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1. Purpose

This technical memorandum presents the revised conceptual approach to the installation of temporary
cofferdams to facilitate in-river intake construction for the Delta Conveyance Project. The initial, now
superseded, conceptual approach is presented in Attachment 1.

Temporary in-river cofferdam structures are planned at Intakes C-E-2, 3, and 5 for the Delta Conveyance
Project (project). The purpose of the cofferdams is to create temporary enclosures to isolate the
construction areas for the intake structures from the Sacramento River and the riverbank soils. This
isolation will allow for dewatered conditions for the intake structures’ construction.

1.1 Organization
e Subsurface Conditions

e Approach

e Analysis

e Results

e Duration

e Intake Structure Configuration

e References

e Document History and Quality Assurance

e Attachment 1 — Pile Driving Analysis for Cofferdam Construction *
— 1-1 Boring Logs
— 1-2 GES Note on Sheet Pile Drivability with Vibratory Methods
— 1-3 GRLWEAP Output Reports

e Attachment 2 — Results of Analysis by DeepEx

* Note: initial conceptual cofferdam approach, now superseded

2. Subsurface Conditions

This section discusses generalized and conceptual subsurface conditions at the intake sites. At this time,
most of the exploration at the sites has been completed on the river-side of the existing State
Route 160.
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2.1 Intake C-E-2

The Intake C-E-2 structure would be located approximately 1,900 feet south of the intersection of Scribner
Road and State Route 160 along the eastern bank of the Sacramento River. Six overwater borings
(DCR2-DH-004 to DRC2-DH-009)(DWR, 2013) were drilled to depths ranging from approximately 120 to
142 feet below the mudline at the site in 2010 and 2012.

A review of the six borings indicated the subsurface conditions at Intake C-E-2 may be divided into a softer
and looser upper layer and a harder and denser lower soil layer. Boring DCR2-DH-004, which encountered
the thinnest upper soil layer, was selected to be representative of the general soil conditions at Intake
C-E-2, for conservatism. Based on this borehole, the upper soil layer at Intake C-E-2 is approximately
37 feet thick and consists of very loose to medium dense silt (ML) and sand (SM, SP), followed by a lower
soil layer of stiff to very stiff fat clay (CH) and lean clay (CL) and primarily medium to very dense sands
(SM, SP, SW-SM). Attachment 1 contains the Boring DCR2-DH-004 log.

2.2 Intake C-E-3

The Intake C-E-3 structure would be located 1.75 miles south of Intake C-E-2, approximately 2,100 feet
southwest of the intersection of River Park Drive and State Route 160, along the eastern bank of the
Sacramento River. Three overwater borings (DCR3-DH-013 to DRC3-DH-015)(DWR, 2013) were drilled to
depths ranging from approximately 140 to 142 feet below the mudline at the site in 2012.

Similar to Intake C-E-2, the subsurface conditions at Intake C-E-3 can be divided into upper and lower soil
layers. Boring DCR3-DH-014 was selected to be representative of the general soil conditions at Intake C-E-3,
for conservatism. Based on this borehole, the upper soil layer at Intake C-E-3 is approximately 18.1 feet thick
and consists of lean clay (CL) and loose to medium dense sand (SM, SP), underlain by a lower soil layer of
very stiff to hard lean clay (CL) and fat clay (CH) and dense to very dense silt (ML), sand (SM, SC, SP, SW,
SP-SM) and gravel (GM, GP, GW-GM). Attachment 1 contains the Boring DCR3-DH-014 log.

2.3 Intake C-E-5

The Intake C-E-5 structure would be located approximately 1.5 miles southwest of the intersection of
Hood-Franklin Road and State Route 160, along the eastern bank of the Sacramento River. Three
overwater borings (DCR5-DH-013, DCR-DH-004, and DRC5-DH-014)(DWR, 2013) were drilled to depths
ranging from approximately 138 to 142 feet below the mudline at the site in 2009 and 2012.

Boring DCR5-DH-014, with the thinnest upper soil layer, was selected to be representative of the general
soil conditions at Intake C-E-5, for conservatism. Based on this boring, the upper soil layer at Intake C-E-5 is
approximately 36.3 feet thick and consists of very soft lean clay (CL) and loose to medium dense sand (SM,
SP-SC), followed by a lower layer of very stiff to hard lean clay (CL) and fat clay (CH) and medium to very
dense sand (SM, SP, SW, SP-SM) and gravel (GP). Attachment 1 contains the Boring DCR5-DH-014 log.

3. Approach

Initial concepts for the cofferdam construction followed the approach used on the nearby Freeport Intake
for the Freeport Regional Water Authority (FRWA) Project. That project used a heavy-duty combination
of king piles and sheetpiles to form a 4-sided cofferdam with the necessary stiffness and rigidity to limit
the deflection of the landside wall to no more than 1 inch per U.S. Army Corps of Engineers (USACE)
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requirements. Because the cofferdam was constructed in the waterside slope of a jurisdictional USACE
levee, no inclusions, such as tiebacks, were permitted in the levee prism (Figure 1).

Figure 1. Cofferdam for Freeport Intake

Attachment 1 analyzes the pile installation for the cofferdams at each of the proposed intakes described
above using the same concept as employed at the Freeport Intake. The analyses, based on the cited
limited initial geotechnical exploration information at each intake site, concluded that an initial portion of
each king pile and sheetpile could be vibrated into place and that the remainder of the piles would require
impact driving to advance to their full planned depth. The number of anticipated pile strikes was estimated
to range between 478,160 blows for the Intake C-E-2 cofferdam and 32,538 blows for the Intake C-E-5
cofferdam. It can be observed from the results presented in Attachment 1 that the number of blows
required to drive a king pile (wide-flange beam) is at least 4 times larger than the number of blows
required to drive a paired sheetpile. Note that the cumulative blows presented in Attachment 1 are based
on an earlier arrangement of the intakes and the number of pile pairs and king piles may not exactly sum
to the peripheral lengths of the current intake cofferdam configurations.

3.1 Revised Concept

While developing the current Project intake configuration, the DCA developed a staged approach to public
flood protection to facilitate construction. Specifically, the construction sequence involves constructing a
setback embankment for the State Route 160 realignment at each intake that would serve as the
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temporary flood protection levee. The ring embankment surrounding the sediment basin constructed
later would ultimately serve as the permanent flood protection levee. Because the existing State Route
160 levee would not provide temporary or permanent flood protection, it would be possible to install
inclusions, such as tiebacks, within the existing levee prism. The revised flood protection sequence also
satisfied another goal of the DCA, to reduce the quantity of impact pile driving in the Sacramento River.

The DCA also identified an opportunity to implement a planned groundwater cutoff wall as part of the
cofferdam, rather than as a separate facility behind the cofferdam. The revised conceptual cofferdam
configuration utilizes a deep mechanically mixed (DMM) cutoff wall, reinforced with wide flange steel
beams (similar to the combination sheetpile wall) for the back wall (landside wall). The back wall would
be primarily supported by drilled and grouted tiebacks. The remaining three walls would consist of
interlocking steel sheetpiles, without the need for king piles, installed to a shallower tip depth. The flexible
sheetpile walls are braced against the reinforced DMM wall using 4 levels of pipe struts (Figure 2). The
short cofferdam end walls, not shown, would be braced using diagonal corner braces. Note that for this
concept, the existing Highway 160 and levee would be partially removed following construction of an
approved setback embankment for the Highway 160 realignment (not shown).

#4

Figure 2. Revised Conceptual Cofferdam Concept
Full depth excavation and embankment removal at Intake C-E-3 for Tee Screen Alternative

The key to the revised concept is to install a self-supporting back wall anchored using three rows of
tiebacks. To install the tiebacks and struts, the surface of the water and the soil would be lowered in stages
until the two upper struts and two upper tieback levels could be installed. After these two upper strut and
support layers were installed, the excavation would continue in the wet to full depth, and a reinforced
concrete tremie base slab would be poured. This tremie slab would provide a vital lower brace to prevent
over deflection of the walls upon lowering of the water within the cofferdam. The sequence would
continue with the alternating installation of strut level 3, tieback level 3, and strut level 4. Once strut level
4 was complete, the cofferdam could be completely dewatered.

3.1.1 Deep Mechanically Mixed Wall

The deep mechanically mixing method is an in-situ soil mixing technology that mixes existing soil with
cementitious materials using mixing shafts consisting of auger cutting heads, discontinuous auger flights,
cutters, or mixing paddles. The soil-cement produced has much higher strength and lower permeability
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than the native soils and can be reinforced with steel inclusions. Where reinforced, the soil-cement
functions as lagging between the steel beam, much like a soldier pile wall. Figure 3 shows a DMM rig in
operation in Tracy, California.

Figure 3. Deep Mechanical Mixing Rig with Cutters

The cementitious materials are generally delivered in a grout or slurry form from ports in the cutting
heads. The construction of the back wall using the DMM method would include a wall panel cutter, slurry
mixing tanks, storage tanks for bentonite and cement, and storage for reinforcing steel, likely consisting
of wide flange steel beams. Short sheet pile starter walls may be required if the river water level was
above the ground surface at the wall location. All equipment and working area, including the mixing tanks,
storage tanks, and reinforcing steel laydown areas, would be adjacent to the work trestle and could be
moved along the length of the intake structure to maintain proximity to the actual work site.

The wall excavator would construct a panel about 8 feet long to the full depth of the wall. That excavation
would be filled with bentonite slurry mixed with the native soil to keep the excavated area from collapsing.
After it was fully excavated, cement would be introduced to the full soil bentonite column and mixed into
place during a slow withdrawal process. Reinforcing steel would be placed at a predetermined spacing in
the uncured panel using vibration where necessary. Wall panels would be placed in an alternating (every
other one) pattern. Once the initially constructed panels achieved suitable strength, the intermediate
panels (between initial panels) would be placed and the excavation for these panels would overlap into
the previous placed panels to provide a continuous wall.
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3.1.2 Sheet Pile Walls

For the remaining cofferdam walls, there are two typical methods for installing sheet piles: (1) the
traditional impact hammer approach, and (2) the vibratory approach. The impact hammer approach
would be challenging for areas near residential properties because of the noise created by the diesel or
air hammer. The use of noise walls and acoustic shrouds would reduce the noise. However, noise walls
would be difficult to install on the water side, and residences across the river, as well as other sensitive
resources, may be affected by noise and the more acute pressure spikes within the water column. Given
that the revised cofferdam approach reduces the depth of sheetpile penetration and eliminates the need
to install the heavy wide-flange king piles, the use of a vibrating pile head installer would also be expected
to be a viable option for the construction of most sheet pile portions of the cofferdam. The vibratory
method reduces the acute pressure spikes, and while noise is also an issue for vibratory installation, it is
typically considerably lower than noise associated with impact hammer installation.

According to the results of the vibratory installation analysis (Attachment 1), it may be anticipated that
up to the last 10 feet of the sheetpiles would require the use of impact driving to install. The need to use
impact driving may also be the result of clogged interlocks between sheets, delays in vibratory installation
that result in “setup,” or encountering dense or very hard soils or gravels.

3.1.3 Deep foundation system

The prior discussion and Figure 2 do not depict the presence of a deep foundation system for the intake
structure. Like the construction sequence used for the Freeport Intake, the DCA intake cofferdam concept
requires the installation of the tremie concrete base slab prior to dewatering the cofferdam. Figure 4
shows the steel casings of the drilled shaft foundation extending above the water level in the cofferdam
at the Freeport Intake. These casings were installed from a trestle above the water surface following full
depth excavation and prior to pouring the tremie slab. It is assumed that a similar sequence would be
employed for the DCA cofferdam concept; however, the spacing and arrangement of the deep foundation
would need to consider the installation of the third row of tiebacks and two additional rows of struts to
ensure there are no physical conflicts between the drilled casings and the struts or tieback installation.
The vibratory preinstallation of the steel casings would actually strengthen the intake foundation and
provide tie-down for the tremie slab, allowing a thinner slab to resist hydrostatic uplift.
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Figure 4. Tremie Concrete Placement at Freeport Intake
Casings for drilled pier foundation shown with provisions to attach work trestle

4. Analysis

The revised cofferdam concept was analyzed at the site of Intake C-E-3 for the Tee Screen Alternative
using an elastoplastic analysis with the software package DeepEx 2018 (Deep Excavation LLC, 2018). The
Tee Screen Alternative was analyzed because it is generally sited closer to the levee crest and therefore
represents the greatest height of retained soil. Attachment 2 provides the results of the analysis.

