 100-year | 25414 -2 11.25
940 100-year | 25414 -2.39 14.62 170 100-year | 25414 -2 11.24
920 | 100-year | 25414 -2.41 14.65 165 | 100-year | 25414 -2 11.25
900 100-year | 25414 -2.44 14.60 160 100-year | 25414 -2 11.18
880 | 100-year | 25414 -2.46 14.50 155 | 100-year | 25414 -2 11.18
860 | 100-year | 25414 -2.49 14.47 150 | 100-year | 25414 2.7 10.92
840 | 100-year | 25414 -2.52 14.46 145 | 100-year | 25414 2.7 10.97
820 | 100-year | 25414 -2.54 14.46 135 | 100-year | 25414 2.7 10.80
800 | 100-year | 25414 -2.57 14.44 130 | 100-year | 25414 -2.7 10.86
780 | 100-year | 25414 -2.59 14.42 120 | 100-year | 25414 -3.2 10.90
760 100-year | 25414 -2.62 14.41 110 100-year | 25414 -3.2 10.87
740 100-year | 25414 -2.65 14.39
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APPENDIX G4. SEA LEVEL RISE ANALYSIS



Sea Level Rise Analysis

Introduction

Current project status calls for analysis of the impact sea level rise (SLR) might
have on the final design crest height of the levee at Huntington, VA. To determine this
impact, existing HEC-RAS models were re-run to measure the impact that raising the
downstream section water level might have on the upstream area where the levee sits.
Impacts were measured for the 1% annual chance flood, which is the project design
flood, for both sea level rise over a 50-yr period and a 90-yr period. A 50-year period
was chosen because that is typically the duration that is used when determining the
economic costs and benefits of a Corps flood damage reduction project. The project team
also wanted to look at the impact over a longer period of time and since the National
Research Council (NRC) report only makes SLR predictions to the year 2100, we
selected a 90-year period (assumes the year 2010 to year 2100). Current USACE
standards call for consideration of local historic rates, projected NRC rates, and projected
Intergovernmental Panel on Climate Change (IPCC) rates when planning and designing
projects that could be affected by sea level rise. Estimates for both the 50-yr and 90-yr
SLR rates were made from each of these reports and then run in HEC-RAS to determine
their impact on future water levels at the levee. Plots (Figures 3-8) of the calculated
water levels are included for reference.

Sea Level Rise Estimation

To estimate future sea level rise at Huntington, various sources were studied to
arrive at three separate estimates. Any long term localized SLR estimate should take into
account both eustatic SLR, which is the change in global average sea level from an
increase in the world ocean volume, and relative land subsidence/uplift. The resulting
rate is the relative SLR rate, the sum of the two aforementioned parameters. The three
estimates used are a local historical estimate based on local tide gauge data, an empirical
estimate from the 1987 NRC report based on time-dependent curves accounting for future
accelerations in relative sea level rise rates, and an estimate from the 2007 IPCC report
based on recent data from 1980-1999 projected to the decade 2090-2099. The local
historical estimate includes the effects of local subsidence but the NRC and IPCC reports
only consider eustatic rises.

The best sources of information for historic sea level trends are local tide gauges.
For this study, data from the nearest NOAA tide gauge, Station ID 8594900, in
Washington D.C. were used to estimate SLR for Huntington. According to this gauge,
mean sea level has risen roughly 0.933 ft per 90-yrs based on monthly mean sea level
data from 1924 to 2006. Likewise, the 50-yr local historic SLR estimate is 0.52 ft per
half century.

Since the tide gauge at Station ID 8594900 is fixed relative to the land, it is
measuring the vertical motion of the land as well as changes in the level of the ocean. If
the land is rising at the same rate as the ocean, the long-term sea-level record at the



station will show a trend of zero. Only if the land is stationary will the gauge record the
absolute (eustatic) rate of the rise of the ocean. If the land is sinking, the relative sea-
level trend recorded at that location will be greater than the eustatic global sea-level rise.
Long-term changes to a coastline at a particular location will depend on the relative sea-
level rate, which includes the local vertical land motion as well as the absolute eustatic
rate of rise of the global ocean.

The 1987 NRC report and its estimates are based on the assumption that there is a
high probability that global SLR will greatly accelerate with time and that there are
uncertainties associated with these estimations. Potential relative sea level change should
be considered in every coastal and estuarine feasibility study that the USACE undertakes
(as far inland as estimated tidal influence extends). Fluvial studies (such as flood studies)
that include backwater profiling shall also consider the effects of potential relative sea-
level change by including potential relative sea-level change in the starting water surface
elevation for such profiles, where appropriate. The degree of consideration that the
possible change receives will depend upon the historical record for the study site.

To account for the uncertainties of future SLR accelerations, the NRC report
examines three eustatic rises to the year 2100 from 1987: 1.64 ft (0.5 m), 3.28 ft (1 m),
and 4.92 ft (1.5 m). Three possible scenarios were created, each with a different SLR
acceleration rate and corresponding curve. These three curves are shown in Figure 1.

As shown in Figure 1, Curve 1 corresponds to a 0.46 m (1.51 ft) rise per 90-yrs
and 0.14 m per half century, Curve 2 a 0.94 m (3.08 ft) rise per 90-yrs and 0.29 m per
half century, and Curve 3 a 1.42 m (4.66 ft) rise per 90-yrs and 0.42 m per half century.
For the HEC-RAS modeling, rates for Curves 1 and 3 were used to provide results for the
minimum and maximum estimations.

The IPCC report examines six climate evolution scenarios. However, only the
rise and rate of rise for two scenarios (B1 and A1F1) are contained in Table 1 below.
Scenarios B1 and AL1F1 give the extreme values (smallest and greatest, respectively) of
the six scenarios; the remaining four scenarios give values intermediate between B1 and
A1F1. Note that the rates of rise shown in Table 1 assume a linear trend between the 19
year period 1980 to 1999 and the nine year period 2090 to 2099. Figure 2 presents the
NRC curves from Figure 1 in addition to the 95% confidence limits of the B1 and A1F1
scenarios shown in Table 1.
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Figure 1. Scenarios for Global Eustatic Sea Level Rise (after NRC 1987, Figure
2.2).



B1 AlF1
5% CL 95% CL 5% CL 95% CL

Sea Level Rise (m) | 0.18 (0.59 ft) [0.38 (1.25 ft)| 0.26 (0.85 ft) |0.59 (1.94 ft)
Rate of Sea Level
Rise (mmvyr) 1.5 (0.0049 ft) [ 3.9 (0.013 ) 3.0 (0.0098 ft)|9.7 (0.032 ft)

Table 1. Projected global average sea level rise components during the 21st century.
The upper row in each pair gives the 5% and 95% confidence limit (m) of the rise in
sea level between 1980 to 1999 and 2090 to 2099. The lower row in each pair gives
the range of the rate of sea level rise (mm yr™) during 2090 to 2099 (excerpted from
IPCC 2007a, Table 10.7).

NRC 1987 Eustatic Sea Level Rise Scenarios and the IPCC
(2007) Scenario Estimates
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Figure 2. NRC (1987) eustatic sea level rise scenarios and the IPCC (2007)
scenario estimates for use in predicting future sea level change.

Based on the IPCC rates in Table 1, A1F1 provides sea level rises of 1.94 ft per 90-yrs
and 1.08 ft per half century. Likewise, B1 provides 1.25 ft per 90-yrs and 0.69 ft per half
century.



HEC-RAS Modeling

The impact of SLR was incorporated into the HEC-RAS models by simply adding
the SLR values to the downstream known water surface elevation at the mouth of
Cameron Run and the confluence with the Potomac River. The steady flow model was
then run for the 1% annual chance flood event and the resulting water level compared to
the previously accepted plan in which the downstream end of the levee is at elevation
16.8 ft (2.5 ft above the 1% annual chance elevation) and the upstream end is at elevation
18.9 ft (3.5 ft above the 1% annual chance elevation).

The SLR values used were the minimums and maximums from the NRC report
and the IPCC report for both the 50-yr and 90-yr periods. Since the local historic
estimates are less than both the NRC and IPCC estimates, they were not included in the
HEC-RAS modeling. Table 2 below shows the resulting change in water surface
elevation (WSE) at both the upstream and downstream ends of the levee for each SLR
value. This change is measured with respect to the WSE for the current plan as described
above. Note that only the SLR of 4.66 ft by year 2100 from Curve 3 in the NRC report
causes any increase in the predicted WSE at the levee. This increase is 0.3 ft at the
upstream end of the levee and 0.35 ft at the downstream end.

Method Sea Lewel Rise (ft) WSE Change at Lewee (ft)
50-yr 90-yr 50-yr 90-yr
NRC Cune 1 0.46 1.51 0 0
Cune 3 1.38 4.66 0 0.35D/S, 0.3 U/S
AlF1 1.08 1.94 0 0
IPCe B1 0.69 1.25 0 0

Table 2. NRC and IPCC SLR rates used for HEC-RAS modeling and their
corresponding impact on 1 % annual chance flood WSE upstream near the levee
along Cameron Run.

Figures 3 through 10 show the WSE plots for each SLR scenarios modeled. Again, only
the 4.66 ft value by the year 2100 causes any increase in WSE at the levee, or anywhere
upstream of the bridge that sits roughly 400 feet upstream of the downstream control
point (mouth of Cameron Run). The bridge likely dissipates the tidal influence of SLR
enough that the water surface upstream does not increase for a SLR value of something
less than 4.66 ft. As a check, various SLR values less than 4.66 ft were run to determine
the minimum SLR at which the water level at the levee is impacted. This SLR value was
found to be roughly 3.50 ft, which causes a very minimal but noticeable increase in water
level at the levee (0.05” at D/S end and less than 0.05° at U/S end). This scenario is
shown in Figure 11.
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1
12000




Huntington - Final Aternatives ~ Plan: 1) NoSLR  2) SLR 4.66'
Cameron Run One

J
1

20

....---"""'""“M

107

Elevation (ft)

-10

T T T T T T T T ; T T ; T T ; T
0 2000 4000 6000 8000

Main Channel Distance (ft)
Figure 6. 1% annual chance flood water surface elevation profiles with and without SLR of 4.66 ft in 90 years.
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Figure 7. 1% annual chance flood water surface elevation profiles with and without SLR of 1.08 ft in 50 years.
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Figure 8. 1% annual chance flood water surface elevation profiles with and without SLR of 1.94 ft in 90 years.
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Figure 9. 1% annual chance flood water surface elevation profiles with and without SLR of 0.69 ft in 50 years.
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Figure 10. 1% annual chance flood water surface elevation profiles with and without SLR of 1.25 ft in 90 years.
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Figure 11. 1% annual chance flood water surface elevation profiles with and without SLR of 3.50 ft in 90 years.
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APPENDIX G5. INTERIOR RESIDUAL FLOODING ANALYSIS



Huntington, VA (Cameron Run)
Documentation of Interior Residual Flooding Analysis

Residual Flooding

An interior residual flooding analysis was necessary both to size the drainage
structures through the proposed levee and to document the residual flooding in the
interior after the proposed levee has been constructed. A pumping station analysis was
necessary to determine the pumping capacity necessary to reduce the residual flooding
elevation to at or below the zero damage elevation. All of the hydrology (HEC-1, Flood
Hydrograph Package), interior drainage (INTDRA), pumping station sizing (INTDRA),
and residual flooding (from the results of the INTDRA analyses) were performed at a
concept level design effort. The county and the COE decided to evaluate the 10-, 25- and
100-year rainfall runoff events for this phase of the study.

Hydrologic Analyses

As a starting point for this concept level analysis for the rainfall/runoff
(hydrology) for Huntington, VA, the HEC-HMS computer model which was developed
for the Cameron Run Watershed Study was reviewed. The drainage area behind the
proposed levee in Huntington, VA is part of the Cameron Run watershed. The two
subareas in the Cameron Run HEC-HMS model that drain the interior drainage area
behind the proposed levee in Huntington, VA are CR1.30A and CR.84. A review of this
HEC-HMS model revealed that, since this was part of a basin-wide model, the analysis
was not done in a detailed enough fashion to directly use any of the parameters from this
model. Therefore, it was necessary to determine the Natural Resource Conservation
Service (NRCS) curve numbers (CNs), the drainage areas (DAs), and the NRCS lag
times (L Ts) for both of these subareas. For the purposes of this study Subarea CR.84 was
renamed Subarea A, and Subarea CR1.30A was renamed Subarea B. The DAs were
redrawn for Subareas A and B based on an examination of the 1-foot and 5-foot contour
interval topography in this area. The boundary of Subarea B changed very little from the
boundary of CR1.30A in the HEC-HMS study, but the boundary for Subarea A changed
significantly from the boundary of CR.84 from the HEC-HMS study. The reasons that
the boundary of Subarea A changed significantly was both due to the inclusion of the
proposed levee and because the field investigation revealed that construction related to
new development will add a significant amount of drainage area behind the proposed
levee. The boundaries of Subareas A and B are shown on Plate 1. The DAs for Subareas
A and B were then determined for use in this study. The DAs for Subareas A and B are
shown in Table 1.

The aerial photography was examined to determine the appropriate land uses in
Subareas A and B for use in the determination of the CNs. The land uses determined for
Subarea A were open space (lawns, parks, etc.) in fair condition, commercial and
business, 1/5 acre size lot (residential), and woods. The land uses determined for Subarea
B were impervious areas (paved parking lots), commercial and business, 1/5 acre size lot
size (residential), and woods. The area for each type of land use was approximated for



each subarea, and a weighted CN for each subarea was determined. The NRCS
hydrologic soil groups are A, B, C, and D, with Group A resulting in the lowest amount
of rainfall runoff, and Group D resulting in the highest amounts of rainfall runoff. All of
the CNs selected from the tables in “Urban Hydrology for Small Watersheds” by NRCS
assumed Group C. This assumption was made because there was no soil data readily
available for this part of the Cameron Run basin. The Cameron Run basin wide study
originally assumed Group B, but during the calibration of the HEC-HMS model this was
changed to the assumption of Group C. Therefore the Huntington, VA study also
assumed Group C, which resulted in the determination of higher CNs for the subareas,
and therefore higher quantities of runoff (less rainfall is absorbed by the soil), than if
Group B was assumed. After the analysis was completed, a figure was discovered that
approximated the soil groups throughout the Cameron Run basin. When the boundary of
the drainage area for Huntington, VA was compared to this figure, it was discovered that
a small portion of the Huntington, VA drainage area was Group C, with the remainder of
the drainage area approximately evenly divided between Groups B and D. Since a
comparison of the CNs for Groups B, C, and D for the land uses discussed previously
shows that the CN for Group C is always greater than or equal to the average of the CNs
for Groups B and D, using Group C was somewhat conservative. Therefore, this figure
supported the conclusion that the assumption of Group C for the Huntington, VA study
was reasonable, though probably conservative. The weighted CNs for Subareas A and B
are shown in Table 1.

The lag times were then computed for both subareas using the CNs determined
above, an average of the longest distance the rainfall runoff would travel in the subarea,
and the average slope of this longest distance the runoff would travel (utilizing both the
1-foot and 5-foot contour interval topography). For Subarea A the slope and length were
determined for four different longest distances the runoff would travel, the four lag times
were then computed, and the lag time used for Subarea A was the result of determining
the average of these four lag times. For Subarea B the slope and length were determined
for two different longest distances the runoff would travel, the two lag times were then
computed, and the lag time used for Subarea B was the result of determining the average
of these two lag times.

Table 1
Subareas Drainage Areas Curve Numbers Lag Times
(square miles) (hours)
A 0.107 84 0.267
B 0.153 82 0.431
AB 0.260 83 0.322

Due to this being a concept design level analysis, it was decided to use HEC-1 for

this analysis instead of HEC-HMS, Hydrologic Modeling System. The rainfall
distribution to use in the HEC-1 (hydrologic — rainfall/runoff) models for the 100-year,
25-year, and 10-year hypothetical rainfall events was obtained from the Point



Precipitation Frequency Estimates from National Oceanographic and Atmospheric
Administration (NOAA) Atlas 14 for the rain gage at Washington Reagan National
Airport (WRA), VA. Corps criteria require that the rainfall distribution used be for the 5,
15, 60, and 120-minute and 3, 6, 12, and 24-hour rainfalls from Atlas 14. The 24-hour
rainfalls used for each event for both Subareas A and B are shown in Table 2 below.

Table 2
Rainfall Events 24-hour Rainfalls (inches)
100-year 8.24
25-year 5.98
10-year 4,78

Hydrologic computer models (HEC-1) were developed using the DAs, CNs, lag
times, and rainfall distributions discussed above for both Subareas A and B for the 100-,
25-, and 10-year hypothetical rainfall events. Table 3 below displays the peak discharges
of the rainfall/runoff determined for Subareas A and B for the 100-, 25-, and 10-year
hypothetical rainfall events.

Table 3
Hypothetical Subarea A Subarea B Subarea AB
Rainfall Events Peak Discharges Peak Discharges Peak Discharges
(cfs) (cfs) (cfs)
100-year 265 302 578
25-year 202 223 434
10-year 161 173 341

Interior Residual Flooding Analyses

For this concept level design effort, it was decided that the interior flooding
analysis would be performed using the simplifying assumption that the gravity outlets are
blocked by high flows in Cameron Run for the entire duration of the rainfall event. If the
project proceeds, and it is desired that this levee project be designed in a manner that will
permit the Corps to certify it for FEMA flood insurance purposes, it would be necessary
to analyze a number of historic events, and include the effect of the historic river
hydrographs (the river discharges observed during each event, which will affect the
discharge from the storm drain pipes and culverts through the proposed levee to Cameron
Run), and the hypothetical events, which are for the 2-, 5-, 10-, 25-, 50-, and 100-year
rainfall distributions (and which assumes that the river flows are low enough to not affect
the discharge from the storm drain pipes and culverts through the proposed levee to
Cameron Run) . Historic and hypothetical peak pond elevation frequency curves are then
drawn and combined using joint probability (the probabilities of both curves at a range of
elevations are added together) to determine the elevation of the 1% chance exceedance
frequency event. Though the assumption of blocked flow for the gravity outlets is
usually conservative, it is considered a reasonable assumption for Huntington, VA due to



the fact that the storm drains are at such a low elevation that they are frequently affected
by the discharge in Cameron Run.

