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1.0 INTRODUCTION

Foster Wheeler Environmental Corporation (Foster Wheeler Environmental) has been contracted
by the Northern Division, Naval Facilities Engineering Command (Northern Division) to
construct, and install five additional product recovery wells at the existing bioslurping systems
located at the Naval Weapons Station (NWS) Earle in Colts Neck, NJ. The five product recovery
wells shall be installed around the Building C-16 to increase the recovery of product from this
area of the diesel fuel plume. The wells shall be connected, via below-grade piping, to the
existing piping network associated with Bioslurper Unit No. 1. This Work Plan is being
submitted to satisfy the pre-construction submittal requirements included in paragraph 1.2.1, Pre-
~ and Post-Construction Documentation of the Statement of Services for Delivery Order No. 0055,
Modification No. 7 under Remedial Action Contract No. N62472-94-D-0398.

Bioslurping is an innovative remedial technology, which utilizes vacuum-enhanced dewatering
technology to remediate petroleum hydrocarbon contaminated sites. Bioslurping systems are
designed to recover light non-aqueous phase liquids (LNAPLSs) via vacuum enhanced pumping
while simultaneously performing remediation of the vadose zone via bioventing. Therefore,
bioslurping simultaneously accomplishes source removal and remediation of the vadose zone.
The bioslurper system withdraws free product, small volumes of groundwater and soil gas in the
same process stream using a single pump. Free product is recovered while groundwater and soil
gas are treated (when required) and discharged.

Bioslurping enhances free product recovery by creating a pressure gradient to force movement of
LNAPL into the well. The system operates with minimal fluid drawdown in the aquifer, thereby
reducing problems associated with LNAPL smearing and entrapment. Bioventing of the vadose
zone is achieved by withdrawing soil gas in the recovery well. The system alternates between
withdrawing product (and small amounts of groundwater) and soil gas. The rate of soil gas
extraction is dependent on the rate of LNAPL recovery. The slurping action also greatly reduces
the amount of groundwater discharge when compared to conventional dual-phase extraction
systems. :

20 PROJECT LOCATION AND DESCRIPTION

NWS Earle is located in east-central Monmouth County in the town of Colts Neck, NJ, as
depicted in Figure 2-1. Site 16/F is-located in the north-central portion of NWS Earle as shown
in Figure 2-2. The areas currently being addressed with the bioslurping remediation system at
Site 16/F are the light non-aqueous phase (LNAPL) plume southeast of Building C-16, The
suspected LNAPL plume northwest of Building C-50, and a former gas station site near Building
C-17.
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An underground fiiel line located in the area north of Building C-19 was used to transport diesel
fuel from an UST located at the northwestern corner of Building C-18 to a dispensing station
near Building C-50. A leak in the fuel line was discovered in 1977 and use of the pipeline was
discontinued after the leak was discovered and excavated. Part of the former underground diesel
transfer line is still in place.

A site investigation was conducted in 1992. As part of this investigation, five soil borings were
completed in the area north of Building C-18, the reported location of the underground fuel line
leak. Each boring was completed to the water table, and one sample was collected approximately
8 feet below ground surface (bgs), below the level of the fuel pipeline and above the water table.
All soil samples collected contained elevated levels of TPH ranging from 4,700 mg/kg to 22,000
mg/kg. Low levels of semi-volatiles were also detected. A geophysical survey of the area
indicated a number of buried lines at the site; however, the exact location of the leaking fuel line
was not determined. |

Bétween June and October of 1995, Brown & Root Environmental conducted the following
activities at Site 16/F: '

Soil gas survey
Sampling and analysis of subsurface samples from 20 soil borings
Sampling and analysis of surface soil
Sampling and analysis of sediment
. Drilling and installation of six shallow permanent monitoring wells
-Sampling and analysis of groundwater from the wells
Measurement of static-water levels in the wells
Performance of slug testing in three of the wells

The Remedial Investigation Report prepared by Brown & Root Environmental subsequent to the
1995 field investigation concluded that hydrocarbons detected in the subsurface have impacted
the groundwater. The groundwater contamination (primarily volatile organics and fuel
constituents) is associated with a free-product LNAPL layer. This floating product is a source of .
organics to groundwater. In addition, there is a potential for residual leaching of aromatic
volatiles and the lighter PAHs from subsurface soils into groundwater because of the significant
concentrations present. Underground storage tanks (USTs) and/or piping leaks have occurred at
the NWS Earle supply gasoline station (Building C-17). The piping was replaced in 1995. The
USTs are known to have stored diesel fuel and unleaded gasoline. Gauging activities conducted
during the 1995 Remedial Investigation indicate an "apparent" thickness of up to 2 feet of
product in monitoring well MW16-04, and up to 8 inches in monitoring well MW16-05. Free
product was not detected in any of the other monitoring wells installed across the site.