Two checks of the DeepEx analysis were performed. The first was a check of wall stability using the DeepEx
estimates of loads at 3 stages of the cofferdam construction: DMM back wall at final stage, sheet pile front
wall final stage, and DMM back wall at interim stage. The second check was an independent calculation
of back wall stability using the approach described in the Caltrans Trenching and Shoring Manual (Caltrans,
2011) and referred to as the “hinge method”. This approach also uses an “apparent” earth pressure
distribution, but calculated support forces independently, instead of using the support forces from
DeepEx.

5. Results

The results of the analysis (Attachment 2), which were confirmed using the check calculations, indicate
the use of a stiff anchored back wall is structurally viable, and would significantly reduce the need for
impact sheetpile driving in the river.

Table 1 summarizes the revised cofferdam impact driving.
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Table 1. Summary of Pile Drivability Evaluations for Intakes C-E-2, 3, and 5

. Total Number of
Estimated Blows
Pile Tip Number of Total

Elevation Flow Screen sheetpile On- Time® Time
Intake (feet) (cfs) Type pairs Blows? | land In-water | (minutes) | (hours)®
C-E-2 -55 1,500 Tee® 269 20 - 5,380 2d 9
C-E-2 -55 1,500 Platef 324 20 - 6,480 2d 11
C-E-3 -60 3,000 Tee® 420 19 - 7,980 2d 15
C-E-3 -60 3,000 Platef 492 19 - 9,350 2d 17
C-E-5 -55 1,500 Tee® 277 10 - 2,770 2d 10
C-E-5 -55 1,500 Platef 324 10 - 3,240 2d 11
C-E-5 -55 3,000 Tee® 410 10 - 4,100 2d 14
C-E-5 -55 3,000 Platef 509 10 - 5,090 2d 17

2 Estimated per sheetpile pair from Figures 1 through 3 of Attachment 1.

b Driving time per sheetpile pair.

¢Estimated total driving time has been rounded up. It presents estimate of impact pile driving time only.
Time for the partial vibratory pile installation, equipment setup, periodic alignment check, and downtime are
not considered in the estimate.

dRequired driving time is assumed to be 2 minutes.

€ Quantities account for the intake structure location that provides water surface level impact compliance.

fQuantities have not been adjusted for relocating the intake structure to account for water surface level impact

compliance. If the vertical flat plate intake structure is selected for implementations, these values would need
to be revised.

Comparing the results provided in Table 1 to the results in Table 5 of Attachment 1, the elimination of the
sheetpile-supported back wall and the elimination of the use of king piles in the front and side walls have
reduced the cumulative number of impact pile strikes to between 2- and 15-percent of those of the initial
approach.

6. Duration

The driving time identified in Table 1 does not account for the handling of the sheetpile pair, nor the time
required to perform the primary vibratory installation. For the purpose of estimating the total duration of
pile driving it is assumed that 2 crews will perform the vibratory installation at each intake, and that each
intake sheetpile construction period is staggered by approximately 1 year. Setting the pile pair in the
template and vibratory driving is anticipated to take 1 hour per pair, on average.

It is therefore estimated that the longest installation period would be 255 hours, or roughly 5 weeks for
the 3,000 cfs plate screen alternative at Intake 5. During this 5-week period there would be a total of
1,018 minutes (17 hours) of pile impact driving. This assumes that the impact driving would be completed
by a separate 3™ crew who followed after each of the 2 vibratory crews.

If the same 2 vibratory crews were responsible for impact driving, which could be preferable from an
installation standpoint, then the crews could spend the last portion of each day completing the installation
with impact driving. If it takes 1 hour to swap from the vibratory to impact hammer and back again each
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day then the total duration of pile pair installation would be 5 weeks plus 26 hours of hammer-swap, and
17 hours of impact driving for the 3,000 cfs plate screen alternative at Intake 5. This approach would result
in 17 hours of impact driving during a roughly 6-week period.

7. Intake Structure Configuration

Similar to the approach used for the Freeport Intake, the current concept for intake cofferdam
construction does not anticipate relying on the tiebacks and the DMM back wall for support of the ground
in the intake structure’s permanent condition. It is anticipated that “windows” in the back wall of the
permanent intake would allow access to the tiebacks during construction, which would in turn be
detensioned when the intake structure was capable of transferring the lateral loads to the deep
foundation. The “windows” would then be sealed, as no further access to the tiebacks would be required.

Tiebacks would be spaced as required to avoid conflicts with the intake discharge piping and ground
improvement DMM grid, and portions of the tiebacks may need to be removed, after detensioning.
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1. Introduction

The purpose of this technical memorandum is to evaluate the installation of piling to be used to construct
temporary cofferdams to facilitate in-river intake construction for the Delta conveyance project.

Temporary in-river cofferdam structures would be planned at Intakes 2, 3, and 5 for the Delta Conveyance
Project. The purpose of the cofferdams would be to create a temporary enclosure to isolate the
construction area for the intake structure from the Sacramento River water and river bank soil to allow
construction of the intake structures in dry conditions.

It is assumed that there would be a large unbalanced lateral load acting on the back cofferdam wall and a
lack of soil resistance acting on the front cofferdam wall. Development of the criteria also considered the
system employed for the cofferdam used during construction of upstream Freeport Intake. The temporary
cofferdams are assumed to be a combined wall system, such as those manufactured by Arcelor-Mittal and
consisting of king piles (HZ 680M LT) and paired intermediary sheet piles (AZ 40-700). An interlock
connector would be welded at the end of the flange of the king pile (wide-flange pile), and a pair of
intermediary sheet piles would be attached to the connectors between two king piles. The intermediary
sheet piles would transfer the soil and water pressure to the king piles, which carry most of the load.

It is anticipated that the piles would be installed with vibratory hammers in the upper soil layers, followed
by impact hammers in the lower hard and dense soil layers to the pile termination depths. This
memorandum summarizes the pile drivability analyses, the number of piles anticipated, the estimated
total number of impact hammer blows to install the king and intermediary piles, and the estimated impact
hammer driving time for each of the cofferdam structures. It also discusses potential mitigation measures
to reduce the need for impact pile driving.

1.1 Organization

e Subsurface Conditions

Analysis Methodology

Results

Conclusion

e  Further Studies

e References

e Document History and Quality Assurance
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2. Subsurface Conditions

2.1 Intake 2

The Intake 2 structure would be located approximately 1,900 feet south of the intersection of Scribner
Road and State Route 160 (River Road) along the east bank of the Sacramento River. Six overwater borings
(DCR2-DH-4 to DRC2-DH-009) were drilled to depths ranging from approximately 120 to 142 feet below
the mudline at the site in 2010 and 2012.

A review of the six borings indicated that the subsurface conditions at Intake 2 may be divided into a softer
and looser upper layer and a harder and denser lower soil layer. Boring DCR2-DH-004, which encountered
the thinnest upper soil layer, was selected to be representative of the general soil conditions at Intake 2,
for conservatism. Based on this borehole, the upper soil layer at Intake 2 is approximately 37 feet in
thickness and consists of very loose to medium silt (ML) and sand (SM, SP), followed by a lower soil layer
of stiff to very stiff fat clay (CH) and lean clay (CL) and primarily medium to very dense sands (SM, SP,
SW-SM). Attachment 1 contains the boring DCR2-DH-004 log.

2.2 Intake 3

The Intake 3 structure would be located 1.75 miles south of Intake 2 and is approximately 2,100 feet
southwest of the intersection of River Park Drive and State Route 160 (River Road) along the east bank of
the Sacramento River. Three overwater borings (DCR3-DH-013 to DRC3-DH-015) were drilled to depths
ranging from approximately 140 to 142 feet below the mudline at the site in 2012.

Similar to Intake 2, the subsurface conditions at Intake 3 can be divided into upper and lower soil layers.
Boring DCR3-DH-014 was selected to be representative of the general soil conditions at Intake 3 in our
analyses for conservatism. Based on this borehole, the upper soil layer at Intake 3 is approximately 18.1 feet
in thickness and consists of lean clay (CL) and loose to medium sand (SM, SP), underlain by a lower soil layer
of very stiff to hard lean clay (CL) and fat clay (CH) and dense to very dense silt (ML), sand (SM, SC, SP, SW,
SP-SM) and gravel (GM, GP, GW-GM). Attachment 1 contains the boring DCR3-DH-014 log.

23 Intake 5

The Intake 5 structure would be located approximately 1.5 miles southwest of the intersection of Hood-
Franklin Road and State Route 160 (River Road) along the east bank of the Sacramento River. Three
overwater borings (DCR5-DH-013, DCR-DH-004, and DRC5-DH-014) were drilled to depths ranging from
approximately 138 to 142 feet below the mudline at the site in 2009 and 2012.

Boring DCR5-DH-014, with the thinnest upper soil layer, is selected to be representative of the general soil
conditions at Intake 5 in our analyses for conservatism. Based on this boring, the upper soil layer at Intake 5
is approximately 36.3 feet in thickness and consists of very soft lean clay (CL) and loose to medium sand (SM,
SP-SC), followed by a lower layer of very stiff to hard lean clay (CL) and fat clay (CH) and medium to very
dense sand (SM, SP, SW, SP-SM) and gravel (GP). Attachment 1 contains the boring DCR5-DH-014 log.
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3. Analysis Methodology

Table 1 summarizes anticipated lengths and numbers of planned cofferdam piles.

Table 1. Summary of Potential Cofferdam Characteristics

Linear Footage of Piles? Number of Piles Required (by type)®
Sheet Pile
-L In-Wat
Tip Mudline On-Land n-tWater
Elevation Elevation King Sheet Pile King Sheet Pile
Intake On-land In-water (feet) (feet) Piles Pairs Piles Pairs
2 1,869 2330 -85 -12.5 306 306 382 382
3 1563 2151 -60 -32.5 256 256 352 352
5 1,665 2228 -55 -16.0 273 273 365 365

2Includes 3 interior cofferdam partition walls.
bEach 6.1-foot increment of perimeter includes a single king pile and a paired sheet pile.

It is anticipated that pile installation will use vibratory methods where the strength and density of the soil
make it feasible. Where the conditions make vibratory installation impractical, impact pile driving will be
required.

3.1 Vibratory Pile Driving

Vibratory pile driving would result in less noise and could reduce the potential damage to adjacent
structures. In general, vibro-drivability of a pile is governed by soil resistance along the pile shaft and at
the toe of the pile. To estimate the viable depth of vibratory pile penetration at each intake location, an
empirical assessment was used (GE Solution Consulting Ltd., 2020). The parameters considered in the
drivability assessment included pile embedment (length), blow count (N-value), undrained shear strength
(for cohesive soils), relative density (for cohesionless soils), and groundwater conditions (for cohesionless
soils). A drivability rating of Easy, Moderate, Difficult, or Refusal was assigned to different pile embedment
lengths based on these parameters, as summarized in Attachment 2.

3.2 Impact Pile Driving

Where vibratory installation was rated as “moderate to difficult” or “difficult” (Attachment 2),
pile installation could require an impact method, generally using diesel or compressed air to operate the
impact hammer. Impact hammer pile drivability analysis was performed using GRLWEAP (Pile Dynamics
Inc., 2010), a one-dimensional wave equation analysis program that simulates the pile response to pile
driving equipment. GRLWEAP calculations can be used to estimate the relationship between pile bearing
capacity, hammer blow count, hammer stroke, pile stress, and penetration depth. The simulation allows
the user to evaluate the potential difficulty of driving based on the estimated blow count, stroke, and
pile stress.

The following input parameters were required for GRLWEAP analysis:

e Hammer parameters (efficiency, pressure, stroke from GRLWEAP data base)
e Cushion information (assume values or recommended values from GRLWEAP)
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e Pile information (from manufacture data sheet)
e Soil quake and damping parameters (recommended values from GRLWEAP based on soil conditions)
e Soil profile (Simple Soil Type Method “ST” in GRLWEAP)

4, Results

Technical Memorandum

Table 2 summarizes the results of the empirical analysis of vibratory pile installation at Intake 2.