The interior residual flooding analysis was performed using the runoff hydrograph
routing program INTDRA. The runoff hydrograph from the HEC-1 output files for each
hypothetical rainfall event for both Subareas A and B were included in the INTDRA
models. Due to the assumption of Cameron Run always blocking the discharge from the
storm drain pipes and culverts through the proposed levee to Cameron Run, this rainfall
runoff hydrograph was not routed through these drainage pipes or culverts, but was
instead ponded using the pond capacities determined from the topographic mapping. The
peak pond elevation for each event for Subareas A and B, as determined by the INTDRA
models, are shown in Table 4.

Table 4

Rainfall Events

Subarea A Peak
Pond Elevations
(feet - NGVD29)

Subarea B Peak
Pond Elevations
(feet - NGVD29)

Subarea AB Peak
Pond Elevations
(feet - NGVDZ29)

100-year 9.0 18.7 10.7
25-year 8.3 16.8 9.7
10-year 7.9 15.6 9.0

The INTDRA models for Subareas A and B also were developed assuming no
overflow of the ponded rainfall runoff was permitted from one subarea to the other.
Since the minimum overflow elevation from Subarea B to Subarea A is 6.0 feet, the peak
pond elevations shown in Table 4 for the three events for Subareas A and B are affected
by this assumption. It was decided, based on the results of the INTDRA analyses of
Subareas A and B which does not allow overflow of the ponded rainfall runoff from one
subarea to another, that a more appropriate way to model the interior residual flooding for
Huntington, VA would be to combine Subareas A and B. This combination of Subareas
A and B was called Subarea AB. The DA for Subarea AB was determined by adding
together the DAs of Subareas A and B. The CN for Subarea AB was determined by
adding together the sum of the CN and DA of both Subareas A and B, and then dividing
this sum by the DA for Subarea AB. The LT for Subarea AB was determined by
summing all of the LTs determined for each flow path (the longest distance the rainfall
runoff would travel) for both Subareas A and B, and then dividing this sum by the total
number of LTs that were computed for these flow paths. The DA, CN, and LT for
Subarea AB are displayed in Table 1. The HEC-1 models for the three rainfall events
were then developed for Subarea AB using the method described previously. The peak
discharges for Subarea AB for the 100-, 25-, and 10-year events are shown in Table 3.
INTDRA models for the three events for Subarea AB were developed using the
rainfall/runoff from these HEC-1 models for Subarea AB. The peak pond elevations for
these three events for Subarea AB are shown in Table 4 and plotted on Figure 1. The
extent of the residual flooding caused by the ponding of the interior drainage to the
elevations shown in Table 4 are displayed on Plate 2 for the 100-year rainfall event, Plate
3 for the 25-year rainfall event, and Plate 4 for the 10-year rainfall event. It was decided




that since the depth of overflow for these three events varies from 10.7 — 6.0 = 4.7 feet
(depth of overflow for the 100-year event), 9.7 — 6.0 = 3.7 feet (depth of overflow for the
25-year event), and 9.0 — 6.0 = 3.0 feet (depth of overflow for the 10-year event), that it
was appropriate to combine Subareas A and B into Subarea AB for this analysis.

Pumping Station Analyses

It should be noted that the pumping station analyses were performed at a concept
level. The pumping capacities determined could change significantly as more detailed
analyses are conducted.

During this phase of the study, it was necessary to determine the pumping
capacities needed to lower the peak pond elevations for these three events below the zero
damage elevation of 9.1 feet (the elevation of the lowest opening into a structure). It was
decided that pumping capacities should be determined to lower the peak pond elevations
to 9.0 feet, which is just below this zero damage elevation. The determination of the
appropriate pump sizes is an iterative process, and, to follow Corps guidance, it is
recommended that the pump capacities determined for each rainfall runoff event should
be supplied by a minimum of three pumps. The INTDRA models for Subarea AB were
therefore modified to include a number of different pumping capacities for these three
pumps at various pump start elevations. After evaluating a number of different pumping
capacities, it was determined that for the 100-year rainfall event the pumping capacity
needed to lower the peak pond elevation from 10.7 feet to 9.0 feet would be 60,000 gpm
(a 10,000 gallons per minute (gpm) pump with a pump on elevation = 7.0; a 25,000 gpm
pump with a pump on elevation = 7.5; and another 25,000 gpm pump with a pump on
elevation = 8.0 (producing a total pumping capacity at elevation 8.0 of 10,000 gpm +
25,000 gpm + 25,000 gpm = 60,000 gpm)). For the 25-year rainfall event the pumping
capacity needed to lower the peak pond elevation from 9.7 feet to 9.0 feet would be 8,500
gpm (a 1,500 gpm pump with a pump on elevation = 7.0; a 3,500 gpm pump with a pump
on elevation = 7.5 feet ; and another 3500 gpm pump with a pump on elevation = 8.0
(producing a total pumping capacity at elevation 8.0 of 1,500 gpm + 3,500 gpm + 3,500
gpm = 8,500 gpm)). The total pumping capacities needed for the 100-, 25-, and 10-year
events are shown in Table 5 and plotted on Figure 2.

Table 5
Rainfall Events Total Pumping Capacities Total Pumping Capacities
(gpm) Needed to Reach (gpm) Needed to Reach
Elevation 9.0 (NGVD29) Elevation 9.3 (NGVD29)
100-year 60,000 35,000
25-year 8,500 4,000
10-year 0 0

Since there is only one structure at the minimum zero damage elevation of 9.1
feet, and since the next zero damage elevation is 9.4 feet, it was decided to determine the
pumping capacity needed to pump the peak pond elevations for the 100- and 25-year




rainfall events to elevation 9.3 feet to give the local sponsor the option of reducing the
pump station capacity needed and then to floodproof (or buy out) this one structure.
After running a number of different pumping capacities, it was determined that for the
100-year rainfall event the pumping capacity needed to lower the peak pond elevation
from 10.7 to elevation 9.3 would be 35,000 gpm (a 5,000 gpm pump with a pump on
elevation = 7.0; a 15,000 gpm pump with a pump on elevation = 7.5; and another 15,000
gpm pump with a pump on elevation = 8.0 (producing a total pumping capacity at
elevation 8.0 of 5,000 gpm + 15,000 gpm + 15,000 gpm = 35,000 gpm)). For the 25-year
rainfall event the pumping capacity needed to lower the peak pond elevation from 9.7
feet to 9.3 feet would be 4,000 gpm (a 500 gpm pump with a pump on elevation = 7.0; a
1,500 gpm with a pump on elevation = 7.5 feet; and a 2,000 gpm pump with a pump on
elevation = 8.0 (producing a total pumping capacity at elevation 8.0 of 500 gpm + 1,500
gpm + 2,000 gpm = 4,000 gpm)).

Since this a concept level design, engineering judgment, not design analyses, was
used to select a 4-foot high by 6-foot wide box culvert to convey the drainage from the
large channels and the stream near the upstream end, and the large channel near the
downstream end, of the proposed levee. This culvert would only convey this drainage
when Cameron Run was conveying a large enough discharge to block the storm drain
pipes and culverts which convey the interior drainage to Cameron Run. During this
blocked condition the pump station would be in operation to prevent the ponding of the
interior drainage from causing damage to the residences in the vicinity of the proposed
levee.

For the 100-year rainfall runoff event, the concept level size of the outlet pipes for
the pump station discharge was determined by selecting a pipe size which can discharge
the total pumping capacity of the pump station for the full flow condition (when the
headwater (H) divided by depth (D) equals one. Using this methodology, a 60-inch
diameter RCP was selected for a total pumping capacity of 35000 gpm (pumping to
elevation 9.3) and a 72-inch diameter RCP was selected for a total pumping capacity of
60000 gpm (pumping to elevation 9.0) for the outlet pipe conveying the pump discharge
through the proposed levee to Cameron Run. A concrete structure would be needed to
protect the location where the 60-inch and 72-inch RCPs discharge from being eroded
while the pumps are in operation. The final sizes of the discharge pipes and the box
culvert, as well as the dimensions of the concrete structure, will need to be determined
during the detailed design.

Some time after the above described analyses were performed it was decided that
fill would need to be added to the pond storage area to cover the 4-foot high by 6-foot
wide box culvert. This additional fill, which would reduce the available pond storage
area, would need to be taken into account during the Feasibility level design.

Once the County selected a final levee plan (Plan 2C), additional interior residual
flooding analyses were conducted. The county decided that they wanted an additional
pump station design performed that resulted in a total pumping capacity that would
reduce the ponding elevation for the 100-year rainfall runoff event to 8.0. Again, to



follow Corps guidance, it is recommended that the pump capacities determined for each
rainfall runoff event be supplied by a minimum of three pumps. The INTDRA models
for Subarea AB were therefore modified to include different pumping capacities for these
three pumps at various pump start elevations. It was decided to run a total pumping
capacity of 140,000 gpm, hoping that the resulting peak pond elevation would be less
than or equal to 8.0. It was determined that for the 100-year rainfall event a 140,000 gpm
total pumping capacity lowered the peak pond elevation from 10.7 feet to 7.8 feet. This
pump station would have a 20,000 gpm pump with a pump on elevation = 6.0; a 60,000
gpm pump with a pump on elevation = 6.5; and another 60,000 gpm pump with a pump
on elevation = 7.0 (producing a total pumping capacity at elevation 7.0 of 20,000 gpm +
60,000 gpm + 60,000 gpm = 140,000 gpm)). A plot of the pumping station capacities
versus peak pond elevations for the 100-year rainfall runoff event is shown on Figure 3.

For the 100-year rainfall runoff event, the size of the outlet pipe for the pump
station discharge was again determined by selecting a pipe size which can discharge the
total pumping capacity of the pump station for the full flow condition (when the
headwater (H) divided by depth (D) equals one. Using this methodology, a 96-inch
diameter RCP was selected for the outlet pipe conveying the pump discharge through the
proposed levee to Cameron Run for a total pumping capacity of 140,000 gpm. A
concrete structure would again be needed to protect the location where this 96-inch RCP
discharges from being eroded while the pumps are in operation. The size of the discharge
pipe and as the dimensions of the concrete structure, will need to be determined during
the detailed design.

Another alternative investigated was to determine the pump station design which
would result in a peak pond elevation of 8.0 with the excavation of the pond storage area
to elevation 6.0. The determination of the appropriate pump sizes was again an iterative
process, and, to follow Corps guidance, it is recommended that the pump capacities
determined for each rainfall runoff event be supplied by a minimum of three pumps. The
INTDRA models for Subarea AB were modified to include a number of different
pumping capacities for these three pumps at various pump start elevations. After running
a number of different pumping capacities, it was determined that for the 100-year rainfall
event the pumping capacity needed to lower the peak pond elevation from 10.7 feet to 8.0
feet would be 100,000 gpm (a 20,000 gpm pump with a pump on elevation = 6.0; a
40,000 gpm pump with a pump on elevation = 6.5; and another 40,000 gpm pump with a
pump on elevation = 7.0 (producing a total pumping capacity at elevation 8.0 of 20,000
gpm + 40,000 gpm + 40,000 gpm = 100,000 gpm)). The final selected plan assumes that
the open space area will be excavated down to elevation 6.0 and that a 100,000 gpm
capacity pump station will be constructed as part of the project. Plate 5 shows the extent
of the residual flooding for elevation 8.0.

For the 100-year rainfall runoff event, the size of the outlet pipe for the pump
station discharge was again determined by selecting a pipe size which can discharge the
total pumping capacity of the pump station for the full flow condition (when the
headwater (H) divided by depth (D) equals one. Using this methodology, an 84-inch
diameter RCP was selected for the outlet pipe conveying the pump discharge through the



proposed levee to Cameron Run for a total pumping capacity of 100,000 gpm. A
concrete structure would again be needed to protect the location where this 84-inch RCP
discharges from being eroded while the pumps are in operation. The size of the discharge
pipe and the dimensions of the concrete structure will need to be determined during the
detailed design.

Minimum Facilities Design

The minimum facilities design, which is the sizing of the gravity outlets through
the levee, is also affected by the concept design in a similar manner as the pumping
capacities. These sizes could change significantly after the detailed design.

Since this is only a concept level design, it was decided to use a simplified
methodology to determine the minimum facilities. The minimum facilities are the storm
drain pipes and culverts which are sized to be approximately the same size that a local
jurisdiction would require if a developer were constructing a storm drain system in their
community. This is usually considered to be a storm drain which can convey the rainfall
runoff from a 10-year or a 25-year frequency event. The methodology used to design the
minimum facilities for this project was to first determine the capacity of all of the
existing pipes that would contribute storm drainage to any pipe that conveys storm
drainage through the proposed levee by determining headwater (HW) / diameter of pipe
or culvert (D) = 1 for each pipe. A HW/D =1 assumes a full flow is conveyed by these
pipes. The pipe capacities were then added together to determine the minimum capacity
needed by the pipe or culvert that would drain through the proposed levee. The storm
drainage survey provided by the local sponsor showed six ditches conveyed storm
drainage to the proposed levee. The design was complicated by the necessity to provide
a4’ H x 6> W box culvert to convey interior drainage to the proposed pump station
during high discharges on Cameron Run. This meant that to avoid any conflicts with the
4’ H x 6 W box culvert it was necessary to determine the sizes of the pipes that would
carry the storm drainage from the ditch locations to two culverts which would convey
storm drainage through the proposed levee. This was done by summing the HW/D =1
for all of the pipes and then selecting a pipe which had a HW/D = 1 greater than this
resulting number. The two culverts were then selected based on both having a HW/D = 1
greater than the sum of all the storm drain pipes that conveyed storm drainage to each of
the two culverts. The levee stations (LSs) where these ditches cross the centerline of the
proposed levee are as follows: Ditch 1 = LS 23+76; Ditch 2 = LS 17+86; Ditch 3 = LS
14+32; Ditch 4 = 3+75; Ditch 5 = LS 2+28; and Ditch 6 = LS 1+02. The results of this
analysis are summarized in Table 6.

It was later determined that pressure rated joints will be required for these
culverts, and that these are not available for precast box culverts. Therefore, when the
sizes of these culverts are finalized in the detailed analysis, the size of the culverts
selected will be much closer to the actual capacity needed.

Long after the design summarized in Table 6 was completed, it was decided that a
storm drain pipe size should be determined that would convey the storm drainage from



Ditch 3 through the pump station to Cameron Run. The sum of the HW/ D =1 for the 24-
inch RCP (12.7 cfs) and the 18-inch RCP (6.2 cfs), which is 18.9 cfs, was used to
determine an appropriate pipe size at this location. In this case, though a 30-inch RCP
would provide a HW/D = 1 of 22.0 cfs, it was decided to select a 36-inch RCP which has
a HW/D = 1 of 35.0 cfs for this pipe. This was done to account for any additional local
storm drainage that may reach this location. Since this is a concept level design, and
since 18.9 cfs was only a small portion of the storm drainage that reaches the 5’ H x 6" W
box culvert, it was decided not to reduce the size of this culvert. It was later decided that
this 36-inch storm drain pipe through the pumping station may cause impacts to the
wetlands at the location of the pump station, and it was eliminated from the design.



Table 6

Ditch Sizes of HW/D =1 Size of HW/D =1 Sizeof |HW/D=1
Number Pipes for Pipes Pipes of Pipes Proposed of
from Draining to | Draining | Draining | Drainingto | Culvert Proposed
Survey Ditch to Ditch | to Culvert Culvert Culvert
(cfs) (cfs) (cfs)
3 24-inch 12.7
RCP
3 18- inch 6.2 30-inch 22.0
RCP RCP from
Ditch 3 to
Ditch 2
2 36-inch 35.0
RCP
2 36-inch 35.0 54-inch 95.6
RCP RCP from
Ditch 2 to
Ditch 1
1 42-inch 50.0
RCP
1 24-inch 12.7
RCP
Proposed Total for 151.6 5 Hx6’ 192.6
Culvertis | Ditches 1, W Box
at Ditch 1 2,&3 Culvert at
Ditch 1
4 42-inch 50.0 42-inch 50.0
RCP RCP from
Ditch 4 to
Ditch 5
5 24-inch 12.7 48-inch 71.0
RCP RCP from
Ditch 5 to
Ditch 6
6 48-inch x 110.0
72-inch
RCP
6 42-inch 50.0
RCP
Proposed Total for 222.7 6°Hx8 338.4
Culvertis | Ditches 4, W Box
at Ditch 6 5 &6 Culvert
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Additional Analyses Recommended

The remaining tasks to complete a detailed residual flooding analysis include:

1) Develop hypothetical rainfall runoff models (HEC-1) for interior runoff using
parameters determined in previous work efforts along with newly developed precipitation
data. The 2-, 5-, and 50-year events for the subareas remain to be done.

2) Input data into historical rainfall runoff models (HEC-1) for interior runoff using
parameters determined in previous work efforts, along with selecting the historical events
and developing the precipitation data, assuming 6 events for each subarea. The work
efforts in 1) and 2) also assume that changes will need to be made to the HEC-1 models
to divert a portion of the flow from Subarea A to Subarea B due to conflicts with the
culvert which will carry runoff to the proposed pumping station.

3) Determine information needed for the interior drainage (INTDRA) models for the
subareas along the levee (determining gravity and pressure flows for the outlet
pipes/culverts, river hydrographs for the historic events, and river flow data, etc.)

4) Develop INTDRA models for hypothetical events using information from Item 3) for
the subareas along the levee. Assumes improved conditions (with project) models for 6
events for the subareas.

5) Develop INTDRA models for historical events using information from Item 3) for the
subareas along the levee. Assumes improved conditions models for 6 events for the
subareas.

6) Size minimum interior drainage facilities.

7) Pump station modeling for one location.

