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INTRODUCTION

Effective March 16, 1993, Raytheon Company combined the management of the

business operations of United Engineers & Constructors Inc. and The Badger Company
under a new holding company, Raytheon Engineers & Constructors Inc. The new
company combines the total resources of UE&C and Badger into an even more
dynamic and comprehensive organization, poised to serve you with our total,
combined quality resources. We look forward to serving you in our new capacity of

Raytheon Engineers & Constructors.
Raytheon provides comprehensive program management, process development,
engineering, construction, operations, maintenance, and environmental services to
industry and government.
The new company ranks among the largest engineering and construction companies
in the world. With more than 8,000 professional employees and up to 11,000 craft
personnel worldwide, it generates annual sales exceeding $1.2 billion and is working
on projects with a total installed cost of greater than $4 billion. Raytheon Company
combined the two companies to take advantage of the synergy created within this
new full-service organization to answer the needs of its increasingly globalized
markets and the trends in these markets toward design-build projects.
Headquartered in Lexington, Mass., Raytheon Engineers & Constructors' principal
offices in the U.S. are in Chicago; Cambridge, Mass.; Philadelphia; New York City;
Greenville, S.C.; Tampa, Fla.; Houston; and Denver. Primary overseas offices are in
London, The Hague, and Taipei, Taiwan.
Worldwide customers, business areas, and markets served by the new company
include fossil and nuclear power; Department of Defense and Department of Energy;
infrastructure; petroleum and gas; chemicals and polymers; environmental;
pharmaceutical and biotech; metals and mining, foods and consumer products.
The resources of Raytheon Engineers & Constructors, whether situated in our
Philadelphia headquarters or another Raytheon office, can be facilitated through the
Mid-America Operations Center (MAOC). Our convenient suburban Chicago location
permits us to quickly and effectively fulfill the needs of our Midwestern clients.
The MAOC organization is built upon the Power, Industrial and Process areas. We
have over 300 employees, representing all disciplines, in our Mid-America office.
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ENVIRONMENTAL SERVICES OVERVIEW

All around the world, the protection of the environment has become one of the most
pressing issues for modern societies. The private and public sector and the
community in general have become more environmentally aware and are beginning to
actively work toward the protection of the environment.
Raytheon Engineers & Constructors is one of the very few engineering/construction
companies with complete environmental consulting, laboratory and process
development capabilities, and is well qualified to assist industry in meeting the
increasing demand for environmental services.
Raytheon has been performing environmental engineering and consulting for over
twenty years, providing professional services in engineering, project management, and
environmental sciences throughout the United States and in many foreign countries.
The work performed has included regulatory scoping, siting studies, preparation of
Environmental Impact Reports, obtaining foreign, federal, state, and local permits, a
well as conducting studies in the following areas: air quality, wetlands, nois
ecology, land use, and community impacts. Raytheon, as an engineer-constructc
is one of the top environmental contracting firms in the world.
Our experience includes a broad spectrum of air pollution control, water and
wastewater pollution control, remediation projects, and hazardous waste control
assignments. Toxic air pollution control projects have included safety and health
considerations for worker protection as well as control of the collected vapors
particulates. We have completed over 200 numerous water and wastewater projec
which have included laboratory and field investigations, design and construction.
the area of hazardous and solid waste management, we have provided many types
of incineration systems for a variety of clients. Our staff of geotechnical and
environmental engineers and scientists are fully versed in the proper design of waste
containment systems, as well as the evaluation and restoration of contaminated sites.

1399.000/ENVOUALJ0493
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With five regional environmental centers, (Philadelphia, PA; Cambridge, MA; Tampa,
FL; Chicago, IL, and Houston, TX,) Raytheon can provide environmental management
oversight and technical support to our domestic offices in New York, Cambridge,
Chicago, Denver, Winston-Salem, NC; Tampa, FL; San Juan, P.R., as well as our
international offices in London; The Hague; Taipei, Taiwan; Caracas, Venezuela;
Dubai, UAE; and Dharan and Jeddah, Saudi Arabia. Over 300 engineers and scientists
are dedicated to providing a full range of services, including the application of a
toxic, water and wastewater pollution control, industrial waste incineration, sol
waste management, site selection, licensing and environmental remediation to a wic
range of industries.
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AIR POLLUTION CONTROL
Raytheon is clearly the leader in U.S. domestic utility air pollution control projects.

We have demonstrated the expertise to develop and implement cost-effecti.
solutions for a diversity of air pollution control problems.
Our experienc
encompasses plant compliance audits and emission inventories, preliminary technic
and economic feasibility studies through permitting, detailed design, construction,
startup, testing, and troubleshooting of full-scale facilities. The clients for whom we
have provided these engineering services include: power plants, pharmaceutical,
specialty chemical, general manufacturing, and metallurgical industries.
In addition to its services in permitting, engineering, procurement, construction, and
construction management, Raytheon, through its state-of-the-art Environmental
Laboratory located in Boothwyn, PA, can provide sampling and analytical personnel
and equipment to develop a database that can be confidently utilized for control
agency reporting and in the conceptual engineering of air pollution control alternatives.
Our experience in process design provides additional flexibility in handling air pollution
control problems for the process industries. Knowledge of the basic process
operations can allow opportunities to modify design such that discharges are
eliminated, reduced, or converted to forms more readily controlled. Where tail-end
controls are required, we have the background to select the most appropriate
technologies to solve a wide variety of process-related emissions problems involving
acid gases, VOCs, particulate and substances regulated under NESHAP and SOCMI.
INDUSTRIAL WASTE INCINERATION
Our experience encompasses incinerators dedicated to vapors, liquids or solids in
addition to multipurpose units handling a variety of wastes. Types of incinerators
have included: rotary kilns, fluid bed; moving grate; liquid/vapor horizontal and
down-fired with submerged combustion; and multiple chambered. Many of these
employ combustion modifications for NOx control using low-NOX burners or staged
combustion techniques. Most incorporate some form of air pollution control fo
removal of particulates and/or acid gases. Recent designs also include waste hea
recovery effecting a more energy efficient operation. Approaches range fron
preheating of combustion air and feed materials to production of steam via waste hea
boilers. A partial list of wastes for which we have designed incinerator facilities
includes:
*
*
*
*

Aqueous waste
Chemical and nerve agents
Corrosive vapors
Dry solids and trash
Explosive wastes

*

Municipal solid waste

0

*
*
*

Organic wastE
PCB liquids
PCB contaminated sok
Petrochemical sludges
Radionuclides

*

Refinery off-gase

0
0
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During the last thirty years, Raytheon has provided services on incineration systems
to numerous clients representing a wide range of industries, including
pharmaceuticals, chemicals, petrochemicals, synthetic fibers and food businesses.
Services have ranged from small laboratory studies to engineering, construction and
start-up of large multi-million dollar facilities. Through these projects, Raytheon has
demonstrated the ability to handle many diverse incineration systems applications.
WASTEWATER TREATMENT
Raytheon has a broad background in physical/chemical and biological waste treatment
processes. In-depth expertise has been developed in the application of virtually every
commercial unit operation for primary, secondary and tertiary treatment of
wastewater. We also offer the capability through our laboratory facilities, to conduct
waste sampling and analysis programs, treating studies and concept development.
Additional services include permitting and operating assistance, plant start-up, training
programs and preparing operating/maintenance manuals.
Our Environmental Services Group has gained a working knowledge of a wide range
of wastewater treatment unit operations, including:
*
*
*
*
*
*
*
*
*
*
*
*
*

equalization
oil/water separation
Ph control
air oxidation
chemical oxidation
ozonation
chemical reduction
chemical precipitation
flocculation/coagulation
clarification
evaporation
ion exchange
reverse osmosis

*
*
*

*
*
*

*

*
*
*

*

solvent extraction
air stripping
steam stripping
distillation
activated carbon
biological treatment
- aerobic suspended-growth
- aerobic attached-growth
aerobic sludge digestion
polishing filtration
sludge thickening
mechanical dewatering
disinfection

HAZARDOUS/SOLID WASTE MANAGEMENT
While we serve nearly every heavy and light industrial market, environmental control
and hazardous waste management are key areas of expertise. We have helped our
clients manage their waste problems over the years in industries such as chemical,
pharmaceutical, petroleum, metals, minerals, electric utilities, nuclear and goods, as
well as the U.S. Department of Energy, Department of Defense, and other government
agencies.
1399.000/ENVOUALO493
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Our personnel have in-depth experience with industrial hazardous and non-hazardous
waste, municipal wastes, special wastes (combustion ash and flue gas desulfurization
sludge), and radioactive wastes. We can provide a complete range of services for
waste characterization, collection, handling, treatment, transport and disposal.
Extensive experience has been gathered through the completion of more than 100
assignments involving the identification, containment, treatment, storage and disposal
of hazardous, toxic, and mixed radioactive waste projects.
Raytheon has developed extensive applications on PC-based civil engineering software
for the design of impoundments and landfills.
This combination allows the
performance of on-screen engineering of many civil engineering functions, particularly
earthwork and road design. From this file, landfill configuration, road and pipe
alignments and profiles, basin geometry and cut and fill volumes are generated.
Subroutines have been developed that allow direct input of location and quantity data,
such as depth to groundwater or bedrock, equal thickness intervals, etc. to produce
computer-generated contoured plots.

Example of landfill design executed by Raytheon's geotechnical
engineering staff prior to construction at the site.
Our geotechnical engineers also generate their own computer programs and prepare
all graphics on PC-based AutoCAD utilizing Softdesk (formerly DCA) civil engineering
software. Subroutines have been written for boring and well installation logs, and 3-D
1399.OOO/ENVOUAUO493
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models are generated from topography for volume computations and presentations to
clients. Contour and isopach maps are prepared showing top of rock, top of critical
soil layers, thicknesses of units as well as equal concentrations of contaminants.

SITE SELECTION AND LICENSING
Raytheon provides full technical services for facility site selection, environmental
impact assessment, licensing and compliance monitoring. The Environmental Services
Group includes technical experts from each of the major environmental disciplines
typically required in industrial and utility facility siting and licensing, i.e., air
quality/meteorology, ecology, water quality, hydrology, geology, land use,
socioeconomics, and noise, as well as the environmental engineering disciplines
necessary to support licensing: geotechnical, water management, wastewater
treatment, solid waste disposal, and air pollution control. The cornerstone of UE&C's
effectiveness is an integrated outlook on the unique environmental, engineering,
economic, and construction aspects of every project.
Raytheon has been making site selection studies since the early 1970s, and, to date,
we have conducted over 30 studies. Our project experience ranges from single stage
siting efforts, which qualitatively evaluate each site's environmental and engineering
characteristics, to complex multistaged site selection projects which include
quantitative rankings of sites, utilization of the weighting summation model, and
nominal group techniques. In addition, the scope of our site selection study
experience has ranged from site investigations for relatively small geographical areas,
such as a single county, to multistate efforts.
We have been successfully licensing major utility and industrial facilities since the
early 1970s.'We have obtained construction and operating permits for power plants,
steel mills, chemical plants and associated facilities in over 22 states and under all
major federal regulatory programs. In the past five years, we have had major roles in
the licensing of over a dozen facilities involving generating stations, industrial plants,
transmission lines and rail corridors. This permitting experience includes air quality
permits (including PSD), NPDES permits (including 316 a+b), permits for dredging and
dredge spoil disposal, solid waste disposal facility permits, and the preparation of
Environmental Assessments (EA) and Environmental Impact Statements (ESI) under
the NEPA process.
REMEDIATION/RESTORATION
Effective remedial action requires proper implementation of the most appropriate
technology. Corrective action often involves treatment/disposal of solid hazardous
waste and groundwater cleanup. These surface and subsurface activities require
sound technical skills and a sensitivity to the regulatory process. Our personnel have
the technical strength to evaluate and implement a full range of remedial methods,
such as chemical or thermal treatment, removal, groundwater treatment, and waste
1399.000/ENVOUAU0493
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containment.
We have designed and built secure cells for hazardous waste
containment complete with liners, leak detection and treatment systems, and caps,
as well as many lined impoundments and cut-off walls to prevent contaminant
migration.
A number of our projects have involved extensive clean up of contaminated
groundwater and surface fugitive sources. As part of our work on these jobs, we
have investigated the extent of the contamination and determined the containment,
re-direction, and/or collection of affected waters needed; designed treatment facilities;
disposed of final effluent to surface waters or recharged it to the aquifer, removed
existing sources of contamination; and restored sites. Raytheon has the capability
to perform clean up with our own forces or act as a Site Manager using
subcontractors. Our staff of geologists, geotechnical engineers, environmental
scientists and engineers are fully versed in the proper design of waste containment
systems, as well as in the evaluation and restoration of contaminated sites.
For site investigations and restorations, we provide field personnel with certified
health and safety training in accordance with OSHA regulations (29 CFR 1910.120).
Raytheon's EPA-certified Environmental Laboratory provides the sampling and
analytical services in support of these programs; and, as required, performs the
treatability studies for treatment concept development. The laboratory has the
facilities to conduct small pilot scale testing, as well as bench-top evaluations.
SUMMARY
Raytheon's Environmental Services Group encompasses the necessary disciplines 1
address any or all environmental requirements that could develop over the life of
project. The'specialties covered by this group can be applied either individually or I
a coordinated assessment for each project. These services span the broad sectru,
of consulting, engineering and laboratory analyses.

I
U
U
I
I
I
I
I
I
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GEOTECHNICAL ENGINEERING SERVICES

For the past 20 years, Raytheon Engineers & Constructors has provided geotechnical
and geoenvironmental engineering services on a wide variety of chemical,
pharmaceutical, power, and industrial projects. Our Geotechnical Engineering Group
provides a centralized, coordinated geotechnical capability to support project
engineering activities or to serve our clients independently. The following are the
basic services of this group:
*
*

Perform or direct geotechnical field investigations
Provide technical guidance and perform calculations and analyses in areas of
geotechnical specialization.
Assure consistency and acceptability of geotechnical investigations and
analytical approaches.
Assist in the preparation of environmental reports, licensing documents,
technical reviews and special studies supporting licensing activities.

*
*

Geotechnical Engineering performs full site investigations including planning of
program, field inspection and report preparation for power projects, industrial
complexes, commercial buildings, tunnels, dams, reservoirs, and landfills. Reports
include conceptual design of foundations, recommendations on soil and rock design
parameters, and the preparation of geotechnical maps and boring logs.
The group also performs geotechnical and groundwater hydrology studies for site
selection activities and assists before and during construction in such activities as
locating earth materials for engineered fill, earth moving, guidance during pile driving,
foundation preparation, and dewatering. We have the capability of performing the
services and analyses listed below:
*
*
*
*
*
*
*
*

Geological Reconnaissance including search for and evaluation of stone sources
Site Investigations including inspection of quarry production or armor stone
Groundwater Studies
Soil/Rock Mechanics Analyses
Foundation Analysis
Slope Stability Determinations
Settlement Estimates
Dam/Embankment Design including shore protection design
Landfill Impoundment Design
Geotextile Design
Special Construction Techniques Analysis/Desi
Construction Support
Permitting & Licensing Support
Expert Testimony

*
*
*
*
0

I
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These services have been provided for a wide range of engineering and environmental
projects in diverse geologic settings such as shale, dolomite, sandstone, limestone,
metamorphics,

glacial terrain and deep marine and alluvial soils.

Geological

reconnaissance includes review of existing data, field reconnaissance, site
investigations and preparation of geologic maps and cross-sections. A comprehensive
report of the results is prepared.
Raytheon providesfull-time inspection for site investigations, providesdecision-making
during the drilling and sampling to quickly adjust the program to assure the proper
soil/rock information is obtained. Field investigation also includes test trenches for
foundation design and borrow material determinations.
Groundwater studies include the installation of monitoring wells and the performance
of in situ permeability testing. From this data groundwater contour maps and flow
nets are prepared, and groundwater quantities determined. Results are summarized
in a hydrogeological report. Environmental sampling of soil, groundwater and surface
water is provided by OSHA-trained engineers and scientists. This work can be done
as part of a site assessment or a geotechnical investigation. Environmental soil and
water sample analyses are performed by Ratheon's Environmental Laboratory. Drilling
and soil laboratory testing is performed by approved subcontractors.
Geotechnical Engineering also provides a full range of analyses and design. Based on
laboratory tests on selected samples of soil and rock, design parameters are assigned.
Analyses are performed by a series of PC-based computer programs, a sample of
which is provided as follows:
Analysis

Program

* Slope Stability

STABRG, PC-SLOPE

*

Settlement

SETTLG

0

Seepage and Drainage

PC-SEEP

*

Foundations (mats, piles,
drilled piers, etc.)

COM624G
SHAFT 1
BM COLPYG

*

Groundwater Studies

SOLTRAN, MODFLOW

The group also generates its own computer programs and prepares all graphics on
PC-based AutoCAD utilizing Softdesk (formerly DCA) civil engineering software.
Subroutines have been written for boring and well installation logs. 3-D models are

generated from topography for volume computations and presentations to clients.
GEOTECHiENGISUMMARY/0393
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Contour and isopach maps are prepared showing top of rock, top of critical soil layers,
thicknesses of units as well as equal concentrations of contaminants.
Geotechnical Engineering also performs water or waste retention dams landfill and
impoundment designs and prepares the required construction drawings. This service
when driven by environmental regulations can be for the containment of either

hazardous or unregulated wastes. Important to these designs is stability and
settlement analyses which determine the behavior of the material in and under the fill
as well as the liner design. Liners may be synthetic or natural soil. Leachate
collection systems often utilize geotextiles in their design.
Geotechnical Engineering provides continuous support to construction on earthwork
and foundation preparation including the location and/or qualifying of soil/rock for use
asfill. Special construction techniques such as soil/cement liners, slurry walls and the
use of fabric for roads, railroads and construction laydown have also been
implemented in design and on construction sites.
Geotechnical engineering also provides support for permitting and licensing activities

including site selection for power plants, industrial complexes and waste disposal
facilities. A number of the group members have provided expert testimony in courts
and before regulatory agencies.

CADD DEPARTMENT CAPABILITIES
Raytheon has developed extensive civil engineering applications using PC-based
AutoCAD and Softdesk (formerly DCA) civil engineering software. This combination
allows the performance of on-screen engineering of many civil engineering functions
including earthwork calculation, impoundment and landfill design, road and railroad
design, and digital terrain modeling. The system operates by the creation of a
three-dimensional file of the site topography either by:
0

digitization by an aerial photogrammetrist as part of his services

0

digitization in-house from existing topography, either by tablet or scanner

*

input of field surveying notes

From this file, landfill configuration, road and pipe alignments and profiles, basin
geometry and cut and fill volumes are generated. Subroutines have been developed
that allow direct input of location and quantity data, such as depth to groundwater
or bedrock, equal thickness intervals, etc. to produce computer-generated contoured
plots. This function is used to model groundwater contamination based on monitoring
well data, concentration contours of results predicted by air quality dispersion models,
GEOTECHIENGSUMMARYO393

1-3

1E&

5Haytheon

Engiwes & Constmtors
A Consolidation of Badger and UE&C

isopach (equal thickness) maps, structure contour maps, and other plans in support

of permitting and licensing. The system also interacts with hydraulics/hydrologic
software to perform retention basin design and stormwater management.

In addition to AutoCAD, we have access to Microstation/Intergraph workstations as
well as sophisticated drawing conversion software, allowing digital drawing files in
numerous CADD languages to be converted to AutoCAD or Microstation.
We have our own self-contained CADD department including five networked 486
workstations with full scanning, plotting and printing capabilities. Via networking, the
our CADD stations can access Raytheon Engineers'main CADD department, including
its mainframe system and full-color electrostatic plotters.
In addition to its CADD-based civil engineering capabilities, Raytheon has developed
an extensive hydrologic/hydraulicanalysis capability using Haestad Methods software
(which is widely accepted by regulatory agencies at all levels of government).
Software programs include:
*
*
*
*
*
*

HEC-1:
HEC-2:
TR-55:
POND-2:
LINK-2:
THYSYS:

Flood Hydrograph Package
Water Surface Profiles
Hydrology for Small Watersheds
Detention/Retention Pond Analysis
Interactive CADD Design of Ponds and Impoundments
Texas Hydraulic System (Culvert Design)

These programs are used for:
*
*
*
*

Stormwater Management Design and Analysis
Flooding Problem Analysis
Detention/Retention Basin Design and Analysis
Impoundment Design

Accurate three-dimensional renderings of facilities have also been generated. These
renderings have been used as an effective tool for management presentations. Two
samples of AutoCAD's capabilities follow. The first shows a landfill graphic generated
from engineering plans. The second depicts the layout of new equipment at a
substation.

GEOTECH/ENG!SUMMARY/0393
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PROFESSIONAL STAFFING
Raytheon Engineers and Constructors, Inc., is a multi-disciplinary environmental

engineering and consulting firm that provides comprehensive geotechnical engineering
and related geoenvironmental services for a variety of hazardous/non-hazardouswaste
management projects, geological sites assessments/faults studies, offshore hazard and
pipeline surveys, groundwater exploration/management, and other extensive
subsurface investigations. Additionally, we provide solid waste services and materials
engineering and testing services for a variety of private and municipal clients.

Raytheon has been serving clients and projects in the United States and internationally
for over twenty years. Over 300 engineers and scientists are dedicated to providing
a full range of environmental services, including the application of air toxic, water and
wastewater pollution control, industrial waste incineration, solid waste management,
site selection, licensing and environmental remediation to a wide range of industries.
Our staff and affiliated subsidiaries include more than 150 geotechnical engineers,
geologists, hydrogeologists, geophysicists, environmental engineers, materials
engineers, chemists, and support personnel available to staff projects throughout the
United States and abroad.

In addition to our permanent staff, we use specialized

consultants on an as-required basis.
For this project, we are proposing a senior project team experienced in executing
projects of this type. The people selected for your project are available to start work
immediately upon notification of award. Our capacity to accomplish the work is
evident based upon the depth of expertise of the team proposed. Detailed resumes
demonstrating the credentials of our proposed team are presented in the following
section.
We have a large pool of highly qualified backup personnel to assign to this project and

to handle any future project contingencies. With a total worldwide staff of 8,575
professional employees, Raytheon Engineers can provide environmental management
oversight and technical support to our domestic offices in New York, Cambridge,
Chicago, Denver, Winston-Salem, NC; Tampa, FL; San Juan, P.R., as well as our
international offices in London; The Hague; Taipei, Taiwan; Caracas, Venezuela;
Dubai, UAE; and Dharan and Jeddah, Saudi Arabia.
Our geotechnical and
geoenvironmental capabilities are available in each of five regional environmental
center, with additional staffing in our branch offices in Texas and Louisiana.
A principal of the firm is assigned to each project to assure that technical quality,
practical solutions, and performance meeting budget and schedule commitments are
achieved. We have developed a close association with numerous industrial and
private clients through repeat project assignments and look forward to developing
such a relationship with your company.

I
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PERSONNEL RESUMES

David W. Adkison, P.G.
Russell D. Becker, P.G.
A. Don Cabla, P.E.
Sweson Chang, P.
Randall K. Dickinsor
Brian Dooley
Nikola S. Drakulich PG

Wendell B. Griffin
Daniel L. Harris, P.E.

J. L. Ireland, P.G.
Robert N. Jennings, P.E
Jon K. Levett
Julia C. McGovern
Daniel W. Meier, P.E.
Dennis J. Mohan, P.E.
Marie Johnson Starich, P.E.
Arthur J. Stephens, P.E.
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DENNIS J. MOHAN, P.E.
MANAGER, CIVIL AND GEOTECHNICAL ENGINEERING
QUALIFICATIONS
As Manager of Civil and Geotechnical Engineering, is responsible for the technical adequacy of all
geotechnical and hydrological reports, studies and design support relating to the engineering and
construction of nuclear and fossil utility projects and industrial projects, including plant structures,
dams and reservoirs, waste disposal areas, landfills, impoundments and other ancillary facilities.
Has technical responsibility for the performance of all subsurface exploration programs, foundation
analysis, soil and rock mechanics analysis, and review of engineering design. Strongly familiar with
site selection, federal and state solid waste regulations EIS preparation, site use feasibility studies, and
site investigations, including field inspection of borings, geology, and design criteria. Extensive
experience in excavation procedures and methods. Developed foundation design criteria within several
geologic environs including glacial geology, shale and dolomite, sand stone, deep soils, limestone, and
metamorphic rock types. Studies have included all major geographical areas of the United States.
Work also includes review of geotechnical/hydrological reports prepared by consultants. Management
responsibilities include subsurface reports (borings and interpretation), groundwater analysis,
hydrogeologic evaluations, facility development within the 100-year flood plain, deep tunnel analysis,
special features to mitigate groundwater contamination, topographic surveys and mappings.
Responsible for all types of environmental projects, including environmental assessments, sanitary and
ash landfill permitting and design, ECRA site evaluations, Potentially Responsible Party (PRP) evaluation
on NPL sites, evaluation and recommendation of remedial methods, location and development of
Civil
groundwater supplies, tank removal, and oil and saline groundwater cleanup projects.
responsibility includes foundation and construction recommendations, drainage, roads, earthwork,
stormwater management, erosion control, layouts, bridges, site development specifications, and bid
evaluations. These projects require the coordination of multiple disciplines such as geology, chemistry,
soil science, hydrology, and chemical, geotechnical and civil engineering. Currently manages a staff
of thirty-two civil, chemical and geotechnical engineers, geologists, and hydrogeologists in support of
in-house projects and stand-alone environmental assessments, studies and remediation evaluations.
Past Chairman of the Geotechnical Group of Philadelphia ASCE. Adjunct assistant professor of civil
engineering.
EMPLOYMENT HISTORY
1987 - Present

UNITED ENGINEERS & CONSTRUCTORS INC.
Manager, Civil and Geotechnical Engineering
Manager, Environmental Engineering

1986- 1987

WALTER B. SATTERTHWAITE ASSOCIATES INC.
Director, Project Management

1973- 1986
1978- 1986
1973- 1978

UNITED ENGINEERS & CONSTRUCTORS INC.
Manager, Geotechnical Engineering
Assistant Manager, Geotechnical Engineering, Power Division

1972- 1973

SITE ENGINEERS, INC.
Project Civil and Soils Engineer

1969 - 1972

MODJESKI AND MASTERS CONSULTING ENGINEERS
Engineer
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DENNIS J. MOHAN, P.E.
MANAGER, CIVIL AND GEOTECHNICAL ENGINEERING
SELECTED EXPERIENCE
Tennessee Valley Author
Flue Gas Desulfurization Projec
Cumberland, Tennessee
Responsible for geotechnical investigations, riverfront structures and foundation design. C
complex with vertical beds of limestones and shales resulting from meteor impact or vulcanism. Work
also includes gypsum stack and dry fly ash system design over an existing ash pond, as well as
permitting support. The construction, over 150 acres, consists
includes a cellular cofferdam separator dike and earthern hems.
Tampa Electric Company
Polk Power Station
Responsible for site civil design of70

ae c
gcd
ads 7d rcrl. oas \ork a soode
geotechnical investigation and sinkhole poTent a study. Provicec perrt supprtto
ase su pp

ano

power plant siting.
Merck and Company
Rahway, New Jersey
Responsible for civil design of storm and chemical sewer upgrade project. Engineer of record on
combined system. Over 43,000 feet of pipe was videotaped and recommendations were made on pipe
upgrade and replacement.
Confidential Client
NPDES Compliance Project
Puerto Rico
Responsible for the civil aspects of a storm system analysis for two facilities. Work included aerial and
ground surveying, pipe and channel design, oil containment systems, dikes, pond liners, and sanitary
sewer upgrades for three facilities. Conceptual engineering reports were prepared. Oil containment
project includes soil remediation during construction operations.
MTI
Cogeneration Facility
Colonie, New York
Managed a combined geotechnical and environmental assessment at the site of a proposed
cogeneration facility in New York. Work included environmental and geotechnical field sampling.
Design features included air stripping of water from construction dewatering before disposal to a
municipal system, storage, treatment and disposal of contaminated soil and a special foundation design
to protect groundwater.
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DENNIS J. MOHAN, P.E.
MANAGER, CIVIL AND GEOTECHNICAL ENGINEERING
Old Dominion Electric Cooperative
Site Selection Study
Responsible for engineering review and cost studies for 23 sites. Site investigations, subsurface
review, layout concepts. Prepared a Permit A application including design for an ash disposal facility.
Allegheny Power Service Corporation
Solid Waste Siting
Managed the site selection for solid waste disposal areas and sites for 600-MW and 1200-MW power
generating facilities. Study provided a screening analysis over a five state area. A second study
provided detailed analysis of sites in two states.
Metropolitan Edison Company
Portland, Titus Stations
Supervised the preparation of geotechnical report on the stratigraphy and groundwater conditions of
Portland Station as part of industrial waste treatment study. Site was considerably affected by man's
activities.
Design of synthetic and clay-lined coal equalization basin and two soil/cement sedimentation ponds.
Geological and soil use evaluations for the selection and evaluation of waste disposal site for Portland
and Titus Generating Stations.
Provided geotechnical input of remedial work for the Titus Station ash pile, including materials handling
and drainaO
Public Servi
Seabrook Station
Seabrook, New Hampshi
Geotechnical aspects of
a ;
FSAR, and, in particular, the once-through salt water cooling system, which features a set of
diameter hardrock tunnels extending three and one-half miles into the ocean, 240 feet below ms
New York Station Electric & Gas Corp.
New Site Generation Project; Somerset Station
Supervised the preparation of several geotechnical reports on subsurface con
n
no
foundation and construction recommendations, including solid waste disposal site anavses and (ans
the preparation of a solid waste management operations plan, and ermiingsupport.
Arizona Public Service Company
Four Corners Station Emission Abatement
Managed the preparation of geotechnical reports of subsurface conditions including foundation and
construction recommendations. Special aspects of the work were the coordination and supervision

3

of a full-scale drilled-in pier test program.
i.1dlAr.
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DENNIS J. MOHAN, P.E.
MANAGER, CIVIL AND GEOTECHNICAL ENGINEERING
East Kentucky Power Cooperative
J. K. Smith Station
Directed the preparation of three phases of geotechnical reports, including extensive solid waste
disposal geotechnical and hydrogeologic studies. Work also included the design of a 160-foot dam and
reservoir
support.
Puerto Rico Electric Power Authority
New Coal-Fired Generation Project
Evaluation of Land Disposal Sites
Performed island-side site evaluation for fly ash and scrubber sludge disposal which resulted in the
identification and ranking of 124 potential sites. Preparation of a report on ash disposal siting for the
proposed coal-fired units throughout Puerto Rico. Work involved extensive use of geologic studies
site reconnaissance and soil surveys in site selections.
Niagara-Mohawk Power Corporation
Albany Station
Managed the preparation of disposal site topographic maps, soil maps, land surveys and input to a
monitoring, maintenance, and contingency plan, operational plan, and closure plan for EIS and permits.
Provided expert testimony to State Environmental Board.
Louisiana Power and Light Company
St. Rosalie Station
Review of all geotechnical studies and preparation and review of pertinent sections of the PSAR for
the proposed St. Rosalie station. Work included an extensive study to locate disposal areas for over
7 million cubic yards of excavation, settlement analyses, slop stability studies and large mat foundation
design.
New Enaland Power Company
Charlestown Station
Review of all geotechnical studies and preparation of PSAR sections. Work included a salt water
intrusion study, and preparation of various geologic maps for foundations and intake and discharge
tunnels.
Hoosier Energy Division
Merom Station
Preparation of geotechnical reports for plant structures, cooling water dam and reservoir. Work also
included waste disposal and potable water studies. Work involved innovative use of soil
surveys and infrared aerial mapping for dam and reservoir siting. A slurry cutoff wall for the dam and
abutments was designed.
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DENNIS J. MOHAN, P.E.
MANAGER, CIVIL AND GEOTECHNICAL ENGINEERING
Alleqheny Power Service Corporation
Consulting Work
Management of geotechnical study for a mine spoil area underlain by a working gas field that was to
remain operative. Expert testimony given on riverbank erosion and remedial measures.
Atlantic Electric
Site Development
Responsible for site development and erosion and sedimentation control plans for two combustion
turbine sites and a 230-Kv substation. Provided technical support before planning and zoning boards
for approval.
Site selection for combustion turbine sites in southern New Jersey.
North Carolina EMC
Multiple Sites
Site selection for diesel and combined cycle generating units throughout the state.
EDUCATION
M.S., 1972, Civil Engineering, Drexel University
B.S., 1969, Civil Engineering, 1969, Drexel Institute of Technology
PROFESSIONAL REGISTRATIONS
Registered Professional Engineer in Pennsylvania, Maryland, Indiana, New Jersey, New York, and
Virginia.

