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PREFACE

This manual, Avoiding Utility Relocations, was prepared for the Federal Highway Administration
(FHWA) in accordance with Research Development and Technology Transfer Order DTFH61-
01-P-00237, pursuant to recommendations in 2000 by the AASHTO Highway Subcommittee on
Right of Way and Utilities and by the AASHTO/FHWA European Scanning Team on Right of
Way and Utilities.

The purpose of the work was to develop a manual that encouraged highway designers to avoid
unnecessary utility relocations in the designs for which they are responsible. This was
accomplished by identifying both the value of avoiding relocations on highway construction
projects, and the technologies and techniques that can be used to achieve this goal.

Nichols Consulting Engineers, Chtd. is responsible for the development of this manual. Any

questions or comments should be directed to:

Federal Highway Administration Nichols Consulting Engineers, Chtd
C. Paul Scott Patricia L. Lees.

Highway Engineer (Utilities Coordinator) 1885 S. Arlington Ave.

Office of Program Administration Reno, NV 89509

400 Seventh St., S.W. 775.329.4955

Washington, D.C. 20590 775.329.5098 (fax)

202.366.4104

Nichols Consulting Engineers would like to acknowledge the following individuals who

contributed to the preparation and review of this document.

John N. Munson, P.E. Nichols Consulting Engineers

Patricia L. Lees Nichols Consulting Engineers

Kenneth G. Blom, P.G. NORCAL Geophisical Consultants, Inc.
Jerome S. Nelson, P.G. Consulting Geophysicist

C. Paul Scott, P.E. Federal Highway Administration

James Anspach. P.G. So-Deep, Inc., Subsurface Utility Engineers
TBE Group, Inc. Civil and Subsurface Utility Engineers






EXECUTIVE SUMMARY

Background

Conflicts between underground utilities and the alignment, grade, and drainage of new and
expanding streets and highways are now all too frequent in this country. The environments of
the urban and sub-urban underground are a complex web of utility lines including electric,
telephone, cable TV, fiber optics, traffic signals, natural gas, water, sanitary and storm sewers,
and it is nearly impossible for a road project to be free of conflict. The proliferation of
underground facilities has reached the point where project budgets and schedules can no
longer support the multiple unplanned and unnecessary relocations typical of highway projects.

From the utility’s perspective, an unexpected request, or order, to move a facility means
unscheduled work and unplanned expense. Even scheduled work on a highway project that is
delayed due to a change in the DOT's program or project plan may mean that supplies
purchased for that job can’t be used, or equipment is mobilized to the wrong location. If a
facility must be moved, it may mean service disruption, and even higher user costs as the
expenses for relocation are passed through the system. In the worst cases, the unplanned work
may lead to litigation between the agency and the utility, the utility and the contractor, or the
contractor and the agency. Unplanned and unnecessary utility relocations must be avoided.

The problem is that highway designers have little motivation to avoid utility relocations under the
typical design processes. Designers are usually rated on how fast they get the project
designed, and efforts to “design around” existing utilities to avoid relocation often involve
consideration of several alternatives, including cost estimation and comparison. This extra work
extends the design time and increases the design budget. The same applies when an outside
design consultant is used, as the additional time spent on design alternatives is clearly extra
work, and it is often difficult for the consultant to negotiate design change orders. When the
designer works only with where the utilities might be, or where they ought to be, the likelihood of

encountering an undocumented facility during construction is much higher.

Needs
The information from practitioners points to a needed shift in the utility-related design process.
Historically, utility information has been added to the highway plans at the 60% design stage for



the sole purpose of determining where the conflicts will require relocation of utilities. At 60%
design, there is little that can be done to ameliorate a conflict, short of a major plan revision. A
major plan revision at this late stage could significantly delay the target bid date, and would
therefore need to demonstrate significant project cost or construction schedule savings to be

approved.

In the past, the utility relocation might have been the sole responsibility of the utility company.
Depending on the terms under which they are located in the right of way, they would have been
ordered to move, within a specific time frame that supported the construction schedule. They
may have been given the option to use the contractor working on the government project, but
the expense would be theirs. Recent changes in the practices related to reimbursement have
shifted many of those costs from the utility to the federal funding available for the project. Funds
diverted from programmed projects to utility relocations on other projects thus affect the entire

workload and funding allocations for a DOT.

The alternatives that surfaced in this study center on identifying the potential conflicts early in
the design process — at the 30% design stage, or sooner. At that stage, the creative solutions
listed in the report are feasible, and can be accommodated in the design and construction work
ahead. Utilities, while a tangible part of project cost and schedule, need not be a problem or a

contributor to project cost overruns and delays.

To “design around” utilities, we must know where they are. The technology exists today to
verify the presence of almost any type of buried utility, and to positively determine its location,
size, and composition using non-destructive excavation methods. There are professional
licensed engineers, geologists, and surveyors who have specialized in the use and
interpretation of these technologies, known as Subsurface Utility Engineering (SUE). These
specialized consultants accept the liability for the interpretation and subsequent reliance on the
results of their investigations by highway designers and contractors. There is documentation to
support project savings of $4.62 for every $1 spent on SUE. The FHWA advocates the use of
SUE, as well as programs for effective and continued communication, coordination and
cooperation among DOT planners and designers, and the utility owners and operators within

their jurisdiction.



There is a nationwide need to change current practices. This manual was prepared to identify
the practices that support the collection of accurate and complete subsurface utility information
and promote effective communication and coordination between highway agencies and utilities
in the planning, design, and construction phases of highway projects. FHWA hopes that this
manual encourages transportation professionals to look for innovative planning, design, and

construction methods that avoid or minimize utility relocations.

Research

Research for this manual included:

e A mail survey asking for current practices, policies, and strategies of State and municipal
highway agencies (utility divisions), and private utility companies across the county.

¢ Review of State DOT's published utility accommodation policy and procedure manuals.

¢ Investigation into state-of-the-practice technologies for locating utility facilities.

o Review of related publications and internet information sponsored by the Federal Highway
Administration (FHWA), the United States Department of Transportation (USDOT), the
American Association of State Highway and Transportation Officials (AASHTO), and the
American Public Works Association (APWA).

¢ Review of other related publications and internet information from the private sector.

¢ Informal telephone interviews with DOT and utility personnel and professional subsurface

utility engineers and locators.

Key Findings
The key findings of this manual are:
e Conflicts between utility facilities, both above and below ground, and the alignment,

geometry, grade, and drainage of new and expanding highways are all too frequent.

¢ Conflicts with utilities are a major cause of delays to highway contractors. The inability to
accurately and comprehensively identify the locations of underground utilities, and the lack
of adequate communication and coordination are measurable contributors to construction

problems (cost overruns, delays, change orders, redesign costs, claims).

e It is imperative to identify potential utility conflicts early in the development of highway

projects and to incorporate the most efficient and cost-effective accommodation possible



into the highway design. Every effort must be made to “design around” as many utilities as
possible.

Subsurface Utility Engineering (SUE) is a proven, cost-effective engineering process for
accurately identifying the quality of subsurface utility information needed for highway plans,
and for acquiring and managing that level of information during the development of a
highway project. The efficient use of SUE information allows designers to avoid utility
relocations. The use of quality levels in the SUE process allows designers to certify on the
plans that a certain level of accuracy and comprehensiveness has been provided.

Good communication and cooperation between highway agencies and utilities are essential
throughout the development and construction of highway projects. It has been typical in the
past to design projects without consideration of the utilities, and then to relocate conflicting
utilities. Consultation with utilities early in the developmental stages may result in minor plan
changes to avoid them, or even major plan changes that subsequently avoid costly, time-
consuming, and unnecessary relocations

Design Alternatives:

Following is a summary list of the design changes that have been used to avoid utility

relocations as reported by the agencies responding to a mail survey by Nichols Consulting

Engineers:

Geometric/Alignment Changes

1.

o > b

Grade

Alignment

Widen one side of highway as opposed to other
Offset location of centerline for short distances

Move ramps

Drainage/Ditch/Culvert/Inlet/Curb Changes

1.

2.
3.
4

Move storm drains

Low head storm pipe

Alternative type inlets

Alternative storm drain (oval, etc.)
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Ditch culverts

Narrow ditch widths

Redesign ditches from flat bottom to “V" bottom
Adjust flow lines

Ditch grade changes

Use paved ditches

Change from ditch cross section to gutter

Adjust manhole locations

Extend storm pipe runs to avoid ditch cuts that impact utilities
Concrete slabs over utilities in ditch bottom

Revise or eliminate portions of the drainage design
Install closed drainage and curbing

Use rip-rap on ditches

Add curb and gutter

Alternative curb and gutter

Slope/Retaining Wall/Barrier Changes and Additions

N o o~ b2

Barriers

Guard rails instead of moving poles

Change backslope rate

Add retaining walls to the design to reduce slope encroachment
Remove slope rounding

Change retaining wall types

Impact attenuators on above ground appurtenances

Structure/Bridge/Footing Changes

® N O Ok ODD =

Move bridge bents

Move bridge end that would conflict with pipeline
Alternative foundations

Move bridge ends

Structural box modifications

Structure footing redesign

Abutment modifications to allow bridge occupancy

Customized foundation design



9. Move bridge pilings

10. Change bridge type

11. Use protective casings

12. Pre-bore and batter pile driving to miss utilities

Conclusions
The message from this manual is that there are many opportunities to reduce and resolve the
conflicts between highway construction and the utilities located nearby. The opportunities fall

into two categories: system changes and operational changes.

To take advantage of a system change, the highway agency could look at:

e planning — When does the agency look for potential conflicts between proposed road work
and existing and planned utilities?

o communication — What methods are in place to assure frequent and meaningful
conversation and problem solving?

e design — When are utility locations added to the plans? Is information from SUE
incorporated into the design process?

e construction — What innovation is permitted in the field?

 maintenance — How are ideas from maintenance staff incorporated into future designs?

To take advantage of operational changes:

e s there a set of typicals that details “non-traditional” design choices?

¢ Are designers rewarded for avoiding a relocation?

o Do designers keep a “catalog” of design alternatives?

e Do all members of the agency understand the value of coordination among the

stakeholders, and look for opportunities to prevent problems?

This manual provides ideas in each of these areas. We hope that it is an additional resource for
highway agencies and utilities, supporting their mutual commitment to the continuous

improvement of services to the traveling public.



SECTION I. INTRODUCTION

The transportation and utility networks of the United States cross all social, political, and
geographical boundaries to link citizens to essential services. Although these networks are
operated independently, owners share the common goals of serving the population in the most
economical manner, providing improved services with the lowest financial and functional
impacts. In pursuit of these goals, networks have evolved into common alignments in an effort
to traverse the distance between users and suppliers in the most direct path.

Conflict occurs when network owners — State and municipal transportation departments and
utility service providers — compete for limited space within existing alignments. Frequently, they
construct, alter, repair, or replace facilities without regard to the impact to the others’ facilities,
operations, and budgets. Regardless of which network incurs the initial cost of resolving these
conflicts, it is the taxpayer or the ratepayer, who are one and the same, who ultimately bears the

financial burden.

Conflicts between the utility facilities, both above and below ground, and the alignment,
geometry, grade, and drainage of new and expanding highways are now all too frequent. This
chronic problem makes it imperative to identify potential conflicts, and incorporate the most

efficient and cost-effective accommodation possible into the highway design.

This manual describes the problems common to highway designers and utility owners, the tools
available to locate utilities, and the mitigation measures that have been implemented to avoid
relocation. It describes successful processes being used in the planning, design, and
construction phases of highway projects that support coordination and reduce conflict among
owners. We hope that it encourages transportation professionals to look for innovative designs

and construction methods that avoid or minimize a utility conflict.






SECTION Il. HISTORICAL FRAMEWORK

i1 USE OF RIGHT-OF-WAY FOR UTILITIES

Utility owners and operators (utilities) have been constructing, operating, and maintaining utility
facilities within and adjacent to the public right-of-way (ROW) of streets and highways since the
late 1800s. Beginning with the urban distribution of basic municipal facilities (water, sewer and
power), technology and demand have evolved to include natural gas, communications, and
cable television facilities as well, within almost every local street in the country. As growth
expanded, and continues to expand, transmission of utility services between urban cities and

towns, and to outlying rural areas now routinely involves utilities in the public ROW.

For the utility company, dealing with a single entity such as a municipality or State Department
of Transportation (DOT) can be more efficient than dealing with a myriad of private property
owners. Property rights (ROW or easement), frontage to service customers, and access for
facility maintenance are coincidental with the street or highway, potentially reducing the utilities
required project investment in both time and money. As savings realized by the utility may
reduce the end cost to the customer, it is generally considered in the public’s best interest to
allow utilities to occupy right of way, and utilities have been given some level of ROW privilege

in all states.

Utilities, whether occupying the ROW by permit, easement or other property right, are
responsible for the operation and maintenance of their particular facilities and not the public
road which they occupy (except for damage to the road caused by the utility). The governing
agencies, having the responsibility to maintain the rights-of-way of streets and highways to
preserve the integrity, operational safety, and function of the transportation facility, are thus
charged with the regulation of the activities of utilities within the public ROW.

.2 PROBLEMS

More than 90 percent of the highways currently in use in the United States were built prior to
1950 (Highway Utility Guide, FHWA, June 1993). Many of these roads have insufficient ROW

(-1



for the expansion needed to satisfy the tremendous growth of traffic and the proliferation of
basic and increasingly sophisticated utility services in this country. Connectivity through buried
fiber optic cables is being viewed as a necessity to moving large files and amounts of data
around the country. Each utility company has its own network and is laying cable to expand the
network as fast as possible. The underground environment has become increasingly congested

as more and more ufilities compete for limited space within and adjacent to the ROW.

As demand for the finite space in existing ROW increases, the difficulty and cost of adding new
utility facilities and relocating existing utility facilities also increases. Just as significant is how
utility service interruptions may add to public discontent with overall highway construction. It is
therefore essential for planners, designers, and builders of street and highway projects to avoid
unnecessary utility relocations. The first step in this process is to recognize the problems facing
highway agencies and utility owners in resolving utility conflicts and avoiding utility relocations.

I1.2.1 Property Interest

The premise of utility relocation is that the utility bears the financial burden unless they have a
legal property interest (fee title, easement, prescriptive right, long term lease) in the land their
facilities occupy that is preemptive to the ROW interest of the highway. Fee title interest is
when the utility actually owns the land, which is typically associated with utility service centers,
base of operations, or plant generating stations. Along active and proposed highway corridors,
the most common form of property interests are easements. Easements are typically located
adjacent to existing ROW, or are within an area proposed for new ROW, and are granted to the
utility by the property owner. Prescriptive rights and long term leases are the least common
forms of property interest. When utility relocation is involved, the utility must normally provide

the burden of proof to the agency regarding its property interest.

If a utility has a proven property right, then the agency must reimburse the utility for the cost of
any relocation, or other accommodation required as a result of the road project. The utility
would, however, be required to release their property interest to the State upon relocation. The
State, since it would pay, puts a priority on avoiding relocation and acquiring additional ROW to

accommodate the utility in order to keep its project costs down.
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When the utility facilities occupy the ROW of existing streets and highways, it is usually under a
permit or franchise agreement with the governing agency. This gives the State or
municipality the power to force relocation, with the cost of relocation, including any private
easement acquisition, borne by the utility. In this case, the agency, although cognizant of
relocation impacts and costs, is not as concerned with avoidance strategies as they would be if
reimbursing. Consequently, there is often a lack of project coordination between the agency
and the affected utilities, resulting in unnecessary relocations or undiscovered conflicts, the
burden of which, although generally placed on the utility, inevitably impacts the project cost and
schedule. Just obtaining required easements on private property is a costly and time-
consuming exercise for the utility. Even if the utility has the power of eminent domain, it is not
as comprehensive as the State’s. If the utility is not informed of the relocation early enough in
the process, easement acquisition alone can cause delay and, when combined with the cost of
the actual relocation, can have a significant financial impact to the utility and its customers.

In the case of permits or franchise agreements, the costs of relocations can be reimbursable,
depending on the laws of the given State. According to the Code of Federal Regulations, title
23, Federal funds are available for all phases of utility relocation on Federal aid projects,
regardless of the utilities’ property interest. The State, however, must pay for the cost of
relocation from its own funds and be the entity to be reimbursed with Federal funds. It is,
therefore, up to the States to pass legislation to include utility relocation reimbursement for their

highway projects.
11.2.2 Quality of Records

Probably the most frustrating problem the designer encounters is knowing that there are utilities
in the area and not being able to locate them. Unless existing utilities are “positively located”
(pot-holed), or “designated” by surface geophysical methods, the highway designer must rely on
utility records and as-built plans to determine the location of existing utilities within the project
corridor. The utility owners must also rely on these same records, both their own and those of
other utilities and agencies, to provide the highway designer with the location of their facilities or
to perform facility maintenance or expansion operations. There are many different types of
records, both public and private, contained on as many different formats (paper, mylar, maps,
books, electronic, etc.), containing diverse types of detail (location, depth, material, size, slope,

etc.). The main difference among these records is gquality. Combining data collected from
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various record sources usually results in all information being portrayed the same; at the lowest
common denominator of quality. The lack of a common platform or shared database on which
to collect, report, and disseminate records also makes the search for records time-consuming

and often incomplete.

i.2.3 Readability of Plans Sent to Utilities

Wisconsin DOT, in a memorandum published in the “WisDOT Guide To Utility Coordination,”
reports receiving numerous complaints from utility companies that the plans that are being sent
by the DOT are of poor quality and it is difficult for them to determine if their existing facilities are
in conflict with the proposed construction. The main reason stated for this is the reduced plan
size (11"x17”) typical of most DOTs. If the utility locations are hard to read on the original large
plan sheets, they are virtually impossible to see when the plans are reduced. Another reason
stated was poor reproduction quality. Existing facilities which are screened do not show up well
when the printed copy is lighter than it should be due to low toner or an improper setting.

Solutions to this problem include providing the utility with special plans that contain enhanced
graphical resolution of existing utilities, providing the utility with large size plan sheets, and
providing the utility with the electronic plan file.

i.2.4 Reliance on Institutional Memory

There is a crisis in the highway industry that will be difficult to solve. The institutional memory is
being lost. Through reduced budgets and a general aging of the staff members in the agencies,
the “old guard” is retiring. Over the past few decades, hiring freezes were imposed on agencies
and these freezes, in conjunction with normal retirements, have created a void between the
senior experienced people and the new entry-level personnel. There are no mid-level people
who would be the heirs to valuable planning and design practices, which was in the memory of

the senior individuals.

I1.2.5 Communication and Coordination

Lack of effective communication and coordination between the agency (DOT or municipality),

and utility owner/operators is a recognized problem. Every agency has some form of long-
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range transportation master plan based on the projected needs of future growth. Typically
these master plans are distributed among government agencies and discussed at public
meetings. Limited staffing makes it impossible for utility companies to attend all the public
meetings for projects within their service territories. The utilities are not being routinely provided
with master plans and meeting agendas so that they can determine which projects are most
important and then allocate the necessary resources for attending the important meetings.
Furthermore, poor advance planning can result in multiple relocations of the same facilities due

to all phases of a highway expansion not being identified on the master plan.

Effective January 1980, the Florida Department of Transportation (FDOT) established a policy
for adequate and effective liaison practices between the department and other entities such as
local governments and utilities. In spite of the existence of this policy, a 1996 study by the State
of Florida’s Office of Program Policy and Government Accountability (Report 95-30), identified
poor communication and coordination between FDOT staff and other entities as the second
major factor contributing to FDOT construction project cost overruns and delays. About 30% of
the study cases involved coordination problems with utilities, most often resulting in extra work
to locate and move utility lines impacted by the projects. A 1998 follow-up report (Report 98-24)
indicates that FDOT should continue improving its efforts to coordinate with third parties to
identify existing utilities and incorporate design alternatives as plans are developed to minimize
cost overruns and delays due to making design changes and unplanned utility relocations

during construction.

Wisconsin has a State law that was enacted to prescribe minimum utility coordination
requirements in order to prevent utility relocations from delaying highway projects [Sec. 84.063,
Wis. Stats. Utility Facility relocations and related Administrative Rule Trans 220]. This law,
among other things, requires the Wisconsin Department of Transportation (WisDOT) to provide
utility companies with a notice of proposed highway improvements and preliminary plans as
early in the development of highway projects as possible. Within a reasonable time, usually
about 60 days, utilities are to respond to the notice and provide a description of facilities in the
vicinity of the improvements, including specific reasons or needs for those facilities to remain in
place or be relocated. After each utility responds to the notice, WisDOT must mail each utility at
least one set of preliminary plans. These plans must show all existing utility facilities known to
WisDOT in areas where they will conflict with the improvements. More details and other
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legislative requirements may be found under Trans 220 at: hitp://www.legis.state.wi.us/

rsb/code/trans/trans.html.

FDOT and WisDOT are certainly not alone, and despite the lack of similar studies in other
states there is enough personal experience in the state highway design departments and the
construction and utility communities across the country to verify that poor communication and

coordination is a measurable contributor to construction problems.

The FHWA has developed and distributed a video entitled “CCC: Making the Effort Work!” This
19-minute video is based on the research and recommendations contained in AASHTO Utility
Guidelines and Best Practices. It is designed to inform highway agencies and utilities of actions
they can take toward avoiding construction delays and reducing or eliminating unnecessary
project costs, and to motivate them to work in partnership with each other toward this common
goal. Information for obtaining copies of this video can be found on the FHWA web site at:
http://www.fhwa.dot.gov/programadmin/utility.html.

I1.2.6 Technology to Locate Utilities

Although many geophysical methods currently exist to designate buried utilities successfully,
there is no one piece of equipment capable of detecting all types of utilities in a given location,
and many of the methods are further constrained by soil conditions, depth of burial and
proximity to other utilities. The current technology thus makes it necessary to have a variety of
equipment on hand and the trained staff to use it, economically limiting the in-house capabilities
of any DOT or utility. The use of a Subsurface Utility Engineering (SUE) provider becomes the
most economical solution as they specialize in the equipment and training necessary for all
project conditions. The technology is at hand for refinement of current designating devices for
increased accuracy and a broader range of material detection, under a variety of soil conditions,
under a variety of installations. As the technology increases however, so does the level of
training required to utilize the equipment and interpret the resuits, therefore it is likely that SUE
professionals will continue to remain the best choice for application of the designating

technology of the near future.
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I.2.7 Abandoned Facilities

Abandoned facilities represent out of service utilities that have been abandoned in place.
Abandoned facilities are generally of unknown origin which is attributed to either a lack of
records indicating their presence, or the original owner being out of business or otherwise
unavailable to participate in the locating effort. Abandoned facilities may sometimes still contain
product, and when found, create a potentially hazardous, definitely precarious situation to deal
with. Encountering an abandoned facility during construction can mean a major delay to identify,
remove, or seal the facility. Abandoned facilities, existing in close proximity to active facilities,
can be marked as active and vice-versa leaving the active facility vulnerable to potential
damage. Abandoned facilities must be identified in the design stage so that ample time may be
allocated for discovery of the ownership and contents of the facility. Unless there are surface
features (picked up on topographic survey) to indicate their presence, abandoned facilities are
not typically discovered in the design stage unless a SUE investigation is performed as part of

the project mapping.
I1.2.8 Joint Use Trench Liability

The issue of joint use (common) utility trenches involves the sharing of a trench by two or more
utilities. In a common trench application, different utilities are separated vertically according to
the affected utility standards, with multiple lines of the same utility separated horizontally on the

same vertical level. The two most frequent examples of common trenches inciude gas / water,

and electric / telephone / cable TV. Municipal and private utilities are never in a common trench

with each other.

Common trenches make effective use of space where ROW is limited and are therefore utilized
often as a design option. The designer, whether employed by the highway agency or the utility,

should be cognizant of the following problems associated with the use of joint trenches:

o Typically, the facilities installed in common are owned and operated by different companies.
Since these companies perform independent operation, maintenance and repair activities,
additional risk and liability to both parties is assumed in protection of the other’s facilities
during these activities. The utility companies should seek legal counsel and negotiate an

agreement between them regarding this liability. In any case, the highway agency should
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require a hold harmless agreement in favor of the agency for any joint installations

mandated by the highway project.

» Positive location of the lower utility by either geophysical methods or by potholing can be
difficult. It is important that as-built drawings of each respective utility show the other’s

facilities in common trench for future identification.

e The most cited problem with common trenches is improper field installations resulting in less
than minimum clearances between facilities. This compounds the risk and liability issue.
The designer must insure that the project PS&E specify the proper installation, and that the
construction inspection enforces compliance by the constructors. The more frequently that

the trenches are properly installed, the more willing utilities will be to utilize the option.

II.3  FINANCIAL IMPACTS

1.3.1 Cost for Relocation

Utility relocation, as required for highway construction and rehabilitation, is inherently a costly
item. As previously stated, relocation costs can be borne by either the utility or the highway
agency, depending on the utility’s property interest and the State’s utility accommodation laws.
In either case, the cost is ultimately borne by either a ratepayer or a taxpayer, who are one and
the same person, so to truly serve the public, the agency should attempt to avoid relocations
whenever possible, whether or not it is reimbursable. Since 1983, New Jersey DOT has been
reimbursing for all public utility relocations (utilities that are regulated by the public utilities
commission), as well as reimbursing private utilities with property interests. The NJDOT utility
department estimates utility reimbursement at approximately 10 percent of the State’s annual
highway budget, with DOT personnel dedicated to coordinating with utility companies

comprising approximately 5 percent of the highway design budget.

The costs of utility relocation increase significantly when not planned for well in advance,
especially if discovered after construction begins. The utility company must have time to
prepare construction drawings, obtain the required materials for the relocation, and mobilize its

forces for traffic control and construction. Most often, the utility is required to relocate prior to
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mobilization of the highway contractor and this can’t occur if the conflict is unknown to project
designers. Once the highway contractor is mobilized, any delay to the contract schedule,
through no fault of the contractor, constitutes a contract change order claim. In addition, work
that the contractor may do involving the actual relocation would also be a change order claim, to
be paid at the contractor's cost plus profit and overhead. If identified during design, the

relocation could have been included in the bid price and schedule, or possibly even avoided.