8) Develop two joint probability stage-frequency curves for interior flooding.

9) INTDRA analyses for the 6 hypothetical events for one pond excavation alternative.
10) INTDRA analyses for the 6 historical events for one pond excavation alternative.

11) Pump station modeling for one pond excavation alternative.

12) Develop two joint probability stage-frequency curves for interior flooding
with one pond excavation alternative.

13) Delineate limits of residual flooding for interior and from river for the 100-year (1%
chance exceedance frequency) and one historical event using GIS.

14) Report writing and preparation of tables, figures, and plates.
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APPENDIX G6. COST ESTIMATE OF FINAL PLAN



PROJECT: HUNTINGTON FLOOD DAMAGE REDUCTION FEASIBILITY
LOCATION : MARYLAND

TOTAL PROJECT COST SUMMARIES

ALL CONTRACTS
THIS ESTIMATE IS BASED ON THE FEASIBILITY STUDY, DATED OCT 2008
PREPARED BY : CENAB-EN-DT LUAN NGO
P.O0.C.: DANIEL DURSKI, CHIEF, ESTIMATING & SPECIFICATIONS SECTION

CURRENT MII ESTIMATE 04 NOV 08

AUTHORIZ./BUDGET YEAR FY 09

FULLY FUNDED ESTIMATE

ACCOUNT EFFECTIVE PRICING LEVEL 10CT 08 EFFECTIVE PRICING LEVEL: 1 OCT 08
NUMBER ITEM DESCRIPTION COST CNTG CNTG TOTAL COST CNTG TOTAL COST CNTG FULL
($K) (8K) % ($K) ($K) ($K) ($K) ($K) ($K) (8K)
02 RELOCATIONS 396 89 22% 485 396 89 485 443 99 542
09 LEVEES AND FLOODWALLS 11,492 2,971 26% 14,463 11,492 2,971 14,463 12,837 3,319 16,156
TOTAL CONSTRUCTION COST 11,889 3,060 26% 14,948 11,889 3,060 14,948 13,280 3,418 16,697
01 LAND AND DAMAGES 57 11 20% 68 57 11 68 63 13 76
30 PLANNING, ENGINEERING AND DESIGN 1,200 120 10% 1,320 1,200 120 1,320 1,343 134 1,477
31 CONSTRUCTION MANAGEMENT 1,495 149 10% 1,644 1,495 149 1,644 1,804 180 1,985
TOTAL PROJECT COSTS 14,640 3,341 23% 17,981 14,640 3,341 17,981 16,490 3,745 20,235

DISTRICT APPROVED:

ACTING CHIEF, ESTIMATING AND SPECIFICATIONS SECTION

CHIEF, PLANNING DIVISION

CHIEF, ENGINEERING DIVISION

CHIEF, CONSTRUCTION DIVISION

CHIEF, OPERATIONS DIVISION

CHIEF, PROGRAMS MANAGEMENT BRANCH

PROJECT MANAGER

DDE (PM)

DIVISION APPROVED:

CHIEF, COST ENGINEERING

CHIEF, PROGRAMS MANAGEMENT

DIRECTOR OF PPMD

APPROVED DATE:




TOTAL PROJECT COST SUMMARIES
Levee Structure
THIS ESTIMATE IS BASED ON THE FEASIBILITY STUDY, DATED OCT 2008

PROJECT: HUNTINGTON FLOOD DAMAGE REDUCTION FEASIBILITY PREPARED BY : CENAB-EN-DT LUAN NGO
LOCATION : MARYLAND P.O.C.: DANIEL DURSKI, CHIEF, ESTIMATING & SPECIFICATIONS SECTION
CURRENT MII ESTIMATE 04 NOV 08 AUTHORIZ./BUDGET YEAR FY 09 FULLY FUNDED ESTIMATE
ACCOUNT EFFECTIVE PRICING LEVEL 10CT 08 EFFECTIVE PRICING LEVEL: 1 OCT 08
NUMBER ITEM DESCRIPTION COST CNTG CNTG TOTAL COST CNTG TOTAL COST CNTG FULL
($K) ($K) % ($K) ($K) ($K) ($K) ($K) ($K) ($K)
02 RELOCATIONS 303 61 20% 364 303 61 364 339 68 406
09 LEVEES AND FLOODWALLS 4,765 953 20% 5,719 4,765 953 5,719 5,323 1,065 6,388
TOTAL CONSTRUCTION COST 5,069 1,014 20% 6,082 5,069 1,014 6,082 5,662 1,132 6,794
01 LAND AND DAMAGES 57 11 20% 68 57 11 68 63 13 76
30 PLANNING, ENGINEERING AND DESIGN 1,200 120 10% 1,320 1,200 120 1,320 1,343 134 1,477
31 CONSTRUCTION MANAGEMENT 1,495 149 10% 1,644 1,495 149 1,644 1,804 180 1,985

TOTAL PROJECT COSTS 7,820 1,295 17% 9,115 7,820 1,295 9,115 8,872 1,460 10,332




TOTAL PROJECT COST SUMMARIES
Pump Station

THIS ESTIMATE IS BASED ON THE FEASIBILITY STUDY, DATED OCT 2008

PROJECT: HUNTINGTON FLOOD DAMAGE REDUCTION FEASIBILITY
LOCATION : MARYLAND

PREPARED BY : CENAB-EN-DT LUAN NGO

P.O.C.: DANIEL DURSKI, CHIEF, ESTIMATING & SPECIFICATIONS SECTION

CURRENT MII ESTIMATE 04 NOV 08

AUTHORIZ./BUDGET YEAR FY 09

EFFECTIVE PRICING LEVEL: 1 OCT 08

FULLY FUNDED ESTIMATE

ACCOUNT EFFECTIVE PRICING LEVEL 10CT 07
NUMBER  |ITEM DESCRIPTION CosT CNTG CNTG TOTAL CoST CNTG TOTAL CoST CNTG FULL
($K) ($K) % ($K) ($K) ($K) ($K) ($K) ($K) ($K)
02 RELOCATIONS 93 28 30% 406 93 28 121 104 31 135
00 LEVEES AND FLOODWALLS 6,727 2,018 30% 8,745 6,727 2,018 8,745 7,514 2,254 9,768
TOTAL CONSTRUCTION COST 6,727 2,018 30% 8,745 6,727 2,018 8,745 7,618 2,285 9,903
TOTAL PROJECT COSTS 6,820 2,046 30% 9,151 6,820 2,046 8,866 7,618 2,285 9,903




Cost Engineering

1. General. The following methodology was used in the preparation of Draft Feasibility Study Cost
Estimate for Huntington Flood Damage Reduction, Huntington, VA.

a.

g.
h.

The estimate is in accordance with the guidance contained in ER
1110-2-1302, Civil Works Cost Engineering.

The estimate is presented in the standard Work Breakdown Structure.

The price level for the estimate is 1 October 2008.

Construction costs developed by Cost Engineering Branch are based on
input/quantities and assumptions from Civil Works Branch, Planning Division.
Unit costs were developed using the M-Il estimating software and were updated
with latest costs from RS Means. A copy of the MII estimate is included.

Real Estate Division provided costs for Land and Damages and contingency for
the real estate cost impacts.

Planning Division provided costs for Construction Management.
Planning Division provided costs for the Planning, Engineering and Design.

PPMD provided the escalation factors.

2. Estimate Scope. The estimate reflects the cost for the levee and pump station for the Huntington

Flood Damage Reduction Project. The levee, a 2865 feet long earthen structure, including drainage
structures, is designed by Baltimore District, COE. The pump station is still in preliminary design
and included in a separate estimate because local sponsors plan to design it themselves.

3. Contingency. Contingency amounts were developed by Estimating and Specifications Section,
Engineering Division, for the construction cost items. The contingencies are based on uncertainties
within individual project elements. Based on these uncertainties, contingencies were assigned to
groups of related cost items to protect against the risk of potential cost increases. The following is
a list by element of the uncertainties that were identified and the corresponding contingency
percentage that was assigned.

a. 02 Relocations - 25%. The uncertainty for the utility and road relocations associated
with the levee are relatively moderate. The designs are based on field identification and
local sponsor verifications. However, significant changes could occur based on the final
detailed designs. The uncertainty associated with quantities for the relocations as a result
of the levee structure is relatively moderate since they were based on 65% level of
designe but may have a chance to change significantly. For now, a contingency of 25
percent for the levee structure is considered reasonable.

b. Levees and Floodwalls - 25%. The uncertainty associated with the levee design is
moderately above average. The plans are at a feasibility study level of design. However,
changes could occur based on the final detailed designs. For now, a contingency of 25
percent is considered reasonable.
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Eff. Date 10/27/2008

Date Author

5/23/2007 Luan Ngo

5/23/2007 Luan Ngo

Project : Huntington_FS_100_yrs_without_pumpstation
Baseline Cost Estimate Project Notes Page ii

Note

Estimate Qualifications

This estimate is based on the quantities of the Feasibility Study design (65%) for the Huntington Flood Reduction Project. The levee is 2865 feet long including drainage
structures. The pump station is still in preliminary design and not included in this estimate because the local sponsor plans to design it themselves.

Contingencies:

a. 02 Relocations - 25%. The uncertainty for the utility and road relocations associated with the levee are relatively moderate. The designs are based on field identification and
local sponsor verifications. However, significant changes could occur based on the final detailed designs. The uncertainty associated with quantities for the relocations as a result
of the levee structure is relatively moderate since they were based on 65% level of designe but may have a chance to change significantly. For now, a contingency of 25 percent
for the levee structure is considered reasonable.

b. Levees and Floodwalls - 25%. The uncertainty associated with the levee design is moderately above average. The plans are at a feasibility study level of design. However,
changes could occur based on the final detailed designs. For now, a contingency of 25 percent is considered reasonable.

Escalation:

Assume Planning, Engineering, and Design occurs in FY10. Assume midpoint of construction is in FY12. Start of construction is assumed to be in FY11. Estimated construction
duration is 14 months.

The Direct Cost includes sales tax on materials and labor burden

The Cost To Prime includes the Direct Cost and sub-contractor mark-ups.

The Contract Cost includes the Cost To Prime and the Prime Contractor mark-ups.

The Project Cost includes the Contract Cost, Contingency and Escalation to the mid-point of construction.

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0



Print Date Tue 7 April 2009
Eff. Date 10/27/2008

Project Cost
01 Lands and Damages
02 Relocations

0201 Roads, Construction Activities (Access Ramp)

020139 Road Surfacing
02013902 Site Work
Access Road
020199 Associated General ltems
02019902 Site Work
0201990201 Demolition
48" Sanitary Sewer Pipe Relocation
11 Levees and Floodwalls
1101 Levees
110101 Mob, Demob & Preparatory Work
Sediment and Erosion Control
Staging Areas
Equipment
Temporary Seeding
110102 Drainage
11010202 Site Work
11010202 01 Toe Drains
Structure 1
Gates
Excavation
Drainage Fill
Control Manhole
Care and diversion of water
Riprap
6'x8' Box Culvert
Structure 2
Gates
Excavation
Control Manhole
Care and diversion of water
Riprap
5'x6' Box Culvert
Drainage Fill
Storm Drains Parallel to Levee
Manholes
RCP
16" Sanitary Sewer
110199 Associated General ltems
11019902 Site Work
Pave top of Levee
22,920.0000 Pave Ramps
11019902 05 Topsoil
11019902 06 Seeding
11019902 09 Clearing

11019902 10 Excavation and Embankment:

Random Rock Fill

Labor ID: LBO6NatFD EQ ID: EPO7R02

U.S. Army Corps of Engineers
Project : Huntington_FS_100_yrs_without_pumpstation

Baseline Cost Estimate

Currency in US dollars

Quantity

2,30
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ContractCost

7,820,106
56,671
303,264
303,264
67,981
67,981
67,981
235,283
235,283
62,241
173,041
4,765,471
4,765,471
141,010
42,732
32,446
32,446
33,387
1,810,197
686,399
686,399
374,898
188,459
30,386
4,436
21,155
18,224
6,454
105,784
260,572
93,198
41,838
11,265
43,169
6,454
61,345
3,304
360,193
50,254
309,938
128,135
2,814,264
2,814,264
84,622
63,813
79,051
39,432
45,363
2,489,662
12,322

Time 12:28:54

Project Cost Page 1

Contingency Escalation

1,294,551
11,334
60,653
60,653
13,596
13,596
13,596
47,057
47,057
12,448
34,608

953,094
953,094
28,202
8,546
6,489
6,489
6,677
362,039
137,280
137,280
74,980
37,692
6,077
887
4,231
3,645
1,291
21,157
52,114
18,640
8,368
2,253
8,634
1,291
12,269
661
72,039
10,051
61,988
25,627
562,853
562,853
16,924
12,763
15,810
7,886
9,073
497,932
2,464

1,217,166
8,093
42,578
42,578
9,545
9,545
9,545
33,034
33,034
8,739
24,295
669,072
669,072
19,798
6,000
4,555
4,555
4,687
254,152
96,370
96,370
52,636
26,460
4,266
623
2,970
2,559
906
14,852
36,584
13,085
5,874
1,582
6,061
906
8,613
464
50,571
7,056
43,515
17,990
395,123
395,123
11,881
8,959
11,099
5,536
6,369
349,548
1,730

ProjectCost

10,331,824
76,098
406,495
406,495
91,122
91,122
91,122
315,373
315,373
83,428
231,945
6,387,638
6,387,638
189,010
57,277
43,491
43,491
44,752
2,426,388
920,050
920,050
502,513
252,611
40,730
5,945
28,356
24,428
8,650
141,793
349,271
124,922
56,080
15,099
57,864
8,650
82,227
4,429
482,802
67,361
415441
171,752
3,772,239
3,772,239
113,428
85,534
105,959
52,854
60,805
3,337,142
16,516

TRACES Ml Version 3.0



Print Date Tue 7 April 2009 U.S. Army Corps of Engineers Time 12:28:54

Eff. Date 10/27/2008 Project : Huntington_FS_100_yrs_without_pumpstation
Baseline Cost Estimate Project Cost Page 2
Description Quantity UOM ContractCost Contingency Escalation ProjectCost
30 Planning, Engineering and Design 1 EA 1,200,000 120,000 157,080 1,477,080
31 Construction Management 1 EA 1,494,700 149,470 340,343 1,984,513

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0



Print Date Tue 7 April 2009
Eff. Date 10/27/2008

Cost To Owner
01 Lands and Damages
02 Relocations

0201 Roads, Construction Activities (Access Ramp)

020139 Road Surfacing
02013902 Site Work
Access Road

020199 Associated General ltems
02019902 Site Work
0201990201 Demolition
48" Sanitary Sewer Pipe Relocation

11 Levees and Floodwalls

1101 Levees

110101 Mob, Demob & Preparatory Work
Sediment and Erosion Control
Staging Areas

Equipment

Temporary Seeding

110102 Drainage
11010202 Site Work
11010202 01 Toe Drains
Structure 1
Gates
Excavation
Drainage Fill
Control Manhole
Care and diversion of water
Riprap
6'x8' Box Culvert

Structure 2
Gates
Excavation
Control Manhole
Care and diversion of water
Riprap
5'x6' Box Culvert
Drainage Fill

Storm Drains Parallel to Levee
Manholes
RCP

16" Sanitary Sewer

110199 Associated General ltems
11019902 Site Work
Pave top of Levee
22,920.0000 Pave Ramps
11019902 05 Topsoil
11019902 06 Seeding
11019902 09 Clearing

11019902 10 Excavation and Embankment:

Random Rock Fill

Labor ID: LBO6NatFD EQ ID: EPO7R02

Baseline Cost Estimate

U.S. Army Corps of Engineers
Project : Huntington_FS_100_yrs_without_pumpstation

Quantity

Currency in US dollars

2,30

_ e A O e e e e e e e e e e e e e e

DirectCost

6,255,681
56,671
191,093
191,093
40,164
40,164
40,164
150,929
150,929
47,836
103,094
3,313,217
3,313,217
108,650
32,925
25,000
25,000
25,725
1,068,586
405,532
405,532
220,877
111,344
17,953
2,621
11,882
10,767
3,813
62,498
153,667
55,062
24,718
6,374
25,505
3,813
36,244
1,952
212,806
29,691
183,115
75,704
2,135,981
2,135,981
49,996
37,701
60,909
24,613
34,953
1,918,315
9,494

JOOH

222,435
0

5,313
5,313

0

0

0

5,313
5,313
4,821
492
217,122
217,122
11,043
3,346
2,541
2,541
2,615

[eXeloNolooNelooolooloeololoNoloNoNoleo o)

206,079
206,079

6,191
400
3,552
194,971
965

HOOH

180,076
0

9,210
9,210
1,831
1,831
1,831
7,378
7,378
2,631
4,747
170,867
170,867
5,985
1,814
1,377
1,377
1,417
48,728
18,492
18,492
10,072
5,077
819
119
542

491
174
2,850
7,007
2,511
1,127
291
1,163
174
1,653
89
9,704
1,354
8,350
3,452
116,155
116,155
2,280
1,719
3,355
688
1,925
105,664
523

Profit

409,103
0
22,505
22,505
4,762
4,762
4,762
17,743
17,743
5,534
12,209
386,598
386,598
12,568
3,809
2,892
2,892
2,976
126,692
48,080
48,080
26,187
13,201
2,128
311
1,409
1,277
452
7,410
18,219
6,528
2,931
756
3,024
452
4,297
231
25,230
3,520
21,710
8,975
247,339
247,339
5,928
4,470
7,046
2,860
4,043
221,895
1,098

Time 12:28:54

Cost To Owner Page 3

Bond

55,693
0
1,330
1,330
0

0

0
1,330
1,330
1,207
123
54,363
54,363
2,765
838
636
636

(2]
(3}
(3}

[=NeolofolofololoololoooloNolloNoNeloNoNoNoNo)