In 1995 the Navy conducted a SCAPS Investigation to delineated the extent of petroleum-
impacted soils across the site. The SCAPS is a field screening technique, which uses Laser
Induced Fluorescence (LIF) to detect polynuclear aromatic hydrocarbons (PAHs). A subsequent
SCAPS Investigation was conducted in the area north of Building C-50 to further investigate
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possible petroleum impacted soils from diesel dispensing operations. In October 1996, B&R
Environmental conducted direct push sampling, a cone penetrometer stratigraphy study, an
induced fluorescence investigation of petroleum impacted soils, and installed four shallow
monitoring wells. Figure 2-2 depicts the delineated extent of the fuel impacted areas based on the
SCAPS study and existing well data. '

Foster Wheeler Environmental conducted a bioslurper pilot study from July 22 to October 25,
1996 to determine if bioslurping was technically feasible for product recovery at the. NWS-Earle.
An existing monitoring well (MW-16-04) was used to recover product during the pilot study.

2.1 EXISTING BIOSLURPER SYSTEM SET-UP

The existing bioslurper system consists of two turnkey cargo boxes containing the bioslurper
vacuum pumps and groundwater treatment units. The two 40 foot (L) by 8.5 foot (H) by 8 foot
(W) treatment buildings (refurbished cargo containers) were delivered to the site with all the
bioslurping and groundwater treatment equipment mounted, plumbed and wired internally to
NEMA 7 (explosion-proof) standards. The complete turnkey system only needed to be
connected to a power source, telephone line, water, and the wells upon arrival. The bioslurper
units consist of the following components:

Exhauster Skid

e The exhauster skid functions as the source of the vacuum which is placed on the recovery
wells, and also functions as a vapor phase drop-out tank and is equipped with a vapor phase
discharge line. The exhauster skid is connected to the Free Product Skid via a 3 inch
diameter vacuum line and a 0.5 inch manual blowdown line.

Free Product Skid

The free product skid is equipped with a tank to drop out the oil and water phase of the
air/water/oil mixture that is pulled, via a vacuum, from the recovery wells. The vacuum to the
wells is controlled at this location by an air bleed valve and measured with a vacuum gauge. The
oil and water in this tank is transferred via a pump to the oil/water separator skid. The main
components of the free product skid are the drop out tank and the cavitation pump connected to
the oil/water separator. '

Oil/Wéter Separator Skid

The oil/water separator is equipped with an oversized parallel corrugated plate coalescing
oil/water separator and a product transfer pump. The oil/water separator has a 200 gallon
integral sump and 100 gallon product storage compartment. The oil water separator is also
connected to a 275-gallon double-walled product storage tank.
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Effluent Treatment Skid

e The effluent treatment skid is used to treat the effluent from the oil/water separator. The
treatment system consists of a bag filter, clay absorption units and activated carbon
absorption units.

Automated Instrumentation

The two bioslurper systems are equipped with numerous interlocked switches and alarms to -
ensure that if one part of the system is not functioning properly, the system automatically shuts
down and beeper and faxed alarm reports are sent out to Foster Wheeler and the Navy. The
control panel consists a Program Logic Control (PLC) based master control panel and
telemonitoring/datalogging system.

3.0 SCOPE OF WORK

3.1 TASK 1 - PROJECT PLANNING/MANAGEMENT

Project Planning/Management activities include the preparation of pre-construction submittals,
mobilization to the site, installing the recovery wells, and connectting the wells to the existing
piping network tied into Bioslurper Unit No.l. The subtasks involved in Project
Planning/Management are described below.

3.1.1 Subtask lA - Pre-Construction Submittals

Foster Wheeler Environmental will prepare and submit the following pre-construction documents
to the Navy:

Work Plan

The Work Plan presents Foster Wheeler Environmental's approach to executing the project,
including the site description, statement of work, procurement approach, system information,
materials, engineering data, transportation and disposal data, and sampling and analytical
requirements.

Health and Safety Plan (HASP)
The HASP includes Foster Wheeler Environmental's approach to providing for the health and
safety of its employees during the project.
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3.1.2 Subtask 1B - Mobilization/Facilities

Mobilization will consist of contacting appropriate Navy personnel at NWS Earle to arrange for
contractor passes and to coordinate support requirements for the well drilling and the piping
installation for the bioslurping systems

3.1.3 Subtask 1C - Home Office Support

Foster Wheeler Environmental will provide home office support for the project duration. Home
office support includes the preparation of the required monthly progress, financial, and technical
reports.

32  TASK 2 - DRILLING AND INSTALLATION OF GROUNDWATER RECOVERY
WELLS : ' '

3.2.1 Subtask 2A- Well Permits/Dig Permits

The proper well permits. shall be obtained from the New Jersey Department of Environmental
Protection (NJDEP) prior to drilling the recovery wells.

FWENC shall contact the NWS-Earle Public Works Department to obtain a dig permit and have
all utilities marked-out prior to drilling and excavation for piping installation.

3.2.2 Subtask 2B- Drilling and Installation of Recovery Wells

A total of five (5) additional recovery wells will be installed in the area adjacent to Bioslurper
Unit No. 1. The location of the recovery wells is based upon a review of the existing operational
data from the existing bioslurper recovery wells.

The additional recovery wells are being installed in the area around Bioslurper Unit No. 1 in
order to increase the product recovery in this area and reduce the time needed to remediate the
diesel fuel plume. The additional wells provide additional coverage of the existing diesel fuel
plume, and therefore increase the recovery of the diesel fuel.