[1.3.2 User Costs

User costs are the great unknown in calculating costs of a highway project, both on a first cost
basis and on a life-cycle cost basis. What are the fuel costs involved with congestion caused by
lane closures? What costs are incurred by businesses in the form of lost revenue when access
to their businesses are impeded by rehabilitation activities? What are the costs incurred by
ratepayers as a result of temporary loss of service and unnecessary utility relocation? What are
the costs to the State when public opinion opposes frequent highway construction? Although
these costs are difficult to quantify, the fact is that they are real.

One of the drivers for avoiding utility relocations is the reduction of user costs due to delay. A
common practice is for State agencies to require utilities to relocate prior to the commencement
of highway construction. The traveling public sees lane closures and congestion during the
relocation work and then suffers again through the actual highway construction. The public
does not understand the process. They want a maximum service facility with a minimum of
disruption. The pressure to reduce or eliminate such delays in congested corridors is growing.
Agencies such as Florida Department of Transportation now require a permitted Maintenance of
Traffic (MOT) for highway utility work to minimize traffic disruption. NJDOT schedules the utility
work to occur either using the highway contractors own forces, or at least in conjunction with the

highway contractors traffic control operations.

-9






SECTION ill. SYNTHESIS OF CURRENT PRACTICES

Government agencies have been developing systematic approaches to managing utility
conflicts within highway construction projects since the 1970s. Historically, however, most of
this effort has been focused on the damage prevention component of the problem and not on
the avoidance of utility relocations. In the last decade, the United States Department of
Transportation (USDOT), the Federal Highway Administration (FHWA), and American
Association of State Highway and Transportation Officials (AASHTQO) have played a major role
in promoting practices that reduce and avoid utility conflicts and relocations in highway
construction projects. In developing DOT utility accommodation policy and procedure
documents, State agencies have adopted these practices, as well as incorporating new ones
based on experience on projects in their own State. The current practices of most states place
emphasis on communication and coordination with utility owners supplemented by the collection
and distribution of accurate utility location information, in all phases of project development

(planning, design, and construction).

.1  ONE-CALL SYSTEMS

One-call systems represent the first nationwide concerted effort to address utility damage
prevention issues. A one-call system provides a single statewide toll free “call before you dig”
phone number that anyone (contractor or individual) planning to excavate must contact prior (24
to 48 hours) to performing the excavation. The one-call system provider is responsible to notify
the affected utilities (subscribers) of the scheduled excavation activity, who, in turn must
respond to mark the horizontal location of their facilities at the site before the excavator begins
to dig. It is mandatory for utility owners/operators to participate in the one call system for the
State(s) within their service territory. Current state-of-the-practice for one-call systems can be
found in “Common Ground, Study of One-Call Systems and Damage Prevention Best Practices
(August 1999)" published by the USDOT, in conjunction with the Office of Pipeline Safety.

Use of the one-call system can reduce or prevent damage to existing utilities during
construction, thereby reducing project cost. The discovery of a utility conflict at the construction
stage doesn’t, however, reduce the impacts to the project resulting from an unplanned utility
relocation or design revision to avoid the relocaticn. Often, such impacts are attributed to

insufficient or poor quality utility location information available to the project designers and it
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would seem logical to utilize the one-call system to obtain the utility information for project
design purposes as well as for construction. This is not the case, however, and although the
one call system is an effective damage prevention tool, it is not an accepted means of obtaining
design level information. In fact, in many areas this is discouraged or even prohibited. This can
be attributed to inherent one-call system errors (no depth information, tolerance, ignorance of
abandoned facilities, short response / turnaround time, limited education and training of
employees, availability of equipment), but the primary reason against using the one-call system

for design is the lack of acceptance of liability.

Engineers accept a certain liability for the accuracy of data contained on their plans. When this
data is obtained from sources not under the control of the Engineer, such as utility records and
as-built plans, responsibility / liability disclaimers are often used to protect the Engineer from a
third party relying on such information. In the case of the one-call system, individual utilities are
required to mark the approximate location (the accepted tolerance is two feet on either side of
the mark) of their facilities for an immediate (2 days maximum) excavation. If the utility is hit
outside the tolerance of the marks, the utility would clearly be responsible. If the same marks
had been referenced by survey to the construction plan and used for design and the utility was
hit during construction, the responsibility is less clear. Since the original marks naturally fade
with time and leave no permanent field record, it would not be possible to determine if the marks

were in error or if the survey was in error.

Although the one-call system markings are not being used for design purposes, the one-call
subscribers (utilities) are typically contacted on an individual basis by agency designers and
required to verify their facilities on agency design plans. The means, methods, and liability for
locating one’s own facilities during this process is assumed by the individual utility. The DOT
project designer must evaluate the need for additional subsurface investigation to either
supplement or supplant the utilities’ effort, or to locate suspected abandoned facilities. In the
recent past, such additional investigation was a difficult and expensive task because of the
limited number of private firms with the required expertise and equipment willing to assume the
liability for locating. As demand for accurate and complete subsurface information continues to
increase throughout the country, more and more firms are becoming qualified to perform the
service. The professionals at the helm of these firms are setting standards for the industry and
their services are now recognized as a new branch of Engineering called Subsurface Utility

Engineering (SUE).
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1.2 SUBSURFACE UTILITY ENGINEERING (SUE)

The greatest potential for avoiding utility relocations requires collection of high quality location
data very early in the design process, and preferably in the planning stage. SUE holds the key
to obtaining and delivering this information to planners and designers. SUE is becoming more
widely used and is now accepted and promoted by engineering organizations and Federal and
State agencies as a means of reducing overall project costs and liabilities. The FHWA has
been involved in promoting the use of SUE because of the waste involved in unanticipated utility
conflicts involving Federal dollars. AASHTO has also recognized SUE as a best practice and
the American Society of Civil Engineers (ASCE) Standards Committee has developed standard

guidelines for the collection and depiction of existing subsurface utility data.

The following description of SUE was taken from the Washington State Department of
Transportation’s Technology Transfer Newsletter and was written by Jim Anspach, a leader in
the field.

What Is Subsurface Utility Engineering?

SUE is a relatively new interdisciplinary approach to managing the risks that
existing underground utilities create on projects involving excavation. Many of
these risks are a direct result of inaccurate, incomplete, or imprecise information
on the location or existence of existing utilities. Just as important are the timing
and distribution of this utility information. SUE utilizes new and existing
technology to collect and manage utility data, and transmits this data to the right

parties, at the right times, in order to decrease project risks.

A pending ASCE standard titled Standard Guidelines for the Collection and
Depiction of Existing Subsurface Ulility Data defines SUE as: “A branch of
engineering practice that involves managing certain risks associated with: utility
mapping at appropriate quality levels, utility coordination, utility relocation design
and coordination, utility condition assessment, communication of utility data to
concerned parties, utility relocation cost estimates, implementation of utility

accommodation policies, and utility design.”
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An engineer has many sources of information on existing utilities. Utility owner
records, public records, private records, interviews with knowledgeable sources,
visual site indications, historical books and newspaper archives, subsurface
geophysical information, test holes, and Geographic Information System (GIS)

systems are some examples.
How Do These Records Differ?

There is one obvious difference between these records: Quality! Different types
of records have different quality. Some records have very high quality, and tell
us everything we need to know about a particular utility at a known point,
location, depth, backfill type, and utility composition. Other records may have a
very low quality, and tell us next to nothing about the utility, other than its

potential presence somewhere in the general area.

Until recently, there was no mechanism for engineers or surveyors to differentiate
these differences in quality on design or construction plans, or in GIS databases.
All utility information was depicted as being the same. The end result of low
quality information being portrayed the same as high quality information resulted
in all the information sinking to the lowest common denominator of quality, in

other words, untrustworthy information.

Engineers and surveyors recognize this and completely disclaim responsibility for
utility information that they depict on documents. They attempt to push liability to
the utility owner or the constructor. Some court rulings uphold these disclaimers.
Others do not. In a Commonwealth of Pennsylvania ruling (PennDOT v. LA
Catalso), the owner of the construction plans (PennDOT) was found to be
responsible for any costs associated with poor or missing utility information on
the plans. This prompted the following statement from William D. Pickering, P.E.,
PennDOT State Utilities Engineer, on a 1995 FHWA film: “In Pennsylvania, the
project owner can be held legally responsible for the accuracy of the information
on the bid documents. Consequently, we want a competent professional to

obtain that information for us.”
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Usually, the finger of blame points everywhere for problems associated with poor
utility information and only the lawyer’s profit. A recent Indiana (Lafayette) court
case assessed damages at 30 percent, 30 percent, and 40 percent, respectively

to the city, the engineer, and the contractor.

How Can Responsibility Be Better Defined?

One of the advantages of applying SUE to a project is that responsibility for
wrong or missing utility data on plans is better defined. The SUE provider
becomes individually and corporately responsible for negligent errors or
omissions of the deliverables and no longer disclaims utility information, but
instead, claims responsibility for it — within certain guidelines. These guidelines
involve defining and then obtaining and depicting the “quality level” of utility
information. In other words, if the engineer can verify that a particular utility
depiction on the plans is very accurate, why not say so, rather than disclaim the
good information along with the bad? By taking responsibility for data, contractor
bids are lowered and there is certainly a better incentive to get right information

on the plans.

The ASCE recognizes that national standards for these quality levels need to be
developed and promoted. They have, therefore, formed a national consensus
standards activity to draft such standards. Once in place, these standards may
influence how the insurance industry and the courts view utility data liability.
Membership of the committee includes people from engineering, construction,
insurance, utility owners, academia, Federal agencies, the military, labor unions,

equipment manufacturers, and providers of SUE.

What Are Utility Quality Levels?

It would be quite easy to develop literally hundreds of different quality levels if
one were so inclined. However, such a large number would be unwieldy and,
therefore, probably not effective. In developing quality levels, a natural grouping
emerged that addressed how data was collected and how that data could be

endorsed by a licensed professional.
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Quality Level D (QL D) utility data is that information that is collected and
depicted on documents that comes solely from utility owner records, or
conversations, or indirect visual indications. It is the lowest quality level and
everyone should be very careful when using it for any purpose. The only aspect
the engineer can be held accountable for is investigating appropriate sources of
information and interpreting the records as best as can be done. It has a good
application for project planning / route selection, where the planner needs to get
an overall “feel” for the utility congestion. An example of its use and pitfalls is as
follows: A water record from 1960 shows the water line 2 feet off the edge of the
road, with one valve on the main. The road in 1960 was two narrow lanes; now it
is two wider lanes with a turn lane. The engineer plots the water line 2 feet off
the edge of the road, but is not known whether (a) the edge of the road is at the
same place now as in 1960, (b) the water line record was correct as far as its
geometry, (c) the water line is still in service or abandoned, or (d) the water line
underwent changes in conjunction with road improvements or other events.

Quality Level C (QL C) utility data is better and entails the use of visible utility
features. It addresses the problem of where the old road edge might be by using
the water valve as a survey point. All visible utility structures that indicate a utility
below the surface are surveyed to project control and placed on the plans at the
right positions. Then, the utility record’s geometry can be used to place it on the
plans. The water line that would have been plotted 2 feet off the edge of the road
is now plotted through the surveyed water valve. If the water valve is 6 feet
inside the turn lane, then the water line is plotted parallel to the road (following
the record geometry) but 6 feet inside the turn lane. Of course, if the water valve
cannot be found, this utility can only be plotted to Quality Level D standards.
Quality Level C data still does not address utilities for which there are no records,
utilities for which the records are wrong or incomplete or not updated, or utilities
which have no visible features that can be surveyed. The survey of the visible
utility feature is endorsed by a licensed professional. Liability revolves around
the appropriate utility records search, the survey, and the best interpretation of

the records information.
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Quality Level B (QL B) utility data provides a significant upgrade in quality from
QL C data. It involves the use of surface geophysics to identify, interpret and
field-mark underground utilities, combined with a survey of the field markings,
and subsequent reduction onto plans or into the digital database. There are
many different types of surface geophysics that will work under certain conditions
to identify underground utilities. The key to liability here is that the appropriate
methods be used. Appropriateness of method is part of the professional
geophysicist or competent engineer’s role, along with interpretation of the data,
and education of the client for budgetary purposes. The key is to pick those
techniques that, given the environmental and site conditions, will give the
educated client the best “bang for the buck” in identifying the most, or the most
critical, utilities for the project mission. Not all utilities may be found through
surface geophysics.

After utilities’ approximate locations are marked on the ground surface, the
engineer / surveyor references them to project control and reduces them onto
plans or into the database. Other information might be interpreted from the
surface geophysics, such as approximate depth and utility type. Utilities for
which records exist, but which could not be found through the surface
geophysics, are depicted at a lower quality level.

In the water record example, if the water line had bends in it that the records did
not reflect, the surface geophysics would detect them. If the valve were paved
over, the surface geophysics would detect it; survey would place it on the plans
correctly. If the water line was abandoned and in poor condition, the surface
geophysics might detect the new waterline, and give clues to the condition of the

abandoned one.

Liability for Quality Level B data is generally confined to surface geophysics
method selection, education of the client, correct interpretation of the surface
geophysics, correct marking of the utility on the ground surface, survey of those
markings, depiction on the plans or in the database, and evaluation of all
appropriate records to see if utilities must be depicted at a lower quality level.
The appropriate professional affixes his or her stamp on the deliverables;
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insurance covers all aspects of the end work deliverables. QL B data is most

useful in the preliminary design stage of projects.

Quality Level A (QL A) data is the highest quality. No matter how well the
surface geophysics are applied and interpreted precise information on elevation,
size, material type, condition, configuration, and so forth of the utility cannot be
verified without exposure. So QL A data is that data that is gathered, surveyed,
and depicted through excavation or exposure of the utility. It takes all
interpretation out of the utility information at that point. In our water line example,
the exact horizontal location, depth, condition, and other data at the point where

it is needed is gathered.

New excavation technologies such as air / vacuum methods protect the utility
from damage during exposure, limit the work zone, and reduce costs. Quality
Level A measurement data is endorsed by the licensed professional.

What Are the Advantages of Using Quality Levels?

Instead of all utilities depicted the same on a document, those utilities for which
better data are available can be portrayed in such a manner that designers and
constructors can minimize their impacts. The subsurface utility engineer is
responsible for depicting the utilities at the correct quality level, and following the
established industry procedures for collecting and interpreting that data. If the
engineer makes a negligent error or omission, he or she may become

responsible for the resultant problems with design or construction.

Being able to obtain higher quality utility information resuits in project savings
through better design and construction. The FHWA has performed widespread
studies that show average savings in excess of 462 percent of every $1 spent in
upgrading utility information to its highest necessary quality. Project owners and
utility owners can select the amount of risk they want to underwrite on a project
by selecting the quality level of utility information that they procure, or by

requiring the project engineer to provide it to them.
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From “Subsurface Utility Engineering in Washington State,” Washington State
Technology Transfer Issue 71, Summer 2001.

.3 ELECTRONIC DOCUMENT DELIVERY

With the widespread use of computer-aided drafting and design (CADD) systems, and
Geographical Information Systems (GIS), information collected by SUE providers can be easily
shared with project designers. These systems also make it possible for utilities to keep more
detailed and accurate records of their facilities and make this information available to other
agencies. Highway agencies and utility companies across the country have invested heavily in
state-of-the-practice electronic information technology. Base mapping as well as project
specific data is now almost universally digitized or created in some type of CADD format. The
coordination issue now becomes how to share this information. Proprietary rights and security
protocol often prevent open access to data bases maintained by DOTs and utilities. Open
access would also place the burden on the utility or agency as the case may be, to navigate the
other’s database to find the required information, all the while having access to unrelated
proprietary information. The solution may be to electronically transfer data base information to

the necessary users.

Electronic Document Delivery (EDD) is the use of electronic files to communicate highway
project design information and status over the Internet to affected utility companies. Hypertext
Transfer Protocol (HTTP) is how a standard web browser transfers files from remote web
servers to PC users. Transferring files using e-mail is also a common practice. HTTP and e-
mail, however, do not provide the fast and efficient transfer of large files as required by many of
today’s business internet users and subsequently, a growing number of companies are using
File Transfer Protocol (FTP). FTP is being used because of its capability to transfer files as
large as 20mB. Other advantages of FTP include the ability to resume transferring after
interruptions and the availability of various security and file management software support

applications.
Electronic Document Delivery using an FTP site is currently being used by the Georgia

Department of Transportation (GDOT). The following information was obtained from the GDOT

Utility web site http://www.dot.state.ga.us/operations/utilities/.
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The District Utilities Office (DUQO) of the GDOT is responsible for initiating and coordinating the
EDD process for a given project, consisting of various EDD submissions. Each submission
contains a higher percentage of completed highway design information and requires that a
higher percentage of utility information be provided to the DUO prior to the next submission. An

example is shown below for the first submission:

1% submission (identify existing utility facilities): the DUO transmits conceptual project electronic
reference files (preliminary alignment plans and general project information) and blank utility
files on the FTP server site. The utility companies are notified by mail or e-mail that preliminary
project information is available on the site and of the time frame in which the utility must
respond. The utility researches its records and places its existing facilities in the blank
electronic file, sends it back to the FTP server within the allotted time period and notifies the
DUO of such.

Coordination continues with the 2™ (identify utility relocations), and 3 (utility review)
submissions until completion of the highway and utility design which is represented by the 4"

submission (final plans).

In addition to FTP sites, other Electronic Document Delivery and Web enabled Document
Management systems currently exist to support file transfers and updates with minimal
intervention. One such system is Bentley’s ProjectWise (http://www.bentley.com) which
provides a common platform for the management of content created by MicroStation and
AutoCAD files as well as other business file formats such as Microsoft Office XP. Another is the
peer-to-peer (P2P) method for project sharing at the workgroup level. Groove Networks, Inc.
(http://www.groove.net) offers a P2P computing platform for secure business collaboration
across multiple organizational and technological boundaries. Groove and other platforms are
utilizing an Extensible Markup Language (XML) which deals with defining a common language
to describe objects as they exist in disparate systems. While simple file translations are
currently possible, XML offers the promise of total data fidelity between different systems so that
data will never have to be entered or edited more than once. Desktop applications such as
Microsoft Office and AutoCad, among others, now support XML data. In 1999, Autodesk
initiated LandXML which provides a specialized XML format for land development professionals

(http://www.landxml.com).
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Il.4 COMMUNICATION AND COORDINATION MEETINGS

Many jurisdictions have adopted a proactive approach to utility coordination that involves regular
coordination meetings among utilities and the DOT staff, both on short and long term work
plans. The main objectives of meetings and the justification for the dedication of necessary

staffing is to:

e Recognize the shared goals of the stakeholders and act as a team to accomplish
those goals.

¢ Identify early, proposed highway projects that affect existing utility facilities to allow
highway planners to explore highway alignment alternatives to avoid major utility
relocations prior to project design.

¢ Identify design alternatives to minimize utility impact and relocations on highway
projects already in design progress.

o Coordinate the construction schedule of unavoidable utility work with the highway
construction schedule to reduce the disruptions to the public and prevent conflicts
between contractors. This may include the highway contractor performing some or
all of the relocations.

¢ Refine the coordination process for continued efficient communication.

The operating principles that support successful communication are summarized below:

e Monthly, short meetings are better than quarterly, long meetings.

e Hold the meetings in a convenient location; make sure the accommodations are
suitable for the purpose of the meeting.

¢ The people who attend should have decision-making authority.

e The same people should attend every meeting. If this is not possible, the person
coming as a substitute should have the authority and the background information
that the primary participant has.

e Use good meeting management skills, or include a facilitator to keep the meeting
focused on the desired results.

¢ There should be an agenda jointly developed and shared before the meeting.

o Try to share materials/handouts for review before the meeting to save time.
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e There is mutual commitment to start and end on time.

e The group should agree on a decision-making process, e.g. consensus, majority
vote, etc.

e There should be a record/minutes of the meeting. Actions should be verified before
the meeting ends; the record should be shared with all stakeholders.

¢ Someone should have responsibility for follow up, to make sure that agreed upon
actions are completed by the date selected.

¢ Group members should share contact information (telephone, cellular, fax, e-mail).

e Establish rotating or shared leadership of the meetings.

e Periodically, assess the effectiveness of these meetings, either verbally or with a
written survey. Discuss problems and take corrective action.

e Use a common base map (GIS or CADD).

e Use all of the available technology tools to share information between meetings —
web sites, electronic bulletin boards, established groups for e-mail, on-line or print

newsletters.

.5 REGULATIONS

Most State DOTs have already developed, or are currently developing, Utility Accommodation
Policy and Procedure Manuals. These manuals deal with all aspects of utility accommodation
within the public ROW, including planning, design, permitting, construction, maintenance,
ownership, relocation, and reimbursement. Links to various DOT utility department web sites
can be found on the FHWA web site, Office of Program Administration, Utilities Program
http://www.fhwa.dot.gov/programadmin/utility.html. Federal utility regulations are contained in
the Code of Federal Regulations (23 CFR Part 645). Federal guidelines can be found in the
current edition of the FHWA publication “Program Guide: Utility Relocation, Adjustments, and

Accommodation on Federal-Aid Highway Projects.”
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1.6 AGENCY SURVEY

The policies and practices of most states are continuing to evolve as the value of avoiding utility
relocations becomes more evident. In order to evaluate how the State agencies are utilizing the
various current practices, Nichols Consulting Engineers (NCE), on behalf of the FHWA,
conducted a survey of State agencies around the country. The survey questionnaire, as well as
a summary of the responses in a spreadsheet form, can be found in Appendix A.

Surveys were sent to more than sixty (60) agency utility coordinators and other State
Department of Transportation personnel responsible for utility issues. Private sector
representatives from universities, utilities, consulting firms, and SUE providers were also

contacted. Both the agency and private sector contact lists were provided by the FHWA.

There were 44 responses from 37 State agencies. In some states, more than one district
responded. There were six responses from the private sector and one each from a county and
a city. The following evaluation of survey responses is based on analysis of the State
responses. Although the other information provided was useful and informative, the survey was
geared to capture aspects of utility issues as they relate to State and Federal highway
construction. Following are the questions of the survey and a brief analysis of the responses.

1. Does your agency currently use the Subsurface Utility Engineering (SUE) process,

as defined by the FHWA, to obtain information about underground utilities?

Of the 44 agencies that responded, approximately 70 percent said they used SUE. About 40
percent as a standard practice, 20 percent on occasion, and the other 20 percent had
conducted a trial project, pilot projects, or were just implementing SUE contracts. Notable
Response: “My district is currently using SUE to some extent on each and every project within

our district work program,” Florida Department of Transportation District 2.

2. If so, do your in-house designers and/or design consultants use the SUE
information in the design of highway projects to avoid or minimize utility

relocations?
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Almost all agencies used their SUE data to provide designers with information that would help
avoid relocations. Some admitted that the information may not get to the designers soon
enough to alter the design but they would know for sure whether or not the utility had to be
relocated. Notable Response: “Yes, our designers have been instructed to design around

utilities whenever possible,” Montana Department of Transportation.

3. If not, do your in-house designers and/or design consultants use any other
sources of underground utility information in the design of highway projects to

avoid or minimize utility relocations?

Agencies who did not use SUE relied on historic data, one-call locates, and utility as-built plans
to acquire utility information for design. Notable Responses: “We place this responsibility upon
the owner of the utility. We send plans to them of our surveyed data and they are required to
mark up any corrections and or confirm the accuracy” New Hampshire Department of
Transportation. “Other sources of information (besides SUE) are generally not reliable enough
to allow one to confidently re-design around utility conflicts,” Colorado Department of

Transportation.

4. At what point in the development of highway projects does your agency notify

utilities of upcoming projects that may have utility conflicts?

The design process was broken into the 30 percent, 60 percent and 90 percent design
completion. The scoping plans that include topography and ROW are at 0 percent design and
at 90 percent design, cost estimates are being prepared and the design is pretty much set.

About 70 percent of the responders said that they got utility information into the design process
before the 30 percent design stage and many started coordination well before that. “Got utility
information” means it was solicited from utilities, acquired through the one-call system, taken
from as-built plans, obtained through SUE, etc. Notable Response: “Upon initiation of the
design process, the Houston district began an electronic distribution of our project award

schedule on a monthly basis. Per Houston district policy, designers are required to

-14



communicate and coordinate with the utility entities themselves,” Texas Department of
Transportation, Houston District.

5. What other coordination activities does your agency engage in with utilities
affected by proposed highway construction?

After initial contact most agencies said they continued regular, often monthly meetings through
the rest of the design phase and through construction. Other agencies conduct utility field
inspections to evaluate the accuracy of the plan data. Notable Response: “Michigan
Department of Transportation (MDOT) includes some utility work in construction contracts.” The
MDOT contractor is responsible for utility work, thus minimizing potential conflict and delays.

6. Who in your organization determines whether to relocate conflicting utilities or to

design around them?

In about half the cases, responders indicated this is a cooperative decision between the design
engineer and the utility coordinator, with utilities and contractors involved along the way. In
about 40 percent of the cases, it is the ultimately at the discretion of the design engineer.
Notable Response: “Joint Effort, utility coordinator, designer and utility representative. Usually
a mutual cost-driven solution,” Wisconsin Department of Transportation.

7. What are the factors that might contribute to the design being revised as opposed
to the utility being relocated?

Half the respondents cited a combination of cost, schedule delay, and safety as factors to
determine whether a utility should be relocated. After this combination of factors, about 35
percent said cost was the driving factor with schedule following at 10 percent. Notable
Response: “Path of least resistance = move the utilities, NOT re-do the design,” Texas

Department of Transportation.
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8. Are Life-cycle Cost (LCC) considerations or other economic models used to

evaluate relocation re-design issues?

About 70 percent of the agencies said LCC were not used in evaluating the relocation vs. re-
design with 28 percent saying they did evaluate them. Notable Response: “All cost
comparisons are based upon current dollars,” lllinois Department of Transportation.

9. What types of design changes have been made by your designers in order to

avoid or minimize the need to relocate utilities?

There was a big response to this question with about 58 different strategies suggested. These
are discussed in detail in Section V. The gist is that the earlier the designer gets good /
accurate information, the greater the range of strategies available. If the location of utilities is
known prior to the start of the design, bridges and alignments can be moved. At 30 percent on,
there are fewer options for re-design. Notable Response: “We look at every avenue to
minimize the need to relocate utilities,” Connecticut Department of Transportation.

10. During the design process, are there design practices that are implemented
during the preliminary design stage to lessen the possibility of a utility conflict? If

so, can you name some of these design practices?

