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Executive Summary

Northrop Grumman conducted an environmental assessment of Plant 3 at the Bethpage,
New York GOCO Facility. Many areas of concern were identified that required
remediation based upon the results of soil samples collected. One such area was the Old
Alodine Area.

Northrop Grumman retained Radian International LLC to perform environmental
remediation and environmental oversight for the Old Alodine Area, Area of Concern
(AOC) #3. Radian fully documented all field activities to insure that the remediation
was conducted according to the defined scope of work. Radian performed this
remediation and oversight from November 19, 1997 through April 29, 1998.

The Old Alodine area is located in the west-central portion of Plant 3 bounded
approximately by columns D6-D9 and E6-E9. The remediation of this area included
removing approximately 2,650 square feet of concrete and excavating approximately
2,890 tons of soil from an area approximately 1,885 square feet by 30 feet deep. The
waste material, including soil and concrete, was transported to an approved hazardous
waste landfill.

As part of the environmental oversight, Radian collected post-excavation soil samples
from the excavated area. These samples were collected from the bottom and at three
depths along the sidewalls of the excavation pit. The samples collected were sent to a
New York State ELAP approved and ASP certified laboratory for analysis. The
laboratory tested the samples for the presence of metals.

A No Further Action (NFA) letter has been written by New York State Department of
Environmental Conservation (NYSDEC) Division of Solid and Hazardous Materials
(DSHM), after review of sampling data and methodology. No further environmental
investigation or remediation is warranted at this time. Certified clean fill material was
used to fill the excavation pit and a concrete slab poured in place.
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1.0 Introduction

As part of the deactivation of Plant 3, Northrop Grumman has undertaken an
environmental assessment of the building. Many areas of concern were identified that
required remediation based upon the results of soil samples collected. One such area,
Area of Concern 3 (AOC #3) is the Old Alodine area, located in the west-central portion
of Plant 3. Areas that have constituents at levels greater that the criteria presented in the
New York State Department of Environmental Conservation (NYSDEC) Technical
Administrative Guidance Memorandum (TAGM) 4046, Appendix A and the proposed
revision for Cadmium and Chromium were remediated.

The Old Alodine process line operated from the late 1940s through the late 1980s.
Alodine is a trade name for the chemical conversion coating of aluminum using chromate
baths. Chromate conversion coatings are used to promote adhesion of paint and impart
corrosion resistance on aircraft parts. A Geoprobe sampling device was used to collect
soil samples and a concrete coring drill to collect concrete samples to determine if the
soil and concrete beneath the Alodine Process Area were impacted. Both the concrete
and soil under the process areas were found to contain significant levels of heavy metals.
These metals included chromium, zinc, lead, cadmium, mercury, copper, antimony, and
silver. In the ten primary samples collected, chromium appeared to be the primary
constituent of concern. The highest concentration of chromium found in these samples
was 4,190 mg/kg in the concrete and 15,000 mg/kg in the underlying soil. No metal was
detected above the TAGM criteria in soil samples collected deeper than thirty feet below
grade. Northrop Grumman selected to remediate this area by removing the contaminated
concrete and underlying soil to a depth of 30 feet below grade. Northrop Grumman
contracted Radian International LLC, who subcontracted Peter Scalamandre & Sons, Inc.,
to perform the excavating, shoring, and backfilling and activities. Northrop Grumman
was responsible for all waste disposals.

The remediation of the old Alodine area occurred in two phases. The initial phase, not
performed by Radian, consisted of the demolition and disposal of the concrete flooring.
The second phase, performed by Radian, was the removal and disposal of the
contaminated soil. See Figure 1-1 for General Plan of the remediation area.

Northrop Grumman also contracted Radian International LLC to perform environmental
oversight during the remediation activities at the old Alodine area. These oversights
included observation and documentation of the remediation work, collection and analysis
of post-excavation soil samples from the walls and floor of the excavation pit.
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2.0 Remediation Activities

The remediation activities for the old Alodine area consisted of two phases; a demolition
phase and an excavation phase. The initial phase consisted of the demolition and disposal
of the concrete flooring. The second phase removed and disposed the contaminated soil.

Table 2-1 details the remediation activities and schedule of events:

Table 2-1: Schedule of Events

Event

Date

Begin Concrete Demolition

September 29, 1997

Complete Concrete Demolition including
hauling debris

October 3, 1998

Begin Soil Excavation

November 14, 1997

Begin Pile Driving

November 18, 1997

Begin Timber Lagging

November 24, 1997

Begin Needle Beam Supports for Existing
Columns

November 26, 1997

Complete Pile Driving

December 8, 1997

Complete Needle Beam Supports

December 10, 1997

Collect 8’ depth Sidewall Samples

December 11 — 15, 1997

Collect 16 depth Sidewall Samples

December 16 — 22, 1997

Collect 24’ depth Sidewall Samples

December 23, 1997

Complete Soil Excavation and Timber Lagging

December 29, 1997

Collect 30’ depth Bottom Samples

December 29, 1997

Resample Bottom Samples

December 31, 1997

Complete Soil Hauling

December 8, 1997

Data Review/Discussions Recommendations

December 12, 1997

Backfill with Certitied Clean Soil February 18 — April 29, 1998

Pour Concrete Footers and Slab March 4 — April 29, 1998

Submit Draft Report July 1998

October 1998

Submit Final Report

2.1 Concrete Demolition

Demolition of the old Alodine area consisted of saw cutting the boundary of concrete and
removing the concrete slab. Action Remediation, Inc. of Wantagh, NY was contracted
by Northrop Grumman to perform the concrete demolition. Approximately 2,650 square
feet of concrete was removed from the remediation area. The concrete was broken up
using a backhoe with an air hammer attachment. The demolition of the concrete began
on September 29, 1997 and was completed on October 3, 1997. The broken concrete and
reinforcement was stockpiled and loaded into lined rolloffs using a bobcat. These lined
rolloffs were used to transport the demolished concrete to SCA Chemical Waste Services,
a licensed Hazardous Waste disposal landfill, located in Model City, New York. A total
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of six (6) lined rolloffs were used to transport the contaminated concrete. The final load
of debris was removed on October 3, 1997.

2.2 Sheeting and Shoring

Due to the depth of excavation a sheeting and shoring plan was required to perform the
excavation in a safe manner. Scalamandre contracted Charles Vachris Consulting
Engineers (Garden City, NY) to develop a sheeting and shoring plan for the excavation
pit. The plan was submitted to LKB, Northrop Grumman’s structural engineering
consultant, for approval. Copies of the Approved Sheeting and Shoring Plan are
presented in Appendix B.

The excavation process required for the remediation of the Old Alodine Area (AOC 3)
consisted of four major activities: (1) pile driving, (2) column support (3) timber lagging
and bracing or whalers, and (4) soil removal.

Pile driving consisted of placing a length of steel “H” beams vertically and using a
vibrating device or plate that would clamp onto the pile with hydraulic pressure and
vibrate to loosen or displace the soil under the beam. The weight of the vibrating plate,
approximately 5 tons, and the vibrated soil would allow the steel beam to be driven into
the soil 38 ft. below grade surface. The steel piles had to be driven 10 ft. at a time due to
the low ceiling clearance. The steel piles were cut into smaller 20 ft sections. Small
pieces of steel pile, approximately 2 ft. long, were welded halfway along the 20 ft. length.
This would give the vibrating plate unit a surface to mount on to drive the pile. The pile
was then driven into the ground this first 10 ft. and then the attached section was cut off
and the vibrating plate was attached to the top of the 20 ft. section that was now driven
into the soil 10 ft. The 20 ft. section of pile was driven the rest of the way down and then
a second 20 ft. section was welded to the top of this first section. The second pile was
driven the same way as the first section of pile was driven. This process continued
around the excavation pit. A total of 42 piles were driven to support the excavation wall.
A front-end loader was used to transport the steel piles from an outside welding and
staging area to the excavation pit. This same loader was used to place the piles vertically
in place to be temporarily supported or welded. The loader was also used to lift the
vibrating plate driving unit and drive the pile to depth. The first pile section was driven
on November 18, 1997 and the last pile section driven on December 8, 1997.