During the pilot study, a vacuum of 7 inches of mercury (in. Hg) placed on extraction well
16MW-04 resulted in vacuum readings in the soil gas monitoring wells up to 40-feet from the
extraction well. Only low vacuum readings (0.07 to 0.1 inches of water (in. H,0)) were detected
in the soil gas monitoring point located 40-feet from the well. During and after the pilot study, it
was determined that the optimal vacuum of the extraction well should be between 3 to 5 in. Hg.
This was based on the observation of water recovered per well along with the LNAPL. By
keeping the vacuum of the extraction well to 5 in/Hg and below, the gallons per minute (gpm) of
water recovered from the well could be kept below 2 gpm. The existing recovery wells were
installed at intervals of 35 to 40 feet apart, based on a radius of influence of approximately 25
feet for each recovery well (at lower vacuums). The existing well layout actually has an overlap
of the radii of influence of the extraction wells.
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In order to verify the radius of influence of some of the existing extraction wells at NWS-Earle,
vacuum measurements were obtained from select wells. Low vacuum reading were obtained
from 16MW19 (1-2 inches of water) and 16MW-18 (0.4 inches of water) when a vacuum of
approximately 5 inches of Hg was applied to 16 MW-14. Only 16MW-14 was under vacuum at
the time the measurements were taken. 16MW-19 is approximately 30 feet to the northwest of
16MW-14, and 16 MW-18 is approximately 60 feet northwest. Low vacuum readings were also
obtained from C17/20MW-07 (1-2 inches of water) when 16MW-15 was operating at a vacuum
of 4 inches of Hg.

Based on the assumed perimeter of the LNAPL plume, and the radius of influence of the
extraction wells, the additional wells will be installed to the south and the northwest of the
existing ‘well network near Building C-16. Figure 3-1 depicts the proposed locations of the
additional recovery wells. No wells are proposed for inside Building C-16 at this time since this
building is scheduled for demolition this year.

The groundwater wells shall be installed using a hollow stem auger drilling rig to advance 6%
inch inside diameter augers to a depth of approximately 15 feet below grade. The depth is based
on previous groundwater elevations in the existing wells. Continuous split spoon samples shall
be collected to log the geology. The drilling and well installation shall be supervised by a
Geologist, and boring logs and construction diagrams shall be prepared for each well.

Construction details for the groundwater/product recovery wells are shown in Figure 3-2. The
wells will be installed in accordance with the following procedure:

1. The depth of the groundwater wells shall be approximately 15 feet below grade, and the wells
shall be installed to allow conversion from a product/groundwater recovery well into a
bioventing well. The wells will be installed so that approximately 4 to 5 feet of the screen is
in the vadose zone, above the top of the water table.

2. Drilling shall be performed with hollow stem auger (HSA) drilling techniques. A nominal 8-
inch diameter shall be advanced in order to install the recovery wells.

3. During the drilling operations, a 2-inch OD split barrel sampler shall be driven with blows
from a 140 pound hammer falling 30 inches in accordance with ASTM D1586-84, Standard
Penetration Test.

4. Ten feet of 4-inch diameter PVC well screen with 0.01 inch slot size shall be set at the
bottom of the borehole with sufficient riser pipe to extend to ground surface.

5. The annular space shall be backfilled from the bottom of the well to 1 foot above the screen
with clean, uniform, medium-grained sand (Morie #1). A 2-foot bentonite seal shall be
placed on the sand and allowed to hydrate. The remaining annular space shall be backfilled
with bentonite-cement grout

6. A steel vault shall be placed around the well to allow for the necessary space needed to
connect the well to the bioslurper system and be capable of locking for security.

CD97#7/97307 8
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The monitoring wells shall be installed with 10 feet of screen in order to ensure coverage across
the vadose zone during water level fluctuations and ensure sufficient screened intervals in the
vadose zone for conversion of the wells to bioventing wells at a later date.

All drill cuttings shall be cbntainerized in 55-gallon drums, labeled, and staged for off-site
disposal. The soil cuttings shall be sampled and analyzed for off-site disposal detailed in the
Sampling and Analysis Plan.

The groundwater wells shall be developed to remove sediments and drill cuttings from the
around the screened interval of the well. Wells shall be developed by bailing, or pumping,
surging the water to ensure all the fines in the well are removed. Wells shall be developed until
water removed is visibly clear of suspended solids. The development water shall be
containerized in 55-gallon drums and labeled, allowed to settle, and then run through the
groundwater treatment system of the bioslurper, or disposed off site.

3.3  TASK 3: TRENCHING AND PIPE INSTALLATION

With the exception of connections to the bioslurper units and Building C-16, all the piping for
the extraction wells, wastewater discharge lines and water supply lines shall be buried below
grade. The top of all underground piping shall be buried a minimum of 2 feet below grade. Two
foot wide trenches shall be excavated with a backhoe to approximately 3 feet below grade,
keeping the trenches as vertical as possible. A minimum of six inches of clean sand shall be
backfilled into the trench for bedding. The bedding in the bottom of the trenches shall be graded
in order to provide uniform bedding and support for each section of conduit or pipe. Clean sand
shall be backfilled in 6-inch maximum lifts to 12 inches above the top of the pipe. Care shall be
taken to ensure that the initial sand is tampered firmly under the pipe haunches. A hand
operated, plate-type, vibratory or other suitable hand tampering device shall be used to compact
each 6-inch loose lift of sand or soil. The soils shall be compacted to 90 percent of the maximum
relative density. Detectable metallic piping tape shall be placed above the length of the pipe to
properly mark the piping runs. Existing excavated material shall be used to backfill the
remainder of the trench.