Approximately 90 percent of the agencies cited practices that they used. About half of these
involved good coordination procedures and the other half involved using locate/designate/SUE
procedures to get accurate data. Some indicated cost/benefit procedures drove some of the
design decisions. Notable Response: “Each utility owner is required to develop a utility work
schedule that identifies their utility within our proposed project and provides a disposition of
what is going to happen to that facility during construction, i.e., locate, protect, relocate, adjust,”

Florida Department of Transportation.
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11. If a utility conflict cannot be avoided and the utility needs to be relocated, do you

have any methods in place to help minimize the cost of relocation?

Twenty percent of respondents indicated concerns for both the taxpayer and the utility ratepayer
and cited good coordination and a cooperative spirit to realize cost savings. Sixteen percent
advocated including the relocation work in the highway contract. Another 20 percent responded
with “no”, or said the burden lay entirely on the utility. The remainder of respondents cited a
variety of responses. In about 10 percent of cases, State law forces the utility to pay relocation
costs in most circumstances so the agency indicated limited incentive to search for savings.
Notable Response: “Communication, cooperation, trust and good working relationship allow
alternative solutions to be investigated,” Kansas Department of Transportation.

12. Does your agency have any requirements concerning the placement of new

utilities to help avoid future conflicts?

There were a wide variety of responses to this question. About 20 percent indicated a
preference for utilities locating as close to the ROW line as possible. Thirteen percent indicated
they looked at each case with the future in mind. Seventeen percent each said the permit
process drove the location decision or it was handled by the agency Utility Accommodation
Policy. Seven percent preferred that utilities relocated outside the ROW. Notable Response:
“We buy the minimum amount of ROW to keep costs down, therefore, the chances of hitting

utilities in the future are pretty good,” Ohio Department of Transportation.

13. Does your agency have any policies or other strategies concerning utilities that

may be pertinent to this study?

Twelve percent recommended starting to work with utilities as early as possible. Fifteen percent
referenced their Utility Accommodation Policy and several provided websites where the policy
can be accessed. More than half had no response to this question. Notable Response:
“Continual training of new highway designers on the importance and value of good utility

coordination,” Wisconsin Department of Transportation.
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14. Does your agency have any policies on shared databases?

About 15 percent of agencies indicated that they did have database sharing policies of some
kind. These were primarily related to sharing of CADD files. This could be done on a case by
case basis or under agency policy. Seventy percent indicated no policy was in force. Notable
Response: “Started on GIS program which will use highway inventories, USGS Quad maps
(1:24,000 scale), and these will be available in the future to the public on a web site,” North

Dakota Department of Transportation.

15. Does your agency do anything else other than the items previously mentioned to
avoid or minimize the need to relocate utilities to accommodate highway

construction?

There were few responses to this question but those that did provided some valuable input.
Agencies suggested getting utilities to provide accurate as-built plans, place utilities in a
separate corridor when ROW is available, provide utilities with future project information, and
establishing a final scoping report that has a section to address utility concerns. Notable
Response: “Just continually emphasizing coordination, communication, and cooperation,”

Texas Department of Transportation.

ll.7 AASHTO BEST PRACTICES

The AASHTO Highway Subcommittee for ROW and Utilities recently completed the assembly of
guidelines and best practices for ROW and utilities. The utilities guidelines and best practices
were put together by a subgroup consisting of representatives from the Montana, California,
Colorado, and Pennsylvania Department of Transportations and from the FHWA's Office of
Program Administration. All State Departments of Transportation had the opportunity to provide

input, and many took advantage of this opportunity.

The utilities guidelines and best practices have been submitted to the AASHTO Standing
Committee on Highways. It is not certain yet what use will be made of them. A summary of

these guidelines and best practices is contained in Appendix C.
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l1.8 MUNICIPAL VS. STATE ISSUES

The underground environment of urban city and county streets is typically more crowded than
State Highways, requiring a higher level of utility coordination. On the other hand, municipal
projects are generally planned and implemented in much shorter time frames than State
projects, making it more difficult to obtain advance utility coordination. In addition, many utility
companies have service territories that cover many municipal jurisdictions, requiring the utility to
keep in contact with many different people and monitor a tremendous amount of project
planning and design information with limited staff. The consensus from the utility community is
that the municipalities are not providing the same level of advance planning information and are

not as sensitive to the issues affecting the utilities operations and budgets, as are the States.

.8 UTILITY PERSPECTIVES

Based both on the responses to the written NCE Agency Survey by private utilities and other
informal telephone inquiries to utilities performed by NCE, the following is a list of general

comments from the utility community regarding utility relocation:

e The utility should be recognized as a “stakeholder” in the highway project.

o State agencies should provide more reimbursement for utility relocation work.

o Utility reimbursement should be based on their performance to relocate their facilities within

an agreed upon schedule.

o Utility reimbursement and performance should be studied as to the benefits to the overall
project. This should include team building, improved coordination and communications, and
impact on construction cost and schedule. Currently, some utilities keep track of their
“negotiated savings” which are the savings to the utility resulting from negotiation of highway
design alternatives or re-design vs. utility relocation. Project savings statistics such as these
will aid the national effort to avoid utility relocation.

n-19



The State Utility Office should hold the State highway designer(s) more responsible for
addressing utility conflicts and suggesting resolutions. Unnecessary relocations must be
avoided, and when they occur due to lack of communication or coordination by the State or
municipality, the designer should somehow be held accountable, thus providing an incentive
for identifying conflicts and exploring alternatives early in the design process.

State DOTs have set standards for placement of facilities in the ROW. Many of these
standards, such as increased bury depth, have been implemented to accommodate future
highway maintenance (such as installation of signs or other minor excavation or drilling) or
expansion without disturbing the utilities. Utilities complain that some of these requirements

increase installation and maintenance cost.

Improve notification to utilities as to when projects are funded and scheduled for bid. This
will aid utilities in budgeting and scheduling relocation work on a timely basis. The State
should be responsible for initial contact on funded projects at the 0 percent design stage.

It is difficult to obtain permits for parallel utility encroachment in many existing ROW. This

has caused the utility to obtain private easements adjacent to the ROW.

Utilities are required to provide the location of their facilities at their own expense. Agencies
have the authority to retain SUE consultants to perform the same work. Utilities should be

paid to provide this service as are the consultants.
Utilities prefer to receive electronic plan information for locating and design, however, states
are not always using compatible software. The State should be responsible to set up

compatible electronic plan transfer system.

Municipalities should be held to the same standards and level of coordination and

communication as implemented by the State.
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SECTION IV. LOCATION TECHNOLOGY
SITE CHARACTERIZATION AND UTILITY LOCATING

Highway construction projects require a significant amount of planning and design before the
actual construction work can begin. An important part of the planning and early design
information gathered for a project includes subsurface site characterizations, such as various
geologic and environmental studies. Just as important, however, is site characterization of
subsurface utilities, which is often overlooked, or is not considered until actual construction
begins. When utilities are finally considered, too much emphasis may be placed on old site
diagrams or as-built diagrams that may not be reliable. For this reason, it is highly probable that
undocumented or unknown utilities will be encountered when construction begins, resulting in

possible project delays and cost overruns.

To avoid these delays, the planning and early design phases should include site
characterizations of subsurface utilities. While not all utilities are detectable, utility-locating
surveys will significantly reduce the uncertainty typically associated with these projects.
Following is a discussion of the methodology of utility locating surveys, the recommended
procedures that should be followed when planning and conducting a utility locating survey, and

the limitations associated with utility locating surveys.

V.1 METHODOLOGY

IV.1.1 Electromagnetic Line Location (EMLL)

Theory

EMLL techniques are used to locate the electromagnetic field resulting from alternating electric
current (a.c.) flowing along a conducting metallic line. The magnetic field forms a cylindrical
shape around the conductor and is called the “signal.” These signals can arise from currents
that are naturally present in many conductors (known as passive signals) or currents applied to
a line with a transmitter designed to produce an a.c. current of known frequency (known as

active signals). The most common passive signals are generated by live 50-60-Hertz (Hz)
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power cables, power system return currents and long wave radio transmissions flowing along
the convenient paths of lower resistance provided by metal pipes and cable sheaths. Active
signals can be introduced by physically connecting a transmitter to the line at an accessible
point and completing the circuit by a connection to ground. The conducted signal will usually
then travel along the line and will be detectable over a distance dependent upon the type and
size of the line, the type of joint, and the surrounding soil conditions. This is referred to as
electromagnetic conduction (EMC). Alternatively, an active signal can be introduced onto a line
through electromagnetic induction (EMI). This involves transmitting a high frequency a.c.
current through the air to create a primary electromagnetic field in the space surrounding an
underground line, which then induces a secondary magnetic field signal onto the line which is
detectable by a receiver. Metallic pipes can be located using the induction mode by either
placing the transmitter on the ground above or in close proximity to the utility, or by means of
placing an induction clamp around the line. An induction clamp can only be used at accessible
portions of the utility lines in vaults or breaker boxes. Nonmetallic pipes can be located using
EMI by placing a Sonde inside of the pipe. The Sonde transmits a controlled frequency
electromagnetic field that is then detected at the surface by a receiver above the transmitter.

< 73
(@/%
Active Signal Active Signal Active Signal
Direct Connection Surface Induction Induction Clamp

(Source: www.radiodetection.com/theorybook)

The detection of underground utilities is dependent upon the composition and construction of
the line of interest. Utilities detectable with standard line location techniques include most
continuously connected metal pipes, cables/wires or non-metallic utilities equipped with tracer
wires. These generally include water, electric, natural gas, petroleum, telephone, cable TV, and
other conduits related to facility operations. If there are no passive currents present, then these
utilities must be exposed at the surface or in accessible utility vaults in order to have an active
signal placed on them. Ultilities that require additional EMLL techniques include those made of

V-2



non-electrically conductive materials such as polyvinyl chloride (PVC), fiberglass, vitrified clay,
and metal pipes with insulated connections. Generally, a steel fish tape or transmitting Sonde

has to be placed into the pipe before these utilities can be detected.

Metallic Pipe - Direct Connection and Surface Induction Non-Metallic Pipe — Sonde

(Source:www.subsurfacesurveys.com) (Source: www.utiliscope.com)

Buried objects can also be detected, without direct contact, by using the induction mode. This is
used to detect buried metal utilities and near surface metal objects such as rebar, manhole
covers, USTs, and various metallic debris. The induction mode is used by holding the
transmitter-receiver unit above the ground and continuously scanning the surface. The unit
utilizes two orthogonal coils that are separated by a specified distance. One of the coils
transmits an electromagnetic signal (primary magnetic field) which in turn produces a secondary
magnetic field about the subsurface metal object. Since the receiver coil is orthogonal to the
transmitter coil, it is unaffected by the primary field. Therefore, the secondary magnetic fields
produced by buried metal object will generate an audible response from the unit. The peak of

this response indicates when the unit is directly over the metal object.

Equipment

The equipment used for EMLL surveys varies and is made by several different manufacturers.
A few representative EMLL instruments are listed below:

¢ Radiodetection RD-400 and 500
¢ Metrotech 800 series pipe and cable locators

¢ Dynatel 2250 digital cable locator
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e Fisher TW-6 inductive pipe and cable locator

e Schonstedt MAC 57 Bx pipe and cable locator

Radiodetection RD400 & RD500 Schonstedt MAC 57 Bx
(Source: www.radiodetection.com) (Source: www.schonstedt.com)

Fisher TW-6 Metrotech 810 and 850

(Source: www.fisherlab.com) (Source: www.utiliscope.com/metrotech.html)

It should be noted that there are additional manufacturers and equipment that have not been
mentioned. All of the instrumentation listed above specialize in the detection of utilities (pipes
and cables) using both the EMC and EMI techniques. The Fisher TW-6 and Schonstedt MAC

57 Bx can also be used as a near surface ferrous metal detector.
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IV.1.2 Ground Penetrating Radar (GPR)

Theory

GPR is a method that provides a continuous, high resolution cross-section depicting variations
in the electrical properties of the shallow subsurface. The method is particularly sensitive to
variations in electrical conductivity and electrical permittivity (the ability of a material to hold a
charge when an electrical field is applied). The system operates by repeatedly radiating an
electromagnetic pulse into the ground from a transducer (antenna). The antenna is hand drawn
or towed by a vehicle as it is moved along a traverse. When the radar signal encounters an
interface representing a change in permittivity (resulting in what is known as an impedance
contrast) some of the electromagnetic energy is reflected back to the surface. Notably, when
the signal encounters a metal object, virtually all of the incident energy is reflected. The
reflected signals are received by the transducer and are printed in cross-section form (time-
depth) on a graphical recorder. The resulting records can provide information regarding the
location of underground metallic and non-metallic utilities, as well as backfill material that may
indicate a utility trench. Generally speaking, electrically conductive materials such as clay soils
can limit radar performance by reducing the depth of signal penetration.

Hand-operated GPR units

(Sources: www.subsurfacesurveys.com, www.radiodetection.com, www.geomodel.com)
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Vehicle-operated GPR units

(Sources: www.technos-inc.com/Surface.html, www.geomodel.com)

Equipment

Both conventional and highway specific GPR systems are used to locate utilities. The most

widely used conventional systems are the:

e Geophysical Survey Systems, Inc. (GSSI) SIR-2000,
¢ Sensors and Software pulseEKKO,
e Mala Geoscience RAMAC X3M.

These GPR systems comprise a computer processor and one or two antennae. Each system
can be equipped with antennae that range from 100 to over 1,200 megahertz (MHz), depending
on the objective of the survey and the desired depth of detection. The frequency range of 200
to 400 MHz is typically used for utility investigations. This frequency range generally provides
high-resolution data within the depth range that utilities are buried (1 to 6 feet). The results are
printed in cross-section form that shows a vertical 2-D slice (image) into the ground. The

location of utilities can then be interpreted from these records in the field.
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SIR-2000 control unit GPR display
(Source: www.geophysical.com) (Source: www.geomodel.com)

Recently, advanced GPR systems have been designed to evaluate the condition of new and
existing transportation infrastructure, including both pavement and utility studies. Two of these
are the HIGHWAY SCAN by GSS|, and the CART Imaging System by Witten Technologies, Inc.
The HIGHWAY SCAN is best suited for rapid assessment of pavement layer thickness and
structural evaluation. It can also be used to image near surface utilites. The CART Imaging
System is a multi-channel GPR that provides a 3-D image of buried objects and utilities.
Depending on soil conditions, the CART system can image the subsurface at depths greater
than 10 feet. Both the HIGHWAY SCAN and CART system are designed to be towed behind a
vehicle.

IV.2 PROCEDURES

A thorough set of procedures should be established to increase the probability that every
detectable utility is located. These procedures should include reviewing all available utility maps
and site conditions, inspecting the site for evidence of utilities, locating all detectable utilities,
surveying the area for undocumented or unknown utilities, marking the detected location of the
utilities on the ground, producing a site diagram, and documenting the findings in a written

report.
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IV.2.1 Pre-Planning
Utility Maps

Prior to starting a utility locating survey, an effort should be made to review all information
possible related to utilities in the area. The search may provide beneficial information regarding
the possible routing of specific utilities, including those that may not be evidenced by vault lids,
valves, or above ground piping. Any information that can be reviewed prior to the utility locating
survey can be used to increase success in locating all detectable utilities in a given area. Ultility
sources available for review include old project plans, as-built utility plans, and maintenance and

repair records.

Project plans are created to show how a builder intends to develop a site. These plans may be
helpful in determining what utilities may be in the area. It should be noted, however, that initial
project plans may not be indicative of the final routing of utilities. In some cases, the routing of
utilities are changed during construction. Final utility routing is usually shown on as-built utility
plans. As-built maps are completed after a site has been developed and the utilities have been
installed. These maps are important in determining the general location of a specific utility and
where valve boxes, vaults, and above ground piping may be located. Maintenance and repair
records indicate if new sections of pipe have been installed or if certain utilities have been
abandoned in place or removed. In some cases, plastic or nonmetallic piping is used to repair a
section of metal pipe. Determining this, without previous knowledge of the repair, can be

difficult while conducting a utility locating survey.
Site Conditions

If utility maps are not available, knowledge of above ground structures and buildings can assist
in assuming how complex a site may be regarding underground utilities. Generally, the
complexity of a site is associated with the number of buildings that are in a given area. As the
number of adjacent buildings increases, so will the number of utilities (laterals) that trend from
those buildings. Also, the type of facility that those buildings represent can have a large impact
on how many utilities may be in a given area. For example, numerous utilities generally trend

off site from communication facilities, electric substations, communication/cable repeater
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stations, and oil refineries. In contrast, a limited amount of utilities will typically be associated
with residential structures.

1V.2.2 Site Reconnaissance

After reviewing available utility maps, or the one created for the project, an initial site
reconnaissance should be performed to confirm what was shown on the maps, and to visually
inspect for additional utility vaults, valves, meter boxes, man-way covers, clean-outs, etc. that
may be associated with adjacent facilities. After noting the location of these features, all utility
vaults, meter boxes, man-way covers, and clean-outs should be opened to determine the
utility’s construction materials, and if it is accessible. This will indicate whether the pipe can be
located by EMC, EMI, or by GPR.

IV.2.3 Known Utilities

Based on the information obtained during site reconnaissance, all known utilities should be
traced with the EMLL equipment using the conductive, passive, and inductive procedures. |If
these procedures are not successful, then GPR can be used as a final method to possibly

determine the location of the utility in questions.

Conductive

The conductive procedure should be used on all metal pipes (typically water, some natural gas,
and other facility pipes) that are accessible either above ground or in vaults or meter boxes.
This is done by applying a current directly to a line with a transmitter and tracing the utility by
marking the point on the ground where the strongest signal is received. Utilities usually can be
traced for relatively long distances using this technique. It should be noted, however, that the
conducted signal can also couple to other nearby utilities. In this case, it is generally useful to

continue tracing all utilities that carry the input signal.

Passive

The passive procedure can be used to locate known utilities that carry a 60 Hz signal. These

include electric lines, and electrically grounded utilities such as water and gas. This procedure
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can also detect utilities that re-radiate very low frequency (VLF) radio signals, such as telephone
and some metal lines. The passive procedure is done by systematically scanning the area
immediately around the utility vault or meter box with the receiver set to 60 Hz or Radio mode.
It is not necessary to direct connect a transmitted signal to the line. The peaked response
indicates the location of the utility. Once the target line is detected, it can be traced through the

site with relative ease.
Inductive

The inductive procedure can be used to detect known utilities without applying a current directly
to a line. This can be done by placing the transmitter on the ground directly over the suspected
utility. The transmitter will induce a signal onto the metal line that can then be traced using a
receiver. The inductive mode can also be used to locate nonmetallic sewer and storm drain
lines. This is done by inserting a transmitting Sonde into the line with a fiberglass probe and
locating its projected position on the ground surface. Once the position is marked, the
transmitter can be pushed in further and remarked. Typically, the Sonde is pushed to points
located every 5 to 20 feet apart, until the location of the respective pipe has been determined.

Known utilities, constructed of ferrous metal, can also be located by handheld metal detectors.
The handheld instrumentation indicates the presence of the metal utility by emitting a peaked
audible tone. Based on this tone, the location of the utility can be determined and marked on
the ground. This technique can also be used to detect man-way covers or vadult lids that have

been paved over, as well as buried, near-surface metallic debris.

GPR

If the location of a particular utility cannot be determined by the conduction, passive, or
induction procedures, GPR can be used in an effort to determine their locations. This is done
by obtaining GPR data over the approximate location of the known utility along traverses that
are positioned perpendicular to the suspected trend of the pipe. The trend of the pipe can
usually be approximated based on the location of vaults, man-way covers, and valves. If the
targeted utility is buried within the detection capabilities of the GPR, then the utility will produce
a reflection pattern on the printed cross-section. Based on the location of the reflection patterns
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obtained along many adjacent profiles, the interpreted location of the utility can then be

determined.

IV.2.4 Undocumented Utilities

Undocumented utilities are utilities that are not shown on any site diagrams, and in most cases,
they were installed without any record of their location. In order to survey an area for
undocumented utilities, the EMI, passive, and GPR techniques should be used to systematically
scan throughout the site. These surveys should be performed along traverses oriented both
perpendicular and parallel to the street or survey area. The traverses should be spaced
approximately 5 to 20 feet apart as required, depending upon the size of the site and the
specific objective of the utility locating survey. After the unknown or undifferentiated utilities
have been marked on the ground, invasive techniques (pot-holing, excavating, etc.) can be
performed to determine what type of utility it is.

IV.2.5 Recording Detected Utilities

To ensure that additional costs are not incurred during future work at a respective site, steps
should be taken to mark and document the location of all detected utilities adequately. This can
be accomplished by marking the location of the detected utilities on the ground, and by
surveying their locations and creating a site plan.

Typically, the location of detected utilities is marked on the ground using spray paint that follows
a standard color code. The code is established by the American Public Works Association
(APWA) and uses white and pink for various area markings and red, yellow, orange, blue,

purple, and green for various utility designations. The color code assignments are as follows:

e White: proposed excavation

e Pink: temporary survey marking

¢ Red: electric power lines, cables, conduit and lighting cables

e Yellow: gas, oil, steam, petroleum or gaseous materials

¢ Orange: communication, alarm or signal lines, cables or conduits

e Blue: potable water
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e Purple: reclaimed water, irrigation and slurry lines

e Green: sewer and drain lines

Paint offers a temporary means of marking utilities. Depending on site conditions, stakes, lath,
and survey brush flags can be used to provide a more visual and longer lasting way to mark
utility alignments. In addition to the field marks, the location of all detected utilities should be
documented on a field drafted site diagram, and surveyed by licensed surveyors. The surveyed

locations of the detected utilities can then be used to create an AutoCAD formatted site plan.

IV.2.6 Reporting

Additional documentation can be provided in a written report. Reports are used to provide
detailed information regarding site conditions, the methodology and equipment used, limitations
associated with the equipment, any physical limitation encountered on site, and the
interpretations regarding the location of utilities and other subsurface features. The report also
includes a drafted utility diagram, generated in AutoCAD format, showing the locations of all

detected utilities and subsurface features.

V.3 LIMITATIONS

There are inherent limitations associated with utility locating surveys that may not allow for the
detection of all subsurface utilities of interest. These are represented by both equipment
limitations unique to the EMLL and GPR techniques, and physical limitations associated with the
survey area. Limitations unique to the EMLL and GPR techniques are directly related to the
specific utility in question, and to the proximity of those utilities to other subsurface features or
utilities. Physical limitations include access into known utility vaults, as well as site access over

a suspected utility.
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IV.3.1 Equipment Limitations

Electromagnetic Line Locating Techniques (Conduction)

The successful detection of underground utilities is dependent primarily upon the composition
and construction of the line of interest, and depth of burial. When using the EMLL techniques in
the conduction mode, the utilities must be exposed at the surface or in accessible utility vaults
close to the survey area. Utilities detectable with this technique include most continuously
connected metal pipes, cables/wires or non-metallic utilities with tracer wires. Such utilities
generally include water, electric, natural gas, telephone, and other conduits related to facility
operations. Utilities that may not be detectable using these techniques include certain
abandoned utilities, utilities not exposed at the ground surface, or those made of non-electrically
conductive materials such as PVC, fiberglass, vitrified clay, and metal pipes with insulating

joints. Pipes generally deeper than about five feet may not be detected.

The detection of underground utilities using the conduction mode is also dependent upon the
proximity of those utilities to other subsurface utilities and/or above ground cultural objects.
Nearby buried utilities can mask or distort signals associated with the utility in questions. For
example, if several utilities are buried in a common trench or in close proximity to one another,
the signal applied to one utility can couple to the adjacent utility. This can lead to an error in the
marked position of the utility in question, or to delineating the wrong utility altogether. In
addition, when coupling of nearby utilities takes place, shallow utilities will generally produce a
stronger response than adjacent deeper utilities. Therefore, shallow utilities buried over deeper
utilities will generally mask effects from the deeper utilities. Besides buried utilities, above
ground metal objects can also be affected by coupling of the conducted signal. These objects
include rebar in concrete, railroad spurs, and above ground pipe alignments. Typically,
subsurface utilities located beneath or in close proximity to these features are difficult to

accurately detect or delineate.
Electromagnetic Line Locating Techniques (Passive)
The ability to detect passive signals associated with 60 Hz electric lines is dependent upon the

current flowing through the line. The passive signal strength has nothing to do with voltage. It

is the current flowing through the line that produces the magnetic field, which in turn is detected
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by the locator. If an electric line is energized at high voltage, but the load is switched off, there
is nowhere for current to flow. Without current flow, there will be no detectable power signal.
This resuits in a line that will not be detected by the locating equipment, but still remains very

dangerous if contacted by an excavator, auger, or metal pile.
Metal Detection Techniques (Induction)

The detection of buried metal utilities, using the handheld induction technique, is dependent
upon the size of the utility, its depth of burial, and its proximity to above ground metal objects.
As the size or diameter of the buried metal utility decreases, the depth at which it can be
detected also decreases. For example, a relatively large utility such as a corrugated steel drain
line, can be detected at depths of 3 to 4 feet. However, a smaller utility, such as an electric line
associated with street lights, may be detected only at depths of 1 to 2 feet. In addition, the
ability to detect a buried metal utility is also based on its proximity to above ground metal
objects or structure. Cultural features such as chain link fences, buildings, debris, railroad
spurs, guard rails, other utilities, etc. may produce a response that can mask effects from the

nearby buried metal utility.
GPR

Utilities detectable with the GPR technique include both metallic and nonmetallic pipes. The
ability to detect these pipes is dependent on site specific conditions. These conditions include
depth of burial, the size or diameter of the utility, the condition of the utility in question, the type
of backfill material associated with the utility, and the surface conditions over the ultility.
Typically, the GPR depth of detection will be reduced as the clay content in the subsurface
increases. Therefore, it is possible that utilities, buried greater than 2 to 4 feet, may not be

detectable by the GPR technique.
IV.3.2 Physical Limitations

Utility Vault Access

Utility vaults are typically associated with many utility alignments. These vaults range in size

from small circular caps and man-way covers to large rectangular steel plates. The purpose of
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utility vaults is to allow access to valves, meters, pipe junctions, or other features associated
with the respective utility. Utility vaults may also provide access into the interior of a utility such
as sanitary sewer or storm drain. As mentioned above, many utility locating techniques require
that an exterior or interior portion of a utility be accessible so a signal can be applied by either
direct connecting to it or inserting a signal-emitting device (Sonde). In many cases, this can
only be accomplished through a utility vault. If a utility vault cannot be accessed, the utility of
interest may not be detectable.