SOCIETIES/AFFILIATIONS
American Society of Civil Engineers, Member, Past Director of Philadelphia Section and Past Chairman
of Geotechnical Group of the Philadelphia Section
Chi Epsilon Honorary Fraternity
Association of Engineering Geologists
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RUSSELL D. BECKER, P.G.

SENIOR HYDROGEOLOGIST/ENGINEERING

GEOLOGIST

QUALIFICATIONS

Responsible for the tecnnicai auequacy ano management O environmentai ano engneerng projects
involving site remedial activities, hazardous waste management and remediation, solid waste
management, underground storage tank and prepurchase site assessments, CERCLA work programs,
and aquifer/water supply characterizations. Has developed and evaluated a variety of subsurface
hydrogeologic investigations involving contaminant migration, remedial action alternatives, and the
design of groundwater monitoring programs. Experience in hazardous and solid waste management
including waste classification procedures, landfill site selection and design, construction quality
assurance and cost estimating, site investigations and permitting requirements. Familiar with the
design and installation of groundwater monitoring wells, soil vapor extraction wells, and procedures
for the recovery of soil and groundwater samples for environmental analyses.
Also responsible for the technical adequacy and design of geotechnical std s

re

to

he

engineering and construction of utility and industrial projects, including subsurface exploration

programs, soil and rock analysis, and development of foundation design criteria. Extensive experience
of drilling procedures and field inspection of borings, site geology, and foundation installations. Familiar
with geophysical borehole evaluation techniques, including spontaneous potential, resistivity, sonic,
gamma ray, and neutron density logging techniques.

EMPLOYMENT HISTORY
1988 - Present

UNITED ENGINEERS & CONSTRUCTORS INC.
Engineering Geologist/Hydrogeologist

1986- 1988

WALTER B. SATTERTHWAITE ASSOCIATES INC.
Senior Project Geologist/Project Manager

1984- 1986

SCHUSTERMAN DEVELOPMENT COMPANY
Project Geologist

1983- 1984

GOMACOINC.
Geological Consultant

SELECTED EXPERIENCE
Environmental/Geotechnical Site Investigations
TVA Cumberland Steam Plant
Cumberland City, Tennessee
Responsible for the implementation and geotechnical evaluation of soil and rock conditions for
proposed flue gas desulfurization (FGD) facilities at the Cumberland Steam Plant facility. Project
included the analysis of 84 geotechnical borings for major proposed facilities including chimneys,
absorber, limestone, handling and service buildings, and barge unloading structures. The site
investigated is located within the Wells Creek Basin, a severely disrupted geologic structure with
complex stratigraphy and rock breccia formations.

(RDB5 - 9/92)
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RUSSELL D. BECKER, P.G.
SENIOR HYDROGEOLOGIST/ENGINEERING

GEOLOGIST

Brown & Williamson Tobacco Corporation
Louisville, Kentucky
Provided extensive environmental site assessment of tobacco manufacturing facility in the eastern
United States.
Site investigation program included soil, soil gas, and groundwater sampling
procedures. Groundwater monitor wells were installed and remedial alternatives evaluated.
MTI - Turbonitic Energy Inc.
Latham, New York
Supervised geotechnical/site investigation program to evaluate foundation conditions and analyze
potential hazardous waste contamination present in the soils and groundwater. Geotechnical borings
were completed through existing structures to recover samples for structural and environmental

analyses.
Penn-Del Supply Company

Toughkenamun, Pennsylvania
Developed clean-up program for soils and groundwater contaminated from leaking underground storage
tanks. Design included the installation of monitoring wells and clean up procedures coordinated with
PADER.
DSS Sites:
Black Hills, SD; Tulsa, OK; Newport, WA
Supervised site investigation programs and provided design requirements for seismographical
installations associated with the INF nuclear testing treaty. Design included requirements for drilling
and casing subsurface boreholes, and depth of vault recording structures.
Philadelphia Electric CompanY
Philadelphia, Pennsylvania
Implemented off-shore geotechnical drilling program to evaluate foundation requirements for water
intake structures. Drilling program included soil and rock sampling procedures of river deposits and
metamorphic rock.
Southeastern Chester County Refuse Authority
Chatham, Pennsylvania
Participated in the phase I/phase II permit expansion design of a PADER regulated municipal waste
facility. Project included installation ofa groundwater monitoring system, design of double-lined landfill
cells, preparation of permit requirements.

(RDB5 - 9/92)
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RUSSELL D. BECKER, P.G.
SENIOR HYDROGEOLOGIST/ENGINEERING

GEOLOGIST

Cambria Coqeneration Facility
Ebensberg, Pennsylvania
Responsible for the geotechnical evaluation of soil and rock conditions at proposed plant site, project
included foundation recommendations and civil design parameters of existing soils. Foundation types
included drilled pier and spread footings to minimize settlements associated with weaker rock
conditions at the site. Inspection procedures conducted during construction.
GSM, Inc.
Pennsauken, New Jersey
Participated in the design and implementation of an ECRA evaluation for property resale.
included hazardous waste identification and cleanup of site soils.

Design

Narvon Products Corporation
Honeybrook, Pennsylvania
Developed cost analyses of a surface mining site, involving reserve estimates, overburden ratios, and

potential mining costs.
Confidential Client
Philadelphia, Pennsylvania
Potentially responsible party on NPL site, determined status of site and reviewed preliminary site
assessment data. Assessment of hazardous waste contamination of groundwater.
Water Sunly
Confidential Client
Chicago, Illinois
Supervised water supply analysis program for site selection study in the southwestern United States.
Water supply requirements, short and long term reliability and quality characteristics, costs, and
disposal requirements were evaluated. States included New Mexico and Arizona.
Howard County
Maryland
Provided expert hydrogeologic testimony in civil lawsuit involving the migration and contamination of
water supply aquifers from gasoline related compounds from underground storage tanks.
Determined extent and movement of salt contamination in municipal water supply area in fractured
rock aquifer; designed investigative and remedial clean up programs.

(RDB5 - 9/92)
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RUSSELL D. BECKER, P.G.
SENIOR HYDROGEOLOGIST/ENGINEERING GEOLOGIST
Hazardous/Solid Waste Management
Bethlehem Steel Corporation
Baltimore, Maryland
Developed landfill expansion options and preliminary construction cost estimates for active industrial
waste landfill management facility. Project included engineering designs to provide closure for existing
waste materials and reclaim acreage for new landfill cell. Closure options included the design and cost
analysis of several cap options and grading/stabilization program for existing waste materials to reclaim
acreage for new waste management landfill. Geomembrane and geomembrane/clay composite liners
and final closure cap were developed for use on stabilized subsurface materials. Construction cost
estimates were provided to evaluate closure and expansion options.
Old Dominion Electric Cooperative
Richmond, Virginia
Responsible for the preparation and submittal of a Part A solid waste landfill permit application in
Virginia. The permit submittal involved the development of sufficient information for a proposed 300
acre industrial waste landfill facility to be utilized for the management of inert waste materials
produced from coal-fired electric generation. The project included the design and implementation of
a hydrogeological/geotechnical analysis program to provide required subsurface information and
evaluate site materials for lining use and stability, including the installation of 40 geotechnical borings,
12 groundwater monitoring wells, and surface water weir structures. Upon acceptance of the Part A
submittal, the project has involved the review of the Part B landfill design.
TVA Cumberland Steam Plant
Cumberland City, Tennessee
Participated in the site selection study for a new flue gas desulfurization (FGD) inert waste landfill
facility. Project involved the subsurface investigation of soils/bedrock to evaluate for the presence of
limestone karst features, definition of surface permitting restrictions such as springs, streams, etc.,
and evaluation of geologic buffer materials.
Hoeganaes Corporation
Riverton, New Jersey
Responsible for the design of groundwater monitoring systems to meet RCRA and NJDEP statistical
compliance requirements for a hazardous waste landfill facility managing stabilized electric arc furnace
wastes. Design included a comprehensive hydrogeologic analysis of complex groundwater flow
patterns.

(RDB5 - 9/92)
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RUSSELL D. BECKER, P.G.
SENIOR HYDROGEOLOGIST/ENGINEERING GEOLOGIST
Department of the Air Force
Ascension Auxiliary Airfield
Ascension Island, South Atlantic Ocei
Responsible for the development of w
. u
'a..
'o
'a '
' '
e co' e ' u.uu' " , ocleanup waste materials accumulated on Ascension Island. Work plans included the design of solid
waste landfill cells, used oil recycling and hazardous waste management facilities, and reclamation of
salvageable solid waste materials. Identification procedures included on-site laboratory equipment and
the sampling and analysis of rnutiple drumacm
o ses.
Gedney Way Landfill
White Plains, New York
Supervised drilling program to determine area/extent of subsurface volatile organic hazardous waste
contamination at a closed landfill facility, facilitated with the use of a mobile mass spectrometer.
Project was a site characterization study performed for municipal client under supervision of NYDEC.

EDUCATION
MS, Geological Sciences, 1988, University of Tulsa
1BS, Geological Sciences, 1982, Lehigh University
SUPPLEMENTAL EDUCATION

OSHA 1910.120 HAZWOPER Training, 1988; annual recertification.
PROFESSIONAL REGISTRATION
Association of Ground Water Scientists and Engineers
Geological Society of America
Professional Geologist, Indiana

(RDB5 - 9/92)
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SWESON CHANG, P.E.
GEOTECHNICAL ENGINEER

QUALIFICATIONS
Over eighteen (18) years of experience in soils, foundations, groundwater, and civil engineering
including highway, bridge, water-front structures, fossil power plants, and nuclear power plants. His
experiences include specifications for subsurface investigation, excavation and backfill, piles/sheetpiles
installations; preparation of geotechnical design criteria; supervision of deep foundation installation;
inspection of in-situ soils, open excavation, and slope stability; seismic risk assessment; liquefaction
potential evaluation; cost estimate for geotechnical engineering and design work; groundwater seepage
analysis; drainage design. His areas of expertise include foundation engineering and design, soil
dynamics, computer program development and qualification.

EMPLOYMENT HISTORY
1989 - present

UNITED ENGINEERS & CONSTRUCTORS INC.

1989 - present

Senior Geotechnical Engineer

1979- 1989

Stone & Webster Engineering Corporation Senior Geote

1977- 1979

Kentucky Department of Transportation Civil Enginee

1975- 1977

University of Kentucky
Assistant-in-Instruction

1973- 1975

Department of the Army, Republic of China Engin

EXPERIENC
Savannah River

PiLaint,

Sout

iarob

Responsible for subsurface invest
emergency diesel generator facility, and exhaust air filter and - fan facility; preparation of geotechnical
design criteria; lateral earth pressure evaluations; foundation settlement analysis; evaluation of dynamic
properties of s
q
-
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Boston Edison Co
Edgar Energy Park Project, Weymouth, Mass
Responsibleforspecifications for subsurface investigation, cost estimate, ano geotechnical engineering
analysis and design.
Philadelphia Electric Co.
Eddystone Station
Responsible for specification for subsurface investigation, cost estimate, and geotechnical engineering

analysis and design.
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SWESON CHANG, P.E.
GEOTECHNICAL ENGINEER
Philadelphia Electric Co.
Chester Generating Station
Preparation of cost estimate for $40M for bulkhead construction including sheetpiling, dredging and
backfill.
Philadelphia Electric Co.
Fulton Generating Station
Preparation of cost estimate of $12.5M for earthwork required for railroad construction.
Alleqheny Power Service Co.
R. Paul Smith Station
Responsible for geotechnical review for coal pile runoff modification project including foundation design
criteria, liner specification and drainage path for two retention ponds of 1,000,000 gallons and
200,000, respectively.
Alleqheny Power Service Co.
Lake Lynn Station
Inspection of in-situ soils, open excavation, and slope stability for control cable duct bank installation
at the hydro plant.
Air Products & Chemicals
Cambria Cogeneration Project
Reviewed specifications for
Baltimore Gas & Electric Gc
C. P. Crane Station
Supervision of installation of 3'diameter 30'long 170-ton capacity caisson forair compressor building.
Atlantic City Electric Co

Delmarva Power & Liqht Co
Indian River Station
Responsible for the settlement anal
Old Dominion Electric Coooerative
Clover Power Station
Performed permeability analysis fo
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SWESON CHANG, P.E.
GEOTECHNICAL ENGINEER
Old Dominion Electric Cooperative
Clover Power Station
Performed permeability analysis for the 300 Acre landfill project.
Stone & Webster Engineerinq Corporation
Tennessee Valley Authority
Browns Ferry Power Plant
Responsibility for re-evaluation of existing concrete anchors.
Texas Utilities Electric Company
Comanche Peak Steam Electric Station
Responsible for foundation design parameters evaluation, and soil-structure interaction analysis.
Atlantic City Electric Co.
B. L. En
Respons
Sun Refining & Marketing
MTBE Plant
Responsible for the design of pile-support

E

General Public Utilities Nuclear Corporation
Oyster Creek Nuclear Generating Station
Responsible for the design of pile-support
of $2M.

To

n
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Niagara Mohawk Power Corporation
Nine Mile Point Nuclear Station #2
Responsible for liquefaction potential analysis of backfili; seepage evaluation, design and specificaion
for flood-control berm; Foundation analysis for transmission take off tower and bus supports.
Jersey Central Power & Light Co.

Sayerville Station
Responsible for the selection of pile type, driving equipment and driving criteria.

Office of Nuclear Waste Isolation
Permian Basin Project
Performed well data collection and potentiometric trend surface analysis.
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SWESON CHANG, P.E.
GEOTECHNICAL ENGINEER
Tampa Electric Co.
Gannon Station
Responsible for pile foundation analysis, pile installation specification, bids evaluation, and
interpretation of pile test data; evaluation of existing fan foundation with new motors and refurnished
compressors.
Tampa Electric Co.
Big Bend Station
Responsible for subsurface investigation, pile foundation analysis and design, pile installation
specification, bids evaluation, load test interpretation, and evaluation of existing fan foundations.
Gulf States Utilities Co.
River Bend Station
Responsible for preparation of geotechnical design criteria, lateral earth pressure evaluation, slope
stability evaluation, seismic risk evaluation, roadway design, retaining wall analysis.
Kentucky Department of Transportation
As Civil Engineer, responsible for highway designs including alignments, sections, intersections,
earthwork, and drainage facilities; slope analysis and design, foundation analysis for bridges and
culvents; earth-retaining structure design; subsurface investigation specifications; geotechnical reports.
University of Kentucky
As Assistant-in-Instruction, prepared sc
students on course content and problem
Department of the Army. Republic of China
As Army Engineer, responsible for military facilities planning and design.

EDUCATION
MS, 1977, Geotechnical Engineering, University of Kentucky
MS, 1973, Transportation Engineering, National Cheng Kung University, R.O.C.
BS, 1971, Civil Engineering, National Cheng Kung University, R.O.C.
1985, Princeton University - Numerical Method on Fluid Flow & Solute Transport simulation
PROFESSIONAL REGISTRATION
Registered Professional Engineer in the State of Kentucky (PE 11152); New Jersey (PE 27147);
Ohio (PE 044825)
SOCIETIES/AFFILIATIONS
American Society of Civil Engineers
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RANDALL K. DICKINSON, P.G.
PROJECT MANAGER, HYDROGEOLOGIST

QUALIFICATIONS
Over ten years experience in engineering geology, hydrogeology and geotechnical engineering aspects
of projects involving hazardous waste management and remediation, foundation analysis, site selection
studies, and environmental investigation studies. Managed projects involving hazardous waste
handling, including site investigations, underground storage tanks, development of sampling plans, site
assessments, remediation of contaminated groundwater, and design of site groundwater monitoring
systems.
Performed and supervised numerous field investigations delineating
hydrogeological/engineering geology subsurface conditions for both containment plume and foundation
analyses.

EMPLOYMENT HISTORY
1988-Present

UNITED ENGINEERS & CONSTRUCTORS INC.
Project Manager/Hydrogeologist

1986-1988

WALTER B. SATTERTHWAITE ASSOCIATES, INC.
Project Manager

1985-1986

IT CORPORATION
Project Manager

1984-1985

NUS CORPORATION
Geologist

1977-1984

UNITED ENGINEERS & CONSTRUCTORS, INC.
Geologist

SELECTED EXPERIENCE
Engineerina Geoloav
0

Subsurface investigation, participation in foundation design, and field inspection of drilled-in
pier foundations for particulate and SO, removal equipment at an existing electrical generating
station in Farmington, New Mexico.

*

Subsurface investigation including test trenches to define limit of strip mine high wall,
participation in foundation design, and delineation of historical subsurface mining activities
impacting planned impoundment areas for electrical generating station founded on strip mine
spoil material. Armstrong County, Pennsylvania

*

Site selection studies for electrical generating stations and surface impoundment areas defining
geotechnical, hydrogeological, and socio-economic factors for sites in Pennsylvania, Maryland
and New York.

DICKINSON RK/0293
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RANDALL K. DICKINSON, P.G.
PROJECT MANAGER, HYDROGEOLOGIST
*

Site selection study for potential areas to be developed for flyash disposal. Study identified
a total of 62 areas for potential development for flyash disposal. Selection process included
an evaluation of geologic, geotechnical, hydrogeologic, transportation, and social impacts
relative for each potential disposal site. Western Puerto Rico.

*

Site selection study for potential areas to be purchased for development as an electrical
generating station. The selection process included the evaluation of 44 sites for site purchase
potential, zoning restrictions, fuel supply, transportation, environmental impacts, and water
supply. Southeastern, New Jersey.

Hazardous Waste
0

Contaminant characterization and construction safety oversight for a propane tank farm facility.
Tasks included installing groundwater monitoring wells, sampling and analysis of soil and
groundwater samples, and preparation of an environmental risk assessment. Upon state of
approval to proceed with construction, UE&C provided safety oversight for all construction
activity. A site Health and Safety plan was prepared detailing personal protective equipment
requirements based upon specific construction tasks.
Other responsibilities included
determining what levels of protective equipment were required based on subsurface conditions
encountered as construction progressed; sampling and analysis of soil material during
excavation activities; ensuring proper storage criteria of the excavated material to preclude
exposure potential, and documentation of the safety procedures for all aspects of the
construction work. Personnel and area monitoring was performed as part of the safety
program. The state environmental agency and OSHA were provided with sample analytical
data throughout the duration of the project. In response to site operator concerns, operations
personnel were also monitored to identify their potential of exposure to the contaminants
during typical facility operations. Chester, Pennsylvania.

*

Performed on-site analysis using portable GC to determine levels of PCBs and other hazardous
compounds. Conducted sampling and analysis study to consolidate waste drum contents for
ultimate disposal. Ascension Island, South Atlantic Ocean.

3

Expert testimony in litigation pertaining to free product gasoline contamination from an
underground storage tank of a residence emanating from a nearly gasoline service station.
Testimony included evaluation of migration rate of free product plume, plume volume
calculations, and efficiency of free product recovery operations. Downington, Pennsylvania.

*

Litigation technical support pertaining to groundwater contaminated with solvents at a state
superfund site. Litigation focused upon identifying responsible party for the contaminant
release approximately 20 years after the occurrence. Technical evaluation included the
delineation of potential contaminant pathways from numerous source areas. Research Triangle
Park, North Carolina.

*

Litigation PRP support for EPA Superfund site. The evaluation consisted of detailed historic
site use relative to identifying additional responsible parties who may have used the site for
waste disposal. Wagontown, Pennsylvania.

DICKINSON-RK0293
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RANDALL K. DICKINSON, P.G.
PROJECT MANAGER, HYDROGEOLOGIST

*

Technical lead for EPA Superfund PRP committee. Project responsibilities included a technical
response to the Hazard Ranking System scoring for placing the site on the National Priorities
List, identification of additional PRP's based upon historic site use or records, and selectionof
outside consultant to perform an investigation of the site tailored to address EPA criteria.
Allentown, Pennsylvania.

*

Combined geotechnical/environmental investigation of a low-level radioactive processing
facility. Purpose of the project is to reclaim rare earth metals from impoundment sediments
and store the resulting radioactive enriched materials in long term storage facilities. Project
included drilling supervision; foundation recommendations based upon soil conditions and karst
bedrock; installation of monitoring wells; development of facility groundwater monitoring
program; evaluation of contaminated groundwater conditions; and computer modelling of
impact of impoundment reclamation on groundwater conditions. Chattanoogs

*

Evaluation of groundwater contamination at a closed municipal landfill relatie oa crpoeDJ
commercial/residential development including the impact of developing a park and ball fields
on top of the landfill proper. Project included installing monitoring wells, groundwater
sampling, and evaluation of groundwater sample results pertaining to the potential of exposure
to contamination based upon the proposed development. Kennett Square, Pennsylvania

*

Site investigation to determine the extent of solvent contamination at a metal working facility
in preparation of litigation. Project included sampling and laboratory analysis of soil samples
to determine if contamination originated inside or outside of plant building. Also included
preparation of graphics for court presentation and expert witness testimony pertaining to site
contamination and hydrogeologic conditions. Hatfield, Pennsylvania

*

Delisting of industrial solid waste monofill originally classified as hazardous. Project included
delisting of the facility waste stream based upon stabilization with cement slurry and then
delisting of the disposal site monofill. Project work included chemical documentation of
stabilized waste as being non-hazardous, presentation to various state environmental agencies,
closure design and design/installation of groundwater monitoring system. Riverton, New
Jersey

3

Site investigation combining environmental and geotechnical analysis for site development at
a former fuel storage tank (underground storage tanks) farm. Project included subsurface
material characterization for foundation design and delineation of the vertical extent of fuel
product contamination. East Providence, Rhode Island

*

Site investigation to determine horizontal and vertical extent of two-phase contaminant plume
involving hexachlorobenzene, hexachlorobutadiene, hexachloroethane. Project included design
and installation of monitoring well clusters, pump tests, design of groundwater recovery
system and participation in design of groundwater treatment process. Geismar, Louisiana

*

Site investigation to determine extent of contaminant plume involving ethylene dibromide.
Project involved design and installation of monitoring and recovery wells, pump tests, and
development of sampling and health safety protocols. Magnolia, Arkansas
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*

Site investigation to determine extent of tetraethyl lead soil contamination and extent of
groundwater contaminant plume involving ethylene dichloride, trichloroethane and
hexachloroethane. Project included pump tests, installation of groundwater recovery system,
and monitoring of the efficiency of the recovery operations. Baton Rouge, Louisiana

*

Supervision of independent oversight of EPA RI/FS investigation at CERCLA NPL site for PRP
committee. Review of all sampling and drilling procedures to ensure sample integrity for
laboratory analysis at the low part per trillion level. Geismar, Louisiana

0

Development of facility-specific documentation formatted according to the RCRA inspection
checklist. Chalmette, Louisiana

*

Design and installation of several RCRA groundwater monitoring systems in Louisiana,
Mississippi, and Oklahoma for both individual and clustered hazardous waste management
areas.

0

Preparation and submission of several RCRA Part B permit application for facilities in Louisiana
and Arkansas.

*

Site investigation and remediation of contaminated groundwater on several projects involving
leaking underground storage tanks in Pennsylvania.

*

Lead hydrogeologist for RI/FS investigation involving heavy metal contamination. Project
included development of technical specifications for drilling, well installation, soil sampling, and
surface and groundwater sampling. Supervision of all field operations.Palmerton, Pennsylvania

*

ECRA investigation to determine extent of area of silver contamination.
Design and
implementation of remediation plan for removing silver contaminated soil. West Caldwell, New
Jersey

*

Investigation to determine the extent of pesticide contamination at a nursery prior to purchase
of the property. Project also involved creating an inventory of pesticides used, handling
practices, storage operations, and preparation of remedial plan to clean up the site property for
transfer of deed. Confidential.

*

Remediation of a planned construction site contaminated with trichloroethene. The site
contamination was due to spillage and drainage from an adjacent property and directed into
limestone sinkholes on the construction site. Project included clean up of the contaminated
soil areas and plugging off existing sinkholes on the property. Malvern, Pennsylvania

EDUCATION
M.S., Engineering Geology, Drexel University (in progress)
B.S., Geology, 1977, Temple University

PROFESSIONAL REGISTRATION/SOCIETIES
DICKINSON-RK/0293
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RANDALL K. DICKINSON, P.G.
PROJECT MANAGER, HYDROGEOLOGIST

OSHA 1910.120 "HAZV'OPER" Trainng. Refresner Course, januar 1993
Arkansas - Geologist.
North Carolina - Geologist.
California - Environmental Assessor.
International Association of Engineering Geologists.
National Water Well Association.
Association of Engineering Geologists - Hazardous Waste Management Committee
(former member)
PUBLICATIONS
R.K. Dickinson, M.C. Hadka. Site Assessment/Remediation Using a Mobile Mass Spectrometer.
Association of Engineering Geologists Newsletter, Vol. 30, No. 2, April 1987.
J.S. Smith, M.C. Hadka, R.K. Dickinson, M.A. Travers and M. Weiss. Rapid Cost Effective Field
Analysis of Environmental Samples. Presented at the Pittsburgh Conference on Analytical Chemistry
and Applied Spectroscopy, Atlantic City, New Jersey. March 9-13, 1987.
M.C. Hadka and R.K. Dickinson. Rapid Screening of Organic Contaminants Using a Mobile Mass
Spectrometer in the Field. Presented at the First International Symposium: Field Screening Methods
for Hazardous Waste Site Investigations, Las Vegas, Nevada, October 11-13, 1988.
W.B. Satterthwaite, R.K. Dickinson, J.L. Case, M.C. Hadka, and P.J. Katauskas. Environmental Risk
Assessment Workshop. Presented for Meridian Bank, Reading, Pennsylvania, March 16, 1988.
M.J. Urban, J.S. Smith, R.K. Dickinson, and E.K. Schultz. "Volatile Organic Analysis for a Soil,
Sediment, or Waste Sample". Presented at the 5th Annual Waste Testing and Quality Assurance
Conference, sponsored by EPA. July 24-28, 1989. Waste Testing and Quality Assurance: Third
Volume, ASTM STP 1075, C.E. Tatsch, Ed., American Society for Testing and Materials, Philadelphia,
1991.
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BRIAN J. DOOLEY
CIVIL ENGINEER

QUALIFICATIONS
Over two years experience in plant site and highway design, including applications of computer aided

engineering. Most recently, he has worked on plant site and stormwater management design for utility
and industrial clients using AutoCAD/D.C.A. and Haestad Methods Engineering Software. Prior to that,
he worked for Tetra Tech Richardson at the Newark, Delaware office in the Transportation Department,
providing civil engineering support on Delaware State Highway projects. Educational training also
included transportation systems and design and industrial waste management.

EMPLOYMENT HISTORY
1991 - Present

UNITED ENGINEERS & CONSTRUCTORS, INC.
Civil Engineer/CADD Coordinator

1988- 1991

TETRA TECH RICHARDSON, INC.
Civil Engineer/Technician

SELECTED EXPERIENCE
Tampa Electric Company
Polk Project
Polk County, Florida
Site grading, road and railroad design, cross-sections, earthwork calculation and drainage design for
940 MW power plant using AutoCAD/D.C.A. software. Site includes 650-acre plant site, 1000-acre
cooling pond, and 1500-acre wetland mitigation area. Created 3-dimensional grid of proposed plant
site with cooling pond.
Atlantic City Electric Company
B.L. England Station
Atlantic City, New Jersey
Site grading, road design, cross-sections, and earthwork calculation for 300 MW power plant using
AutoCAD/D.C.A. software. Storm drainage design for plant site and coal storage pile area using
Haestad Methods Hydrologic/Hydraulic software.
Allegheny Power Service Corooration
Harrison Power Station
Shinnston, West Virginia
Evaluated stormwater detention
Hydrologic/Hydraulicsoftware.
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BRIAN J. DOOLEY
CIVIL ENGINEER
Niaqara Mohawk
Huntley Steam Station
Buffalo, New York
Provided CADD support in development of topographical input data for air dispersion modeling for an
FGD feasibility study.