All soils excavated from the trenches that are not used as backfill shall be placed into lined, and
covered roll-off containers at the site. The soils shall be sampled, analyzed and disposed off site,
upon completion of the trench excavations.

There are piping runs below grade that shall require cutting through concrete and asphalt. A
concrete cutting saw shall be used to cut through the concrete and asphalt. Any excavated
concrete and asphalt shall be placed in covered roll-off containers for off-site disposal. The
asphalt shall be replaced with 3-inches of topcoat. All of the vacuum extraction piping buried
below grade shall be comprised of 2-inch diameter sch 40 PVC contained inside 4 inch diameter
sch. 80 PVC or the equivalent. The calculations for live load weights on the 4 inch diameter sch.
80 PVC pipe are contained in Appendix A.
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A total of five trenches shall be excavated in order to connect the new wells to the existing piping
network. One trench shall be excavated from 16MW 14, between the railroad tracks, south to the
new well. A second trench shall be excavated from 16MW04 north, along Building C-16, to the
new well. A third trench shall be expavatéd from 16MW13, south to a proposed well. The
- fourth trench shall be excavated perpendicular to the third trench to tie in another well. The fifth
trench shall be excavated perpendicular to the third trench to tie in the last well. The piping in
the new trenches shall be slope back to the existing leak detection access ports for the secondary
containment piping. No railroad work is required to complete these lines. However, all work
near the tracks will be coordinated with Mike Perry, NWS-Earle’s Railroad Engineer.

The tops of the extraction wells shall be configured with Y pipes to facilitate the slurper straw, a
vacuum gauge, and a measurement/ sampling port. See Figure 3-3 for details. The wells shall be
equipped in a manner that shall allow individual adjustments of vacuum on each well. The top
of the well shall be configured with a compression cap to allow the movement of the slurper
straw to various depths, based upon product depth and thickness. A 2-inch diameter manifold
pipe, constructed of schedule 40 PVC, shall be run from the bioslurper units to the recovery
wells. The 2-inch diameter pipe shall be contained in a 4-inch diameter schedule 80 PVC pipe
for secondary containment. - '

The wells shall be installed in a flush-mount vault box. The locking vault box shall be cemented
into the ground and will provide protection and security to the well and allow enough space to

configure the attachments for the recovery system.

3.3.1 Subtask 3G-Surveying of Extraction Well and Utility Lines

All of the new extraction wells and the piping runs shall be surveyed by a certified surveyor
using New Jersey State Plane Coordinate System. Vertical elevations, as well at latitude and
longitude, shall be obtained for the extraction wells and the three existing vapor monitoring
wells. The vertical elevations shall be obtained from the tops of the PVC casing..

4.0 HEALTH AND SAFETY REQUIREMENTS

The site-specific Health and Safety Plan (HASP) is provided as a separate submittal. As required
by paragraph 1.2.1, Pre- and Post-Construction documentation, the HASP includes
organizational information, a potential hazards assessment, protective equipment requirements,
air monitoring, site controls and protective zones, medical surveillance procedures, emergency
response and spill control measures, and training requirements.

50 WASTE REMOVAL/REGULATORY COMPLIANCE

This section addresses how the various waste streams generated during the bioslurping pilot
study activities will be handled. These waste streams include air emissions, groundwater,
recovered free product, and investigation derived wastes.

CD9747/97307 12
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5.1 GROUNDWATER-

Any groundwater generated from the installation and development of the wells shall either be
characterized and disposed off site at a regulated facility, or run through the treatment units
associated with the bioslurper units.

5.2  INVESTIGATION DERIVED WASTES

As part of the bioslurping pilot study, several investigation derived waste streams will be
generated. These include soil cuttings, decontamination fluids, PPE, and other miscellaneous
debris. These wastes shall be collected, stored separately and tested to determine waste
characteristics for purposes of waste classification and disposal facility selection. Depending
upon classification, investigation derived wastes will be disposed of in accordance with NJDEP
solid waste and/or Hazardous Waste Regulations. '

53  MANIFESTS/SHIPPING PAPERS

Foster Wheeler Environmental shall provide completed waste manifests and/or bills of lading
and transport documentation to the Navy for review and signature.

5.4 | WASTE TRANSPORT AND DISPOSAL

Foster Wheeler Environmental shall subcontract the waste transport and disposal (T&D)
services. The T&D subcontractor shall be competitively procured from the five firms with which

- Foster Wheeler Environmental has pre-placed basic ordering agreements. This assures the Navy

that solid and/or hazardous wastes will be sent to an EPA/NJDEP-approved facilities. ~All
disposal facilities transporters both hazardous and solid waste, to be used for disposal of the
Navy’s wastes, will be evaluated for regulatory compliance and approved for use in accordance
with Foster Wheeler Corporation Regulatory Compliance Procedures. Approved facilities and
transporters will be submitted to the Navy for final approval.