There are limitations associated with access into these utility vaults. These include limitations
associated with the removal of the vault lids, and those associated with the vaults after they
have been opened. Limitations associated with the removal of vault lids include physical
obstructions on the surface, and denied permission by the respective utility owner to open the
vault. Often, physical obstructions are encountered over a vault that has to be accessed.
These obstructions can include parked vehicles, immovable trash bins or trailers, or vault lids
that have rusted shut. In addition to physical obstructions, some private utility companies
require that permission be obtained before a vault can be opened and accessed. Typically,
these vaults are locked and must be opened by respective company personnel. These
limitations can easily be avoided by conducting site walks and preplanning the utility survey.
Limitations associated with utility vaults after they have been opened include confined space
entry, and physical obstructions to the accessibility of the vault. Most utility vaults, by definition,
are considered a confined space. Therefore, these vaults should not be entered uniess the
proper permitting and health and safety procedures, including monitoring and ventilation, have
been secured and implemented. To avoid physical entry into a utility vault, extensions can be
used to direct connect the line locating instrument to the utility within the vault. It should be
noted, however, that a utility may be too deep to reach with an extension. As a result, the utility
is also probably too deep to be detected by the above mentioned line locating techniques.

Other physical obstructions to the accessibility of the interior of a vault include water and soil or
debris. In some cases, vaults that are not properly sealed from the elements will fiil with rain
water. Other older vaults and smaller clean-outs can be filled with soil or debris. In these
cases, the water, soil, and/or debris must be removed so that extensions and/or Sondes can be

used to locate the respective utilities.

IV-15



Site Access

Site access is very important to the ability and accuracy of locating utilities. Accurate and
efficient delineation of a utility requires as many readings along the utility alignment as possible.
This is especially true when a utility makes several bends or has not been installed in a straight
line. When surface access over a utility has been limited due to thick vegetation, above ground
objects, buildings, or parked vehicles, the location of the utility in those areas generally cannot
be determined or confirmed. If these areas cannot be accessed eventually, the location of the
utility can only be inferred. This uncertainty may create additional delays when construction

projects finally begin.
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TARGET

Irrigation
Metal Irrigation Line

Nonmetaliic Irrigation Line

Domestic Water
Metallic

Nonmetalilic with Tracer Wire

Nonmetallic without Tracer Wire

Fire Suppression
Metallic

Nonmetallic

Natural Gas

Metallic

Nonmetallic with Tracer Wire

Nonmetallic without Tracer Wire

Petroleum

Electric

Street Signal

Fire Alarm

Sanitary Sewer

Access to Pipe

No Access

Access to Pipe

No Access

Access to Pipe
No Access

Access to Pipe

No Access

IvV-17

METHOD

EMC
EMI, MD, GPR
GPR

EMC

EMI, MD, GPR
EMC, GPR
GPR

EMC
EMI, MD, GPR
GPR

EMC

EMI, MD, GPR, PASSIVE
EMC, GPR

GPR

ALL

EMI, PASSIVE, GPR
EMI, PASSIVE, GPR, MD

EMI, GPR

EMI (Sonde), GPR



Storm Drain EMI (Sonde), GPR

Drainage Culverts MD, GPR
Underground Storage Tanks MD, GPR
Septic Tanks GPR

LEGEND: EMI — Electromagnetic Induction
EMC - Electromagnetic Conduction
MD — Metal Detection
GPR — Ground Penetrating Radar

IV.4 COST/BENEFITS ASSOCIATED WITH USING SUE

The concepts and practice of SUE have been developed and refined over many years, but
basically were systematically put into professional practice in the 1980s. Several states have
programs whereby the State DOT contracts with SUE providers to map utilities on their projects.
Several studies have shown large cost benefits due to using SUE on individual projects. Most
practitioners (State utility coordinators, utility personnel, and SUE providers) feel that although
there is still a lot of room for improvement in dealing with utility issues efficiently, significant

benefits are currently being realized.

The FHWA commissioned Purdue University to study the effectiveness of SUE as a means of
reducing cost and delays on highway projects. The result and recommendations of the Purdue
study titled “Cost Savings on Highway Projects Utilizing Subsurface Utility Engineering,” are

presented below:

SUE is the convergence of new site characterization and data processing technologies that
allows for the cost-effective collection, depiction, and management of existing utility information.

These technologies encompass surface geophysics, surveying techniques, mapping
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techniques, AutoCAD/GIS systems, etc. Rather than disclaiming responsibility for existing utility
information, subsurface utility engineers certify utility information in accordance with a standard
classification scheme (utility quality levels) that allows for a clearer allocation of risk between the
project owner, project engineer, utility owner, and constructor.

Previous studies and statements of cost savings were performed by various State DOTs,
providers of SUE services, and the FHWA. Commissioning Purdue University to conduct this

study allowed for an independent and impartial review and study of cost savings.

Virginia, North Carolina, and Ohio were initially selected to be part of this study. Texas was
added because of their rapidly growing SUE program. These four states had a total of 71
projects studied in detail. These projects were selected randomly from a list of projects that
utilized SUE. They involved a mixture of Interstate, arterial, and collector roads in urban,
suburban, and rural settings. DOT project manager and engineers, utility owners, constructors,

designers, and subsurface utility engineers were interviewed.

Wyoming, Puerto Rico, and Oregon were given seed money from the FHWA to try SUE on a
select project. These projects are also included in the study (see Appendices), although data
from these projects are extremely limited. Finally, several other states have studied their own
projects or programs and have supplied information for this study. Overall, approximately one
hundred projects were evaluated in some level of detail in order to accomplish the FHWA study

mission.

A savings of $4.62 for every $1.00 spent on SUE was quantified from a total of 71 projects.
These projects had a combined construction value in excess of $1 billion. The costs of
obtaining Quality Level “B” (QL B) and Quality Level “A” (QL A) data on these 71 projects were
less than 0.5 percent of the total construction costs, and it resulted in a construction savings of
1.9 percent over traditional Quality Level C (QL C) and/or Quality Level D (QL D) data.
Qualitative savings were non-measurable, but it is clear that those savings are also significant

and may be many times more valuable than the quantifiable savings.
The figure $4.62 is somewhat less than the $7.00 to $1.00 (Previous Virginia DOT study),

$18.00 to $1.00 (previous Maryland DOT study), and $10.00 to $1.00 (Society of American
Value Engineers) returns on investment that were previously reported in the literature.
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However, the quantity of studied projects is much higher; the projects are more random in
nature; and no qualitative costs were included in the total. Indeed, one individual project had a
$206.00 to $1.00 return on investment (North Carolina DOT). Only 3 of 71 projects had a

negative return on investment.

The simple conclusion of this study is that SUE is a viable technologic practice that reduces
project costs related to the risks associated with existing subsurface utilities and, when used in
a systematic manner, will result in significant quantifiable and qualitative benefits. Using the
SUE savings factor data from this study and a national expenditure in 1998, of $51 billion for
highway construction that was provided by the FHWA, the use of SUE in a systemic manner
should result in a minimum national savings of approximately $1 billion per year, (Executive
Summary from “Cost Savings on Highway Projects Ultilizing Subsurface Utility Engineering”).
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SECTION V.
DESIGN STRATEGIES AND ALTERNATIVES FOR
AVOIDING UTILITY RELOCATIONS

Different stages in the development of a highway project offer different opportunities for making
decisions that can help avoid utility relocations. These stages are planning, design, and
construction. The planning stage is started years ahead of actual construction and typically
begins with the feasibility analysis of a project identified on a State’s transportation master plan.
The planning stage can last several years and generally ends with approval of a preliminary
ROW map and authorization to begin topographic and utility surveys for design. The design
stage, consisting of plans, specifications, and estimates (PS&E), is commonly broken into
percentage completion such as 30 percent, 60 percent, and 90 percent. As the various design
milestones are reached, the options available for avoiding relocations become fewer. Once the
PS&E reach 100 percent, it is assumed that all project information is complete, and the project
is competitively bid for construction. Prior to beginning construction, the successful contractor is
responsible to notify the local one-call provider to perform the last available utility verification
before construction begins. The one-call system is not a fail-safe, however, and without prior
communication and coordination effort and utility designation / locating effort, some unknown
utility could still exist within the construction corridor. This has the potential to cause project

delay and cost overruns, or serious injury or death to construction workers.

This section summarizes the various strategies and alternatives reported on the agency survey
conducted by NCE. There are many different strategies and the choices are dependent both on
the type of utility conflict and the timing of conflict discovery (planning, design, or construction

stage).

V.1 PLANNING STRATEGIES

The most important planning strategy for avoiding of utility relocations on highway projects is to
provide all affected utilities, both public and private, with advance notification of the proposed
project. This occurs through the distribution of highway master plans, project preliminary design

plans, and the regular communication among agencies and utilities.
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Meetings. Many of the agencies surveyed for this manual send out annual and even quarterly
updates of their 5- or 6-year plans to all the utilities within their jurisdiction. This gives the utility
the opportunity to program upgrades or expansions to their facilities located within the proposed
construction corridor in conjunction with the highway project, and to identify potential conflicts
with existing major utilities. The discovery of a major utility conflict (large diameter interceptor or
transmission mains, interstate electric lines or fiber optic cables) having a substantial economic
impact to the project allows alternate highway routes to be explored prior to proceeding with
preliminary design. Conflicts with minor utilities (small diameter distribution mains and service
laterals) are expected, and would not generally alter a proposed highway route in the

conceptual stage.

Regularly scheduled meetings are one means of coordinating the planning effort. However, one
of the pitfalls of this practice is that there are often too many meetings within a given jurisdiction
for a utility company to attend. The most effective method is for the State or municipality to
distribute information regarding the master plan and other project issues so the utility can
determine the most important projects, then dedicate the necessary staff for meetings and
coordination. As individual project development progresses, and approval to proceed with
design is obtained, project specific meetings between design staff from the agency and the

utility should be implemented.

Utility Coordinating Councils. Many States have formed Utility Coordinating Councils (UCC)
as a forum for discussion of master plans and general utility issues. The UCC comprises
representatives from utilities, governmental agencies, contractors, excavators, and support
companies who meet on a regularly scheduled basis to discuss mutual problems, work
programs and planning. All states are encouraged to form a UCC to aid the communication and
coordination process. Examples of a variety of State UCC organizations can be found at the
following web sites: North Carolina (http://greensboro.ncocc.org), New Jersey (http://njua.org),
Georgia (http://www.gucc.com), Arizona (http://www.ci.phoenix.az.us), Florida (http://www.fucc.

org), Oregon (http://www.oucc.net), Washington State (http://www.wucc.org).

One-Call Notification. As mentioned previously, use of the one-call system to mark utilities for
planning and design purposes is not a standard practice. Liability issues aside, the data and
markings provided through the one-call system meet the criteria of Level C at best. However,



because of the nationwide mandate to “call before you dig,” the one-call system remains a

required part of all projects’ damage prevention strategy.

Subsurface Utility Engineering. Whether the use of SUE (see Section Ill) is implemented in a
project is up to the agency, and is evaluated case by case. Detailed utility information, if
deemed necessary, should be provided to the designer with the topographic survey and no later
than the 30% design stage. Although relocations may still be avoided at later phases of the
design, using SUE early in the design process provides the greatest potential for eliminating
problems and achieving the greatest savings related to utility conflicts. The following is taken
from the FHWA'’s “Program Guide: Relocations, Adjustments, and Accommodation on Federal

Aid Highway Projects.”

Since 1991, The FHWA’s Office of Program Administration has been encouraging the use of
SUE on Federal aid and direct Federal highway projects as an integral part of the preliminary
engineering. Costs for SUE services are eligible for Federal participation.

Proper use of this cost-effective professional engineering service will eliminate many of the
utility problems encountered on highway projects, including:

e Delays to projects caused by waiting for utility relocation work to be completed so highway
construction can begin;

o Delays to projects caused by redesign when construction cannot follow the original design

due to unexpected utility conflicts;

e Delays to contractors during highway construction caused by cutting, damaging, or
discovering utility lines that were not known to be there;

e Claims by contractors for delays resulting from unexpected encounters with utilities; and

e Deaths, injuries, property damage, and releases of product into the environment caused by

cutting utility lines that were not known to be there.

The application of SUE, by qualified providers who understand the process, makes it possible to
avoid these problems. Unfortunately, some project owners and even some providers believe
they understand the SUE process but actually do not and are, therefore, not realizing the
maximum benefits. State agencies should no longer be relocating underground utilities
unnecessarily or encountering them unexpectedly on Federal aid highway projects. The SUE
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technology is readily available to virtually eliminate these wasteful activities. Federal funds
should not be used to participate in any unnecessary utility costs on projects where proven
technologies, such as SUE, have not been used or have not been used properly.

Utility Agreements. A utility agreement is any document by which the highway authority
regulates and/or gives approval for the use and occupancy of highway ROW by utility facilities.
Utility agreements are based on the State’s utility accommodation policies and set forth the
understandings, costs, and special considerations associated with a given project. When
utilities already occupy (existing facilities), or request to occupy (new facilities), existing ROW, a
permit is typically issued and represents the entire utility agreement. In the case of utility
relocation, additional documents are normally required. A permit or agreement is a contract
between the agency and the utility and is a permanent record indicating the utility’s right to
occupy the ROW.  The agency and utility are mutually bound to enforcing the requirements of
the permits and agreements, ensuring that utility accommodation is a component of the project

development and design process.

Some States have developed other agreements and/or test programs that give the State control
of the positive locating process. In general, utility owners have been responsible for performing
such positive locating activities as is necessary to provide agency designers with the location of
their facilities within a project corridor. The agencies frequently require the positive location
more expeditiously than the utility can readily or economically provide. In these cases, the
positive locating agreement gives the State the authority to retain a contractor for potholing, or
to retain a SUE provider to perform the entire locating process. These agreements cover all the
utilities’ facilities within a given jurisdiction so that separate agreements for each project are not
required. These agreements do not supplant the utility agreements / permits described in the
preceding paragraph. A sample of a positive locating agreement can be found on the State of
California Utilities Web Site at http://www.dot.ca.gov/hg/row/utility/.

Electronic Document Delivery. Although EDD is most important to the design and permit
process of a project, it is also an effective planning tool. Highway planning data that can be
electronically shared with utilities is an effective means to notify them of project status and/or
meeting agendas. The State could be the party responsible for initial notifications providing an
efficient means such as Project Wise, Groove, or other similar Web enabled document

management systems were in place.
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In support of EDD, there is great potential in also having a GIS that is accessible by all entities
involved. New project data can be tracked through permit processes so that the information
remains current. Appendix D contains a report developed by Texas Transportation Institute of a
pilot GIS system being developed in cooperation with Texas Department of Transportation.

Cost Sharing. If a project redesign or alternate design to accommodate an existing utility
would require a significant increase to the project design or construction costs, the utility is given
the opportunity to pay for the increased project costs in lieu of an expensive relocation. In some
cases the cost to the utility may be equal, but avoiding relocation has the advantage of no
service interruptions. The DOT benefits also by not having to bear the additional project cost, or
having to force the utility to relocate at their expense.

Joint Project Agreements. Many DOTs are advocating incorporation of utility work into the
highway contract. Consolidating the work into a single contract improves the highway
contractor’s control over the utility relocation and may result in lower costs. Although the Jeint
Project Agreement may contain provisions for dealing with relocation of unknown utilities
encountered during construction, their primary purpose is to facilitate the relocation of utilities
discovered in the design process, which were incorporated into the competitive bid package.

Context Sensitive Design. Highway projects involving disturbance of existing environmentally
or community sensitive corridors have brought about the concept of Context Sensitive Design.
Context Sensitive Design is a design approach in which agencies work with community
stakeholders to develop a transportation facility that fits within the physical setting, and
preserves community values and scenic, historic, and environmental resources, while

maintaining safety and mobility.

Example: Overhead utilities typically include electric, telephone, cable television, and
other communication lines. To preserve scenic corridors, new construction or relocation
of these facilities often means going underground. Burying utility lines, although the
safest and most aesthetically pleasing option, is also the most expensive. Often,
undergrounding is not within the agency’s available budget. The challenge then
becomes how to minimize the costs associated with the relocation and to design a

relocation that will avoid the costs in the future.
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The Maryland State Highway Administration has gotten very creative in trying to find
cost-effective solutions that will still please the citizens. In lieu of undergrounding, they
have used taller poles that are spaced farther apart, consolidating them to one side of
the roadway, and or disguising them somehow to look like trees. By raising and
consolidating the lines, much of the clutter is outside and above the driver's and

pedestrian’s views.

Locate Next to ROW. Because of clear zone issues, the FHWA requires above ground utilities
be relocated as close to the ROW line as possible. This minimizes the potential for vehicular
impacts. Most agencies require underground utilities to also locate as close to the ROW line as
possible. This location has the least probable chance of conflict with widening of the highway.

Trenchless Technology. Under certain conditions, trenchless technology can reduce the costs
of relocations. Trenchless technology encompasses a variety of methods to install, replace,
renew, or repair underground facilities with minimal surface disruption by minimizing the surface
open trench. Some of the methods of trenchless technology are utility tunneling, pipe jacking,
micro-tunneling, pipe bursting, directional drilling, auger boring, and slip-lining. Although
trenchless, the application of these technologies still requires the accurate locating of existing
utilities in and around the work area and is therefore not a substitute for SUE services or one-
call notification. A paper on Trenchless Technologies, presented by Mr. Terry McArthur, P.E,
can be found on the AASHTO web site under the Highway Subcommittee on Right of Way and
Utilities, Proceedings of the 2001 AASHTO/FHWA Right of Way and Utilities Conference,
Chapter 4, http://www.transportaion.org/community/right_of_way/2001_cho4so1.pdf.

Joint Trenching / Utility Corridors. Some states relegate utilities to specific corridors or
easements that will prevent them from coming into conflict in the future. Reduction in relocation
costs and saving critical space in the ROW can also be accomplished by combining compatible
utilities into a single common trench that has to be excavated and backfilled only once. As
mentioned previously in this manual, however, constructors must be held to the design
specifications for installing the joint trenches if utilities are to be expected to accept the

additional liability with its use.

Utility Tunnels. No longitudinal utilities were allowed on freeway ROW until 1988 when the
ROW was opened up to fiber optics and wireless towers. The telecommunication act opened



up highway ROWSs to hundreds of communications companies which has created tremendous
problems. The use of utility tunnels has been proposed to alleviate some of these problems.
This would involve constructing large diameter pipes or box culverts for exclusive utility use near
the ROW in conjunction with the other highway construction. Using abandoned large diameter

sewer and storm drain lines as tunnels for new, smaller diameter utilities is also a possibility.

Use of Subways for Dry Lines. In urban areas that have subway facilities, these corridors can
provide space for “dry” lines such as fiber optics and other telecommunications.

Removal of Abandoned Lines. Out of service or abandoned utility lines within a project
corridor can create major problems for agencies. Abandoned facilities are often undocumented
and discovering who owns them and confirming their status can create costly delays. Utility
lines that are in conflict and proposed to be relocated should be removed completely to avoid
such confusion in the future. If for some reason portions of an abandoned line must be left in

place, it should be documented on the as-built plans as part of the project record.

V.2 DESIGN STRATEGIES AND ALTERNATIVES

The most effective way to avoid utility relocations is to have accurate and complete utility
information in the hands of designers prior to any design activities taking place. In SUE terms,

this means Quality Level B data within the 0 to 30 percent design phase. This provides the
designer with the maximum flexibility in adjusting alignment and grade, or even obtaining more

ROW in order to avoid costly, time-consuming relocations.

In reality, however, this is not usually the case. Conflicting utilities are often not discovered until
well along in the design process and the geometric changes that could have eliminated utility
conflicts are no longer possible. The cost or time required to do the redesign is too high, other

alternatives must be sought.

In the Utility Relocation Survey conducted by NCE, most of the strategies for avoiding
relocations during the design stage fell loosely into four groups: alignment and grade changes,
drainage changes, structural changes, and slope / curb / retaining wall modifications.



V.21 Geometric and Alignment Changes

Changing the grade, or moving the alignment of the roadway is easiest in the planning stage or
very early in the design stage (0 to 10 percent). As has been mentioned before, accurate
information on the utility location is critical for effective changes to be made at this point. Even
as early as 30 percent, there are so many design elements (cross streets, bridges, embankment
balance) tied to the selected geometry and alignment that even with computer design systems,
re-design is too time consuming to allow for changes. State agencies have stringent project
delivery schedules that are driven by budget requirements, funding schedules, and tight
construction seasons. So a grade or alignment change of just a few feet that could have saved
hundreds of thousands of relocation dollars may not be approved because the delay in design

could potentially delay the project an entire season.

Ideally, geometric changes would be made based on Quality Level B data and if grade changes
are involved, that would mean some Level A data was collected on the depth of critical utilities
as well. If that is not the case, then potentially high dollar decisions are being made based on

data of unknown quality.

Case Example: A former Maryland Department of Transportation utility coordinator cites an
example of a roadway project that included a bridge which conflicted with muitiple utilities,
power, water, sewer, etc. An adjustment of a degree or two in the alignment would have placed
the bridge out of conflict with the power line with no adjustment to ROW or compromise in

bridge function.

The design was complete and construction already well under way when the condition of the
utility and the cost implications were discovered. The relocation costs were on the order of

$5,000,000.

V.2.2 Drainage Changes

Storm drainage systems and runoff design can take the form of simple ditches tied closely to the
geometry of the roadway or can be a fairly complex system of large pipes and inlets that can
involve pumping stations in the most sophisticated applications. Transverse structures are

those that carry water under the roadway, ranging from small corrugated pipes to box culverts to
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bridges. For large projects with sophisticated drainage systems, early, accurate information on
utility locations is critical for designers to avoid potential utility conflicts.

The alternatives that are available later in the design (around 60 percent) become limited to the
less expensive components of the design. Drop inlets, reverse throat inlets, pipe shape, ditch
shape, changes from ditch to curb, encasement of the utility and pass through a conflict
manhole, etc., may be used to avoid relocating utilities. If a conflict with a large utility and a
major storm drain is discovered later in the design process, the re-design time may result in the

utility being relocated instead of designed around.

V.2.3 Structural Changes

Structural changes included moving bridge bents and pilings, changing footing designs for piers
or other structures or changing the bridge type altogether. Structural changes may also include
the accommodation of a utility on the bridge structure by hanging the utility on the bridge,
installing the utility in the deck or railing, or passing the utility through the bents. Changes to
bridges, of course, need to be done as early as possible in the design process. Footings, and
even pilings and piers in some cases, may be made later in the design process without too large
an impact on the design schedule. One notable strategy involved pre-drilling pile casings. In
this case, a boring is made past the utility, through the zone where the utility might have been

damaged. The pile is then inserted in the hole and driven to bearing.

V.2.4 Slopes / Retaining Walls / Barriers

These strategies fall into the clear zone and safety issues that drive many design standards.
Many agencies reported making alterations to the slope of the embankment or adding a
retaining wall at the toe of the slope to prevent relocating utilities or avoiding encroachment over
utilities. These solutions will generally require the addition of guiderails to compensate for the

change in slope.

These alterations often occur in narrow ROW where the space required for a widening is limited,
and, therefore, alteration to the standard geometry of the agency is warranted. Also included in
this category is using barriers to protect above ground utility poles and other utility fixtures within

the designated clear zone.
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V.2.5 Other Design Strategies and Alternatives

Other strategies that were reported but did not fall into any of the other categories ranged from
deleting the proposed design item altogether to increasing the mast arm length on signal
standards. Since almost every conflict situation is unique, the potential for creative “out-of the-
box” solutions is very high. Agencies with an institutional policy biased toward avoiding
relocations will be rewarded with innovative solutions from their staff. The alternative is “we
have never done it that way before” and “that is not my job” environments that will lead to

continued unnecessary and costly relocations.

Selective Conflict. Selective conflict occurs when there are numerous utility conflicts within the
ROW and the highway corridor. The design engineer then decides with which utilities does the
conflict occur. A good decision again requires high quality data on the size and types of utilities
involved, as well as the relocation costs involved. Other factors that would need to be
considered in making this decision are not just relocation costs but user impacts as well. Taking
a significant user offline may be a more significant impact on the community than the additional
cost to move an alternative utility.

In another case, gravity lines and pressure lines occur in the same vicinity. In this case, the
conflict should be directed toward the pressure lines which can be made to go around obstacles
and are not affected by elevation changes. Gravity lines are limited in their adjustment

possibilities because they are tied to manhole elevations and grade lines.

Case Example: All telephone lines are not alike. A Maryland designer wanted to relocate an
overhead telephone line made up of 2700 pair cable. Fortunately, the utility coordinator
informed them that the cable would need to be spliced by hand every 120 feet (30 meters) and

each splice would require 10 days, delaying the project by 3 months.

Specifications. In some cases, the actual specifications under which a roadway is being
constructed may be modified for an overall project benefit. Specifications that are designed with
the intention of eliciting the best product in terms of pavement or bridge performance, for
example, may not be the most cost-effective when their effect on utility relocation is taken into

account.
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Altering agency standard or project specifications is not something done lightly. Therefore, the
cost or delay to relocate a utility would have to be significant for this option to be used. It should
be kept in mind that specifications are not inviolate. They are created through a combination of
research, national standards, tradition, past practice, and compromise. They are almost always
conservative in order to take into account the construction and material variability inherent in the
construction process. A valid way to justify adjusting specifications, then, is to provide
assurance that the highest quality materials and workmanship are being used through increased
testing or inspections. A thinner pavement section may be allowed if it can be shown that
asphalt concrete (AC) contents and gradations are tight and uniform, or a shallower footing
provides adequate structural support because the concrete strength is significantly higher than

originally required.

Case Example: On the I-15 project through Salt Lake City, the specifications called for a 36-
inch (900-mm) structural pavement section to mitigate potential frost damage. This meant that
material below the pavement surface had to be granular material down to 36 inches. This was
not a problem on the mainline and ramps where the embankment was being built up, but in one
industrial area where the local roads were being reconstructed, that depth brought many
existing utilities into conflict with the proposed cross section. Approximately 24 inches of
material would have had to be over-excavated out and replaced with select fill and this over-
excavation would also have run into numerous utilities.