51,598
51,598
0

0
1,550
100
889
48,817
242

ContractCost

7,820,106
56,671
303,264
303,264
67,981
67,981
67,981
235,283
235,283
62,241
173,041
4,765,471
4,765,471
141,010
42,732
32,446
32,446
33,387
1,810,197
686,399
686,399
374,898
188,459
30,386
4,436
21,155
18,224
6,454
105,784
260,572
93,198
41,838
11,265
43,169
6,454
61,345
3,304
360,193
50,254
309,938
128,135
2,814,264
2,814,264
84,622
63,813
79,051
39,432
45,363
2,489,662
12,322

TRACES Ml Version 3.0



Print Date Tue 7 April 2009 U.S. Army Corps of Engineers Time 12:28:54

Eff. Date 10/27/2008 Project : Huntington_FS_100_yrs_without_pumpstation
Baseline Cost Estimate Cost To Owner Page 4
Description Quantity UOM  DirectCost JOOH HOOH Profit Bond ContractCost
30 Planning, Engineering and Design 1 EA 1,200,000 0 0 0 0 1,200,000
31 Construction Management 1EA 1,494,700 0 0 0 0 1,494,700

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0



Print Date Tue 7 April 2009

U.S. Army Corps of Engineers

Eff. Date 10/27/2008 Project : Huntington_FS_100_yrs_without_pumpstation

Baseline Cost Estimate

Description

Direct Costs
01 Lands and Damages
USR RE Acquisition Costs
USR RE Appraisal Costs
USR Temporary Permits/Licenses/right of way
USR RE Payments
02 Relocations
0201 Roads, Construction Activities (Access Ramp)
020139 Road Surfacing
02013902 Site Work
Access Road
MIL 027856003190 Pavement overlay, polypropylene, prime coat, bituminous, 0.28 gallons/S.Y.
MIL 027856003260 Tack coat, emulsion, 0.1 gallons per S.Y., 1000 S.Y.
HNC 023154904200 Hauling, rock, 12 C.Y. truck, 5 mile haul, includes loading
MIL 023101000020 Fine grade, for roadway, base or leveling course
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts
MIL 023153109000 Water for compaction, 3000 gallon truck, 3 mile haul
MIL 027202007000 Aggregate subbase, prepare and roll sub-base, small areas to 2500 S.Y.
RSM 027202000100 Aggregrate base course, for roadways and large paved areas, stone base,
compacted, 3/4" stone base, to 6" deep
RSM 027403100380 Asphaltic concrete pavement, for highways and large paved areas, wearing
course, 2" thick, for paving projects 300 tons or less add for trucking
RSM 027403100120 Asphaltic concrete pavement, for highways and large paved areas, binder
course, 2" thick, for paving projects 300 tons or less add for trucking
RSM 026305302240 Reinforced concrete pipe (RCP), with gaskets, 24" diameter, 8' lengths, class 3,
excludes excavation or backfill
HNC 026305302910 Reinforced concrete pipe (RCP), precast end section, 24" diameter pipe,
excludes excavation or backfill
USR 022202401770 Minor site demolition, pavement, bituminous, 6" thick, remove with air
equipment, excludes hauling
(Note: Assume 11" wide and 600' long)
USR 022203503080 Pavement and base, loading & trucking, machine loading truck, includes 2 mile
haul, cost to be added to demolition cost.
(Note: Assume 1.2 swell factor)
020199 Associated General ltems
02019902 Site Work
0201990201 Demolition
Demo Concrete Ditches
HNC 022202402115 Minor site demolition, concrete, reinforced, 7" to 24" thick, remove with
backhoe, excludes hauling
AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @
base wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 30% swell factor)
RSM 022203300100 Dump charges, typical urban city, building construction materials, includes
tipping fees only
Demo Storm Drain Pipes
RSM 022203810100 Demo pipe, concrete, 42"-48", diameter, excludes excavation
USR 022203810100 Demo pipe, concrete, 24"-36", diameter, excludes excavation
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket,
hydraulic excavator

Quantity

R G G W T O G i §

115
115
124
124
124

1,278

1,278

1,278

1,278

15

17

N =

100

156

207
120

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars

UOM  DirectLabor

1,065,295.24
EA 0.00
EA 0.00
EA 0.00
EA 0.00
EA 0.00
EA 70,384.72
EA 70,384.72
EA 4,578.49
EA 4,578.49
EA 4,578.49
CSF 36.15
CSF 108.45
LCY 288.74
MSY 679.13
ECY 22.77
ECY 49.55
SY 938.58
SY 476.89
SY 831.64
SY 752.85
LF 132.93
EA 209.08
SY 26.94
CcYy 24.77
EA 65,806.24
EA 65,806.24
EA 28,210.27
EA 10,294.70
CcYy 10,072.06
LCY 222.63
TON 0.00
EA 4,750.69
LF 1,206.73
LF 2,997.53
BCY 111.76

DirectEQ

717,882.34
0.00

0.00

0.00

0.00

0.00
31,388.25
31,388.25
2,584.91
2,584.91
2,584.91
15.88
47.64
370.26
320.77
14.14
32.30
626.06
560.48

286.86
257.25
14.00
15.20

16.46

7.62

28,803.34
28,803.34
7,268.56
1,589.31
1,393.16

196.14

0.00

1,710.05
433.24
1,076.16
69.70

DirectMatl

1,683,462.20
0.00

0.00

0.00

0.00

0.00
76,650.29
76,650.29
33,000.74
33,000.74
33,000.74
483.86
198.88
0.00

0.00

0.00
26.15
0.00
13,409.13

9,366.17
8,288.05
490.34
738.15

0.00

0.00

43,649.55
43,649.55
246.75
0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00

Time 12:28:54

Direct Costs Page 5

DirectSubBid

2,789,041.00
56,671.00
21,371.00
4,600.00
600.00
30,100.00
12,670.00
12,670.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00

12,670.00
12,670.00
12,110.00
10,920.00

0.00

0.00

10,920.00

980.00
0.00
0.00
0.00

DirectCost

6,255,680.78
56,671.00
21,371.00
4,600.00
600.00
30,100.00
191,093.26
191,093.26
40,164.13
40,164.13
40,164.13
535.89
354.96
659.00
999.90

10,484.67
9,298.16
637.28
962.43

43.39

32.40

150,929.13
150,929.13
47,835.58
22,804.01
11,465.23

418.78

10,920.00

7,440.74
1,639.97
4,073.68

181.46

TRACES Ml Version 3.0



Print Date Tue 7 April 2009 U.S. Army Corps of Engineers Time 12:28:54

Eff. Date 10/27/2008 Project : Huntington_FS_100_yrs_without_pumpstation
Baseline Cost Estimate Direct Costs Page 6
Description Quantity UOM  DirectLabor DirectEQ DirectMatl DirectSubBid  DirectCost

NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 120 ECY 267.84 22.34 0.00 0.00 290.18
behind, vibrating plate
USR 023154260120 Backfill trench with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 120 BCY 149.02 92.93 0.00 0.00 241.95
RSM 022203300100 Dump charges, typical urban city, building construction materials, includes 14 TON 0.00 0.00 0.00 980.00 980.00
tipping fees only
AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ 8 LCY 17.81 15.69 0.00 0.00 33.50

base wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 30% swell factor)

Demo old pump station 1 EA 13,081.94 3,897.56 0.00 210.00 17,189.50
HNC 022201100610 Building demolition, small buildings or single buildings, concrete, reinforced, 3,600 CF 12,456.99 3,897.56 0.00 0.00 16,354.55
includes 20 mile haul, excludes foundation demolition, dump fees
RSM 022201302100 Footings and foundations demolition, remove concrete walls, block, 12" thick, 300 SF 624.95 0.00 0.00 0.00 624.95
excludes disposal costs and dump fees
RSM 022203300100 Dump charges, typical urban city, building construction materials, includes 3 TON 0.00 0.00 0.00 210.00 210.00
tipping fees only
Abandon Inlet and Pipe 1 EA 82.94 71.64 246.75 0.00 401.34
USR 026301101582 Remove inlet top 1 EA 71.15 71.26 0.00 0.00 142.41
RSM 033102200300 Structural concrete, ready mix, normal weight, 4000 PSlI, includes material only 2 CY 0.00 0.00 246.75 0.00 246.75
RSM 033107002900 Structural concrete, placing, foundation mat, direct chute, over 20 C.Y., 2 CY 11.80 0.38 0.00 0.00 12.18
includes vibrating, excludes material
48" Sanitary Sewer Pipe Relocation 1 EA 37,5695.97 21,534.78 43,402.80 560.00 103,093.54
Levee Sewage Structure 1 EA 34,442.34  20,404.59 43,402.80 0.00 98,249.73
RCP 1 EA 2,867.38 974.78 7,987.84 0.00 11,830.00
USR 026305302290 Reinforced concrete pipe (RCP), with gaskets, 48" diameter, 8' lengths, class 75 LF 2,867.38 974.78 7,987.84 0.00 11,830.00
3, excludes excavation or backfill
Gates 1 EA 3,448.83 1,019.26 12,021.30 0.00 16,489.38
RSM 112857000150 Sluice gates, hydraulic structures, cast iron, heavy duty, self contained w/crank 1 EA 3,448.83 1,019.26 12,021.30 0.00 16,489.38
oper. gate, 48" x 48", AWWA C501
Excavation 1 EA 8,915.01 953.88 3,116.05 0.00 12,984.93
(Note: assume 10' deep)
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, 293 BCY 287.69 170.18 0.00 0.00 457.86
hydraulic excavator
RSM 022504004000 Sheet piling, wood, solid sheeting, 50 S.F./hour in & 150 S.F./hour out, 10’ 1,500 SF 8,627.32 783.70 3,116.05 0.00 12,527.07
deep excavation, drive, extract and salvage, includes wales, braces and spacers
Control Manhole 1 EA 1,887.74 92.22 4,446.51 0.00 6,426.47
RSM 032106000500 Reinforcing steel, in place, footings, #4 to #7, A615, grade 60 0 TON 73.41 0.00 68.33 0.00 141.75
MIL 032106000700 Reinforcing steel, in place, walls, #3 to #7, A615, grade 60 1 TON 321.80 0.00 427.07 0.00 748.87
MIL 033102200300 Structural concrete, ready mix, normal weight, 4000 PSI, includes material only 11 CY 0.00 0.00 1,357.14 0.00 1,357.14
MIL 033107002450 Structural concrete, placing, spread footing, pumped, under 1 C.Y., includes 1CY 41.65 14.79 0.00 0.00 56.44
vibrating, excludes material
MIL 033107005350 Structural concrete, placing, walls, pumped, 15" thick, includes vibrating, 9 CY 203.05 72.09 0.00 0.00 275.14
excludes material
AF 033107001600 Structural concrete, placing, elevated slab, pumped, over 10" thick, includes 1CY 15.04 5.34 0.00 0.00 20.38
vibrating, excludes material
MIL 026304003910 Manhole steps, heavyweight cast iron, 9" x 10" 15 EA 146.89 0.00 289.46 0.00 436.35
CIV 031104558100 C.I.P. concrete forms, walls, modular prefabricated plywood, over 16" high, 1 240 SFC 751.14 0.00 759.24 0.00 1,510.38
use per month, includes erecting, bracing, stripping and cleaning
CIV 031104201050 C.I.P. concrete forms, elevated slab, flat plate, plywood, to 15' high, 2 use, 32 SF 137.71 0.00 79.97 0.00 217.68
includes shoring, erecting, bracing, stripping and cleaning
CIV 031104453550 C.I.P. concrete forms, slab on grade, depressed, edge, wood, 12" to 24" high, 4 16 LF 133.90 0.00 15.35 0.00 149.26
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use, includes erecting, bracing, stripping and cleaning
MIL 026304004648 Manhole frame and cover, aluminum, heavy duty, 24" x 24" 1 EA 42.31 0.00 1,449.94 0.00 1,492.25
MIL 033503000200 Concrete finishing, floors, monolithic, screed, float and hand trowel finish 32 SF 20.83 0.00 0.00 0.00 20.83
Care and diversion of water 1 EA 9,296.47  16,156.64 51.57 0.00 25,504.68
(Note: Includes sump well in the excavation and by-passing water in the existing 54" pipe. Assume that the manhole will take 28 days to construct.)
MIL 022405001700 Dewatering, sump hole construction, pit with gravel collar, corrugated, 12" 3 LF 49.79 6.51 51.57 0.00 107.87
gravel collar, 12" corr. pipe, 16 ga, includes excavation and gravel pit
MIL B-LABORER Laborers, (Semi-Skilled) 224 HR 9,246.68 0.00 0.00 0.00 9,246.68
(Note: Assume 8 hr/day and 28 days for the two pumps.)
GEN P6025405 PUMP, WATER, CENTRIFUGAL, DEWATERING, WHEEL, ENGINE DRIVE, 4" 1,344 HR 0.00 16,150.13 0.00 0.00 16,150.13

(102MM) DIA, 570 GPM (2158LPM) @ 40' (12..2M) HEAD (ADD HOSES)
(Note: Assume 28 days and two pumps. One for the excavation pit and one to by-pass water in the 54" line.)

Drainage Fill 1 EA 273.10 30.83 2,298.81 0.00 2,602.74
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 40 ECY 94.35 7.45 0.00 0.00 101.80
behind, vibrating plate

MIL 026203000300 Drainage coarse material, gravel fill 3/4" 40 CY 178.74 23.38 2,298.81 0.00 2,500.94
Backfill 1 EA 1,199.74 291.32 0.00 0.00 1,491.07
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 346 ECY 816.16 64.42 0.00 0.00 880.58
behind, vibrating plate

USR 023154260120 Backfill with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 293 BCY 383.58 226.90 0.00 0.00 610.48
4’ dia Manhole 1 EA 1,906.74 277.74 4,517.48 0.00 6,701.96
RSM 026304001120 Manholes, concrete, precast, 4' |.D., 6' deep, excludes base, excavation, 4 EA 1,743.31 253.93 4,175.82 0.00 6,173.06
backfill, frame and cover

RSM 026304001140 Manholes, concrete, precast, 4' |.D., excludes base, excavation, backfill, frame 2 VLF 163.44 23.81 341.66 0.00 528.90
and cover, add for depths over 8'

7' dia mahole 1 EA 4,647.33 607.93 8,963.25 0.00 14,218.50
RSM 026304001210 Manholes, concrete, precast, 7' .D., 8' deep, excludes base, excavation, 4 EA 4,647.33 607.93 8,963.25 0.00 14,218.50
backfill, frame and cover

Demo 48" Sanitary Sewer Pipe 1 EA 3,153.63 1,130.19 0.00 560.00 4,843.82
RSM 022203810100 Demo pipe, concrete, 42"-48", diameter, excludes excavation 100 LF 2,413.47 866.47 0.00 0.00 3,279.94
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, 166 BCY 154.61 96.41 0.00 0.00 251.02
hydraulic excavator

NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 166 ECY 370.51 30.91 0.00 0.00 401.42
behind, vibrating plate

USR 023154260120 Backfill trench with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 166 BCY 206.14 128.55 0.00 0.00 334.69
AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ 4 LCY 8.91 7.85 0.00 0.00 16.75

base wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 30% swell factor)