6.0 PROJECT MANAGEMENT

The project management team shall be responsible for all technical and administrative aspects of
the remediation project.

6.1  PROJECT SCHEDULE
The project schedule is provided as Figure 6-1.
6.2 PROJECT STAFFING PLAN

The organization chart for this project is provided in Figure 6-2.
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Activity
ID

Early Early %

Description Start Finish

1000  |Complete Work Plan 01MARO1 A |07MARO1 A| 100 - /W7 Complete Work Plan ,
1010 | Obtain approval of weli locations | 09MARO1 A|09MARO1 A| 100 7% Obtain approval of well locations
1020 Drill Recovery Wells 14MARO1 A |21MARO1 A| - 100 /w7 Drill Recovery Wells
1030 Remove asphalt/concrete for wells 16MARO1 A | 16MAROT A| 100| . 7Y Remove asph'alt/concrete for wells
1050 . |Install vaults/sumps . 19MARO1 A |26MARO1 A| 100 /N7 Install vadlts/sumps
1060 Cut and Remove asphalt/concrete 26MAROTA[20MAROTA| 100 %7 Cut and Remove asphalconcrete T TTTTTTTT
1070 Install Double-Walled Piping. . 30MARO1 A |06APRO1 A { 100 VA V4 Installl Double-Walled Piping
1080 Site Restoration ) 09APRO1 A |10APRO1 A | 100 N Sitza Restoration
1090 Soil Load-out 11APR0O1 A |12APRO1 A | 100 N S(I)il Load-out
1100 Survey Wells and Lines 16APRO1 A |17APRO1 A | 100] ’ : urvey Wells and Lines
1110 Submit As-Built Reports - 03MAYOT A [1OMAYO1 A | 100{ ~~ "7 T 7T T 77777 T T amy Submit As-Built Repots T
FIGURE 6-1
NAVAL WEAPONS STATION-EARLE
SCHEDULE FOR
BIOSLURPER WELL INSTALLATION




Figure 6-1
Navy / FWENC Organization Chart
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7.0 QUALITY ASSURANCE/QUALITY CONTROL

This Quality Assurance/Quality Control (QA/QC) section describes the organization,
inspections, tests, procedures, and documentation necessary to produce a completed project
which complies with the governing regulations and the technical statement of work.

7.1 ORGANIZATION AND RESPONSIBILITIES

QA/QC duties are the responsibility of the Senior Project Engineer/Manager (SPEM). He will
employ physical inspections, direct measurement, and confirmatory laboratory testing to verify
that work is being performed in accordance with the project plans. All subcontractors will
- conform to and participate in the program described herein as part of a unified team.

Foster Wheeler Environmental will direct and maintain responsibility for the overall QA/QC
program and will manage subcontractors in a manner to maintain project requirements.
Subcontractors will be used for drilling, laboratory analysis, waste disposal, and delivery/setup of
the bioslurper unit. '

7.2 PROBLEM OR WORK DEFICIENCY "MEETINGS

If a major problem or deficiency occurs or is likely to occur, a special meeting to address related
issues will be held. The meeting may be attended by the SPEM, Navy Representative(s) and
others, as required. Meetings may be conducted at NWS Earle, NORDIV, or by teleconference.
The purpose of the meeting will be to define and resolve potential problems or work deficiencies
in the following manner: ‘

e Define and discuss the problem or deficiency
e Review alternative solutions, including their effects on schedule and budget
e Implement plan to resolve the problem or deficiency

73 SUBMITTALS

The Quality Control Manager is responsible for maintaining the submittal register and reviewing
and certifying that submittals are in compliance with the contract requirements. All submittals
will be accompanied by a transmittal form that will identify the submittal and provide a unique
tracking number.

7.4  CHANGES
If circumstances develop during the project that make it necessary or advisable to revise the

Work Plan in order to accomplish project objectives, a Change Request Form (CRF) will be
forwarded to the Navy for approval. Events such as a change in the site conditions or system
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performance may result in a CRF. Changes may be discussed with the Navy Design Manager
telephonically and followed up with a CRF to avoid negative impacts on the project budget.

7.5 DOCUMENTATION

Documentation of operations recordkeeping, photographic evidence or work performed, and as-
built drawings will be provided to the Navy in the Evaluation Report.

7.5.1 Operations Recordkeeping

All field inspection and testing activities will be documented in a project logbook. The project
logbook will be maintained in accordance with the relevant Foster Wheeler Environmental Field
Technical Guidelines. The Project Manager will maintain records of quality control operations
and activities for subcontractors and suppliers. '

7.5.2 Photographic Documentation

Still 35mm color photographs will be taken as needed to record work progress. At a minimum,
photographs will be taken of the existing conditions before work begins, during the installation
of the recovery wells, and during the site restoration. The photographs and log will be submitted
with the As-Built Drawings.
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FOSTER {f/] WHEELER
FOSTER WHEELER ENVIRONMENTAL CORPORATION

Internal Memorandum
TO: Mike Heffron
. = Rl la
FROM: Surendra BhallacS B
DATE: July 8, 1997

SUBJECT: NAVAL WEAPONS STATION - EARLE
STEEL CASING UNDER RAIL ROAD TRACKS

As requested we have performed structural calculations to determine the minimum,
thickness for 12 inches and 6 inches steel casings planned to be installed under the
existing rail tracks. A copy of the calculations is attached for your use.