The Corps of Engineers frost depth chart showed potential frost depths were only on the order
of 20 inches in this area. The 36-inch frost specification that was intended to help insure 40
years of excellent performance on mainline interstate pavement was being applied to local
streets with a 20-year design life. This would provide little in the way of added benefit, and
would drastically increase the cost and delay associated with this portion of the project.

A significant amount of negotiation between the Design/Build contractor and the owner was
required to reach an agreement. Ultimately, a reduced pavement section was allowed that met
the climatic requirements for the location, the performance intent of the specifications, and
eliminated the need for an undetermined amount of utility relocations by bringing the bottom of

the pavement section up out of the utility zone.



Materials. Material selection is another method for reducing or altering a pavement section so
that a utility relocation is unnecessary. Stronger, lighter, or higher quality materials than those
typically called for can result in thinner pavement sections and reduced embankment loads that
would otherwise force relocation. Using pavement layers with higher layer coefficients such as
bound bases using asphalt, lime, flyash, or portland cement can shave inches off pavement
structural sections. This can provide the needed clearance over the top of utility lines where the
final grade is constrained. Using higher strength concrete can also reduce portland cement
concrete (PCC) pavement sections or the thickness or depths of other concrete structural

components.

The trade-off with material selection is that better materials cost more and, therefore, must

result in time or money savings overall to be justified.

Case Example: The I-15 project through Salt Lake City was a major reconstruction of an urban
interstate freeway. Capacity improvements required an increase in width from 6 lanes to 12
lanes typically, and sometimes 14. This resulted in large amounts of fill to raise embankments
to accommodate the roadway widths as well as three major interchanges. These fills were often
on the order of 50 or 60 feet in height. One of the major design challenges faced by this project

was accommodating the large settlements of the soft lakebed soils underlying the project due to

these large fills.

In one area, a number of utilities were located below a large increase in embankment for an
interchange. The utilities consisted of water and gas mains so the relocation costs and
associated delay were huge. The problem was that the potential settlement due to
consolidation of the underlying soils was several feet. In other areas, surcharge fills were used
to get the consolidation out of the soils prior to final construction but in this case any

consolidation would damage the existing utilities.

To avoid relocation, a lightweight geofoam embankment was used. This consisted of big blocks
of dense styrofoam stacked in a triangular cross section and covered with fill and a thin cap of
concrete over the utility area. Some of the existing fill was actually removed so there was no
net increase in load over the utilities. This eliminated any future consolidation that could have

ruptured the water and gas mains.
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Other types of lightweight fills exist that can significantly reduce the loading on underlying soils.

Standard Drawings for Conflict Resolution. Several agencies have suggested that as utility
conflicts become more and more common, there is a potential for developing standard drawings
that would deal with the most common types of conflict situations. That would help prevent the
process from being put on hold while a solution is sought. It would also create an atmosphere
within the agency that promotes avoiding relocations as a valuable and desirable result of the

design process.

There are no case examples for this strategy but potential items that may fit well into a standard
drawing detail are retaining walls or gravity walls at the edge of a slope to keep from getting into
utility easements. Storm drain inlets that are modified to avoid utilities at the edge of the

pavement are also good candidates.

Cast-in-Place vs. Pre-cast. Many agencies are using more and more pre-cast concrete
products for drainage and other structures to the extent that if the pre-cast section will not fit
around a utility, the utility must be moved to accommodate the pre-cast unit. Concrete
structures can still be cast-in-place and formed around some utilities without compromising

performance of either the structure or the utility.

Adequate ROW Acquisition. In some cases, the utility information is limited early in the
scoping process. This has on occasion lead to a situation where a utility had to be relocated
because not enough ROW was acquired to accommodate both the roadway and the utility.
Depending on the specific site conditions, the acquisition of ROW may be less expensive than a

utility relocation.

Case Example: A case has been reported where a foot of ROW would have been sufficient to
avoid a major relocation but the need was not apparent during the ROW acquisition process.
This is again a situation where having good SUE information very early in the process is

necessary for good decisions to be made.

Insulating Covers for Water Lines in Cold Climates. In cold climates such as Alaska,

insulating covers have been used to reduce the amount of cover require for water lines.
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V.3 SUMMARY OF RELOCATION STRATEGIES

Following is a summary list of the design strategies and alternatives that were reported by
agencies responding to the NCE survey. They are listed here as reported, but have been

broken into the categories previously described.

Geometric / Alignment Changes

Grade

Alignment

Widen one side of highway as opposed to other
Offset location of centerline for short distances

o o Dbd -

Move ramps

Drainage / Ditch / Culvert / Inlet / Curb Changes

1. Move storm drains

2. Low head storm pipe

3. Alternative type inlets

4. Alternative storm drain (oval, etc.)

5. Ditch culverts

6. Narrow ditch widths

7. Redesign ditches from flat bottom to “V” bottom

8. Adjust flow lines

9. Ditch grade changes

10. Use paved ditches

11.  Change from ditch cross section to gutter

12. Adjust manhole locations

13. Extend storm pipe runs to avoid ditch cuts that impact utilities
14. Concrete slabs over utilities in ditch bottom

15. Revise or eliminate portions of the drainage design
16. Install closed drainage and curbing

17. Use rip-rap on ditches

18.  Add curb and gutter



19.  Alternative curb and gutter
20. Reverse throat drainage structures

21. Install a manhole at the conflicting location, encase the utility and pass it through.

Slope / Retaining Wall/Barrier Changes and Additions

Barriers

Guard rails instead of moving poles

Change backslope rate

Add retaining walls to the design to reduce slope encroachment
Remove slope rounding

Change retaining wall types

T A o

Impact attenuators on above ground appurtenances

Structure / Bridge / Footing Changes

Move bridge bents

Move bridge end that would conflict with pipeline
Alternative foundations

Move bridge ends

Structural box modifications

Structure footing redesign

Abutment modifications to allow bridge occupancy

© N O O kAN~

Customized foundation design

9. Move bridge pilings

10. Change bridge type

11. Use protective casings

12. Pre-bore and batter pile driving to miss utilities

13. Hang utilities on the bridge, install the utilities in the deck or railings, or pass under the
deck through bents.
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Other Relocation Avoidance Strategies

Insulation over water pipe (AK)
Concrete over electric

Approved nonstandard design changes
ROW reduction to avoid utilities (LA)
Signal standard changes

Increase mast arm lengths

Move proposed signal or sign locations

© N o ok b=

Require hand digging or trench boxes as a design plan note
9. Delete proposed design item altogether

10. Protective shielding (reventment material)

11. Move field entrances

12. Adjust sidewalk alignment

13. Revise detours
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10.

11.

12.

13.

14.

15.

Questions to Agencies on Avoiding Utility Relocations

Does your agency currently use the Subsurface Utility Engineering (SUE) process, as
defined by the Federal Highway Administration, to obtain information about underground
utilities?

If so, do your in-house designers and/or design consultants use the SUE information in
the design of highway projects to avoid or minimize utility relocations?

If not, do your in-house designers and/or design consultants use any other sources of
underground utility information in the design of highway projects to avoid or minimize
utility relocations?

At what point in the development of highway projects does your agency notify utilities of
upcoming projects that may have utility conflicts?

What other coordination activities does your agency engage in with utilities affected by
proposed highway construction?

Who in your organization determines whether to relocate conflicting utilities or to design
around them?

What are the factors that might contribute to the design being revised as opposed to the
utility being relocated?

Are Life Cycle Cost considerations or other economic models used to evaluate
relocation redesign issues?

What types of design changes have been made by your designers in order to avoid or
minimize the need to relocate utilities?

During the design process, are there design practices that are implemented during the
preliminary design stage to lessen the possibility of a utility conflict? If so, can you name

some of these design practices?

If a utility conflict cannot be avoided and the utility needs to be relocated, do you have
any methods in place to help minimize the cost of relocation?

Does your agency have any requirements concerning the placement of new utilities to
help avoid future conflicts?

Does your agency have any policies or other strategies concerning utilities that may be
pertinent to this study?

Does your agency have any policies on shared databases?

Does your agency do anything else other than the items previously mentioned to avoid
or minimize the need to relocate utilities to accommodate highway construction?



“yjuow VIN “JBYJ0 UBY) SJOW SWIOS ‘SBA wassyp we3 wesboid SaA U3PISBId BJNA JUBISISSY €puoi4 3jeAud| d
e 30u0 ueld 13| Jesh-Z JNquisiq Jeak JNS umo sey 1ouisip yoeg Aduasbe pazienusd-ap e sl 1004 ‘[lompIL [ USASIS - "ou) dnouS) 3g L
e 90uo weiboud syiom Jedk-g nquisIiq
vIN VIN VIN ON 10SS3j01d euelpu) SjeAld| d
‘ma7 Aauyer Yuawabeuey uononysuod
Buipjing j0 1daq ‘Aussaaiun anping
‘sauabe VIN sanpynn JaYo "SIOHIUOD HN B1QISsod 91ed0]| MouX JUop | JapeaT 198{01d uoNNGUISI ‘UOS|IA BUOZUY S1eALd| d
n Jayjo yum pabueyoxs woyy sdew JING-SE, SE [|am SB ‘'SSA| O} Oju1 3j0Y10d aSN Op SAA "INS JO UOHILULDP JU) PEaS JUSABH S B39 - (Jamod) 199(01d Joary Jes
1y ‘ssa20.d sy} Buung
‘sued %001 ubnoiy senuyuod pue
sueid %G| S10QV Jo wawdopasp
ay) o} Joud sue)s 1ey) ssad0.d Guneaw
Aymn Ajyjuow Buiobuo ue saey AN
JBMSUE LUpIQ Jamsue Jupiq JBMSUE J,upIQ *0jul [E3IULI3) 0 MYoads A1BSSIOBU BUY) 9ARY jou Jamsue Jaupey ‘Jajuey eipues eluoyje) seAld! d
Op | Se suonsanb ay) Jo 1sow BulemsUue 84 JOU |iM | ‘JOASMOH wupIa| - 'd77 NOKIT P XOUY JBUYIND ‘UBLLESSON
*AlUo 1x3)u0D PINQ/UBISSP Y} Ut PAISPISUCD 3Q PINOYS AsAINS
sIy) o} ssamsue A “1oalosd X3x-1 Ui 0) 198dsa) ym 100G
opelo(o]) ay) ‘ajdwexa 1oj - syafoid Aemybiy piing/ubisap Jayy
10} siapew uoyedelRl Aymn Buunionys 0y 10adsal yum sapuabe
(eJanas pajuasaidal saey | sonoesd ajeaud w Aswope ue we |
“P3foid ay) Jo sy ayy *SaNss| AN Jo) S)UBYNSUOD *§)oeu0d Buuaauibus ON JOJRUIPIOOD HO 'snqunio)| i
uiylim sanlIoe) aARY Aay) JI Syaam Z ay) Aq auop Buiaq Ajuaund plepuejs ay} jo ped e ) Hew o} AUBIN ISOA Uely Y)auudy - Juswpedsq
uIyIM puodsal o} wayy yse | "Jabeuews s1 saninn 3y} yim uonesadood| 194 sey Ao ay) ‘suonesol Apan Apuapl 9IAIBS OGN ‘SNquINo) Jo AiD
1oafoid ay) pue jueynsuod ay} jo aweu 40 UDHEDIUNWILIOT ‘UORBUINIOOD| 0} SlueyNSL0D §,A10 aUY) JO Wwos Aq pasn
8y) se |jam se joafoud ay) Joj s|npayos| amy K1aA sAanuns odo) ayy jo ped se|  Buiaq ale 3N Jo sjoadse BWOS UM
pue spwi) ‘adoos ay) jo way) buoyul|  syuew ay) dn ¥oid ued sMaId AoAins
‘A3 3u) Ul sanIoe) aneY Jeyl SANIN|  JIBY) 0S PIBY BU) Ul PRI SBNIIDe)
lle 0} saonou Buussuibua ino puas || 196 0} J91U3D ||le-auo s,31e)s ay; Buyes
1o s)sIsu02 8onoeud Juaung ‘ssadsoid
Buuaauibua ay} jo ped se saymn
UM uoneuIpIo09 Japaq pue Suloyiod
apnoul o} pape)s sey Ao ay )|
'81Qissod usym punoue, YN S\ SBA JojeuipiooD AyNN Awno) edosuep| O
paubisap pue pajoyiod ase SIMIPUOD ‘Ained "9 Aned - 0@ AunoD edoouepy
(enusjod yey) abeys ueyd siyy 1 s1y)
‘abe)s ueld 9,0/ Y} 18 pauURLLIBIaP Si
SIOI3U0D ANin "Mmainal 10y sueid %001
‘%06 %0/ ‘%0p dU) Juds aJe sannn
“(ueld di). Jeah-g) poday Alewwng
31eq pig Yy} juss ase sal
| 4 £ Z (yeaned) 4 t J2EJUCD KouaBy

A-2



SHEIS MY U3um M e 109|102 VIN ON Jojeuipioo) Annn omy 1ousiq ddississiy| S
pue o3foid ay) ‘sodo) mauo Asauns ‘pIEpUBIS "M AlRY - 10Q Iddississiy
e ‘Buusauibua Aeununaid Buung
‘saniey syl Buledo) Ul smaIo ‘51502 pPUB SPIJUOI AN MBIASI O} VIN “S3M|ID.) 2)30| 0} SINOY g IABY Saluedwod ON sabeuep eueisino| s
Aanins Jno )sisse 0} paisanbal aue pue| (sued paiadwod %0g) PIBY SI MBIADS Ayon pue ul payied st 191, e--3DIAISS |[BI-BUO Y E 3deld Ul wesboidssiauenbpesHd LOQ ‘@yoeng
A3AJNS 4no Jo payiou e saiuedwo)i-ueid-juiof pue puey-ur-ueld ¥ "uoioas SBY QLOAV] 32nas sy} Joj Aed 0) suoisinoud ou sey g10avl U - JUaWdo[aAS(] pue } OQ BUBISINGT
-abeys Asauns ay) 1e juas ssene|  ubisap Jno 0} papinoid si opul ABAINg
‘uBisap Aseunuijaid jo Buuuibaq ubisap efoid: v/N ) Buuapisuod Auy ON 193ubuy oyep|t S
pue |eaosdde jdaouod Jaye I1SNr| 3y 4o} 159Q S) 1ey) uoneoo)sl ubisap o) peoJjiey/saNnN ‘Weyus ueyieuor
13Y}360) 340M pue SaIoe; J0 LoNEdo]| - Juswyedaq uonepodsues] oyep)
3y} auIw)ep 0) sawedwod Aynn
UM 3)BUIPIOOD PINOYS Ssaubisap ‘SaA
"paxey Jusem 138yg ‘Buiuoy VIN ON IA (1A1D) Jeauibug nemey| g
AQ SaNIRN (221U JO SUONEI0| AJUSA ‘ojownln{ Aauyer - 10Q lemeH jo ers
‘sueid puudd pue ying-se aous.esRy
-sueyd Aeunwsijaad “S)INg Sy “>p0om ajoyiod pue V/IN ON SWaSAS pue saniln awope)| s
sjuawpedap ay) Lo saN|Ie}) IOY) 1N WwoJy papinosd Ajjoanp si o) JBIYD WO ‘UOS|IM SLLOT - SUBK(ED)
Ajuana pue sjinq se apwmoid o} pavse
a.e saiuedwod Apn ‘aseyd ubisap
Apea ayy 1y “s8u00s Jou Ji ‘9aseyd
uBisap Apes ay) e yoalosd Buiwoadn
UE j0 paynou aJe saluedwod AN
*sjoafoid pesodosd uonaadsul UOHEUIPICOD Y/N syoaiosd dauyy 18y ISy ON UOISIAK] ABp-J0-Jubny ‘pesH sesuexuy| S
n jsabie| yum sbunasw ‘ABAINS asnoy-ul *(|ed auQ uonoag ‘swenm ydiey ‘Juswuedsq
|lenuue ‘ubisap %06 '€ Ut Se 1oBju0) uotjepodsuel} pue AemybiH sesuexuy
uBisap jo uibag $31e20| ‘s)ing-sy VIN ON| Aaisny IV - senHe 4 d1land § LOQA e3sey exsely| s
“SHWIL MOY PUE ISU0D SJuE}NSuod VIN ¥ Buuapisuod auy| ON J@auibug semmn eweqey| §
Buimoys sueid Aseunuijaid JNo puseg Aq Buopod ‘Buikaains asnoy-uy a|s ‘937 "9 pPaqoy - 1OQ eweqely|
-abeys 6uuueld V/IN -sjoalosd ubisep 353 Buipiey ‘weiboid NS pajedipap e sopnosd 353 Suipsey SaA 10SIAI3dNG SBVINIDG BUBUOW 3jeAud] d
Areununaud ay) je paynou aJe sainn PUE | OQ BUBUOW Ul JOJDE) B S OjUl INS 3INS ‘apeD preydry - 383 buipsey
‘padojanap VIN 3wp “(san)1oe) JaMas pue Jajem AJunod 1o A)ID “3'1) SU0eD0|3); S3A! SW Pue vo Joj uosier 10qQ Jadig suepw 2161099 sleaud| d
usaq sey ubisep Aeununud sIy) je abers uonoruIsuUod ayy payoeal Amnn 21gnd (0] UM SOUEISISSE J1dY) JOJ [|BD YoIym IS0y} - "JU] ‘SUDNEUNWIWIOIDIB L WINOS fi19g
e Joye uojssrugns ueld sy 3y aAey s1oafoid NS M) Luan “JanamoH|  wo Aluewud ‘spsioud si Jo Swos uo IS Buisn S1 10Q vO 4L
yum st 196 samin jey) ao30U 1Sl 3y ‘suonesodl AN jeaud sziuauiw
10 ploae 0} ojul 8y Buisn sssubisop
100 9y} JO 30UaPIA3 Aue UBIS J0U BARY |
14 £ z (1eaaeo) | [ Kouaby




%S

N

SaA

Ainn Aemaaly Bey

10JBUIPIO0D

‘PRI Iv - LOAY

BuOZlY

‘poya Bunesol Apn jenjoe

ayy uibag am 'Jas usag sey Juawubipy
ayj 9ouo abeys siyy )y "abels %0
8y) ybnouy) sueid [oAs| ydaouod ay),
U0 JUSWILLIOD PUE MBIA O} PIMO|(e 3B
Asyj ‘ssec0.d juawdoj@aap ayj ui uo
Apea ajedwiped o} pajaul ale saniin

SOA

SOA

Buuaaulbug peosjiey pue AN
1eBeuepy - 19auiBug ‘eueA ddnug - 1OQY

euozuy

*SUONESO}I

113Y) uBisap pue SJOIYUOD Auap!

0} sue|d juas ase samn ‘uBisap

leuy Buung "108fosd ay) jo paynou ase
n ‘ssasoid ubisap ay) ut Ape3

‘suejd ay);

104 ojul ey dn 3oid ysnw smaid A3ains
ubisap pue Ajjoe} 8y} spetu pue sjedo}
1snw Ayn 8yy -Ajejuozuoy pajedo)
P19y 8q selIoe) ANNn By} ISISur Sp

VYIN

JEDIHA 10U [EIUOZLOH

ON

123uiBug yuswabeuepy ssadov/ANINN

‘uosialad " 18Uy -

10Q UISUoosIM

UISUODSIA

'[030)04d 112y} pUB

UOISSRUWOYD) )N BIUBAIASUUSY U}
10 UOHIIPSUN 3y} JBPUN BJE SpeoJ|iey
‘19lo.d ay) UM paIedO| SpeoIe!
pue sanyedpiunuw 'saiuedwod

Auinn yum pajnpayos si (s)bunasw
PI2Y jeul uy “PIu0I jenusjod

Aue pue eaJe ay) ul ase Aoy )1

Auan 0y parsanbal ase sanun ay) %0b,
he ‘aseyd ubisap Aseuiunaud ay) Suunp|
pauluLlep s1 Juswubie Aempeos sy

“BJEP MBIA PIBY
pue 3|1 Juswsaibe asuadi Buissosd
AMIBN 9sNoy-ul pue [jed-auo yim Buoje
$3nbiuyda) INS auIquiod Aew Aay]

*SUOIIED0[B) SZIWILIW O} PASN LdY)
S1 Ojut 3y} pue sanbiuyoay INS swos
SN 3M IGNOp SNOLIJS Ul BB 8M UBYM

‘YMH4 3yl Aq

pauuUSpl SE anbiuyda) sIy} 81810d100UI OP JO ||iM BM JBY) 9A9NSq
| ‘op @M Jnq ‘s)oaloud o uo ABUOW |BIBPa 4 Bsn am jey) aiel
s1]| ‘siseq papssu se ue uo suoneddde INg jetwed asn ap

ON

10}eUIpI0T)

Apinn Aepm-jo-bry UUINIQ “A PIEUOY
- uoIssILWOY axiduin elueAjAsuuag

BlUBA[ASUURY

‘Buiuado piq ay) o}

Joud SYIUOW g 0) £ PAYNOU aJe SN
oyl “Buiuado piq sy 0} Joud syjuous
0Z 01 Zt oyul 1o3foad ay) 186 |Im sajqed
13qY SJEISEIU} JO [BJUBURUOISURI)
PUE 'S3UI} UOISSIUSUEY)

oupale ‘sauedid uoquesolpAy

abue| a1 "Apioe) ay) uo spuadag

S9A

VIN

ON

Jaauibug

N ‘JapuemydsuansN sor - LOQAN

]0¥eQ YHON

abeys 9,61 ay) Ajpjewixociddy

‘Aoeanooe

BY) WIYLOT IO pUE SUOKO3L0D
Aue dn ysew o} paxnbai ase Aay)
pue ojul paA3AINS JNo §0 Way) o} sueld
puas ap AN ay) Jo Jaumo sy) uodn
Aunqisuodsau siy ssoeid | OQHN 8yL

VIN

ON

sa21n98 uBisag

10 J31yD "IPIIYIS sepeyd - LOAHN

anysdweH maN

(yeaaed) |

19809

AduaBy




‘sueld %09 |un BuRBStU LUONEUIPIO0D

Z 'ON 39S *SUONEJ03) ‘sjoafoud uononssuod SIA seaubul AN z epuold| S
1541 8y 9aey Jou Aew syos{oid Uit pue SIIYUCD punose| aande Buunp jsuuocssad pjay o) poddns Alessaosu Ay} apiacid 0y 1PUISIA 1004 ‘dweD 33UIA - 10Q epuol4
Jouly pazinn e sueid ubisep uBisap 0} ojul NS 3yl asn pue 3piro.d| s1o3f0id UOTONNSUDI BAIDE 1O JIBIIUCD IS Juo sabeuew adIyo
0g-2.4d pue Jaumo AN ay) ypm 0} 8doas ubisep 1By} ulyIm 31 BABY UOONJISUOD JDLISIP UINQ “Jeak Z| JAO JO) [9A3] awos 18 ANS
POSSNISIP PUB papidap aJe speau NS weynsuod ubissp pue ‘ubisap asnoy-ul| Bunulopad usaq sey pusip AW “BuiuBisap ase Aayy yaloid wes
feuonippy j10alo.d amua 1oy aseyd spoddns j9eU02 JNS SPIM-I2ISIP INQO uo s32IMISS JNS apirosd 0) sadoos ubisap JNO Ul SJULYNSUCD
Kanins odoy Buunp A|gjuozuoy pajeao) Jno aanbal am pue SIE3A g JAA0 J0j 1OBHUCD Jad M0S5/$ 18
pue paAsaINs ale AJjIoe) SIBUMO SJOBJIUOD 8SNOY-U) BPIM-PUISIP INS Jno} Bulbeuew usaq areH
Apnn ‘pazijeuy s) poda) 3 pue ad ‘paubisap buleq si 1oaloid suer-ynw Aempeo. pasodoid B usym|
Yy Jayy “sueid %0¢ 0} Joud SIBUMO Aem-j0-y6u Jno jo Buiddew pue Asains punoiBiapun 8)81dwod:
ANinn (le ypm 3jeulpiood pue A 0} dn Aem ay) |je - uonedo| uoniepunoy [eubts pasodoud syy
BM "MOPUIM JE3A-Z B UO S1EJJUDIUOD 10 uoneBysaAul punosBiapun aajoaul yoym ‘sjaloid [eubis Jounu
puUE WwnWixew si JeaA-g ‘ainpayds uo )1 9sn app “wesboud >pom jouisip Jno uiyyim 1oafoid eas
weJboud 310m 1o Jo suonesylou pue YOB3 U0 JUaIX3 3Wos 0) INS Buisn Ajuauna si pusp AN
Aueak pue Alyluow yioq apinosd ap
SQE|IBAR SI UOHEWLIO| S3A 3NS JO asn sAIsuag SaA ssauibug anea/Ainn epuoid| S
3 Aues 10 sueid %09 Ajerewixouddy, PUISI] ‘owugag 0220y - 1 0Q epuold
ubisap SOA SOA Jaauibuz asemeq| S
10) paINpayds si afoid ay) uaym SBNNN ‘UYBH UEl4 - 1 O 8.emeRQq
‘3iq1ss0d SB UOOS S Sann ay) saAl ~awy Buo| e Joj umo Jno uo NS payipow e Buisn usaq aaey S SN Jasuibug saniin uonepodsues | wnosuuo)| S
wuojul am “108(01d B SABY SM USYM ‘NoISyy Haqoy -+ 10Q Indiosuuo)
‘sabejs ubisap “SPIYUC AJHN ‘SaAljewsye AljeonewsisAs joN SOA JeauiBug saninn apimaiels opesoio)| S
%09 PUB %,0¢ {'x0idde) ay) usamjag| punose ubisap-a1 Auapyuod o) 3uo| As02 ss9) 10§ 5004 0) paadoid ‘uosuyor aonug 'Y - 10Q opesoiod
jutod awos Je payiuap! sJoIUod| Mmojje o3 ybnoua sjqelas Jou Ajessuab| uay) Aew siaubisag “Jo1Yuod Jualedde
pue palyuaA ase suonedo ‘sueld @ UONBULIOjUI JO S32IN0S JBYIO|  Ue 0 193 ay) Buluiuusiap Aj@jeinaoe
ay} uo ojut Apn ‘e dwoour Ajgissod pue sanin Buneso| A[@jesndse Jo sueaw
pue ‘pIYUDAUN AJUO MOYS M ‘Y|4 By} e SB U3)j0 aJ0wW pasn s| ssasoud ayy
Jo awn 3y 1y -sueyd yoaloud 1oj abes
uonajdwiod %4,0¢ au; Ajajewixoidde
S1YaIym Mmainay ucnaadsuy platd, sy
Slied 10AD 1eym Jaye juiod awos 1y
v € z (yeanes) | 19e3u0) Kouaby