Table 2. Summary of Empirical Analysis of Vibratory Pile Installation Considerations at Intake 2

Depth Below Mudline

Reported Blow

(feet) Elevation (feet) Counts Soil
(SPT “n” in blows per | Type Vibratory Drivability
From To From To foot) (USCS) Assessment?
0 14.5 -12.5 -27.0 11 SP Easy
14.5 23.2 -27.0 -35.7 2,13 ML Moderate to difficult
23.2 28.2 -35.7 -40.7 17 SM Moderate
28.2 37.0 -40.7 -49.5 22 SP Moderate
37.0 47.0 -49.5 -59.5 6,19 SP Difficult

@Refer to Attachment 1 for additional detail on assessment.

Easy = piles driving within bounds of hammer capacity, pile advancing at a rate greater than 0.1 meter per
second (0.328 foot per second).*

Moderate = piles driving close to bounds of hammer capacity, pile advancing at a rate up to 0.05 meter per
second (0.164 foot per second).*

Difficult = piles driving at hammer capacity typically, pile advancing at a rate up to 0.01 meter per second
(0.033 foot per second).* (Generally achievable with leader rig crowd force; not achievable with excavated-

mounted hammers.)

Refusal = pile resistance in excess of hammer capacity, pile advancing at a rate less than 0.01 meter per second

(0.033 foot per second).®

*Driving rates are averaged over 1 meter (3.281 feet) depth of driving.

Note:

USCS = Unified Soil Classification System

Based upon the results of this analysis, as summarized in Table 2, it appears that vibratory methods could
achieve a penetration below the mudline of up to approximately 37 feet. Below this depth, impact

methods would probably be required.

Table 3 summarizes the results of the empirical analysis of vibratory pile installation at Intake 3.
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Table 3. Summary of Empirical Analysis of Vibratory Pile Installation Considerations at Intake 3

Depth Below Mudline . Reported Blow Counts Soil
(feet) Elevation (feet) (SPT “n” in blows per Type Vibratory Drivability
From To From To foot) (USCS) Assessment?
0 8.4 -32.6 -41.0 9 SP Easy
8.4 14.8 -41.0 -47.4 5 SM Easy
14.8 18.1 -47.4 -50.7 12 CL, SM Easy
18.1 26.6 -50.7 -59.2 81 GP, Moderate to Difficult
GM
26.6 31.5 -59.2 -64.1 29 SM Moderate to Difficult

2Refer to Attachment 1 for additional detail on assessment.

Easy = piles driving within bounds of hammer capacity, pile advancing at a rate greater than 0.1 meter per
second (0.328 foot per second).*

Moderate = piles driving close to bounds of hammer capacity, pile advancing at a rate up to 0.05 meter per
second (0.164 foot per second).*

Difficult = piles driving at hammer capacity typically, pile advancing at a rate up to 0.01 meter per second
(0.033 foot per second).* (Generally achievable with leader rig crowd force; not achievable with excavated-
mounted hammers.)

Refusal = pile resistance in excess of hammer capacity, pile advancing at a rate less than 0.01 meter per second
(0.033 foot per second).*

*Driving rates are averaged over 1 meter (3.281 feet) depth of driving.

Based upon the results of this analysis, as summarized in Table 3, it appears that vibratory methods could
achieve a penetration below mudline of up to approximately 18 feet. Below this depth, impact methods
would probably be required.

Table 4 summarizes the results of the empirical analysis of vibratory pile installation at Intake 5.

Table 4. Summary of Empirical Analysis of Vibratory Pile Installation Considerations at Intake 5

DepthiB€low Mudline . Reported Blow Counts Soil
(feet) Elevation (feet) (SPT “n” in blows per Type Vibratory Drivability
From To From To foot) (USCS) Assessment ?
0 21.0 -16.2 -37.2 10, 20 SP-SC Easy
21.0 28 -37.2 -44.2 2 CL Easy
28 36.3 -44.2 -52.5 7 SM Easy
36.3 42.5 -52.5 -58.7 20 SP Moderate to difficult

2Refer to Attachment 1 for additional detail on assessment.

Easy = piles driving within bounds of hammer capacity, pile advancing at a rate greater than 0.1 meter per
second (0.328 foot per second).*

Moderate = piles driving close to bounds of hammer capacity, pile advancing at a rate up to 0.05 meter per
second (0.164 foot per second).*

Difficult = piles driving at hammer capacity typically, pile advancing at a rate up to 0.01 meter per second
(0.033 foot per second).* (Generally achievable with leader rig crowd force, not achievable with excavated-
mounted hammers.)

Refusal = pile resistance in excess of hammer capacity, pile advancing at a rate less than 0.01 meter per second
(0.033 foot per second).*
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*Driving rates are averaged over 1 meter (3.281 feet) depth of driving.

Based upon the results of this analysis, as summarized in Table 4, it appears that vibratory methods could
achieve a penetration below mudline of up to approximately 36 feet. Below this depth, impact methods
would probably to be required.

4.1 Impact Pile Driving

Impact pile drivability evaluations were conducted using a number of commercially available diesel
hammers to assess variability. The intervals for which vibratory methods were judged to be suitable were
defined in the previous section. The impact driving analysis included the friction of the pile within these
upper layers where vibratory methods were judged to be suitable, but the number of individual pile strikes
and the time required to achieve the tip penetration for these upper layers (identified in Section 3) were
not considered to be major factors and were discounted. A Berminghammer Model B6505 hammer was
selected as a typical large hammer suitable for use, with a rated energy of 203 kip-feet. For Intakes 2 and
5, the model assumed a full hammer stroke height of 11.5 feet. For Intake 3, the model assumed a full
hammer stroke height of 6.8 feet to reduce driving stress on the piles. Figures 1 to 3 include drivability
model results with pile tip elevations versus cumulative pile strikes (hammer blows). Table 5 summarizes
the results for all of the intake locations. Attachment 3 contains GRLWEAP output reports.

Mudline
-20 —e—King Pile
—@— Sheet Pile Pair M. dense SP,SM.
Soft to stiff ML

-40

-60 Loose to m. dense SP

80 .dense tov. dense SW-SM

Elevation (ft)

-100
Stiff to v. stiff CH,CL.
Dense SC

-120

Medium to dense SP, SM

-140
0 100 200 300 400 500 600

Cumulative Hammer Blows

Figure 1. Impact Hammer Pile Drivability Plot for Intake 2
HZ 680 M LT H-Pile & AZ 40-700 Sheet Pile / BERMINGHAMMER B6505

Notes:

m. = medium

V. = very

Soil Types:

CH = Fat Clay SM = Silty Sand

CL =Clay SP = Poorly-Graded Sand
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4.1.1 Pile Drivability Summary

Table 5 summarizes the pile drivability evaluation for Intakes 2, 3, and 5. The summary includes estimates
of the following:

e Total number of king piles and sheet pile pairs required for each intake
e Cumulative hammer blows to drive all the king piles and sheet pile pairs for each intake
e Driving time

Table 5. Summary of Pile Drivability Evaluations for Intakes 2, 3, and 5

Estimated Blows per Total Number of Driving Time per Pile Total Driving Time
Pile? Blows"® (minutes) (hours)©
Sheet Pile Sheet Pile
Intake | King Pile Pair On-Land In-Water King Pile Pair On-Land In-Water
2 539 156 212,670 265,490 11 3 75 90
3 338 19 91,392 125,664 6 2¢ 35 50
5 41 10 13,923 18,615 2 2¢ 20 25

2From Figures 1 through 3.

bRefer to Table 1 for total number of piles.

¢Estimated total driving time has been rounded up. It presents estimate of impact pile driving time only.
Time for the partial vibratory pile installation, equipment setup, periodic alignment check, and downtime are
not considered in the estimate.

dRequired driving time is negligible, assumed 2 minutes.

5. Conclusion

Based on the empirical vibratory pile installation criteria, it appears that piles could be installed using
vibratory methods through the upper soil layer at the intakes. The vibratory pile drive lengths at Intakes 2,
3, and 5 would be approximately 37, 18, and 36 feet, respectively. Following vibratory pile driving, impact
pile driving would be required based upon this analysis. The impact pile drive lengths from the interface
of the upper and lower soil layers to the bottom of the cofferdams as estimated for Intakes 2, 3, and 5 will
be approximately 35.5, 9.5, and 2.5 feet, respectively.

6. Further Studies

It is generally preferable for any construction site to limit the duration of impact pile driving for
environmental reasons. One approach is to pre-auger the soils using solid-flight augers in order to permit
additional penetration using vibratory methods or to reduce the number of impact blows required to
achieve full pile penetration. Based on discussions with pile driving contractors, the practical limit of
pre-augering is approximately 100 feet, limited by auger length and available motor torque. Given that
the cofferdam piles will likely be installed from a temporary work trestle situated above river flood levels
(assume top of deck at elevation 30 feet), the depth from the trestle deck to the mudline is anticipated to
be 40 to 60 feet. This puts full pre-augering out of depth range at Intake 2, but more importantly, the
significant unsupported length is too great for the augers to handle structurally at all of the intakes.
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Other methods to reduce driving resistance include water or air jetting at the pile tip, but these actions
could increase environmental disturbance in the Sacramento River water column outside of any
cofferdam enclosure, including increasing turbidity downstream.

A sound enclosure could be constructed around the cofferdam structure to reduce offsite noise levels by
shrouding the pile driving operations. Means to reduce required pile tip penetration and pile section
thickness could also be considered.

Pile driving was most frequently required for the king piles along the back wall at the Freeport Intake.
If the required bending resistance could be lowered, it may be possible to eliminate the need for the heavy
king piles.

Pile penetration for both the front and back cofferdam walls would be driven by structural demands from
the large lateral loads acting on the back wall. Potential modifications to the cofferdam could include
degrading the levee behind the back wall once a flood control setback levee would be installed on the
land side of the intake site and/or implementing tie-backs or ground improvement to further reduce the
structural demands on the cofferdam. Scour potential would also be a concern for the front wall
penetration, and that penetration should be selected to prevent undermining of the final intake system.
Finally, a stiffer secant pile or diaphragm wall could be selected for the back wall to reduce the demands
on the front wall, potentially reducing the structural requirements of the front wall.
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Depth Stroke Pressure Efficy
ft ft Ratio
15.71 6.80 1.00 0.800

)

WaterFix_2019-CER_Intake3_014_SPile

04/14/2020

CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
26.4 0.8 6.80 6.85 -5.32 8 23 19.21 1 4 191.8 45.3

)
WaterFix_2019-CER_Intake3 014 SPile 04/14/2020

CH2M HILL GRLWEAP Version 2010
Depth (ft) 19.7
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
65.5 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.791
Pile and Soil Model Total Capacity Rut (kips) 91.6
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.591 40354 0.010 0.000 0.85 0.0 0.000 0.100 3.27 13.5 52.8
2 0.591 40354 0.000 0.000 1.00 0.0 0.000 0.100 6.55 13.5 52.8
14 0.591 40354 0.000 0.000 1.00 0.0 0.050 0.100 45.83 13.5 52.8
15 0.591 40354 0.000 0.000 1.00 0.7 0.050 0.100 49.10 13.5 52.8
16 0.591 40354 0.000 0.000 1.00 2.0 0.050 0.100 52.38 13.5 52.8
17 0.591 40354 0.000 0.000 1.00 3.3 0.050 0.100 55.65 13.5 52.8
18 0.591 40354 0.000 0.000 1.00 4.6 0.050 0.100 58.92 13.5 52.8
19 0.591 40354 0.000 0.000 1.00 6.0 0.050 0.100 62.20 13.5 52.8
20 0.591 40354 0.000 0.000 1.00 11.1 0.050 0.100 65.47 13.5 52.8
Toe 63.8 0.150 0.100
11.820 kips total unreduced pile weight (g= 32.17 ft/s2)
11.825 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
19.69 6.80 1.00 0.800
~
WaterFix_2019-CER_Intake3 014 SPile 04/14/2020

CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
91.6 1.1 6.80 6.82 -0.90 3 10 20.73 1 2 220.2 45.5