Based on the calculations, standard wall steel casings (ASTM AS53, grade B) will be
adequate for the intended use. We would suggest that the bottom of the casings should be
maintained at or below the frost depth. We also suggest that casings may be closed at
ends with the system piping placed through the holes in the casing side covers.

- Please call me if you have any questions.

cc: A. Holcomb (w/o att.)
M. Hsieh (w/att)
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TRUCTURAL DESIGN

‘ession ring supported by
‘al concept proved com-
‘rational design criteria.’
levices supplied a wealth
itructures®?. This work
gns of buried corrugated
1sored by American Iron

ersity under the direction -

and conclusions are de-
r.
he higher fills and larger
:«d design approach with
actual load on the pipe
pipe wall is known over
ressive stress in the steel
:ors. (Fig. 3-6).

‘CTURES

1¢ loads on the conduit.
kinds of loads:

trench backfill, plus sta-
or concentrated;\and

ay and railway traffic are
:h charts prepared by the
These charts modify the
itible with observed per-
Minimum cover recom-
Minimum Cover.

/]

)z
/|

ad

1500 2000
Foot

3 a minimum at about 5 ft.

Ke ference

LOADS
40
Live Load applied through three
2'x8" areas on 5 centers
§ 30 {Load distribution determined
. . Ly
-‘; by Boussinesq's formula) /
1
2 Dead Load /
- . 120 tb/cv 8N . /
§ Cooper E80 y /
@ 20 Live Load Plus
g / 50% Impact / /
\ A/
8 / | Total Load
2 / Live + Dead
10 >
| }\\ \\
) / N~ \\
'\%
0 1000 2000 3000 4000

Fig. 3-4. Railroad live load, Cooper E 80, combined with dead load is a minimum at

Unit Load in Pounds per Square Foot

about 12 ft. Load is applied through three 2 ft x 8 ft areas on 5 ft centers.

Highway H 20 Loading*"

Table 3-1 Highway and Railway Live Loads
Railway E 80 Loading?*"?

Height of Height of
Covgr (H Load, pst Cover (Fb) Load, psf
1 1800 L2 3800 |
2 800 5 2400
3 600 8 1600
4 400 10 1100
250 12 800
g 200 15 600
7 175 20 300
8 100 30 100

*Neglect live load when less than 100 psf; use dead load only.

AIRPORT LOADS

The significance of aircraft loads is principally in the area of required mini-
mum cover. Some modern airport design involves very heavy wheel loads pf
Projected wheel configurations and weights for air-
14 to 2 million pounds have been uséd to develop
r the Federal Aviation Agency. See Tables HC-19,

planes not yet designed.
planes weighing up to |
minimum cover tables fol

=20, -21 and 22, pages 122-124.

R




3. STRUCTURAL DESIGN
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ASCE Sewer Design Manual.)®
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r pipe
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Fig. 3-5, to determine the per-
For routine-use the 857, soil
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- on the steel. If the height of

v

Reference. /

DESIGN PROCEDURE 89

LOAD FACTOR =K
P
]

1.2 \
Al 85'/.‘Sld. Density

0.9 K =0.86

<~

70 75 80 . 85 90 95
Specified Sod Compaction— % Standard AASHO T1-99

. 3-5. Load factors for corrugated steel pipe for backfill compacted to AASHO stan
siagrd3d2nsity. For example, at 85% the load factor K is 0.86. This factor is applied to

the total load to obtain the design pressure.

[

0.6

cover is less than one pipe diameter, the total load is assumed to act on the
pipe, and TL = P..
P,=KX((DL+LL),when HZS.......... @)
P, = (DL 4 LL), when H < S
where: P, = Design pressure, in psf
K = Load factor _ '
DL = Dead load, in psf
LL = Live load, in psf
H = Height of cover
S = Span

3. Ring Compression®

The compressive thrust in the conduit wall is equal to the radial pressure
acting on the wall multiplied by the wall radius or: C = P X R.-This thrt}st,
called the “‘ring compression™, is the force carried by the steel. The ring
compression is an axial load acting tangentially to the conduit wall. qu, con-
ventional structures in which the top arc approaches a semic_:ircle, it is con-
venient to substitute half the span for the wall radius.

where: C = Ring compression, 1b per ft
P, = Design pressure, Ib per ft*
S = Span, in ft