RSM 022203300100 Dump charges, typical urban city, building construction materials, includes 8 TON 0.00 0.00 0.00 560.00 560.00
tipping fees only
11 Levees and Floodwalls 1 EA 994,910.52 686,494.09 1,606,811.92 25,000.00 3,313,216.52
1101 Levees 1 EA 994,910.52 686,494.09 1,606,811.92 25,000.00 3,313,216.52
110101 Mob, Demob & Preparatory Work 1 EA 39,398.62  26,527.36 17,724.14 25,000.00 108,650.12
Sediment and Erosion Control 1 EA 22,993.57 936.46 8,995.22 0.00 32,925.25
MIL 023154260100 Excavate and load, bank measure, medium material, 3/4 C.Y. bucket, hydraulic 100 BCY 232.84 94.45 0.00 0.00 327.29
excavator
AF 023154900570 Hauling, excavated or borrow material, loose cubic yards, 24 mile round trip @ 100 LCY 74211 653.81 0.00 0.00 1,395.92
base wide rate, 12 C.Y. truck, highway haulers, excludes loading
USR 023403001650 Drainage geotextiles, non-woven polypropylene, 120 mils thick 448 SY 355.78 92.29 633.04 0.00 1,081.10
USR 0237070011 Curb inlet protection 1 EA 33.71 13.70 26.36 0.00 73.77
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USR 0237070011 Swale inlet protection 1 EA 67.42 27.40 52.73 0.00 147.54
MIL 023707001120 Erosion control, silt fence, polypropylene, 3' high, includes 7.5' posts 6,000 LF 10,713.44 0.00 4,998.33 0.00 15,711.77
USR 023707001120 Remove erosion control, silt fence, polypropylene, 3' high, includes 7.5' posts 6,000 LF 10,713.44 0.00 0.00 0.00 10,713.44
USR 027202001610 Aggregrate base course, for rock construction entrance 100 CY 134.83 54.80 3,284.77 0.00 3,474.40
Staging Areas 1 EA 0.00 0.00 0.00 25,000.00 25,000.00
USR Staging Area 1LS 0.00 0.00 0.00 25,000.00 25,000.00
Equipment 1 EA 0.00  25,000.00 0.00 0.00 25,000.00
USR Equipment M&D 1 EA 0.00  25,000.00 0.00 0.00 25,000.00
Temporary Seeding 1 EA 16,405.05 590.90 8,728.91 0.00 25,724.86
RSM 029203200800 Seeding, bluegrass, common, 4 Ib. per M.S.F., push spreader 392 MSF 15,312.74 0.00 6,242.39 0.00 21,555.13
HNC 029203207010 Seeding, apply fertilizer, 35 Ib. per M.S.F. 392 MSF 619.18 228.67 913.62 0.00 1,761.47
PA 029105000700 Mulch, oat straw, 1" deep, power mulcher, large 9 ACR 473.12 362.24 1,572.91 0.00 2,408.27
110102 Drainage 1 EA 272,265.81 73,615.95 722,703.98 0.00 1,068,585.74
11010202 Site Work 1 EA 54,921.54 9,365.89 341,244.95 0.00 405,532.38
11010202 01 Toe Drains 1 EA 54,921.54 9,365.89 341,244.95 0.00 405,532.38
Coarse Gravel 1 EA 20,915.82 3,136.47 258,041.42 0.00 282,093.71
MIL 026203000300 Drainage coarse material, gravel fill 3/4" 4,490 CY 20,063.95 2,624.60 258,041.42 0.00 280,729.97
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts 4,490 ECY 851.87 511.87 0.00 0.00 1,363.74
Geotextile 1 EA 7,197.83 1,770.56 12,144.99 0.00 21,113.38
USR 023403001650 Drainage geotextiles, non-woven polypropylene, 120 mils thick 8,595 SY 7,197.83 1,770.56 12,144.99 0.00 21,113.38
Fine Drainage Fill 1 EA 5,926.72 2,991.45 63,883.72 0.00 72,801.89
MIL 023151102460 Backfill, 1-1/2 C.Y., sand bedding trenches, front-end loader 3,512 LCY 5,260.40 2,591.08 63,883.72 0.00 71,735.20
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts 3,512 ECY 666.32 400.37 0.00 0.00 1,066.69
8" Perforated PVC pipe at Toe Drain 1 EA 20,881.18 1,467.41 7,174.82 0.00 29,523.40
RSM 026206302120 Plastic, perforated PVC, pipe, 8" diameter, excludes excavation and backfill 2,800 LF 20,881.18 1,467.41 7,174.82 0.00 29,523.40
Structure 1 1 EA 61,936.68 14,858.35 144,081.59 0.00 220,876.61
Gates 1 EA 22,074.19 8,088.84 81,180.68 0.00 111,343.71
RSM 112857000230 Sluice gates, hydraulic structures, cast iron, heavy duty, self contained w/crank 1 EA 11,263.04 3,099.84 42,285.45 0.00 56,648.33
oper. gate, 96" x 96", AWWA C501
USR 112851900190 Flap gates, hydraulic structures, aluminum, 96" dia 1 EA 10,811.14 4,989.00 38,895.23 0.00 54,695.38
Excavation 1 EA 12,163.62 2,497.28 3,291.73 0.00 17,952.63
(Note: assume 10' deep)
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, hydraulic 545 BCY 535.12 316.54 0.00 0.00 851.65
excavator
AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ 643 LCY 1,505.78 1,261.20 0.00 0.00 2,766.99
base wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 15% swell factor)
RSM 022504004500 Sheet piling, wood, solid sheeting, 35 S.F./hour in & 105 S.F./hour out, 20' deep 672 SF 5,521.48 501.57 1,629.84 0.00 7,652.89
excavation, drive, extract and salvage, includes wales, braces and spacers
RSM 022504004000 Sheet piling, wood, solid sheeting, 50 S.F./hour in & 150 S.F./hour out, 10' deep 800 SF 4,601.24 417.97 1,661.89 0.00 6,681.10
excavation, drive, extract and salvage, includes wales, braces and spacers
Drainage Fill 1 EA 289.61 32.13 2,298.81 0.00 2,620.55
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 47 ECY 110.87 8.75 0.00 0.00 119.62
behind, vibrating plate
MIL 026203000300 Drainage coarse material, gravel fill 3/4" 40 CY 178.74 23.38 2,298.81 0.00 2,500.94
Control Manhole 1 EA 4,066.55 196.76 7,618.21 0.00 11,881.53
RSM 032106000500 Reinforcing steel, in place, footings, #4 to #7, A615, grade 60 0 TON 275.30 0.00 256.24 0.00 531.55
MIL 032106000700 Reinforcing steel, in place, walls, #3 to #7, A615, grade 60 1 TON 643.60 0.00 854.15 0.00 1,497.74
MIL 033102200300 Structural concrete, ready mix, normal weight, 4000 PSI, includes material only 24 CY 0.00 0.00 2,899.35 0.00 2,899.35
MIL 033107002450 Structural concrete, placing, spread footing, pumped, under 1 C.Y., includes 2 CY 99.96 35.49 0.00 0.00 135.46
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vibrating, excludes material
MIL 033107005350 Structural concrete, placing, walls, pumped, 15" thick, includes vibrating, 18 CY 406.11 144.18 0.00 0.00 550.29
excludes material
AF 033107001600 Structural concrete, placing, elevated slab, pumped, over 10" thick, includes 3 CY 48.13 17.09 0.00 0.00 65.22
vibrating, excludes material
MIL 026304003910 Manhole steps, heavyweight cast iron, 9" x 10" 15 EA 146.89 0.00 289.46 0.00 436.35
CIV 031104558100 C.I.P. concrete forms, walls, modular prefabricated plywood, over 16' high, 1 use 480 SFC 1,502.29 0.00 1,518.48 0.00 3,020.77
per month, includes erecting, bracing, stripping and cleaning
CIV 031104201050 C.I.P. concrete forms, elevated slab, flat plate, plywood, to 15' high, 2 use, 128 SF 550.84 0.00 319.89 0.00 870.73
includes shoring, erecting, bracing, stripping and cleaning
CIV 031104453550 C.I.P. concrete forms, slab on grade, depressed, edge, wood, 12" to 24" high, 4 32 LF 267.81 0.00 30.71 0.00 298.51
use, includes erecting, bracing, stripping and cleaning
MIL 026304004648 Manhole frame and cover, aluminum, heavy duty, 24" x 24" 1 EA 42.31 0.00 1,449.94 0.00 1,492.25
MIL 033503000200 Concrete finishing, floors, monolithic, screed, float and hand trowel finish 128 SF 83.32 0.00 0.00 0.00 83.32
Care and diversion of water 1 EA 8,305.76 2,409.81 51.57 0.00 10,767.13
(Note: Includes sump well in the excavation and by-passing water in the existing 54" pipe. Assume that the manhole will take 28 days to construct.)
MIL 022405001700 Dewatering, sump hole construction, pit with gravel collar, corrugated, 12" gravel 3 LF 49.79 6.51 51.57 0.00 107.87
collar, 12" corr. pipe, 16 ga, includes excavation and gravel pit
MIL B-LABORER Laborers, (Semi-Skilled) 200 HR 8,255.96 0.00 0.00 0.00 8,255.96
(Note: Assume 8 hr/day and 28 days for the two pumps.)
GEN P6025405 PUMP, WATER, CENTRIFUGAL, DEWATERING, WHEEL, ENGINE DRIVE, 4" 200 HR 0.00 2,403.29 0.00 0.00 2,403.29

(102MM) DIA, 570 GPM (2158LPM) @ 40' (12..2M) HEAD (ADD HOSES)
(Note: Assume 28 days and two pumps. One for the excavation pit and one to by-pass water in the 54" line.)

Riprap 1 EA 1,374.81 777.20 1,660.84 0.00 3,812.85
RSM 023704500100 Rip-rap, random, placement cost, broken stone, machine placed for slope 75 LCY 950.19 562.07 0.00 0.00 1,512.26
protection

MIL 023704500240 Rip-rap, random pieces, material cost dumped from truck, 25 - 500 pound pieces 75 LCY 424.62 215.13 1,660.84 0.00 2,300.59
6'x8' Box Culvert 1 EA 13,662.14 856.33 47,979.75 0.00 62,498.22
RSM 026305300150 Piping, drainage and sewage, concrete, box culvert, precast, base price, 8' long, 80 LF 1,354.62 682.99 43,867.20 0.00 45,904.81
6' x 8', excludes excavation or backfill

RSM 026101000160 Headwall, concrete, cast in place, 30 degree skewed wingwall, 60" diameter 2 EA 12,307.52 173.33 4,112.55 0.00 16,593.40
pipe

Structure 2 1 EA 61,762.36  25,817.82 66,087.10 0.00 153,667.28
(Note: (located at the pump station))

Gates 1 EA 13,036.57 3,852.79 38,172.90 0.00 55,062.26
RSM 112857000190 Sluice gates, hydraulic structures, cast iron, heavy duty, self contained w/crank 1 EA 8,691.04 2,568.53 24,675.30 0.00 35,934.87
oper. gate, 72" x 72", AWWA C501

RSM 112851900190 Flap gates, hydraulic structures, aluminum, 72" dia 1 EA 4,345.52 1,284.26 13,497.60 0.00 19,127.39
Excavation 1 EA 16,102.60 4,836.16 3,779.54 0.00 24,718.30
(Note: assume 10' deep)

MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, hydraulic 1,320 BCY 1,296.06 766.66 0.00 0.00 2,062.72
excavator

RSM 022504004000 Sheet piling, wood, solid sheeting, 50 S.F./hour in & 150 S.F./hour out, 10' deep 1,280 SF 7,361.98 668.76 2,659.03 0.00 10,689.76
excavation, drive, extract and salvage, includes wales, braces and spacers

RSM 022504004500 Sheet piling, wood, solid sheeting, 35 S.F./hour in & 105 S.F./hour out, 20' deep 462 SF 3,796.02 344.83 1,120.51 0.00 5,261.36
excavation, drive, extract and salvage, includes wales, braces and spacers

AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ 1,558 LCY 3,648.54 3,055.92 0.00 0.00 6,704.46

base wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 15% swell factor)
Control Manhole 1 EA 1,886.43 85.23 4,401.90 0.00 6,373.57
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RSM 032106000500 Reinforcing steel, in place, footings, #4 to #7, A615, grade 60 0 TON 91.77 0.00
MIL 032106000700 Reinforcing steel, in place, walls, #3 to #7, A615, grade 60 1 TON 321.80 0.00
MIL 033102200300 Structural concrete, ready mix, normal weight, 4000 PSI, includes material only 11 CY 0.00 0.00
MIL 033107002450 Structural concrete, placing, spread footing, pumped, under 1 C.Y., includes 1CY 24.99 8.87
vibrating, excludes material

MIL 033107005350 Structural concrete, placing, walls, pumped, 15" thick, includes vibrating, 9 CY 203.05 72.09
excludes material

AF 033107001600 Structural concrete, placing, elevated slab, pumped, over 10" thick, includes 1CY 12.03 4.27
vibrating, excludes material

MIL 026304003910 Manhole steps, heavyweight cast iron, 9" x 10" 15 EA 146.89 0.00
CIV 031104558100 C.I.P. concrete forms, walls, modular prefabricated plywood, over 16' high, 1 use 240 SFC 751.14 0.00
per month, includes erecting, bracing, stripping and cleaning

CIV 031104201050 C.I.P. concrete forms, elevated slab, flat plate, plywood, to 15' high, 2 use, 32 SF 137.71 0.00
includes shoring, erecting, bracing, stripping and cleaning

CIV 031104453550 C.I.P. concrete forms, slab on grade, depressed, edge, wood, 12" to 24" high, 4 16 LF 133.90 0.00
use, includes erecting, bracing, stripping and cleaning

MIL 026304004648 Manhole frame and cover, aluminum, heavy duty, 24" x 24" 1 EA 42.31 0.00
MIL 033503000200 Concrete finishing, floors, monolithic, screed, float and hand trowel finish 32 SF 20.83 0.00
Care and diversion of water 1 EA 9,296.47 16,156.64
(Note: Includes sump well in the excavation and by-passing water in the existing 54" pipe. Assume that the manhole will take 28 days to construct.)
MIL 022405001700 Dewatering, sump hole construction, pit with gravel collar, corrugated, 12" gravel 3 LF 49.79 6.51
collar, 12" corr. pipe, 16 ga, includes excavation and gravel pit

MIL B-LABORER Laborers, (Semi-Skilled) 224 HR 9,246.68 0.00

(Note: Assume 8 hr/day and 28 days for the two pumps.)

GEN P6025405 PUMP, WATER, CENTRIFUGAL, DEWATERING, WHEEL, ENGINE DRIVE, 4" 1,344 HR 0.00 16,150.13
(102MM) DIA, 570 GPM (2158LPM) @ 40' (12..2M) HEAD (ADD HOSES)

(Note: Assume 28 days and two pumps. One for the excavation pit and one to by-pass water in the 54" line.)

Riprap 1 EA 1,374.81 777.20
RSM 023704500100 Rip-rap, random, placement cost, broken stone, machine placed for slope 75 LCY 950.19 562.07
protection

MIL 023704500240 Rip-rap, random pieces, material cost dumped from truck, 25 - 500 pound pieces 75 LCY 424.62 215.13
5'x6' Box Culvert 1 EA 19,860.66 86.67
RSM 026101000160 Headwall, concrete, cast in place, 30 degree skewed wingwall, 60" diameter 1 EA 6,153.76 86.67
pipe

RSM 026305300050 Piping, drainage and sewage, concrete, box culvert, cast in place, 5' x 6', 64 LF 13,706.90 0.00
excludes excavation or backfill

Drainage Fill 1 EA 204.82 23.12
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 30 ECY 70.77 5.59
behind, vibrating plate

MIL 026203000300 Drainage coarse material, gravel fill 3/4" 30 CY 134.06 17.54
Storm Drains Parallel to Levee 1 EA 66,350.07 17,435.02
Manholes 1 EA 11,358.71 790.56
RSM 026304000800 Manholes, concrete, cast in place, 4' x 4', 8" thick, 4' deep, excludes base, 3 EA 3,544.57 49.92
excavation, backfill, frame and cover

HNC 026304004648 Manhole frame and cover, aluminum, heavy duty, 24" x 24" 1 EA 43.64 0.00
RSM 026304001200 Manholes, concrete, precast, 6' |.D., 6' deep, excludes base, excavation, 7 EA 5,407.46 707.36
backfill, frame and cover

RSM 026304001000 Manholes, concrete, cast in place, 6'x6', 8" thick, 8' deep, excludes base, 1 EA 2,363.04 33.28
excavation, backfill, frame and cover

RCP 1 EA 54,991.36  16,644.46
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85.41 0.00 177.18
427.07 0.00 748.87
1,295.45 0.00 1,295.45
0.00 0.00 33.86

0.00 0.00 275.14

0.00 0.00 16.30
289.46 0.00 436.35
759.24 0.00 1,510.38
79.97 0.00 217.68
15.35 0.00 149.26
1,449.94 0.00 1,492.25
0.00 0.00 20.83
51.57 0.00 25,504.68
51.57 0.00 107.87
0.00 0.00 9,246.68

0.00 0.00 16,150.13
1,660.84 0.00 3,812.85
0.00 0.00 1,512.26
1,660.84 0.00 2,300.59
16,296.24 0.00 36,243.57
2,056.28 0.00 8,296.70
14,239.97 0.00 27,946.87
1,724.11 0.00 1,952.05
0.00 0.00 76.35
1,724.11 0.00 1,875.70
129,020.71 0.00 212,805.80
17,541.61 0.00 29,690.88
1,882.28 0.00 5,476.77
1,449.94 0.00 1,493.57
12,917.63 0.00 19,032.45
1,291.76 0.00 3,688.09
111,479.10 0.00 183,114.92
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Description Quantity UOM  DirectLabor DirectEQ DirectMatl DirectSubBid  DirectCost
USR 026305302290 Reinforced concrete pipe (RCP), with gaskets, 48" diameter, 8' lengths, class 3, 676 LF 25,844.65 8,786.01 71,997.04 0.00 106,627.71
excludes excavation or backfill
USR 026305302270 Reinforced concrete pipe (RCP), with gaskets, 36" diameter, 8' lengths, class 3, 326 LF 11,078.71 2,196.95 21,313.55 0.00 34,589.21
excludes excavation or backfill
RSM 026305302070 Reinforced concrete pipe (RCP), 42" diameter, 8' lengths, class 3, excludes 145 LF 4,927.65 1,675.18 11,544.14 0.00 18,146.96
excavation or backfill, gaskets
RSM 026305302240 Reinforced concrete pipe (RCP), with gaskets, 24" diameter, 8' lengths, class 3, 17 LF 150.66 15.87 555.72 0.00 722.25
excludes excavation or backfill
RSM 026305302230 Reinforced concrete pipe (RCP), with gaskets, 18" diameter, 6' lengths, class 3, 190 LF 1,506.59 158.71 4,107.28 0.00 5,772.58
excludes excavation or backfill
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, hydraulic 2,338 BCY 2,295.60 1,357.92 0.00 0.00 3,653.52
excavator
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 2,338 ECY 5,514.98 435.33 0.00 0.00 5,950.31
behind, vibrating plate
USR 023154260120 Backfill with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 2,338 BCY 3,060.80 1,810.55 0.00 0.00 4,871.36
HNC 026305304800 Reinforced concrete pipe (RCP), precast end section, 48" diameter pipe, 2 EA 611.71 207.95 1,961.37 0.00 2,781.03
excludes excavation or backfill
16" Sanitary Sewer 1 EA 27,295.16 6,138.88 42,269.63 0.00 75,703.67
RSM 025107302140 Ductile iron pipe, cement lined, mechanical joint, no fittings, 18' lengths, 16" 460 LF 12,307.81 2,957.80 24,738.57 0.00 40,004.18
diameter, class 50 water piping, excludes excavation or backfill
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, hydraulic 1,308 BCY 1,284.28 759.69 0.00 0.00 2,043.97
excavator
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 1,308 ECY 3,085.37 243.54 0.00 0.00 3,328.92
behind, vibrating plate
USR 023154260120 Backfill with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 1,308 BCY 1,712.37 1,012.92 0.00 0.00 2,725.29
RSM 026304001210 Manholes, concrete, precast, 6' |.D., 8' deep, excludes base, excavation, backfill, 7 EA 8,132.82 1,063.87 15,685.69 0.00 24,882.38
frame and cover
RSM 026304001200 Manholes, concrete, precast, 6' |.D., 6' deep, excludes base, excavation, backfill, 1 EA 772.49 101.05 1,845.38 0.00 2,718.92
frame and cover
110199 Associated General ltems 1 EA 683,246.09 586,350.77 866,383.80 0.00 2,135,980.66
11019902 Site Work 1 EA 683,246.09 586,350.77 866,383.80 0.00 2,135,980.66
Pave top of Levee 1 EA 8,421.72 5,858.81 35,715.32 0.00 49,995.85
02013902 04 Asphaltic Concrete Pavement 6,000 SF 3,498.05 1,931.45 17,929.92 0.00 23,359.42
MIL 027856003190 Pavement overlay, polypropylene, prime coat, bituminous, 0.28 gallons/S.Y. 229 CSF 71.99 31.62 963.51 0.00 1,067.11
MIL 027856003260 Tack coat, emulsion, 0.1 gallons per S.Y., 1000 S.Y. 229 CSF 215.96 94.86 396.03 0.00 706.84
RSM 027403150300 Paving, asphaltic concrete, parking lots & driveways, binder course, 1-1/2" thick 22,920 SF 1,355.11 702.39 8,217.51 0.00 10,275.00
HNC 023154904200 Hauling, rock, 12 C.Y. truck, 5 mile haul, includes loading 212 LCY 493.66 633.02 0.00 0.00 1,126.68
RSM 027403100340 Asphaltic concrete pavement, for highways and large paved areas, wearing 2,547 SY 1,361.34 469.57 8,352.87 0.00 10,183.78
course, 1-1/2" thick, for paving projects 300 tons or less add for trucking
02013902 01 Fine Grade Subgrade 6,000 SF 4,923.67 3,927.35 17,785.41 0.00 26,636.43
MIL 023101000020 Fine grade, for roadway, base or leveling course 3 MSY 1,306.02 616.87 0.00 0.00 1,922.89
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts 280 ECY 51.41 31.92 0.00 0.00 83.33
MIL 023153109000 Water for compaction, 3000 gallon truck, 3 mile haul 280 ECY 111.89 72.93 59.05 0.00 243.87
MIL 027202007000 Aggregate subbase, prepare and roll sub-base, small areas to 2500 S.Y. 2,547 SY 1,870.56 1,247.70 0.00 0.00 3,118.26
HNC 027202000080 Aggregrate base course, for roadways and large paved areas, stone base, 2,547 SY 931.79 1,121.86 17,726.36 0.00 19,780.01
compacted, 3/4" stone base, to 4" deep
HNC 023154904200 Hauling, rock, 12 C.Y. truck, 5 mile haul, includes loading 280 LCY 652.00 836.06 0.00 0.00 1,488.06
22,920.0000 Pave Ramps 2,300 SF 4,504.52 3,072.15 30,124.56 0.00 37,701.23
02013902 04 Asphaltic Concrete Pavement 2,300 SF 1,948.18 972.92 17,375.81 0.00 20,296.91
MIL 027856003190 Pavement overlay, polypropylene, prime coat, bituminous, 0.28 gallons/S.Y. 109 CSF 34.26 15.05 458.61 0.00 507.93
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MIL 027856003260 Tack coat, emulsion, 0.1 gallons per S.Y., 1000 S.Y. 109 CSF 102.79 45.15 188.50 0.00 336.44
HNC 023154904200 Hauling, rock, 12 C.Y. truck, 5 mile haul, includes loading 133 LCY 309.70 397.13 0.00 0.00 706.83
RSM 027403100380 Asphaltic concrete pavement, for highways and large paved areas, wearing 1,211 SY 788.04 271.82 8,875.15 0.00 9,935.01
course, 2" thick, for paving projects 300 tons or less add for trucking