Tetra Tech Richardson, Inc.
Old Baltimore Pike State Highway Project - Responsible for generation of cross-sections, construction
quantities, alignment plans, and utilities locations.
State Route #7 - Evaluated drainage plans, determined earthworks, assisted with traffic studies, and
calculated project quantities.
EDUCATION
B.S., 1990, Civil Engineering, University of Delaware
SOCIETIES/AFFILIATIONS
Chi Epsilon
PROFESSIONAL REGISTRATIONS
E.I.T., State of Delaware
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NIKOLA S. DRAKULICH,.P.G.
CONSULTING GEOLOGIST

QUALIFICATIONS
Over 30 years of diversified international experience in conducting and managing geological as well
as hydrogeological, geotechnical, and environmental investigations in support of engineering,
construction, mineral resources, and research projects. Specialized in regional and site geologic
characterization, particularly with respect to structural geology, utilizing literature research,
photogeology, field reconnaissance and/or mapping, geophysical surveys data, and subsurface
exploration by drilling, sampling, testing, logging, and well installation and observation. Encountered
practically all geologic environs, most of which at broadly scattered U.S. locations investigated for
numerous government, utility, and industrial clients. Engaged in a wide range of projects including
nuclear and fossil power plants, water treatment facilities, tunnels, dams, storage tanks, airports, roads
and railroads, transmission and pipe lines, high-level radioactive waste repository, mixed-waste
Superfund cleanup, wetland design and construction, search for specification coals, selection of
construction materials, evaluation of groundwater supply potentials, oil and gas exploration, and
mineral prospecting. Published several professional papers, and produced a multitude of investigation
programs, design inputs, reviews, and reports. Introduced innovative solutions to most projects,
ultimately resulting in significant financial benefits.

EMPLOYMENT HISTORY
1992 - PRESENT

UNITED ENGINEERS & CONSTRUCTORS, INC.
Consulting Geologist
Environmental Systems and Services/Geotechnical Engineering

1977- 1992

STONE & WEBSTER ENGINEERING CORPORATION
Principal Geologist/Consultant Geologist
Environmental - Geotechnical Division

1974- 1977

UNITED ENGINEERS & CONSTRUCTORS, INC.
Consulting Engineer - Geologist
Power Division/Geotechnical Engineering

1972- 1974

SELF-EMPLOYED
Geological Consultant and Translator

1968- 1972

CITY OF CHICAGO
Engineer - Engineering Geologist
Public Works Department

1966- 1968

GEOLOGICAL-GEOPHYSICAL INSTITUTE (YUGOSLAVIA)
Senior Consultant

1963 - 1966

MONTENEGRO OIL COMPANY (YUGOSLAVIA)
Chief Geologist

1961 - 1963

FEDERAL GEOLOGICAL BUREAU (YUGOSLAVIA)
Commissioner for Geologic Mapping
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NIKOLA S. DRAKULICH, P.G.
CONSULTING GEOLOGIST
1960- 1961

GEOLOGICAL SCHOOL OF BELGRADE UNIVERSITY (YUGOSLAVIA)
Assistant Professor

1955- 1960

GEOLOGICAL-GEOPHYSICAL INSTITUTE (YUGOSLAVIA)
Mapping Geologist and Mapping Party Chief

SELECTED EXPERIENCE
U.S. Department of Eneray
Hanford Reservation Cleanup Project
Richland, Washington
General support services - technical reviews of various reports, proposals, and RIFS work plans.
Brought out serious inadequacies in hydrogeological assessments of sites underlain by basalt and thick
coarse flood deposits.
Clinch River Breeder Reactor Project
Oak Ridge, Tennessee
Construction support - inspection of excavation into folded sediments, geological mapping, and
determination of site seismic suitability, including mapping supervision and report preparation.
Introduced an innovative approach in dating faults, based on structural analysis of joints.
Salina Basin Study for Nuclear Waste Reository
Site selection study - research and interpretation of region's stratigraphy, lithology, structural geology
rspn;b[ns also
and tectonics as a task in multi-task efforts to identify suitable salt deposits:
included task supervision an' o'
ro
s ' hr-New York City Government
Sludge Dewatering Facilities - Additions of Centrifuge
Public Schools - Expansions
Site foundation studies - subsurface exploration by hundreds of borings drilled at seven dewatering
facility sites and dozen school locations within glacial till, outwash, and crystalline rocks; work included
inspection of field activities and determination of subsurface conditions.
Atlantic City Electric Company
Keystone Cogeneration Project
Atlantic City, New Jersey
Site foundation study - inspection of exploratory drilling and well installation in unconsolidated strata,
monitoring of groundwater levels and determination of subsurface conditons,
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NIKOLA S. DRAKULICH, P.G.
CONSULTING GEOLOGIST
Atlantic City Electric Company
B. L. England Station
Atlantic City, New Jerse
Coal source study -searcn iu, seeas

a,

piuouura ci dW c ouu c is m 1=, L!

'A

o

reflecting both state environmental and boiler-design requirements, identification and selection of such
ddiotin ttn rdomr
rnments in
coals using data bases maintained hv fderiral nd state
institutions, and report preparation
New Freedom - Cardiff Transmission Line
On loan to the client for providing consultation service - reviewing foundation investigato,

no

for the transmission line underlain by unconsolidated deposits, and overseeing exploratry orn a
each pole location. Pointed out at operational inadequacies of the contractor, which resulted in

contractor's replacement.
Deepwater Station
Coal source study - search for producers of a specific bituminous coal i"Blue Gem") and other seams
having low sulfur content and ash fusion temperature (a team effort).
Burlington County Government (NJ)
Pemberton Bypass Mitigation - Wetland Construction
Wetland grading re-design based on appropriate groundwater table observations, and inspection of
excavation and backfilling operations in a sandy terrain.

Oqden Martin Systems. Inc.
Montgomery County Resource Recovery Facility (MD)

Site foundation investigation - report-summarization of prior subsurface information on Triassic "Red
Beds", inspection of exploratory drilling and well installation, and determination of site foundation
conditions.

James River Corporation
Carthage Cogeneration Project (NY)
Consultation service - stability assessment for pumphouse foundation at the edge of a tailrace vertical
cut in folded crystalline rock, based on joint survey.
National Fuel Gas Supily Corporation
Municipal Ash Landfill Development (Western PA)
Site selection study - evaluation and ranking of four potential sites underlain by subhorizontal Paleozoic
sediments.
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NIKOLA S. DRAKULICH, P.G.
CONSULTING GEOLOGIST
Applied Eneray Services
Cogeneration Power Plant - Site Evaluation (Baltimore, MD)
Site feasibility study - development and implementation of environmental and geotechnical investigation
program for an old industrial site at the boundary between Piedmont and Coastal Plain. Responsibilities
included supervision of drilling and water well installation, surveying of boring and well locations, well
monitoring and water sampling, interpretation of subsurface conditions, and site suitability assessment.
Metro-North Commuter Railroad
Upper Hudson Line Station Improvements (NY)
Site foundation studies - supervision of exploratory drilling and determination of subsurface con
at each station along the Hudson River between Montrose and Poughkeepsie, in the area under
metamorphic rocks and
,

I
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Florida Power Corporation
New Ash Landfill

Consulting servc,,tj-

a

7a

investigation of the site karst,
Texas Utilities Electric Company
Commanche Peak Steam Electric Stations
Reviev. and update of licensing aocuments
reviev of cross-hole geophysasrv'ey
modification of design parameters %i*t corresponding revision c -SAR

resj.ts ari

Philadelphia Gas & Electric Company
Conowingo Hydroelectric Station
Fish Collection Facility
Site foundation study - inspection of drilling and coring crystalline rocks, survey of boring locations,
and interpretation of subsurface conditions beneath the river bottom.
Fulton Station Project
Supplemental site studies - identification of additional data that was to meet revised regulatory
requirements, and geologic mapping of a 5-mile radius area underlain by various metamorphic
formations. Discovered faulting at a nearby operating nuclear unit, and proved directly to NRC that
the facilities are seismically safe with respect to these healed faults.
Niagara Mohawk Power Corporation
Nine Mile Point Nuclear Station - Unit 2 (NY)
Design, construction, and licensing support - conducting and supervising detailed geologic mapping of
excavations, providing data for site suitability assessment and foundation design in a shale-sandstone
formation, evaluation of stone sources for revetment-ditch system and review and partial preparation
of FSAR. Accurately predicted that an existing fault would terminate before reaching the circulating
water tunnels, which was against the opinion of other client's consultants.
DRAKULICHNS0392
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NIKOLA S. DRAKULICH, P.G.
CONSULTING GEOLOGIST
Delmarva Power and Light Company
Indian River Power Station - Retrofit Chimney (DE)
Site foundation study - inspection of subsurface investigations by exploratory trenching and drilling,
piezometers installation, and ground-penetrating radar survey; borrow pit evaluation and interpretation
of site subsurface conditions, including three-dimensional correlation of old and new borings.
Summit Station Project (DE)
Groundwater supply study - review of geophysical logs and construction specifications, supervision
of well installation, conducting a pumping test, and determination of well production capacity.
Wyoming Water Developinq Commission
Sandstone Dam and Reservoir - Landslide Study (WY)
Consulting services - preparation of procedures for installation of a 500-ft. deep inclinometer,
inspection of continuous wire-line rock coring and placing inclinometer, and determination of
subsurface conditions, including identification of a sliding plane coinciding with a bentonite seam.
Based on known data, predicted encountering a major marker horizon in the borehole with an accuracy
of a few inches, which resulted in a reduced hole depth, optimizing the exploration costs.
Alleaheny Power Service Corporation
Willow Island Power Station
Pleasant Power Station, WV
Site foundation studies - inspection of exploratory drilling into sedimentary strata, piezometers
installation, and interpretation of subsurface conditions. Identified the presence of semi-consolidated
"underclay" within consolidated deposits.
Potamac Electric Power Company
Station H (MD)
Site selection and fuel selection studies based on literature research - evaluation of subsurface
conditions at three alternative sites with corresponding ranking, search for the most economical fuel,
and determination of the representative bituminous coal for each of 18 Appalachian Coal Basin regions.
Baltimore Gas & Electric Company
Low-Flow Augmentation Reservoir (MD)
Site selection study based on literature research and field reconnaissance - evaluation of subsurface
conditions at five alternative sites and selection of the prime and alternate sites for dam and reservoir.
System Fuel Incorporated
Arkansas Lignites (AR)
Consultation service - evaluation of lignite supply bids involving verification of quality and quantity of
lignite beds in two mine prospects, based on chemical analyses data and interpretation of geophysical
logs.
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NIKOLA S. DRAKULICH, P.G.
CONSULTING GEOLOGIST
Tampa Electric Company
Big Band Station - Water Supply (FL)
Groundwater study based on literature research - evaluation of brackish water supply potential from
a 2,000 - 3,000 ft. deep aquifer as an alterative source of cooling water, with a recommendation for
a field testing program.
Cayman Energy Limited
Little Cayman Crude Oil Transmission Terminal (C.I.)
Site feasibility study - field reconnaissance, characterization of various carbonate deposits and
determination of suitable sites for foundations of ten large-capacity tanks, based on differentiation
between cavernous and noncavernous limestone; also preparation of a program for further detailed
subsurface investi
,

Power Authority of the Sae of Nev, York

Arthur Kill Station (NY)
Groundwater quality
t
-no
o
collecting background data on water qality, atitwo alternat,,e

s tes

Green County Station Project (NY)

Consulting services - revision of The bedr-k

sjrface map

containment area subsurface, and participation n a ,ast

tnree dimensional presertation (f

ihe

rnoritoring program.

Hoosier Energy Division
Merom Station (IN)
Site foundation study for a power plant complex, including cooling

w.'ater reservoir and dam

-
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determination of subsurface conditions within glacial drift and underlying coal-bearing sedimentary
rocks studied in three stages of field investigations. As a result of the study, the originally proposed
dam was relocated.

New York State Electric & Gas Corporation

Cayuga Station (NY)
Site foundation study - inspection of vertical and oriented angle-drilling into shale, survey of

discontinuities exposed in excavations and on angle-drilled rock cores, and determination of subsurface
conditions including identification of preferable directions of circulating water tunnels.
Public Service Company of New Hampshire
Seabrook Station (NH)
Consulting services - a study of subsurface conditions under containments, particularly with respect

to arrangement of discontinuities as determined from oriented borings; review of geology along
circulating water tunnels, including tunnel stability evaluation and zoning; preparation of technical
procedures for mapping the tunnels, and assessment of excavated crystalline rock as construction

material.
DRAKULICH NS 0392
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NIKOLA S. DRAKULICH, P.G.
CONSULTING GEOLOGIST
City of Chicaqo
Underground Storm Water Storage (IL)
Tunnel stability assessment and support recommendation - systematic survey of discontinuities
exposed in a large diameter tunnel excavated in limestone by a mole-machine. Proposed selective rockbolt support and abandonment of concrete lining program, which resulted in substantial savings.
Geological-Geophysical Institute (Yugoslavia)
Geological Map and Guide for 1:100,000 Quadrangles
Regional studies - geologic mapping in scale 1:25,000, combined with prospecting and evaluation of
all mineral resources as well as assessment of engineering and hydrogeologic characteristics of the
area, and preparation of accompanied guides. Developed a new method of analyzing folded
metamorphic complexes (published).
Monteneqro Oil Company (Yugoslavia)
Wildcat Oil and Gas Exploration
Technical management - direction and coordination of various operations, including geophysical
surveys, geological studies, synthesis of exploration results, selection of prospective locations for well
sites, and deep drilling that exceeded 17,000 ft. (a record depth in Europe at the time). Determined
that a 10,000 ft. thick carbonate complex was hydraulically connected with the Adriatic Sea and thus
without potential for oil and gas traps, except for the area underlain by an evaporitic complex
(published).
Federal Geological Bureau (Yugoslavia)
Geological Mapping of Yugoslavia
Administrative and technical management - sponsoring, organizing, and overseeing country-wide
geologic mapping in scale 1:25,000, presentable on 1:100,000 quadrangles together with guides.
Responsibilities included selection of priority areas based on mineral resources potentials; budgeting
and allocating appropriations to six republic-based institutes; editing instruction manuals, inspecting
field work and reviewing completed maps and guides.
Geological School of Belarade University (Yugoslavia)
Teaching and Research Projects
Teaching and research within the Geological School, and providing technical consultations to the
Geological-Geophysical Institute of Serbia on matters of geologic mapping and regional geology.
Improved a method of presentation of structural data on a geologic map (published).

EDUCATION
University of Belgrade, Yugoslavia
Mining-Geological School
M.S., 1956, Applied Geology, University of Belgrade, Yugoslavia, Mining-Geological School
B.S., 1954, Applied Geology, University of Belgrade, Yugoslavia, Mining-Geological School
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NIKOLA S. DRAKULICH, P.G.
CONSULTING GEOLOGIST
PROFESSIONAL REGISTRATION
Professional Geologist, State of Delaware

SOCIETIES/AFFILIATIONS
American Association of Engineering Geologists, Member
PUBLICATIONS
Crystalline Schists of Jablanca, Bul. of Mining-Geological School of Belgrade University, Belgrade,
Yugoslavia, NO. 6 for 1958, 1960, Summary in English.
Geologic Features of the Upper Lepenac, Bul. of Geoinst., Belgrade, Yugoslavia, Vol. XIII, Ser. A,
1960, Summary in German.
Tectonic Relation between the Vardar Zone and Sara Mountain, Ill Yug. Geol. Cong., Titograd,
Yugoslavia, Vol. I, 1969, Summary in German.
Separation and Marking of Mapping Units, Bul. of Lab. for Geol. Mapp. Methodology, Belgrade,
Yugoslavia, Vol. I, 1960. No. summ.
StructuralInvestigations, Bul. of Lab. for Geol. Mapp. Methodology, Belgrade, Yugoslavia, Vol. 1, 1960.
No. summ.
Tectonic Position of the Anhydrite Complex in the Outer Dinarides as a Clue in Search for Oil and Gas,
Oil Expl. Symp., Zagreb, Yugoslavia, 1965. No. summ.
Traces and Isostrata on Geological Map., Bul. of Geoinst., Ljubljana, Yugoslavia.
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JULIA C. MCGOVERN
CIVIL ENGINEER
QUALIFICATIONS
Over four years experience in engineering, project management, and project support for the
pharmaceutical, chemical, and power industries. Expertise in process facility civil site development,
environmental projects, landfills, wetland mitigation, stormwater management, and flood control design
utilizing Intergraph, AutoCAD, and DCA computer engineering software programs.
EMPLOYMENT HISTORY
1989-Present

UNITED ENGINEERS & CONSTRUCTORS, INC.
Lead Engineer/Project Engineer; Civil-Environmental

SELECTED EXPERIENCE

Merck and Company
Rahway, New Jersey

Stormwater Drainage System Analysis

Civil engineer responsible for stormwater drainage system analysis.
Confidential Client
Puerto Rico

NPDES Compliance

Lead Civil Engineer responsible for compilation and analysis of existing stormwater drainage system;
recommendations/solutions for areas not compliant in order to obtain EPA permitting.
American Maize Products Company
Hammond, Indiana

Wastewater Treatment Plant

Lead Civil Engineer responsible for site preparation, wastewater treatment plant analysis and solutions,
analysis of underground piping systems and hydraulic equipment.
Tennessee Valley Authority
Cumberland, Tennessee

FGD Retrofit Project

Civil Engineer responsible for landfill geometry, access road design, horizontal/vertical geometry,
grading, earthwork volume, and material availability.
Tampa Electric CompanY
Tampa, Florida

Stormwater drainage

Civil Engineer responsible for road design, stormwwater drainage, wetlands mitigation.
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JULIA C. MCGOVERN
CIVIL ENGINEER
Site Development/Utilities

Abbott Laboratories
North Chicago, Illinois

As the Lead Civil Engineer responsible for discipline direction involving a 60 acre site development,
stormwater drainage, and utilities for master plans. Responsible for all aspects of the civil work, client
interface, design calculations, project deliverables, and supervision of civil personnel for this project,
as well as various other pharmaceutical process projects within Abbott Park.
Solid Waste Disposal Area

TU Electric
Twin Oaks, Texas

As a Project Civil Engineer responsible for the following tasks: landfill geometry and access road
design, horizontal and vertical geometry, site grading, linear details, earthwork volume calculations,
and material availability using AutoCAD/DCA software.
Groundwater Contamination

Confidential Client

As a Project Civil Engineer responsible for determining the severity of gasoline contamination of
groundwater utilizing delineation of plume and isoconcentric lines and determining the direction of
mitigation based on monitoring well data.
Atlantic City Electric Company
Cumberland County, New Jersey

Combustion Turbine Generating Station

As a Project Civil Engineer responsible for railroad alignment design and volume calculations using DCA
engineering software. Additionally designed and modified existing septic system.
Old Dominion Electric Coooerative
Clover, Virginia

Electric Generating Station

As a Project Civil Engineer responsible for wetlands investigation mapping and wetlands mitigation, SO,
and NOx model isoconcentration contouring, reservoir calculations and design using AutoCAD/DCA
software. Provided engineering input to permit applications.
E.I. duPont de Nemours & Co.
Newark, Delaware

Underground Storage Tank
Management Standards

As a Project Civil Engineer responsible for collecting regulatory and design information pertaining to
underground storage tanks for incorporation into guidance documents for DuPont engineers, designers,
and plant personnel.
EDUCATION
B.S.C.E., 1989, Civil Engineering, University of Delaware
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JULIA C. MCGOVERN
CIVIL ENGINEER
PROFESSIONAL CREDENTIALS
1989, Registered Engineer-In-Training, State of Delaware
Member, American Society of Civil Engineers
Member, National Society of Professional Engineers
Member, Delaware Society of Professional Engineers
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DANIEL W. MEIER, P.E.
CIVIL/ENVIRONMENTAL ENGINEER

QUALIFICATIONS
Over 10 years experience with numerous applications of computer-aided engineering. Most recently,
Mr. Meier has worked on landfill, plant site, road and railroad design (using AutoCAD/Softdesk Civil
Engineering Software (formerly DCA software) and stormwater management design (using Haestad
Methods hydrologic/hydraulic software) for many industrial and utility clients. He also has experience
with Microstation/Intergraph and InRoads/InFlow software. He has developed numerous customized
CADD programs to increase CADD efficiency and accuracy. Prior to joining UE&C, he applied
numerous computer models for hydrologic, hydraulic, and water quality analyses.
EMPLOYMENT HISTORY
1987 - Present

UNITED ENGINEERS & CONSTRUCTORS INC.
Environmental Systems & Services
Civil Engineer/CADD Coordinator

1986- 1987

WALTER B. SATTERTHWAITE & ASSOCIATES INC.
Water Resources Engineer

1982- 1986

ANDERSON-NICHOLS & CO. INC.
Environmental Engineer

SELECTED EXPERIENCE
Tennessee Valley Authority
Cumberland Site
Cumberland City. Tennessee
Design of lined gypsum stacking area and drainage using AutoCAD/Softdesk software.
Department of the Air Force
Ascension Island Landfill
Ascension Island
Solid-waste disposal using AutoCAD/Softdesk software, including earthwork calculations, crosssections, and access road and drainage design.
Bethlehem Steel Corporation
Grays Landfill Closure Study
Bethlehem, Pennsylvania
Development of two landfill closure alternatives including grading, volumetrics, and drainage design
using AutoCAD/Softdesk software.
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DANIEL W.MEIER, P.E.
CIVIL/ENVIRONMENTAL ENGINEER
Texas Utilities Electric Company
Twin Oaks Steam Electric Station
Robertson County, Texas
Design of clay-lined solid waste disposal landfill using AutoCAD/Softdesk software, including access
road design, earthwork calculations, and operation procedures.
Old Dominion Electric Cooperative
Clover Site
Clover, Virginia
Development of site maps, groundwater maps, and geologic cross-sections using AutoCAD/Softdesk
software for design of solid waste landfill.
Tampa Electric Company
Polk Project
Polk County, Florida
Site grading, road and railroad design, cross-sections, earthwork calculation and drainage design for
940 MW power plant using AutoCAD/Softdesk software. Site includes 650-acre plant site and byproduct storage area (including lined settling basins), 1000-acre cooling pond, and 1500-acre wetland
mitigation area. Created 3-dimensional perspective animation sequence to evaluate visibility of byproduct storage piles from adjacent state road to design vegetative screening buffer.
Atlantic City Electric Company
B.L. England Station
Atlantic City, New Jersey
Site grading, road design, cross-sections, and earthwork calculation for 300MW power plant using
AutoCAD/Softdesk software. Storm drainage design for plant site and coal storage pile using Haestad
Methods hydrologic/hydraulic software.
Wisconsin Electric Power Company
Dead River and Plains Substations
Iron Mountain, Michigan
Site grading, road design,
AutoCAD/Softdesksoftware.

cross-sections and drainage

design

for two

substations using

W.R. Grace & Company
Chattanooga, Tennessee
Development of site map, bedrock contours, groundwater contours, and geologic cross-sections using
AutoCAD/Softdesk software. Created 3-dimensional perspective computer image of site as seen from
a nearby bridge.
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DANIEL W. MEIER, P.E.
CIVIL/ENVIRONMENTAL ENGINEER
Alleqheny Power Service Corporation
Harrison Power Station
Shinnston, West Virginia
Development of geologic contour maps using AutoCAD/Softdesk software for use in foundation design.
Atlantic City Electric Company
Sherman Avenue Site
Atlantic City, New Jersey
Site grading, road design and profiles, and geologic cross-sections using AutoCAD/Softdesk software.
Stormwater management design using Haestad Methods hydrologic/hydraulic software.
Puerto Rico Electric & Power Authority
Tortuguero Site
Development of topographic maps for power plant site assessment using AutoCAD/Softdesk software.
Atlantic City Electric Company
Cumberland Site
Atlantic City, New Jersey
Design of site grading and railroad alignment using AutoCAD/Softdesk software.
management design using Haestad Methods hydrologic/hydraulic software.

Stormwater

Boston Edison Company
Edgar Energy Park Project
Boston, Massachusetts
Development of site maps, geotechnical maps, and air quality maps using AutoCAD/Softdesk software.
North Carolina Electric Membership Corporation
Deep Gap Diesel Generator Project
Deep Gap, North Carolina
Design of rough and finish grading for site and access road using AutoCAD/Softdesk software.
U. S. Department of Enerqy
Savannah River Site
-

Updating of Intergraph mapping of all areas of site

-

Specification of crane lifting locations in "F" and "H" area tank farms. Included location and
identification of all underground piping, pipe deflection calculations, and determination of crane
lifting locations.

-

Miscellaneous project work including stormwater drainage, underground piping alignment and
relocation, concrete pad location, road and parking design.
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-

Development of "Master" Intergraph plan for all projects in 200H area tank farm.

Sandoz Ltd.
Ringaskiddy, Ireland
Ireland
Assisted in development of site plan for pharmaceutical complex and adjacent community recreation
area.
WALTER B. SATTERTHWAITE &ASS-

-
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Stormwater Management/Flood Contr
-

Designed stormwater detentioiai
commercial/ residential developments

-

Designed parking lot with curb weirs for stormwater contro

-

Analyzed stream channel modifications and encro,
EC-2 sotva
floodway delintin usingEC-1

Watershed Modeling:

watershed-wide control) using PSRM softa
management for residential development
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Computer Applications:
-

Developed floppy disk management system for technical staff to ensure efficient data retrieval
and back-up on past and current projects

-

Assisted in development of Geographical Information System (GIS) digitization program for
hydrologic/hydraulic model parameter calculation, wrote user's manual, trained new employees

ANDERSON-NICHOLS & CO.
Hydrologic and Water Quality Modeling:
Chesapeake Bay Program Data Base/Model Conversion - converted data base and input sequences for
14 subwatersheds from HSP-QUALITY (HSPF predecessor) format to HSPF format for use by US EPA
to evaluate non-point source runoff from alternative land use policies. Developed correspondence
between parameters of the two models and made test runs to ensure similarity of results.
MEIER DW% 0493
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DANIEL W. MEIER, P.E.
CIVIL/ENVIRONMENTAL ENGINEER
Hazardous Waste Remedial Action Assessment - Simulated hydrology and chemical transport in a toxic
waste landfill site to evaluate the effectiveness of various models as remedial action assessment tools.
Flood Insurance/Hazard Studies:
Flood insurance study for Desert Hot Springs, California - Determined flood discharges and elevations
for several coalescent alluvial fans using unit hydrograph techniques.
Flood hazard study for Janes Creek, California - Applied HEC-Z model to evaluate effects of proposed
bridge and channel improvements on hydraulics and flooding.
Groundwater Studies:
Water Supply for Monterra Ranch and Laguna Seca Ranch, California - Assessed groundwater quantity
and quality for use as water supply for proposed residential/commercial developments. Evaluated
potential for groundwater quality degradation resulting from proposed septic systems. Assessed
viability of desalinization for water treatment and interpreted well logs for development of geologic
cross sections.
Computer Applications:
Hydrologic and hydraulic models used: TR-20, TR-55, HEC-1, HEC-2, HSPF, PR2M, AT123D
Software Maintenance - Developed comprehensive test runs to aid in detection and correction of bugs
in Release 8.0 of HSPF and to facilitate installation of new release on other users' comojuter systems

maintenance

EDUCATION.
M.S., 1982
Science & Forestry
B.S., 1980, Forest Engineering, State University of New York, College of Environmental
FFoestr

SOCIETIES/AFFILIATIONS
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Arthur J. Stephens, P.E.
SPECIALIZATION:

Directs the firm's practice in environmental engineering and industrial
geotechnical engineering. Involved with many phases of consulting engineering
for domestic and international assignments. Experience, ability to manage
projects, and attention to technical and communication requirements ensures
the highest quality consulting and advisory services for domestic and
international clients. Special expertise in geotechnical engineering for the
investigation, design, and construction of hazardous waste disposal and land
reclamation projects.
Project manager for remedial design and construction projects including sludge
pond stabilization and closure, hazardous waste landfill closure, chemical waste
disposal facilities cleanup and closure, and groundwater containment, recovery
and treatment. In charge of RCRA facilities investigations and remedial design
of refinery solid waste management units, is directly involved in development
of detailed work plans, technical evaluations, design of selected remedial
measures, assessment of risk associated with remedial options and total quality
management.

EDUCATION:

M.S.C.E. Civil Engineering: University of California, 1968
B.S.C.E. Civil Engineering: Iowa State University, 1963

REGISTRATION:

Professional Engineer: Texas, California, Tennessee, Arkansas, and Louisiana

PROFESSIONAL
HISTORY:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1986 - Present
Supra Corporation, Houston, Texas, 1982 - 1986
Harding Lawson Associates, Houston, Texas, 1964 - 1982
City of Los Angeles, Bureau of Sanitation, Los Angeles, California, 19631964

REPRESENTATIVE
PROJECTS:

BP Chemicals America, Port Lavaca, Texas
Conducted remedial investigations including soil gas and groundwater sampling
to determine extent of possible groundwater contamination from on-site landfill.