"
WaterFix_2019-CER_Intake3 014 SPile 04/14/2020

GRLWEAP Version 2010

CH2M HILL

Depth (ft) 25.7

Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor
PILE PROFILE:

Toe Area (in2) 52.850 Pile Type

Pile Size (inch) 0.000

L b Top Area E-Mod Spec Wt Perim C Index Wave Sp
ft in2 ksi  1b/ft3 ft

Page 5

ft/s

1.000

Sheet Pile

EA/c
k/ft/s
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0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
65.5 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.791
Pile and Soil Model Total Capacity Rut (kips) 152.5
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.591 40354 0.010 0.000 0.85 0.0 0.000 0.100 3.27 13.5 52.8
2 0.591 40354 0.000 0.000 1.00 0.0 0.000 0.100 6.55 13.5 52.8
13 0.591 40354 0.000 0.000 1.00 0.5 0.050 0.100 42.56 13.5 52.8
14 0.591 40354 0.000 0.000 1.00 1.8 0.050 0.100 45.83 13.5 52.8
15 0.591 40354 0.000 0.000 1.00 3.1 0.050 0.100 49.10 13.5 52.8
16 0.591 40354 0.000 0.000 1.00 4.4 0.050 0.100 52.38 13.5 52.8
17 ©.591 40354 0.000 0.000 1.00 5.7 0.050 0.100 55.65 13.5 52.8
18 0.591 40354 0.000 0.000 1.00 9.5 0.050 0.100 58.92 13.5 52.8
19 0.591 40354 0.000 0.000 1.00 17.5 0.050 0.100 62.20 13.5 52.8
20 0.591 40354 0.000 0.000 1.00 21.0 0.050 0.100 65.47 13.5 52.8
Toe 89.0 0.150 0.100
11.820 kips total unreduced pile weight (g= 32.17 ft/s2)
11.825 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
25.69 6.80 1.00 0.800
~
WaterFix_2019-CER_Intake3 014 SPile 04/14/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
152.5 1.8 6.80 6.77 -0.75 3 10 23.30 7 3 183.7 45.4
~
WaterFix_2019-CER_Intake3 014 SPile 04/14/2020
CH2M HILL GRLWEAP Version 2010
Depth (ft) 27.4
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
65.5 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.791
Pile and Soil Model Total Capacity Rut (kips) 171.7
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.591 40354 0.010 0.000 0.85 0.0 0.000 0.100 3.27 13.5 52.8
2 0.591 40354 0.000 0.000 1.00 0.0 0.000 0.100 6.55 13.5 52.8
12 0.591 40354 0.000 0.000 1.00 0.1 0.050 0.100 39.28 13.5 52.8
13 0.591 40354 0.000 0.000 1.00 1.1 0.050 0.100 42.56 13.5 52.8
14 0.591 40354 0.000 0.000 1.00 2.5 0.050 0.100 45.83 13.5 52.8
15 0.591 40354 0.000 0.000 1.00 3.8 0.050 0.100 49.10 13.5 52.8
16 0.591 40354 0.000 0.000 1.00 5.1 0.050 0.100 52.38 13.5 52.8
17 ©.591 40354 0.000 0.000 1.00 6.4 0.050 0.100 55.65 13.5 52.8
18 0.591 40354 0.000 0.000 1.00 14.6 0.050 0.100 58.92 13.5 52.8
19 0.591 40354 0.000 0.000 1.00 19.3 0.050 0.100 62.20 13.5 52.8
20 0.591 40354 0.000 0.000 1.00 22.8 0.050 0.100 65.47 13.5 52.8
Toe 96.0 0.150 0.100

11.820 kips total
11.825 kips total

unreduced pile weight (g= 32.17 ft/s2)
reduced pile weight

(g= 32.19 ft/s2)
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Depth Stroke Pressure Efficy
ft ft Ratio
27.37 6.80 1.00 0.800
~
WaterFix_2019-CER_Intake3_ 014 SPile 04/14/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
171.7 2.1 6.80 6.77 -0.60 2 10 23.72 10 4 171.9 45.4
~
WaterFix_2019-CER_Intake3_ 014 SPile 04/14/2020
CH2M HILL GRLWEAP Version 2010
SUMMARY OVER DEPTHS
G/L at Shaft and Toe: ©.500 1.000
Depth Rut Frictn End Bg Bl Ct Com Str Ten Str Stroke ENTHRU
ft kips kips kips  bl/ft ksi ksi ft  kip-ft
6.0 6.5 2.2 4.3 0.0 0.000 0.000 6.80 0.0
12.0 17.4 8.9 8.6 0.0 0.000 0.000 6.80 0.0
15.7 26.4 15.2 11.2 0.8 19.212 -5.316 6.80 191.8
19.7 91.6 27.7 63.8 1.1 20.734 -0.899 6.80 220.2
25.7 152.5 63.5 89.0 1.8 23.296 -0.753 6.80 183.7
27.4 171.7 75.7 96.0 2.1 23.720 -0.600 6.80 171.9
Total Driving Time 0 minutes; Total No. of Blows 18
Starting at penetration 6.0 ft
~
WaterFix_2019-CER_Intake3_ 014 SPile 04/14/2020
CH2M HILL GRLWEAP Version 2010
Table of Depths Analyzed with Driving System Modifiers
Temp. Wait Equivalent Pressure Stiffn. Cushion
Depth Length Time Stroke Ratio  Efficy. Factor CoR
ft ft hr ft
6.00 65.47 0.00 6.80 1.00 0.80 1.00 1.00
12.00 65.47 0.00 6.80 1.00 0.80 1.00 1.00
15.71 65.47 0.00 6.80 1.00 0.80 1.00 1.00
19.69 65.47 0.00 6.80 1.00 0.80 1.00 1.00
25.69 65.47 0.00 6.80 1.00 0.80 1.00 1.00
27.37 65.47 0.00 6.80 1.00 0.80 1.00 1.00
Soil Layer Resistance Values
Shaft End  Shaft Toe  Shaft Toe Soil Limit  Setup
Depth Res. Bearing Quake Quake Damping Damping  Setup Distance Time
ft  k/ft2 kips inch inch s/ft s/ft Normlzd ft hrs
0.00 0.00 0.00 0.100 0.121 0.050 0.150 1.000 6.560 1.000
18.10 0.33 12.91 0.100 0.121 0.050 0.150 1.000 6.560 1.000
18.10 0.66 57.18 0.100 0.100 0.050 0.150 1.000 6.560 1.000
27.37 1.12 96.01 0.100 0.100 0.050 0.150 1.000 6.560 1.000
65.47 1.12 96.01 0.100 0.100 0.050 0.150 1.000 6.560 1.000
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GRLWEAP - Version 2010
WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS

written by GRL Engineers, Inc. (formerly Goble Rausche Likins
and Associates, Inc.) with cooperation from Pile Dynamics, Inc.
Copyright (c) 1998-2010, Pile Dynamics, Inc.

ABOUT THE WAVE EQUATION ANALYSIS RESULTS

The GRLWEAP program simulates the behavior of a preformed pile driven by
either an impact hammer or a vibratory hammer. The program is based on
mathematical models, which describe motion and forces of hammer, driving
system, pile and soil under the hammer action. Under certain conditions,
the models only crudely approximate, often complex, dynamic situations.

A wave equation analysis generally relies on input data, which represents
normal situations. In particular, the hammer data file supplied with the
program assumes that the hammer is in good working order. All of the input
data selected by the user may be the best available information at the time
when the analysis is performed. However, input data and therefore results
may significantly differ from actual field conditions.

Therefore, the program authors recommend prudent use of the GRLWEAP results.
Soil response and hammer performance should be verified by static and/or
dynamic testing and measurements. Estimates of bending or other local
stresses (e.g., helmet or clamp contact, uneven rock surfaces etc.),
prestress effects and others must also be accounted for by the user.

The calculated capacity - blow count relationship, i.e. the bearing graph,
should be used in conjunction with observed blow counts for the capacity
assessment of a driven pile. Soil setup occurring after pile installation

may produce bearing capacity values that differ substantially from those
expected from a wave equation analysis due to soil setup or relaxation. This
is particularly true for pile driven with vibratory hammers. The GRLWEAP user
must estimate such effects and should also use proper care when applying blow
counts from restrike because of the variability of hammer energy, soil
resistance and blow count during early restriking.

Finally, the GRLWEAP capacities are ultimate values. They MUST be reduced by
means of an appropriate factor of safety to yield a design or working load.
The selection of a factor of safety should consider the quality of the
construction control, the variability of the site conditions, uncertainties
in the loads, the importance of building and other factors.
~
Input File: C:\USERS\MAU\DESKTOP\WATERFIX\INTAKE PILE DRIVABLITY\PILE_DRIVING\GRLWEAP\DRIVING
TIME\BERMINGHAM B6505\INTAKE 5\H PILE\INTAKES5_014 HPILE_BERMB6505_TIME_ALL.GWW
Hammer File: C:\ProgramData\PDI\GRLWEAP\2010\Resource\HAMMER2010.GW
Hammer File Version: 2003 (12/4/2015)

Input File Contents
WaterFix_2019-CER_Intake5_014_HPile

OUT 0SG HAM STR FUL PEL N SPL N-U P-D %SK ISM © PHI RSA ITR H-D MXT DEx
-166 ©0433 © 1 © 06 © © © © © 6 0 © ©0 o 0 0.000
Pile g Hammer g Toe Area Pile Size Pile Type
32.185 32.185 450.400 18.110 H Pile
W Cp A Cp E Cp T Cp CoR ROut StCp
6.000 424.000 30000.0 6.000 0.700 0.010 0.0
A Cu E Cu T Cu CoR ROut StCu
0.000 0.0 0.000 0.000 0.000 0.0
LPle APle EPle WPle Peri CI CoR ROut
60.310 39.96 30000.0 492.000 7.160 2] 0.850 0.010
FFatique FO ©-Bottom
2] 0.000 0.000
Manufac Hmr Name HmrType No Seg-s
BERMINGH B6505 1 4
Ram Wt Ram L  Ram Dia  MaxStrk  RtdStrk Efficy
17.64 142.90 23.50 11.50 11.50 0.80
IB. Wt IB. L IB.Dia IB CoR IB RO
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3.75 43.00 19.00 0.900 0.010
CompStrk A Chamber V Chamber C Delay C Duratn Exp Coeff VolCStart Vol
20.30 452.40 658.00 0.0000 0.0000 1.250 724.00 76
P atm P1 P2 P3 P4 P5
14.70  1375.00 0.00 0.00 0.00 0.00
Stroke Effic. Pressure R-Weight T-Delay Exp-Coeff Eps-Str Tota
11.5000 0.8000 1375.0000 0.0000 0.0000 0.0000 0.0000 0.
Qs Qt Js Jt Qx JIx Rati
0.100 0.100 0.100 0.150 0.000 0.000 0.000 (2]
Research Soil Model: Atoe, Plug, Gap, Q-fac
0.000 0.000 0.000 0.000
Research Soil Model: RD-skn: m, d, toe: m, d
0.000 0.000 0.000 0.000
Res. Distribution
Dpth Rskn Rtoe Qs Qt Js Jt SU F LimD
0.00 0.00 0.00 0.10 0.35 0.05 0.15 1.20 6.56
36.30 0.67 220.71 0.10 0.35 0.05 0.15 1.20 6.56
36.30 0.67 220.71 0.10 0.35 0.05 0.15 1.20 6.56
38.81 0.71 235.97 0.10 0.35 0.05 0.15 1.20 6.56
60.31 0.71 235.97 0.10 0.35 0.05 0.15 1.20 6.56
Gain/Loss factors: shaft and toe
0.50000 ©.00000 ©.00000 ©.00000 ©.00000
1.00000 ©0.00000 ©0.00000 ©.00000 ©.00000
Dpth L Wait Strk Pmx% Eff. Stff
6.00 0.00 0.00 0.000 0.000 0.000 0.000 0
12.00 0.00 0.00 0.000 0.000 0.000 0.000 0
15.71 0.00 0.00 0.000 0.000 0.000 0.000 (2]
19.69 0.00 0.00 0.000 0.000 0.000 0.000 (2]
25.69 0.00 0.00 0.000 0.000 0.000 0.000 (2]
31.69 0.00 0.00 0.000 0.000 0.000 0.000 (2]
37.69 0.00 0.00 0.000 0.000 0.000 0.000 (2]
38.81 0.00 0.00 0.000 0.000 0.000 0.000 (2]
0.00 0.00 0.00 0.000 0.000 0.000 0.000 (2]
~ GRLWEAP: WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS
Version 2010
English Units
WaterFix_2019-CER_Intake5_014_HPile
Hammer Model: B6505 Made by: BERMINGH
No. Weight Stiffn CoR C-S1k Dampg
kips k/inch ft k/ft/s
1 4.410
2 4.410 352088.1 1.000 0.0100
3 4.410 352088.1 1.000 0.0100
4 4.410 352088.1 1.000 0.0100
Imp Block 3.750 123917.9 0.900 0.0100
Helmet 6.000 2120000.0 0.700 0.0098 18.1
Combined Pile Top 29815.9
HAMMER OPTIONS:
Hammer File ID No. 433 Hammer Type OE Diesel
Stroke Option FxdP-VarS Stroke Convergence Crit. 0.010
Fuel Pump Setting Maximum
HAMMER DATA:
Ram Weight (kips) 17.64 Ram Length (inch) 142.90
Maximum Stroke (ft) 11.50
Rated Stroke (ft) 11.50 Efficiency 0.800
Maximum Pressure (psi) 1375.00 Actual Pressure (psi) 1375.00
Compression Exponent 1.350 Expansion Exponent 1.250
Ram Diameter (inch) 23.50
Comb. Start Volume (in3) 724.00 Comb. End Volume (in3) 768.00