RSM 027403100120 Asphaltic concrete pavement, for highways and large paved areas, binder 1,211 SY 713.39 243.76 7,853.55 0.00 8,810.70
course, 2" thick, for paving projects 300 tons or less add for trucking

02013902 01 Fine Grade Subgrade 2,300 SF 2,556.34 2,099.24 12,748.75 0.00 17,404.32
MIL 023101000020 Fine grade, for roadway, base or leveling course 1 MSY 626.89 296.10 0.00 0.00 922.99
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts 202 ECY 37.09 23.03 0.00 0.00 60.12
MIL 023153109000 Water for compaction, 3000 gallon truck, 3 mile haul 202 ECY 80.72 52.61 42.60 0.00 175.93
MIL 027202007000 Aggregate subbase, prepare and roll sub-base, small areas to 2500 S.Y. 1,211 SY 889.38 593.24 0.00 0.00 1,482.61
HNC 023154904200 Hauling, rock, 12 C.Y. truck, 5 mile haul, includes loading 202 LCY 470.37 603.16 0.00 0.00 1,073.53
RSM 027202000100 Aggregrate base course, for roadways and large paved areas, stone base, 1,211 SY 451.89 531.10 12,706.15 0.00 13,689.14
compacted, 3/4" stone base, to 6" deep
11019902 05 Topsoil 1 EA 9,205.73 3,843.67 47,860.06 0.00 60,909.47
HNC 029108100705 Loam or topsoil, imported topsoil, 4" deep, furnish and place 2,111 LCY 8,757.91 3,559.69 47,860.06 0.00 60,177.66
RSM 023153105000 Compaction, riding, vibrating roller, 2,491 ECY 447.82 283.98 0.00 0.00 731.80
11019902 06 Seeding 1 EA 15,810.59 558.07 8,243.97 0.00 24,612.64
RSM 029203200800 Seeding, bluegrass, common, 4 Ib. per M.S.F., push spreader 370 MSF 14,778.97 0.00 5,895.59 0.00 20,674.56
HNC 029203207010 Seeding, apply fertilizer, 35 Ib. per M.S.F. 370 MSF 584.78 215.96 862.86 0.00 1,663.61
PA 029105000700 Mulch, oat straw, 1" deep, power mulcher, large 9 ACR 446.84 342.11 1,485.52 0.00 2,274.47
11019902 09 Clearing 1 EA 22941.34 12,011.47 0.00 0.00 34,952.80
MIL 022301000152 Clear and grub, cut and chip, medium trees, to 10" diameter 6 ACR 17,920.20 7,082.71 0.00 0.00 25,002.92
MIL 022301000156 Clear and grub, medium stumps, to 10" diameter, includes loading on site 6 ACR 5,021.13 4,928.76 0.00 0.00 9,949.89
11019902 10 Excavation and Embankment: 1 EA 616,519.44 557,355.26 744,439.88 0.00 1,918,314.58
Stripping 1 EA 27,622.30  28,759.62 0.00 0.00 56,381.92
AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ 9,530 LCY 21,216.95 18,692.48 0.00 0.00 39,909.43
base wide rate, 12 C.Y. truck, highway haulers, excludes loading

(Note: Assume 18% swell factor)

USR 029108100260 Loam or topsoil, remove and stockpile on site, 200 H.P. dozer, 12" deep, 200’ 8,076 ECY 6,405.35 10,067.14 0.00 0.00 16,472.49
haul

Excavation for Levee 1 EA 25,678.47  20,165.78 0.00 0.00 45,844.26
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, 10,250 BCY 9,546.47 5,953.22 0.00 0.00 15,499.69
hydraulic excavator

AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ 7,246 LCY 16,132.01 14,212.56 0.00 0.00 30,344.57
base wide rate, 12 C.Y. truck, highway haulers, excludes loading

(Note: Assume 18% swell factor of 6141 cy)

Select Earth Fill 1 EA 539,165.15 493,165.33 744,439.88 0.00 1,776,770.36
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts 66,911 ECY 12,029.06 7,627.95 0.00 0.00 19,657.01
AF 023154900570 Hauling, excavated or borrow material, loose cubic yards, 24 mile round trip @ 66,911 LCY 496,553.85 437,472.00 0.00 0.00 934,025.85
base wide rate, 12 C.Y. truck, highway haulers, excludes loading

(Note: use 18% bulk factor)

AF 023155100030 Select Earth Fill, borrow, spread, by dozer 56,704 LCY 30,582.23  48,065.38 744,439.88 0.00 823,087.50

(Note: use 18% bulk factor)

Grading 1 EA 24,053.52  15,264.53 0.00 0.00 39,318.04
RSM 023101001050 Fine grade, fine grade for small irregular areas, to 15,000 S.Y. 22,950 SY 24,053.52 15,264.53 0.00 0.00 39,318.04
Random Rock Fill 1 EA 5,842.75 3,651.34 0.00 0.00 9,494.09
(Note: use 18% bulk factor)
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts 4,110 ECY 738.88 468.55 0.00 0.00 1,207.43
USR 023154260120 Backfill trench with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 4,110 BCY 5,103.87 3,182.80 0.00 0.00 8,286.66
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30 Planning, Engineering and Design 1 EA 0.00 0.00 0.00 1,200,000.00 1,200,000.00
USR PED Cost 1 EA 0.00 0.00 0.00 1,200,000.00 1,200,000.00
(Note: This cost is provided by PM to also include pump station effort)
31 Construction Management 1 EA 0.00 0.00 0.00 1,494,700.00 1,494,700.00
USR Construction Management 1 EA 0.00 0.00 0.00 1,494,700.00 1,494,700.00

(Note: Use 10% of total construction cost including pump station effort per PM's direction)

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0



Cost Engineering

1. General. The following methodology was used in the preparation of Draft Feasibility Study Cost
Estimate for Huntington Flood Damage Reduction, Huntington, VA.

a. The estimate is in accordance with the guidance contained in ER
1110-2-1302, Civil Works Cost Engineering.

b. The estimate is presented in the standard Work Breakdown Structure.
C. The price level for the estimate is 1 October 2008.

d. Construction costs developed by Cost Engineering Branch are based on
input/quantities and assumptions from Civil Works Branch, Planning Division.
Unit costs were developed using the M-11 estimating software and were updated
with latest costs from RS Means. A copy of the MII estimate is included.

e. Real Estate Division provided costs for Land and Damages and contingency for
the real estate cost impacts.

f. Planning Division provided costs for Construction Management.

g. Planning Division provided costs for the Planning, Engineering and Design.

h. PPMD provided the escalation factors.

2. Estimate Scope. The estimate reflects the cost for the levee and pump station for the Huntington
Flood Damage Reduction Project. The levee, a 2865 feet long earthen structure, including drainage
structures, is designed by Baltimore District, COE. The pump station is still in preliminary design
and included in a separate estimate because local sponsors plan to design it themselves.

3. Contingency. Contingency amounts were developed by Estimating and Specifications Section,
Engineering Division, for the construction cost items. The contingencies are based on uncertainties
within individual project elements. Based on these uncertainties, contingencies were assigned to
groups of related cost items to protect against the risk of potential cost increases. The following is
a list by element of the uncertainties that were identified and the corresponding contingency
percentage that was assigned.

a. 02 Relocations - 30%. The uncertainty for the utility and road relocations associated
with the pump station is relatively high. The designs are based on limited field
identification and local sponsor verifications. The estimate is based on a conceptual
design and may have a great chance to change significantly. For now, a contingency of
30 percent for the relocations associated with the pump station structure is considered
reasonable.

b. Levees and Floodwalls - 30%. The uncertainty associated with the pump station
design is relatively high. The uncertainty associated with quantities are relatively high
since it was based on conceptual scope and are likely to change significantly. Changes
could occur based on the final detailed designs. For now, a contingency of 30 percent is
considered reasonable.
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Note

Estimate Qualifications

This estimate for the pump station is based on the quantities of a preliminary design for the Huntington Flood Damage Reduction Project. The pump station is still in concept
design because the local sponsor plans to design it themselves. This estimate serves as a reference for the customers when they further design the pump station and develop
more detailed estimate for it.

Contingencies:

a. 02 Relocations - 30%. The uncertainty for the utility and road relocations associated with the pump station is relatively high. The designs are based on limited field
identification and local sponsor verifications. The estimate is based on a conceptual design and may have a great chance to change significantly. For now, a contingency of 30
percent for the relocations associated with the pump station structure is considered reasonable.

b. Levees and Floodwalls - 30%. The uncertainty associated with the pump station design is relatively high. The uncertainty associated with quantities are relatively high since it
was based on conceptual scope and are likely to change significantly. Changes could occur based on the final detailed designs. For now, a contingency of 30 percent is
considered reasonable.

Escalation:

Assume Planning, Engineering, and Design occurs in FY10. Assume midpoint of construction is in FY12. Start of construction is assumed to be in FY11. Estimated construction
duration for the pump station is 12 months.

The Direct Cost includes sales tax on materials and labor burden

The Cost To Prime includes the Direct Cost and sub-contractor mark-ups.

The Contract Cost includes the Cost To Prime and the Prime Contractor mark-ups.

The Project Cost includes the Contract Cost, Contingency and Escalation to the mid-point of construction.

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0
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Project Cost
02 Relocations

0201 Roads, Construction Activities (Access Ramp)

020139 Road Surfacing
02013902 Site Work
Raise Fenwick Drive
020199 Associated General ltems
02019902 Site Work
0201990201 Demolition
0203 Cemetery, Utilities, & Structure
020318 Utilities
02031802 Site Work
Adjust Utility Covers
Abandon Inlet and Pipe
11 Levees and Floodwalls
1101 Levees
110101 Mob, Demob & Preparatory Work
Equipment
110102 Drainage
Pump Station
Vertical Mixed Flow Pumps
Pump Housing Structure
Electrical Requirement
Mechanical Equipment
Hi Flow Diversion Pipes
Backfill for Box Culvert
Care and diversion of water
Box Culverts
Trench Excavation
Waterproof Existing Manholes
Storm Drain at Fenwick Drive
Excavation
RCP
Inlet
Manhole
Backfill
110199 Associated General ltems
11019902 Site Work
Dispose Excess Material
Seed and Mulch
Ponding Excavation

Labor ID: LBO6NatFD EQ ID: EPO7R02

U.S. Army Corps of Engineers
Project : Huntington_FS_100_yrs_pumpstation_only

Baseline Cost Estimate

Currency in US dollars

Quantity

ContractCost

6,819,909
93,141
82,786
77,042
77,042
77,042

5,744
5,744
5,744
10,355
10,355
10,355
9,490
865

6,726,768

6,726,768
31,241
31,241

6,537,411

4,899,724

3,029,476

908,775
910,132
51,340

1,614,985
50,639
41,566

1,464,272
58,508
13,257

9,447
1,525
1,188
1,638
5,082
113
158,116
158,116
121,180
19,645
17,290

Time 14:52:25

Project Cost Page 1

Contingency Escalation

2,045,973
27,942
24,836
23,113
23,113
23,113

1,723
1,723
1,723
3,107
3,107
3,107
2,847
260
2,018,030
2,018,030
9,372
9,372
1,961,223
1,469,917
908,843
272,633
273,040
15,402
484,495
15,192
12,470
439,282
17,552
3,977
2,834
458

357

461
1,525

34
47,435
47,435
36,354
5,894
5,187

1,037,308
14,167
12,592
11,718
11,718
11,718

874
874
874
1,575
1,575
1,575
1,443
132
1,023,141
1,023,141
4,752
4,752
994,340
745,248
460,783
138,225
138,431
7,809
245,639
7,702
6,322
222,716
8,899
2,016
1,437
232

181

234
773

17
24,049
24,049
18,431
2,988
2,630

ProjectCost

9,903,190
135,250
120,214
111,873
111,873
111,873

8,341
8,341
8,341
15,037
15,037
15,037
13,780
1,256
9,767,940
9,767,940
45,365
45,365

9,492,975

7,114,889

4,399,102

1,319,632

1,321,603

74,551
2,345,119
73,533
60,358
2,126,270
84,959
19,250
13,717
2,215
1,726
2,233
7,379

164
229,600
229,600
175,966
28,527
25,107
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Cost To Owner
02 Relocations

0201 Roads, Construction Activities (Access Ramp)

020139 Road Surfacing
02013902 Site Work
Raise Fenwick Drive
020199 Associated General ltems
02019902 Site Work
0201990201 Demolition
0203 Cemetery, Utilities, & Structure
020318 Utilities
02031802 Site Work
Adjust Utility Covers
Abandon Inlet and Pipe
11 Levees and Floodwalls
1101 Levees
110101 Mob, Demob & Preparatory Work
Equipment
110102 Drainage
Pump Station
Vertical Mixed Flow Pumps
Pump Housing Structure
Electrical Requirement
Mechanical Equipment
Hi Flow Diversion Pipes
Backfill for Box Culvert
Care and diversion of water
Box Culverts
Trench Excavation
Waterproof Existing Manholes
Storm Drain at Fenwick Drive
Excavation
RCP
Inlet
Manhole
Backfill
110199 Associated General ltems
11019902 Site Work
Dispose Excess Material
Seed and Muich
Ponding Excavation

Labor ID: LBO6NatFD EQ ID: EPO7R02

U.S. Army Corps of Engineers
Project : Huntington_FS_100_yrs_pumpstation_only

Baseline Cost Estimate

Currency in US dollars

Quantity

UOM

DirectCost

4,137,420
57,151
50,797
47,273
47,273
47,273

3,524
3,524
3,524
6,354
6,354
6,354
5,823

531

4,080,268

4,080,268
25,000
25,000

3,954,583

2,949,704

1,858,875

497,841
561,486
31,502
990,949
31,072
25,505
898,472
35,900
8,134
5,796
936

729

944
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69
100,686
100,686
74,356
15,721
10,609
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Bond ContractCost
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HOOH Profit
189,066 490,147 1,316
2,606 6,776
2,316 6,023
2,156 5,605
2,156 5,605
2,156 5,605
161 418
161 418
161 418
290 753
290 753
290 753
266 690
24 63
186,460 483,371
186,460 483,371
1,326 2,784
1,326 2,784
180,426 468,762
134,603 349,623
84,765 220,388
22,702 59,024
25,700 66,476
1,437 3,735
45,187 117,487
1,417 3,684
1,163 3,024
40,970 106,523
1,637 4,256
371 964
264 687
43 111
33 86
43 112
142 370
3 8
4,708 11,824
4,708 11,824
3,391 8,816
834 1,751
484 1,258
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6,819,909
93,141
82,786
77,042
77,042
77,042

5,744
5,744
5,744
10,355
10,355
10,355
9,490
865

6,726,768

6,726,768
31,241
31,241

6,537,411

4,899,724

3,029,476

908,775
910,132
51,340

1,614,985
50,639
41,566

1,464,272
58,508
13,257

9,447
1,525
1,188
1,638
5,082
113
158,116
158,116
121,180
19,645
17,290
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Baseline Cost Estimate