Remedial studies were successful in documenting that contamination had not
occurred. Conducted remedial investigation, design, and construction quality
assurance (CA) for test fill to evaluate clay liner and cap materials for
hazardous waste landfill and impoundment construction. Test fills included
field SDRI, permeability, and laboratory permeability testing.
Provided
construction quality assurance services for c
double lined Class I ha7ardIs waste landE
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Arthur J. Stephens, P.E.
Chevron, USA, Port Arthur, Texas
Conducted detailed hydrogeologic studies at existing refinery/chemical plant
complex to assist in development of base line hydrogeologic criteria for plant
area.
Shell Manufacturing Complex, Deer Park, Texas
Provided construction quality assurance services for hazardous waste area test
fill construction including conducting field sealed double ring infiltrometer
(SDRI) permeability testing.
Dupont Corporation, Gulf Coast Locations
Conducted extensive pre-RFI studies to characterize site stratigraphy,
hydrogeology, and hazardous waste migration. Techniques used included test
drilling, soil sampling, push-in well screen groundwater sampling, piezometer
installation, and monitor wells.
Chemical Waste Management, Inc., Port Arthur, Texas
Conducted Phase I RFI hydrogeologic studies at an existing Class I hazardous
waste landfill. Studies included field piezometer and monitor well installation,
extensive analytical testing, field borehole geophysical logs, field pump tests,
and data analysis.
Texaco Refining and Marketing, Inc./Star Enterprises, Port Arthur, Texas
Provided design engineering and field construction quality assurance for large
sample field demonstration of lime slurry injection techniques to remediate
highly acidic soil and groundwater resulting from proven sulphuric acid process.
Crown Central Petroleum Refinery, Pasadena. Texas
Conducted extensive remedial investigation and monitor well installation
program in hazardous waste management areas of existing refinery.
Underground Storage Tanks, Near Blanco, New Mexico
Conducted remedial investigation and feasibility studies for leaking underground
storage tanks at large natural gas processing complex.
Unocal Refinery, Nederland, Texas
Conducted remedial investigations, analytical testing, and treatability studies
for biological remediation and closure of 31.4-acre surface impoundment.
Geneva Industries, Houston, Texas
Provided construction quality assurance for remedial construction at Superfund
site closure. Services provided for Enrac, prime construction contractor for
Texas Water Commission.
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Arthur J. Stephens, P.E.
Sohio Chemical Company, Port Lavaca, Texas
Conducted remedial investigation and remedial design and provided
construction quality assurance services for closure of old hazardous waste
disposal areas.
Phillips 66 Company, Borger, Texas
Provided construction quality assurance (COA) services for construction and
certification of test fill and three hazardous waste, double-lined surface
impoundments. COA services included field SDRI and laboratory permeability
testing of natural clay/bentonite clay liner. COA services provided for
solidification of sludge impoundments and cap construction.
Big Three Industries, Air Separation Plants, Channelview, Texas; Plaquimine
Louisiana: Norco, Louisiana
Conducted detailed site subsurface and laboratory studies ar
detailed geotechnical engineering design criteria for new facilitie
Arco Chemical Company, Barge Loading Facilities and Major Plant Lxpdrnslun,
Channelview, Texas
Conducted detailed site subsurface and laboratory studies and developed
detailed geotechnical engineering design criteria for new facilities.
El Paso LNG Company, LNG Receiving Terminal, Matagorda County, Texas
Conducted detailed site subsurface and laboratory studies and developed
detailed geotechnical engineering design criteria for new facilities.
Ralph M. Parsons Company, Pursue Eneray Corporation Gas Treating Facilities,
Rankin County, Mississippi
Conducted detailed site subsurface and laboratory studies and developed
detailed geotechnical engineering design criteria for new facilities.
Chevron, USA, Panna Maria Uranium Mine, Mill and Tailings Retention
PlantKarnes County, Texas
Conducted detailed site subsurface and laboratory studies anddownloned
detailed geotechnical engineering design criteria for new facilities
Brown & Root, Inc., Offshore Production Facilities & Onshore Treatment Piat
Arzanah Island Area, Arabian Gulf, Abu Dhabi United Arab Emirates
Conducted detailed site subsurface and laboratory studies and

develoned

detailed geotechnical engineering design criteria for new facilities.
M.W. Kellogg, Inc.,Reformer Unit No. 2. and Crude Topping Unit & Ofs ton
Facilities, Refinery Expansion.Ras Tanura, Saudi Arabia
Conducted detailed site subsurface and laboratory studies and developd
detailed geotechnical engineering design criteria for new facilities.
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Arthur J. Stephens, P.E.
Fluor Arabia, Petrochemical Plant Site, Jubail Industrial Complex. Jubail, Saudi
Arabia
Conducted detailed site subsurface and laboratory studies and developed
detailed geotechnical engineering design criteria for new facilities.
Western Desert Producing Company. Offshore Gas Production Facility and
Marine Pipelines, Abu, Oir Bay, Alexandria, Egypt
Conducted detailed site subsurface and laboratory studies and developed
detailed geotechnical engineering design criteria for new facilities.
Bechtel, Inc., Petrochemical Plant Complex, Yanbu. Saudi Arabia
Conducted detailed site subsurface and laboratory studies and developed
detailed geotechnical engineering design criteria for new facilities.
Yemen Hunt Oil CompanyOnshore and Marine Crude Oil Pipeline and Export
Facilities, Arab Republic of Yemen
Conducted detailed site subsurface and, laboratory studies and developec
detailed geotechnical engineering design criteria for new facilities
Consulting Engineer Office, Onshore and Marine Flare Platform, S<:
Firewater Intakes, LNG/LPG Storaae and Production Systems, Das Island, Abu
Dhabi, United Arab Emirates
Conducted detailed site and evaluation, laboratory studies and developed
detailed geotechnical engineering design criteria for new facilities.
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David W. Adkison, C.P.G.
SPECIALIZATION:

Responsible for report preparation and supervised field investigations for
studies performed at closed and active hazardous and municipal waste disposal
facilities. Conducted hydrogeologic assessments to evaluate subsurface
geologic and hydrogeologic conditions and to interpret potential contaminant
migration pathways.

EDUCATION:

B.S. Geology: Stephen F. Austin State University, 1984

REGISTRATION:

Certified Professional Geologist

CERTIFICATION:

OSHA Certified for Hazardous Waste Site Work (OSHA 29 CFR1910.120)
OSHA 29 CFR1910.120 Supervisor Training

PROFESSIONAL
HISTORY:
REPRESENTATIVE
PROJECTS:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1985 - Present

RCRA Facility Investigation - 500 Acre Hazardous Waste Management Facility,
Freeport, Texas
Directed an RFI program for a site consisting of numerous existing and
historical waste management units in accordance with U.S. Environmental
Protection Agency and Texas Waste Commission guidelines.
Chemical
analyses were performed on soil and groundwater samples to delineate the
nature, extent, and origin of subsurface contamination. Potential contaminant
sources were further characterized through chemical analyses performed on
source contents, geophysical surveys, and historical aerial photograph reviews.
Contaminant fate and transport models were presented for each contaminant
source. These models were based on the subsurface hydrogeologic conditions
coupled with the behavioral characteristics of the contaminants themselves.
Potential contaminant receptors were identified to be a neighboring river and
underlying aquifer which supplied potable drinking water to area communities.
Temporary abatement procedures were implemented along key areas of the
river which consisted of typical sheet pile wall/hydraulic control well systems.
The problem of vertical contaminant migration into the underlying aquifer is
currently under consideration. Extensive laboratory test are being performed
to identify various contaminant retardation factors exhibited by the subsurface
soils.
RCRA Permit Application - 60 Acre Waste Water Treatment Facility, Freeport,
Texas Prepared Section IV geology report and Section V detection monitoring
program of the RCRA Part B Permit Application to fulfill TWC requirements for
site closure. A detailed hydrogeologic assessment was performed which
identified the site as a recharge system for two hydraulically connected
groundwater systems within the shallow subsurface. Hydraulic parameters fof
each of the ground water systems were identified through the performance of
in situ hydraulic conductivity testing including a pumping test. Following the
investigation, potential contaminant target receptors were identified and 18
monitoring wells were installed at strategic locations surrounding the site to
assess the environmental impact of the site operation.
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David W. Adkison, C.P.G.
RCRA Facility Investigation - Closed Hazardous Waste Landfill Site, Freeport,
Texas
Prepared the work plan and supervised field investigation operations to
delineate the nature and extent of contaminants originating from a closed
Chemical analyses were performed on soil and
industrial landfill site.
groundwater samples to delineate the lateral and lower limits of the
contaminant plume associated with the closed landfill. The site is bordered by
a major area drainage feature identified as the principal target receptor.
Following the performance of a risk assessment and a corrective measure
study, a sheet-pile containment wall was installed around the site perimeter to
halt offsite contaminant migration. Relief wells were installed inside the wall
to form an inward hydraulic gradient to further reduce the potential for offsite
contaminant migration.
Hydrogeologic Assessment for RCRA Subtitle D ComplianceVarious Locations,
Texas
Directed hydrogeologic assessments for several Type II municipal waste
landfills across Texas. Supervised field operations to obtain key geologic and
hydrogeologic subsurface data to identify any potential impacts the existing
conditions could pose on future waste disposal cells.
Identified potential leachate migration pathways through an assessment of the
Designed
structural, stratigraphic, and hydrogeologic site conditions.
groundwater monitoring programs according to TDH and TWC specifications
for future groundwater detection monitoring programs.
Aerial Photoaraph Reconnaissance, Gulf Coast, Texas
Conducted aerial photograph/topographic map review studies to develop
geologic models based on surficial morphologic features. Identified potentially
feasible sites for locating waste disposal facilities based on the surface
geology.
Conducted field investigations at the potential site including
geophysically logged boreholes to further identify the subsurface geology.
Site Assessment, Port Arthur, Texas
Conducted various geophysical surveys at a large oil and gas field associated
with a salt dome structure to identify anomalies potentially associated with
subsurface contamination. Surveys include an electro-magnetometer survey
(EM-31), an apparent earth resistivity survey, and a radiological survey. These
surveys were designed to identify areas of hydrocarbon spills, abandoned mud
pits, and areas with relatively high levels of radioactive materials.
Geologic Fault Assessment, Houston, Texas
Conducted geologic fault assessments for several waste disposal facilities and
for future commercial sites. Performed the fault assessments according to
guidelines established for our profession by members of the Houston Geological
Society.
Investigation includes a geologic literature review, aerial
photograph/topographic map review, and a site reconnaissance. Performed
assessments of geophysical logs obtained within site boreholes to identify
stratigraphic unit offset interpreted to be fault related.
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David W. Adkison, C.P.G.
AFFILIATIONS:

American Association of Professional Geologists
Association of Engineering Geologist
Association of Groundwater Scientists and Engineers
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A. Don Cabla, P. E.
SPECIALIZATION:

Over seventeen years design and field experience with industrial, commercial
and civil projects. Projects included dams, highways, power plants, petrochemical complexes, hazardous waste landfills, and commercial construction.

EDUCATION:

B.S. Civil Engineering: Texas A & M University, 1974

REGISTRATION:

Professional Engineer: Texas

CERTIFICATION:

OSHA Certified for Hazardous Waste Site Work (OSHA 29 CFR1910.120)
OSHA 29 CFR1910.120 Supervisor Training

PROFESSIONAL
HISTORY:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1988 - Present
McClelland Engineers, Westlake, Louisiana, 1986 - 1987
Rickey Construction Company, Inc., Lafayette, Louisiana, 1982 -1986
Lane Construction Company, Houston, Texas, 1980 - 1982
Titan Southeast Corporation, Dallas, Texas, 1978 - 1980
National Soils Service, Inc., Dallas, Texas, 1977 - 1978
McClelland Engineers, Dammam, Saudi Arabia, 1976 - 1977
Mason-Johnson & Associates, Inc., Dallas, Texas, 1975 - 1976
Harding-Lawson & Associates, Houston, Texas, 1974 - 1975

REPRESENTATIVE
PROJECTS:

Geneva Industries Superfund Site, Houston, Texas
Project manager for construction quality assurance program. Project consisted
of remediation of existing site including excavation and transportation of
contaminated material, general backfill and compacted clay cap for closure of
entire site, and installation of a 2700 linear ft. slurry wall around perimeter of
site to isolate transmissive zones. Responsibilities included coordination of
personnel and evaluation of field and laboratory data to insure the quality of
required work. In addition, numerous existing groundwater monitoring wells
were grouted, abandoned, and replaced with new wells. A majority of the
work performed was under Level C conditions with the exception of well
abandonment which was performed under Level B conditions. Completion of
each task required a detailed report.
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A. Don Cabla, P. E.
Phillips 66 Company, Borger, Texas
Provided technical assistance and construction coordination of a test fill
program to evaluate constructed clay liner and clay cap capabilities for future
Class I hazardous waste landfills. Submitted certification reports to the Texas
Water Commission (TWC) detailing permit requirements had been met. After
TWC approval, duties as project manager included observation and evaluation
of field and laboratory test results for certification reports for various facility
construction.
Additional projects included the closure of existing
impoundments by in-place stabilization with a compacted clay cap, flexible
membrane liner (FML), and topsoil. Prepared and submitted certification
reports to the TWC detailing individual closure activities. Supervised and
coordinated quality assurance program for over 2 million square feet of high
density polyethylene flexible membrane liner (FML) in various far
impoundments.
Monsanto Chemical Company - Alvin
Designed a Class I hazardous waste lanuii tacility consisung of a uiscrete cel
with a 3-ft clay liner with a double FML system including a leachate collection
and detection system. The project included discussions with the TWC to allow
permit modification. Developed construction plans and specifications for
hazardous waste cell, access roadway, bridge, and metal roof system.
Provided technical and administrative assistance to client as a construction
manager during construction of landfill cell, bridge, road, and roof system.

Coordinated test fill program to evaluate on-site clay material 'or clay liner and
cap materia
E and D Landfill, Alvin, Texas
Project manager for installation of 1900 linear ft of slurry wall to repair a
section of existing slurry wall around an active Type I landfill. Provided
supervision of quality control personnel and evaluation of laboratory test data.
Hardy Landfill Soil Liner Evaluation Report (SLER), Houston, Texas
Prepared SLERs for submittal to the Texas Department of Health detailing the
construction of containment areas for Type I Landfills. These reports detailed
construction techniques and verified that materials met minimum specified
requirements. Projects included coordinating surveying to verify layout and soil
liner thickness.
Chevron Refining, Port Arthur, Texas
Designed closure plan and specification for closure of No. 9 Section

in

accordance with permit requirements. Project included stabilization of sludge,
site drainage and erosion protection. Prepared bid packages and provided
contract administration. Reviewed quality assurance documentation during
construction activities and prepared certification report detailing closure
activities.
AFFIUATIONS:

American Society of Civil Engineers
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Wendell B. Griffin
SPECIALIZATION:

Environmental geology; closure design and construction quality assurance for
hazardous waste landfills and surface impoundments.

EDUCATION:

B.S. Geology: University of Southwestern Louisiana, 1984

CERTIFICATION:

OSHA Certified for Hazardous Waste Site Work (OSHA 29 CFR1910.120)
OSHA 29 CFR1910.120 Supervisor Training
American Concrete Institute - Concrete Field Testing Technician, Level I
Campbell Pacific Nuclear - Certification for Radiation Safety and Use of Nuclear
Soil Gauges

PROFESSIONAL
HISTORY:
REPRESENTATIVE
PROJECTS:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1985 - Present

Southeast Water Purification Plant for City of Houston, Houston, Texas
Responsible for on-site evaluation of excavations for structures and foundations
in water bearing strata. Conditions required re-evaluation of design and
construction procedures and recommendations to the City of Houston and
Consulting Engineers on methods to deal with associated problems on a case
by case basis. Inspected open excavations for suitable bearing surfaces and
inspected subgrade preparation prior to placement of structural foundations and
backfill. Monitored type of soils used for backfilling to verify compliance with
project specifications and performed earthwork, stabilization, and hazardous
waste removal. Attended meetings with the City of Houston, Consulting
Engineers and Contractor to review project specification requirements and
assisted with interpretation and clarification.
Phillips 66 Company Hazardous Waste Impoundments 31, 32, and 33, Borger,
Texas
Provided construction quality assurance (COA) for the construction of two test
fills and three surface impoundments with flexible membrane liners (FML).
Included installing and monitoring field SDRI permeability test. Prepared
certification report.
Celanese Chemical Comoany Test Fill Construction and Closure of Surge Pond
#2, Clear Lake, Texas
Provided COA for test fill construction, installed and monitored two SDRI field
permeability tests, and prepared the test fill certification report. P_
testing of sludge stabilization and final closure of Surge Pond#L
B.P. Chemicals Hazardous Waste Cell 08. Port Lavaca, Texas
Provided COA for cell construction including a leachate collection and detection
system in a double-lined FML system. Prepared certification report.
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Phillips Petroleum Company, Sweeney Refinery and Petrochemical Complex

-

Wendell B. Griffin
Part B Application, Sweeney, Texas
Conducted geologic and hydrogeologic investigation of seven hazardous waste
surface impoundments including subsurface evaluation of stratigraphy, aquifer
permeability, groundwater flow and direction, and possible pathways of
contaminant migration. Prepared Section III-E, geology and hydrogeology
report as an attachment to the part B application. Prepared final closure design

and closure drawings for each impoundment.
BP Chemicals Hazardous Waste Cell 09, Port Lavaca, Texas
Prepared bid package including project specifications and construction
drawings with modifications to landfill design for proposed a hazardous waste
landfill.
Chemical Waste Management Inc. Monitor Wells - 01 Area, Port Arthur, Texas
Performed monitor well installation and development of 21 wells for a closed
landfill. Included environmental sampling and sample preparation. Conducted
geophysical logging to determine well placement depths.
Monsanto Chemical Company Monitoring Well Installation New Landfill Area,
Alvin. Texas
Prepared report of monitoring well installation, development and surface
completion for groundwater detection monitoring system in a new hazardous
waste landfill area.
Phillips Petroleum Company, Sweeney Refinery and Petrochemical Complex,
Sweeney, Texas
Prepared closure plan, including clean and contingency plan closure, for two
hazardous waste surface impoundments. Work included preparation of the
closure plan, CQA plan, construction specifications and closure design and
drawings.

Halliburton-NUS, SACO Tannery Waste Pits - Saco, Maine
Work included closure design for 52 waste pits. Assisted in preparation of
design report, closure drawings, and construction specifications.
AFFILIATIONS:

Association of Engineering Geologists
National Water Well Association
Association of Groundwater Scientists and Engineers
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Daniel Leon Harris, P.E.
SPECIALIZATION:

Project engineer for municipal solid waste landfill permit application. Design
layout of landfills including access roads, site drainage, sequence of operation
and closure. Earthwork calculations and landfill design using digital terrain
modeling, water balance for leachate management using Hydrologic Evaluation
of Landfill Performance (HELP) model and surface water drainage analysis.
Responsible for verifying construction and soils testing of compacted clay liners
and assembling data for Soil Liner and Evaluation Reports (SLER) as required
by the Texas Water Commission at several landfills in the Houston area.

EDUCATION:

B.S. Civil Engineering: University of Houston, 1986

REGISTRATION:

Professional Engineer: Texas

PROFESSIONAL
HISTORY:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1992 - Present
State Department of Highways and Public Transportation, Houston, Texas,

1987- 1992
Skrla, Inc., Houston, Texas, 1986 - 1987
REPRESENTATIVE
PROJECTS:

Experience in various aspects of roadway design throughout the Houston area
including geometrics, retaining wall details and construction sequencing of
West Loop/South Post Oak interchange, US 59 (Southwest Freeway) and US
59 at 1-10 Interchange. Hydraulic design includes use of THYSYS (Texas
Highway System) stormwater run-off and pipe flow analysis software in the
development of drainage area maps of the US 59 corridor through Greenway
Plaza/West University and subsequent storm sewer upgrades for the
rehabilitation and widening of the freeway. Experience also includes design of
mild-slope open channel system of drainage collection for the main lanes of the
above referenced project and deep channel analysis using WSPRO and HEC-2
software.
Earthwork related activities include design of earthdams and retention lagoons
for the Exxon refinery in Baytown and construction monitoring for the
containerized loading docks and adjacent site pads at the Port of Houston's
Barbours Cut Terminal
Greenshadows Landfill Amendment - Pasadena, Texas
Consists of expanding existing 38 acre landfill to 87 acres. Responsible for
proposals to relocate or abandon an existing City of Pasadena street which
passes through the proposed landfill expansion.
Also responsible for
coordinating with the Harris County Flood Control District for drainage
considerations.

E-
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Daniel Leon Harris, P.E.
Fairbanks Landfill #2 - Houston, Texas
Current sand mining operation in Northwest Houston designed to accommodate
Type IV waste. The ultimate layout of this landfill is contingent upon Metro's
alignment of West Road through or adjacent to the property.
El Campo Landfill Optimization Study - El Campo, Texas
Responsible for evaluating the economic and environmental considerations of
transforming the City of El Campo's landfill into a much larger regional landfill
to service surrounding cities.
Madden Road Landfill - Fort Bend County, Texas
Responsible for upgrading the design of the facility to comply with Subtitle D
regulations, including surface water drainage. This permit application is
pending at the Texas Water Commission.
Colorado County Landfill - Altair, Texas
This 210 acre landfill design includes upgrading an existing Type I site to
accommodate non hazardous Class I Industrial waste. The design incorporates
aerial expansion, RCRA cap, methane recovery and composite liner with
leachate collection. Design included surface water drainage analysis.
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J. L. Ireland, C.P.G.

SPECIALIZATION:

Consultant to the firm's practice in engineering geology and hydrogeology.
Project experience includes industrial solid waste landfills, municipal solid waste
landfills, surface impoundments, injection wells, assessment and feasibility
studies of hazardous waste sites, and closure of hazardous waste facilities.
Has conducted siting studies for solid waste landfills, geologic and
hydrogeologic studies, permit applications, and value engineering for design of
landfills. He has provided expert testimony before the Texas Department of
Health, Texas Water Commission, and Texas Railroad Commission in support
of permit applications.

EDUCATION:

M.S. Geology: Oklahoma State University, 1973
B.S. Geology: Lamar State College of Technology, 1971

REGISTRATION:

Certified Professional Geologist
Registered Geologist: Arkansas

PROFESSIONAL
HISTORY:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1983 - Present

R

Woodward-Clyde Consultants, Houston, Texas, 1973 - 1983

REPRESENTATIVE
PROJECTS:

Colorado County Landfill, Columbus, Texas
The Colorado County Landfill south of Columbus, Texas, is a Texas Department
of Health, Type I Municipal Landfill. Responsible for geologic studies for permit
amendments for this facility.

Also responsible for hydrogeologic studies in

preparation of the application for p":rr,BCDC Landfill, Brazoria County, Te
BCDC Landfill is a Type I Municipal Landfill in southern Brazoria County,
a,:c
Responsible for geologic and hydrogeologic studies for permit appli
amendments for this facility. Conaucted a surfarce fraut evata-ion for support
of permit amendment
Alvin Landfill, Alvin, Texas
The Alvin Landfill is a Type I Municipal Landfill located near Av n, Teas

Responsible for hydrogeologic studies at this facility and surface resistivity
studies as part of the on-going monitoring program.
Fairbanks Landfill, Harris County, Texas
The Fairbanks Landfill is a Type IV Municipal Landfill is Harris County, Texas.
Responsible for hydrogeologic studies for the permit application for this facility.

Greenshadow Landfill, Harris County, Texas
The Greenshadow Landfill is a Type IV Municipal Landfill. Responsible for
geologic studies for the preparation of the permit application for this facility.
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J. L. Ireland, C.P.G.
IPB Landfill, Harris County, Texas
The IPB Landfill is a Type IV Municipal Landfill. Responsible for hydrogeologic
studies and surface fault studies for permit application and amendments to the
permit application for this facility.
Gatorhawk Landfill, Harris County, Texas
The Gatorhawk Landfill is a Type IV Municipal Landfill.
geologic/hydrogeologic studies for this permit application.

Responsible for

Bluebonnet Landfill, Harris County, Texas
The Bluebonnet Landfill is a Type I Municipal Landfill located in eastern Harris
County,Texas. Responsible for hydrogeologic studies for the landfill in support
of the site monitoring program and for surface resistivity studies for the facility
and fault evaluations relative to special provisions of this permit.
Atascocita Landfill, Harris County. Texas
The Atascocita Landfill is a Type I Municipal Landfill located in eastern Harris
County, Texas.
Responsible for hydrogeologic evaluations for permit
amendments for this facility and surface resistivity studies for the site
monitoring.
West Belt Landfill Four, Harris County, Texas
The West Belt Landfill Four is a Type IV Municipal Landfill located in Harris
County, Texas. Responsible for hydrogeologic and surface fault evaluations for
the permit applications for this facility.
Dixie Farm Road Landfill, Brazoria County, Texas
The Dixie Farm Road Landfill is a Type IV Municipal Landfill located in Northern
Brazoria County, Texas. Responsible for hydrogeologic studies and surface and
subsurface fault evaluations for this facility.
Fort Bend County Landfill, Fort Bend County, Texas
The Fort Bend County Landfill is a Type I Municipal Landfill located in
northeastern Fort Bend County. Responsible for geologic and hydrogeologic
studies for permit amendment for this facility.
Buffalo Valley Landfill, Comal County, Texas
Buffalo Valley Landfill is a proposed Type I Municipal Landfill located in Comal
County, Texas. Responsible for geologic and hydrogeologic studies for the
preparation of the permit application for this facility.
Lacy Lakeview Landfill, McClennan County, Texas
The Lacy Lakeview Landfill is a permit amendment for an existing landfill. The
landfill is a proposed Type I Municipal Landfill.
Responsible for
geologic/hydrogeologic studies for this facility.
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Rosillo Creek Landfill, Bexar County, Texas
The Rosillo Creek Landfill is a proposed Municipal Landfill to be located in
southeastern Bexar County, Texas. Responsible for geologic/hydrogeologic
studies in support of this application.
Willis Landfill, Montgomery County, Texas
Responsible for
The Willis Landfill was a Type II Municipal Landfill.
hydrogeologic studies and surface resistivity studies for this facility.
Doty Landfill, Harris County, Texas
Doty Landfill is a Type IV Municipal Landfill located in southwestern Harris
County, Texas. Responsible for surface resistivity studies for site monitoring
facilities.
Austin Community Landfill, Travis County, Texas
The Austin Community Landfill is a Type I Municipal Landfill located near
Austin, Texas. Responsible for hydrogeologic studies for the facility.
AFFILIATIONS:

Association of Engineering Geologists
Association of Independent Professional Geologists
Houston Geological Society
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Robert Nelson Jennings, P.E.
SPECIALIZATION:

Sixteen years geotechnical, environmental, and civil engineering experience
including remedial design, construction, and inspection. Projects include
petrochemical plants, refineries, power plants, paper mills, landfills, mine
facilities, water conveyance systems, embankments, gas processing facilities,
underground storage tanks, commercial developments, and industrial and
municipal landfills.

EDUCATION:

B.S. Civil Engineering: University of Tennessee, 1977

REGISTRATION:

Professional Engineer: Texas, Alabama

CERTIFICATION:

OSHA Certified for Hazardous Waste Site Work (OSHA 29 CFR1910.120)
OSHA 29 CFR1910.120 Supervisor Training

PROFESSIONAL
HISTORY:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1992 - Present
Brown and Root, Inc., Houston, Texas, 1988 - 1991
Bhate Engineering Corporation, Birmingham, Alabama, 1986 - 1987
Brown and Root, Inc., Houston, Texas, 1985 - 1986
Houston Lighting and Power, Houston, Texas, 1984
Brown and Root, Inc., Houston, Texas, 1978 - 1983

REPRESENTATIVE
PROJECTS:

Project manager for multiple municipal waste landfill projects. Specific project
tasks include permit modification, facility redesign to comply with Subtitle D,
groundwater and leachate computer modeling, hydrogeologic assessment,
surface water drainage, soil and liner evaluation reports, and agency
negotiation.
Project manager and engineering support for closure design of five refinery
impoundments containing hazardous waste at refinery in New Orleans,
Louisiana. Project included sludge handling, bioremediation, solidification, and
on-site landfill design for some of the waste. The landfill cap was designed to
allow the area to be used as an equipment storage and general laydown area.
Clean-closed areas were reclaimed using hydraulic fill.
Non-hazardous industrial waste disposal facility, 200 acres, 30 impoundments.
USEPA NPDES permit renewal RCRA Part A and B Permit Application.
Impoundment design, site assessment by subsurface drilling, groundwater
sampling and assessment, surface water sampling, effluent monitoring, public
hearing support, closure plan, biomonitoring for chronic toxicity to aquatic
species.
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Robert Nelson Jennings, P.E.
Project management and engineering for design and construction support for
sludge stabilization, RCRA cap, and surface drainage for a refinery in the Texas
Panhandle. Oily waste was solidified using a pozzolanic agent. The RCRA cap
included native clay enhanced with bentonite clay and a flexible membrane
liner.
Engineering support for Corrective Measures Study for burn pit remediation at
a petrochemical facility near Seadrift, Texas. Prepared preliminary design and
cost estimates for multiple in situ remedial alternatives, including vacuum
extraction, solidification, and bioremediation, combining vacuum enhancement
and air sparging. Ex situ alternative included off-site disposal, low temperature
thermal stripping, and solidification.
Engineering support for closure of hazardous waste pits at Superfund site near
Saco, Maine. Project included design of site preparation for construction
access and decontamination facilities as well as final cover for multiple waste
pits.

Project management and design of multiple sites for remediation of impacted
soil and groundwater utilizing integrated remediation technology, including air
sparging, vacuum extraction, and bioremediation.
Project manager for removal and separation of petroleum hydrocarbon impacted
water, recycling of oil, bioremediation of impacted soil and sludge for a paper
mill in Texas.
Project manager for closure of 23 groundwater monitoring wells at Superfunc
site in Oklahoma (abandoned refinery). Closure was performed by jet grouting,
downhole method for blending chemically resistant grout with in situ soils,
while destroying the well casing in place.
Project manager for construction below-grade cap by deep, in situ soil
solidification to isolate drinking water aquifer from new construction area for
a fertilizer company in Florida.
Engineering support for design and construction for the Coastal Water
Authority Northwest Lateral pipeline, including deep soft ground tunneling
under the ship channel.
Supported construction through potentially
contaminated zone, including groundwater evaluation, monitoring well design,
dewatering evaluation, soil and groundwater monitoring. Evaluated dewatering
and trench safety requirements for pipeline and shaft construction.
Project manager for engineering and design for UST removal and installation,
including upgrading for piping and leak detection systems for NASA JSC,
including evaluation of dewatering requirements.