The Hammer Data Includes Estimated (NON-MEASURED) Quantities
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INTAKE5_014_HPILE_BERMB6505_TIME_ALL.GWO

HAMMER CUSHION

Cross Sect. Area (in2) 424.00
Elastic-Modulus (ksi) 30000.0
Thickness (inch) 6.00
Coeff of Restitution 0.7
RoundOut (ft) 0.0
Stiffness (kips/in) 2120000.0
"

WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

PILE CUSHION

Cross Sect. Area (in2)
Elastic-Modulus (ksi)
Thickness (inch)
Coeff of Restitution

RoundOut (ft)
Stiffness (kips/in)

03/07/2020
GRLWEAP Version 2010

Depth (ft) 6.0
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2)  450.400 Pile Type H Pile
Pile Size (inch) 18.110
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 39.96 30000. 492.0 7.2 0 16807. 71.3
60.3 39.96 30000. 492.0 7.2 0 16807. 71.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 37.7
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.457 29816 0.010 0.000 0.85 0.0 0.000 0.100 3.35 7.2 40.0
2 0.457 29816 0.000 0.000 1.00 0.0 0.000 0.100 6.70 7.2 40.0
17 0.457 29816 0.000 0.000 1.00 0.2 0.050 0.100 56.96 7.2 40.0
18 0.457 29816 0.000 0.000 1.00 1.0 0.050 0.100 60.31 7.2 40.0
Toe 36.5 0.150 0.354
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)
8.238 kips total reduced pile weight (g= 32.19 ft/s2)
PILE, SOIL, ANALYSIS OPTIONS:
Uniform pile Pile Segments: Automatic
No. of Slacks/Splices @ Pile Damping (%) 1
Pile Damping Fact.(k/ft/s) 1.427
Driveability Analysis
Soil Damping Option Smith
Max No Analysis Iterations © Time Increment/Critical 160
Output Time Interval 3 Analysis Time-Input (ms) %]
Output Level: Normal
Gravity Mass, Pile, Hammer: 32.170 32.185 32.185
Output Segment Generation: Automatic
Depth Stroke Pressure Efficy
ft ft Ratio
6.00 11.50 1.00 0.800
~
WaterFix_2019-CER_Intake5 014 HPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
37.7 Hammer did not run
~
WaterFix_2019-CER_Intake5 014 HPile 03/07/2020

CH2M HILL

Depth (ft) 12.0
Shaft Gain/Loss Factor 0.500
PILE PROFILE:

Toe Area (in2)  450.400
Pile Size (inch) 18.110

GRLWEAP Version 2010

Toe Gain/Loss Factor

Pile Type

Page 3
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INTAKE5_014_HPILE_BERMB6505_TIME_ALL.GWO

L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 39.96 30000. 492.0 7.2 0 16807. 71.3
60.3 39.96 30000. 492.0 7.2 0 16807. 71.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 77.7
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.457 29816 0.010 0.000 0.85 0.0 0.000 0.100 3.35 7.2 40.0
2 0.457 29816 0.000 0.000 1.00 0.0 0.000 0.100 6.70 7.2 40.0
15 0.457 29816 0.000 0.000 1.00 0.1 0.050 0.100 50.26 7.2 40.0
16 0.457 29816 0.000 0.000 1.00 0.8 0.050 0.100 53.61 7.2 40.0
17 0.457 29816 0.000 0.000 1.00 1.5 0.050 0.100 56.96 7.2 40.0
18 0.457 29816 0.000 0.000 1.00 2.3 0.050 0.100 60.31 7.2 40.0
Toe 73.0 0.150 0.354
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)
8.238 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
12.00 11.50 1.00 0.800
~
WaterFix_2019-CER_Intake5 014 HPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
77.7 1.3 4.12 4.14 0.00 1 0 12.44 1 5 124.9 58.1
~
WaterFix_2019-CER_Intake5 014 HPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Depth (ft) 15.7
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2)  450.400 Pile Type H Pile
Pile Size (inch) 18.110
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 39.96 30000. 492.0 7.2 0 16807. 71.3
60.3 39.96 30000. 492.0 7.2 0 16807. 71.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 103.6
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.457 29816 0.010 0.000 0.85 0.0 0.000 0.100 3.35 7.2 40.0
2 0.457 29816 0.000 0.000 1.00 0.0 0.000 0.100 6.70 7.2 40.0
14 0.457 29816 0.000 0.000 1.00 0.2 0.050 0.100 46.91 7.2 40.0
15 0.457 29816 0.000 0.000 1.00 0.9 0.050 0.100 50.26 7.2 40.0
16 0.457 29816 0.000 0.000 1.00 1.6 0.050 0.100 53.61 7.2 40.0
17 0.457 29816 0.000 0.000 1.00 2.3 0.050 0.100 56.96 7.2 40.0
18 0.457 29816 0.000 0.000 1.00 3.1 0.050 0.100 60.31 7.2 40.0
Toe 95.5 0.150 0.354
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)

e

Depth
ft
15.71

Stroke
ft
11.50

.238 kips total

reduced pile weight (g= 32.19 ft/s2)

Pressure Efficy
Ratio
1.00 0.800

Page 4



INTAKES5_014_HPILE_BERMB6505_TIME_ALL.GWO
03/07/2020
GRLWEAP Version 2010

WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Rut Bl Ct Stroke (ft) Ten Str
kips b/ft  down up ksi
103.6 1.8 4.60 4.56 0.00
~
WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Depth (ft) 19.7
Shaft Gain/Loss Factor 0.500

PILE PROFILE:

Toe Area (in2)  450.400
Pile Size (inch) 18.110
L b Top Area E-Mod Spec Wt

ft in2 ksi  1b/ft3

0.0 39.96 30000. 492.0

60.3 39.96 30000. 492.0
Wave Travel Time 2L/c (ms) 7.177

Pile and Soil Model

t Comp Str
ksi
2] 12.83

i

1

t ENTHRU Bl Rt
kip-ft  b/min

4 118.3 55.0
03/07/2020

GRLWEAP Version 2010

Toe Gain/Loss Factor

Pile Type

Perim C Index Wave Sp

ft
7.2
7.2

[
[

Total Capacity Rut

No. Weight  Stiffn C-Slk T-Slk CoR Soil-S

So0il-D Quake

[OIGIORGI IR IR

s/ft
.000
.000
.050
.050
.050
.050
.050
.050
.150

[OCGIORGI IO E R

inch
.100
.100
.100
.100
.100
.100
.100
.100
.354

ft/s

16807.
16807.

(kip
LbT

3.

6.
43.
46.
50.
53.
56.
60.

(g= 32.19 ft/s2)

kips k/in ft ft kips
1 0.457 29816 0.010 0.000 0.85 0.0
2 0.457 29816 0.000 0.000 1.00 0.0
13 0.457 29816 0.000 0.000 1.00 0.3
14 0.457 29816 0.000 0.000 1.00 1.0
15 0.457 29816 0.000 0.000 1.00 1.7
16 0.457 29816 0.000 0.000 1.00 2.5
17 0.457 29816 0.000 0.000 1.00 3.2
18 0.457 29816 0.000 0.000 1.00 4.0
Toe 119.7
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)
8.238 kips total reduced pile weight
Depth Stroke Pressure Efficy
ft ft Ratio
19.69 11.50 1.00 0.800
~

WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Rut Bl Ct Stroke (ft) Ten Str
kips b/ft  down up ksi
132.4 2.4 4.97 4.94 0.00
~
WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Depth (ft) 25.7
Shaft Gain/Loss Factor 0.500

PILE PROFILE:

Toe Area (in2)  450.400
Pile Size (inch) 18.110
L b Top Area E-Mod Spec Wt

ft in2 ksi  1b/ft3

0.0 39.96  30000. 492.0
60.3 39.96  30000. 492.0

Wave Travel Time 2L/c (ms) 7.177

Pile and Soil Model

t Comp Str
ksi
2] 15.14

i

1

s)
op
ft
35
70
56
91
26
61
9%
31

1.000

H Pile

EA/c
k/ft/s
71.3
71.3

132.4

Perim

-+
+

NN NNNNNNN
NNNMNNMNNNDNDN

Area

in2
40.0
40.
40.
40.
40.
40.
40.
40.

[OIGIOEGI IR

03/07/2020
GRLWEAP Version 2010

t ENTHRU Bl

kip-ft

5 115.3 52

Toe Gain/Loss Factor

Pile Type

Perim C Index Wave Sp

ft
7.2
7.2

[
[

Total Capacity Rut
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake
Page 5
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(kip
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Rt
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.9

03/07/2020
GRLWEAP Version 2010

1.000

H Pile

EA/c
k/ft/s
71.3
71.3
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INTAKE5_014_HPILE_BERMB6505_TIME_ALL.GWO

kips k/in ft ft kips s/ft inch
1 0.457 29816 0.010 0.000 0.85 0.0 0.000 0.100 3.
2 0.457 29816 0.000 0.000 1.00 0.0 0.000 0.100 6.
11 0.457 29816 0.000 0.000 1.00 0.2 0.050 0.100 36.
12 0.457 29816 0.000 0.000 1.00 0.9 0.050 0.100 40.
13 0.457 29816 0.000 0.000 1.00 1.6 0.050 0.100 43.
14 0.457 29816 0.000 0.000 1.00 2.3 0.050 0.100 46.
15 0.457 29816 0.000 0.000 1.00 3.1 0.050 0.100 50.
16 0.457 29816 0.000 0.000 1.00 3.8 0.050 0.100 53.
17 0.457 29816 ©0.000 0.000 1.00 4.5 0.050 0.100 56.
18 0.457 29816 0.000 0.000 1.00 5.3 0.050 0.100 60.
Toe 156.2 0.150 0.354
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)
8.238 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
25.69 11.50 1.00 0.800
)

WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

ft
35
70
86
21
56
91
26
61
926
31

ft
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N
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03/07/2020

GRLWEAP Version 2010

Rut Bl Ct Stroke (ft) Ten Str i t Comp Str i
kips b/ft  down up ksi ksi
177.8 3.4 5.44 5.42 0.00 1 0 18.33 9

~
WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Depth (ft) 31.7
Shaft Gain/Loss Factor 0.500