A-5



‘Aem ay) Buoje

paynuapl aJe spipuod) Inoybnoiy)
$JND20 UOREUIPIOOD PUB PaYou ae
sanynn ay) ‘pape)s st osfoid B uaypp|

"9J9Y pasn aq UED Z pue | "ON 0)
sjamsue Aew Uy} ‘SJUE)NSUCD INS
Buuiy Ajuo se pajaidiaul s13NS J

‘| "ON Ul PaQUISaP SE Pa}odl|od Ojul AS()

SJUE)NSUODD BSN J,u0Qg

EN

Bauing ueug - | 0QJ dulew

auieny

‘uBisap || aseyd 0}

| 9seyg ULy ssaueape joefosd a:ojeq
ybnoua Aues ssiuedwod SAJ0AUI 9
-186png pue ueid Aew Aay} os ueld
1eak-g Jo sniejs uo Apenbal sanyun
Joug 0) A3 apn “13losd 0) yoaloxd

PUE UONEDO| O) UCHEIO| LUOJ) SBUBA

SBA

A[augnos JoN

SoA

Jabeuew
Youesgaauibug uonepodsues] ‘yHws
Basg) - jauiqe) uonepodsues) Hpnuay

Apmuay

*213|dwod 9,05 INOge a1e
suejd usym ¥29Yd pidt Je 103foid ay}
Joj sueyd ubisap aleys apy "shAanuns

ubisap uibag am uaym osloud e asey
am Jey) sailuedwod Aumn Apjou ap

‘UONEd0| pue Yidap aualep
0} pajoy-jod 10 pagoid sJe si ey
puUNOIBI3PUN By} *SISED JSOW U

*suoied0j@t Ayn ploae
0} PASN SEM PaJo3|0d Ojul AY) ‘pasn
SEM JNS SIAYM JDUB)SUI BUO BY) u|

sesuey Ut 199f0sd auo uo 3NS pasn AUo

SOA

uBisaq jo neang '1e3uibug
Buneuipiood ‘peoyied Iy - 10Q sesuey

sesuey

“JoBUOS

aup ) susubisap pue salvedwod
Ajun aABY 97 “SOINIOBY JIBY) 0)
spJebal yum aney Aew Ay} swiaouod
sofew Aue Jayieb pue s

1124} JO UCNEDC| BY) UC OJUI J23)(00

0} Ay app 08U pley Aeuiwnaad
pue Sunssw ,mainal apelb,,

ano ul sauedwiod A)jn aAjoAU; 9

“sauy| Aynn Jofew uo spoedwi

JZILLURY O} Op UBD am Buiyliue s
SJBU) jt 89S 0} )1 JB ¥OO| 0) WAY) yse pue
sJ9uBISap INo o) ojul 3y} AAIB am ‘s

SISEq AW

SOA

Jabeueyy Aynn
-Aemybiy ‘sewoyl New - 10Q eul

eueipuy|

‘welboud

UoNONJISUOD JEBA-G S,.100l JO
uoneatignd ayy yBnoays Ansnput ayi o}
3|qejieAe apew Si 0Jul [essuan) “aseyd
(ubBisap) 1} 3d @y Buunp a0 Ajlensn
pue (aseyd buuueld) |34 ays Buunp
JowWaA0Idwt Ue UIYIIM Pajed0| SN
0} Juas ase sueld Aleujwaid [enpiaipu|

“Juawaaoldw;
pasodoud e jo sjiwi 3Y) Liyym pajeso]
IN 3y} Jo Yidap PUE LOHEID] B}
BUILIRIFP WISAS [|BD BUQ apIMmale)s]

2y} pue sainn Yy Yim uonesadood
ul j9aubua poddns joafosd ousip ayy

saseyd

(ubisap) 1y 3d pue (Buluued) |34

Y} U1 AjIBAISUIIXa pasn s Ojul INS A}
'2A0qE Payd sp8f0d pajLII AU} UL *SIA

*JSIX3 SIOIYuod
Aunn (enualod assym suoneaedxa asepnsagns Buinjoau spaloid
ueqn uo S:39UIBUD JUEYNSUOD INS ZHHN 0) S Adod 1001

SOA|

Buueauibug AeuiwRid
10 Jory) “AsyieD sy - 10Q stoull

stouni

sy

Aem-jo-)yBu Bunsixa pue joafoid ayy|
MOYS yolym s1aays ueid Aeuiwasd
Jo/pue ‘saiesowu jeuae ‘Buiddew [euae
Surejuod 3sanbal ay| “{Buluuelq)

| 9seyd Ut Aea auop S| Sy "UoiEdo|
108loud pasodoud e uiyum siBuUMO
Aninn umouy 3y 18 O} Iew payied BIA
JU3S S1 OjJuUl UOREDO| AN Jo} }SBNDaS v

PUIsip
ay) 1e Joauibua poddns joafoid ayy
pue Jaufisap ay) 0) UaAIB uay) sem

o8y}l -sadmuas Buikaains apinoid
0} puey uo Ajjesauab oiom jpuuosiad
waswpedaq wswedsp ay;

0} }SOD OU JE BUOP SEM SIy] "SUONEDO)
|EQILIBA PUE |BJUOZIIOY JJBINDIE UIBIQO
0} sUoIEDO} ,Bl0Y-10d, 0} SJaUMO AN
ay) a:nbal pinom juawpedap ay)
*Adijod 3NS e o uondope 3y} 0} Joug

‘SYJUOW g UeY) SS3) 40)
pazuoyine uaaq aAeY SJUBJNSUOD BY) Se
UMOUY JOU 1 joedwl ||nj 8y UOHEWLIOJU
pasay)eb ay) azimn [IM SUEINSUOD
uBisap Jno pue ssaubisap asnoy-ul yiog

"8]EJS 8} JO JOPUIBWAI BY) B|PUEY {IiM P} 3Y) pue

‘uoiBas ($Q) BLORd N0 BjpUEY JM PUOSAS By} "uoiBal (1 1DUISIA)
6nqINeYDS NG 3jPUBY |IM JURYNSUDD BUQ "SlaLISIp Aemybiy

6 OJUI POPIAIP SI SIOUI|| "SIUBHNSUOD INS B3I paly AIueda) apm

SBA

P

N suawaalby ‘siieg Lyor - 104 stoul

stoul

(yeaned)

1983U0D

AouabBy

A-6



Jamsue ,upig Juawubi|e 0} pasedwod: “J9A pANILIQNS UB3Q JOU aARY aw 3UQ SaA sanan o BWwoyepio)
UoI1EDDI3) JO 150D 3y} Buapisuco| sueld "usddey jm adoy am jeym sijeyy | JabeuBRK ‘PIOHIYA UUAT - | OQ BWCYEPIO
0} UOIINUISUOD BY) S]EPOLULIOITE
n Bunesojal jo apmie
Sil PayIPOL SBY 10Q0 Anusdas Lo
'} abejs uey VIN SIOA SaA Jojeuipioog sanimn wuisia oo
J3)E| OU paLLO) 3Je SN - sabejs ‘SBUO[ aASNS - b PUISI - 1 OQ 04O
+ "JuB)NSUOd UBISSP B 0} papieme
pue panosdde si saa119s Jo 38dods,
3y} SB UOOS SY ")} By} 4O ISON
“ojul Joaf0sd 2i1seq papinoid “Jubisap 3|qiSsod JAABUBUM ‘SDA SBA SN 3O [BAUBD) oNO
pue 3oafoid jo paylou 3Je sal Aq paiay)ed ojut pjoy ajqejieae, 1abeuepy ‘sippeo ‘g sarug - 10Q OO
“Juawidolarap Joaloid jo abeys | AlipEs) pue WwaysAs ||ed-auo oIyo
ay) yBnoayy selN Woly oyul Uo Aj3y
‘pasn jou sj NS 349ym spoaloud uQ
‘ubsap V/N| 2A10949-1503 pue [ednoesd aiaym 'SIA SaA Wby eu|joes YUoN
Aseununeid pue Buidoos joelosd Buunp Ann 9118 ‘siemoj4 "q usJpAy - 1OADN
Afensn ‘uo Apiea paAjoAul Je san
:spalosd yoedwi ySiH "pasjoaul
219m sueyd pfd U SARNN SAJ0AU)
10U pinom Ajgeqo.d :syoeloid 1oedwt
Mo "jodfosd jo spnubew u spuadag
‘sueqd ubisap uonedoe. V/IN pa.nbai S| UOKEIO[R J SOA sannn - waby pmy Aosiusdng epeasN
Jiayy wibaq 0} saluedwoo Apn ay aziuiuiw 0} pue 3)qissod JI PloAe 0) 'yiog ‘OpaoNeg ‘Y INed - 1 OQ BPEASN
sse am ‘sueid %0g IV 'ssedoud pers
0} }s8nbai pue sueyd [2lIul INO puas|
am ‘sueid ubisap %,0¢ punose Ajlensn
ajep 6uniay Jo peaye Jeak | VIN SOA SIA [ N ‘uvewano SeIgoN
e - Speoy Jo Juswedsq exselgeN
‘Je9h e sawi) *[|ED 3u0 woJy se)eso| punosbiapun ‘a|qussod Ajuo spaloud papajeg! SaA uonoas Aumnosniedng euejuop
1noy a1e1s 3y i Auedwod Aynn Alaas 1sanbas wim Ul oym ‘jPuuossad Ile 1e uaym sanin punose ubisap ‘102G M - 1OQ BuBlUOW
0} pajiew si 3Npayos Juaswabeuew yeys woy Asauns Ain isanbas| o) pajonsisul uaaqg aaey ssaubisap JNQ
109loid s juswpedap ay) Jo Adod v 0} uondo 8y} aney ssaubisep JnQ
‘uoaidwoo ueid| pasn si saumo Ayn ay; Aq payddns *SUOHEIOD) SISEq papwIy SBA J33uIbug JULRY PUE UOHEBUIPICOD) uebiyon
%06 1€ SIuod jenualod jo Auedwiod uofewaopul Ann 'pasn St INS JI|  pue SIDIBUD ploae 1O AZILIUIW O} JBPIO Aunn ‘esuoiq Wew - 10a vebiyoy
AoN -aiqissod se ss3204d ubisap w SpIYuUod Aynn juedyubis aaey Aew
ay) ur Apes se ojur AYnN 1sanbas app yoiym spoaloud uo 3NS s8sn 1OQW "SIA
‘sajuedwod Apnn ypm sbunsapy 1'q YIN SUONE203) AN SZILWIUIW O) 'SBA 0 punosBiapun Auspi o] | SN 193uibu3 AN apmalels puekie
SABY M UdIym uoneniul 108foid aney ‘passig aor - AkemybiH ayers pueliepy
9M "SaInpayds ppe Alyluow aleys
pue ue|d Jesk-g B aaey ap "sjosfosd
Buiwioodn jo saRIn AJjou apa
v € Zz (yeaned) | 1PRUOY Asuaby

A-7



uIyIMm Jing pue paubisap Ajensn a.e
PUE JUSWIAIOAUI AJIIN |EWIUIW dABY
spoafoid asay] "ajeidwod %,0/-09
Ajewxoidde s ueld e uaym paynou
ase sannn ‘sypalosd Jour uQ ol
3y} 195103 pue AJuaa o) pajsanbas ase
sanuun “(13idwod %0-0¢) diqelee
aJe Aydesbodo) Bunsixa Buimoys
suejd uaypn "ubisap Jeuy ay) U Apes
paynou aJe sanun ‘syafoid sofew uQ)

|EDIAA PUE [EJUOZLIOY B} BUILLI)BP)
O} S3|0Y 1S3} BJEABIXS JiM Ajnn

3y} ‘2|qeuolsanb S| PaAIBIaI O
Y { "UOHEDO] J1BY) O} BANER) AN
ay) Aq papwoud ojut Sasn | OQuUU34
'pasn Jou $1 3NS asaym spsfoid up

ur Apea papiaoud 3q ISNW OJul BY) ‘SIA

Ayinn ‘pnoid "9 uyor - 1oquuad

‘SA|ISWAY) 2} ‘suonesidde *53191/0d UOHEPOWWIODIE AN ‘ease AJunod-g B uiyim siom Buluopad siepinoid NS + S9A J0)eUIRI00D AN 11GNd - suonessdo sexa]
sennua AIAN SU} YIm 3jeUIpIO0D uoneleisul AN pue sBuimelp] s,21e1s 0] PIEG3I Uim AIIDE) 3Y) jen|eas| JO 9sn aY) ejua jim Yaium weuboid (eao| e Buidojaap jo ssadoid uBisaq yousiq ‘Aey ) Ae - 10axL
pue ajesjunwiwod o) pannbas asel  auy-pas ‘Burddew pany/sies ueid pio Q] sn smo|ly -oKgnd Buljeaes; ay) 3y} Ut S1 2SI UOISNOH 3y} ‘AjjudiIng "6661 Ul suapinoid
ssoubisap ‘Ao1jod JousKg UOISNOH 13d|  JO Malaas ‘uondadsui piay uodn A[@1| 0} BaUBILBAUCIUI BZILIUIL PUB SB1I|I0E) 3NS 6 Yim pajenobau a1am Sauas puodss v 'siapinold AN
‘s1seq Alyjuow e uo ajnpayds pieme| sisubisap ‘pazinn Jou st INS IUM AMINN O UONEPOULLOIOE 3Y) SePE}| ¢ Buisn siseq apimalels e uo uoheUBWIBIdWY JO) PAYSIIGEISD JioMm
1o9f04d INO JO UOHNQUISIP JUONIB|D Yoedwi aZ)uuIW 0} S1auBisap moje saop pue /661 Ul siapirold JNS JO 9SN 3y} pajeIul SEX3| JO JIEIS
ue uebagq JouIsIg UOISNOH 9y SJOPIU0D AemyBiy SNOUBA 3y} UIyIm
*ssa00ud ubisap ay) jo uoneniul uodn pajeso) sanyoey Annn Buikinuspt ‘sap
‘39Sd %0€ 0) Buluueid OJuYSIOINOSA -uBisap Aemybiy yeamy 1661 22uIg SBA Josinuadng ANO¥/201eUIPI00D AN Sexa]
aoueApe J0 pus - Ajleanasoay) Buma) adk) 9 9 @ 12A3] Ajenb Ajgeqoud| 01 1l 9ary ABy} UBUM USAR Ojul ING BsN 9)eIS ‘UOSIBpUY "M llEPUEY - 10AXL
Jaye yybu 1o asopaq isnl Ajeonsieay JUOP ABU} paiwpe SAey SWI0S 'Op JWoS
“INjels Syl yiim adueldwoduou -a|doad snouea ‘3NS 10} sainpasod siond sy S9A Jojeuipioo AN aels 99ssauua] |
Joj sanjeusd ou ate asay)| o) suonedojRl AN Jo 1oedwy ay) Jof  pue Adyoed 10 O IuswdojeAsp au) u (1 "ON) ‘meys '3 ydassor - 1 OQ s9ssauua]
‘sAep jeuonippe G j0 uoneindns yim| a1eme siaubISap ay) K EW 0} SI aNsS)| aNSSI SiY) PN 0) paisanbal uaaq sey
‘'sAep QZ | uIym paynquisip aJe sueid puoodas ay) "sAaans juswpedsp| 9010 Asaung ay] 9|qissod §i SIoIYUCO
MOY Usym pajoejuod aq o} painnbal 103 wajqoad Buinuyuod e s1saNIng  ANNn ploae o} sy3foid jo awdolsasp
aJe sanNn Juswdodaap 199f0id|jo UONEDOT "9ISSBULB) Ul SBNSSI OM ] ay) ul sJauBisap Aempeod ay) apinb
Buunp sued yuawdojaaap papiaocsd 0] NS JO SN 3Y) SABIOAPE IO SIYL
US3Q 3ABY PUE PIJAUI UIB] dARY
[sannn ay "woday Buuueld asueapy|
ay) sad se uonedo| 1afoud jeiaush
ay) Jo saNN SAYNOU Juswpedsp syt
“UONEUIPJOOD ‘ajqeuoysanb Aan sue “uoned0| aw) SOA JO1eUIPIOOY) AN 31B1S 2assauuay
UOROTUISUOD JO AN 8y} 0} JUas aq SUONEDO [EDILBA “SaINed) punosB|  aanejal pue saninn Bunsixa Buikinuspl| sy} INS jo 3sn ay) Joy aunpadoid Jo Adjod swpedsp piepuels (Z "ON) ‘meys ‘3 ydesor - | OQ 99ssauua]
sueyd aje|dwoo Jey) sainbal aimielg| aaoge uo paseq ajeindoe jJeymawos| oj uonouny Bunedol, e se Ajuewnd pue £)0U SI aJaY] oM JNS 1PeNuod uuouad 0) SUEYNSUOD
8je)S "Hoday Buluuely soueApy ay)| ale suone2o] |ejuozuoy punoiBiapun| spoyiaw Aaains piepuels o) uosuedwiod, Ansnput 3ns yepuadapul Joj sjesodoid ou uoag sey aJayy
e Ajjeunou yuaunedap ay) Aq pauyap *S32IAIIS ||20-3U0 ay) AgQ|e se pasn uaaq sey papiaosd ojul 3y} ‘ON ‘siseq joyd e uo spoafoid ¢ uo INS pasn sey Juswpedsp ay] |
Jo paynuapi st pofousd ayy usum| Jo Aunn auy Aq suop st uonedol Auinn
“1e3k auo| ‘uone0| ‘[eoysuaq Jsow aq o) ubisap ay) ‘sjosloud e uo pasn jou st INS SIA JOJRJISIUILIPY UONEdORY etueAiAsuuad

{}eaaed) |

[ECTLEY

Aduaby

A-8



ubisap ayy ul Apea pels ap uoibal
3y} L1 SN Yum sdfosd Buiwoodn!
ssnosip 0} sBunaaw jenuue ploy ap

“Poxe) JUSEM 199US *9oUEpIOAR ‘32uepioae SAA| 10jeSIULLIPY PECI|IEY/S3! BUILIOAA
10 Aem 3U) Ut BUOP YONW JON Jo Aem ay) u sl Ing ‘Buneso| ‘uaplug "y PIReq - 10Q Buiwokan
‘ouuostad 1 OQ Ag SASAINS PidY ‘SIA| JO) pasN S10JUI YL %001 10U ING 'SOA
*s$3204d ubisap ay; Buunp ‘pajRUILNI@ 3Q UED SJIIPUOD Ji DS SOA syoelosd awos uo A0 SAA 101eUIPI00T) S198[0Id AN UISUODSIAN
sBun@aw uoneulpsood AYnn om) 1sesi| o} saiyn Buiajoaur piBY ale sbunaaw 2)BIS 'USSIET "J UOPIBYS - 1 OQ UISUOISIM
1€ pjay os|e ap ‘1oalosd 30 uondasul ojuiuayl ‘yed pue ueid uo padeid
1@ Bunsaw spsfoud suonesado]  pue pauiwisep ase suoneso) Alnn
1no 0} sanimn aaul oap -(18pjooq) uerd
Jeak-g 1no yuasasd am asaym sbunaaws
uONeUIPI003 AJINN [ENUUE PIoY 3M
‘uonezuoyine sauedwod SAA sawnAwos S3A| HUN saNINN pue speojiey BWIBAA 1S3M
pue sueid uaaib aJe Aay) uaym Aynn woyy sueld uoneayus “JBD WIW M AN - 1 O e1uibain 1Sap
SIUED Jypads JO aueme aw0Iq
Kayy "walosd auy Joj sanoe) oYY
Ajuan o) payse ale Aay) uaym palosd
B JO SJeme awo2aq sauedwod Apnn
aseyd uoydadsui pjay ay) 1y VIN ojul avepns dns ay) Sasn yjog SBA Jaauibug ebap
Aunn dle1s ‘unsny aAeq - 10Q ewibip
-aseyd v/IN SOA| SOA| uoisiaiq Ajuoyiny axyiduwing sexa | ayidwin) sexaj

{yeaned)

12€u0)

Kouaby

A-9



‘JusllUBIE 3un.) abeulelp wiols enjea] ‘si31eq ‘suohepuno} sAneusaje| "pamojjoy sAemie jou ‘aq 0y asoddng sisAleue Jyauaq 1s09) Jaubisap ‘sBuneaws Annn syidads epuold sjeald| d
‘'s)9)u) 8dA) saneuwss)e ‘adid Aemybiy Upm J01eUIPI00D ANMN] sey 1a3/0id yoeg -aspuWIO? Uosier] djels
ULIOIS PBSY MO| ‘S3INIDNUS 11UCD "SIPUISIP Z J0 g ul sBuipal uosie] 1ouisIg

VIN VIN VIN V/IN VN VIN eueipu) sjeand| d

ON ‘pasow sjeb oym auo ON v/N| -dnosb uBisap 9y si )l jey) suinsse ‘seaJe 3iom pauueid mau BUOZLY JjeAUd| d
ay) Ajlensn ae pue Aun e ale ap\| 11NG ‘]e3 Jey) SORBW OyM MOUN JLUOP] 0} Juadelpe 2l Jo sayouas Julo! Busn aie
) “Auoyine jeys sey dnoib Jajem InQ| 1eys saiiin Jaylo pue LUBISIP S 10AY UM
sBunasw JNoYHESIq [enpIAIPUl PUSNE OSIE IM

semsue Lupia Jamsue LupIg Jamsue Jupiq -Ayun € Jo uoyesolay ‘sanmn Bunoiyuos Buissaippe ‘sjuswaaIBe asay) etwoye) aeaud| d
1844 ay) Jsye 1oumo 1a9foud ay)| O} Joadsals yum suaisioap Buipnjoul yim A|dwod o} pasinbai 8Je sIojOeHUoD
Aq soumo Lyn ay) o} pasunquial|  ‘slosd gyq e uo suoisap ubisap 8y} “suonea0jds ANNN jo ss830.d
SISO UOIED0}R |[B JO) 3|qisuodsal] a¥ew o) JOeIUeD ay) 0) palebalep ay) BuaaoB sannn yum sjuaweasbe
S1 Joprenuod ay; jey) uoisinoid ay)| s AIpgixay IenuURsqns ‘lessuab ujf ssisew Buipuiq 1o snOW Bulpuogquou Jayye
YpMm ‘suonedojas ajdninw pioae oy o paJaud Alesauab aaey sisumo 10aloid
JOAESPUD 0) JOIIBJIUOD 3Y) SaINba) 3y} ‘Uo paxIom dARY | S13fod BY) Jog
JOBJUOD BUD “SUONHEIORI SZILWILIW “Alledipousad SanuN yim 13aw o) pue 1oslosd
0] JojoeJju0d alinbal yeRuod ay) Buynpsyos pue bubisep ul spasu
a/Q ay) jo Auely “Susjswesed HaYy) JapIsuod 0} ‘way) Sunoedun sepew
paypads uiyum ‘sabueyo yaloid 0} se pauLiojul ANy S18uMo An
ubisap woyy Buninsas sbuines| daay 0} Joenuod ay) Buuinbas ‘sann
tenquajod ay) pue s)S0d paseasdul ypm Bunieuipiood Jog Appqisuodsal Asewud
10 ysu ay} yjog steaq ApeoidAy Jopenuod pingubisap ay) o) ajebejep.
Jopenuod ay) ‘spaslosd g/q ayi up) ssaumo 10aloid ay; ‘spodlosd piingsubisap Jog

“2do2s ay) Jo ped se sjqissod aJaym N Y)IM JO1JUOS B PIOAE O) e “Aoe; Bunoiyuos sabueyo| -sanpayos UONEsO3L JO SIOIUOD JNO YoM HO ‘snqunied| i
PAPIOAR 3Q 0} SPasU S3NNNN JO UONEO|3)]  sueld 3y} O} apew aAey am sabueyo) Juswaned ay) aasasaid 0) uoNBIdWOD] By} BIEI0L3I O} SAPMN 3Y) 0} 1SO ay) oxew o) 3|qe aq jou Aew) 0} S1a9fod [eNPAIpUI S0 PaPIRU SE SN

JEUY} JUB)NSUOD Y} O} PAEDIUNIWICD o sajdwexa |je aJe sanbiuyda} isye siesk € 1o} ) oju Bip 0) way)| pue awn ayy “uonedolal ay) Joj Aed|  om ‘uBisap ay) W Apes aw 0} Yoeqiyim jasw | “1Paloid e JO S| Y] Ul S
SABY B/ 'SISIXS JDHJUOD B By} UuLIjuod O} UOIONASUOD JO SaNIIve) JI1EM| JUBM JOU Op am "Juswaaed ay) pIngal| o) aaey pinom A 3Y) ‘Juawases| 196 Jou Op Ao J| “JuUEW AjRWIn BABY MOW)| | JBY) samN 0} sueld paubls
Autoey Bundiyuos ay) uo uoiedo) Jayaq € 196 ‘qund ‘aujey) ‘Jomas Jo ubisep-ayyi 0) Bulob s1 Ajo Bu) J1 LONOU BWES By}, Ay e ur si Jt pue 1oaloud ay) B Ul S)01u02 AJuspt 0} siepiwgns pue jeuy ‘Aseuntnasd yrugns Apuauno|
0) AN 1o yueyNsuod aY) 3se pinom | ‘suerd Ag Apin ay) AQ SN 0} PIJEDIUNWIWOD Y 101UCD Ul sayoe) Sey Apmn e | ueid Aw oy puodsas o) paau sann| | -ainpayds pue spuy 'adoas ‘Bweu 19iosd
Areuiniaid ay) ul 13U03 (enuasjod Jo JOIPUD aq pinom Apoey Apnn syl -juswasea Ayynn e jo sous)sixa ay )| ay ‘Jaaamop NUOD AN e ploAe ay) Gunedipul pouad JEak-Z B SIaA0D Jey)
B MES | )| "$99n2eid Way) |[ed Jou pinom | 40 SUONEBJBPISUOD SO BJOAD-OH) BY ] | 0} ubtsap-aJ Jue)NSUOCI ay) aAey| Alyjuow s1oafoid Aempeol Jo 1S)| € o puas |
o} Ayan ay) pue Jabeuew joafosd
BU) Yim UOHEIOGEI0D Ul ‘Spap [IM |