Resident engineer for repair of in-service, hazardous waste treatment pond.
Investigate, evaluate, and repair existing impoundment in Louisiana.
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Robert Nelson Jennings, P.E.
Engineering support for construction of Coastal Water Authority 3.5-mile
Southwest Lateral 96-inch-diameter pipeline, including dewatering, earthwork,
shoring and tunnel construction. Evaluation of potential slope failures in area
of water conveyance canal.
Project manager for emergency response to stabilize Almeda Road and adjacent
gas station due to sewer tunnel collapse for the City of Houston. Project
included dewatering and surface water drainage provisions during excavation
for repair. Tunnel collapse resulted in loss of two lanes of the four lane road,
and threatened underground piping and fuel tanks.
AFFILIATIONS:

American Society of Civil Engineers
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Jon K. Levet
SPECIALIZATION:

Responsible for designing, managing, conducting, and evaluating field
investigations and studies at sanitary landfills, hazardous waste sites and
facilities, and chemical manufacturing plants.
Conducted RCRA Facility
Investigations (RFI) to evaluate subsurface geologic and hydrogeologic
conditions and locate potential target receptors and migration pathways.
Conducted and evaluated geophysical surveys to identify possible leachate
migration and identify buried waste using earth electrical resistivity,
electromagnetics, magnetometer, and radiometric survey techniques.
Conducted borehole geophysical logging; soil, groundwater, and soil gas
sampling; performed and evaluated a variety of in situ permeability tests
including pump, slug, and packer tests. Installation of groundwater monitoring

wells, pneumatic piezometers, open-riser piezometers, inclinometers, gas vents,
and subsurface bench marks.
EDUCATION:

B.S. Geology: Lamar University, 1986

CERTIFICATION:

OSHA Certified for Hazardous Waste Site Work (OSHA 29 CFR1910.120)
OSHA 29 CFR1910.120 Supervisor Training

3

PROFESSIONAL
HISTORY:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1987 - Present

REPRESENTATIVE

PROJECTS:

RCRA Facility Investigation - Freeport. Texas
Conducted and managed an RFI program at a chemical manufacturing facility
to identify the nature and extent of contamination. The program included a
hydrogeologic study, source identification, fate analysis, corrective measures
study, and a risk assessment.
Site Evaluations - Various Locations, Louisiana
Conducted and evaluated subsurface and regulatory agency background
investigative programs as part of due diligence studies on several nonhazardous oilfield waste (NOW) sites.
These investigations included
environmental sampling of soils, surface water, and groundwater, geophysical
surveys, tidal influence evaluations, the review of compliance studies prepared
for the site, and the search of pertinent regulatory agency files.
Site Evaluations, Various Locations, Tennessee
Conducted and evaluated geologic and hydrogeologic investigative programs
for several landfill sites as a part of due diligence study. The investigations
included soil borings, trenching, and geotechnical laboratory testin(
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Site Evaluation - Gwinner, North D.
Conducted and evaluated a geologic a
for a sanitary landfill. The investigation included soil borings, observation wei
installation, groundwater sampling and analysis, borings in landfill materials,
assessing leachate collection, a review of regulatory agency files, a search for
area water wells, and a review and evaluation of previous hydrogeologic
studies performed at the site. An assessmen -- z nk m4d. rf th' a
potential impact on the local aquifer system
Site Assessment, Port Arthur, Text
Conducted a site subsurface sar

r

'I

installation program to evaluate leachate migration from a large chemical waste
dump. The investigation used hollow-stem and rotary wash drilling techniques
and geophysical logging ol boreholes

Site Assessment,
tn exa
Conducted a site subsurface sampling and groundwater monitoring well
installation to evaluate contaminant migration inside a large chemical complex.
The assessment included hollow-stem drng te-hniques
o b *a
environmental samples for laboratory analysis.
Site Assessment, Port Lavaca, Texas
Conducted a site subsurface evaluation using cone penetration techniques as
well as hollow-stem drilling techniques to obtain soil gas and groundwater
samples for analysis. The evaluation also included in situ permeability testing
to determine hydrologic conditions.
Site Assessment, Various Locations, Texas
Conducted site subsurface sampling programs across Texas to evaluate
possible contamination from underground storage tanks at gas stations. The
investigation included environmental sampling and soil borings.
Site Assessments, Various Locations, Texas
Conducted site monitoring programs to evaluate leachate migration from a
variety of landfill types using electrical resistivity methods in accordance with

Texas Department of Health standards.
AFFILIATIONS:

Association of Engineering Geologists
Houston Geological Society
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Marie Johnson Starich, P.E.
SPECIALIZATION:

Project engineering and management for the design and closure of Class I and
11 industrial hazardous waste surface impoundments, development of RCRA
Part B applications, design of solid waste landfills, and performance of
environmental site assessments.

EDUCATION:

MSCE Geotechnical Engineering: Purdue University, 1983
BSE Civil Engineering: Duke University, 1981

REGISTRATION:

Professional Engineer: Texas, South Carolina, North Carolina, Georgia

CERTIFICATION:

OSHA Certified for Hazardous Waste Site Work (OSHA 29 CFR1910.120)

PROFESSIONAL
HISTORY:

McBride-Ratcliff and Associates, Inc., Houston, Texas, 1986 - Present
Department of the Navy, Corpus Christi, Texas, 1985 - 1986
Soil Consultants, Inc., Charleston, South Carolina, 1984 -. 1985
Harry Stanger Ltd., Elstree, Hertfordshire, England, 1983 - 1984

REPRESENTATIVE
PROJECTS:

Project manager and engineering support for the development of the Part B
RCRA application for nine Class I hazardous waste surface impoundments
including engineering reports, hydrogeology reports, conceptual closure plans,
construction-quality closure design plans, specifications, and CQA plans.
Project manager and engineering support for two hazardous waste
impoundments at a refinery in Sweeny, Texas. The project included evaluating
closure technologies, conducting treatability studies, developing risk-based
closure criteria, and preparing construction-quality closure plans and
specifications. Refinery plans to place a new process unit on part of the closed
impoundments were considered in developing the closure scenarios. Closure
scenarios included clean closure, risk-based closure, and closure as a landfill.
The evaluation included using different types of closures in isolated sections
of the impoundments to permit future construction. The closure technologies
which were evaluated included in situ solidification, bioremediation, and
dewatering and ex situ technologies including solidification, bioremediation, and
thermal desorption. Geotechnical parameters for the new unit foundation were
established to limit bearing pressures for the new unit and to eliminate potentiaI
intrusion into the belov. grae RCRA cani sstem.
Project manager for a renor.

.aste mn~ imr
zation stud fo r n-o hazaro usandi
hazardous oily waste including development of the non-hazardous landfill plans,

evaluation of technologies for removal and/or recovery of the waste oils from
lagoons and contaminated soils, performance of a feasibility study to evaluate
three potential sites within the refinery for the selected treatment option, and
the development of the design plans for the selected site.

Techologies
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Marie Johnson Starich, P.E.
evaluated in the study included mechanical separation, bioremediation, thermal
desorption, and solidification.
Engineering support for closure of hazardous waste pits at Superfund site near
Saco, Maine. Project included design of site preparation for construction
access and decontamination facilities as well as final cover for multiple waste
pits.
Project manager for the development of two sections, Section IV - Geology
Report and Section V - Groundwater and Unsaturated Zone Monitoring, for the
RCRA Part B application for an operating block at a Gulf Coast petrochemical
plant.
Responsible for evaluation of the regional and site geology and
hydrogeology and for the development of a groundwater monitoring program
to be accepted by the Texas Water Commission.
Project engineer for the design of Class II surface impoundments in Corpus
Christi, Texas. The project included design of a leachate collection system and
redesign of a formerly closed impoundment to provide more capacity. Prepared
construction-quality design plans, specifications, and CQA plan for the Owner
to seek competitive bids.
Project engineer for the design of municipal sanitary landfills within the
Houston area. Responsible for developing the site development plan, operating
plan, liner and cap system, and groundwater monitoring system. Performed
site studies to identify potential sites for municipal sanitary landfills.
Project engineer for bentonite slurry trench cutoffs at Gulf Coast landfills. The
slurry trenches were used for groundwater containment and contaminant
containment. Developed the field exploration program along the proposed
alignment, recommended rerouting of the alignment on the basis of the field
and laboratory data, prepared construction-quality plans for competitive bidding
of the trench installation, developed the trench design mix, and provided
engineering support for quality control during installation.
Project manager for sewer tunnel projects in the Gulf Coast area. Responsible
for implementation of the field and laboratory studies, developed tunneling
design recommendations, provided insight into tunneling technologies
applicable for soft ground tunneling in the Gulf Coast, and provided engineering
support during construction to evaluate "changed condition" claims.
Project engineer for various structures in the Gulf Coast including commercial,
industrial, and residential development. Responsible for program development,
execution of the field and laboratories studies, analysis of findings to develop
foundation and site improvement recommendations.
Project engineer for preliminary environmental site assessments for
undeveloped and previously-developed properties including public sector rightof-ways and private land transactions. Responsible for developing the scope
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of work including the environmental component of the field and laboratory
studies. Identify potential environmental risks associated with route alignment
or tract ownership and recommend potential remediation measures where
necessary.
AFFILIATIONS:

American Society of Civil Engineers
National Society of Professional Engineers
Chi Epsilon
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FGD Retrofit Project
Tennessee Valley Authority
Cumberland Fossil Plant
Cumberland, Tennessee
Raytheon Engineers and Constructors, Inc. have overall engineering and construction
management responsibilities for the FGD Retrofit Project for TVA's Cumberland Fossil

Plant Units 1 and 2.
As part of the overall project, Raytheon provided the full geotechnical investigation

for the plant structures as well as the disposal facilities for gypsum and dry flyash.
The integrity of the existing ponds was important to their future use. The geology

encountered at the site is especially complex and involves vertical beds of shales and
limestones which have resulted from a suspected meteor impact.
The design of the disposal facilities required that they be placed on a large 245 acre
existing ash pond. Special innovative design methods utilized geotextile filter fabric
and stone to provide a working surface and an underdrain system for stability. In
area, the pond is split between gypsum and dry flyash disposal. Minimal dredging of
existing wet flyash is contemplated.

Raytheon further provided engineering support of permitting for both disposal projects.
This included stability analyses and settlement calculations. Technical support was
provided at meetings with the State of Tennessee.
A test program for fabric and stone placement was specified and is currently being
performed.
Other design features include earthern berms and a cellular cofferdam separator dike
as well as perimeter and interior drainage systems. The planned heights of the stacks

average over 200 feet.
Raytheon also provided the system design for changing the present sluice systems to
the dry system and designed the future capping system required by permit. The cap
design included geotextile stabilization products. The design geometries and
quantities were performed on PC-based AutoCAD using civil engineering software.
Numerous schemes and geometries utilizing buffers, underdrains and process streams
were evaluated during the permitting phase. Permit drawings were modified and used
in preparing the site preparation contract package.
Completion date: Ongoing work. Contact: Gary Nuyt; Contact Phone No.: (615) 7516795.

TVA FGD GEOTECHDJM 0493
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Waste Containment Basins
Wastewater Treatment System Upgrade
Metropolitan Edison, Portland Generating Station
Portland, PA
Raytheon was retained by Metropolitan Edison to perform improvements and additions
to an existing wastewater treatment system at the two-unit, pulverized coal-fired, 420
MW generating plant. The scope of work for this effort included conceptual
development, detailed engineering and design, permitting support, and procurement
support.
The objectives of the project were to provide greater reliability in achieving NPDES
effluent limitations, additional protection against potential groundwater degradation,
and improvements in the operation and maintenance of the system. Extensive studies
were conducted at the outset to not only characterize wastewater sources (flows and
composition), but also to provide a complete aerial and surface survey, and establish
the subsurface soil and groundwater conditions.
The two-year design and construction program consisted of four me
*

*
*
*

Complete replacement of the coal pile equalizati
.
o
sump/transfer system, including upgrading the entire coal pile area and
creation of new containment dikes and runoff swales;
Installation of a new demineralization waste neutralization pretreatment
system;
Replacement/upgrade of the wastewater neutralization and oxidation
systems, and;
Installation of two new waste sedimentation basins, each with rough,
120 days of solids storage capacity.

The new, two-acre coal pile runoff basin was designed to contain the runoff from the
90-day coal storage area for a 10-year, 24-hourstorm. It was constructed on the site
of the original basin utilizing an existing clay layer as the base with a contiguous
High Density Polyethylene (HDPE) synthetic liner. HDPE was selected based upon its
chemical resistance, toughness and overall durability. The basin design consisted of
eight sections (in sequence from top to bottom):
*
*
*
*

*
0

existing clay bottom layer,
compacted granular fill course.
8-inch sand cushion,
40 mil HDPE liner,
geotextile fabric to protect against liner damage during construction and
to hold the upper sand course
another 8-inch sand course,

*
*

an erosion protection geotextile,
12-inch layer of protective stone surfacing to mitigate effects of water
motion and to allow limited access.

The n-uszmam and axidMon haskasickde a Ady autrnted fodfoward
cau
systa.

ar
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The sides are built on a 3:1 slope. The liner and geotextiles are anchored on a trench
at the top of the side slope which is covered by the basin perimeter service road. The
two parallel sedimentation basins encompass a 3-acre area.
Each basin is
approximately 80 ft. by 440 ft. The basins are constructed to soil cement installed
in three, six-inch layers. The soil cement was mixed on site in a portable batch plant
to control both the mix consistency and interface of production and construction
activities. The mix design consisted of Type II cement (7 percent), flyash (5 percent),
soil (crushed limestone)(79 percent) and water (9 percent).
The purpose of using soil cement was to provide a low permeability liner and, at the
same time, a highly serviceable surface. A laboratory permeability coefficient test of
the mix achieved 3.2 x 10-9 cm/sec. This was confirmed in field tests of corings from
the final lift. An average 28-day compressive strength of 1120 psi was also attained,
which is high compared to typical soil cement applications.
Since the system has been in operation, excursions in effluent quality of the
discharged wastewater have been virtually eliminated and no contamination of
groundwater has been detected. (1988) Contact: Tony M. Skicki; Contact Phone No.
(215) 929-3601.
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Closure of 1C/1D Basins
Phillips Petroleum, Bartlesville, OK
Sweeney, Texa

rldydneUl
ds retainea yrrnnpsl etrefumi' _ompn (l
o; to prepare porions of
Section III and IV of the RCRA Part B application and all of Section VI for eight

impoundments associated with the Sweeny Refinery and Petrochemical Complex.

Five of the impoundments w
were located at Terminal site
Work which Raytheon performed for development of SectionIII included working vw

Phillips to gather general information regarding the impoundments including types of
wastes managed, planning and construction schedules for closure, facility
management, topographic information, and flooding considerations. For each

impoundment, Raytheon developed Section III of the application, and prepared the
engineering reports.
These reports addressed freeboard, waste flow, dike
construction, stability analysis, mltion jnlysis ana run on di.erson
e_s_
prepared a portion of SectionIP
Raytheon also designed construction quality closure plans, specifications, and
construction quality assurance plans. To develop the closure quantities, Raytheon

performed sludge sampling studies at each impoundment.
an evaluation of the volume of sludge to be removed and/or
of the characteristics of the sludge. Analytical testing was
constituents. Each closure plan was developed using a
scenario, a contingency closure scenario, and closure as a

The studies consisted of
treated and an evaluation
based on the Skinner List
risk-based clean closure
landfill scenario.

Phillips proposes to construct a process unit on two of the closed ponds. The study
for these ponds consisted of similar steps; however, additional screening tests were
performed on soils below the pond sludges to evaluate whether clean closure was a
realistic possibility for the entire impoundments. The study indicated that the
potential for clean closing the entire impoundments was low; therefore, closure
scenarios involving various portions of the impoundments were prepared with process
unit construction as the ultimate use in some section of the closed impoundment.

Raytheon, in conjunction with PPCo, developed a risk-based clean closure scenario in
the portion of the impoundment to be further developed and a closure as landfill
scenario to be used in the remainder of the impoundment. The development of the
closure scenario was closely coordinated with PPCo, Raytheon conducted treatability
studies for sludge volume and toxicity reduction using solidification, filter press,
solvent extraction, and thermal desorption. We then prepared detailed construction

plans and specifications for closure using filter pressing and solidification for offsite
disposal. Detailed plans were prepared for verification in sampling and QA/QOC.
Remedial oversight will be provided durina closure in193 Cnnt-t
Pmul
RPh!
Contact Phone No.: 918-661-131
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Design of Closure System
for a Hazardous Waste Landfill
BP Chemical, Inc.
Port Lavaca, Texas

Raytheon was selected by BP Chemical, Inc. to provide design services for closure of
an existing hazardous waste landfill cell. The discrete landfill cell dimensions were
approximately 100- ft wide and 200-ft long.

The maximum depth of the sloping

bottom was about 17 ft. The cell contents were covered with a layer of cover soil
prior to closure design/construction.
The closure design was developed from the Client's Part B permit requirements. The
permit required a 4-ft thick compacted clay cap constructed in accordance with

parameters determined from a previously constructed test fill. A high density
polyethylene (HDPE) flexible membrane liner was required to cover the compacted clay
cap. Topsoil seeded with persistent grasses completed the cover system.
The design had to incorporate an adjacent closed cell drainage to provide adequate
runoff capacity. The design included welding the primary cell flexible membrane liner
to the cap flexible membrane liner at the perimeter of the cell to completely envelope

the cell contents.
Raytheon provided the Construction Quality Assurance to observe and document
construction of the cover system. Field and laboratory testing was conducted by
Raytheon to evaluate materials and construction techniques. Field and laboratory
tests included moisture content, density, Atterberg limits, percent passing no. 200
sieve and permeability. The HDPE flexible membrane liner was observed by Raytheon
during placement. All welds were either vacuum or air pressure tested. Any defects
were repaired and retested to acceptance.
A working knowledge of the minimum technology requirements of RCRA regulations
governing landfills was important in the completion of the work. (1992) Contact:
Mr. Patrick Raymond, P.E.; Contact Phone No.: (512) 552-8227.

4276372/CELL8/MRA/MVM/0493

Raytheon
Engineers & Constructors
A Consodation of Badger and UE&C

Class 1\II Landfill
Phillips Petroleum Company

Borger, Texas

Raytheon served as Phillips Petroleum Company's site representative during the
construction of the Class 1/11 Landfill. As the Owner representative, we performed
construction quality assurance services to verify that the construction procedures and
materials used for the construction were in accordance with the project plans,
specifications, and regulatory requirements. These services were provided through
the time and expense contract between Raytheon and the Phillips Petroleum Company
refinery located in Borger, Texas.
Key Project Tasks:

I-

Perform construction quality assurance inspections

*

Represent client during the construction
Soil sampling and test analysis
Data review and interpretatior

-

Construction verification repor

The Class 1/11 Landfill construction consisted of a 3 ft thick compacted clay liner, one
layer of 100 mil high density polyethylene geomembrane, geotextile, and 1 ft of sand
cover with a leachate collection system. A 2700 ft asphalt entrance road was built
for access to the site.
The 3-ft thick compacted clay liner was constructed from native soil mixed with
bentonite. The mixing was accomplished by pulverizing the soil with three passes of
a mixer, and then plowing the soil while adding moisture. After the specified moisture
content was obtained, the admix soil was compacted to form a homogenous material.
After completion of the compacted clay liner, a 100-mil high density polyethylene
geomenbrane was installed. Strict quality control was maintained during the
geomembrane construction. Upon approval of the geomembrane liner, a geogrid with
geotextile attached was installed to provide drainage to the leachate collection system
during landfill operation.
The leachate collection pipes and sump were installed in the base of the landfill. The
pipes were wrapped with geotextile and connected to the sump where the leachate
could be collected for proper disposal. A 1-ft thick layer of sand was installed
base of the landfill to facilitate drainage of the leachate durin(
To complete the construction, a 2700 ft asphalt access road
15 ft temporary leachate storage tank were constructed. (1991) Contact: Mr. Paul E.

Blue; Contact Phone Number: (918) 661-1319.
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West Belt Landfills, Tanner Road

Sanifill, Inc.
Harris County, Texas

Raytheon has provided solid waste engineering services for the West Belt Landfills
located along Tanner Road in Harris County, Texas for more than 8 years. During this
period, permit applications have been prepared for three tracts: a 12.9-acre tract, a
41-acre tract, and a 84.7-acre tract.

Additionally, permit amendments have been

prepared to increase the acreage of the 12.9-acre tract to increase the aerial fill
height, and to revise surface drainage details.
Key Project Tasks:

-

-

Permit Application
Landfill Design
Construction
Compliance Monitoring

A soil-bentonite slurry trench was designed as part of the landfill liner system. The
slurry trench wall contained the area groundwater to permit dewatering of the sands
within the upper elevations and allowed pressure relief of the lower transmissive sand
stratum. The clay liner was then constructed without bottom instability. Raytheon
developed a slurry trench design which was implemented in a phased approach with
landfill development. Raytheon provided the Quality Assurance/Quality Control
(QA/QC) during trench installation to verify that the trench penetrated the selected
cohesive key layer and to ensure slurry parameters were in accordance with
requirements.
Raytheon installed and sampled groundwater monitoring wells at the site as part of
the compliance monitoring phases of the landfill development. Raytheon samples
these wells in accordance with permit regulations, evaluates the quality of the
sampled groundwater, and reports the results of the groundwater compliance
monitoring to the Texas Water Commission.
Raytheon provides quality control and engineering services during individual landfill cell

development and liner construction. To support this activity, we perform field and
laboratory quality control testing services, to determine clay liner compliance with
requirements for material type, density, moisture, and hydraulic conductivity.
Completion Date: Ongoing; Contact: Mr. Charles E. Williams; Contact Phone No.:
(713) 865-9800.

4276.372/SANIFILUMRA/MVM/0493

Raytheon
Engineers & Constructors
AConsolkation of Badger and UE&C

Cell 2Closure
Monsanto Chemical Company
Chocolate Bayou, Texas

Raytheon was selected
and specifications for
operations we provided
submitted to the Texas

by Monsanto Chemical Company to design the closure plans
a Class I hazardous waste landfill cell. During closure
construction quality assurance including a certification report
Water Commission.

Key Project Tasks:
-

Closure Design
Bid Package Preparation Including
Specifications
Construction Quality Assurance (COA)
Preparation of Closure Certification

Plans

and

Design activities included preparation of construction quality plans and specifications
for construction of a cover system that included:
S3 ft thick compacted clay cap
60 mil high density polyethylene (HDPE) flexible membrane cap liner
18 in. of topsoil, seeded
The design had to be based on parameters determined from a previously constructed
test fill and permit requirements. Parameters included soil, construction methodology,
equipment and processing and compaction techniques. Permit requirements were
based on TWC guidelines which include soil that met the following parameters:
-

Liquid Limit z 30%
Plasticity Index 2 15
Percent Passing No. 200 Sieve a 30

*

Permeability a 1.Ox10 7 cm/sec

An offsite impoundment was solidified and the stabilized sludge was transported into
the cell. After the stabilized sludge was graded to design line and grade, the
constructor processed prequalified clay soil from an on-site borrow area. The clay soil
was

initially pulvermixed

to reduce maximum

particle size.

After

moisture

conditioning, the clay soil was compacted to a minimum relative density of 95% of
maximum dry density as determined by ASTM D 698.
After completion of the compacted clay cap, the HDPE flexible membrane liner was
placed over the cap and continuously welded at the perimeter to the cell primary liner
to completely encapsulate the cell contents. Our personnel observed the placement
of the HDPE liner and obtained required seam weld tests. Welded seams were 100
4276.372MONSANTO21MRA!MVM/0493
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percent vacuum or air pressure tested for acceptance.
At the conclusion of the construction activities, Raytheon prepared a certification
report for submittal to the TWC detailing construction activities and summarizing test
results.

In addition, groundwater detection wells were installed around the perimeter of the
cell. Groundwater samples were obtained quarterly and analyzed for constituents
listed in the permit. (1992) Contact: Mr. Charlie Coleman; Contact Phone No.: (409)
393-4046.
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Closure Design and Construction
Quality Assurance
Chevron USA, Inc.
Pt. Arthur, Texas

Raytheon was contracted by Chevron USA, Inc. to investigate the No. 9 Section at

the Port Arthur, Texas Refinery for closure requirements. Raytheon conducted a field
study to survey the limits of the impoundment, obtain samples for bench-scale

treatability studies, and develop profiles for quantities. Closure plans and specifications were developed and included in a bid package for closure of the impoundment.
In this $1,000,000 project, Raytheon provided construction quality assurance (CQA)
personnel to conduct material sampling, testing, and documentation of solidification
and construction activities.

Upon project completion, Raytheon

prepared

a

certification report submitted to the Texas Water Commission.
Key Project Tasks:

3-

Bench-scale stabilization study
Closure Design

*
-

Bid package preparation including plans and specifications
Construction Quality Assurance
Laboratory analyses of samples for chemical and physical

*

properties
Preparation of closure certification report

The initial field study included drilling borings in a grid pattern to better define the
lateral and vertical extent of the waste. This data was used to develop profiles of the
waste for estimating quantities. The waste samples obtained were used in a bench-

scale treatability study utilizing a variety of stabilizing agents including fly ash, kiln
dust, lime, cement and catalyst fines. These stabilizing agents were mixed with the
waste independently and in combination to find the most cost effective mixture. Day
to day monitoring of each mixture was conducted with hand penetrometer and
unconfined compression testing to evaluate which mixtures would produce strengths
that would support construction equipment and meet leachate parameters.
During solidification activities, Raytheon on-site personnel observed and documented
the placement of cement solidifying agents, verified and measured mixing depth of
solidified waste, obtained test samples of solidified waste for unconfined compression
testing and chemical analysis, and measured stiffness of strength in situ solidified
waste using a cone penetrometer.
Daily totals of cement stabilizing agent placed and waste volumes mixed were

maintained to verify the proper cement-to-waste ratio was achieved by the contractor.
Raytheon personnel monitored the trimming and shaping of the Main Outfall Canal
bank and the placement of a Unimat erosion protection mat on the trimmed bank.
4276 372 CHEV N09MRAIMVMO493
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Samples of grout placed into the Unimat system were obtained for testing. Raytheon
personnel monitored the final surface contouring and revegetation of the site. These
assignments required the Raytheon on-site personnel to have an extensive knowledge

of construction techniques used for in situ closures of waste sites.
The preparation of the final closure report required the collation of data, reports,
topographic surveys, and material certification into a clear, well documented report.
Additionally, the assignment required interfacing project with state and federal

agencies and knowledge of their various regulations.
This project was characterized by the professional relationships between contractors

and client. Because of the site's location along a navigable waterway and limited
access by way of a single barge crossing, several critical issues including a waste
release into the channel and the timely delivery of supplies and equipment could have
been serious problems. The discussion and resolution of potential problems by
everyone involved enabled the project to run smoothly and without delay. (1991)
Contact: Mr. Earl Rader; Contact Phone No.: (409) 985-1681
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RCRA Facility Investigation and
Corrective Measure Study
Chevron U.S.A. Products Company, Inc.
Port Arthur, Texas

Raytheon was retained by Chevron USA Products Company, Inc. (Chevron) to
conduct a RCRA Facility Investigation and Corrective Measure Study (RFI/CMS) in an
area of several solid waste management units (SWMUs) at their Port Arthur refinery.
The SWMUs investigated manage both listed and characteristically hazardous refinery
waste. The RF/CMS was conducted in support of the construction of a new
wastewater treatment plant within the area of study. The RFI/CMS was completed
on an accelerated schedule to assure the availability of data and recommendations
prior to the startup of construction.
A multi-phased RCRA investigation was designed to identify the nature and extent of
contamination in and around several surface impoundments. Prior to mobilization, we
developed project operation plans including a sampling plan, a health and safety plan,
and a quality assurance plan. To accommodate Chevron's accelerated s,
Raytheon planned and executed the RFI fieldwork in less than three weeks.
Key Project Tasks:
*

Evaluated applicable regulations
Prepared site operation plans (SOPs)
Performed terrain conductivity and resistivity geophysical
surveys and downhole well logging
Conducted 18 soil borings and field sampling of multiple
environmental media

*
-

-

Installed and tested four monitoring wells
Sampled pond sludge
Reviewed, validated, and interpreted field data
Developed and estimated costs for alternative corrective
action measures
Performed a human health risk assessment
Prepared RFI/CMS report

Data collected during the fieldwork were evaluated and interpreted to identify potential

sources of contamination, contaminant transport and migration pathways, and the
environmental fate of contaminants. ACMS was conducted to identify and evaluate
potential interim and long-term corrective actions. A risk assessment was conducted
to evaluate contaminant effects on human health.
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Long-term corrective actions for SWMU closure and the affected environmental media
included:
-

In place closure as a landfill
In situ and ex situ biotreatment
Excavation and offsite disposal
On-site thermal treatment

Chevron is currently incorporating these options in a plant-wide corrective action
strategy. (1992) Contact: Mr. Joe Creagh; Contact Phone Number: (409) 985-1437.
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Restoration/remediation and Site Cleanup
of existing U.S. Air Force Base
Department of the Air Force
Ascension Auxiliary Airfield
This project involved the assessment, cleanup and removal of accumulated waste
materials at the Eastern Range property on Ascension Island, South Atlantic Ocean.
Fifteen waste disposal sites were identified which included approximately 30,000 full
and empty drums and 20,000 cubic yards of waste materials, including abandoned
vehicles, tires, and bulk metal materials. Liquid wastes consisted predominantly of
used oils, waste fuels, and solvents such as paint thinners and degreasers.
An initial site assessment was conducted to visually identify waste types (bulk, sol
liquid), to determine waste site locations and volumes, and to determine accessibility
of the waste materials. This onsite assessment also included the identification of
potential disposal options including existing, on-island options; opportunities for
consolidation and salvage, and potential treatment or recycling of fuel and oils.
Cleanup constraints related to resource requirements, health and safety ISueS aId
costs were also assessed during this study.
An evaluation and selection of preferred disposal options was conducted for these
specific waste types. This evaluation consisted of a weighting summation analysis
in which pertinent disposal, resource recovery/reuse or treatment options were
evaluated based on compatibility with cleanup objectives and requirements of the
program. Cleanup objectives and requirements included such factors as resource
requirements, environmental acceptability, cost, and overall effectiveness and long
term benefits. An important criteria in this analysis was the potential for disposal or
treatment procedures developed as part of the cleanup program to be utilized in long
term waste management options for the Island. A phased Work Plan was developed
to conduct the cleanup program for the waste materials which consisted of two
distinct efforts.
Phase 1A: This cleanup program involved the implementation of procedures to
segregate waste materials and to remove, densify, collect, and dispose of solid/bulk
wastes such as empty drums and light scrap metal, demolition wastes, used tires,,
and abandoned vehicles. (See exhibits on next page). The remaining Phase 1A
cleanup activities including health and safety training for on-station personnel and
initial characterization of segregated, containerized liquid wastes were implemented
in January 1993.
Phase 1B: Activities include completion of characterization of liquid wastes for
compatibility/treatment and disposal requirements, design and construction of
reuse/treatment facilities for contained liquid wastes, stabilization and disposal of
asphalt materials, and revision/development of management plans for: solid wastes,
reusable/recoverable petroleum products, and hazardous wastes. Ongoing work.
Contact: Mr. Kevin Duffy; Contact Phone No. (617) 221-8084.
ASCENSION

EXP 0293

I4
Part of Phase 1 A of the Ascension Work Plan was to design and
construct a landfill to accept approved solid waste materials.