The piles were used to support the excavation wall and the existing roof columns that
were located in the excavation area. The concrete foundations of the existing roof
columns and the soil underneath had to be removed. The roof columns are supported by
steel wide flange or “I” beams referred to as “Needle Beams” that span the excavation pit
and are supported by pile caps that are attached to the piles driven by the vibrating plate
device. The needle beams were placed in pairs to support the existing roof columns. The
pile caps are short sections, approximately 10 ft in length, of steel “I”” beams that are
welded to the top of the vertical piles. Once the pile caps were placed and welded to the
piles the needle beams were set in place and welded to the pile caps. The existing roof

2-2



columns were attached to the needle beam with special steel flanges that would allow the
roof column to be raised with hydraulic jacks if needed.

Once the existing roof columns were braced, their foundations were demolished and
removed. Excavation of the pit began with a small tracked dozer that was placed in the
pit. As soon as two adjacent pile sections were exposed from the excavation, timber
lagging was installed. The timber lagging consisted of 2”x10” or 2”x12” treated
hardwood boards that were cut to fit between the two piles. Every timber lagging board
was installed and cut by hand. The dozer was used to excavate the majority of the soil
from the center of the pit, while the excavation along the walls was performed with hand
shovels so the timber lagging could be placed. The timber lagging was placed at the top
of the excavation pit and was placed as the depth of the pit increased. Approximately 2 ft
to 3 ft of soil was removed along the wall before the timber lagging was placed between
the piles. The timber lagging between the steel piles supported the soil behind the
excavation pit.

As the depth of the excavation increased, steel bracing, or whalers, along the excavation
wall were installed. These whalers are steel “I” beams that are welded to the front face of
the piles of the excavation pit. Two levels of whalers are installed in the pit, at 5 ft below
grade and 15 ft below grade. The whalers are used to support the piles from pressure
created from the surrounding soil. Additional steel “I” beams are placed perpendicular to
the whalers and span the excavation pit to support the whalers and vertical piles.

The soil from the pit was pushed, by the dozer, to a central location in the excavation pit
where a hydraulic excavator removed the soil from the pit and placed it in a temporary
stockpile. The front-end loader then removed this soil to a larger stockpile area. A
crane, with clamshell bucket, was used to remove the last 10 ft of soil from the
excavation pit.

Once the soil was stockpiled for removal, lined trucks were used to haul the excavated

soil to a licensed waste disposal facility. Approximately 2,890 tons of soil were removed
from the excavation pit of the Old Alodine Area.

23 Soil Excavation

Soil excavation of the Old Alodine area included removing 30 ft of soil over an area of
approximately 1,885 square feet. A tracked excavator and clamshell bucket crane was
used to remove the soil, which was stockpiled on site with a front end loader. The
excavated soil was then loaded directly into lined trucks. The soil excavation with the
track excavator began on November 14, 1997 and was completed on December 29, 1997.
A total of 124 truckloads were required to remove the excavated soil. Approximately
2,890 tons of soil were excavated. Copies of the manifests are presented in Appendix C.
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During the excavation, several operational delays were encountered. On December 11,
1997, a portion of a concrete block wall section along the excavated soil stockpile area
failed. This wall was not a load bearing wall; however, several utilities including two
water mains pass through the wall. No injuries were encountered. The apparent cause of
the failure was due to the pressure along the bottom of the wall from the stockpiled soil.
The debris was removed as well as the remaining wall section. At the completion of the
project, a new sheet rock wall was erected in place. On December 17, 1997, a water line
was damaged by the front end loader bucket. Water was released from the line, flooding
the northwest corner of Plant 3 with approximately 1 to 2” of water. A berm was
constructed underneath the damaged water line to contain some of the water. Water from
the broken line entered the excavation pit and undermined the northwest corner of the pit
wall and surrounding concrete floor behind the timber shored wall around Column D6. A
concrete slurry was used to fill the voids left behind the wall under the surrounding
concrete floor. Water samples were collected to determine if the water had transported
any contamination to the surrounding areas of Plant 3. The damaged water line was
repaired by Northrop Grumman personnel, whom also performed the cleanup of the Plant
3 flooded areas. During the excavation, a portion of a sanitary sewer line was also
damaged. This sanitary sewer line passed through the excavation pit and was capped for
the duration of the excavation. This portion of the sewer line was replaced at the end of
the excavation during the backfill operations so that the affected portion of the sewer
system was made operational.

Throughout the excavation process the building columns surrounding the excavation pit
were closely monitored for settlement. A baseline elevation was established and marked
on each column. The columns were monitored daily for settlement using a Surveyor’s
Level. Several columns (D-6, E-6, and E-8) located within the excavation area
experienced differential settlement. Column settlement was monitored and noted during
the entire excavation process. Table 2-2 summarizes the total settlements of the columns
from the zero reading at the start of the excavation on December 5, 1997 to the readings
made after backfilling on March 3, 1998. An evaluation was performed to determine the
potential for detrimental effects to the structural framing of the building as a result of
settlement. The results of the evaluation indicated that the differential settlement of the
building columns were within allowable values for simple steel frame structures.
However, Northrop Grumman’s structural engineering consultant, LKB, did not concur
with Radian’s evaluation results and as a result the suspect columns (D-6, E-6, and E-8)
were jacked to their original elevations. A copy of the memo on the evaluation of
column settlement is presented in Appendix D.

Table 2-2: Total Column Settlement from December 5, 1997 to March 3, 1998

Column Settlement (ft.)
D-6 0.07 ft.
D-7 0.00 ft.

E-6 0.02 ft.
E-7 0.00 ft.
E-8 0.01 ft.
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2.4 Health and Safety

A Health and Safety Plan was prepared by Radian International, LLC and submitted to
Northrop Grumman for approval prior to the initiation of remediation activities. The
Health and Safety plan defined the scope of work to be performed, project health and
safety requirements, emergency response notification, decontamination procedures, and
waste disposal information.

Northrop Grumman required that all contractor and subcontractor personnel entering the
exclusion or contamination reduction zones have received appropriate health and safety
training in accordance with 29 CFR 1910.120. In addition, prior to entering the
contamination zone, any personnel (including visitors) were provided with site specific
training, and a copy of the approved health and safety plan/emergency response plan.
Any other site personnel were to be familiar with use of safety and protective equipment,
and with the health, safety, and security procedures for the site. In addition, a site safety
officer was assigned by the subcontractor to assure the daily implementation and
enforcement of the safety, health, and emergency response plan.

Personnel protective equipment (PPE) was provided to all on site personnel. The level of
PPE required for the remediation activities performed at the Old Alodine area included
Level D and Level C. These levels include the following PPE:

Level D:

Poly/cotton reusable coverall; chemical resistant gloves; safety glasses; steel
toe/shank chemical resistant safety shoes or boots; chemical resistant boot cover;
hard hat. Chemical resistant coveralls or Tyvek full body, hooded suits, and a
face shield may be added.

Level C:

All items included in level D and full face respirator and a face shield air
purifying respirator with appropriate high efficiency particulate and organic
vapor/dust mist cartridges; Tyvek full body, hooded suits.

Prior to remediation activities polyethylene sheeting curtains were hung to contain any
dust generated during the project. During the remediation activities, air circulation units
were utilized to ensure proper air quality for both the ambient air inside the work area as
well as adjacent areas. A mist spray of water was also used during the demolition and
excavation activities to keep the dust to a minimum. Also, the entire work zone was
swept daily to minimize the dust and the possibility of tracking potentially contaminated
soil to other areas of the plant. Airborne particulate monitoring was also performed with
a real-time particulate/aerosol monitor. A RAE brand MiniRAE monitor was used to
monitor employee breathing zones during all invasive operations, including soil boring,
excavating, loading and stockpiling. Additional air monitoring for carbon monoxide and
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oxygen deficiency was performed due to the use of internal combustion engines in and
around the work zone. Carbon Monoxide monitoring was performed with a Thermo
Environmental Model 48 Carbon Monoxide Detector and oxygen monitoring performed
with MSA Model 261 Combustible Gas Indicator (CGI) with a Lower Explosive Limit
(LEL) meter and a oxygen meter. In addition, Northrop Grumman periodically inspected
all work areas to assure ambient air quality.