Grmnell

ReFerence. 2

stan -st -
. plain end
nominal wall plain test pressure (psi)
pipe size 0.D. 1.D. thickness end thread butt seamless & ERW
in. in. in. In. wt. perin. weld (cw) grade A grade B
Ya 405, .269 .068 24 27 700 700 700
Ya 540 .364 .088 42 18 700 700 700
% 675 .493 .091 57 18 700 700 700
V2 .840 .622 109 .85 14 700 700 700
% 1.050 .824 113 1.13 14 700 700 700
1 1.315 1.049 133 1.68 11% 700 700 700
1% 1.660 1.380 .140 2.27 11% 1000 1200 1300
1% 1.900 1.610 145 2.72 11% 1000 1200 1300
2 2375 2.067 154 3.65 11Y% 1000 2300 2500
2% 2.875 2.469 .203 5.79 8 1000 2500 2500
3 3.500 3.068 216 7.58 8 1000 2220 2500
3% 4.000 3.548 226 9.1 8 1200 2030 2370
4 4.500 4.026 .237 10.79 8 1200 1900 2210
5 5.563 5.047 .258 14.62 8 1200 1670 1950
£ 6.625 6.065 280 18.97 8 - 1520 1780
8 8.625 7.981 322 28.55 8 = 1340 1570
10 10.750 10.020 .365 40.48 8 —_ 1220 1430
12 12.750 12.000 375 49.56 8 — 1060 1240
extra-strong wall-steel pipe A-53
i plain end
nominal wall plain test pressure
pipe size O.D. I.D.- thickness end butt seamless & ERW
in. in. in. in. wt. weld (cw) grade A grade B
/] 405 215 .095 31 850 850 850
Ya 540 302 119 54 850 850 850
Y 675 423 126 74 850 850 850
2] .840 546 147 1.09 850 850 850
Y 1.050 742 154 147 850 850 850
1 1.315 .957 179 217 850 850 850
1Y% 1.660 1.278 A9 3.00 1300 1800 1900
1% 1.900 1.500 .200 3.63 1300 1800 1900
2 2.375 1.939 218 5.02 1300 2500 2500
2% 2.875 2.323 .276 7.66 1300 2500 2500
3 3.500 2.900 .300 10.25 1300 2500 2500
3% 4.000 3.364 318 12.51 1700 2800 2800
4 4.500 3.826 337 14.98 1700 2700 2800
v 8§ 5.563 4813 375 20.78 — 2430 2800
6 6.625 5.761 432 28.57 — 2350 2740
8 8.625 7.625 500 43.39 — 2090 2430
10 10.750 9.750 500 54.74 —_ 1670 1950
12 12.750 11.750 .500 65.42 — 1410 1650

12
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alkalinc matcrial subject to attack by acids, it should not
be uscd for small-sized sanitary sewers where hydrogen

sulfide production can cause internal corrosion. However,
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remforced concrete pipe is installed for sanitary trunk
sewers where the dizmeter cxceeds the available sizes of
vitrified clay pipe. Here the installation must be protected
hy control of acidic, high-temperature, and high-sulfate
wastewaters by adding chemicais (o control biaiogical
growth, maintaining flushing velocities and adequate
ventilation, and installation of pipe lining il ncecessary.
i"'povs' orp ‘- istic n'ung 'nay he C'!Si inte the congrete plpc

bhe pa--"ej on the cong amr 1.\51.;-‘ iauun.

=tc pipe serfages

Ductile-<iton pipe s used tor lorce mains. inverted
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10-5 LOADS ON BURIED PIPES

Sewer design. requires prior knowledge of soil an d \m;
conditions io determine gverburden toads thut wiii he
placed on the buried pipe. Crushing strength of th: {riuc

and type of bedding define the load thal can he safciv

Suppor'cd hy a sewes Tha: pnragrap“s thﬂ{ f. e nwe o
averview of considerations in sewer design.
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where W, = imd on hUxtLd mpe as a result of backiill,

= cocliicnt based o the backfll and wudiy
e " of trench depth to wxdth Figure 10- 16
w = unit ‘weight of backfi
foot

B, = width of trench at top of pipz. feet

1, pounds per cud
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~£\\ ’/?_A-t».v

Backtill

Granular
bedaing

Undisturbed
finy soil
i B )
figura 10-15  Commion lrench culs used for sewer instullations that define the
dimensions 8, and /1 ay agplied in Fg. (0-1 and Figure i0- io T
widih foe working space to install pip2 is conunenly taken agy {ths ;\i_: w diameter nluk
§ i (¢} Vrench with sloping sides in cohesionless soil. (b) Verticul (reach wuldls in xtul’
clayey soil.
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Flgure 10-16 I)mgm"\xm M cocthaent Gin Ty, 16-1 based on 71/ 8
af trazsh Suek 81 2, grenatar material withond cohcsion: £, sand and Lrlvd .
maximum lor smuralz,u top suil; D, ordimary clay; E, maximumn for saturated
ciay,
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Design manuals published by the American Conercte
Pipe Association, National Clay P:pc Insnlulc. and
otiiers pruvm‘ﬂ. taUicy Visti l{,_;“ b <
conditions baused on Fa. 10-1. An example is Table 10-2
for $-in. cireulur pipe and ozdlndw clay fift with o unit

weight of 100 ib/cu ft. Tables such as this have been
developed Tor otier pipe drumeters and back il mateniais.
pragier dutds boight of Al above the pipe and
trench width are used o select backlilt foad. This number
is then adjusted Yor the proper unii weght, for ducki
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CRITICAL COLLAPSE PRESSURE RATING OF HARVEL PVC AND CPVC PIPING
IN PSJ (apd inches of water) .
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SDR Serics Pipe maintains the same collapsc ralmgs for all sizes.due to the wall thic kness/OD ratin
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FPTURTILI W e ST faUES UL DE 4PPIEa at Kipcratures other than 73 °F based on th : material sclected.