PILE PROFILE:

t ENTHRU Bl Rt
kip-ft  b/min
4 111.2 50.3

03/07/2020

GRLWEAP Version 2010

Toe Gain/Loss Factor

s)
op
ft
35
70
16
51
86
21
56
91
26
61
9%
31

Toe Area (in2)  450.400 Pile Type
Pile Size (inch) 18.110
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp
ft in2 ksi  1b/ft3 ft ft/s
0.0 39.96 30000. 492.0 7.2 0 16807.
60.3 39.96 30000. 492.0 7.2 0 16807.
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kip
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbT
kips k/in ft ft kips s/ft inch
1 0.457 29816 0.010 0.000 0.85 0.0 0.000 0.100 3.
2 0.457 29816 0.000 0.000 1.00 0.0 0.000 0.100 6.
9 0.457 29816 0.000 0.000 1.00 0.1 0.050 0.100 30.
10 0.457 29816 0.000 0.000 1.00 0.7 0.050 0.100 33.
11 0.457 29816 0.000 0.000 1.00 1.4 0.050 0.100 36.
12 0.457 29816 0.000 0.000 1.00 2.2 0.050 0.100 40.
13 0.457 29816 0.000 0.000 1.00 2.9 0.050 0.100 43.
14 0.457 29816 0.000 0.000 1.00 3.7 0.050 0.100 46.
15 0.457 29816 0.000 0.000 1.00 4.4 0.050 0.100 50.
16 0.457 29816 0.000 0.000 1.00 5.1 0.050 0.100 53.
17 0.457 29816 0.000 0.000 1.00 5.9 0.050 0.100 56.
18 0.457 29816 0.000 0.000 1.00 6.6 0.050 0.100 60.
Toe 192.7 0.150 0.354
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)
8.238 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
31.69 11.50 1.00 0.800
~

WaterFix_2019-CER_Intake5_014_HPile
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INTAKES5_014_HPILE_BERMB6505_TIME_ALL.GWO
GRLWEAP Version 2010

CH2M HILL

Rut Bl Ct Stroke (ft) Ten Str
kips b/ft  down up ksi
225.6 4.5 5.87 5.84 0.00
~
WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Depth (ft) 37.7
Shaft Gain/Loss Factor 0.500

PILE PROFILE:

Toe Area (in2)  450.400
Pile Size (inch) 18.110
L b Top Area E-Mod Spec Wt

ft in2 ksi  1b/ft3

0.0 39.96 30000. 492.0

60.3 39.96 30000. 492.0
Wave Travel Time 2L/c (ms) 7.177

Pile and Soil Model

t Comp Str i
ksi
(2] 21.52 10

t ENTHRU Bl Rt
kip-ft  b/min
4 108.1 48.3

03/07/2020

GRLWEAP Version 2010

Toe Gain/Loss Factor

Pile Type

Perim C Index Wave Sp

ft
7.2
7.2

[
[

Total Capacity Rut

No. Weight  Stiffn C-Slk T-Slk CoR Soil-S

So0il-D Quake

[OIGIORGROGE ORI ORI RO R G R ORI

s/ft
.000
.000
.050
.050
.050
.050
.050
.050
.050
.050
.050
.050
.050
.050
.150

[OIGIORGROGE ORI ORI R ORI ORI

inch
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.354

ft/s

16807.
16807.

(kip
LbT

3.

6.
23.
26.
30.
33.
36.
40.
43.
46.
50.
53.
56.
60.

(g= 32.19 ft/s2)

kips k/in ft ft kips
1 0.457 29816 0.010 0.000 0.85 0.0
2 0.457 29816 0.000 0.000 1.00 0.0
7 0.457 29816 0.000 0.000 1.00 0.0
8 0.457 29816 0.000 0.000 1.00 0.6
9 0.457 29816 0.000 0.000 1.00 1.3
10 0.457 29816 0.000 0.000 1.00 2.0
11 0.457 29816 0.000 0.000 1.00 2.8
12 0.457 29816 0.000 0.000 1.00 3.5
13 0.457 29816 0.000 0.000 1.00 4.2
14 0.457 29816 0.000 0.000 1.00 5.0
15 0.457 29816 0.000 0.000 1.00 5.7
16 0.457 29816 0.000 0.000 1.00 6.4
17 0.457 29816 0.000 0.000 1.00 7.2
18 0.457 29816 0.000 0.000 1.00 7.9
Toe 229.2
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)
8.238 kips total reduced pile weight
Depth Stroke Pressure Efficy
ft ft Ratio
37.69 11.50 1.00 0.800
~

WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Rut Bl Ct Stroke (ft) Ten Str
kips b/ft  down up ksi
275.7 5.8 6.21 6.26 0.00
~
WaterFix_2019-CER_Intake5_014_HPile
CH2M HILL

Depth (ft) 38.8
Shaft Gain/Loss Factor 0.500

PILE PROFILE:

Toe Area (in2)  450.400
Pile Size (inch) 18.110
L b Top Area E-Mod Spec Wt

ft in2 ksi  1b/ft3
0.0 39.96 30000. 492.0
60.3 39.96 30000. 492.0

t Comp Str
ksi
2] 23.72

s)
op
ft
35
70
45
80
16
51
86
21
56
91
26
61
96
31

1.000

H Pile

EA/c
k/ft/s
71.3
71.3

275.7
Perim Area
in2
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
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40.
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03/07/2020

GRLWEAP Version 2010

i

8

t ENTHRU Bl Rt
kip-ft  b/min
4 104.8 46.8

03/07/2020

GRLWEAP Version 2010

Toe Gain/Loss Factor

Pile Type

Perim C Index Wave Sp

ft
7.2
7.2

[
[
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Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 285.4
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.457 29816 0.010 0.000 0.85 0.0 0.000 0.100 3.35 7.2 40.0
2 0.457 29816 0.000 0.000 1.00 0.0 0.000 0.100 6.70 7.2 40.0
7 0.457 29816 0.000 0.000 1.00 0.1 0.050 0.100 23.45 7.2 40.0
8 0.457 29816 ©0.000 0.000 1.00 0.8 0.050 0.100 26.80 7.2 40.0
9 0.457 29816 0.000 0.000 1.00 1.5 0.050 0.100 30.16 7.2 40.0
10 0.457 29816 0.000 0.000 1.00 2.3 0.050 0.100 33.51 7.2 40.0
11 0.457 29816 0.000 0.000 1.00 3.0 0.050 0.100 36.86 7.2 40.0
12 0.457 29816 0.000 0.000 1.00 3.7 0.050 0.100 40.21 7.2 40.0
13 0.457 29816 0.000 0.000 1.00 4.5 0.050 0.100 43.56 7.2 40.0
14 0.457 29816 0.000 0.000 1.00 5.2 0.050 0.100 46.91 7.2 40.0
15 0.457 29816 0.000 0.000 1.00 6.0 0.050 0.100 50.26 7.2 40.0
16 0.457 29816 0.000 0.000 1.00 6.7 0.050 0.100 53.61 7.2 40.0
17 0.457 29816 0.000 0.000 1.00 7.4 0.050 0.100 56.96 7.2 40.0
18 0.457 29816 0.000 0.000 1.00 8.2 0.050 0.100 60.31 7.2 40.0
Toe 236.0 0.150 0.354
8.234 kips total unreduced pile weight (g= 32.17 ft/s2)
8.238 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
38.81 11.50 1.00 0.800
~
WaterFix_2019-CER_Intake5 014 HPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
285.4 6.0 6.28 6.33 0.00 1 0 24.08 8 4 104.3 46.6
~
WaterFix_2019-CER_Intake5 014 HPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
SUMMARY OVER DEPTHS
G/L at Shaft and Toe: ©.500 1.000
Depth Rut Frictn End Bg Bl Ct Com Str Ten Str Stroke ENTHRU
ft kips kips kips  bl/ft ksi ksi ft  kip-ft
6.0 37.7 1.2 36.5 Hammer did not run
12.0 77.7 4.7 73.0 1.3 12.443 0.000 4.12 124.9
15.7 103.6 8.1 95.5 1.8 12.835 0.000 4.60 118.3
19.7 132.4 12.7 119.7 2.4 15.137 0.000 4.97 115.3
25.7 177.8 21.6 156.2 3.4 18.331 0.000 5.44 111.2
31.7 225.6 32.9 192.7 4.5 21.523 0.000 5.87 108.1
37.7 275.7 46.6 229.2 5.8 23.716 0.000 6.21 104.8
38.8 285.4 49.4 236.0 6.0 24.079 0.000 6.28 104.3
Total Driving Time 2 minutes; Total No. of Blows 95
Starting at penetration 6.0 ft
~
WaterFix_2019-CER_Intake5 014 HPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Table of Depths Analyzed with Driving System Modifiers
Temp. Wait Equivalent Pressure Stiffn. Cushion
Depth Length Time Stroke Ratio  Efficy. Factor CoR
ft ft hr ft
6.00 60.31 0.00 11.50 1.00 0.80 1.00 1.00
12.00 60.31 0.00 11.50 1.00 0.80 1.00 1.00
15.71 60.31 0.00 11.50 1.00 0.80 1.00 1.00
19.69 60.31 0.00 11.50 1.00 0.80 1.00 1.00
25.69 60.31 0.00 11.50 1.00 0.80 1.00 1.00
Page 8



31.69
37.69
38.81

Depth
ft
0.00
36.30
36.30
38.81
60.31

60.31
60.31
60.31

Shaft
Res.
k/ft2
0.00
0.67
0.67
0.71
0.71

End
Bearing
kips
0.00
220.71
220.71
235.97
235.97

0.00
0.00
0.00

INTAKE5_014_HPILE_BERMB6505_TIME_ALL.GWO

11.50
11.50
11.50

1.00 [
1.00 [
1.00 [

Soil Layer Resistance Values

Shaft
Quake

inch
0.100
0.100
0.100
0.100
0.100

Toe
Quake
inch
0.354
0.354
0.354
0.354
0.354

Shaft
Damping
s/ft
0.050
0.050
0.050
0.050
0.050

Toe
Damping
s/ft
0.150
0.150
0.150
0.150
0.150
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INTAKE5_©14_SHEETPILE_BERMB6505_TIME_ALL.GWO

GRLWEAP - Version 2010
WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS

written by GRL Engineers, Inc. (formerly Goble Rausche Likins
and Associates, Inc.) with cooperation from Pile Dynamics, Inc.
Copyright (c) 1998-2010, Pile Dynamics, Inc.

ABOUT THE WAVE EQUATION ANALYSIS RESULTS

The GRLWEAP program simulates the behavior of a preformed pile driven by
either an impact hammer or a vibratory hammer. The program is based on
mathematical models, which describe motion and forces of hammer, driving
system, pile and soil under the hammer action. Under certain conditions,
the models only crudely approximate, often complex, dynamic situations.

A wave equation analysis generally relies on input data, which represents
normal situations. In particular, the hammer data file supplied with the
program assumes that the hammer is in good working order. All of the input
data selected by the user may be the best available information at the time
when the analysis is performed. However, input data and therefore results
may significantly differ from actual field conditions.

Therefore, the program authors recommend prudent use of the GRLWEAP results.
Soil response and hammer performance should be verified by static and/or
dynamic testing and measurements. Estimates of bending or other local
stresses (e.g., helmet or clamp contact, uneven rock surfaces etc.),
prestress effects and others must also be accounted for by the user.

The calculated capacity - blow count relationship, i.e. the bearing graph,
should be used in conjunction with observed blow counts for the capacity
assessment of a driven pile. Soil setup occurring after pile installation

may produce bearing capacity values that differ substantially from those
expected from a wave equation analysis due to soil setup or relaxation. This
is particularly true for pile driven with vibratory hammers. The GRLWEAP user
must estimate such effects and should also use proper care when applying blow
counts from restrike because of the variability of hammer energy, soil
resistance and blow count during early restriking.