All equipment used during the demolition and excavation was decontaminated using
soap, water, and brushes. Heavy and large equipment was also decontaminated with high
pressure water spray. The decontamination water and rinse water was disposed through
the Northrop Grumman Industrial waste water treatment facility and PPE was collected
and stored in approved containers and disposal provided by Northrop Grumman in
accordance with their approved disposal policies.
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3.0 Post-excavation Sampling

3.1 Sampling Plan

The objective of the post-excavation sampling was to confirm that all soil that exceeded
the TAGM criteria by the operations in the old Alodine area was removed. The sampling
was divided into two discrete areas: 1) the floor or bottom of the excavation samples; 2)
the excavation sidewall samples. The excavation floor was divided into seven (7) areas
and one grab sample was collected from each area. In general, post-excavation floor
samples were taken every 250 square feet of excavated area. To provide assurance that
the extent of contamination was removed horizontally, 30 sidewall samples were to be
collected. The sidewall samples were to be collected at various depths of excavation.
Ten (10) samples were to be collected from each of three depths (8’, 16, and 24”).
Specific sampling locations are outlined in Figure 3-1, Sampling Plan.

3.2 Sampling Procedure

The post-excavation samples were collected from December 11, 1997 through December
31, 1997. The & sidewall samples were collected from December 11-18, 1997. The 16’
sidewall samples were collected from December 16 —22, 1997. The 24’ sidewall
samples were collected on December 23, 1997. The 30’ bottom samples were collected
on December 31, 1997. However, one sidewall sample at the 16’ level (03-03-02RW-2)
was not able to be collected due to conflicts with an accelerated excavation schedule and
oversight coverage during personnel transition.

The sidewall samples were collected at points around the excavation periphery, just
beneath the timber lagging, using a stainless steel spoon and collecting the soil into
laboratory precleaned 250 mL glass jars. Once the samples were collected and soil
characteristics logged, they were packed for shipment to the lab. The bottom samples
were collected from the surface of the excavation floor with a stainless steel spoon. The
soil samples were placed into laboratory precleaned 250 mL glass jars. Ice was used to
preserve the samples during shipment. The samples were sent to RECRA Environmental
Inc., Lyonsville, PA, where they were analyzed for priority pollutant metals by EPA
Method 6010.

3-1
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4.0 Data Analysis and Results

4.1 Analysis

To confirm that the New York State Department of Environmental Conservation
(NYSDEC) TAGM criteria for metals were met, the samples were analyzed for priority
pollutant metals by a New York State ELAP approved and ASP certified laboratory. All
the samples collected were shipped, via FedEx, to RECRA Environmental Inc.
laboratories, Lyonsville, PA, using Method 6010. The results of the laboratory analysis
are found in Table 4-1. Copies of Analytical Results and Data Validation Reports are
presented in Appendix E.

4.2 Results

Laboratory results from the post-excavation sampling indicated that a number of the
endpoint and bottom samples exceeded the TAGM value for chromium of 50 mg/kg. As
a result, Northrop Grumman instructed the laboratory to analyze the leachate of all the
bottom samples and sidewall samples that had levels of chromium greater than 100
mg/kg after a toxicity characteristic leachate procedure (TCLP) extraction was
performed. The TCLP extraction procedure attempts to measures relative leachability of
a potentially hazardous compound. The higher the concentration of an analyte leached
from a solid substance, i.e. soil, the more potentially harmful the contaminant is to the
groundwater. The results indicate that there are no exceedances of the regulatory limit
for chromium.

In addition, two of the original bottom samples with the highest level of chromium and
the four highest sidewall samples be re-analyzed for hexavalent chromium. The results
of the hexavalent chromium analysis are found in Table 4-2. Although three samples
indicated hexavalent chromium levels greater than 50 mg/kg, the previous TCLP analysis
demonstrates chromium does not leach at levels exceeding regulatory limits. The results
of the TCLP analysis are found in Table 4-1. In addition, because of the extensive
sheeting and shoring and column bracing that was performed for soil excavation,
additional excavation would have threatened the structural integrity of Plant 3. Given the
pragmatic limits of further excavation at the site, as well as limited migration potential of
chromium contaminants, no further environmental remediation was recommended to the
NYSDEC. Review of the compieted remediation activities, TCLP results, and hexavalent
chromium results were undertaken by NYSDEC DSHM. NYSDEC DSHM concluded
that Northrop Grumman’s backfilling and capping of the site with concrete was sufficient
and that no further remedial action was warrented. A copy of Northrop Grumman’s
memorandom to NYSDEC is presented in Appendix F while the copy of NYSDEC’s
approval for No Further Action memorandum is presented in Appendix G.

4-1
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NOTES FOR TABLE 4-1 and 4-2

(a) NYSDEC TAGM #4046 “Determination of Soil Cleanup Objectives and Cleanup
Levels”, dated January 24, 1994 (REVISED). _

(b)  For cadmium and chromium, the proposed April 1995 cleanup objectives were
used.

SB Site background, according to TAGM #4046. The Eastern USA background
values were used.

N/A  Not available, according to TAGM #4046.

#%# | Shaded values indicate that the sample exceeded Eastern USA TAGM criteria.

NC  Not collected

Data Qualifiers:

U Analyzed for but not detected. The value is the sample specific detection limit
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5.0 Backfill and Concrete Pad

Certified clean soil was used to backfill the excavation pit. The backfill activities were
completed February 18, 1998. Backfill material was supplied by Custom Clay and Soil
Company, Inc., Old Bethpage, NY. The backfill material was soil taken from Woodlawn
Cemetary. Samples of the backfill material were sent to RECRA Environmental Inc.
laboratories for analysis including Volatile Organic Compounds (VOCs), Semi-Volatile
Organic Compounds (SVOCs), priority pollutant metals, pesticides, and PCBs. The
results of the analysis were reviewed and approved by Northrop Grumman prior to
placement of the backfill material. This material consisted of non-plastic, inorganic,
granular soil having less than 10 percent material passing a No. 200 sieve with a moisture
content within 2 percent of the optimum moisture content per ASTM 1557. The material
was placed in loose lifts not exceeding 12” and compacted using vibratory equipment.
Each lift was compacted and every third lift tested to verify that 95% of the Modified
Proctor Maximum Dry Density (ASTM D 1557) was achieved. Compaction testing was
performed by Materials Testing Lab Inc., New Hyde Park, NY. Copies of the Clean Fill
Certification and Compaction Test Results are presented in Appendix H and Appendix I
respectively.

Once the backfill material was compacted to specifications and the columns secured to
the new column footers a concrete slab was poured. Welded wire fabric sheets with chair
supports used to reinforce the new concrete slab. A 3000 psi (at 28 days) with water-
reducing admixture concrete slab was poured over the clean, compacted backfill.
Expansion joints around the perimeter were utilized to separate the new pad from the
existing concrete flooring. Sawcut control joints were utilized to control cracking of the
new slab. The concrete was poured on April 29, 1998. Column Footers that had been
demolished during excavation were replaced prior to slab placement. However, after
review and inspection by LKB, one (1) column footer was not poured correctly and
settlement was noticed at building column E-8. The column footer was removed, the
building column jacked to the original elevation, and a new footer poured in place. No
structural damaged was observed to the building structure as a result of the column
deflection. The concrete for the slab and column footers was inspected and tested by
Materials Testing Lab, Inc. prior to placement. Concrete inspection and testing reports
are presented in Appendix J.