Description Quantity UOM DirectLabor  DirectEQ DirectMatl
Direct Costs 401,074.34 142,929.04 3,371,916.14
02 Relocations 1 EA 14,786.91 3,293.47 39,070.69
0201 Roads, Construction Activities (Access Ramp) 1 EA 12,347.55 3,207.91 35,241.80
020139 Road Surfacing 1 EA 9,898.58 2,132.49 35,241.80
02013902 Site Work 1 EA 9,898.58 2,132.49 35,241.80
Raise Fenwick Drive 1 EA 9,898.58 2,132.49 35,241.80
(Note: assume 6" bituminous pavement on 6" gravel)
02013902 04 Asphaltic Concrete Pavement 6,000 SF 1,787.45 1,023.77 14,599.41
MIL 027856003190 Pavement overlay, polypropylene, prime coat, bituminous, 0.28 gallons/S.Y. 62 CSF 19.55 8.59 261.70
MIL 027856003260 Tack coat, emulsion, 0.1 gallons per S.Y., 1000 S.Y. 62 CSF 58.66 25.76 107.57
HNC 023154904200 Hauling, rock, 12 C.Y. truck, 5 mile haul, includes loading 115 LCY 267.79 343.38 0.00
RSM 027403150500 Paving, asphaltic concrete, parking lots & driveways, binder course, 3" thick 6,222 SF 858.35 444 .91 6,823.54
RSM 027403100460 Asphaltic concrete pavement, for highways and large paved areas, wearing 692 SY 583.10 201.13 7,406.60
course, 3" thick, for paving projects 300 tons or less add for trucking
02013902 01 Fine Grade Subgrade 6,000 SF 1,199.19 858.27 7,284.91
MIL 023101000020 Fine grade, for roadway, base or leveling course 1 MSY 365.68 172.72 0.00
RSM 023153105000 Compaction, riding, vibrating roller, 2 passes, 6" lifts 115 ECY 21.11 13.11 0.00
MIL 023153109000 Water for compaction, 3000 gallon truck, 3 mile haul 115 ECY 45.95 29.95 24.25
MIL 027202007000 Aggregate subbase, prepare and roll sub-base, small areas to 2500 S.Y. 692 SY 508.22 338.99 0.00
RSM 027202000100 Aggregrate base course, for roadways and large paved areas, stone base, 692 SY 258.22 303.49 7,260.65
compacted, 3/4" stone base, to 6" deep
4" Concrete Sidewalk 1 EA 1,924.33 48.49 2,585.42
RSM 027752750310 Sidewalk, concrete, cast-in-place with 6 x 6 - W1.4 x W1.4 mesh, broomed finish, 1,035 SF 1,883.06 0.00 1,986.36
3000 psi, 4" thick, excludes base
RSM 027202000050 Aggregrate base course, for roadways and large paved areas, compacted, 3" 115 SY 41.26 48.49 599.06
deep, crushed 3/4" stone base
6" Concrete Driveways 1EA 1,526.30 32.89 2,495.28
RSM 027752750400 Sidewalk, concrete, cast-in-place with 6 x 6 - W1.4 x W1.4 mesh, broomed finish, 700 SF 1,498.32 0.00 2,088.96
3000 psi, 6" thick, excludes base
RSM 027202000050 Aggregrate base course, for roadways and large paved areas, compacted, 3" 78 SY 27.99 32.89 406.32
deep, crushed 3/4" stone base
Curbs and Gutters 1 EA 2,815.74 0.00 8,276.77
RSM 027703000430 Concrete curb and gutter, straight, wood forms, 0.055 C.Y. per L.F., 6" high curb, 470 LF 2,815.74 0.00 8,276.77
6" thick gutter, 24" wide, cast-in-place
Backfill 1 EA 645.57 169.07 0.00
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 176 ECY 415.16 32.77 0.00
behind, vibrating plate
USR 023154260120 Backfill with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 176 BCY 230.41 136.29 0.00
020199 Associated General ltems 1 EA 2,448.96 1,075.42 0.00
02019902 Site Work 1 EA 2,448.96 1,075.42 0.00
0201990201 Demolition 1 EA 2,448.96 1,075.42 0.00
Demo Existing Roadway (Fenwick Dr.) 670 SY 2,448.96 1,075.42 0.00
USR 022202401770 Minor site demolition, pavement, bituminous, 6" thick, remove with air 670 SY 1,061.68 648.56 0.00

equipment, excludes hauling
(Note: Assume 11" wide and 600' long)
USR 022203503080 Pavement and base, loading & trucking, machine loading truck, includes 2 mile 112 CY 1,387.28 426.85 0.00
haul, cost to be added to demolition cost.
(Note: Assume 1.2 swell factor)
0203 Cemetery, Utilities, & Structure 1 EA 2,439.37 85.56 3,828.89
020318 Utilities 1 EA 2,439.37 85.56 3,828.89

Time 14:52:25
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DirectSubBid DirectCost
221,500.00 4,137,419.53
0.00 57,151.07
0.00 50,797.25
0.00 47,272.87
0.00 47,272.87
0.00 47,272.87
0.00 17,410.64
0.00 289.84
0.00 191.99
0.00 611.17
0.00 8,126.80
0.00 8,190.83
0.00 9,342.37
0.00 538.41
0.00 34.22
0.00 100.16
0.00 847.21
0.00 7,822.36
0.00 4,558.24
0.00 3,869.43
0.00 688.82
0.00 4,054.48
0.00 3,5687.28
0.00 467.20
0.00 11,092.51
0.00 11,092.51
0.00 814.63
0.00 447.93
0.00 366.71
0.00 3,524.38
0.00 3,524.38
0.00 3,524.38
0.00 3,524.38
0.00 1,710.24
0.00 1,814.14
0.00 6,353.82
0.00 6,353.82
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02031802 Site Work 1 EA 2,439.37 85.56 3,828.89 0.00 6,353.82
Adjust Utility Covers 1 EA 2,350.562 13.73 3,458.76 0.00 5,823.01
RSM 020804000400 Utility vaults, hand hole, precast concrete, light duty, 1-1/2" thick, 1'-0" x 2'-0" x 1'- 6 EA 1,501.29 0.00 2,246.09 0.00 3,747.38
9" 1.D., excludes excavation and backfill
AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ base 7 LCY 16.39 13.73 0.00 0.00 30.12

wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 15% swell factor)

RSM 023151100300 Backfill, 6" layers, compaction in layers, hand tamp 7 ECY 112.22 0.00 0.00 0.00 112.22
HNC 023151100040 Backfill, common earth, by hand, no compaction 7 LCY 135.98 0.00 0.00 0.00 135.98
RSM 023154620200 Excavating, structural, bank measure, normal soil, to 2' deep, hand pits 7 BCY 484.56 0.00 0.00 0.00 484.56
RSM 020801002520 Fire hydrants, lower barrel extensions with stems, 4'-0", includes mechanical 1 EA 100.09 0.00 1,212.68 0.00 1,312.76
joints, excludes excavation and backfill

Abandon Inlet and Pipe 1 EA 88.84 71.83 370.13 0.00 530.80
USR 026301101582 Remove inlet top 1 EA 71.15 71.26 0.00 0.00 142.41
RSM 033102200300 Structural concrete, ready mix, normal weight, 4000 PSlI, includes material only 3 CY 0.00 0.00 370.13 0.00 370.13
RSM 033107002900 Structural concrete, placing, foundation mat, direct chute, over 20 C.Y., includes 3 CY 17.70 0.57 0.00 0.00 18.27

vibrating, excludes material
11 Levees and Floodwalls
1101 Levees
110101 Mob, Demob & Preparatory Work

EA 386,287.42 139,635.58 3,332,845.46 221,500.00 4,080,268.46
EA 386,287.42 139,635.58 3,332,845.46 221,500.00 4,080,268.46
EA 0.00  25,000.00 0.00 0.00 25,000.00

1
1
1
Equipment 1 EA 0.00 25,000.00 0.00 0.00 25,000.00
USR Equipment M&D 1 EA 0.00 25,000.00 0.00 0.00 25,000.00
110102 Drainage 1 EA 332,226.24 73,34549 3,327,511.09 221,500.00 3,954,582.82
Pump Station 1 EA 208,965.51 5,828.15 2,513,409.99 221,500.00 2,949,703.64
Vertical Mixed Flow Pumps 1 EA 6,000.00 0.00 1,845,375.00 7,500.00 1,858,875.00
USR Mixed Flow Vertical Pumps, 20,000 GPM, 36" discharge, 200 HP at 22' 1 EA 2,000.00 0.00 421,800.00 2,500.00 426,300.00

(Note: price based on a quote from Sulzer pump company (Mike Attrill 215-997-5990), Peerless Pump Company (Bill Burda 804-271-7200), Patterson Pump Company (Charles Pooles 706-297-
2948). Assume 22' head required. Installation cost is based on a compatitible cost from Means 2007. $2500 is freight charge.)

USR Mixed Flow Vertical Pumps, 40,000 GPM, 42" discharge, 400 HP at 22' 2 EA 4,000.00 0.00 1,423,575.00 5,000.00 1,432,575.00
(Note: price based on a quote from Sulzer pump company (Mike Attrill 215-997-5990), Peerless Pump Company (Bill Burda 804-271-7200), Patterson Pump Company (Charles Pooles 706-297-
2948). Assume 22' head required. Installation cost is based on a compatitible cost from Means 2007. $2500 is freight charge.)

Pump Housing Structure 1 EA 132,288.25 2,591.46 166,960.88 196,000.00 497,840.59
(Note: Assume concrete 40' x 70' structure. Excavation and Fill for the culverts are included in Drainage Structure 2.)
Foundation 1 EA 5,304.52 32.52 25,120.09 0.00 30,457.12
RSM 033107002900 Structural concrete, placing, foundation mat, direct chute, over 20 C.Y ., includes 171 CY 975.63 32.52 0.00 0.00 1,008.15
vibrating, excludes material
RSM 033102200300 Structural concrete, ready mix, normal weight, 4000 PSlI, includes material only 171 CY 0.00 0.00 21,097.38 0.00 21,097.38
RSM 033902000300 Curing, sprayed membrane compound 16 CSF 107.56 0.00 93.64 0.00 201.20
RSM 032106000500 Reinforcing steel, in place, footings, #4 to #7, A615, grade 60, incl access. Labor 5 TON 4,221.32 0.00 3,929.07 0.00 8,150.39
Concrete Wall 1 EA 103,620.04 21445 84,859.20 0.00 188,693.69
Rebar 1 EA 18,664.36 0.00 24,770.21 0.00 43,434.57
RSM 032106000700 Reinforcing steel, in place, walls, #3 to #7, A615, grade 60, incl access. Labor 29 TON 18,664.36 0.00 24,770.21 0.00 43,434.57
(Note: assume 120 Ibs rebar/cy concrete)
Concrete 1 EA 84,955.68 21445 60,089.00 0.00 145,259.12
RSM 033102200300 Structural concrete, ready mix, normal weight, 4000 PSlI, includes material only 332 CY 0.00 0.00 40,961.00 0.00 40,961.00
RSM 033107005300 Structural concrete, placing, walls, direct chute, 15" thick, includes vibrating, 206 CY 3,917.74 130.58 0.00 0.00 4,048.33
excludes material
RSM 033107005050 Structural concrete, placing, walls, direct chute, 12" thick, includes vibrating, 126 CY 2,516.10 83.87 0.00 0.00 2,599.97
excludes material
RSM 031104552100 C.I.P. concrete forms, wall, job built, plywood, below grade, to 8' high, 3 use, 4,734 SFC 24,926.28 0.00 5,690.88 0.00 30,617.17

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0
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includes erecting, bracing, stripping and cleaning
HNC 031104552052 C.I.P. concrete forms, wall, job built, plywood, interior, to 8' high, 2 use, includes 8,816 SFC 45,352.43 0.00 12,643.20 0.00 57,995.63
erecting, bracing, stripping and cleaning
RSM 033902000300 Curing, sprayed membrane compound 88 CSF 591.59 0.00 515.02 0.00 1,106.61
RSM 033503500050 Concrete finishing, walls, burlap rub with grout, includes breaking ties and 8,816 SF 7,651.53 0.00 278.89 0.00 7,930.42
patching voids
1' Thick Slab 1 EA 5,658.64 233.80 9,419.00 0.00 15,211.45
Concrete 1 EA 1,955.15 233.80 5,746.18 0.00 7,935.14
RSM 033102200300 Structural concrete, ready mix, normal weight, 4000 PSI, includes material only 45 CY 0.00 0.00 5,551.94 0.00 5,551.94
RSM 033107004650 Structural concrete, placing, slab on grade, pumped, over 6" thick, includes 45 CY 658.55 233.80 0.00 0.00 892.36
vibrating, excludes material
RSM 031104453060 C.I.P. concrete forms, slab on grade, edge, wood, over 12", 4 use, includes 140 SFC 585.83 0.00 124.01 0.00 709.83
erecting, bracing, stripping and cleaning
RSM 033902000300 Curing, sprayed membrane compound 12 CSF 80.67 0.00 70.23 0.00 150.90
HNC 033503000050 Concrete finishing, floors, monolithic, darby finish 1,210 SF 630.11 0.00 0.00 0.00 630.11
Rebar 1 EA 3,603.48 0.00 3,672.82 0.00 7,276.31
RSM 032106000600 Reinforcing steel, in place, slab on grade, #3 to #7, A615, grade 60, incl access. 4 TON 3,603.48 0.00 3,672.82 0.00 7,276.31
Labor
(Note: assume 120 Ibs rebar/cy concrete)

Roof Construction 1 EA 1,927.90 164.93 9,688.57 126,000.00 137,681.39
USR Flat roof system with roof deck and EPDM roofing 2,800 SF 0.00 0.00 0.00 126,000.00 126,000.00
(Note: 40x70. SF cost is based on a similar project.)
RSM 051206401900 Structural steel member, 100-ton project, 1 to 2 story building, W14x26, A992 153 LF 511.52 164.93 5,969.52 0.00 6,645.97
steel, shop fabricated, incl shop primer, bolted connections
HNC 099107800400 Paints & Coatings, misc. painting, structural steel, joists & roof deck 1,200 SF 336.25 0.00 189.81 0.00 526.06
RSM 035102000100 Roof deck plank, T & G, 1-1/2" thick, wood fiber, lightweight cement system 1,200 SF 1,080.13 0.00 3,429.23 0.00 4,509.37
Interior Finishes 1 EA 0.00 0.00 0.00 70,000.00 70,000.00
USR Interior Finishes 5,600 SF 0.00 0.00 0.00 70,000.00 70,000.00
(Note: Based on a similar project SF cost)
Doors 1 EA 2,415.81 38.55 5,260.90 0.00 7,715.26
RSM 081102000100 Doors, commercial, steel, flush, full panel, hollow core, 1-3/8" thick, 20 ga., 3'-0" 3 EA 134.73 0.00 762.40 0.00 897.14
x 7'-0"
HNC 081108202940 Frames, steel, knock down, single, 14 ga., 4-3/4" deep, 7'-0" h x 3'-0" w 3 EA 152.70 0.00 370.13 0.00 522.83
RSM 083605502650 Doors, overhead, commercial, stock, steel, heavy duty, sectional, manual, 24 3 EA 1,272.49 0.00 2,325.17 0.00 3,597.66
gauge, 10" x 10" high
RSM 081102500400 Door frames, steel channels with anchors and bar stops, 10" channel@ 15.3 3 EA 855.89 38.55 1,803.20 0.00 2,697.63
Ib/LF, 10" x 10' door, weighs 500 Ib
Ladders 1 EA 616.24 27.75 1,290.71 0.00 1,934.70
RSM 055145000020 Ladder, shop fabricated, steel, 20" W, bolted to concrete, incl cage 18 VLF 616.24 27.75 1,290.71 0.00 1,934.70
Catwalk 1 EA 0.00 0.00 1,352.29 0.00 1,352.29
RSM 015407552000 Scaffolding Specialties, catwalk, buy, 20" wide x 10' span, excl. guardrails 6 EA 0.00 0.00 1,170.50 0.00 1,170.50
RSM 015407501600 Scaffolding, steel tubular, regular, accessory, guardrail section, buy, 7' L 4 EA 0.00 0.00 35.43 0.00 35.43
RSM 015407501550 Scaffolding, steel tubular, regular, accessory, guardrail post, buy 8 EA 0.00 0.00 146.36 0.00 146.36
Overhead Crane 1 EA 1,796.42 116.91 27,522.45 0.00 29,435.78
RSM 146307000250 Overhead Bridge Cranes, under hung hoist, electric operating, 1 girder, 5 ton, 30’ 1 EA 1,796.42 116.91 27,522.45 0.00 29,435.78
span
Backfill and Compact 1 EA 6,387.40 1,729.08 0.00 0.00 8,116.48
(Note: 80'w x (70" + 15") x (10" h/2) /27 + 80" w x (30" + 5") x (10'h/2)/27 = 1778 say 1800 cy)
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 1,800 ECY 4,105.59 335.15 0.00 0.00 4,440.74