‘uonebun adid pue 2U08)18 punoIBIBpUN ‘sapinn pioae 0} Gupno yaloid ayy 218 AWl ‘MY ‘1500 'Ajajes *JOJBUPIO0D ‘siosiuadng AQuno) edoouen| D

o} Buipun; snayisae azyyn ‘ssyoual e 10 asodind *Aubajur ay} asuiosduiod Aumn ‘Jaubisap Jebeuew 1oafosd ayl|  jo pieog AunoD ay) woyy jeaocsdde spasu ,
AN ‘UOIEDd0JRI-3J SZIUIUIW 0} $19dOjIABP eJ0) 9j0d 9sn 'ir € se 3jod JuPsR 10U S30p ) J UBISapP-3J AjUO S U21ym SR 13Y) 18I0 O} 1SO3 Y J0
YW 318UIPI00D ‘NS 2NN ‘Ish 2imny dYS ue pasn ‘|esale) uiesp uuojs 2Jewisd Ue apnoid 1SN AN 3y} ‘palUSA
J10) 536plq Ot IINpuod UBISap ‘sanynn ploAe| e paubisap-as JaN6 pue qinNd pappy uaym "Siybu soud 11By) SALUSA pue ojul
0} s|esa1e] ulelp uwols ubisap-as ‘Bumnd SIY) SMIIAS) 1OQDW 'SIubu Joud Bulwiep
Aiessa03uun pioae '18)n6 pue quno EISY| # uoyeuawnoop sybu Joud ywm 1 OADN
apnoid 0) Apjiqisuodsal saun ayy St |

ol 6 8 1 9 S Aoueby

A-10



SBNINN SS3| UM IPIS BY) U J|INQ BIE “auljadid e ym| S3A uoNEDO}. 1eas| ousip| “joafoud pasodoid ay) ssnasip 0} san ay) ddississiy| S
S3)IS JusWase|das aBpuq JB SPeoJ JNoJaQ| 101JUCD pinom Jey) pua abpuq e aron 10) 3wely 3wy ‘sau) 1o seb 8Y) Je Juawpedap UOIDNASUOD|  Yum S133W J0JBUIPIC0D ARNN DLISIP YoBeg
UOISSIUSUES) SB Yons AN sofepy ay) Aq auop 8q pjnom siy |
‘SBANBUIBIE ||E J3PISU0D (a1qissud vioym) so pluAe O} w/NE  "$1500 AJijiin 3oNpas O} SaAijeLLale ubisap pue uonoas Apjun DH satuedwod S
pue m3ira1 0} play dJe sBunasaw ‘'saA| SucNINPal pA/Y Jospue Juswubije-ay 1e 00| |im ubisaq “Asuopw Annn jle yum aduasajuod ubisap-aid
-Auedwiod AN yim S9jeuplood a|dwexa 1o} / "ON 39S ON {"yoea 001 $ 1e sojod jamod o Jaubisap ay | $58204d UOAITUISUOD BY)| oyepy| s
Jaubisa@ "uonsanb siy) puejsJapun juop | 9b1e| 9180001 UBY) JBYIRI YOGS Buunp pue sseooud ubisap ayy Jnoybnosuy |
je |iespaent aoeyd "a'|) uawaaoidwy
ubisap e op 03 $59) S11S00 3y} 4
‘poxe) |usem Jaaus “sanin Bunsixe ajepowwiodse Juawsalbe Aynn ay; ul pajenajed| SBUIIPESP PUB SBINPSYDS 1a3f01d ‘paxe} J,usem Jaays ‘paxe} LuSem j2aus nemey| g
0} $84MON.)s mau ubisap ‘suelisspad| aie uoienaldsp pue 1509 8joAd-a4| ‘sPedwt JY4el)/SUWISOU0D AUNUILIoD
10 $)SI19A21G *S3I2IYSA WOy ‘SINSS| [BJUSILOIIAUS 1S0D ‘Ajpjes
n Bunsixa 108j01d Jo ayesRdES O}
SJaLUEq JAYI0 pue spesplent Buyejsul
‘sjuswubije Aempeol pasinay
“JOIBUO Ayn e ‘SIOMaS ‘sanjioe) “uonPIsUod pesodosd ‘pRY enuoyen| gf
Jo Anpiqissod ayy uassaj 0) saluedwod Ayl moyp Apneld 63 a1e00(a1 0} Jnoyp punosBispun Bunsixa punoJe| Upm S1oIuod An sauinsiop{  auy ul (payeoo) Aleanisod) -pajood Ayroey
oy) pue ss@aulbua sjuswpedap ay) usamiag 8Q SIMIBYIO pInom Jey; Ajoey SJOM 0} UONONIISUOD JO AqIxay Jaauibua 1aaloid asnoy-ur ay | Aynn ay} eaey jm suenes) ajqissod si )}
pioy ase sbuneap (b sivays ueid saiels|  Apmn ay) Jo uondalold ay) 10 apew Y} aJe uoyedojdl 3y 0) pasoddo
Y} UO SaIIDE) JIBY) JO LUONEJO| BU) AjIBA aqg ued Ayjoe; An punolBispun se pasiadl Buiaq ubisap pasodoud
SISUMORWIOK (¢ "sJaumo Aunn woly sueid| pioae O lespient aoceid "6 sabueyd 3yl 0] INQLILOD Jey) SI0JD.) AWOG
Apoe; uielqQ (Z "sanoey punolBiapun ubisap plepueys-uou pasciddy
0 uoneoo| aaysod Wiopad (| ‘SoA
‘aA0Qe ¢ 99§ 018 11BYi0 By} 0} pasoddo se Aemybiy uoISIIRp AUk UONINUISUOD) J|qelieae 3Y) ‘uoISIAKg ubisag pue ‘uonoag ‘SSNOSIP sesueyy]
Y} 4O BPIS BUO LO UBPIM SJBIU ays yoaye Aew OO Bunesouaiep sif  uey) a6uo) 2q Aew 3wt UOHKEDOIRI|  SBINIIN ‘MO U3IMISQ LOYD o 0] S3I|ID PUB SAHNAN (|eLUS 1O.JU0D O}
doJp puUe SUlep WIOS JO SUOHEASIB| 1ng ‘aoe|d LI UIBWS) 0} LONEISPISUOD ‘Buiked st oym Jejjew ou 1soD 9peLl S| HOYS UE PUE S}S0D SIIENeAd GLHY
Jo pue suoneoo| pasodoid abueys 13pun sy AJij1oe) 3} J| ‘SIA
1SU0NDS JANNG pue qINd 0) NPaY
‘ubisap IUIO3|3 JOAO )BIOUOD ON MOHY ‘9INpP3aYds Js0) “J1ed jeuy ‘Buyng pue eyseyy| S
N 2}EJ07 "SUDNHEIIPISUOD ‘OZH JoA0 uonejnsul ‘sjod punose saxew Jasuibus ubisap Jay1ebol| uonesojay ‘sjuswaalby ‘ubisaq Jjeulpioo)
1500 U0 paseq apeib Jo Juswubije abuey) Bumno JuaAssd 0} YoUIP B Ul YIAIND Hom Joaubua Aygn pue ubisag
e ppe 'spesb pue juswubije sbuey)
pasapIsSuod ase sjsoD opelb ay) Buisies Ajuiepy Alleuoisead "MOY SNOUEA ‘u02-a.d o} pajlau pue uol3jdwod eweqey| §
‘HAUB ‘8|NPaYdSs ‘pIISPISUOD S) %06 Je sue|d pasinal Juas saqnn
9bueyo uaym sueld jo sSMEJS 1500
-ssac01d uBisap ayj ul jeonoe.d se Auea se ‘INS Aq padsuanyul ‘10)08} B ‘yoeosdde s383 Suipseq ‘SUONEUILLIDISP *UONINIISUOD BURIUOW 3jenud| d
sJojoey AHN Jo Junoooe saxe) 383 Suipiey uBisap jo adA) ay) Jo ajdwexa| ae suoyEIBPISUD 1S0D 3j0AD-3)| ‘SBA | Ul 10108} Jolew ay) si sishjeue 100 y|  9say) SaYeW oIS SN 1AW} Aemybiy pasodosd Aq pajdaye siepew Aynn
[e21dA} & s uBISap LIeLp WInIS ‘1AW 3Y) J0} N0 PBLLIED YIOM UQ|  SINBUIPIO0D LOIIDS SN LOW UONOBS
S3NNUNN LAW 34 Yim sxom 353 Buiprey
Jamsue Lupig Jomsue Lupig JOMSUE Lupig "9OUBIBIP 1SOD [EJUBWIAIoUL V¥/N *SSNIN PIAIOAUL JBLO etbi0ag) ajeaud| d
oy Aed Jo AN jeUOIIPPE 8y} Woy Yoeq sasuodsas 196 o) ajgissoduut
Ang 0} paIayo aaey am ‘sasuejsul 1SoWe s1)} "986t W paubis (;Ajuejunjoa)
MB} B U} "S}SOD PasEaIoul Ul SaNuN ay} YoM Juswaalbe, ue sed se
s)insas abueyd ubisap e § 1O YIm - SIA[ISWAY) UOHEUIPIOOD 3y} Op O} Salij!
3I0M 0} paJaYO aAeyY am ‘AN e sy ay) 10adxa A3y} Jayiel Ing 11 O VO 3yl Aq
SN Y)im uoneupiood ap AJeA S1a1ayy
ol 6 8 L 9 S Koueby

A-11



(Alensn

uosuad awes) Jakedxe)sefedsle) sy

0} S1 YoIyM 1502 1oaloud [B10) 10} so-apel)
NBURGAS02 JjqIssod djenieas subisap |y

"1S1] O} SNOUBA 00} ‘SUOS ||y

*SNOIAGO AjlENsSn aJe BYlo
ay) 10 Aem U0 sjyausq 'Auessadeu Ji

1802 pue Ajjiqejieae|
‘abeino ‘ainssaid "SA MOY
Annesb ‘paiapisuod ale SIO)IEY (||

-1abeuepy 1o3loid Ag uoisioap
ajewn yum poya salesadood)

mnnm sbunassw
auQ uo auQ pue sBunaaw AN Alyiuop

BUOZUY

yosloud ay) ON ‘spaau 109loid “JUE)NSUOD ‘sansst AN juesiubis aaey o) Japisuod BUOZUY|
3Y) UOISSIS O} OP UBD 9M |18 JNOogE S1 3Aoqe|  J0 1daduod [euibuo ay) woyy yoesop pUE SSBUBANDBYS 1SOI UO paseg ubisap Jno pue } oy ‘Auedwod am syslfoud Joy sbunaaw Aynn Alyuop
pauonuaw siuawisnipe yybys sy) ‘erep 10U S30P Jey) Juauysnipe Jlews Ainn ay) usamiaq Hoya Juor
ajoyiod pue Buneoo) Aimn sy usamjeg| Aue Jspisuod apy “sasmes) abeuesp
10 uonedo| ay; o siuawysnipe|
1yBys ‘sabueyd Anyawoab Joup
punose ubisop Jamas ON -Auedwoo Apnn wouy JOjeuIpIood Apmn n 0} PIINQUISIP UISUODSIM,
9p 89 PINOYS eyl S3Uo 3AIsuadx9 wioys Bubueys uawubie Bunys| nduj "syeaojas Ann e jo 1509 ybiy uuoy Jndur ypm saubisap AemybiH| s ueld Jeak-g ayt asaym sBuneaw jenuuy
‘ubisap ay} o) s|lem buluie)at Buippy pue Ajixajdwo2 sy} Jo UONEDUNON
“HOM SIU} J0) BAnEUSSsaldas S AN By, *Aauednoso "UONEJIPISUCD n -J9auIbua jamyo pue ‘ubisap *3]e00}3J 0} J9PIO UR 0) BlueAjiisuuad

UM SUONESISAUDD 8u0yds[a) aAjoAul Aew
syl ‘uonoesaut Apea pue es.e sloid ay;
uiypm ouasald AN ay) jo SSauIIEME UY

abpuq moje 0} suonedyIpout
juaw)nqe pue BuRoo} 3INNIS

10 UBISBp-8J BB SUONEIIPISUOD
1810 "ubisap-a1 abeulesp|

‘os|e ' sabueyd ajyoud pue uawubily

€ 3 PiNOM 3dUBUB)UIEW JO 3sE]

© 0) diyspiey JLUBHXA UB ‘UOIED0})
3l puny 0} 9iqe aq 0} Ayediiunw

e 10} Ajge ay) ‘ainpayds

100l0.4d ay) 0} S3jeBI ) SE BWIL

- J93UIBU JaIYD JEISISSE "JUB)NSUOD
‘Jabeuew 1oal0id ay) jo Aem Aq
uolssiwwio) axyiduing ayy 0y Apsuuoy
pajussaud s1 uay) pue ‘Jabeuew
Aumn mnd aui Aq paproap s! Ajiensn
ING 'LOY? PBJEUIPICOI E St SIY]

J0ud pasapIsuod ale ubisap Jno O} SUOISIASL
31qISSOd "IIIPYUCD aY) SA|0$9) 0} 1dwane
ue ul siaumo (Ajn) ANoey pajoaye ayy

upim Bunaaw e dn 19 (1M SMm JO JUBHNSUOD

N0 ‘'PaUILLIBIBP BJE SPIPUD |enualod 3ouQ

-1@auibua)

Sann ay) Jo uonuane ay; 0} Jybnoiq

8Je S1IPUod sinyny ‘podas 1dasuod ubisep
8y} jo uonejuawajdun pue ssado.d Buueay
olignd ay; ‘sabe)s ejuawuonaud ay) Buung
‘asuodsal snolaaid ay) o) Jepuis S sIyj

“Jaauibua

ubisap ay) jo jeacidde ay) aaey pue|
BUIIUD apInD uBIsaQ ayl IIyIN} isnw
SPOYIaW 3S3Y} JO Iy "SPOYIBLL Jay)o
'SIJUBSIP LOYS JOj U] JBJUSD peod
) UOHEDO| SO ‘spIepue)s |eubis
anow pue syjBus) uue jsew ay)
3sealou) ‘'spsepuess jeubis Jo Bunyby
SAOW ‘SaNIjIoe) UIBJP WIO)S SAOW ‘B)e)
adojsyoeq ay) abueyd 'syipm yopp
BY) MOLIBU ‘SUONEAR|3 Ul 3BueyD),

ON

SJBLWNSUOD 3y} 0} Pedun ay |

Jasuibua
uBisap ay) Aq [eacidde ypm saauibua
saniin ay) pue Jaubisap ay) yjog

‘sbunesy nd Jo sBunaaw ojur ‘swruoy
21gnd Buipuaye Aq Jo ‘1a3uiBua sapyn

Y} ‘S04 JOLISIP N0 JO BUO YIM JOBJUOD UI
Aeys siayjo ayj “susw)snipe 1o uonedosss
a.nba) Aew s109foid uno jo Aue ) 39S

0} Bunabpnq Jisy) Builiels usym SN JOBRJUOD!
sISeq |ENUUE Ue uo 196pnq jey) saijiinn sy

ejo5eq yuoN

SUBUMO AN BY) pUE JOJBUIPIOOD ANNN By}
‘sJoubisap ay) uaamyaq uoneuIpIood Ape3

suonesHIpow
X0q [eJNjoruis pue sabueyd ([eansaa
pue |ejuozuoy) uawubie ‘sbeuiesg

ON

iaked 3yl ay) Jo Jakedxe)
Yy JaYY3 ISWNSUOI 3Y) O} 150D
|enuajod pue SABISP UOONSUOD)

s80119s UbIsSap jo JaIyd ay; pue
JgauiBua Apmn 3y) uay) ‘J0jeurpIood
Auan lenpisipur ay; A

“198foud Ino jo paxnbai aq jou

Aew jey) ansap A3y) Jey) SUONEdoIas IPNIUI
os|e [1m 3z “sueid ubisap Jno Uo MOYs 0)
19PIO0 Ul SUONEDOID) 3U} 4O (| S1BUIPIOOS SAA]

aqysdweH maN

[']3

Kouaby

A-12



*23ds 9y) Ul S| PUE JOBJUCD UOIONLSUDD Sy}
10 Wed sawo2ag ANPaYds sy -aceid axe),
0} y1om Ajnn 3y 103 shep o Jaquinu sy
pue 933 )l ‘)l "I @seyd "o'1-ur aoeid avey |m
oM Siy) 1Byl aseyd dugel) Jo asueudjuew
PajeIJ0SSE 3Y) PUE "0J3 ‘UCHE|IRISUI

adid 6uunp ‘1010e1u03 Aq Buiggnub pue
Buuead saye 91 Ajagoe uapuadapisnipe
‘ajed024 'Ysj0id ‘93e90| 9'1

‘uononnsuod Buunp Ayoey jey; 0) uaddey
0} 6utob s1 1eym jo uonsodsip e sapiroad
pue 122(0.d pasodoid Jno uiypm sanoe;
Aunn 1184} SaYNUSPE Jey} SINPBYDS YoM
Ajnn e dojeaap o) paiinbal si 5oUMO Ain
yoe3z -Ajlenpiaipur pue dnoJb e se sisumo
Aumn ay) Buesw yioq ‘s6e)s juawdojeasp
sueld ¢,06 Ybnoiy; o ay) Buunp sBunaaw
uBisap aAIsuag "aonoeid ubisap Aewud
ay) st v 19487 ubnouy dn 3nS Jo asn

“1dy1aboy (e wal

ubBisap ay) paielap Buiy) 1seiduns ayy
pue ‘subisap UOIIEPUNO) PZILO)SND
yim sulew ainssaud pue syueq jonp
auoyds(e) sbie| pajppens 's13100)
peaids pasn aAey am ‘UoNEPUNO} UO
‘adid mau 9y} JaA0 10 Japun ssed 0}
Aynn punosBiapun ay) Buimojje snyy
adid punod jo peajsul adid jeondi@

0 3sn 'wonoqg A, 0} wonoq jey

woJj saydlip Jo ubisapal ‘ajou ued
ubisap e se uoneaedxs Jo adA) urepad
10§ Sax0q youayy Jo 6uibbip puey
BuuinbaJ ‘3204 awl| yum Buuapim
yidap |Ins jo peajsul aseq xoe|q Buisn
‘Jo|ut 13M3S WLIO)S Jo uonesol ubis pue
feubis pasodoud e jo uoneso) ubisep|
ay} buiBueyd ay| sBuly) adwig

‘s$9nss) ubisapas pue uonedojal
10y Appoes Apnn ay) pue peols
8y} 40 1502 30A3-3Y1| JE YOO| 0P AN

Iaumo Ajn

8y} pue 9}€)s ay) Yyjog  aUckUaAa
10} dAnERUIB)|E 58] B} A(|EOIWOU0ID
1 st Alpay) Anpgesnisucd
SHIXaN "Jojoey Isuy ay; 1 Alpjes

“3oy0 Apn

8y} pue UBISap UIBIMIBG PIAAIOS

aQq 0} 3jGEUN SUDIIEN}IS UC UONN|OS3)
|euy ay) sopinoid saauibug ubisaq
uUsIg ayy 109foid yoea uo pioday
1o Jaubisaq ay) pue asyo Apnn
1DUISIP BY} UBBMIBQ UOISIIRP JuIOf]

N 9)E20[31 O} UOISIDEP JYL

‘a0 ANnn sjejs ay) wol
uono3uip uodn Aem-jo-1ybu Jno uiyIm sann
o juawaoeld Joj Juawdinba pue sjeusjew
Agn jo asn ayy uo aduepinb ‘(¢ “oON aas)
wesBoud >uom ayy BulAjoaul saijiAloe uosiel
‘mainal Jwsad Ajynn ‘spoefosd uonepodsues)
10 uBisap ay; BuuNp USXE) SlUBWASED

Aumn jo yuawsaoe|das enuoad Aemybiy

INO OJul YoM AN JO uoISNPU ‘sauatbe
|eyuawuIaA0b 1820 Yim Sjuawaalbe
asueuajurew Bunyby ‘sauedwod samod
|e20| ay) Aq papiroid Bunyby Aempeos -syse}
|EUCHIPPE By} JO BLIOS SSJBUIPICOD B0 A

eplo|4

JNS ‘sjoumo
Aymn sy yum sbunssw Aseununasd *sap

Bunyby Aemybiy

apiacud satuedwod Appin asey
‘Kem-40-1ybLs JO APIS 3UO 0} Peos SA0W
‘uBisap ulelp WLOS aBueyd/@Ied0BY

pasn aJe JS02 31A2-ay

*10108} B sfemie

st Asuow pue awn Aduabe ajeys
Buineg 'iojoe} B aq pjnom A3uow
pue awn Auedwod Ann Buineg

30130 Apjnn ‘1aubisap Hoya weaj|

(uoneupiood

Aumn jo pooiq a)) suonedyoads

AemybBiy jo ped sainpayds uoyedsojal

Ainn -ebexoed sued jo ped ‘sjaays
wswysnipe Aynn *s: n yum Bunssw ueyd
%0€ "Aanns ubisep [eniut ym INS dWoS

Jawaned ‘souswoab ‘abeureiq

sajoy }sat oN "}t PICAR 3M UBY) '1SO2 anpun aW sBunaaw sejnbay asemejeq
INOYIM PBPIOAE 3Q UBD ANINN BY) 4
‘wa)qo.d B S aJaY) $S3UN SIRINN S1BI0IBI| "SAIPIN SIED0ISI O} PI3U B} SZIWIUN ON| °paAloAul Bwi pue 150 jdalosd ay) ‘3qissod ) way) *qol| INDNOBULOD
0} @X1| L,UOP B\ "Wwiay) ploae 0) Ay 9p| 0} anuaae A19A3 je %o0| ap ‘sea.e| Jo asnesaq way) punose ubisap apa|  punoue ubtsap o) s1 Aydosopyd INO| By} 212|dWod 0} PIPIBU e Sk Auews Se 0)
UIBYAD Ul SIND 39NPaJ Aew sIy] U0 WOy asaymAue aney ABW apy papaau
‘punoie sbeulelp panow IAeY 9 Se sann ay) yum sbunoasw aaey ap
saondeid yons Aue Jo 3JemMeun We | “3oed Ul urewd. ‘pasn Ajpuynos| "paploAe aq ued Ayjiqisucdsal 1o “SJAWOISND ‘sjuawannbai uonesoa) ajelobau 0pesojoY)
0} aul Aynn Bunsixa ue Bumoye j0 10U S1Inq 'pasePISUOD 3q PINOD|  SJBUMO BY) USaQ JAeY asMIBYIO[ Anmn uo suoisap ubisap jo yoedun| 0 Jojpue ‘suonebisaaul jeuolppe ueid o)
SUEBW € SB paJapisuod aq |m apelb pinoMm Jey) uoleI0jaa Apnn Asod e| 1easy JapISud pinoys Jaubisaq| sbBunaaw dn-moyoy aaey osje Aepy “JoIYuod
a|youd 10/pue Juswubie ul Yiys v ‘sjs02 ubisap-a1 joafoid ul 9seasoul|  -uosiel AN JNO YiIm uoneynsuod 3jqeqoud Jo sease 133dsul Jo/pue ojut
|eulWIOU & 10} JBy)} pauILLIB)ap ul Uoisioap e axew pjnoys| ueid Aseuiwyaid Ajusa 0) aus 1oalosd ay) jo
s1 )1 'Ajjeuoisedd “(samiin paumo; soubisaq "SUONRIBPISUDD JIWoUd3| YBNoIYI-Yjem, Bjesedas e op SJBUMO Apn
-Alledpunw Jo A)ejuswuwsact 1o9fosd Uo paseq suoneurwalap| pue LOQD ‘Jsyeasy) AUoYS JO Mid 8u) IV
a1e20j31 0) Aed jsnw aje1s| yons saxew Ajrensn Jaub
ay) ‘0D vy} 'aNpayds paypadxa
JO S)S02 UOIONASUCD Padnpal
se yons ‘Jaalod ay) youaq Ajs|(os|
1By} Suoseas Joj aq M )l ‘Alensn
ol 6 g L 9 S Aouaby

A-13



oy apisino Gunjuiy, pue uoneaouul sAojdwa
1001 ‘jeandesd usym sp1puod Ay

PIOAE 0} 2Ji53p dY) s91e)s Aioiidxa jenuepy
Juawuolaug pue ubisaq s.L0Al sl
pioae 0} seanoesd dyoads ou ase asay) ‘'oN

4OUN6 B 0] UOHDSS SSOL LYIJIP W0y
Buibueyd ‘sain 198301d 0) seyYANIp
paned Suippe ‘punoi Jo pesisu;
sadid youe Jo |eandys Buisn ‘suoijeso)
ajoyuew BuiBueys ‘suoneasia
19Mmas wiojs Bulsen ‘sapelf

yoyup BuiBueyo ‘sadosyoeq youp
Jo Buiuedas)s ay) spnjpul sebueyy

-2J ay; ‘aaneunye s1 s 4 (ubisap
-31 e Yy)m ssakedxe) ay) 0} 1509
BIIX3 OU 10 3| YIm Juawaaosdw
Jo Ajjenb awes ay) 196 am ued

:S1 JOJOR) JueHodw) JSow ajBuIs By

yoddns joslosd ayy ym uonesadood
ul Jsauibua 19sfoid s,JousIp Ay} |

@oueyUD 0) jpUUOSIad Aymn pue

9)eS 0 pasudwod S[IBUNOI UONEUIPIO0D

o uoneziueBio sy} pajepuew aAey saNEIS
sioulfj] 0) sebueyd juasey "SoUSIBIU0D
uoRONISUO31d B} 0} PajIAUL OS|E