After the concrete slab and footers were poured and had cured properly, the building

columns within the work zone were re-painted and overhead fluorescent lights damaged
during the remediation activities replaced.
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6.0 Conclusions and Recommendations

Radian International LLC conducted the environmental remediation and oversight from
November 19, 1997 through April 29, 1998. Radian collected post-excavation soil
samples and reviewed analytical results to confirm that all soil and concrete that
exceeded TAGM criteria by operations in the Old Alodine Area had been removed.
Radian's conclusions and recommendations are:

2,650 square feet of concrete was demolished and removed from the Old
Alodine Area.

Approximately 2,890 tons of soil were excavated and removed from the
Old Alodine Area.

36 post-excavation soil samples were collected. Seven (7) samples from
the bottom and 29 from the sidewall. Ten (10)samples were collected
from the 8’ and 24’ depths while only Nine (9) samples were collected at
the 16’ depth.

Concrete slurry poured behind excavation wall to fill voids from collapsed
soil and support surrounding concrete floor.

Column settlement evaluation performed by Radian and recommends that
settlement is within allowable values. However, LKB did not concur with
Radian’s evaluation results and as a result the suspect columns (D-6, E-6,

and E-8) were jacked to their original elevations.

Post-excavation sample data and methodology was sent to NYSDEC for
review.

Post-excavation sample data was reviewed by NYSDEC DSHM and
indicated that No Further Action Status was warrented. Northrop

Grumman proceeded with backfilling activities, as approved by the state.

Approximately 2,100 tons of certified clean fill material placed in the
excavation pit in compacted lifts no greater than 12”.

Concrete Slab poured in place to existing floor elevation.
Building column footers were replaced and then inspected by LKB. One

(1) building column (E-8) showed settlement, this column was jacked to
the proper elevation and a new footer poured in place.

6-1



-- The damaged wall, water line, and sewer line repaired or replaced to the
satisfaction of Northrop Grumman and the United States Navy. Building
columns painted and fluorescent lights replaced.

Northrop Grumman sent the endpoint soil sample analysis data and methodology to the
New York State Department of Environmental Conservation (NYSDEC) for review.
After review by the NYSDEC Division of Solid and Hazardous Materials (DSHM) a No
Further Action letter has been written for the Old Alodine Area, AOC #3. No further
environmental investigation or remediation is warranted at this time.
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Appendix A

Photographs



Photograph Log

Photograph Log-- Environmental Qversight for AOC # 3 Remediation

1.

2.

10.

11.

12.

13.

14.

Installation of steel “H” piles with Vibro-Plate pile driving equipment.
Installation of steel “H” piles with Vibro-Plate pile driving equipment.
Excavation around Building Column Footer.

Demolition of Building Column Footer. Needle beam in place to support column.
Steel Whaler and timber lagging in place.

Installation of Timber Lagging.

Building Column Needle Beam supports above excavation pit.
Hydraulic Excavator removing soil from excavation pit.

Welding cross-bracing to whalers.

Welding, excavating, and timber lagging in progress.

Tracked dozer in pit excavating soil.

Timber lagging being measured and cut prior to installation.

Front End Loader stockpiling excavated soil.

Hydraulic Excavator loading excavated soil into truck for disposal.



Photo 1: Installation of steel “H’’ piles with Vibro-Plate pile driving equipment.

Photo 2: Installation of steel “H’’ piles with Vibro-Plate pile driving equipment.




Photo 3: Excavation around Building Column Footer.

Photo 4: Demolition of Building Column Footer. Needle beam in place to support
column.



Photo 5: Steel Whaler and timber lagging in place.

Photo 6: Installation of Timber Lagging.



-

- e

Photo 7: Building Column Needle Beam supports above excavation pit.

Photo 8: Hydraulic Excavator removing soil from excavation pit.



Photo 10: Welding, excavating, and timber lagging.



Photo 11: Tracked dozer in pit excavating.

e —
Photo 12: Timber lagging being measured and cut prior to installation.




Photo 14: Hydraulic Excavator loading excavated soil into truck for disposal.



Appendix B

Sheeting and Shoring Plan
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10.

11.

12.

13.

14.

15.

16.

PROPOSED SEQUENCE OF CONSTRUCTION
4
DRIVE STEEL SQLRIER PILES ACH) TO A TIP ELEVATION
APPROXIMATEL BELOW SUBGRADE.

INSTALL PILE CAPS TO SUPPORT NEEDLE BEAMS ABOVE PILES 2 AND
3, 10 AND 11, 19 AND 20, AND 32 AND 33.

INSTALL W27X94 NEEDLE BEAMS ON EITHER SIDE OF COLUMNS ON E
LINE AND D LINE.

EXCAVATE TO THE BOTTOM OF THE EXISTING FOOTINGS OF THE
COLUMNS TO BE SUPPORTED, AND TRANSFER THE LOAD FROM THE
COLUMNS TO THE NEEDLE BEAMS USING HYDRAULIC JACKS.: REMOVE
CONCRETE FOOTINGS.

EXCAVATE AND ENSTALL TIMBER LAGGING TO THE A DEfTH OF
APPROXIMATEL" BELOW EXISTINS GRADE. THE LAGGING SHALL
BE SPACED APPRO ATELY 1-1/2" TO PERMIT THE CONTRACTOR TO
FILL AND PACK~THE SOIL BEHIND THE LAGGING SO THAT THERE IS NO
LOSS OF SOIL %EOM BEHIND THE LAGGING.

wf(/(z\., Sy K
INSTALL THE TOP WALERS AND STRUTS WITH THE CENTERLINE OF THE
WALERS 5'-0" BELOW THE EXISTING GRADE.

ALL SOLDIER PILES SHALL BE TACK WELDED TO THE TOP WALERS.

CONTINUE TO EX ATE AND INSTALL TIMBER LAGGING TO A DEPTH OF
APPROXIMATELY |18'-6) BELOW EXISTING GRADE.

INSTALL THE BOTTOM WALERS AND STRUTS WITH THE CENTERLINE OF
THE WALERS APPROXIMATELY 17'-6" BELOW EXISTING GRADE. TACK
WELD THE BOTTOM WALERS TO ALL OF THE SOLDIER PILES.

CONTINUE TO EXCAVATE AND INSTALL TIMBER LAGGING TO SUBGRADE,
APPROXIMATELY 30'-~0" BELOW EXISTING GRADE.

BACKFILL EXCAVATION IN ACCORDANCE WITH THE REQUIREMENTS OF
THE CONTRACT DRAWINGS.

BACKFILL TO A DEPTH OF APPROXIMATELY 18'-6" BELOW EXISTING
GRADE, COMPACTING BACKFILL AS SPECIFIED.

REMOVE BOTTOM WALERS AND STRUTS.

BACKFILL TO A DEPTH OF APPROXIMATELY 7'-0" BELOW EXISTING
GRADE.

REMOVE TOP WALERS AND STRUTS.

BACKFILL EXCAVATION TO A DEPTH OF APPROXIMATELY 2'-11" BELOW

EXISTING GRADE, AND INSTALL NEW FOOTINGS TO SUPPORT THE
EXISTING COLUMNS. '



17.

18.

19,

20.

YL uwe. edastic
Sa**uum4ac& T{fiﬁacl
& s lidwac &s V%CSW
TRANSFER THE COLUMN LOADS FROM THE NEEDLE BEAMS ONTO THE NEW
COLUMN FOOTINGS AND REMOVE NEEDLE BEAMS.

‘BACKFILL EXCAVATION TO A DEPTH OF APPROXIMATELY 2'-0"
EXISTING GRADE AND CUT OFF SOLDIER PILES APPROXIMATELY 2'-0Q" 4¥/

“as>
BELOW FINAL GRADE. S '

BACKFILL EXCAVATION TO FINAL GRADE.

ALL REQUIREMENTS OF THE NOTES FOUND ON SHEET S-2 OF THE
CONTRACT DRAWINGS SHALL APPLY.

AS 72-S MATERIALS

ALL SOLDIER PILES SHALL BE IN ACCORDANCE WITH ASTM
SPECIFICATION(A36) AND SHALL BE FURNISHED IN SECTION HP12X53,
AND SHALL BE(éE:jLONG.