Finally, the GRLWEAP capacities are ultimate values. They MUST be reduced by
means of an appropriate factor of safety to yield a design or working load.
The selection of a factor of safety should consider the quality of the
construction control, the variability of the site conditions, uncertainties
in the loads, the importance of building and other factors.
~
Input File: C:\USERS\MAU\DESKTOP\WATERFIX\INTAKE PILE DRIVABLITY\PILE_DRIVING\GRLWEAP\DRIVING
TIME\BERMINGHAM B6505\INTAKE S5\SHEET PILE\INTAKES5_014 SHEETPILE_BERMB6505_TIME_ALL.GWW
Hammer File: C:\ProgramData\PDI\GRLWEAP\2010\Resource\HAMMER2010.GW
Hammer File Version: 2003 (12/4/2015)

Input File Contents
WaterFix_2019-CER_Intake5_014_SheetPile

OUT 0SG HAM STR FUL PEL N SPL N-U P-D %SK ISM © PHI RSA ITR H-D MXT DEx
-166 ©433 © 1 © 06 © © 1 © © 6 0 © ©0 © 0 0.000
Pile g Hammer g Toe Area Pile Size Pile Type
32.185 32.185 52.850 0.000 Sheet Pile
W Cp A Cp E Cp T Cp CoR ROut StCp
6.000 424.000 30000.0 6.000 0.700 0.000 0.0
A Cu E Cu T Cu CoR ROut StCu
0.000 0.0 0.000 0.000 0.000 0.0
LPle APle EPle WPle Peri CI CoR ROut
60.310 52.84 30000.0 492.000 13.451 2] 0.850 0.010
FFatique FO ©-Bottom
2] 0.000 0.000
Manufac Hmr Name HmrType No Seg-s
BERMINGH B6505 1 4
Ram Wt Ram L  Ram Dia  MaxStrk  RtdStrk Efficy
17.64 142.90 23.50 11.50 11.50 0.80
IB. Wt IB. L IB.Dia IB CoR IB RO
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INTAKE5_©14_SHEETPILE_BERMB6505_TIME_ALL.GWO

3.75 43.00 19.00 0.900 0.010
CompStrk A Chamber V Chamber C Delay C Duratn Exp Coeff VolCStart Vol
20.30 452.40 658.00 0.0000 0.0000 1.250 724.00 76
P atm P1 P2 P3 P4 P5
14.70  1375.00 0.00 0.00 0.00 0.00
Stroke Effic. Pressure R-Weight T-Delay Exp-Coeff Eps-Str Tota
11.5000 0.8000 1375.0000 0.0000 0.0000 0.0000 0.0000 0.
Qs Qt Js Jt Qx Jx Rati
0.100 0.100 0.100 0.150 0.000 0.000 0.000 (2]
Research Soil Model: Atoe, Plug, Gap, Q-fac
0.000 0.000 0.000 0.000
Research Soil Model: RD-skn: m, d, toe: m, d
0.000 0.000 0.000 0.000
Res. Distribution
Dpth Rskn Rtoe Qs Qt Js Jt SU F LimD
0.00 0.00 0.00 0.10 0.12 0.05 0.15 1.20 6.56
36.30 0.67 25.90 0.10 0.12 0.05 0.15 1.20 6.56
36.30 0.67 25.90 0.10 0.12 0.05 0.15 1.20 6.56
38.81 0.71 27.69 0.10 0.12 0.05 0.15 1.20 6.56
60.31 0.71 27.69 0.10 0.12 0.05 0.15 1.20 6.56
Gain/Loss factors: shaft and toe
0.50000 ©.00000 ©.00000 ©0.00000 ©.00000
1.00000 ©.00000 ©0.00000 ©.00000 ©.00000
Dpth L Wait Strk Pmx% Eff. Stff
6.00 0.00 0.00 0.000 0.000 0.000 0.000 0
12.00 0.00 0.00 0.000 0.000 0.000 0.000 0
15.71 0.00 0.00 0.000 0.000 0.000 0.000 (2]
19.69 0.00 0.00 0.000 0.000 0.000 0.000 0
25.69 0.00 0.00 0.000 0.000 0.000 0.000 0
31.69 0.00 0.00 0.000 0.000 0.000 0.000 0
37.69 0.00 0.00 0.000 0.000 0.000 0.000 (2]
38.81 0.00 0.00 0.000 0.000 0.000 0.000 (2]
0.00 0.00 0.00 0.000 0.000 0.000 0.000 (2]
~ GRLWEAP: WAVE EQUATION ANALYSIS OF PILE FOUNDATIONS
Version 2010
English Units
WaterFix_2019-CER_Intake5_014_SheetPile
Hammer Model: B6505 Made by: BERMINGH
No. Weight Stiffn CoR C-S1k Dampg
kips k/inch ft k/ft/s
1 4.410
2 4.410 352088.1 1.000 0.0100
3 4.410 352088.1 1.000 0.0100
4 4.410 352088.1 1.000 0.0100
Imp Block 3.750 123917.9 0.900 0.0100
Helmet 6.000 2120000.0 0.700 0.0100 18.1
Combined Pile Top 39426.3
HAMMER OPTIONS:
Hammer File ID No. 433 Hammer Type OE Diesel
Stroke Option FxdP-VarS Stroke Convergence Crit. 0.010
Fuel Pump Setting Maximum
HAMMER DATA:
Ram Weight (kips) 17.64 Ram Length (inch) 142.90
Maximum Stroke (ft) 11.50
Rated Stroke (ft) 11.50 Efficiency 0.800
Maximum Pressure (psi) 1375.00 Actual Pressure (psi) 1375.00
Compression Exponent 1.350 Expansion Exponent 1.250
Ram Diameter (inch) 23.50
Comb. Start Volume (in3) 724.00 Comb. End Volume (in3) 768.00

The Hammer Data Includes Estimated (NON-MEASURED) Quantities
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HAMMER CUSHION

INTAKE5_©14_SHEETPILE_BERMB6505_TIME_ALL.GWO

PILE CUSHION

Cross Sect. Area (in2) 424.00 Cross Sect. Area (in2) 0.00
Elastic-Modulus (ksi) 30000.0 Elastic-Modulus (ksi) 0.0
Thickness (inch) 6.00 Thickness (inch) 0.00
Coeff of Restitution 0.7 Coeff of Restitution 1.0
RoundOut (ft) 0.0 RoundOut (ft) 0.0
Stiffness (kips/in) 2120000.0 Stiffness (kips/in) 0.0

~

WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020

CH2M HILL GRLWEAP Version 2010
Depth (ft) 6.0
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
60.3 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 6.5
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.605 39426 0.010 0.000 0.85 0.0 0.000 0.100 3.35 13.5 52.8
2 0.605 39426 0.000 0.000 1.00 0.0 0.000 0.100 6.70 13.5 52.8
17 0.605 39426 0.000 0.000 1.00 0.4 0.050 0.100 56.96 13.5 52.8
18 0.605 39426 0.000 0.000 1.00 1.8 0.050 0.100 60.31 13.5 52.8
Toe 4.3 0.150 0.121
10.888 kips total unreduced pile weight (g= 32.17 ft/s2)
10.893 kips total reduced pile weight (g= 32.19 ft/s2)
PILE, SOIL, ANALYSIS OPTIONS:
Uniform pile Pile Segments: Automatic
No. of Slacks/Splices @ Pile Damping (%) 1
Pile Damping Fact.(k/ft/s) 1.886
Driveability Analysis
Soil Damping Option Smith
Max No Analysis Iterations © Time Increment/Critical 160
Output Time Interval 3 Analysis Time-Input (ms) %]
Output Level: Normal
Gravity Mass, Pile, Hammer: 32.170 32.185 32.185
Output Segment Generation: Automatic
Depth Stroke Pressure Efficy
ft ft Ratio
6.00 11.50 1.00 0.800
INITIAL STATIC ANALYSIS: Total Wt, Sum(R) 20.6 6.5
Hammer+Pile Weight > Rult: Pile Runs
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
6.5 0.0 11.50 0.00 0.00 1 0 0.00 1 0 0.0 76.8
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Depth (ft) 12.0

Shaft Gain/Loss Factor

0.500 Toe Gain/Loss Factor
Page 3
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PILE PROFILE:

INTAKE5_©14_SHEETPILE_BERMB6505_TIME_ALL.GWO

Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
60.3 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 17.4
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.605 39426 0.010 0.000 0.85 0.0 0.000 0.100 3.35 13.5 52.8
2 0.605 39426 0.000 0.000 1.00 0.0 0.000 0.100 6.70 13.5 52.8
15 0.605 39426 0.000 0.000 1.00 0.2 0.050 0.100 50.26 13.5 52.8
16 0.605 39426 0.000 0.000 1.00 1.5 0.050 0.100 53.61 13.5 52.8
17 0.605 39426 0.000 0.000 1.00 2.9 0.050 0.100 56.96 13.5 52.8
18 0.605 39426 0.000 0.000 1.00 4.3 0.050 0.100 60.31 13.5 52.8
Toe 8.6 0.150 0.121
10.888 kips total unreduced pile weight (g= 32.17 ft/s2)
10.893 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
12.00 11.50 1.00 0.800
INITIAL STATIC ANALYSIS: Total Wt, Sum(R) 20.6 17.4
Hammer+Pile Weight > Rult: Pile Runs
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
17.4 0.0 11.50 0.00 0.00 1 0 0.00 1 0 0.0 76.8
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Depth (ft) 15.7
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
60.3 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 26.4
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.605 39426 0.010 0.000 0.85 0.0 0.000 0.100 3.35 13.5 52.8
2 0.605 39426 0.000 0.000 1.00 0.0 0.000 0.100 6.70 13.5 52.8
14 0.605 39426 0.000 0.000 1.00 0.3 0.050 0.100 46.91 13.5 52.8
15 0.605 39426 0.000 0.000 1.00 1.6 0.050 0.100 50.26 13.5 52.8
16 0.605 39426 0.000 0.000 1.00 3.0 0.050 0.100 53.61 13.5 52.8
17 0.605 39426 0.000 0.000 1.00 4.4 0.050 0.100 56.96 13.5 52.8
18 0.605 39426 0.000 0.000 1.00 5.8 0.050 0.100 60.31 13.5 52.8
Toe 11.2 0.150 0.121
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10.893 kips total reduced pile weight

INTAKE5_014 SHEETPILE_BERMB6505_TIME_ALL.GWO
10.888 kips total unreduced pile weight (g= 32.17 ft/s2)

(g= 32.19 ft/s2)

Depth Stroke Pressure Efficy
ft ft Ratio
15.71 11.50 1.00 0.800
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
26.4 Hammer did not run
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020

CH2M HILL GRLWEAP Version 2010
Depth (ft) 19.7
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
60.3 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 37.9
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.605 39426 0.010 0.000 0.85 0.0 0.000 0.100 3.35 13.5 52.8
2 0.605 39426 0.000 0.000 1.00 0.0 0.000 0.100 6.70 13.5 52.8
13 0.605 39426 0.000 0.000 1.00 0.5 0.050 0.100 43.56 13.5 52.8
14 0.605 39426 0.000 0.000 1.00 1.9 0.050 0.100 46.91 13.5 52.8
15 0.605 39426 0.000 0.000 1.00 3.3 0.050 0.100 50.26 13.5 52.8
16 0.605 39426 0.000 0.000 1.00 4.7 0.050 0.100 53.61 13.5 52.8
17 0.605 39426 0.000 0.000 1.00 6.1 0.050 0.100 56.96 13.5 52.8
18 0.605 39426 0.000 0.000 1.00 7.4 0.050 0.100 60.31 13.5 52.8
Toe 14.0 0.150 0.121
10.888 kips total unreduced pile weight (g= 32.17 ft/s2)
10.893 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
19.69 11.50 1.00 0.800
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
37.9 Hammer did not run
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Depth (ft) 25.7
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
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INTAKE5_©14_SHEETPILE_BERMB6505_TIME_ALL.GWO

ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
60.3 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 59.0
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.605 39426 0.010 0.000 0.85 0.0 0.000 0.100 3.35 13.5 52.8
2 0.605 39426 0.000 0.000 1.00 0.0 0.000 0.100 6.70 13.5 52.8
11 0.605 39426 0.000 0.000 1.00 0.3 0.050 0.100 36.86 13.5 52.8
12 0.605 39426 0.000 0.000 1.00 1.6 0.050 0.100 40.21 13.5 52.8
13 0.605 39426 0.000 0.000 1.00 3.0 0.050 0.100 43.56 13.5 52.8
14 0.605 39426 0.000 0.000 1.00 4.4 0.050 0.100 46.91 13.5 52.8
15 0.605 39426 0.000 0.000 1.00 5.8 0.050 0.100 50.26 13.5 52.8
16 0.605 39426 0.000 0.000 1.00 7.1 0.050 0.100 53.61 13.5 52.8
17 0.605 39426 0.000 0.000 1.00 8.5 0.050 0.100 56.96 13.5 52.8
18 0.605 39426 0.000 0.000 1.00 9.9 0.050 0.100 60.31 13.5 52.8
Toe 18.3 0.150 0.121
10.888 kips total unreduced pile weight (g= 32.17 ft/s2)