Thousands of tires were sliced prior to disposal in the landfill using
a tire slicer purchased for the cleanup.
The phased Work Plan was designed to provide for an efficient and timely cleanup of
the solid/bulk wastes while storing and characterizing encountered liquid and/or other

unknown wastes for the selection and development of management procedures.
ASCENSIONIEXP/0293
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Copolymer Pond Closure
Phillips Petroleum Company
Borger, Texas

Raytheon was selected by Phillips Petroleum Company to provide construction quality
assurance during closure activities at the Copolymer Pond at the Borger Facility. The
project included solidification of several types of sludge deposited in the
impoundment. Careful coordination of the solidification reagents percentage was
required throughout the project. After the sludge had been stabilized, the cover
system was placed over the solidified waste. Raytheon provided personnel to provide

construction quality assurance for the closure activities.
Key Project Tasks:
-

Construction Quality Assurance
Preparation of closure certification report

Solidification of the sludges required stabilization by Type I Portland cement. The
contractor used a reagent distribution system that delivered the cement through a rake
system mounted on a modified excavator. Raytheon verified the percentage of
reagent per volume of sludge stabilized. Additionally, representative solidified samples
were obtained to verify no free liquids were contained in the stabilized waste, a
chemical reaction is taking place by means of a temperature rise, and unconfined
compressive strength requirements of 20 psi were satisfied.
After sludge solidification was completed, a layer of general fill was added to bring
the surface to the required slope and elevation requirements. The low permeability
compacted clay cap was constructed on top of the general fill using bentoniteamended native soil. Raytheon personnel monitored and documented the construction
of the low permeability clay cap. Inspection activities include monitoring the
percentage and roto-tilling of bentonite with native soil, lift thickness, lift bonding,
material processing, and compaction activities. We also directed laboratory and
material testing for verification with specification requirements.
The on-site borrow source was also monitored to maintain required native soil
parameters, constructed lift thicknesses, lift bonding, material processing and
compaction activities were also observed and documented by Raytheon personnel.
Due to the inconsistency of the onsite borrow source, Raytheon personnel had to
closely monitor excavations to maintain native soil parameters. A 6-in, thick sand
layer and 18 in. thick topsoil layer were placed above the low permeability clay cap
to complete the project. We prepared a certification report for submittal to the Texas
Water Commission detailing activities required for the closure of the facility. (1992)
Contact: Mr. Alan Anderson; Contact Phone No.: (981) 661-6600.
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Philtex Pond Closure
Phillips Petroleum Company
Borger, Texas

Raytheon served as Phillips Petroleum Company's site representative during closure
of the Philtex Pond. As the Owner representative, Raytheon personnel performed
construction quality assurance services to verify that the construction procedures and
materials used for the construction were in accordance with the project plans,
specifications, and regulatory requirements. These services were provided through
the time and expense contract between Raytheon and the Phillips Petroleum Company
refinery located in Borger, Texas.
Key Project Tasks:

3*

3

*

Construction quality assurance inspections
Represent client during the construction
Soil sampling and test analysis
Data review and interpretation
Design modifications
Construction verification report
As-built drawings of completed site

To date, Phillips Petroleum Company has awarded eight work orders to Raytheon for
the construction quality assurance inspection and testing on the closure of hazardous
waste sites. Inspection and testing for construction verification was performed by
engineering technicians trained in accordance with 40CFR 1910 and related
construction experience. All construction activities were documented in daily and
end- of-project reports. These reports were used to develop the final construction
verification report submitted to the regulatory authorities. Raytheon reviewed the site
drainage and made revisions resulting in a savings of $1,000,000 in time and
materials. Project survey data and construction detail changes were collected, and
the information was incorporated on the construction drawings to develop the as-built
drawings. (1990) Contact: Mr. Paul E. Blue; Contact Phone No.: (918) 661-1319.
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Madden Road Recycling and Disposal Facility
Madden Road Landfill Limited Partnership
Fort Bend County, Texas

Raytheon was contracted by MRLLP to prepare a complete permit application,
including design to comply with Subtitle D, for the Madden Road Recycling and
Disposal Facility. We performed the geotechnical investigation, prepared the soil data
report, evaluated site hydrogeology, installed piezometers and monitoring wells,
designed the landfill, and prepared the permit application.
Design of Landfill to Comply with Subtitle D

Key Project Tasks:

-

3
-

Groundwater Modelling
Leachate Modelling
Leachate Collection System Design
Composite Liner Design
Permit Preparation
Fault Assessment
Geotechnical Report

The addition of the leachate collection system also included a major revision in the
base grade of the landfill. To keep the volume of air space consistent with the original
design, digital terrain modelling software was used to reconfigure the landfill and
generate the soil volumes. The U.S. Army Corps of Engineers Hydrologic Evaluation
of Landfill Performance (HELP) software was used to predict the leachate generation
rate in order to verify the adequacy of the leachate collection system. The U.S.G.S.
software packages MODFLOW and MODPATH were used to model groundwater
conditions prior to, during, and following operation of the landfill, in order to support
groundwater protection provisions of the permit application.
Raytheon performed the design to support the original permit application, then
redesigned the landfill as required to comply with the provisions of Subtitle D.

Key

elements added to comply with Subtitle D requirements included leachate collection
system and composite liner. (1992) Contact: Mr. Donald L. Poarch; Contact Phone
No.: (713) 984-0442.
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Litharge Pond Closure
Phillips Petroleum Company
Borger, Texas

Raytheon was selected by Phillips Petroleum Company (PPCo.) to investigate an

impoundment identified as the Litharge Pond for closure requirements. We conducted
a preliminary site investigation during which the site was subdivided and probed at 25-

ft centers. Composite samples were obtained from each location. From the probes
and additional surveying, a profile of the pond was developed and sludge quantities
were calculated. A previous reconnaissance had identified high levels of sulfides and
lead to a depth of approximately 12 ft.
Key Project Tasks:*
*
*
*

Preliminary Site Investigation
Closure Design - Construction Plans and Specifications
Construction Oversight/Construction Quality Assurance
Certification Report

A closure design was developed consisting of a compacted clay cap, flexible
membrane liner (FML), and topsoil. Construction-quality plans and specifications were

developed from bench-scale studies and surveying data. Approximately 8000 cubic
yards of sludge was calculated to be stabilized. The sludge contained high levels of
sulfides and lead. Because of the incompatibility of readily available calcium based
reagents and sulfides, a remediation contractor conducted a bench-scale study to
determine an optimum stabilization reagent. A proprietary reagent mixture was used
to provide the strength required to support the proposed cover system and stabilize
the sludge. The existing sludge was'solidified with reagent to meet minimum
unconfined compressive strength test requirements. After solidification the stabilized
sludge was graded to required design elevations. The compacted clay cap then was
constructed, followed by placement of the FML and topsoil.
Raytheon provided the construction quality assurance on the project. Samples of the
solidified sludge were obtained during stabilization to verify strength requirements.
MRA personnel documented the stabilization sequence as well as reagent quantity and
processing procedures. The cover system was installed using natural clay soils
amended with approximately 7% (by dry weight) bentonite to meet the compacted

clay cap soil parameters required by TWC guidelines.

Native soils did not have

sufficient plasticity to meet the minimum cap plasticity index requirement of 15 as

specified by the TWC. Blending in the bentonite amends the clay to satisfy these
guidelines. The native soil, construction techniques, equipment and methodology
were the same as used on a test fill previously constructed and approved by the TWC.
Our personnel also coordinated the on-site field density and moisture contents.

Laboratory samples for Atterberg limits, percent passing No. 200 sieve, and
4275.372/LTHARGE/MRAIMVM/0493
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permeability were obtained for testing. Test results were evaluated for compliance
with project specifications.
A high density polyethylene (HDPE) liner was placed on top of the compacted clay
cap. Installation procedures and required testing were documented by Raytheon.
Topsoil and seeding completed the closure activities.
An additional design and construction requirement associated with the closure was
installed because of erosion control along one side of the impoundment.
A
wetweather creek resulting from surrounding canyon runoff meandering along the
exterior side slope necessitated placement of rip rap underlain by geotextile. Drainage
runoff shutes were designed to minimize erosion.
At the conclusion of the construction activities, Raytheon prepared a certification
report detailing construction activities and summarizing test results for submittal to
the TWC. (1992) Contact: Mr. Paul Blue; Contact Phone No.: (918) 661-1319.
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ADDITIONALGEOTECHNICALPROJECTEXPERIENCE

SELECTED GEOTECHNICAL PROJECT EXPERIENCE
CLIENT/FACILITY

PROJECT DESCRIPTION

FEATURES

SCOPE

Albany Cogeneration Assoc.
Watervliet, NY

Combined Geotechnical and
Environmental investigation to identify
presence of hazardous materials and
coordinate disposal during construction

Soil and groundwater sampling and
analysis; waste identification
environmentally sensitive foundation
design.

ISRC

Metropolitan Edison
Portland Generating Station
Portland, PA

Components of industrial wastewater
treatment system

Soil stabilization, construction of
impoundments, mechanical dredging of
ash pond.

EPC

Newbay Corporation
Rockland, MA

Combined geotechnical and
environmental investigation to identify
presence of hazardous materials and
coordinate disposal during construction

Soil and groundwater sampling and
analysis; waste identification,
contaminated soil and water treatment,
environmentally sensitive foundation
design.

ISRC

PECo
Tilghman Ave., Chester, PA

Fuel tank construction project

Construction safety oversight, field
environmental monitoring, contaminant
characterization, site health, safety, and
laboratory services.

ISC

E. I. DuPont
Niagara Falls, NY

Remediation of Organics
Contaminated Groundwater

Design for groundwater collection with
onsite treatment system and upgradient
reinjection.

SER

W. R. Grace
Southeastern U.S.A.

Site Assessment Investigation, Remedial
Design, Preliminary Engineering, Licensing
Support and Permitting

Design of chemical process to separate
thorium from impoundment sludge;
evaluation of groundwater
contamination; remediation of
contaminated groundwater.

ISERPC

U.S. Air Force
Ascension Island
Atlantic Ocean
Base Remediation

Site Assessment, feasibility study,
engineering, cleanup and closure

Site restoration, landfill design and
closure; onsite landfilling; treatment and
reuse of fuels and oils; reclamation of
metal waste (including drum crushing),
offsite disposal of hazardous wastes.

ISEPC

Phillips Petroleum
Sweeney, Texas

Multipurpose waste rotary kiln incinerator
and ash landfill

Landfill design.

Cathedral Bluff Shale Oil
Rio Blanco, Colorado

Spent shale solid waste management
impoundment

Design of impoundments.

Exxon Company
Shute Creek, Wyoming

Environmental permitting, design and
construction for waste and wastewater
handling.

Design and construction of solid waste
landfill sites, evaporation ponds, and
hazardous waste classification.

LEGEND:
IS -

Investigation
Laboratory and Environmental Studies

ER-

Engineering/Design
Regulatory Support

PC o -

Procurement
Construction/Construction Management
Operation
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*

CURRENT AND RECENT CLIENTS
GEOTECHNICAL-GEOENVIRONMENTAL

SERVICES

Albany Cogeneration Associates

New England Power Company

Allegheny Power Service Corporation

New York Station Electric & Gas Corp.

Amoco Chemical Co.

Niagara Mohawk Power Corporation

Arizona Public Service Co.

North Carolina EMC

Atlantic Electric Company

Philadelphia Electric Company

BP Chemicals America

Phillips 66 Company

Cathedral Bluff Shale Oil Co.

Public Service Co. of New Hampshire

Central Power & Light

Puerto Rico Electric Power Authority

Chemical Waste Management

Memphis Environmental Center

Chevron R & M

Merck and Company

Dupont Corporation

Metropolitan Edison

East Kentucky Power Cooperative

Newbay Corporation

E.I. DuPont

Old Dominion Electric Cooperative

Exxon Company

Tampa Electric Company

Hoechst Celanese Chemical Group

Tennessee Valley Authority

Hoosier Energy Division

UnocalR & M

Louisiana Power and Light Company

Waste Management Inc.

M. W. Kellogg Company

W. R. Grace Co.
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INSURANCE LIMITATIONS
Insurance limitations for Raytheon Engineers and Constructors Inc. are as follows:
1.

Commercial and General Liability:

$1,000,000

2.

Comprehensive Automobile Liability:

$1,000,000

3.

Professional Liability:

$1,000,000

4.

Supplemental Umbrella Coverage

Determined by Contract
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TYPICAL FEE STRUCTURE

Raytheon Engineers typically utilizes a time and materials (plus expenses) fee

structure. We have recently undertaken a significant number of assignments under
a partnering agreement with the Owner and major equipment vendor that have
included incentives for quality and schedule, and risk/reward sharing on project costs.
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Raytheon

FINANCIAL STATEMENT
We are a unit of United Engineers & Constructors
International, Inc. which is a wholly owned
subsidiary of Raytheon Company. As such, our
balance and income statements are consolidated
on the attached Raytheon reports.

An Equal Opporunty Employer

MANAGEMENT's

DISCUSSION

AND ANALYSIS OF FINANCIAL CONDITION AND

1991vssa 1990
Consolidated net sales were $9.274 billion in 1991, compared
with $9.268 billion in 1990.Thecompany has reorganized its
businesses for segment reporting purposes. Raytheon Service
Company and Cedarapids, Inc. have been combined with the
Energy Services companies, and the segment's designation has
been changed to Energy and Environmental. D.C. Heath has
beenadded to the Electronics segment. This eliminates the
needforthe Other Lines segment. The following discussion
reflectsthe revised segment reporting structure. Sales
increased in the Aircraft Products and Energy and
Environmental business segments, and decreased in the
Electronics and Major Appliances segments. Electronics continued to be the company's largest business segment with sales
of $5.501billion, or 59.3% of total sales. The decreased sales
in Electronics reflect the timing of the receipt of key production programs. The Patriot surface-to-air missile system continued tobe the company's largest program, with total funding
of$0.8billion received during 1991. Patriot sales were $1.265
2billion and 13.6%ofconsolidatednet sales in 1991, and
$1.249 billion and 13.5%in1990. Total funded backlog for
Patriotat theendof1991was $1.833billion. The Hawk surface-to-airmissile system andtheAdvanced Medium-Range
Air-to-Air Missile (AMRAAM) were also important
sales
contributors in1991.Thecompany was awarded a competitive contract toproduce 5,291 Maverickair-to-surface missiles, received funding for 270 AMRAAM production
Lot 5
missiles,and on a competitive contract to produce 314
Standard Missile-2Block IIImissiles. Other significant
in the Electronics segment included contracts from the
U.S. AirForce for A/ALQ-184 electronic countermeasures
pods,additionalfunding ona U.S.Navy contract for the
developmentandproductionofthesubmarine Combat

3awards

RESULTS OF OPERATIONS

Control System Mk2, contracts for key elements of the Aegis
defense system, continued funding for the Trident 11 program,
and a contract to supply 235 ANfTRC-170 troposcatter radios
to the U.S. Air Force and Marine Corps. Sales in the Energy
and Environmental segment increased 14% to $1.677 billion
as the result of a large and diverse customer base in domestic
and international markets. Major contract awards included a
contract from the U.S. Army for continued operation and
maintenance of the chemical agent disposal facility on
Johnston Atoll in the Pacific Ocean, a contract to build
Mobil Oil's major new petrochemical complex in Singapore,
and an architect and engineering services contract from the
Department of Energy for a waste receiving and processing
facility at the Hanford site in Washington state. Sales in the
Aircraft Products segment increased to a record level of
$1.098 billion despite a challenging economy. As of late
February 1992, orders have been received for 90 new stand-up
cabin, 19 -passenger 1900D regional airliners, the U.S. Air
Force exercised a second option for T-A Jayhawk Beechjet
trainers, and Beech Aerospace Services, Inc. was awarded a
contract to provide logistics support for 467 military aircraft.
Despite increased sales at Amana as the result of strong refrigerator sales, therecession caused slightly decreased sales in
the Major Appliances segment.
Sales to the U.S. government were $4.976 billion, versus
the 5.075billion reported for 1990,and were 53.7% ofconsolidated net sales in 1991, versus54.8% in 1990. Sales
to
customers outside the United States were $1.645 billion, or
17.7% of sales in 1991, versus $1.609 billion, or 17.4% of sales
in 1990.
Operating income in 1991 increased $22.8 million to
$821.7 million, as compared with $798.9 million in 1990.
Operating income increased to 8.9% of sales in 1991 from

All data for continuing operaons. Share data have bee
rstedfor thetwofor-one stock spit inMarch 1992.
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8.6% in 1990. Paced by strong performance in defense electronics systems, the Electronics segment continued to be the
largest contributor to company operating income. Substantial
sales growth in the Energy and Environmental segment resulted in strong operating income growth for the segment.
Increased sales, operating efficiencies, and cost reductions
resulted in substantial operating income growth in the
Aircraft Products segment. Strong refrigerator sales at Amana,
improved operating efficiencies, and cost reductions resulted-

in operating income improvements in the Major Appliances
segment.
Interest expense for 1991 decreased to $92.4 million from
the $114.3 million reported for 1990. The decrease was principally due to lower interest rates on the company's commercial paper debt. Interest expense for 1992 is expected to
decrease further from the level of 1991. Interest and dividend
income for 1991 decreased to $81.3 million from $94.7 million in 1990. Interest income in 1990 was higher than in 1991
principally due to the receipt in 1990 of interest income associated with prior year tax refunds. Other income (net) for
1991 increased to $62.2 million from $57.6 million in 1990.
Federal and foreign income taxes were $281.0 million in
1991, compared with $279.6 million in 1990. The 1991 effective tax rate was 32.2%, versus 33.4% in 1990. The statutory
tax rate was 34% in both years. The effective rates for both
years were below the statutory rate principally due to foreign
tax credits. It is expected that the effective tax rate in 1992
will be close to the statutory rate due to reduced foreign tax
credits.
For the reasons discussed above, net income increased 6.2%,
or $34.5 million, to $591.8 million, as compared with $557.3
million reported for 1990. As a percent of net sales, net
income increased to 6.4% from the 6.0% reported for 1990.

-

Earnings per common share increased 4.9% to $4.48 for
1991 from $4.27 for 1990. Earnings per share calculations
were based on 132.2 million average shares outstanding in
1991 and 130.7 million average shares outstanding in 1990.
The book value of common shares outstanding at Dec. 31,
1991, was $24.91 per share, as compared with $21.78 per
share at Dec. 31, 1990. Return on average equity in 1991 was.
19.2%, versus 21.2% in 1990.
Backlog consisted of the following ot Dec. 31:

Electronics
Aircraft Products
Energy and Environmental
Major Appliances
Total Backlog
U.S. government funded backlog
included above

$5,759

$6,566

.

Although the Electronics backlog at Dec. 31, 1991, was
$1.293 billion below the backlog at Dec. 31, 1990, the pending order for Patriot fire units and missiles from Saudi Arabia
is expected to increase the backlog in the spring of 1992
For the year ended Dec. 31, 1991, cash and cash equivalents increased by $10.7 million as a result of a positive cash
flow before changes in debt of $338.6 million, allowing for a
reduction in short-term debt of $320.7 million and a reduction in long-term debt of $7.1 million. This compares to an
increase of $26.5 million in cash and cash equivalents and a
negative cash flow before changes in debt in 1990 of $215.5
million, which had resulted in an increase in debt of $242.0
million. In 1991, operating activities provided net cash of

Return on Average Equity
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30%
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(In millions)
$6,114
$7,407
1,141
914
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442
45
47
$7,969
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$748.6 million, including $591.8 million provided by net
income, $306.1 million provided by depreciation expense,
and $98.7 million provided by a reduction in long-term
receivables. Partially offsetting these operating activity
providers of cash were working capital usages of cash of
$253.6 million. The $314.0 million of cash used in investing
activities was used principally to fund additions to property,
plant and equipment, net of disposals, of $303.2 million. The
net cash of $422.8 million used in financing activities
includes the $320.7 million noted above used to reduce shortterm debt and $162.6 million used to pay dividends, partially
offset by the proceeds of $74.4 million received under employee common stock plans.
Contracts in process, net of progress payments, amounted
to $1.756 billion at Dec. 31, 1991, as compared with $1.579
billion at Dec. 31, 1990. The increase was principally on government fixed-price contracts in the Electronics segment.
Other assets amounted to $823.0 million at Dec. 31, 1991, as
compared with $983.9 million at Dec. 31, 1990. The reduction was principally due to a reduction in long-term customer
receivables resulting from the sale of general aviation receivables to a bank syndicate and a reduction in the intangible
pension asset due principally to the strong investment return
on pension plan assets, partially offset by an increase in commuter airline sales-type lease receivables.
Advance payments, less related contracts in process balances, were $307.7 million at Dec. 31, 1991, as compared
with $383.7 million at Dec. 31, 1990. The reduction is principally due to timing of contracts and related advance balances
on foreign missile programs. The non-current pension liability
balance at Dec. 31, 1991, was $8.3 million as compared with
$80.9 million at Dec. 31, 1990. The reduction was principally
due to the strong return on pension plan assets in 1991.
Total debt decreased to $1.144 billion at Dec. 31, 1991,
from $1.472 billion at Dec. 31, 1990. The reduction resulted
principally from a positive cash flow from operating activities.
Debt as a percentage of equity decreased to 34.4% at Dec. 31,
1991, from 51.7% at Dec. 31, 1990. The company expects further reductions in the level of debt in 1992.
Lines of credit with certain commercial banks exist as a
standby facility to support the issuance of commercial paper
by the company. These lines of credit were $1.44 billion and
$1.50 billion as of Dec. 31, 1991, and Dec. 31, 1990, respectively. Through the end of 1991, there have been no borrowings under these lines of credit.
Capital expenditures decreased to $348.5 million in 1991
from $390.7 million in 1990. Capital expenditures for the year
1992 are expected to approximate the 1991 amount.
Dividends declared to stockholders in 1991 were $162.6
million, versus $156.7 million in 1990. The dividend declared
per common share was increased to $1.225 for 1991 from
$1.20 for 1990.
Although the compan% Jid not reacquire any more of its

8-1/4% Sinking Fund Debentures in 1991, acquisitions in previous years have fully satisfied the annual sinking fund requirement of $3.3 million through 1992 and partially for 1993. The
reacquired debentures have been delivered to the Trustee for
cancellation and application to the sinking fund payments.
The company intends to redeem the remaining outstanding
debentures of $11.5 million during the first quarter of 1992.
The company employed a total of 71,600 people worldwide
at the end of 1991, compared with 76,700 at the end of 1990.
Total salaries and wages paid to company employees during
1991 were $3.017 billion, as compared with $2.973 billion
during 1990.
In August 1991, Seismograph Service Corporation (SSC),
a subsidiary of the company, filed with the U.S. Bankruptcy
Court in Houston, Texas, for relief from creditors under
Chapter 11 of the Bankruptcy Code. Since the date of filing,
SSC has continued to operate its business as a debtor in possession. SSC has emerged from Chapter 11 in 1992 with no
material impact on the company's financial condition.
United Engineers & Constructors (UE&C) has sued
Martin Marietta for additional compensation and related litigation costs to which it is entitled for design, manufacture,
and installation of a Titan missile launch tower. Martin
Marietta disputed the UE&C claim and has counterclaimed.
This litigation is not expected to have a material effect on the
financial condition of the company.
As a result of the federal deficit and changing world order
conditions, the Department of Defense (DOD) budgets have
been subject to increasing pressure resulting in an uncertainty
as to the future effects of DOD budget cuts. The company has
maintained a solid foundation of tactical defense systems
which meet the needs of the United States and its allies, as
well as serving a broad government program base and wide
range of commercial electronics businesses. These factors lead
management to believe that there is high probability of continuation of the company's current major tactical defense programs.
The company is involved in various stages of investigation
and cleanup relative to environmental remediation matters.
All appropriate costs to date have been expensed. It is not
possible to determine the impact of environmental issues on
future operations because the company cannot reasonably
estimate the full extent of such potential costs. This is due
principally to the complexity of government laws and regulations, the varying costs and effectiveness of alternative
cleanup methods and technologies, the uncertain level o
insurance or other types of recovery, and the unresolved
extent of the company's responsibility. The company does nobelieve, based upon the information available at this time,
that the outcome of these matters will have a material adverse
effect on its financial condition.
The company anticipates adopting Statement of Financial
Accounting Standards No. 109, Accounting for Income

result of this change.
The company currently recognizes retiree medical and life
insurance benefits as expenses are paid (pay-as-you-go basis),
and the expenses were $20 million in 1991, $16 million in
1990, and $11 million in 1989. Consistent with most other
major corporations, the company has not recognized or funded
the liability for future retiree benefit obligations and does not
accrue the annual increment of expense for such future benefits. Statement of Financial Accounting Standards No. 106
(FAS 106), Employers' Accounting for Postretirement Benefits
Other Than Pensions, which is mandatory for January 1993,
requires recognition of an accumulated postretirement benefit
obligation for retiree costs existing at the time of implementation, as well as incremental expense recognition for changes in
the obligation attributable to each successive fiscal year. FAS
106 permits the cumulative accrued cost of benefits earned
through the date of adoption to be recognized immediately or
amortized over a period of up to 20 years. Upon adoption the
company estimates that its past service liability will approximate $500 million. If the company were to recognize this
entire accumulated postretirement benefit obligation in the
year of adoption, an estimated $330 million after tax would be
charged as a special item to operations. Alternatively, the
company may elect to amortize this past service amount over
the allowable 20-year period, in which case the impact would
not be material because of funding approaches allowable under
government contract accounting and Internal Revenue
Service regulations. The company is evaluating the alternative methods of adoption.
1990 versus 1989
Consolidated net sales increased 5.4% to $9.268 billion in
1990, compared with $8.796 billion in 1989. Sales increased in
Electronics, Energy and Environmental, and Aircraft Products,
and decreased in Major Appliances. Electronics continued to
be the company's largest business segment with sales of $5.682
billion, or 61.3% of total sales. The sales growth was paced by
government electronics systems, of which the Patriot surfaceto-air missile system continued to be the company's largest program. During 1990, total funding of $1.503 billion was
received on the Patriot program. Included in this amount were
significant awards for sales to Saudi Arabia and Italy.
Patriot sales were $1.249 billion and 13.5% of consolidated net
sales in 1990, and $1.280 billion and 14.6% in 1989. Total
funded backlog for Patriot at the end of 1990 was $2.320 billion. The Hawk surface-to-air missile system and the
Advanced Medium-Range Air-to-Air Missile (AMRAAM)
were also important sales contributors. The company was
awarded 100% of the fiscal year 1990 competitive procurements of Sidewinder air-to-air missiles. A fiscal year 1990 contract for the production of Standard Missile-2 ship-to-air missiles was also received. In military communications, contracts

were received

for low-rate initial prouction ot Navy EHF

Satellite Program (NESP) terminals and for 70% of the fiscal
year 1989 buy of TRC-170 troposcatter radio systems. In electronic combat, the company received contracts from the Air
Force for AN/ALQ-184 electronic countermeasures pods and
from the Navy for AN/SLQ-32 countermeasures systems. Sale
in the Aircraft Products segment increased 17% to $1.074 billion. The segment benefited from a strong order base and
began deliveries of the Super King Air 350, the Beechjet
400A, and the Starship. The Air Force selected a militarized
version of the Beechjet for its T-lA Jayhawk trainer program.
If all contract options are exercised, 211 Beechjets will be provided under the contract. Sales in the Energy and
Environmental segment increased 11% to $1.471 billion as the
result of the segment's strong base in engineering, construction, and geophysical services. In environmental services,
United Engineers & Constructors won significant awards relared to the new Clean Air Act from Allegheny Power and the
Tennessee Valley Authority. In the petroleum industry, Badgei
received several awards for refinery upgrade programs.
Raytheon Service Company teamed with United Engineers
Constructors in a joint venture to win a major contract to provide support services for the Department of Energy's Nevada
Test Site and Pacific Operation. Sales decreased slightly in
Major Appliances in 1990 due to the recession.
Sales to the U.S. government increased 4.4% to $5.075 billion, versus the $4.863 billion reported for 1989, and were
54.8% of consolidated net sales in 1990, versus 55.3% in
1989. Sales to customers outside the United States were
$1.609 billion, or 17.4% of sales in 1990, versus $1.557 billion, or 17.7% of sales in 1989.
Operating income in 1990 increased $53.3 million to
$798.9 million, as compared with $745.6 million in 1989.
Operating income increased to 8.6% of sales in 1990 from
8.5% in 1989. Electronics, Energy and Environmental, and
Aircraft Products had increased operating income in 1990 as
compared with 1989. Strong performance in government
electronics systems provided increased operating income in
the Electronics segment and enabled the segment to continue
as the largest contributor to company operating income. A
strong order base and increased manufacturing efficiencies
resulted in significantly increased operating income in the
Aircraft Products segment. Operating improvements at
United Engineers & Constructors, Badger, and Seismograph
Service provided significantly increased operating income in
the Energy and Environmental segment in 1990. Losses at
Caloric due to excess capacity and the resultant closing of a
manufacturing facility resulted in an operating loss for 1990
for the Major Appliances segment. Caloric's loss more than
offset profitable performances at Amana and Speed Queen.
Interest expense for 1990 was $114.3 million, versus $113.4
million for 1989. Increased levels of commercial paper out&

Taxes, in 1993. Management expects no material impact as a
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lower average interest rare,

1990 versus 1989
Consolidated net sales increased 5.4% to $9.268 billion in
1990, compared with $8.796 billion in 1989. Sales increased in
Electronics, Energy and Environmental, and Aircraft Products,
and decreased in Major Appliances. Electronics continued to
be the company's largest business segment with sales of$5.682
billion, or 61.3% of total sales. The sales growth was paced by
government electronics systems, of which the Patriot surfaceto-air missile system continued to be the company's largest program. During 1990, total funding of $1.503 billion was
received on the Patriot program. Included in this amount were
significant awards for sales to Saudi Arabia and Italy.
Patriot sales were $1.249 billion and 13.5% of consolidated net
sales in 1990, and $1.280 billion and 14.6% in 1989. Total
funded backlog for Patriot at the end of 1990 was $2.320 billion. The Hawk surface-to-air missile system and the
Advanced Medium-Range Air-to-Air Missile (AMRAAM)
were also important sales contributors. The company was
awarded 100% of the fiscal year 1990 competitive procurements of Sidewinder air-to-air missiles. A fiscal year 1990 contract for the production of Standard Missile-2 ship-to-air missiles was also received. In military communications, contracts

were received for low-rate initial production of Navy EHF
Satellite Program (NESP) terminals and for 70% of the fisct
year 1989 buy of TRC-170 troposcatter radio systems. In ele
tronic combat, the company received contracts from the An
Force for AN/ALQ-184 electronic countermeasures pods an
from the Navy for AN/SLQ-32 countermeasures systems. Sal
in the Aircraft Products segment increased 17% to $1.074 bil
lion. The segment benefited from a strong order base an
began deliveries of the Super King Air 350, the Beechjei
400A, and the Starship. The Air Force selected a militarize
version of the Beechjet for its T-lA Jayhawk trainer program
If all contract options are exercised, 211 Beechjets will be provided under the contract. Sales in the Energy ano
Environmental segment increased 11% to $1.471 billion as th
result of the segment's strong base in engineering, construc
tion, and geophysical services. In environmental service
United Engineers & Constructors won significant awards rela
ed to the new Clean Air Act from Allegheny Power and the
Tennessee Valley Authority. In the petroleum industry, Badget
received several awards for refinery upgrade program,
Raytheon Service Company teamed with United Engineers
Constructors in a joint venture to win a major contract to provide support services for the Department of Energy's Nevada
Test Site and Pacific Operation. Sales decreased slightly in
Major Appliances in 1990 due to the recession.
Sales to the U.S. government increased 4.4% to $5.075 billion, versus the $4.863 billion reported for 1989, and were
54.8% of consolidated net sales in 1990, versus 55.3% in
1989. Sales to customers outside the United States were
$1.609 billion, or 17.4% of sales in 1990, versus $1.557 billion, or 17.7% of sales in 1989.
Operating income in 1990 increased $53.3 million to
$798.9 million, as compared with $745.6 million in 1989.
Operating income increased to 8.6% of sales in 1990 from
8.5% in 1989. Electronics, Energy and Environmental, and
Aircraft Products had increased operating income in 1990 as
compared with 1989. Strong performance in government
electronics systems provided increased operating income in
the Electronics segment and enabled the segment to continue
as the largest contributor to company operating income. A
strong order base and increased manufacturing efficiencies
resulted in significantly increased operating income in the
Aircraft Products segment. Operating improvements at
United Engineers & Constructors, Badger, and Seismograph
Service provided significantly increased operating income in
the Energy and Environmental segment in 1990. Losses at
Caloric due to excess capacity and the resultant closing of a
manufacturing facility resulted in an operating loss for 1990
for the Major Appliances segment. Caloric's loss more than
offset profitable performances at Amana and Speed Queen.
Interest expense for 1990 was $114.3 million, versus $113.4
million for 1989. Increased levels of commercial paper outstanding in 1990 were offset hv lower average interest rates
&