4_0/
ALL WALERS, STRUTS AND DIAGONAL STRUTS SHALL 13I TINUOUS AND

SHALL BE IN ACCORDANCE W TM SPECIFICATION AND SHALL
BE FURNISHED IN SECTIO 12X79.

ALL TIMBER LAGGING SHALL BE SOUTHERN PINE OR-M¥IXED OAK WITH AN
ALLOWABLE EXTREME-FIBER BENDING STRESS OF 1200 PSI. ALL
LAGGING SHALL B%(E;)FULL THICKNESS (NOT D).

ALL WELDING SHALL BE IN ACCORDANCE WITH AWS "STRUCTURAL
WELDING CODE - STEEL D1.1" LATEST EDITION.

ALL SPLICES IN THE SOLDIER PILES AND WALERS SHALL BE FULL
PENETRATION BUTT WELDS AND SHALL DEVELOP THE FULL STRENGTH OF
THE SECTION.

BOLTS FOR LOAD TRANSFER SHALL BE Qgé;/HIGH STRENGTH BOLTS AND
SHALL BE FURNISHED IN THE DIAMETER INDICATED.
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Fig. 8(a) — Lateral pressure due to point load (after Terzaghi®?)
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LATERAL PRESSURES DUE TO
COLUMN LOAD E6

STAGES 1 & 2

Q 36000
X 6.5
H 18.5
Z P(m< 0.4) P(m> 0.4) m n
0 0.00 000  0.351 0.000
1 1990 3328  0.351 0.054
2 68.02 108l85  0.351 0.108
3 11978  180/00  0.351  0.162
4 15580 217|94  0.351 0.216
5 169.98 22129  0.351 0.270
6 166.12 202[28  0.351 0.324
7 15132 17362 0351  0.378
8 131.82 14365  0.351 0.432
9 11168 11647  0.351 0.486
10  93.07  93l53  0.351 0.541
11 76.88  74f87  0.351 0.595
12 6327  60jo0  0.351 0.649
13 5204  48p6  0.351 0.703
14 4288 392  0.351 0.757
15 3545 3113 0.351 0.811
16 2943 2508  0.351 0.865
17 2454 2141 0.351 0.919
18 2057 170715  0.351 0.973

, 19 17.33 1482  0.351 1.027



LATERAL PRESSURES DUE TO

COLUMN E6
STAGES 3
Q 36000
X 6.5
H 30
Z P(mx< 0.4) P(m> 0.4) m n
0 0.00 0.217 0.000
1 2.98 0.217  0.033
2 11.19 0.217  0.067
3 22.80 0.217 0.100
4 35.44 0217  0.133
5 46.99 0217  0.167
6 56.00 0.217  0.200
7 61.83 0217  0.233
8 64.52 0217  0.267
9 64.51 0217  0.300
10 62.45 0.217 0.333
11 58.99 0.217  0.367
12 54.69 0.217 0.400
13 50.00 0.217 0.433
14 45.24 0.217 0.467
15 40.63 0.217 0.500
16 36.29 0.217 0.533
17 32.30 0.217 0.567
18 28.68 0.217 0.600
19 25.43 0.217 0.633
20 22.54 0.217 0.667
21 19.98 0.217 0.700
22 17.73 0.217 0.733
23 15.74 0.217 0.767
24 14.00 0.217 0.800
25 12.47 0.217  0.833
26 11.12 0217  0.867
27 9.94 0.217 0.900
28 8.90 0.217 0.933
29 7.98 0.217 0.967
30 7.18 0.217 1.000




COMBINED LATERAL PRESSURES STAGES 1 &2
SOLDIER PILE 1

H NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) ONDLINE  (FACTORED)
FACTOR=1 FACTOR = .489

0 83.25 0.00 0.00 0.00 3.96 329.50
1 83.25 40.00 19.90 9.73 3.96 526.34
2 83.25 80.00 68.02 33.26 3.86 T777.79
3 83.25 120.00 119.78 58.57 3.86 . 1036.30
4 83.25 160.00 155.80 76.18 3.96  1264.32
5 83.25 200.00 169.98 83.12 3.96 1450.09
6 83.25 240.00 166.12 81.23 3.96 1600.94 "
7 83.25 280.00 161.32 74.00 3.96 1730.63.
8 83.25 320.00 131.82 64.46 3.96 1851.19
9 83.25 360.00 111.68 54.61 3.96 1970.53
10 83.25 400.00 93.07 45.51 3.96 2092.84
11 83.25 440.00 76.88 37.60 3.96 2219.83
12 83.25 480.00 63.27 30.94 3.96 2351.80
13 83.25 520.00 52.04 2545 3.96 2488.39
14 83.25 560.00 42.88 20.97 3.96 2628.98
15 83.25 600.00 35.45 17.34 3.96 2772.92
16 83.25 640.00 2943 14.39 3.86 2919.58
17 83.25 680.00 24.54 12.00 3.96 3068.45
18 . 83.25 720.00 20.57 10.06 3.96 3219.08

19 83.25 760.00 17.33 8.47 3.9¢ 3371.12



COMBINED LATERAL PRESSURES STAGES 1 &2
SOLDIER PILE 2

H NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) ON D LINE (FACTORED)
FACTOR=1 FACTOR = .818

0 83.25 0.00 0.00 0.00 4.25 353.81
1 83.25 40.00 19.90 16.28 4.25 592.99
2 83.25 80.00 68.02 55.64 4.25 930.27
3 83.25 120.00 119.78 97.98 4.25 1280.24
4 83.25 160.00 155.80 127.44 4.25 1575.44
5 83.25 200.00 169.98 139.04 4.25 1794.74
6 83.25 240.00 - 166.12 135.89 4.25 1951.33
7 83.25 280.00 151.32 123.78 4.25 2069.89
8 83.25 320.00 131.82 107.83 4.25 2172.08
9 83.25 360.00 111.68 91.35 4.25 2272.07
10 83.25 400.00 93.07 76.13 4.25 2377.38
11 83.25 440.00 76.88 62.89 4.25 2491.10
12 83.25 480.00 63.27 51.75 4.25 2613.76
13 83.25 520.00 52.04 42.57 4.25 274473
14 83.25 560.00 42.88 35.08 4.25 2882.90
15 83.25 600.00 35.45 29.00 4.25 3027.06
16 83.25 640.00 29.43 24,07 4.25 3176.12
17 83.25 680.00 24.54 20.08 4.25 3329.14
18 83.25 720.00 20.57 16.83 4.25 3485.33
19 83.25 760.00 17.33 14.18 4.2% 3644.06



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 3

H NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) OND LINE  (FACTORED)
: FACTOR=1 FACTOR =.818

0 83.25 0.00 0.00 0.00 4.50 374.63
1 83.25 40.00 19.90 16.28 4.50 627.87
2 83.25 80.00 68.02 55.64 4.50 985.00
3 83.25 120.00 119.78 97.98 450 1355.55
4 83.25 160.00 155.80 127.44 450 1668.12
5 83.25 200.00 169.98 139.04 4.50 1900.31
6 83.25 240.00 166.12 135.89 -4.50 2066.11
7 83.25 280.00 161.32 123.78 4.50 2191.65
8 83.25 320.00 131.82 107.83 4.50 2299.85
9 83.25 360.00 111.68 91.35 450 2405.72
10 83.25 400.00 93.07 76.13 4.50 2517.23
11 83.25 440.00 76.88 62.89 4.50 2637.63
12 83.25 480.00 63.27 51.75 4.50 2767.51
13 83.25 520.00 52.04 42.57 4.50 2906.19
14 83.25 560.00 42.88 35.08 4.50 3052.48
15 83.25 600.00 35.45 29.00 4.50 3205.12
16 83.25 640.00 29.43 24.07 4.50 3362.95
17 83.25 680.00 24.54 20.08 4.50 3524.97
18 83.25 720.00 20.57 16.83 4.50 3690.35
19 83.25 760.00 17.33 14.18 4.50 3858.41