(‘RH’ICAL (OE LAPSE PRESSURE is the maximum allowabla prossire that ran b applivd sxtornally
0 pipe.and is directly related to the wall thickaess of ihe wipe seipcted  Fxampies f evternal .oregsure
CONGIiiocHs ¢an occur: when buried pipe is %ubjectf'd o soil loads underwater applicatic ns: vacuum service:
Gnd DipT mIENG wn puap d>uviivii ey, Tie actuai éxiéﬁw |oau being applied to the pIpe 15 the
diffarencs hatwaen the avtarmal Fromeare =03 e imornal PIOEEETT Whidls wwunici @ . caGi uthie, A5 &

result, a pressurized pipe can withstand 2 greater external load than an amntv nine
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32 Chapter 1 Introduction

18,000 Ibs. for moment*®
Concentrated 1029— 56000 Ibs. for shear

Uniform toad 640 Ibs. per linear foot of load lane

Y,

H20-44 Loading
HS20-44 toading

(a)
*For continuous spans, an additional concentrated load is used.

A\

R S W S N W

& @ @ ® ®
] T T 7  E—
H20-44 8,000 Ibs. 32,000 1bs.* 1$20-44 8,000 Ibs. 32,000 Ibs.* 32,000 ibs.*
Hi5-44 6,000 Ibs. - 24,000 Ibs. H§15-44 6,000 bs. 24,000 Ibs. 24,000 Ibs.
z 14-0° z o2w| 140" losw v |osw

o . ©
S W = Tota! weight of o
truck and load
-@‘ W 0.4W

0.l W 0.4W
W = Combined weight on the first two axtes which is the same
as for the corresponding H (M) truck.

V = Variable spacing— 14 feet to 30 feet inctusive. Spacing to be
®) used is that which produces maximurm stresses.
*For timber floors and orthotropic steel decks alternate loads are specified.
Clearance and
load lane width

10°-0"

1.t

- «For slab design, center line of wheels shall be assumed to be 1 foot from face of curb.

Figure 1.24 Typical highway bridge loading (Taken from Standard Specifications for
Highway Bridges, copyright 1989 by American Association of Highway and Transportation
Officials. Reproduced with permission). (a) Lane loading. (b) Truck loading. (c) Lane

arrT angemem.

s taken as the critical value of that quantity. Each response
be treated separately, and the critical loading arrangement
h. Problems of this type are considered in detail in Chapter

larger of the two results i
quantity of interest must
must be established for eac

6. _
A similar approach is used in the design of railroad bridges. Here, the standard

loading consists of a series of concentrated loads, separated by prescribed distances,
followed by a uniform loading. This loading is described in Specifications for Steel

Railway Bridges, which is cited in Section 1.11.
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"(m). The effective length of a conduit is defined as the length over
which the average load due to surface traffic units produces the same
stress in the conduit wall as does the actual load which varies in intensity :
from point to point. Little research information is available on this sub- : *
ject. Tentative recommendations are to use an effective length equal to
3 1t (0.9 m) for conduits greater than 3 ft long. Use the actual length for
conduits shorter than 3 ft.

If the concentrated load is displaced laterally and longitudinally from
a vertically centered location over the section of pipe under construction, ",
the load on the conduit can be computed by adding algebraically the ef- N
fect of the concentrated load on various rectangles each with a corner !
centered under the concentrated load. Values of C, in Table XXVI '
divided by 4 equal the load coefficient for a rectangle whose corner is
vertically centered under the concentrated load.

(a) Impact Factor ' S

The impact factor, F, reflects the influence of dynamic loads caused by '
traffic. Suggested values for various kinds of traffic are: ‘

Traffic Type F
Highway ... ... ... . . 1.50 N ,
Railway ... ... ... i e 1.75 \\

Airfield: 4 ' '

Runways ............. ... i, 1.00 \ "

. Taxiways, aprons, hard stands........... U 1.50 !

L Ezample 9. Determine the load on a 24-in. diam pipe under 3 ft of ‘ P -

P cover caused by a 10,000-1b truck wheel applied directly above the center -

! of the pipe. . |

Assume the pipe section is 2.5 ft long; the wall thickness is 2 in.; and !
the impact factor is 1.5. Then B,=24+4=28 in.=2.33 ft; L=2.5 ft; AN
and H=3.0 ft. Finally B./2H=2.33/6=0.39; and L/2H=2.5/6
'=0.41; the load coefficient is 0.240 from Table XXVI. Substituting
in Equation 11, '

10,000x 1.5

W“=Q240>< 55

3. Distributed Loads

=1,440 1b/ft (2,140 kg/m).

For the case of a superimposed load distributed over an area of consid-
erable extent, as shown in Figure 57, the formula for load on the conduit is

Wea=CpFBc ..., .. 12

- in which W,q is the load on the conduit in 1b/unit length (kg/unit length) ;

P is the intensity of distributed load in psf (kg/sq m); F is the impact
v factor; B. is the width of the conduit in ft (m); C, is the load coefficient,
t a function of D/(2H) and M/(2H) from Table XXVI; H is the height -
from the top of the conduit to the ground surface in ft (m); and D and M