behind, vibrating plate

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0
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USR 023154260120 Backfill trench with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 1,800 BCY 2,281.82 1,393.93 0.00 0.00 3,675.74
Trash Rack 1EA 4,661.29 33.47 2,547.67 0.00 7,242.43
HNC 151076000570 Pipe, steel, 3/4" diameter, schedule 40, excludes couplings and hangers 800 LF 2,887.74 0.00 1,661.89 0.00 4,549.63
RSM 151076605573 weld, 3000 Ib., sched. 40, 3/4" pipe size, includes 1 weld per joint and weld 40 EA 1,773.55 33.47 885.78 0.00 2,692.80
machine
Electrical Requirement 1 EA 61,785.84 2,659.06 479,040.85 18,000.00 561,485.75
(Note: assumptions: - power from medium voltage overhead line will run underground to a pad mounted xfmr. - about 410 kva of power is required for pumps, lighting, receptacles, control equipment,
and misc. equipment - assume overhead line voltage is 12470/7200, 4 wire, wye system)
Exterior Electric 1EA 15,873.47 1,638.16 62,979.49 5,000.00 85,491.12
Power 1 EA 13,796.56 1,638.16 59,593.49 0.00 75,028.21
1x2 Ductbank 1 EA 3,195.05 873.03 4,245.42 0.00 8,313.49
USR 025804205400 Underground concrete duct banks, PVC, type EB, minimum of 7.5" between 200 LF 1,119.90 0.00 2,284.05 0.00 3,403.95
conduits center to center, 2 @ 4" diameter, excludes excavation, backfill
HNC 023156204520 Excavating, utility trench, common earth, 24" wide, 4' deep, cable/wire burial, 200 LF 850.24 725.93 126.54 0.00 1,702.71
with sand bedding, includes backfill
HNC 161207006310 Shielded cable, copper, XLP shielding, 15 kV, 1/0, pulled in duct, excl splicing & 1 MLF 1,224.90 147.10 1,834.83 0.00 3,206.83
terminations
Transformer 1 EA 6,196.56 765.13 40,993.69 0.00 47,955.38
HNC 163307401060 Lightning Arrester, intermediate 1 phase, metal top, 15 kV, for outdoor mounting 3 EA 861.51 103.46 4,191.64 0.00 5,156.61
RSM 163608008250 Fuses, 13 to 26 kV 3 EA 479.99 114.41 5,694.30 0.00 6,288.70
RSM 162706000600 Oil filled transformer pad mounted, 15 kV with taps, 480 V secondary 3 phase, 1 EA 4,855.06 547.26 31,107.75 0.00 36,510.07
1500 kVA
Secondary Conductor 1 EA 4,404.95 0.00 14,354.38 0.00 18,759.33
RSM 161322401000 Rigid galvanized steel conduit, 4" diameter, in trench, includes terminations and 75 LF 671.94 0.00 1,937.64 0.00 2,609.59
fittings
RSM 160608003850 Insulated ground wire, copper, stranded, 350 kemil 15 CLF 3,733.01 0.00 12,416.74 0.00 16,149.75
Lightning Protection 1 EA 0.00 0.00 0.00 5,000.00 5,000.00
USR Lightning protection allowance 1 EA 0.00 0.00 0.00 5,000.00 5,000.00
Lights 1 EA 2,076.91 0.00 3,386.00 0.00 5,462.91
RSM 165203002400 Floodlights, exterior, high pressure sodium, 400 Watt, incl ballast and lamp, excl 6 EA 1,221.71 0.00 2,309.36 0.00 3,531.07
pole
RSM 165802000450 Photoelectric control, S.P.D.T., 208 /277 V 6 EA 447.96 0.00 999.67 0.00 1,447.63
RSM 161209001200 Wire, copper, stranded, 600 volt, #12, type THWN-THHN, in raceway 10 CLF 407.24 0.00 76.98 0.00 484.22
(Note: assume 1000 feet of wire is needed)
Interior Electric 1EA 45,912.37 1,020.90 416,061.37 8,000.00 470,994.64
Power 1 EA 21,785.81 1,020.90 335,243.96 6,000.00 364,050.67
RSM 162304503270 Generator set, diesel, 3 phase 4 wire, 277/480 V, 1000 kW, incl battery, charger, 1 EA 8,412.68 763.47 225,663.00 0.00 234,839.15
muffler & automatic transfer switch, excl conduit, wiring, & concrete
RSM 155504400180 Vent chimney, prefabricated metal, gas, double wall, galvanized steel, 8" 30 VLF 457.39 0.00 346.40 0.00 803.79
diameter, U.L. listed
HNC 163607504020 Switchgear, w/ air circuit breaker, manual, 277/480 V, 2000 amp, for secondary 1 EA 1,743.10 257.43 6,986.06 0.00 8,986.59
distribution section
RSM 164408602050 Switchboards, current/potential transformer metering compartment, w/watt 1 EA 223.98 0.00 9,279.60 0.00 9,503.58
meter, 1600 - 2000 amp
RSM 161397004330 Receptacle devices, resi, decorator style, GFI, EMT & wire, 15 amp, incl box & 20 EA 1,901.36 0.00 1,159.95 0.00 3,061.31
cover plate
RSM 164406601230 Motor starter, combination, with motor circuit protectors, size 1, 10 HP, NEMA 7 1 EA 447.96 0.00 2,451.71 0.00 2,899.67
RSM 164406601220 Motor starter, combination, with motor circuit protectors, size 0, 5 HP, NEMA 7 1 EA 343.53 0.00 2,398.99 0.00 2,742.52
RSM 162702004900 Dry type transformer, 3 phase 480 V primary 120/208 V secondary, 15 kVA, K- 1 EA 811.52 0.00 2,293.54 0.00 3,105.06
13 rated
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USR Heaters required in motors and switchgears for moisture control 1
(Note: allowance)

USR 480 V lightning surge arrestors on incoming service 1
(Note: allowance)

RSM 164408600460 Switchboards, main circuit breaker, 3 pole, 3 wire, to 600 volt, 2000 amp 1
RSM 164408601500 Switchboards, main ground fault protector, 1200 - 2000 amp 1
USR 164406601270 Motor starter, combination, with motor circuit protectors, size 5, 300 HP, NEMA 7 1
USR 164406400600 Motor control center, starters, class 1, type B, comb. MCP, FVNR, with control 2
XFMR, size 6, 500 HP, 72" high, incl starters & structures

Wiring 1
RSM 160608003870 Insulated ground wire, copper, stranded, 500 kcmil 40
RSM 161322401000 Rigid galvanized steel conduit, 4" diameter, in trench, includes terminations and 100
fittings

RSM 161322055180 Electric metallic tubing (EMT), 4" diameter, to 15' high, incl 2 terminations, 2 100
elbows & 11 beam clamps per 100 LF

RSM 160608003870 Insulated ground wire, copper, stranded, 500 kcmil 15
RSM 161322055180 Electric metallic tubing (EMT), 4" diameter, to 15' high, incl 2 terminations, 2 75
elbows & 11 beam clamps per 100 LF

RSM 161322055160 Electric metallic tubing (EMT), 3-1/2" diameter, to 15' high, incl 2 terminations, 2 100

elbows & 11 beam clamps per 100 LF

USR Allowance for receptacles, controls, heat wires, etc.. 1

RSM 160608003870 Insulated wire, copper, stranded, 500 kcmil 8

RSM 160608003820 Insulated ground wire, copper, stranded, 4/0 8

Lights 1

RSM 165104404320 Metal halide fixture, interior,surface mounted, low bay, aluminum reflector, 250 4

W, incl lamps, mounting hardware and connections

(Note: estimated 4 ea)

RSM 165303200700 Emergency light units, nickel cadmium battery operated, twin sealed beam light, 4

25W, 6V each

Communication 1
USR Internal and external standard telephone and remote monitoring 1
Mechanical Equipment 1
(Note: Since no design is available, assumption is made to cover some piping cost.)

Equipment 1
RSM 158301004660 Fans, corrosive fume resistant, plastic roof ventilator, centrifugal, V belt drive, 1
motor, 1/4" S.P., 1630 CFM, 1/2 H.P.

RSM 157602505750 Electric heating, unit heater, heavy duty, single phase, 208-240-277 volt, 5 kW, 1
includes fan & mounting bracket

RSM 114545002550 Dehumidifier, residential appliances, portable, automatic, 40 pint 1
Piping 1
RSM 151076202260 Pipe, steel, black, welded, 36" diameter, schedule 40, Spec. A-53, includes yoke 15
& roll hangers, sized for covering, 10' OC

USR 151076209420 Pipe, steel, Welding labor per joint, 36" pipe size, schedule 40, welding 3
Wall Louvers 1

RSM 158506002020 Louver, aluminum, extruded, with screen, mill finish, cooling tower and 25

mechanical equipment, screens, standard weight

Gates 1

RSM 112851900150 Flap gates, hydraulic structures, aluminum, 48" dia 1

RSM 112851900130 Flap gates, hydraulic structures, aluminum, 36" dia 1
Hi Flow Diversion Pipes 1

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars

Project : Huntington_FS_100_yrs_pumpstation_only

UOM DirectLabor

EA

EA

CLF

LF
EA
CLF
CLF

EA

EA

EA

EA

EA
EA

EA

0.00
0.00

1,119.90

165.91
3,172.07
2,986.41

23,118.64
11,199.03
895.92

1,119.90

4,199.64
839.93

995.47

0.00
2,239.81
1,628.95
1,007.91

559.95

447.96

0.00
0.00
8,891.42

440.85
254.20

186.65

0.00
6,534.63
4,428.54

2,106.09
325.85
325.85

1,590.09
988.51
601.58

116,455.26

DirectEQ

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
577.63

0.00
0.00

0.00

0.00
92.69
52.95

39.74
0.00
0.00

484.94
301.47
183.47
67,169.31

DirectMatl

0.00
0.00

15,395.70

5,167.05
26,220.88
37,881.08

76,831.40
46,398.00
2,583.53

1,739.93

17,399.25
1,304.94

1,576.48

0.00
4,091.46
1,737.82
3,986.01
1,5639.57

2,446.44

0.00
0.00
22,033.25

4,119.93
3,506.21

400.71

213.01
5,219.78
5,219.78

0.00
777.69
777.69

11,915.85
7,434.23
4,481.63

807,324.04

Time 14:52:25
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DirectSubBid

5,000.00
1,000.00

0.00
0.00
0.00
0.00

2,000.00
0.00
0.00

0.00

0.00
0.00

0.00

2,000.00
0.00
0.00
0.00
0.00

0.00

5,000.00
5,000.00
0.00

0.00
0.00

0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00

DirectCost
5,000.00

1,000.00

16,515.60

5,332.96
29,392.95
40,867.49

101,950.04
57,597.03
3,479.45

2,859.83

21,598.89
2,144.87

2,571.95

2,000.00
6,331.27
3,366.77
4,993.92
2,099.52

2,894.40

5,000.00
5,000.00
31,502.30

4,560.78
3,760.41

587.36

213.01
11,847.10
9,701.26

2,145.84
1,103.55
1,103.55

13,990.87
8,724.20
5,266.67

990,948.61
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Eff. Date 10/27/2008 Project : Huntington_FS_100_yrs_pumpstation_only
Baseline Cost Estimate Direct Costs Page 8
Description Quantity UOM DirectLabor  DirectEQ DirectMatl DirectSubBid  DirectCost

Backfill for Box Culvert 1 EA 24,623.29 6,448.50 0.00 0.00 31,071.79
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 6,713 ECY 15,834.94 1,249.93 0.00 0.00 17,084.87
behind, vibrating plate
USR 023154260120 Backfill trench with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 6,713 BCY 8,788.36 5,198.57 0.00 0.00 13,986.92
Care and diversion of water 1 EA 9,206.47 16,156.64 51.57 0.00 25,504.68
(Note: Includes sump well in the excavation and by-passing water in the existing 54" pipe. Assume that the manhole will take 28 days to construct.)
MIL 022405001700 Dewatering, sump hole construction, pit with gravel collar, corrugated, 12" gravel 3 LF 49.79 6.51 51.57 0.00 107.87
collar, 12" corr. pipe, 16 ga, includes excavation and gravel pit
MIL B-LABORER Laborers, (Semi-Skilled) 224 HR 9,246.68 0.00 0.00 0.00 9,246.68
(Note: Assume 8 hr/day and 28 days for the two pumps.)
GEN P6025405 PUMP, WATER, CENTRIFUGAL, DEWATERING, WHEEL, ENGINE DRIVE, 4" 1,344 HR 0.00 16,150.13 0.00 0.00 16,150.13

(102MM) DIA, 570 GPM (2158LPM) @ 40' (12..2M) HEAD (ADD HOSES)
(Note: Assume 28 days and two pumps. One for the excavation pit and one to by-pass water in the 54" line.)

Box Culverts 1 EA 61,663.40 30,379.78 806,428.88 0.00 898,472.05
USR 026406005070 Box culvert, precast concrete, 4' - 0" x 6' - 0" I.D., excludes excavation and backfill 2,185 LF 61,663.40 30,379.78 806,428.88 0.00 898,472.05
Trench Excavation 1 EA 20,872.10  14,184.38 843.60 0.00 35,900.08
MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, hydraulic 4,724 BCY 4,638.34 2,743.71 0.00 0.00 7,382.05
excavator

AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ base 5,665 LCY 13,266.35 11,111.53 0.00 0.00 24,377.88

wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 15% swell factor. Assume 35% is stripping.)

HNC 023156100250 Excavating, trench, medium soil, 7 to 10' deep, 1-1/4 C.Y. bucket, gradall, 70 BCY 91.64 67.91 0.00 0.00 159.55
excludes sheeting or dewatering

RSM 022504004300 Sheet piling, wood, solid sheeting, 40 S.F./hour in & 120 S.F./hour out, 16' deep 400 SF 2,875.77 261.23 843.60 0.00 3,980.61
excavation, drive, extract and salvage, includes wales, braces and spacers

Waterproof Existing Manholes 1 EA 3,5683.38 175.70 4,375.12 0.00 8,134.21
RSM 029552300300 Lining pipe, with cement, urban, less than 10,000 L.F., 48" to 72", includes bypass 54 LF 2,242.81 0.34 1,964.53 0.00 4,207.68
and cleaning

(Note: assume 6'/manhole)

HNC 026304004639 Manhole frame and cover, cast iron, city type, square, 24" x 24" x 330 Ib. 9 EA 1,340.58 175.36 2,410.59 0.00 3,926.53
Storm Drain at Fenwick Drive 1 EA 3,222.09 172.33 2,401.94 0.00 5,796.36
Excavation 1 EA 632.04 96.26 207.74 0.00 936.04
(Note: assume 10' deep)

MIL 023154260120 Excavate and load, bank measure, medium material, 1-1/2 C.Y. bucket, hydraulic 15 BCY 14.73 8.71 0.00 0.00 23.44
excavator

RSM 022504004000 Sheet piling, wood, solid sheeting, 50 S.F./hour in & 150 S.F./hour out, 10' deep 100 SF 575.15 52.25 207.74 0.00 835.14
excavation, drive, extract and salvage, includes wales, braces and spacers

AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ base 18 LCY 42.15 35.31 0.00 0.00 77.46

wide rate, 12 C.Y. truck, highway haulers, excludes loading
(Note: Assume 15% swell factor)

RCP 1 EA 190.31 20.05 518.81 0.00 729.17
RSM 026305302230 Reinforced concrete pipe (RCP), with gaskets, 18" diameter, 6' lengths, class 3, 24 LF 190.31 20.05 518.81 0.00 729.17
excludes excavation or backfill

Inlet 1 EA 563.90 0.00 379.62 0.00 943.52
RSM 026301101582 Catch basins, curb inlet frame, grate, and curb box, large, heavy duty, 24" x 36", 1 EA 563.90 0.00 379.62 0.00 943.52
excludes footing, excavation, and backfill

Manhole 1 EA 1,780.83 41.61 1,295.77 0.00 3,118.21
HNC 026304004639 Manhole frame and cover, cast iron, city type, square, 24" x 24" x 330 Ib. 1 EA 148.95 19.48 267.84 0.00 436.28
MIL 026304003910 Manhole steps, heavyweight cast iron, 9" x 10" 6 EA 60.70 0.00 115.78 0.00 176.48
RSM 026304000900 Manholes, concrete, cast in place, 4' x 4', 8" thick, 6' deep, excludes base, 1 EA 1,571.17 22.13 912.14 0.00 2,505.44

Labor ID: LBO6NatFD EQ ID: EP07R02 Currency in US dollars TRACES MII Version 3.0
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Baseline Cost Estimate

Quantity UOM DirectLabor

Description

excavation, backfill, frame and cover

Backfill 1
NAV 023153107040 Compaction, around structures and trenches, 4 passes, 18" wide, 6" lifts, walk 15
behind, vibrating plate

USR 023154260120 Backfill with existing material, 1-1/2 C.Y. bucket, hydraulic excavator 15
110199 Associated General ltems 1
11019902 Site Work 1
Dispose Excess Material 1
AF 023154900555 Hauling, excavated or borrow material, loose cubic yards, 12 mile round trip @ base 14,686
wide rate, 12 C.Y. truck, highway haulers, excludes loading

(Note: Assume 18% swell factor.)

HNC 023154260245 Excavate and load, bank measure, medium material, 3 C.Y. bucket, wheeled 12,446
loader

Seed and Muich 1
RSM 029203200800 Seeding, bluegrass, common, 4 Ib. per M.S.F., push spreader 240
HNC 029203207010 Seeding, apply fertilizer, 35 Ib. per M.S.F. 240
PA 029105000700 Mulch, oat straw, 1" deep, power mulcher, large 6
Ponding Excavation 13,510
HNC 023103303020 Rough grading, open site, large area, 300 H.P., dozer 13,510

Labor ID: LBO6NatFD EQ ID: EPO7R02

Currency in US dollars

EA
ECY

BCY

EA

MSF
MSF
ACR
ECY
BCY

55.02
35.38

19.64
54,061.18
54,061.18
40,831.80
34,391.81

6,439.99

10,025.38
9,357.86
378.39
289.13
3,204.00
3,204.00

DirectEQ

14.41
2.79

11.62
41,290.09
41,290.09
33,623.83
28,805.64

4,718.19

361.11
0.00
139.74
221.37
7,405.15
7,405.15

DirectMatl

0.00
0.00

0.00
5,334.37
5,334.37

0.00

0.00

0.00

5,334.37
3,814.82
558.33
961.22
0.00
0.00

Time 14:52:25
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DirectSubBid

0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

DirectCost

69.43
38.18

31.25
100,685.64
100,685.64

74,355.63
63,197.45

11,158.18

15,720.86
13,172.68
1,076.46
1,471.72
10,609.15
10,609.15

TRACES Ml Version 3.0
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