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 4

H NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) ON D LINE (FACTORED)
FACTOR =1 FACTOR = .443

0 83.25 0.00 0.00 0.00 4.5G 374.63
1 83.25 40.00 19.90 8.82 4.5C 594.30
2 83.25 80.00 68.02 30.13 4.50 870.22
3 83.25 120.00 119.78 53.06 4.50 1153.41
4 83.25 160.00 155.80 69.02 4.50 1405.21
5 83.25 200.00 169.98 75.30 4.50 1613.48
6 83.25 240.00 166.12 73.59 4.50 1785.79
7 83.25 280.00 1561.32 67.03 4.50 1936.28
8 83.25 320.00 131.82 58.40 4.50 2077.41
9 83.25 360.00 111.68 49.47 4.50 2217.26
10 83.25 400.00 93.07 41.23 4.50 2360.16
11 83.25 440.00 76.88 34.06 4.50 2507.89
12 83.25 480.00 63.27 28.03 4.50 2660.75
13 83.25 520.00 52.04 23.05 4.50 2818.37
14 83.25 560.00 42.88 19.00 4.50 2980.11
15 83.25 600.00 35.45 15.70 4.50 3145.29
16 83.25 640.00 29.43 13.04 4.50 3313.29
17 83.25 680.00 2454 10.87 4.50 3483.55
18 83.25 720.00 20.57 9.11 4.50 3655.63
19 83.25 760.00 17.33 7.68 4.50 3829.17



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 5

H  NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) OND LINE  (FACTORED)
FACTOR=1 FACTOR = .151

0 83.25 0.00 0.00 0.00 5.50 457.88
1 83.25 40.00 19.90 3.00 5.50 694.40
2 83.25 80.00 68.02 10.27 5.5C 954.36
3 83.25 120.00 119.78 18.09 5.5C 1217.36
4 83.25 160.00 155.80 23.53 550 1467.26
5 83.25 200.00 169.98 25.67 5.50 1699.04
6 83.25 240.00 166.12 25.08 -5.50 1915.84
7 83.25 280.00 151.32 22.85 5.50 2123.55
8 83.25 320.00 131.82 19.90 5.50 2327.35
9 83.25 360.00 111.68 16.86 5.50 2530.62
10 83.25 400.00 93.07 14.05 5.50 1273517
11 83.25 440.00 76.88 11.61 5.50 2941.73
12 83.25 480.00 63.27 9.55 5.50 3150.42
13 83.25 520.00 52.04 7.86 5.50 3361.09
14 83.25 560.00 42.88 6.48 5.50 3573.49
15 83.25 600.00 35.45 5.35 5.50 3787.32
16 83.25 640.00 29.43 4.44 5.50 4002.32
17 83.25 680.00 24.54 3.71 5.50 4218.26
18 . 83.25 720.00 20.57 3.1 5.50 4434.96
19 83.25 760.00 17.33 262 5.50 4652.27
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LATERAL PRESSURES DUE TO
COLUMN LOAD D6

STAGES 1 & 2
Q 72250
X 6.5
H 18.5

Z P(m<0.4) P(m> 0.4) m n
0 0.00 0J00 0.351 0.000
1 39.94 66/79 0.351 0.054
2 136.51 21846 0.351 0.108
3 240.40 36124 0.351 0.162
4 312.68 437139 0.351 0.216
5 341.13 44412 0.351 0.270
6 333.39 405;96 0.351 0.324
7 303.70 348145 0.351 0.378
8 264.55 288129 0.351 0.432
9 22413 233|76 0.351 0.486
10 186.79 187(71 0.351 0.541
11 154.30 150§27 0.351 0.595
12 126.97 120}42 0.351 0.649
13 104.44 96}86 0.351 0.703
14 86.06 78(31 0.351 0.757
15 71.15 6369 0.351 0.811
16 59.06 52114 0.351 0.865
17 49.26 42196 0.351 0.919
18 41.28 35163 0.351 0.973
19 34,78 2975 0.351 1.027



LATERAL PRESSURES DUE TO

COLUMN D6
STAGES 3
Q 72250
X 6.5
H 30

Z P(m< 0.4) P(m> 0.4) m n
0 0.00 0,00 0.217 0.000
1 5.97 66179 0.217 0.033
2 22.47 218)46 0.217 0.067
3 45.75 361)24 0.217 0.100
4 71.12 437(39 0.217 0.133
5 94.30 444112 0.217 0.167
6 112.39 405(96 0.217 0.200
7 124.10 348)45 0.217 0.233
8 129.49 28829 0.217 0.267

9 129.47 233]76 0.217 0.300
10 125.33 18771 0.217 0.333
11 118.38 150)27 0.217 0.367
12 109.75 120442 0.217 0.400
13 100.34 9686 0.217 0.433
14 80.79 78131 0.217 0.467
15 81.53 6369 0.217 0.500
16 72.83 52114 0.217 0.533
17 64.81 42196 0.217 0.567
18 57.55 3583 0.217 0.600
19 51.04 29J75 0.217 0.633
20 45.24 2499 0.217 0.667
21 40.11 21411 0.217 0.700

22 35.58 174 0.217 0.733
23 31.60 1583 0.217 0.767
24 28.10 1317 0.217 0.800
25 25.02 1187 0.217 0.833
26 22.32 986 0.217 0.867
27 19.95 859 0.217 0.900
28 17.86 761 0.217 0.933
29 16.02 69 0.217 0.967
30 14.40 581 0.217 1.000



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 8

H

-
QWO NOUMWEWN=20

R G G QI G G §
W OO~NOOEWN=

NOMINAL ACTIVE FOOTING

SURCHARGE SOIL SURCHARGE

PRESSURES PRESSURES PRESSURES

(TRIANGULAR) ON D LINE
FACTOR =1

83.25 0.00 0.00
83.25 40.00 39.94
83.25 80.00 136.51
83.25 120.00 240.40
83.25 160.00 312.68
83.25 200.00 341.13
83.25 240.00 333.39
83.25 280.00 303.70
83.25 320.00 264.55
83.25 360.00 22413
83.25 400.00 186.79
83.25 440.00 154.30
83.25 480.00 126.97
83.25 520.00 104.44
83.25 560.00 86.06
83.25 600.00 7115
83.25 640.00 59.06
83.25 680.00 49.26
83.25 720.00 41.28
83.25 760.00 34.78

FOOTING EFFECTIVE TOTAL

SURCHARGE SPACING
PRESSURES
(FACTORED)

FACTOR = .151

0.00

6.03
20.61
36.30
47.21
51.51
50.34
45.86
39.95
33.84
28.21
23.30
19.17
15.77
13.00
10.74

8.92

7.44

6.23

5.25

LATERAL
PRESSURES
5.50 457.88
5.50 711.05
5.50 1011.25
5.50 1317.53
5.50 1597.56
5.50 1841.18
5.50 2054.76
5.50 2250.10
5.50) 2437.58
5.50 2624.01
5.50) 2813.00
5.50 3006.02
5.50 3203.32
5.50 3404.61
5.50 3609.35
5.50 3816.97
5.50 4026.92
5.50 4238.79
5.50 4452.16
5.50 4666.76



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 9

H  NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) ON D LINE (FACTORED)
FACTOR =1 FACTOR = .443

0 83.25 0.00 0.00 0.00 4.50 374.63
1 83.25 40.00 39.94 17.69 4.50 634.25
2 83.25 80.00 136.51 60.47 4.50 1006.76
3 83.25 120.00 240.40 108.50 4,50 | 1393.86
4 83.25 160.00 312.68 138.52 4.50 1717.95
5 83.25 200.00 34113 151.12 4.50 1954.67
6 83.25 240.00 333.39 147.69 4,50 2119.24
7 83.25 280.00 303.70 134.54 4.50 2240.05
8 83.25 320.00 264.55 117.20 4.50 2342.01
9 83.25 360.00 - 22413 99.29 4.50 _ 244143
10 83.25 400.00 186.79 82.75 4.50 2546.99
11 83.25 440.00 154.30 68.35 4.50 2662.22
12 83.25 480.00 126.97 56.25 4.50 2787.74
13 83.25 520.00 104.44 46.27 4.50 2922 .83
14 83.25 560.00 86.06 38.12 4.50 3066.19
15 83.25 600.00 71.15 31.52 4.50 3216.46
16 83.25 640.00 59.06 26.16 4.5) 3372.36
17 83.25 680.00 - 49.26 21.82 4.50 3532.82
18 83.25 720.00 41.28 18.29 4.50 3696.92
19 83.25 760.00 34.78 15.41 4.50 3863.96