Taxes, in 1993. Management expects no material impact as a
result of this change.
The company currently recognizes retiree medical and life
insurance benefits as expenses are paid (pay-as-you-go basis),
and the expenses were $20 million in 1991, $16 million in
1990, and $11 million in 1989. Consistent with most other
major corporations, the company has not recognized or funded
the liability for future retiree benefit obligations and does not
accrue the annual increment of expense for such future benefits. Statement of Financial Accounting Standards No. 106
(FAS 106), Employers' Accounting for Postretirement Benefits
Other Than Pensions, which is mandatory for January 1993,
requires recognition of an accumulated postretirement benefit
obligation for retiree costs existing at the time of implementation, as well as incremental expense recognition for changes in
the obligation attributable to each successive fiscal year. FAS
106 permits the cumulative accrued cost of benefits earned
through the date of adoption to be recognized immediately or
amortized over a period of up to 20 years. Upon adoption the
company estimates that its past service liability will approximate $500 million. If the company were to recognize this
entire accumulated postretirement benefit obligation in the
year of adoption, an estimated $330 million after tax would be
charged as a special item to operations. Alternatively, the
company may elect to amortize this past service amount over
the allowable 20-year period, in which case the impact would
not be material because of funding approaches allowable under
government contract accounting and Internal Revenue
Service regulations. The company is evaluating the alternative methods of adoption.

compared with $852.0 million at Dec. 31, 1989. The increase
was principally in new models for Aircraft Products. Other
assets were $983.9 million at Dec. 31, 1990, and $777.5 million at Dec. 31, 1989. The increase was principally due to an
increase in long-term receivables resulting from the financing
of commuter and general aviation aircraft sales at Beech.
Total debt amounted to $1.472 billion at Dec. 31, 1990, as
compared with $1.230 billion at Dec. 31, 1989. Debt as a percentage of equity was 51.7% as of Dec. 31, 1990, and 50.7% as
of Dec. 31, 1989.
During 1990, the company continued to modernize and
expand its operating facilities. The Electromagnetic Systems
Division in Santa Barbara, Calif., completed and occupied two
new buildings which are being used for manufacturing and
administrative purposes. Amana began construction of a major
addition to its Iowa manufacturing facility for refrigerators.
Capital expenditures were $390.7 million for 1990, as compared with $413.9 million for 1989.
Dividends declared to stockholders in 1990 were $156.7
million, versus $145.1 million in 1989. The dividend declared
per common share increased 9.1% to $1.20 for 1990 from
$1.10 for 1989.
During 1990, 0.8 million shares of the company's common
stock were acquired at a cost of $24.9 million. Since the
inception of the stock purchase program, 43.3 million of the
50.0 million shares authorized for purchase have been
acquired at a cost of $1.293 billion.
The company employed a total of 76,700 people worldwide
at the end of 1990 compared with 77,600 people at the end of
1989. Total salaries and wages paid to company employees
during 1990 were $2.973 billion, as compared with $2.816 billion during 1989.
In April 1990, REMCO S.A., a Spanish producer of electronic and electromechanical control subsystems, was
acquired. In June 1990, Domain Power Ltd. (name since
changed to Sorensen Ltd.), a Scottish manufacturer of power
supplies, was acquired by the company's subsidiary, Switchcraft
Inc. In October 1990, Nautech Ltd., a British marine electronics company, was acquired. In November 1990, Seis-Pro
Consultants Ltd., a Canadian company involved in advanced
seismic data processing for the oil and gas exploration industry,
was acquired. These acquisitions are included in and are immaterial to the consolidated results of the company. In January
1990, Sterling Greengate Cable Company Ltd., a manufacturer
of electrical cables, was sold.
&

during the year. Interest and dividend income increased to
$94.7 million in 1990 from $79.0 million in 1989. The
increase resulted principally from higher levels of long-term
receivables in the Aircraft Products segment.
Other income (net) for 1990 increased to $57.6 million
from $46.5 million in 1989. The increase resulted principally
from higher royalty income on certain foreign missile programs.
Federal and foreign income taxes were $279.6 million in
1990, compared with $228.9 million in 1989. The 1990 effective tax rate was 33.4%, versus 30.2% in 1989. The statutory
tax rate was 34% in both years. The effective rate for 1990 was
higher than the 1989 rate due to lower deferred tax benefits
and lower foreign tax credits in 1990.
For the reasons discussed above, net income increased
5.4%, or $28.5 million, to $557.3 million, as compared with
$528.8 million reported for 1989. As a percent of net sales,
net income was 6.0% in both 1990 and 1989.
Earnings per common share increased 6.8% to $4.27 for
1990 from $4.00 for 1989. Earnings per share calculations
were based on 130.7 million average shares outstanding in
1990and 132.1 million average shares outstanding in 1989.
Book value of common shares outstanding at Dec. 31, 1990,
was $21.78 per share, as compared with $18.49 per share at
Dec. 31, 1989. Return on average equity in 1990 was 21.2%,
versus 23.3% in 1989.
The company's cash funds, consisting of cash and cash equivalents, increased $26.5 million to $125.4 million at Dec. 31,
1990, from $98.9 million at Dec. 31, 1989. In 1990. operating
activities provided net cash of $363.2 million, including
$557.3 million provided by net income and $303.5 million
provided by depreciation expense. Principal operating activities which used cash included a growth in contracts in process
of $192.0 million, a growth in inventories of $164.0 million,
and a growth in long-term receivables of $143.3 million. The
$407.3 million of cash employed in investing activities was
used principally to fund additions of $390.7 million to property, plant, and equipment. The net cash of $69.1 million provided by financing activities resulted principally from a $241.6
million increase in short-term debt, partially offset by $156.7
million used to pay dividends and $24.9 million used to purchase treasury shares.
Accounts receivable, net of allowance for doubtful accounts,
at Dec. 31, 1990, were $782.5 million, versus $671.5 million at
Dec. 31, 1989. The principal increases were due to increased
sales in Aircraft Products and Energy and Environmental.
Contracts in process, net of progress payments, amounted to
$1.579 billion at Dec. 31, 1990, as compared with $1.387 billion at Dec. 31, 1989. The increase was principally due to
increased sales volume on government fixed-price contracts.
Inventories amounted to 51.016 billion at Dec. 31. 1990, as
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BUSINESS SEGMENT REPORTING
OPERATIONS BY BUSINESS SEGMENTS

I

Electronics
Energy and Environmental
Aircraft Products
Major Appliances
Total Operating Segments

Sales to unaffiliated customers

Segment income

1991

1990

1989

$5,501
1,677
1,098
998
$9,274

$5,682
1,471
1,074
1,041
$9,268

$5,488
1,323
915
1,070
$8,796

1991

1990

1989

$ 766
125
139
17
1,047

$ 813
99
113
4
1,029

$ 727
78
75
53
933

(94)
(80)

(96)
(96)

(98)
(77)

(In
millions)

Corporate administrative and selling expenses
Corporate interest expense
Income before taxes

$ 873
Capital expenditures

1991

1990

$ 837

$ 758

Depreciation

1989

1991

1990

1989
$ 180

(In millions)

Electronics

$ 161

$ 219

$ 243

$ 190

$ 187

Energy and Environmental

52

60

40

32

29

27

Aircraft Products

73

68

66

53

49

44

Major Appliances

63

44

65

31

39

31

$ 349

$ 391

$ 414

$ 306

$ 304

$ 282

Total

Identifiable assets at December 31,

Electronics
Energy and Environmental

Aircraft Products
Major Appliances
Total
OPERATIONS BY GEOGRAPHIC AREAS

I
INet

1991

1990
(In millions)

$3,080

$3,119

715

702

577

1,618
674
$6,087

1,628
670
$6,119

1,223
672
$5,338

United States

Outside United States (Principally Europe)

Consolidated

$8,745
8,699
8,215

$529
569
581

$9,274
9,268
8,796

568
531

24
26

592
557

521

8

529

5,729
5,655
4,946

358
464
392

6,087
6,119
5,338

income

1991
1990
1989

IIdentifiable

assets at

December 31, 1991
December 31, 1990
December 31, 1989

The business segment reporting has been changed from five segments
to four segments to reflect the company's reorganization of its businesses. The Other Lines segment has been eliminated as Raytheon
Service Company and Cedarapids, Inc. have been combined with
the Energy Services companies in the newly designated Energy and
Environmental segment, and D.C. Heath has been added to the
Electronics segment. The data for theyears 1990 and 1989 has been
restated to conform with 1991 reporting. Sales between business seg.
ments and between geographic areas are immaterial.

Is

$2,866

(In millions)

Sales to unaffiliated customers

1991
1990
1989

1989

In the data by geographic area, U.S. sales in millions of $8,745,
$8,699, and $8.215 include export sales, in millions, principally to
Europe, the Middle East, and Far East, of $1,116, $1,040, and $976
for 1991 through 1989, respectively.
Sales in millions to major customers, principally in Electronics, for
1991 through 1989, respectively, are: U.S. government (end user),
S4.536. $4,680, and $4,499; U.S. government (foreign military
sales). 5440. 5395, and$364.

TEN-YEAR STATISTICAL SUMMARY

I

1991

1990

$9,274.2
7,351.9

$9,267.7
7,391.4

822.1
278.5
8,452.5
821.7
92.4
(81.3)
(62.1)
(51.0)
872.7
280.9
591.8

809.8
267.6
8,468.8
798.9
114.3
(94.7)
_(57.6)
(38.0)
836.9
279.6
557.3

$ 591.b

$ 557.3

1989

STATEMENTS OF INCOME

Net sales
Cost of sales
Administrative and selling expenses
Research and development expenses
Total operating expenses
Operating income
Interest expense
Interest and dividend income
Other (income) expense, net
Non-operating income, net
Income before taxes
Federal and foreign income taxes
Income from continuing operations
Discontinued operations, net of taxes
Income (loss) from discontinued operations
Estimated loss on disposal of discontinued operations
(less applicable income taxes of $81.0 million)

Net income
Return on sales (1)
Return on average equity (1)
Earnings per common share (2)
Continuing operations
Net income
Outstanding shares

Fully diluted
Cash dividends declared per common share
Average common shares (in thousands)

Outstanding shares
Fully diluted

6.4%
19.2%

6.0%
21.2%

$8,79t6
6,99b
779
274.7
8,050.5
745.6
113.4
(79
(46
(12
757
228
528

__

5 5>
6
23

$4.48

$4.27

$4.0

$4.48

$4.27

$4.-C

$4.45

$4.25

$3.98

$1.225

$1.20

132,230
133,046

130,665
131,241

132,054
132,821

FINANCIAL PosMoN AT YEAR END

Assets

Current

$3,747.6

$3,603.5

$3,104.5

Working Capital

Property, plant, and equipment, net
Total (including other non-current)
Net working capital
Ratio of current assets to current liabilities
Long-term debt

1,516.5
6,087.1
1,031.5
1.38
39.3

1,532.1
6,119.4
457.8
1.15
46.4

1,456.3
5,338.3
282.4
1.1L
46.0

Total debt
Stockholders' equity
Per common share

1,143.7
3,323.4
24.91

1,471.6
2,846.5
21.78

1,229.6
2,426.1
18.49

Financial Structure

Debt as a percentage of equity

34.4%

51.7%

50.7'

GENERAL STATISTICS

Total backlog

$7,969.4

$8,809.5

$9,595.3

U.S. government funded backlog (included above)
Property, plant, and equipment
Capital expenditures
Depreciation
Total salaries and wages paid
Total number of employees (actual)

5,759.2

6,566.4

6,973.5

348.5
306.1
3,017.4
71,600

390.7
303.5
2,972.7
76,700

413.9
281.6
2,816.4
77.600

Outstanding

133.440

130,710

131,240

shares of common stock (in thousands)

Notes:
1 Based on income from contnuine operations.

)Eamines per common share: outstandine shares computed on
average number ot common share' and fulkdiluted assume exercise
of dilutive stock options.

1988
$8,192.1
6,536.6
743.5
271.0
7,551.1
641.0
62.8
(57.8)
(69.5)
(64.5)
705.5
215.9
489.6

1987

(In millions except per share data)
$7,659.4
$7,308.0
6,123.4
5,843.0
668.9
662.1
266.1
254.0
7,058.4
6,759.1
601.0
548.9
23.5
20.4
(58.8)
(71.0)
(49.6)
(53.1)
(84.9)
(103.7)
685.9
652.6
240.8
259.4
445.1
393.2
-

-

I

1986

-

1985

1984

1983

1982

$6,408.5
5,066.2
591.5
260.2
5,917.9
490.6
14.8
(93.8)
(30.2)
(109.2)
599.8
223.9
375.9

$5,995.7
4,815.3
525.5
235.9
5,576.7
419.0
8.6
(114.3)
(20.0)
(125.7)
544.7
204.6
340.1

S5.630.7
4,515.8
511.5
217.6
5,244.9
385.8
14.1
(107.5)
(18.2)
(111.6)
497.4
188.8
308.6

$5,217.3
4,210.5
464.8
169.8
4,845.1
372.2
15.4
(111.0)
(22.0)
(117.6)
489.8
186.4
303.4

(1.9)

(8.5)

15.4

-

5 489.6
6.0%
25.1%

$ 445.1
5.8%
22.0%

$ 393.2
5.4%
19.5%

$ 375.9
5.9%
19.0%

(95.0)
$ 243.2
5.7%
17.6%

5 300.1
5.5%
17.1%

$ 318.8
5.8%
18.6%

$3.67

$3.06

$2.55

$2.30

$2.01

$1.83

$1.80

$3.67
$3.66
$1.00

$3.06
$3.03
$0.925

$2.55
$2.53
$0.875

$2.30
$2.29
$0.80

$1.44
$1.44
$0.725

$1.78
$1.77
$0.70

$1.89
$1.89
$0.70

-

133,242
133,893

145,527
146,796

52,844.3
1,355.2
4,739.5
267.1
1.10
41.3
952.8
2,121.0
15.98
44.9%

$2,451.9
1,217.4
4,162.5
183.2
1.08
44.7
595.4
1,849.1
13.66
32.2%

$8,712.4
6,759.1
421.3
259.0
2,659.8
76.200
132,747
) All share daa.

TIl In
Nhrch

154,082
155,392

--

163,339
164,334

169,324
169,650

169,060
169,866

168,552
169,308

$2,023.6
1,103.7
3,656.2
370.7
1.22
48.7
180.9
1,954.6
13.19
9.3%

$1,886.2
1,081.0
3,523.1
366.8
1.24
74.8
200.6
1,929.0
12.42
10.4%

$2,230.6
948.2
3,601.2
694.1
1.45
85.5
123.5
1,979.2
11.73
6.2%

$2,427.4
936.4
3,728.7
685.2
1.39
99.1
158.8
1,887.4
11.15
8.4%

$2,401.4
885.0
3,510.2
670.9
1.39
67.9
127.1
1,711.8
10.14
7.4%

$8,470.0
6,362.3

$7,766.5
5,448.2

$6,498.8
4,542.4

$6,301.9
4,084.3

$5,980.6
3,747.7

$6,33C3,17c

354.2
236.5
2,457.9
76,500
135,398

346.4
237.9
2,245.2
75.000

341.5
209.6
2.097.0
73.000

413.5
173.6
2,035.0
73,300

253.9
148.0
1,936.3
76.100

223
131
1,75,72.C:

QUARTERLY FINANCIAL DATA
Fourth quarter 1991 net income and earnings per share increased over the comparable 1990 quarter..Net income for the fourth
quarter increased 9.9%.
First

1991
Net sales
Cost of sales
Net income
Earnings per common share
Cash dividends per common share
Declared
Paid
Common stock prices per the Composite Tape
High
Low

Second

Third

Fourth

(In millions except per share data)

$2,253.3
1,804.8
133.7
1.02

$2,357.2
1,861.8
151.9
1.15

$2,235.0
1,748.3
148.4
1.12

.30
.30

.30
.30

.30
.30

42.25
32.88

43.00
38.75

44.13
38.75

42.50
36.63

$2,224.8
1,792.5
130.9
1.00

$2,346.2
1,867.0
144.8
1.11

$2,240.8
1,767.9
138.0
1.06

$2,455.9
1,964.0
143.6
1.10

.30
.30

.30
.30

.30
.30

33.00
30.63

33.88
28.88

35.63
31.75

PERCENT OF NET SALES

1991

1990

1989

Net sales
Operating expenses
Operating income
Interest expense
Interest and dividend income
Other non-operating (income) expense, net
Income before taxes
Federal and foreign income taxes
Net income

100.0
91.1
8.9
1.0
(0.9)
(0.6)
9.4
3.0
6.4

100.0
91.4
8.6
1.2
(1.0)
(0.6)
9.0
3.0
6.0

100.C
91.5
8.5
1.3
(0.9
(0.5
8.6
2.6
6.C

PERCENT CHANGE FROM PRIOR YEAR

1991
0.1
2.9
4.3

1990
5.4
7.1
10.5

1989
7.4
16.3
7.4

6.2

5.4

1990
Net sales
Cost of sales
Net income
Earnings per common share
Cash dividends per common share
Declared
Paid
Common stock prices per the Composite Tape
High
Low

.30
.275
35.50
30.00

$2,428.7
1,937.0
157.8
1.19
.325
.30

Note: Share data have been restated for the two-for-one stock split in March 1992.
OPERATING TRENDS

Net sales
Operating income
Income before taxes
Net income

SALES STATISTICS

Percent
Change

1991
Consolidated net sales
U.S. government sales
% of consolidated net sales
Sales to customers outside the United States
% of consolidated net sales

1990

Percent
Change_

1989

(In millions)

$9,274

0.1

$9,268

5.4

$8,796

$4,976
53.7%

(2.0)

$5,075
54.8%

4.4

$4.863
55.3%

$1,645
17.7%

2.2

$1,609
17.4%

3.3

$1.557
17.7%

COMPANY RESPONSIBILITY FOR FINANCIAL STATEMENTS
Raytheon Company has prepared the financial statements and
related data contained in this Annual Report. The company's
financial statements have been prepared in conformity with
generally accepted accounting principles and reflect judgments and estimates as to the expected effects of transactions
and events currently being reported. Raytheon is responsible
for the integrity and objectivity of the financial statements
and other financial data included in this report. To meet this
responsibility, the company maintains a system of internal
accounting controls to provide reasonable assurance that
assets are safeguarded and that transactions are properly exe-

Senior Vice President,

cuted and recorded. The system includes policies and procedures, internal audits, and company officers' reviews.
The Audit Committee of the Board of Directors is composed solely of outside directors. The Committee meets periodically and, when appropriate, separately with representatives of
the independent accountants, company officers, and the internal auditors to monitor the activities of each.
Upon recommendation of the Audit Committee, Coopers
& Lybrand, independent accountants, have been selected by
the Board of Directors to audit the company's financial statements and their report follows.

President

Chief Financial Officer

Chairman

REPORT OF INDEPENDENT ACCOUNTANTS
To the Board of Directors and Stockholders
Raytheon Company
Lexington, Mass.
We have audited the accompanying balance sheets of
Raytheon Company and Subsidiaries Consolidated as of
Dec. 31, 1991 and 1990, and the related statements of income,
stockholders' equity and cash flows for each of the three years
in the period ended Dec. 31, 1991. These financial statements
are the responsibility of the company's management. Our
responsibility is to express an opinion on these financial statements based on our audits.
We conducted our audits in accordance with generally
accepted auditing standards. Those standards require that we
plan and perform the audit to obtain reasonable assurance
about whether the financial statements are free of material
misstatement. An audit includes examining, on a test basis,
evidence supporting the amounts and disclosures in the financial statements. An audit also includes assessing the account-

ment, as well as evaluating the overall financial statement
presentation. We believe that our audits provide a reasonable
basis for our opinion.
In our opinion, the financial statements referred to above
present fairly, in all material respects, the financial position of
Raytheon Company and Subsidiaries Consolidated as of
Dec. 31, 1991 and 1990, and the results of their operations
and their cash flows for each of the three years in the period
ended Dec. 31, 1991, in conformity with generally accepted
accounting principles.

Boston, Mass.
January20,199'
(Exceptfortheifl(Exepifr teg

BALANCE SHEETS

Raytheon Company and Subsidiaries Consolidated

ASSETS

1991 December31,1990
(In thousands)

Current assets
Cash and marketable securities (notes A and B)
Accounts receivable, less allowance for doubtful accounts:

1991-$19,229,000; 1990-$16,916,000

$

138,036

$

137,630

740,184

782,481

1,756,246
1,014,563
98,555

1,578,987
1,015,996
88,372

3,747,584

3,603,466

1,516,518
822,981

1,532,081
983,873

$6,087,083

$6,119,420

1991-$365,109,000; 1990-$174,468,000
Accounts payable

307,684
611,604

Accrued salaries and wages
Federal and foreign income taxes, including deferred (notes A and 1)
Other accrued expenses

383,657
612,147

240,480
46,918
404,943

238,295
35,150
451,195

2,716,096

3,145,6K?

Contracts in process (notes A and C)
Inventories (notes A and D)
Prepaid expenses (note M)

Total current assets
Property, plant, and equipment, net (notes A and E)
Other assets (notes A and F)

LIABILITIES AND STOCKHOLDERS'

EQ

Current liabilities
Notes payable and current portion
Advance payments, less contracts in process:

Total current liabilities

8,333

80,9

Long-term debt (note H)

0,25C

4O,3~6

133,440

130,71J

212,153
(4,475)

143,216
19,471

Commitments and contingencies (note

-

Non-current pension liability (note M)

J)

Stockholders' equity (note P)
Preferred stock, no par value
Authorized: 3,000,000 shares
Outstanding: 1991 and 1 9 9 0-none note K)
Common stock, par value $1.00 per share

Authorized: 200,000,000 shares
Outstanding: 1991-133,440,000 shares; 1990-130710,000 shares iafter deducting shares

in treasury: 1991-44,027,000; 1990--46,758,000) (notes K and L)
Additional paid-in capital
Equity adjustments (note A)

Retained earnings
Total stockholders' equitN

The accompanying notes are an mteral part of the financial statements.

2,982,286
3,323,404

2,553,113
2,846,510

56.087.083

56.119,420

STATEMENTS OF INCOME
Raytheon Company and Subsidiaries Consolidated

Years Ended December 31,
Net sales (note A)
Cost of sales
Administrative and selling expenses
Research and development expenses (note A)

Total operating expenses
Operating income
Interest expense

1991

1990

1989

(In thousands except per share data)

$9,274,235

$9,267,666

$8,796,076

7,351,890

7,391,362

6,996,512

822,126
278,535

809,834
267,576

779,277
274,652

8,452,551

8,468,772

8,050,441

821,684

798,894

745,635

Interest and dividend income
Other (income) expense, net

92,390

114,275

113,432

(81,287)
(62,161)

(94,681)
(57,612)

(78,989)
(46,471)

Non-operating (income) expense, net

(51,058)

(38,018)

(12,028)

Income before taxes

872,742

836,912

757,663

280,980

279,619

228,849

$ 591,762

$ 557,293

$ 528,814

$4.48

$4.27

$4.00

$4.45

$4.25

$3.98

Federal and foreign income taxes (notes A and 1)

Net income
Earnings per common share (notes A and P)
Outstanding shares

Fully diluted

The accompanyme2 notes are an integral part of the financial statements.

STATEMENTS OF STOCKHOLDERS'

EQUITY

Raytheon Company and Subsidiaries Consolidated
,
iears Ended December 31, 1991, 1990 and 1989

Additional
Common Stock
Shares
Par Value

As previously reported

66,373

Two-for-one stock split (note P)

$66,373

66,373

66,373

132,746

132,746

Net income
Dividends declared-$1.10 per share
Proceeds under common stock option plan
Treasury shares purchased
Treasury shares received on exercise of stock options
Foreign exchange translation adjustments (note A)
Pension adjustment

Balance at December 31, 1989
Net income
Dividends declared-$1.20 per share
Proceeds under common stock option plan
Treasury shares purchased
Treasury shares received on exercise of stock options
Foreign exchange translation adjustments
Pension adjustment

Balance at December 31, 1990
Net income
Dividends declared-$1.225 per share
Proceeds under common stock option plans
Treasury shares received on exercise of stock options
Foreign exchange translation adjustments
Pension adjustment

Balance at December 31, 1991

Equity
Adjustments

Retained
Earnings

(In thousands)

Balance at December 31, 1988

As restated

Paid-in
Capital

$182,808

$ 2,551

$1,869,267

2,551

1,869,267

(66,373)

116,435

528,814
(145,086)
1,132
(2,444)
(194)

1,132
(2,444)
(194)

28,472
(2,346)
(7,508)

(77,178)
(18,431)
(84)

131,240

131,240

135,053

(15,964)

2,175,817
557,293
(156,735)

352
(814)
(68)

352
(814)
(68)

11,078
(841)
(2,074)

(23,262)
37,950
(2,515)

130,710

130,710

143,216

19,471

2,553,113
591,762
(162,589)

2,800
(70)

2,800
(70)

71,577
(2,640)
(26,091)
2,145

133,440

$133,440

The accompanving notes are an interal part of the financial statements.

$212,153

(4,475)

$2,982,286

STATEMENTS OF CASH FLOWS
Raytheon Company and Subsidiaries Consolidated
Years Ended December 31,

1991

1990

1989

(In thousands)

Cash flows from operating activities

Net income

S 591,762

5 557,293

5 528.814

306,117

303,503

281,637

42,297
(177,259)
1,433
98,704
(75,973)
(543)
10,663

(111,000)
(191,991)
(164,035)
(143.281)
39,872
(8,081)
(1,504)

37,543
(253,572)
(125,697)
(137,542)
(67,969)
80,694
(87,686)

Adjustments to reconcile net income to net cash provided by
operating activities

Depreciation
(Increase) decrease in accounts receivable
(Increase) in contracts in process
(Increase) decrease in inventories
(Increase) decrease in long-term receivables
Increase (decrease) in advance payments
Increase (decrease) in accounts payable
Increase (decrease) in federal and foreign income taxes

Other adjustments, net
Net cash provided by operating activities
Cash flows from investing activities
Additions to property, plant, and equipment
Disposals of property, plant, and equipment
(Increase) in other assets

All other, net

(48,627)

82,418

128,644

748,574

363,194

384,866

(348,536)
45,370
(20,407)

(390,722)
11,434
(40,961)

(413,879)
31,144
(64,961)

9,530

Net cash used in investing activities
Cash flows from financing activities

12,961

(8,061)

(314,043)

(407,288)

(455,757)

Dividends

(162,589)

(156,735)

(145,086)

Increase (decrease) in short-term debt
Increase (decrease) in long-term debt
Purchase of treasury shares
Proceeds under common stock plans

(320,719)
(7,116)
74,377

241,615
384
(24,917)
11,430

272,128
4,642
(81,968)
29,604

(6,735)

(2,698)

(7,494)

(422,782)

69,079

71,826

(1,023)

1,510

(452)

10,726
125,404
$136,130

26,495
98,909
$ 125,404

483
98,426
98,909

All other, net
Net cash (used in) provided by financing activities
Effect of foreign exchange rates on cash
Net increase in cash and cash equivalents
Cash and cash equivalents at beginning of year
Cash and cash equivalents at end of year

The accompan

notes are an inte2ral part

of the financial statements.

$

NOTES TO FINANCIAL STATEMENTS

NOTE A: ACCOUNTING POLICIES
PRINCIPLES OF CONSOLIDATION

The consolidated financial statements include the accounts of

the parent company and all domestic and foreign subsidiary

companies. The books of the parent are maintained on a calendar year basis. However, in order to facilitate prompt
reporting of consolidated accounts for financial reporting pur-

INVENTORIES
Aircraft Products inventories except finished goods are stated
at the lower of cost (principally last-in, first-out) or market.

Work in process is stated at total cost incurred reduced by

estimated costs of units delivered.

All other inventories are stated at cost (principally first-in,
first-out or average basis) but not in excess of net realizable
value.

poses, all foreign and certain domestic subsidiaries are includ-

ed on the basis of twelve month accounting periods ending in
November. All material intercompany transactions have been

PROPERTY, PLANT, AND EQUIPMENT

eliminated.

and major renewals are capitalized and included in property,

CASH EQUIVALENTS AND MARKETABLE SECURITIES

The cash and cash equivalents shown on the Statements of
Cash Flows include only cash and short-term, highly liquid
investments (those with original maturities when purchased
of90 days or less).
Cash equivalents and marketable securities, other than
equity securities, are valued at cost in the absence of a permanent decline in market value plus accrued interest where

appropriate.
Marketable equity securities are valued at the lower of
aggregate cost or market value. Dividends are recorded as

income when declared.
CONTRACTS IN PROCESS

Sales under long-term contracts are recorded under the percentage of completion method, wherein costs and estimated
gross margin are recorded as sales as the work is performed.
Costs include direct engineering and manufacturing costs,
applicable overheads and special tooling and test equipment.