10.893 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
25.69 11.50 1.00 0.800
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
59.0 1.0 3.81 3.84 0.00 1 0 9.63 1 5 117.0 60.3
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020
CH2M HILL GRLWEAP Version 2010
Depth (ft) 31.7
Shaft Gain/Loss Factor 0.500 Toe Gain/Loss Factor 1.000
PILE PROFILE:
Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
60.3 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 84.5
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.605 39426 0.010 0.000 0.85 0.0 0.000 0.100 3.35 13.5 52.8
2 0.605 39426 0.000 0.000 1.00 0.0 0.000 0.100 6.70 13.5 52.8
9 0.605 39426 0.000 0.000 1.00 0.1 0.050 0.100 30.16 13.5 52.8
10 0.605 39426 0.000 0.000 1.00 1.3 0.050 0.100 33.51 13.5 52.8
11 0.605 39426 0.000 0.000 1.00 2.7 0.050 0.100 36.86 13.5 52.8
12 0.605 39426 0.000 0.000 1.00 4.1 0.050 0.100 40.21 13.5 52.8
13 0.605 39426 0.000 0.000 1.00 5.5 0.050 0.100 43.56 13.5 52.8
14 0.605 39426 0.000 0.000 1.00 6.9 0.050 0.100 46.91 13.5 52.8
15 0.605 39426 0.000 0.000 1.00 8.2 0.050 0.100 50.26 13.5 52.8
16 0.605 39426 0.000 0.000 1.00 9.6 0.050 0.100 53.61 13.5 52.8
17 0.605 39426 0.000 0.000 1.00 11.0 0.050 0.100 56.96 13.5 52.8
18 0.605 39426 0.000 0.000 1.00 12.4 0.050 0.100 60.31 13.5 52.8
Toe 22.6 0.150 0.121
10.888 kips total unreduced pile weight (g= 32.17 ft/s2)
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10.893 kips total reduced pile weig

Depth Stroke Pressure Efficy
ft ft Ratio
31.69 11.50 1.00 0.800

~
WaterFix_2019-CER_Intake5_014_SheetPile
CH2M HILL

Rut Bl Ct Stroke (ft) Ten Str
kips b/ft  down up ksi
84.5 1.2 4.18 4.21 0.00

~
WaterFix_2019-CER_Intake5_014_SheetPile
CH2M HILL

Depth (ft) 37.7
Shaft Gain/Loss Factor 0.500
PILE PROFILE:

Toe Area (in2) 52.850
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt

ft in2 ksi  1b/ft3

0.0 52.84 30000. 492.0

60.3 52.84 30000. 492.0
Wave Travel Time 2L/c (ms) 7.177

Pile and Soil Model

No. Weight  Stiffn C-Slk T-Slk CoR S
kips k/in ft ft
1 0.605 39426 0.010 0.000 0.85
2 0.605 39426 0.000 0.000 1.00
7 0.605 39426 0.000 0.000 1.00
8 0.605 39426 0.000 0.000 1.00
9 0.605 39426 0.000 0.000 1.00
10 0.605 39426 0.000 0.000 1.00
11 0.605 39426 0.000 0.000 1.00
12 0.605 39426 0.000 0.000 1.00
13 0.605 39426 0.000 0.000 1.00
14 0.605 39426 0.000 0.000 1.00
15 0.605 39426 0.000 0.000 1.00
16 0.605 39426 0.000 0.000 1.00
17 0.605 39426 0.000 0.000 1.00
18 0.605 39426 0.000 0.000 1.00
Toe
10.888 kips total unreduced pile we

10.893 kips total reduced pile weig

Depth Stroke Pressure Efficy
ft ft Ratio
37.69 11.50 1.00 0.800

~
WaterFix_2019-CER_Intake5_014_SheetPile
CH2M HILL

Rut Bl Ct Stroke (ft) Ten Str
kips b/ft  down up ksi
114.4 1.4 4.52 4.56 0.00

~
WaterFix_2019-CER_Intake5_014_SheetPile
CH2M HILL

Depth
Shaft Gain/Loss Factor

(ft) 38.8

0.500

ht  (g= 32.19 ft/s2)

03/07/2020
GRLWEAP Version 2010

i t Comp Str i t ENTHRU Bl Rt
ksi kip-ft  b/min

1 0 9.97 1 4 122.9 57.6
03/07/2020

GRLWEAP Version 2010

Toe Gain/Loss Factor 1.000
Pile Type Sheet Pile
Perim C Index Wave Sp EA/c
ft ft/s k/ft/s
13.5 0 16807. 94.3
13.5 0 16807. 94.3
Total Capacity Rut (kips) 114.4
0il-S Soil-D Quake LbTop Perim Area
kips s/ft inch ft ft in2
0.0 0.000 0.100 3.35 13.5 52.8
0.0 0.000 0.100 6.70 13.5 52.8
0.0 0.050 0.100 23.45 13.5 52.8
1.0 0.050 0.100 26.80 13.5 52.8
2.4 0.050 0.100 30.16 13.5 52.8
3.8 0.050 0.100 33.51 13.5 52.8
5.2 0.050 0.100 36.86 13.5 52.8
6.6 ©0.050 0.100 40.21 13.5 52.8
8.0 0.050 0.100 43.56 13.5 52.8
9.3 0.050 0.100 46.91 13.5 52.8
10.7 ©0.050 0.100 50.26 13.5 52.8
12.1 0.050 0.100 53.61 13.5 52.8
13.5 0.050 0.100 56.96 13.5 52.8
14.9 0.050 0.100 60.31 13.5 52.8
26.9 0.150 0.121
ight (g= 32.17 ft/s2)
ht (g= 32.19 ft/s2)
03/07/2020

GRLWEAP Version 2010

i t Comp Str i t ENTHRU Bl Rt
ksi kip-ft  b/min

1 0 12.06 1 3 123.3 55.4
03/07/2020

GRLWEAP Version 2010

Toe Gain/Loss Factor 1.000
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INTAKE5_©14_SHEETPILE_BERMB6505_TIME_ALL.GWO

PILE PROFILE:

Toe Area (in2) 52.850 Pile Type Sheet Pile
Pile Size (inch) 0.000
L b Top Area E-Mod Spec Wt Perim C Index Wave Sp EA/c
ft in2 ksi  1b/ft3 ft ft/s k/ft/s
0.0 52.84 30000. 492.0 13.5 0 16807. 94.3
60.3 52.84 30000. 492.0 13.5 0 16807. 94.3
Wave Travel Time 2L/c (ms) 7.177
Pile and Soil Model Total Capacity Rut (kips) 120.5
No. Weight  Stiffn C-Slk T-Slk CoR So0il-S Soil-D Quake LbTop Perim Area
kips k/in ft ft kips s/ft inch ft ft in2
1 0.605 39426 0.010 0.000 0.85 0.0 0.000 0.100 3.35 13.5 52.8
2 0.605 39426 0.000 0.000 1.00 0.0 0.000 0.100 6.70 13.5 52.8
7 0.605 39426 0.000 0.000 1.00 0.2 0.050 0.100 23.45 13.5 52.8
8 0.605 39426 0.000 0.000 1.00 1.5 0.050 0.100 26.80 13.5 52.8
9 0.605 39426 0.000 0.000 1.00 2.9 0.050 0.100 30.16 13.5 52.8
10 0.605 39426 0.000 0.000 1.00 4.3 0.050 0.100 33.51 13.5 52.8
11 0.605 39426 0.000 0.000 1.00 5.6 0.050 0.100 36.86 13.5 52.8
12 0.605 39426 0.000 0.000 1.00 7.0 0.050 0.100 40.21 13.5 52.8
13 0.605 39426 0.000 0.000 1.00 8.4 0.050 0.100 43.56 13.5 52.8
14 0.605 39426 0.000 0.000 1.00 9.8 0.050 0.100 46.91 13.5 52.8
15 0.605 39426 0.000 0.000 1.00 11.2 0.050 0.100 50.26 13.5 52.8
16 0.605 39426 0.000 0.000 1.00 12.6 0.050 0.100 53.61 13.5 52.8
17 0.605 39426 0.000 0.000 1.00 13.9 0.050 0.100 56.96 13.5 52.8
18 0.605 39426 0.000 0.000 1.00 15.3 0.050 0.100 60.31 13.5 52.8
Toe 27.7 0.150 0.121
10.888 kips total unreduced pile weight (g= 32.17 ft/s2)
10.893 kips total reduced pile weight (g= 32.19 ft/s2)
Depth Stroke Pressure Efficy
ft ft Ratio
38.81 11.50 1.00 0.800
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020

CH2M HILL GRLWEAP Version 2010
Rut Bl Ct Stroke (ft) Ten Str i t Comp Str 1 t ENTHRU Bl Rt
kips b/ft  down up ksi ksi kip-ft  b/min
120.5 1.5 4.59 4.63 0.00 1 0 12.94 1 3 122.4 55.0

~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020

CH2M HILL GRLWEAP Version 2010
SUMMARY OVER DEPTHS
G/L at Shaft and Toe: ©.500 1.000
Depth Rut Frictn End Bg Bl Ct Com Str Ten Str Stroke ENTHRU
ft kips kips kips  bl/ft ksi ksi ft  kip-ft
6.0 6.5 2.2 4.3 0.0 ©0.000 0.000 11.50 0.0
12.0 17.4 8.9 8.6 0.0 ©0.000 0.000 11.50 0.0
15.7 26.4 15.2 11.2 Hammer did not run
19.7 37.9 23.9 14.0 Hammer did not run
25.7 59.0 40.7 18.3 1.0 9.626 ©0.000 3.81 117.0
31.7 84.5 61.9 22.6 1.2 9.968 ©0.000 4.18 122.9
37.7 114.4 87.5 26.9 1.4 12.059 ©0.000 4.52 123.3
38.8 120.5 92.8 27.7 1.5 12.939 0.000 4.59 122.4
Total Driving Time 0 minutes; Total No. of Blows 19
Starting at penetration 6.0 ft
~
WaterFix_2019-CER_Intake5_014_SheetPile 03/07/2020

CH2M HILL

GRLWEAP Version 2010

Table of Depths Analyzed with Driving System Modifiers
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Dep

6.
12.
15.
19.
25.
31.
37.
38.

Depth
ft
0.00
36.30
36.30
38.81
60.31

th
ft
00
00
71
69
69
69
69
81

Te
Len

60.
60.
60.
60.
60.
60.
60.
60.

Shaft
Res.
k/ft2
0.00
0.67
0.67
0.71
0.71

mp.
gth
ft
31
31
31
31
31
31
31
31

End
Bearing
kips
0.00
25.90
25.90
27.69
27.69

Time

hr
.00
.00
.00
.00
.00
.00
.00
.00

OO0

INTAKES5_014 SHEETPILE_BERMB6505_TIME_ALL.GWO
Wait Equivalent Pressure
Stroke

11.
11.
11.
11.
11.
11.
11.
11.

ft
50
50
50
50
50
50
50
50

Rat

RRRRRRPRPR

io

.00
.00
.00
.00
.00
.00
.00
.00

Effi

OO0

Soil Layer Resistance Values

Shaft
Quake

inch
0.100
0.100
0.100
0.100
0.100

Toe

Quake

inch
0.121
0.121
0.121
0.121
0.121

Shaft
Damping
s/ft
0.050
0.050
0.050
0.050
0.050

Toe

Damping

s/ft
0.150
0.150
0.150
0.150
0.150

Page 9

Stiffn.
cy. Factor
.80 1.00
.80 1.00
.80 1.00
.80 1.00
.80 1.00
.80 1.00
.80 1.00
.80 1.00

Soil Limit
Setup Distance
Normlzd ft
1.000 6.560
1.000 6.560
1.000 6.560
1.000 6.560
1.000 6.560

Cushion
CoR

.00
.00
.00
.00
.00
.00
.00
.00

PR RRRRRPR

Setup
Time

hrs
.000
.000
.000
.000
.000

PR RRR



Attachment 2
Results of Analysis by DeepEx
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