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 10

H NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) OND LINE  (FACTORED)
FACTOR=1 FACTOR = .818

0 83.25 0.00 0.00 0.00 4.50 374.63
1 83.25 40.00 39.94 32.67 4.50 701.64
2 83.25 80.00 136.51 111.67 4.50 1237.12
3 83.25 120.00 240.40 196.65 4.50 1799.54
4 83.25 160.00 312.68 255.77 4.50 2245.60
5 83.25 200.00 341.13 279.04 4.50 2530.32
6 83.25 240.00 333.39 272.71 4.50 2681.83
7 83.25 280.00 303.70 248.43 4.50 2752.54
8 83.25 320.00 264.55 216.40 4.50 2788.43
9 83.25 360.00 22413 183.34 4.50 2819.65
10 83.25 400.00 186.79 152.79 4.50 2862.20
11 83.25 440.00 164.30 126.22 4.50 2922.60
12 83.25 480.00 126.97 103.86 4.50 3002.00
13 83.25 520.00 104.44 85.43 4.50 3099.07
14 83.25 560.00 86.06 70.40 4.50 3211.41
15 83.25 600.00 71.15 58.20 4.50 3336.53
16 83.25 640.00 59.06 48.31 4.50 3472.02
17 83.25 680.00 49.26 40.29 4.50 3615.95
18 . 83.25 720.00 41.28 33.77 4.50 3766.58
19 83.25 760.00 34.78 28.45 4.50 3922.65



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 11

H  NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) ON D LINE (FACTORED)
FACTOR=1 FACTOR = .818

0 83.25 0.00 0.00 0.00 4.25 353.81
1 83.25 40.00 39.94 32.67 4.25 662.66
2 83.25 80.00 136.51 111.67 4.25 1168.39
3 83.25 120.00 240.40 196.65 425 | 1699.56
4 83.25 160.00 312.68 255.77 4.25 2120.84
5 83.25 200.00 341.13 279.04 4.25 2389.75
6 83.25 240.00 333.39 272.71 "4.25 2532.84
7 83.25 280.00 303.70 248.43 425 2599.63
8 83.25 320.00 264.55 216.40 4.25 2633.52
9 83.25 360.00 22413 183.34 4.25 . 2663.00
10 83.25 400.00 186.79 152.79 425 2703.19
11 83.25 440.00 154.30 126.22 4.25 2760.24
12 83.25 480.00 126.97 103.86 4.25 2835.22
13 83.25 520.00 104.44 85.43 4.25 2926.90
14 83.25 560.00 86.06 70.40 4.25 3033.00
15 83.25 600.00 71.15 58.20 4.25 3151.17
16 83.25 640.00 59.06 48.31 425 3279.13
17 83.25 680.00 49.26 40.29 4.25 3415.06
18 83.25 720.00 41.28 33.77 4.25 3557.32
19 83.25 760.00 34.78 28.45 425 3704.73



COMBINED LATERAL PRESSURES STAGES 1 & 2
SOLDIER PILE 12

H NOMINAL ACTIVE FOOTING FOOTING EFFECTIVE TOTAL
SURCHARGE SOIL SURCHARGE SURCHARGE SPACING LATERAL
PRESSURES PRESSURES PRESSURES PRESSURES PRESSURES

(TRIANGULAR) ON D LINE (FACTORED)
FACTOR=1 FACTOR =.211

0 83.25 0.00 0.00 0.00 3.63 301.78
1 83.25 40.00 39.94 8.43 3.63 477.33
2 83.25 80.00 136.51 28.80 3.63 696.19
3 83.25 120.00 240.40 50.72 3.63 920.66
4 83.25 160.00 312.68 65.98 3.63 1120.94
5 83.25 200.00 341.13 71.98 3.63 1287.70
6 83.25 240.00 333.39 70.35 363 1426.78
7 83.25 280.00 303.70 64.08 3.63 1549.07
8 83.25 320.00 264.55 55.82 3.63 1664.13
9 83.25 360.00 22413 47.29 3.63 1778.21
10 83.25 400.00 186.79 39.41 3.63 1894.65
11 83.25 440.00 154.30 32.56 3.63 2014.80
12 83.25 480.00 126.97 26.79 3.63 2138.90
13 83.25 520.00 104.44 22.04 3.63 2266.66
14 83.25 560.00 86.06 18.16 3.63 2397.61
15 83.25 600.00 71.15 15.01 3.63 2531.20
16 83.25 640.00 59.06 12.46 3.63 2666.95
17 83.25 680.00 49.26 10.39 3.63 2804.46
18 83.25 720.00 41.28 8.71 3.63 2943.36
19 83.25 . 760.00 34.78 7.34 3.63 3083.38
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LATERAL PRESSURES DUE TO
COLUMN LOAD D8
STAGES 1 & 2

132250
11.083
18.5

Q
X
H
Z P(m< 0.4) P(m> 0.4) m n
0 0{00 0.00 0599  0.000
1 73(10 1514 0599  0.054
2 249|87 56.37  0.599  0.108
3 440[04 112.94 0599  0.162
4 572(34 17192 0599  0.216
5 624/43 22249 0599  0.270
6 61026 258.32 0599  0.324
7 555091  277.60  0.599  0.378
8  484[25 28217  0.599  0.432
g 410(27  275.01 0.599  0.486
10  341{92  259.86  0.598  0.541
11 28244 23399 0598  0.595
12 232042 21794 0598 0649
13 191j18  195.51 0.599  0.703
14 15754 17388 0598  0.757
15 13023 15373 0599  0.811
16 10811 13538 0599  0.865
17 oolt6  118.96  0.599  0.919
18 75|57 10442 0599 0973
19 63/66 9164 0599  1.027




LATERAL PRESSURES DUE TO

COLUMN 8D
STAGES 3
Q 132250
X 11.0833
H 30
Z P(mz 0.4) P(m> 0.4) m n
0 0.00 0.369  0.000
1 10.93 0369  0.033
2 4112 0.369  0.067
3 8375 0.369  0.100
4  130.18 0.369  0.133
5 172.61 0.369  0.167
6 20572 0.369  0.200
7 22715 0.369  0.233
8  237.02 0.369  0.267
9  236.99 0.369  0.300
10 229.42 0369  0.333
11 216.69 0369  0.367
12 200.90 0.369  0.400
13 183.67 0.369  0.433
14 166.19 0.369  0.467
15  149.24 0.369  0.500
16 133.31 0.369  0.533
17 118.64 0.369  0.567
18 105.34 0.369  0.600
19  93.42 0.369  0.633
20  82.81 0.369  0.667
21 73.41 0.369  0.700
22 6513 0.369  0.733
23 57.84 0.369  0.767
24  51.43 0.369  0.800
25 4580 0369  0.833
26 40.86 0.369  0.867
27 36.52 0.369  0.900
28 32.69 0.369  0.933
29 29.33 0.369  0.967
30  26.36 0.369  1.000




LATERAL PRESSURES DUE TO
WALL LOAD COLUMN D8

STAGES 1&2
Q 4000
X 6.3333
H 18.5
Z P(m<0.4) P(m>0.4) m n
0 0.00 0.342 0.000
1 2.21 0.342 0.054
2 7.56 0.342 0.108
3 13.31 0.342 0.162
4 17.31 0.342 0.216
5 18.89 0.342 0.270
6 18.46 0.342 0.324
7 16.81 0.342 0.378
8 14,65 0.342 0.432
9 12.41 0.342 0.486
10 10.34 0.342 0.541
11 8.54 0.342 0.595
12 7.03 0.342 0.649
13 5.78 0.342 0.703
14 4,76 0.342 0.757
15 3.94 0.342 0.811
16 3.27 0.342 0.865
17 2.73 0.342 0.919
18 2.29 0.342 0.973
19 1.93 0.342 1.027