Estimated gross margin provides for the recovery of allocable
research, development (including bid proposal), marketing
and administration costs and for accrued income. Accrued
income is based on the percentage of estimated total income
that incurred costs to date bear to estimated total costs after
giving effect to the most recent estimates of cost and funding
at completion. When appropriate, increased funding is
assumed based on expected adjustments of contract prices for
increased scope and other changes ordered by the customer.
Some contracts contain incentive provisions based upon performance in relation to established targets to which applicable
recognition has been given in the contract estimates. Since
many contracts extend over a long period of time, revisions in
cost and funding estimates during the progress of work have
the effect of adjusting in the current period earnings applicable to performance in prior periods. When the current contract estimate indicates a loss, provision is made for the total
anticipated loss. In accordance with these practices, contracts
in process are stated at cost plus estimated profit but not in
excess of realizable value

Property, plant, and equipment are stated at cost. Betterments
plant and equipment accounts while expenditures for maintenance and repairs and minor renewals are charged to expense.
When assets are retired or otherwise disposed of, the assets
and related allowances for depreciation and amortization are
eliminated from the accounts and any resulting gain or loss is
reflected in income.
Provisions for depreciation are computed generally on the
sum-of-the-years-digits method, except for certain operations
which use the straight-line or declining-balance method.

Depreciation provisions are based on estimated useful lives:
buildings-20 to 45 years; machinery and equipment, including production tooling-3 to 10 years; equipment leased to

others-5 to 10 years. Leasehold improvements are amortized

over the lesser of the remaining life of the lease or the estimated useful life of the improvement.

ExcEss OF COST OER NET ASSETS oF ACQUIRED COMPANIES
The excess of cost over acquired net assets is amortized on the
straight-line method over its estimated useful life, generally 10
to 20 years, but not in excess of 40 years.
INvESTMENTS
Investments which are included in "Other assets" include
equity ownership of 20% to 50% in affiliated companies and
of less than 20% in other companies. Investments in affiliated
companies are accounted for under the equity method, wherein the company's share of their earnings and income taxes
applicable to the assumed distribution of such earnings are
included in net income. Other investments are stated at cost.
COMMISSIONS

The company pays commissions to sales representatives, distributors and agents under various arrangements in return for
services rendered in connection with obtaining orders. Such
commissions are charged to income as related sales are recorded and, for income statement purposes, are applied as a reduction of sales. In some cases, payment of such commissions is
made upon the company's receipt of advance payments under
the related contracts or in accordance with schedules contained in the contracts governing commissions, and such

amounts are applied as a reduction of advance payments
received. Sales have been reduced by $21,116,000;
$26,488,000; and $21,908,000 in 1991, 1990, and 1989,
respectively, for commission expense.
FEDERAL AND FOREIGN INCOME TAXES

The company and its domestic subsidiaries provide for federal
income taxes on pretax accounting income at rates in effect
under existing tax law, less the recognition of deferred tax benefits, the recovery of foreign tax credits related to foreign contracts, FSC (Foreign Sales Corporation) tax benefits, and other
tax ctxdits, recorded on a flow-through basis. Foreign subsidiaries have recorded provisions for income taxes at applicable foreign tax rates in a similar manner. In addition, the company provides for federal income and foreign withholding taxes
o n undistributed earnings of foreign subsidiaries in excess of
amounts deemed necessary for their future operations.

INTEREST RATE AND FOREIGN

CURRENCY

INTEREST RATE SWAP AGREEMENTS

The company enters into interest rate and foreign currency
interest rate swap agreements with commercial banks to
reduce the impact of changes in interest rates and foreign
exchange rates on financing arrangements with customers and
foreign subsidiaries. The differential of periodic interest rates
paid or received on interest rate swaps is recognized currently
and is offset by rate changes in the items being hedged.
Principal receivable and payable amounts are recorded net on
the balance sheet as appropriate.
FOREIGN EXCHANGE CONTRACTS

The company
hedge against
Market value
exchange gains

enters into foreign exchange contracts as a
identifiable foreign currency commitments.
gains and losses are offset against foreign
and losses on the related commitments.

LEASE ACCOUNTING

TRANSLATION OF FOREIGN CURRENCIES

Revenues from certain qualifying non-cancelable aircraft lease
contracts are accounted for as sales-type leases wherein the
present values of all payments, net of executory costs, are
recorded currently as revenues, and the related costs of the
aircraft are charged to cost of sales. Associated interest, using
the interest method, is recorded over the terms of the lease
agreements. All other leases for aircraft are accounted for
under the operating method wherein revenues are recorded as
earned over the lease term and the related costs are amortized
over the rental aircraft lives. Service revenues are recognized
ratably over contractual periods or as services are performed.

Assets and liabilities of foreign subsidiaries are translated at
current exchange rates and the effects of these translation
adjustments are reported as a component of equity adjustments in stockholders' equity. The balances at Dec. 31, 1991,
1990, and 1989 were $(4,021.000), $22,070,000, and
$(15,880,000), respectively. Foreign exchange transaction
gains and losses in 1991, 1990, and 1989 were not material.

RESEARCH AND DEVELOPMENT EXPENSES

additional paid-in capital. There are no charges or credits to

Research and development expenditures for company-sponsored projects are expensed as incurred
PENSION

COSTs

The company and its subsidiaries have several pension and
retirement plans covering the majority of employees, including certain employees in foreign countries
Annual charges to income are made for costs of the plans,
mcluding current service costs, interest on projected benefit

EMPLOYEE STOCK PLANS

Proceeds from the exercise of stock options under the employee stock plans are credited to common stock at par value and
the excess of the option price over par value is credited to
income with respect to the options. The market value at the
date of award of restricted stock awards is credited to common
stock at par value and the excess is credited to additional paidin capital. The market value is also charged to income as compensation expense over the vesting period. Income tax benefits
arising from restricted stock transactions, employees' premature disposition of option shares, and exercise of non-qualified
stock options are credited to additional paid-in capital.

obligations, and net amortization and deferral [unrecognized

EARNINGS PER COMMON SHARE

net obligation (asset) at transition, unrecognized prior service
costs, and actuarial net gains or losses], increased or reduced
by the return on assets. Unfunded accumulated benefit obligations are accounted for as a long-term liability on the balance
sheet. It is the company's policy to fund annually those pension costs, which are calculated in accordance with Internal
Revenue regulations and standards issued by the Cost
Accounting Standards Board.

Earnings per common share are based upon the weighted average number of common shares outstanding during each year.
Fully diluted earnings per common share include the additional shares resulting from the assumed exercise of all outstanding dilutive stock options, reduced by the number of
shares repurchasable from the assumed proceeds of such
options.

NOTE B: CASH

AND MARKETABLE SECURITIES

Cash and marketable securities consist of the following at December 31:

1991

1990
(In thousands)

Cash and cash equivalents
Marketablesecurities

$136,130
1,906

$125,404
12,226
$137,630

$138,036
Under the company's cash management program, checks and
amounts in transit are not considered reductions of cash or
accounts payable until presented to the appropriate banks for

NOTE

payment. At Dec. 31, 1991 and 1990, checks and amounts
in transit amounted to $146,600,000 and $144,700,000,
respectively.

C: CONTRACTS IN PROCESS

Fixed

Contracts in process consist of the following at December 31, 1991:

Cost Type

Billed
Unbilled

$106,767
74,220

Less progress payments

-

Total
Billed
Less progress payments

Contracts in process consist of the following at December 31, 1990:

2,749,594

1,392,532

1,573,519

103,077
58,781

18,932
615,134

122,009
673,915

613,197

613,197

161,858
$342,845

20,869
$1,4134,1

Cost Type

PriceT
(in thousands)

$84,960
46,324
-

Less progress payments

The U.S. government ha a

3,089,;

1,274,269

1,405,5;

89,819
56,642

23,641
591,734

113.4K
648,37

588,402

588,47

26,973

173.4,4
S1,57S,97S

3277.745

146,461

ecurittitlet tunbilled amount

associated with contracts that provide for progress payments.
Unbilled amounts are recorded on the percentage of completion method and are recoverable from the customer upon
shipment of the product, presentation of billings, or completnon of the contract. It is anticipated that substantially all ot
these unbilled amounts, net of progress payments, will be collected Jurine 192.

$ 230.4t
4,264,(

3,089,559

-

Total

$ 145,501
4,218,327

131,284

Other customers

Billed
Unbilled

182,727
S

Fixe

U.S. government end-use contracts

Total

$ 305,404
4,017,709

2,749,594

-

Total

S 198,637
3,943,489

180,987

Other customers

Less progress payments

Total

(In thousands)

U.S. government end-use contracts

Billed

Price Type

51,301.242

Billed and ubilced cntractsl i process inciude retenlion,
arising from contractual provisions. At Dec. 31, 1991, retentions amounted to $27,323,000 and are anticipated to be cllected as follows: 1992-513,680,000; 1993-$5.266,000
1nd
4-58.C5C ndth balance thereatter.

NOTE D: INVENTORIES
Inventories consist of the following at December 31:

1991

1990
(In thousands)

Finished goods
Work in process

$ 383,694
646,227

$ 352,696
518,059

305,808
(163,807)

353,006
(146,262)

1,171,922

1,077,499

157,359

61,503

$1,014,563

$1,015,996

Materials and purchased parts
Excess of current cost over LIFO values
Less progress payments
The inventory values from which the excess of current cost over LIFO values are deductible

$

1

61

5

were $530,523,000 and $452,017,000 at Dec. 31, 1991 and 1990, respectively.

NOTE E: PROPERTY, PLANT

AND EQUIPMENT

Property, plant and equipment consist of the following at December 31:

1991

1990
(in thousands)

Land

$

Buildings and leasehold improvements
Machinery and equipment
Equipment leased to others
Less accumulated depreciation and amortization

47,082

$

47,892

870,458
2,614,297
67,518

877,908
2,512,663
46,400

3,599,355

3,484,863

2,082,837

1,952,782

$1,516,518

$1,532,081

Accumulated depreciation of equipment leased to others was
$21,473,000 and $21,362,000 at Dec. 31, 1991 and 1990, respectively.
Future minimum lease payments from non-cancelable Aircraft
Products' operating leases, which extend to 2000, amount to

At Dec. 31, 1991, these payments are due as follows:
(In thousands)
(In thousands)
1992
$7,869
1995
$1,874
1993
6,216
1996
1,404

$24,404,000, which is due principally from commuter airlines.

1994

2,079

Thereafter

4,962

NOTE F: OTHER ASSETS
Other assets consist of the following at December 31:

1991

1990
(In thousands)

Long-term receivables
Due from customers in installments to 2000
Sales-type leases, due in installments to 2006

$343,977
212,609

$507,565
146,010

Other, principally due from 1993 through 1999
Investments

17,124
91,459

18,839
89,397

Deferred charges and other non-current assets
Excess of cost over net assets of acquired companies
Intangible pension asset

77,617
72,550
7,645

61,363
83,724
76,975

$822,981

$983,873

Long-term receivables due from customers of $556.6 million at
Dec. 31, 1991, and $653.6 million at Dec. 31, 1990, included commuter airline receivables of $472.6 and $360.4 million, respectively.
Since it is the company's policy to have the aircraft serve as collateral for the commuter airline receivables, management does not expect
to incur any material losses against the net book value of the longterm receivables. During the fourth quarter of 1991, the company
sold an initial amount of $139.1 million of general aviation longterm receivables to a bank syndicate. The term of the agreement is
one year with successive one-ear options, and there is a total pur-

chase commitment of $280.0 million. The company receives a service and payment collection fee, and a commitment fee is due the
banks on the unused portion of the total commitment. The interest
rate on the receivables sold, at the company's current AA-/Aa3 bond
rating, is LIBOR + .5%. The banks have a first priority claim on all
proceeds, including the underlying equipment and any insurance
proceeds, and recourse against the company is limited to 20% of the
total outstanding balance. Additional eligible general aviation notes
are sold as written. The balance of receivables sold to the banks and
outstanding at Dec. 31. 1991, was 5137.4 million.

NOTE G: Nos

PAYABLE

1991
(In thousands)

Notes payable to banks

$

Commercial paper
Weighted average interest rate on:
Average bank borrowings

56,493

$1,043,973
10.15%

Average commercial paper
Bank borrowings at December 31
Commercial paper at December 31

Aggregate borrowings outstanding
Maximum month-end balance
Average during the year

$

78,812

$1,344,458
9.20%

5.96%

8.11%

10.05%
4.83%

10.04%
8.07%

$1,567,627
$1,429,023

Credit lines or commitments with banks were maintained by
subsidiary companies amounting to $140.0 million in 1991 and
$126.8 million in 1990. Compensating balance arrangements
are not material. In addition, lines of credit with certain commercial banks exist as a standby facility to support the issuance
of commercial paper by the company. These lines of credit

NO H:

1990

$1,534,216
$1,386,917

were $1.44 billion at Dec. 31, 1991, and $1.50 billion at
Dec. 31, 1990. Through Dec. 31, 1991, there have been no
borrowings under these lines of credit. Total interest payments
were $92 million, $114 million, and $115 million for 1991,
1990, and 1989, respectively.

LONG-TERM DEBT

Long-term debt consists of the following at December 31:
8Y% Sinking Fund Debentures, due 1996
Other notes, (including $17,623,000 in 1991 and $18,775,000 in 1990

1991

1990

$11,482

$11,482

31,769

36,800

43,251
4,001

48,282
1,916

$39,250

$46,366

of mortgage notes and industrial revenue bonds), interest in the range
of 3.6% to 10.3% payable in installments, maturing at various dates

from 1992 to 2012

Less installments due within one year

The aggregate amounts of installments due for the next five
years are:

(In thousands)
1992
1993

$4,001
3,602

1994

5,499

(In thousands)
1995
1996

$5,348
5,681

The indenture for the 84% Sinking Fund Debentures provides that the company will make annual sinking fund payments of $3,300,000 prior to July 1 in each of the years 1982
through 1995 with a final payment of$3,800,000 in 1996 and
may, at its option, increase any sinking fund payment by an
additional $3,300,000 in each of said years. The debentures
may be redeemed at the option of the company, as a whole or
in part, presently at 100% of face value. Debentures amounting to $5,518,000 have been reacquired in the open market
and delivered to the Trustee for cancellation and application
against the sinking fund payments through 1992 and partially
for 1993. The company intends to redeem the remaining outstanding debentures during the first quarter of 1992. Interest

expense on long-term debt charged to income was
$3,254,000; $3,820,000 and $3,352,000 for 1991 through

1989, respectively.
At Dec. 31, 1991 and 1990, the company had outstanding
interest rate swap agreements, with total notional amounts of
$27,561,000 and $87,525,000, which effectively fixed the
company's interest rate exposure on that portion of short-term
debt at rates ranging from 8.25% to 9.45% in 1991 and from
7.95% to 9.45% in 1990. The company also had outstanding
foreign currency interest rate swap agreements with total principal amounts of $23,064,000 and $29,064,000 at Dec. 31,
1991 and 1990, respectively. These agreements effectively
fixed the company's interest rate exposure on this portion of
its short-term debt at rates ranging from 9.2% to 10.4% in
1991 and 1990, and also reduced exposures to changes in foreign exchange rates. The agreements mature at various dates
through the year 2000. At Dec. 31, 1991, the company had
foreign exchange contracts maturing through July 1993
involving $70,440,000 in various foreign currencies at forward
contract rates.

NOTE

1: FEDERAL AND FOREIGN

INCOME TAXES

Income reported for federal and foreign tax purposes differs

income taxes" is estimated to be tax assets of $54,700,000

from pretax accounting income due to variations between
requirements of internal revenue codes and the company's
accounting practices. The net balance of deferred taxes
included in the balance sheet caption "Federal and foreign

and $59,400,000 at Dec. 31, 1991 and 1990, respectively.
The provisions for federal and foreign income taxes consist
of the following for the years ended Dec. 31:

3____________________________1991

1990

1989

(In thousands)

Current income tax expense

Federal
Foreign

$263,680
12,600

$280,619
19,200

$324,249
7,700

3,200
1,500

(15,600)
(4,600)

(101,300)
(1,800)

Deferred income tax expense

Federal
Foreign

$280,980

$279,619

$228,849

The provision for income taxes for 1991 through 1989 differs from the U.S. statutory rate due to the following:

1991
Tax at statutory rate
Deferred tax benefit
Recovery of foreign tax credits
FSC tax benefit
Other, net

1990

1989

34.0%
(1.2)
(1.0)
.4

34.0%
(.2)
(.6)
.2

34.0%
(2.0)
(.5)
(.7)
(.6)

32.2%

33.4%

30.2%

-

In 1991, 1990, and 1989, domestic profit before taxes

Actual cash income tax payments by year were

amounted to $834,587,000; $796,442,000; and $743,990,000,

$275,000,000; $278,000,000; and $317,000,000, respectively,

respectively, and foreign profit before taxes amounted to
$38,155,000; $40,470,000; and $13,673,000, respectively.
The net deferred tax asset balance, mainly due to timing
differences, is attributable principally to the excess of book
expenses over allowable tax deductions for items such as contract operating reserves, warranty reserves, and other operating
reserves, partially offset by accelerated depreciation allowable
for tax purposes. The change in the statutory tax rate in 1988
to 34% resulted in favorable reversals of previously deferred
taxes of $15,000,000 in 1989 and $1,800,000 in 1990.

for 1991, 1990, and 1989. The amount of undistributed earnings of subsidiaries at Dec. 31, 1991, deemed necessary for
their future operations, for which federal income and foreign
withholding taxes have not been provided, is approximately
$56,277,000.
The company anticipates adopting Statement of Financial
Accounting Standards No. 109, Accounting for Income
Taxes, in 1993. Management expects no material impact as a
result of this change.

NOTEJ: COMMITMENTS

AND CONTINGENCIES

At Dec. 31, 1991, the company has commitments under longterm leases requiring approximate annual rentals on a net

lease basis as follows:
(In thousands)

1992
1993
1994

$63,622
50,932
44,875

tions, individually and in the aggregate, will not have any
material adverse effect upon the financial condition of the

company.
(In thousands)

1995
1996
Thereafter

--

$33,975
24,762
92,092

Rental expense for 1991, 1990, and 1989 amounted to
$96,960,000; $87,233,000; and $80,325,000, respectively.
A new trial in the suit brought by Geophysical Systems
Corporation against Seismograph Service Corporation, a
wholly owned subsidiary of the company, resulted in defendant's verdicts. This reverses a $48 million verdict against
SSC in an earlier trial. Damages of $2.5 million plus postjudgment interest have been awarded to Geophysical by the
court. Both parties have appealed the rulings.
United Engineers & Constructors (UE&C) has sued
Martin Marietta for additional compensation and related litigation costs to which it is entitled for design, manufacture,
and installation of a Titan missile launch tower. Martin
Marietta disputed the UE&C claim and has counterclaimed.
This litigation is not expected to have a material effect on the
financial condition of the company.
Defense contractors are subject to many levels of audit and
investigation. Among agencies which oversee contract performance are: the Defense Contract Audit Agency, the Inspector
General, the Defense Criminal Investigative Service, the
General Accounting Office, the Department of Justice, and
Congressional Committees. Over recent years, the Department
of Justice has convened Grand Juries from time to time to
investigate possible irregularities by the company in government contracting. Management believes that such investiga-

Due to reduced availability and increased cost of insurance,
the company, through its Beech Aircraft Corporation subsidiary, has been unable to purchase aircraft liability coverage
in amounts or upon terms that are reasonably acceptable.
Accordingly, management has determined that the company
will retain higher levels of coverage. Retained coverage not
provided for amounted to $36 million in 1991, $38 million in
1990, $37 million in 1989, and $125 million in prior years.
The company is involved in various stages of investigation
and cleanup relative to environmental remediation matters.
All appropriate costs to date have been expensed. It is not
possible to determine the impact of environmental issues on
future operations because the company cannot reasonably
estimate the full extent of such potential costs. This is due
principally to the complexity of government laws and regulations, the varying costs and effectiveness of alternative
cleanup methods and technologies, the uncertain level of
insurance or other types of recovery, and the unresolved
extent of the company's responsibility. The company does not
believe, based upon the information available at this time,
that the outcome of these matters will have a material adverse
effect on its financial condition.
Various other claims and legal proceedings, generally incidental to the normal course of business, are pending or threatened against the company. While the ultimate liability, if any,
from all of the above proceedings is presently indeterminable,
in the opinion of management, these matters should have no
material adverse effect on the financial condition of the
company.

NOTE K:

CAPITAL STOCK

Holders of each outstanding share of common stock also hold
one half of a preferred stock purchase right. Under certain
conditions, each whole right may be exercised to purchase
one one-hundredth of a share of a new series of participating
preferred stock at an exercise price of $180, subject to certain
anti-dilution provisions. Under certain circumstances, the
rights entitle holders to purchase stock having a value of

twice the exercise price of the rights. The rights would
become transferable apart from the common stock, only 10
days after a person or group acquired 20% or more or

announced or made a tender offer which, if completed, would

result in that person or group owning 25% or more of the
common stock. The rights would become exercisable in the
event that any person or group acquires 25% or more of the
company's common stock. Under certain circumstances, all
rights owned or beneficially owned by any acquiring person
will be null and void. Rights may be redeemed by the company at any time prior to the occurrence of certain events at

$.05 per right.
The company has reserved for issuance upon exercise of the
rights 1,000,000 shares of Series A Junior Participating Serial

Preferred Stock.

Nom L: EMPLOYEE STOCK PLANs
ed incentive option remains outstanding; this limitation does
not apply to non-qualified options issued under the plans.
Incentive options granted after Dec. 31, 1986, first become
exercisable to a maximum of $100,000 per year. Incentive
options and those non-qualified options issued prior to April
9, 1984, expire 10 years from date of grant. Non-qualified
options issued after April 9, 1984, shall terminate 11 years
from date of grant. Restricted stock and restricted unit awar
vest over a specified period of time of not less than one ye
nor more than 10 years. The plans' expiration dates are Mar,
22, 1998, and March 26, 2001.
Information for the ye
plm
re 1
!

The 1976 Stock Option Plan provides for the grant of both
incentive and non-qualified options at an exercise price
which is 100% of the fair market value on the date of grant.
The 1991 Stock Plan provides for the grant of incentive
ptions at an exercise price which is 100% of the fair market
value and non-qualified options at an exercise price which
may be less than the fair market value on the date of grant.
The 1991 plan also provides for the award of restricted stock
and restricted units. Restricted awards are made at prices
determined by the Compensation Committee of the Board of
Directors and are compensatory in nature. The plans also provide that all options may be exercised in their entirety 12
months after the date of grant. Incentive options granted prior
to Jan. 1, 1987, may not be exercised while a previously grant-

Stock Options
Outstanding at December 31, 1988
Granted

Exercised
Expired
Outstanding at December 31, 1989

Granted
Exercised
Expired
Outstanding at December 31, 1990
Granted
Exercised

Expired
Outstanding at December 31, 1991

(in thousands)

5,805
1,249

$10.91 to $40.
33.03 to 39.2

(1,133)

10.91 to

(83)
5,838

40.2

14.32 to 40.8
$16.41 to $40.S

1,281

30.69 to

(351)
(104)
6,664
1,047
(2,365)

16.69
18.47
$16.41
37.28
16.41

(72)

19.22 to

5,274

34.1

to 30.9to 40.8
to $40.S'
to 41.to 40.25

40.S

1 O.O9 to $41 -5

These options expire at various dates through December

1991. There were 11,323,000

2002. Options for 4,077,810 shares were exercisable at prices
ranging from 516.69 to $40.82 at Dec. 31, 1991. Awards of
435,000 shares of restricted stock were made to employees in

(including shares held in treasury) reserved for stock option
and restricted stock awards at Dec. 31, 1991, and 10.123.00
shares reserved for stock options at Dec. 31. 1990.

shares

ot common

stock

NOTE M:

PENSION ANDOTHER EMPLOYEE BENEFITS

The company and its subsidiaries have several pension and
retirement plans covering the majority of employees, including certain employees in foreign countries. The major plans
covering salaried and management employees provide pension
benefits that are based on the five highest consecutive years of
the employee's compensation in the 10 years before retirement. Plans covering hourly and union employees generally
provide benefits of stated amounts for each year of service.
The company's funding policy for the salaried plans is to contribute annually at a rate that is intended to remain at a level
percentage of compensation for the covered employees. The

company's funding policy on the hourly and union plans is to
contribute annually at a rate that is intended to remain level
for the covered employees. Unfunded prior service costs under
the funding policy are generally amortized over periods from
10 to 30 years.
Total pension expense was $92,217,000; $96,089,000 and
$88,398,000 in 1991 through 1989, respectively. Foreign pension expense was $6,957,000; $6,877,000; and $6,925,000 in
1991, 1990, and 1989, respectively. Net periodic pension cost
for the company and its subsidiaries in 1991 through 1989
included the following components:

1991

1990

1989

(In thousands)

Service cost-benefits earned during the period
Interest cost on projected benefit obligation

$

98,166
177,099

$

93,687
165,766

$ 88,523
149,709

Actual (gain) loss on assets

(553,681)

72,667

Net amortization and deferral
Net periodic pension costs

(389,724)

369,064
90,648

(237,637)
94,483

238,418
86,926

Defined contribution pension plans

-1,569

Total pension costs
Assumptions used in the accounting were:
Discount rate

$

1,606

92,217

$

-172

96,089

$ 88,398

8.0%

8.0%

Expected long-term rate of return on assets

8.0%

8.5%

8.5%

8.5%

Rate of increase in compensation levels

6.0%

6.0%

6.0%

The following table sets forth the funded status of the plans at:
December 31, 1991
Assets Exceed Accumulated
Accumulated
Benefits
Benefits

December 31, 1990
Assets Exceed Accumulate I
Accumulated
Benefits

Exceed Assets

Benefits

Exceed As

(In thousand,
Actuarial present value of benefit obligations:

Vested benefit obligation
Accumulated benefit obligation

$(1,842,561)
$(1,909,251)

$(184,704)
$(195,455)

$(1,436,005)

$(553,59

Projected benefit obligation

$(2,373,546)

$(200,504)

$(1,878,452)

$(558,30

2,752,577

167,997

1,970,025

436,33

(122,0(

Plan assets at fair value
Projected benefit obligation

(in excess of) or less than plan assets
Unrecognized net (gain)
Prior service cost not yet recognized
in net periodic pension cost

379,031

(32,507)

91,573

(403,236)

(11,027)

(3,459)

151,212

26,387

101,225

74,26,

(76,132)

(3,542)

(127,772)

16,62

Unrecognized net obligations (assets)
at transition
Adjustment required to recognize
additional minimum liability

Prepaid pension cost (liability)

-

$

50,875

(8,333)

$(29,022)

-

$

61,567

(5,17

(80,91

$(117,2h

Plan assets primarily include equity and fixed income securities and include a prepayment of $31,802,000 and 5,754,000
at Dec. 31, 1991, and Dec. 31, 1990, respectively, in addition
to the normal funding contribution.
The company's salaried pension plan provides that in the
event of a termination of the plan within three years after an
involuntary change of control of the company, the assets of
the plan will be applied to satisfy all liabilities to participants
and beneficiaries in accordance with Section 4044 of the
Employee Retirement Income Security Act of 1974. Any
remaining assets will be applied on a pro rata basis to increase
the benefits to the participants and beneficiaries.
In addition to providing pension benefits, the company and
its subsidiaries provide certain health care benefits for retired
employees. Substantially all of the company's U.S. employees
may become eligible for postretirement health care benefits if
they reach normal retirement age while working for the company. These benefits are provided through various insurance
companies whose charges are based either on the benefits paid
during the year or annual premiums. The company recognizes
the net cost of providing these benefits by expensing the annual insurance charges, which were $18,485,000; $14,076,000;
and $9,175,000 in 1991, 1990, and 1989, respectively. The
company and certain of its subsidiaries provide postretirement
life insurance benefits, which are accrued and funded annually
for those active employees 55 to 65 years of age. Accrued costs
of retiree life insurance benefits are expensed annually and
were $1,381,000; $1,483,000; and $1,887,000 for 1991, 1990,
and 1989, respectively.
Statement of Financial Accounting Standards No. 106
(FAS 106), Employers' Accounting for Postretirement
Benefits Other Than Pensions, which is mandatory for

January 1993, requires recognition of an accumulated postretirement benefit obligation for retiree costs existing at the
time of implementation, as well as incremental expense recognition for changes in the obligation attributable to each successive fiscal year. FAS 106 permits the cumulative accrued
cost of benefits earned through the date of adoption to be recognized immediately or amortized over a period of up to 20
years. Upon adoption the company estimates that its past service liability will approximate $500 million. If the company
were to recognize this entire accumulated postretirement benefit obligation in the year of adoption, an estimated $330 million after tax would be charged as a special item to operations.
Alternatively, the company may elect to amortize this past
service amount over the allowable 20-year period, in which
case the impact would not be material because of funding
approaches allowable under government contract accounting
and Internal Revenue Service regulations. The company is
evaluating the alternative methods of adoption.
Under the terms of the Raytheon Savings and Investment
Plan, a defined contribution plan, covered employees are
allowed to contribute up to 12% of their pay limited to
$8,475. The company contributes amounts equal to 50% of
the employee's contributions, up to a maximum of 3% of the
employee's pay limited to $4,238. Total expense for the plan
was $46,209,000; $44,523,000; and $40,724,000 for 1991,
1990, and 1989, respectively.
The company's annual contribution to the Raytheon
Employee Stock Ownership Plans is equivalent to one-half of
one percent of salaries and wages, limited to $200,000, of substantially all United States salaried and a majority of hourly
employees. The expense was $12,148,000; $11,650,000; and
$11,300,000 for 1991, 1990, and 1989, respectively.

NOTE N: BUSINESS SEGMENT REPORTING
For information regarding business segment reporting for 1991, 1990, and 1989, see page 39.

NOTE

O:QUARTERLYOPERATING

RESULTS (UNAUDITED)

For information regarding quarterly operating results for 1991 and 1990, see page 42.

NOTEP: SUBSEQUENT EVENT
On Feb. 26, 1992,
will be distributed
this annual report
common share for

the Board of Directors voted to declare a two-for-one stock split. The additional shares resulting from the split
on or about April 3, 1992, to stockholders of record, March 9, 1992. All share and per share information in
has been retroactively adjusted to reflect the split. The company previously reported pre-split earnines per
1991, 1990, and 1989 of $8.95, $8.53, and $8.01, respectively.
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