LATERAL PRESSURES DUE TO
WALL LOAD COLUMN LOAD D8

STAGE 3
Q 4000
X 6.333
H 30

Z P(m< 0.4) P(m> 0.4) m n
0 0.00 0400 0.211 0.000
1 0.33 409 0.211 0.033
2 1.24 13[24 0.211 0.067
3 2.53 21)58 0.211 0.100
4 3.94 2572 0.211 0.133
5 5.22 2572 0.211 0.167
6 6.22 2319 0.211 0.200
7 6.87 19%7  0.211 0.233
8 7.17 1611 0.211 0.267

9 717 12§95 0.211 0.300
10 6.94 10§32 0.211 0.333
11 6.55 8p2 0.211 0.367
12 6.08 6155 0.211 0.400
13 5.56 5p5 0.211 0.433
14 5.03 4123 0.211 0.467
15 4.51 3|3 0.211 0.500
16 4.03 2|80 0.211 0.533
17 3.59 2130 0.211 0.567
18 3.19 191 0.211 0.600
19 2.83 1159 0.211 0.633
20 2.50 1B3 0.211 0.667
21 2.22 112 0.211 0.700
22 1.97 0§95 0.211 0.733
23 1.75 0181 0.211 0.767
24 1.56 0f70 0.211 0.800
25 1.39 060 0.211 0.833
26 1.24 0452 0.211 0.867
27 1.10 0l 0.211 0.900
28 0.99 00 0.211 0.933
29 0.89 035 0.211 0.967
30 0.80 031 0.211 1.000



LATERAL PRESSURES DUE TO
WALL FOOTING
STAGES 1,2 &3

Q 750
X 5.333
w 1.333
H P
0 0
1 42.37
2 69.56
3 78.05
4 73.66
5 63.57
6 52.42
7 42.33
8 33.95
9 27.26
10 21.99
11 17.87
12 14.65
13 12.11
14 10.09
15 8.48
16 7.18
17 6.13
18 5.27
19 4.55
20 3.96
21 3.46
22 3.05
23 2.69
24 2.39
25 213
26 1.91
27 1.71
28 1.54
29 1.40
30 1.27
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LATERAL PRESSURES DUE TO
COLUMN LOAD D8

STAGE 1
Q 132250
X 5.4167
H 7
Z P(m< 0.4) P(m> 0.4) m n
0] ojpo 0.00 0.774  0.000
1 262659 245.90 0.774 0.143
2 437275 741.27 0.774 0.286
3 3419153 1096.74 0.774 0.429
4 2142165 1178.95 0.774 0.571
5 1280180 1070.05 0.774 0.714
6 775425 886.32 0.774 0.857
7 484115 699.96 0.774 1.000



LATERAL PRESSURES DUE TO
COLUMN LOAD D8

STAGE 2
Q 132250
X 5.4167
H 13.5

P(m< 0.4) P(m> 0.4) m n
0 0.00 0.401 0.000
0 245.90 0.401 0.074
740135 741.27 0.401 0.148
5 1096.74 0.401 0.222
1 1178.95 0.401 0.296
0 1070.05 0.401 0.370
878117 886.32 0.401 0.444
692157 699.96 0.401 0.519
5341 540.51 0.401 0.593
9 408192 414.11 0.401 0.667
10 3131 317.42 0.401 0.741
11 24118 244.57 0.401 0.815
12 187117 189.89 0.401 0.889

13 14658 148.76 0.401 0.963
14 115188 117.65 0.401 1.037
15 92449 93.92 0.401 1.111
16 74151 75.68 0.401 1.185
17 6056 61.53 0.401 1.259
18 49564 50.44 0.401 1.333
19 41102 41.69 0.401 1.407



LATERAL PRESSURES DUE TO
COLUMN LOAD D8

STAGE 3
Q 132250
X 5.4167
H 30

Z P(m< 0.4) P(m> 0.4) m n
0 0.00 0[00 0.181 0.000
1 10.93 245]90 0.181 0.033
2 41.12 741)27 0.181 0.067
3 83.75 1096]74 0.181 0.100
4 130.18 1178)95 0.181 0.133
5 172.61  1070J05 0.181 0.167
6 205.72 886132 0.181 0.200
7 227.15 699{96 0.181 0.233
8 237.02 540}51 0.181 0.267
9 236.99 41411 0.181 0.300
10 229.42 31742 0.181 0.333
11 216.69 244|157 0.181 0.367
12 200.90 18989 0.181 0.400
13 183.67 148{76 0.181 0.433
14 166.19 1175 0.181 0.467
15 149.24 9392 0.181 0.500
16 133.31 75168 0.181 0.533
17 118.64 61§53 0.181 0.567
18 105.34 5044 0.181 0.600
19 93.42 41B9 0.181 0.633
20 82.81 34{71 0.181 0.667
21 © 73.41 29111 0.181 0.700
22 65.13 2467 0.181 0.733
23 57.84 2087 0.181 0.767
24 51.43 1783 0.181 0.800
25 45.80 152 0.181 0.833
26 40.86 133 0.181 0.867
27 36.52 1148 0.181 0.900
28 32.69 1001 0.181 0.933
29 29.33 8}76 0.181 0.967
30 26.36 7170 0.181 1.000



LATERAL PRESSURES DUE TO
WALL LOAD COLUMN D8

STAGES 1 & 2
Q 4000
X  6.4167
H 18.5
Z P(m<0.4) P(m> 0.4) m n
0 0.00 0.347  0.000
1 2.21 0.347  0.054
2 7.56 0.347  0.108
3 13.31 0.347  0.162
4 17.31 0.347  0.216
5 18.89 0.347  0.270
6 18.46 0.347  0.324
7 16.81 0.347  0.378
8 14.65 0.347  0.432
9 12.41 0.347  0.486
10  10.34 0.347  0.541
11 8.54 0.347  0.595
12 7.03 0.347  0.649
13 5.78 0.347  0.703
14 4.76 0.347  0.757
15 3.94 0.347  0.811
16 3.27 0.347  0.865
17 2.73 0.347  0.919
18 2.29 0.347  0.973
19 1.93 0.347  1.027




LATERAL PRESSURES DUE TO
WALL LOAD COLUMN D8

STAGE 3

Q 4000

X 6.4167

H 30

Z P(m< 0.4) P(m> 0.4) m n
0 0.00 0(00 0.214 0.000
1 0.33 3]89 0.214 0.033
2 1.24 1265 0.214 0.067
3 2.53 20477 0.214 0.100
4 3.94 24196 0.214 0.133
5 5.22 25115 0.214 0.167
6 6.22 22183 0.214 0.200
7 6.87 19148 0.214 0.233
8 7.17 16§04 0.214 0.267
9 717 12§95 0.214 0.300
10 6.94 10§36 0.214 0.333
11 6.55 8p7 0.214 0.367
12 6.08 6p1 0.214 0.400
13 5.56 581 0.214 0.433
14 5.03 4p8 0.214 0.467
15 4.51 3us 0.214 0.500
16 4.03 284 0.214 0.533
17 3.59 284 0.214 0.567
18 3.19 194 0.214 0.600
19 2.83 182 0.214 0.633
20 2.50 136 0.214 0.667
21 2.22 115 0.214 0.700
22 1.97 0.p7 0.214 0.733
23 1.75 0B3 0.214 0.767
24 1.56 oy1 0.214 0.800
25 1.39 0p2 0.214 0.833
26 1.24 0.p3 0.214 0.867
27 1.10 047 0.214 0.900
28 0.99 0.p1 0.214 0.933
29 0.89 0.6 0.214 0.967
30 0.80 0.1 0.214 1.000
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