91e SN Y} ‘p "ON Ul PaJE)S SE 'sanlnn
ay) 0} sueid Jo Buifiddns ay) uew JayiQ)|

‘ubisap ay) Bulpess si0jq Juawubieal *$10)0B) IS3Y) JOPISUCD “I010E) B uawabeueuws J13Y) "salijod ||eJaA0 SSNISIp auleny
ase Kay) asaym Jo eapl ue Bumab ysnp Aemybiy ‘Buiquna pue abeuresp 0} ss9250.d (EWIO) OUL St ABYL| BB SIS0 S n 3y} PUE SJS02 JNO| pue Jaubisap 1oafoid ‘Jojeupio0d 0} sBunasw fayjo pue speloid Bunwuoadn
pasolo ||ejsul ‘ubisap abeulelp ylog -ubisap jje1aac au) sapesbop Annn ay) usamiaq Poya Julor ssnosip 0} sbuneaw oipouad ploy sp
3y} Jo suoiyod SjeuUIIS JO aSIATY } SS8|UN WY} PUNOJE %IOM |RIBLUID
“pajesouab *S3peIB/SUONBAS|S/SUCHEDO} ON & Bumpa| 10afoid Aejap uonedoes -3|qIsuadwiod so/pue A1essadsu ‘apmalers spaford |eraass Aanuey
3Je S2JeWISI 150D "pauiuap! 1e sanin|  James uuoys abuey) ‘sapelb asiey AR 2w Jo pouad juedyubis SI UONEDOI) Ji UOHBUILLIBISP|  UO PaAjoAUl SBIHAN ypm sBunaaw Jeinbay
© 10} S0IAJBS S50 SJSWOISND)| leuly axew ‘youelg siey pue|'sioafosd jo sniels ¥oey) o) sBunasw Jipousd
M "UONEDO|3) AYjIDEY JO 150D SaIN "O"D YIM UOHEDIUNILLICD
up usby sannn wsig
‘sanioe} punoJe Buiubisap jo uondo
3y} sasooyd wea] ubisaq joaloid
‘sjusunsnipe Apn Wwonoq YAp ABoaiipIoN|  “@3uBUBIUIEW JOJ AN O S$3IDY ubisaqg Jo| suoneAs|® YINIP Pue UOPONLISUOI JO SHWI| sesuey
pasinbau sjqissod Jo Wb ul pemainsl aq 0) By} Ul SANIIIN JIAO SQES BJBIIUO0D "M/ [euolIppe JOj paaN “1S0d| neaung aui Jo uoyoag Buneuipiood| pue Aem-jo-1yBu mau Bunedso| u saedwod
sadoos joaloud smoje ysloid yoes jo aseyd *S9OUBNUD P[O) SAOW 'SIaMaS| UOHONASUOD pasIAgy “ubBisapas AJIND Llim SHIOM 32410 UOHINISUOD [BDOT
AJano2sig 9yl "seiueduiod Annn uaamiag] oS 31e00i9y "sapelb yap asiney 40 1S0D "uoNEdOBs AN JO 10D *§1S02 8y} Jo aJeys e Jo jje Buipuny SI LOAOXM
uonesadood Ja)soy 0) abuee si Bussw a1aym sjuaunsnipe Aymn Joj payndaxa pue
uoheulpiood Aynn e ‘sjasiosd jofew uQ paJedaud ale sjuswaaibe uswisnipe Aynn
oN N joedwt ey snd *saul| pazunssald SIAIBAUL *S3NHNN YIM SIIPUOD PIOAE 0} *auop aq PINoYs -sueyd euelpu|
Yyoup ploae o} suns adid wuo}s puapg 1 uaym K|le1adsa ‘sabueyd ubisap| seapl aagewsa)je }sab6ns Aew puejjeym SE UOISNOUOD B 0) 3WO0D PINCYS| uonEJ0[R HaY} pue sjoalosd Buiwoodn
*SUOHEJ0| JaMaSs WIO)S/3joyuew JAPISUOD SM UBYM Saoe} ANnn 108foad ay) U J1E] OjuI Y uom|  Jaubisapyrabeuew yafosd ay) pue SSNOSIP 0) PAPasU Se SN |enpiApul
1snipy “suoneso] yoyp 1snipy| ayi jo abe ayy uoneIaPISUOD O axeY SJOJEUIPI00D AYINN "9|Qeucseas|  JOJeuIpIood Ayn ay) 'sIaubisep|  yim jeaw ap "S19afoid Buwoadn sy (e
0} AJj OM INQ ‘SI9POW SABY JOU OP I SI JEyM O} SE JOJeuIpIo0d pue sain usamiag Jojeipaw  Buls 1odas Apapenb e siseq Jeinbas e uo
Anmn pue yiom ubisap Guop Se Joe siojeulpiood An ay || pajosye ale jey; saluedwod Ajjn puas ap
Jasuibua ayy 0} dn yaj s1 uswabpnp
-asnpasoud 1o Axjod oywads
ON “Alnn e pioae o} axe) Aew
H1EUM JO JJBUIQ 1SOT 2] J€ 4OO0| 3M
“SIMBU0D Ajpn 9)ebl 0} ,xoq ‘UOHOIS SSOID| ON ‘pansind Ajjeunsou si ubisep ‘Apn pajoaye ay) pue saauibua *UONEDIUNWIWOD PUB UOHEBUIPIOOD

‘6 'ON Ul pauonusw
2SOy} ‘0 PIYILLY JOU 31 ING ‘DPNIOUI SWaY
JBYI0 "walqosd 3dUBUBIUIEW B SIW0J3q |
SE 3w} Yans jpun aoeyd Ul UIBWaI 0 ) MOjje
0} uanib s1 uofelapISuUod ‘Juswased mau
3y} Japun ag | Inq ‘uawaaoidw) pasodosd
S} Y J21U03 UL Jou S1 AN Bugsixe ue g
“pajepowwode Ajipess 9q Aew syusugsnipe
) 993 0} spew s1 wasAs abeuielp |eiono
2y) JO UOHEN[EAS UY UOIIIS-SSOID ABMPEOS
ay) Jo uoisuedxe 1o sbeuieip aseunsqns
pasodoud Jo ynsas B Se JNad0 S)o1juod oley

918 ado|s ‘souy|
pasodosd Bupeoojas/Bunsnipe|
(leusjew Juawjuaaal) Bupieiys
29AND9)0.d 10/pUR SUBLIISEIUD

J0 3sn ‘saunjonns doup Jo asn
‘sau)| apelb Jomas Bunsnipe ‘sauy
moy Bunsnipe ‘sjuespAy auy Buneosojas
‘saimarujs abeurelp Buyeootey

yol

‘sJejjop Jua.Lnd uodn paseq ase
SUOsuedwoD JS0J |y "SUCHEISPISUCD
150 3|9A0-ay)| JO PAZYHN

Buiaq 81€ S|PPOL DILIOUOID ON

"JS0 UOHONJISUOD [UOINPPY
-aBueyd ubisap ay) Sunjeus,
J01500 “Aem-jo-1ybu feuonippe!
10} paaN ¢ ubisap ay) asnwoidwod
abueys pasodoud ay) (I abueyd
ubisap pasodoud e Buew jo ase3

“PHU0d ARNn ay) ploae;

0] pabueyd ag Aew ‘GuipAue I Yeym)
99s 0) JOUBISap Y} Yim 183W pue
SIYUOD ANn auyy Auap! (1w yels
Sty Jo Jaquiaw e Jo Jeduibua poddns
1oslosd 3y} "|auuosiad 2oy PUISI]

*SUONEIO[BS ANNN 31NN} JO)|

100} Bunabpnq e se pue sued Juawaroidwi
abues 6uo| 113y} maAas 0} AN 3y} moje
0} pajuasaud s| oyul siyl sjuawaaosdw
pasodoud abues Buo| Jeak-yiNw Jno pue
‘weJboud sesA-g uno ‘weiboid [enuue Jno
ul papuny spoafoud ay) ssnasip 0} sbuileaw
UOIJEUIPICOD AN |ENULE PIOY SIOUISIP 34|

(13

Aouaby

A-14



‘sjuswases Bueysano "pasInal s Aempeol ay) oN| uoisiaal Jo asea - AJnn ay) Jo 10D 13msue Lupia Jamsue Jupigq ewoyepO)]
9jod samod aziwnuiw o} sBunjoe) 99 puei jo apest ay) ‘AjpJey payipow usag
SJUBLIISES AN JO UOKBUIGWIOD B SZINN O)f 3ABY SWIISAS *|'D'I'D PUE SJ0193|100
Buki} “sanynn Bunoyuod pue p SSadde: 131EMLLLIOS 'SDYONP 3JBUILIR O)
0) Bunaaw uonaidwed ueld %0 € apnidull  PapUaIX3 U3Q aAeU SUONJ3S JBNNG
0} 553204d "H'I"d 3} pabueyd sey | OJO| pue QN3 ‘pasiaal usaq SABY SINOJAP
AWOG "SUOKBAS[S UNP ANSOW
*UOKIrUISUOD o OoN PIuod ul Aynn|-siesuibus ubisap ayy Yim Buinsuod, ‘uononysuod ybnouyy sbussw OO
IUN JD13U02 3L} BA0S34 0) duop st Buou| ‘uieIpIApUN ‘SjRJSIR| PUE SUNL JOMIS Ay} JOPISUOD ‘BIqIssod SB Yonw|  JSYE UOISIZBP |Bulj S} 9INS A4EW | asoy) anunuod pue sabeys ubisep Buunp
‘MaABS BULND JOIYUOD BY) ¥OIYD JUOP| LLIOIS 'SSj0YURLL ‘SUISEQ LD}ed SACH se sabueyo ueid ayew Jso2 ay] | sBunaaw uoneuIpJood AN om) dreH
1)l "saonoesd piepuels Aue aaey 1,Uop A
Apejnoted JoN ‘a1es Ajawasnxe aq pinom sabueyd ON| ‘uonoruisuod Buunp awn Jo Buines ‘feuuossad Amnn 10Qo ‘|esauab u sawely awi uoledoes oo
wswubie - abeulelp WLOS 10 Jamas 10} |enuajod pue 1oafoid ay} 0} 1s0)|  pue sann ay) ‘eubisap Buinoaul pue suonasal abeno ‘spaau Buoyds)
*131em 0} 3Q PINOM UOLILOD SO HoYa aAesedood B 3q PO ‘sawey) aw ‘BuLBPIO {eUdIBW SB YINS:
spaau (e1pads uo suoissnasip AeuiwiRid
pue saun ypm sbuidaw piay ays-uQ
219 ‘syueld uauneasn wswubije w syys Wybis / "ON 995 'S8\ uonisinbae p/Y JO 1s02 M ‘aloud e jo ayy ay) Inoybnouyy BUII0IED) YLON
‘uonE)SqNS Se yons ‘Apjnn Jofew e pioae| pue sabueyo apest pasodoud Buuaje a|qissod ay} pue wajqo.d ubisap pue UoRoNKsuod 'ubisap 'uoydas SNONUUOD BJE SANIANIE UOHBUIPICOD
|l yey) uBisap e Buysigelsa ul ejep Aaans ‘sBuind abpuq Jo uoyedo| ‘swajshs By} snsJan juawisnipe Jo uoneaojas Auyn ay) usamiaq poya uor
Jo uonezin "uoyeasld adid abeulesp| asbeuresp Aemybiy pasodosd Buuayy| Ajmn 3y jo AynouyIp pue 1soD
Buiysigelsa ul e1ep 3NS Jo uonezinn
ON “ped Jsow ay) Joy 4O aiEeME WL] JEY) ION saulpeap ~Auedwod Aynn [enpiaipul -abeys ubisap %0¢ ay) o) soud sjoaloid EPEASN
sabuey2 Jouiu ‘A1jes Aemybiy yaye| Psloid (¢ smers sybu Joud ay) pue saubisap 13loud ay) yum| Bunuoadn uo ojul apin0ad SAYO PUISIP Y1
10U 0p 18Y) Sjuawarosdw Aemyby (¢ sseuaAn9Ya-150D (2 (€ 99g) uondunfuod u Jojeup;002 1alold
ulepas Buneuiwja Jadid waand) £219esingquial uonedofas 3y s (|
uapoys ‘sanijoe) abeutesp Jo Buinop
-saipnys Jopulo2 Buunp sannn je %00} *UoNINIISUOd ON 150D Jasuibug ubisag Aempeoy S30UIIBJUOT UONDNISUOD-3ld e)seqaN
40 shwil w1 |iInd 0} sadojs ¥oeq isnlpy
‘papaau aq |im ApNIS 3NS € JOU JO JaYIBum) ‘suoIsuaWIp ‘sanss) ubisap-aJ ajqissod ‘ulesd), “SOIUOD Inboe pAny uo paseq juawaoeld euejuoy
912a1pul 0} [puuosiad ubisap Joj way adid uleap wuoys Bunsnipe ‘sapest| se uonesapisuod 1o} |suuossad uBisap| aigeydadoe pue Ajn ay) Bunesof@i| Augin 3)200j8. 0} JAYIBUM dUILLIIRP J0J S3UIBWI PUE SIOPLIOD UONEDO[B)
au|| e sey podas mansy piey Keunnaid ayy utesp uuoys Gunsnipe 's»00(q youp 0} pajuasa.d 8.e S|S0 UoHEBIOB 101502 Yy ‘M wBIYng sjuabe Ayn sjuswpedap ay)| ued o) saluedwod Aynn patosye yim pYy
‘suonoafoud sutpa)uad Joulw ‘sadols Ajn pajewysa ‘uotseado up e sbupaaw 'spalfoid ueqin sypads uQ
Noeq Jodas)s ‘Buipunos 3do|s aAoway| uoIeIaPISUCD B JOU SI )S0D 3PAI-ay}
“UMOUY 3G $1500 ON *uonEI0|as ‘saiuedwoa Apgn ‘sAejap pue 1iyuod fenuajod Buiziwnuy uebiyor
ued ojul aJow os (ubisap a10jaq sieak p-7) uol00§3s 9b.J.| PIOAER O] SUIBISAS| 10} AW 3|qe|lEAB ‘UONEI0|S.)! pue yeis | Oaw Jayio woly Indul|snyy Uom Ajnn Joj 3|qisucdsal si JOJOBIIIOD
ssa20.d Buidoas ayy Buunp ojur Aynn swos 1amas uLojs Jo ubisap-ai Ajlulep 40 Aynoyyip 'uonedoial jo 1s0D|  yum Buoje sebeuew osfosd ubisag 10OQW BYL "SIOBHUOD UONONASUOD|
Buuinboe Huuapisuod Ajuaund si | Oan us oM Ajin awos sapnioul 1 OAW
*BuUNEI0|3. PIOAE O} PAAJOAUI SaNIN Bulsixa) | Jamsue Lupia ‘sabueyd ajew |m am UOISIOBP ‘uonnsuosald pueilien
ay) jo |le Ayuapl am ‘abegs ubisap ayi u|| yiemapis pue ‘sajyoid ‘saand isnipe ‘anss| }so0o Jolew e si i | Juswubie yiof e s1) pue sbupasw ino PUB PIgaid By} YIIMm SN DY) DAJOAUE
‘suoisiaa) abeuleIp WLIOIS aYew M yiys ‘abeuiesp uuoss isnipe app| 18 passnosip |je ase aseyy “aydoad om ‘aseyd uononisuos ayy Jy “sbuneaw
uoneuIpIood AN pue siaubisap UOfJBUIPJOOD JO JBqUINU B SABY 9
Aemybiy JO UOIEUIQUIOD B BABY I
ol 6 8 3 9 S Kauaby

A-15



‘SjuswyoeNe 995 "sadueusundde puno.b
9AO0(E JOJ SBOIASp uonemuaye joeduw
annovaoud Buisn ‘saoueles|o o) sapelb aul
moy Bunsnipe ‘subisap wWa)sAs 19jemulLio)s
yayp uado uo desdu 31310u02 Buizyn
‘Wa)sAs PIsO| B O} WISAS JOJEMULIOIS
youp uado 1adeap e wioj ubisap Buus)e
‘sqels aAnoda)o.d Jo uoezinn to sbuises
anlej0id ui sauy Buido@Aus *saouesead
aseasnul 0 $adA) 19|Ul Jamas uuo)s
BuiBueyo ‘ljem Buluieas jo ubisap 1ospue|
uoneoo| Bunsnipe ‘sbunooy 10 suwnjos
jednjonis pasodoud jo ubisep Jo/pue
uoneaot Bupsnlpe ‘ss|yo.d Aempeol Buisiey

ol

ON Ul UOISSNISIP JB(ILUIS "SBOUBIES|D
paJinbai ayeyoe) o) Buidid jo Buizisal
pue Buuamo| ‘Buisiey “asmonljs
juawaaed J0 Bl QN3 BY) yleauaq
Jamas wuojs pasodoud ayy 1y 01 Ajige
S Joubisag 'pasn wWaisAs Jomas ulojs
1o adA} 10 uoneas|s Jo/pue Juawubie|
ay) o) ssbuey) "josuay) juswsoeld
2Y) pUB JOM3S WLIO}S O} Pajela) asoy |

¥/ ON 933G

40 @be (4 4500 (2 "Butwny (p Awioey
8y jo Alxa|dwod aape|al pue

azis ‘adA ] (2 "Aoijod 0) uondaoxa

ue pajuelb aq 0) Aiessadau euaysd
Y} 199W 0} 8|qe 3q Jo 3oueldwod
103 pamaiass 8q 1snw Ajoe; Anod
UONEPOWIWOI2E AN S,3)E)S Uim
Jouedwo) (q ‘suondo ajge|ieae
8jej01p Aew puey je joafoid jo

adAy ay) sawyowos :adA) ofosd (e

"3U0ISaIW 3131dwod

%02 8Y) sayoeas ubisap yoslosd

aw ayy Aq vonepowiwodse Buinsind
AjpAjoe ag pue payyuapl S)oIUo2
‘pajeoo} saiN SARY 0) BAUIS

JM POAIOAU S3|QBLIBA JO JBGUINN

“9)isgam e dojaasp o) panosdde

u39q BABY 3M ".SN204 AN, SY) Pajnua
J9)9ISMaU e $3onpoud 1oLSIg UoISnoH
3yl sBunssw jo sauss e si50Y 1OISIP
UOJSNOH "ounod Buneulpiood AN e uo
sojedionied jey) aalejuasaidal e aaey o

sexal] §

n o)

saonoeid umouy Ajuo 8y aJe asayy “Jey os
Smainal AjIqeanuIsuU0D 8313 PeY aARY BpA
"80150 AJIIN BY) SAIOAUI SWES) 3Y] ‘SMOIAS)
AWIqENIISUoD pue swes) ‘siebeuew
yoalosd pajusws|dwi Juawyuedsp ay)

uBisap-ay s1014U02 pioAe 0} sdwel
10 uouE3cIY "samey Ayin Bunsi
U0 JUBWILOBOIOUS 3dojs azIwiuiw

0) sjjem Buiurejas Ayneld jo asn

Buysixa jo uonesojal yusnbasqns
PUE JIIUOD PIOAE ey} SUBISap-as
JO SIS09 3Y) Ul paseys aArey saInN
‘1509 §1 AJBPUODSS UOIDMUISUCD
0} Aejap s! Joyoe) Alewiud

BY} YiIM UORBUIPIOOD 10} 30O AN
DH 24! 01 pajiwgns uay) aJe ubissp
-8J 0] pajejal SUoNNosay “sann
U Ui Sxpom yers Aynn jeuoibay

G 'ON 95| saaow uwn|od abpuq ‘suonesypow abpapmouy Aw 0} JON ubisap op-a1 1ON ‘Sanin J33u1bus 138fosd/ubisag “SHOYS UOIBUIPI00D A
auIPUNI ‘S)3JUI JBMBS WIS 3U) SAOW = DDUE)SISAI ISED] JO Yied ABojopoyiaw pue aJnjanuis aalb 0} ,$58201d
wawsbeuey aanesadood ANNN/LOAX L.
3y} paausp 1 OgxL ‘Buussuibua
-9 $$820.d $SIUISNG € JO }insal e sy
$58201d ubtsop ay) Buunp| “1IIUOD PIOAE 0} UOEDO| JOMBS WO)S| OoN “SaNIpoR) 3010 ubisap:

‘|lIsqam ay) 0 diLS 002

2002 34) Suippe sseak siy; ‘sueid abues Buoy
s|qejiese axew o) Bugdwaye si uswpedsp
YL "91E)S BY) SSOIOE SAHNN Ypm sBueaw

sexa)

99S59UUa |

“SPIYuod ANn ajqissod

PUE SaiitiN BUILIBOUOD OJU) BOUBAPE BI0W
10} sapir0ad yoiym poday Huidoss jeuid ay;
se 0] pauajas mou ‘ueld uonduasep paloid
PajieIap a10W B 10} padU 3y} pajeniul osje
HoYd ¥dQ 8yl "asuensss uejd MOY 0} Joud
uoynjos e ajenobsu pue spoIyuod fepuajod
Amuapi 0} Jdwaje ue s) a0IN0sal Wwed),
awdogpasp se pue sbunsaw Buuysauibus
AKeurnjaid ay) 0) 3N sy apAu)

‘sopioe) Aynn Gunsixa

Y} JOIUOD PINOM JBY) JUSLULIBOIOUS)|
ajeuiwi o) ||em Apaeibyjiem

Buuieas e Buippy uoiIjowsp;
paseyd paunbai jey) Buissosn.

abpuq & uo eale ue o) 3je305)

0) 10 pauapim sem Jeidwa) Aempeoy

*SIOUBISWINDIID B|qeSINqUIRI
10} PBJBPISUOD S| SNBA JUBLING ‘ON

‘ubisap

-31 0} Jou Jo uBisap-at O} UoISIVap
3y} 0} AINQUILCD Aew uoyisinboe
Auadoud Jo smejs ay) ‘panss| usag
aaey sueld pOY J| "Juswpedap sy
Aq paJapISuod 8q JIIm UOISIASY S,ueld
€ JI auw9ap Ajlewou ubisap

-2) 0) HOYR pue duli) 1S0d 3y
*Jojoey Bunnquiuod e st A

0} 1502 9|qESINGIIDY "UOHEI0d)
1o} pannbal awn ay) s Jojoe) Jolepy

‘ubISap ay) 0) UOISIABI

8y} Jo uonesoas ay) Bulleupiood Joy
ajqisuodsal uay) S| BJUH0 SN AY Y.
1ndur apiaoud 0y Ayunpoddo ue sey
Annn ay) pue panssi ase suejld MOY
BY) 19UN PILHRUIPI JOU B SIAPYUOD
Aon ‘Aleuson Aupqisuodsas

“J8wisiul ay) uo papinosd s1 'syafosd papuny;
Ajjesapay Buiieiuod ‘weiboid Juawaaoidw)
uoneyodsues) ajels ‘wesboid Jeak
N0 ue ‘aw SIy) 1y ‘s1oafosd jequajod
Ayyuapt 0) weiboud Jeah-g ‘ueid Jeak
-0Z € 10} paau ay) paulyap Hoya Buusauibus
-9} $59201d ssauIsng juawpedag ay)

-€ 8ul

99SsSauul

BUON

‘sadojs

114 Buipua)xa Jo N3 LI (jem Buluiejal
€10 8sn “juswynge Jo abpuq jo adA}
ay) abueyd “|lem Buiuieral Jo adA} ay|
abueyd “swoy abeulep 0) SUOISIABY

ON

113

‘UONEDOIBY JO 1SOD "IINPBYDS
Sy} U0 JI9)e (|BIBA0 BY) pue abueyd
ubisap Aue jo Juap@ ay) "aINPaYds
103l0ud ay uo aaey Aew siy) 1o3ye!
3 pue uonedoas ay) aj3dwod

0] san[In ay) Aq pasinbas st

‘spun
P3OSYE JBYI0 pUB JOJENSIUILIPY MY
Joessiuwpy AN 1oUISIg Wioy
indur yum Jaubisapyiabeuew j0afold

sBunsaw Aynn ubisag

“Jojesisiuupy AN 10WsIq O douauadxa
pue abpajmouy| [euosiad ‘uucssad
wawpedap 18yI0 pue JOJBLISILILPY

Aunn PUISIA ays AQ papuse s MaIA

piay Buidoos v syt yo3fosd uiypm sanipn
ouiLRlep diay 0} 1led 3uo yd asn siaubisaq

elealAsuuad

AouaBy

A-16



‘paxe) JUSem 13aysg *JoMas uLo)s e Suinow oN Anmn jo aimeu ‘paxe) J,USem 199ys ‘paxe) LUSEM J23YS Buiwoip
se yans sabueyd ubisap {euoISEId0 1220112 Jospue ANNN 3318203 0) IS0
sabueyd apesb pue juswubie yog
6 "ON Ul 2quosag ‘aoe(d ul ulewas o} sann Bunsixa SBA ‘apew ‘uonnjos "SIIIJUOD A0S O} PApaJU SE SN UISUODSIA
mojje o) abeuresp uuols jo ubisap aue Aay) ‘ubisap ay) Buisiwoidwos USALIP-)SO0 [EMNW B Ajensn| yum jespy "(2) sbunasw uoneupiood AN
{eads ‘sanoey Annn ssiur 0} BuiAup| INOYIM 1509 Ajnn aonpas o) spew|  -aaneuasasdas Amn pue saubisap
ayd Jeyeq pue a10g-aid ‘sabueyo 8q ueo sabueys ubisep J| 1s0D ‘JOIBUIPIO02 AN "HOYd IO
JuaWUBI|e (BOIUAA pUE BJUOZUOH
oyut| sauy uoissiwsues} seb ainssaid yby ON n 6uneooal u Aejap seluedwod Apnn ay) Aq ‘sabueyo ainpayos 0} ewiba 18
n Aseuiwipad uo paseq uolIBIeS JIN0Y pioAE 0} paJaje sem ubisap a6puq awiy “sannn ay) Bupesoral jo 1soD] papiacid ojur uo paseq Juswabeuew) anp ynouP AJ3A U Sey SIY) ‘Apualas Ing,
v "saui) duoa|e abeljoa ybiy pioae Jaddn ino Aq apew s uoisioap ayt| -sanpayds yafoid Apeak apiaoid 0y Ay app
0} pasa)je uaaq sey anos Aemybiy
Jamsue jupig Joauo3 Jyjes ‘abeuresq PaJapIsSuo) aIy PaAjoAUt UOHEJO[RS ANIUN JO 1SOD uoisiaip ufiisap pue uoneso b

pajoaye Joj uonoadsul pRy AN e ploy am

09 4 7D =3NS "oloyd jeusy

Juawubie Aempeos ayy Buinow
pue ‘ulelp wuols ‘suaq abpug

ON

“Aunn sy snfpe
0} J$02 8y} uey) ssa) 3q Aew Apnn
@Y} PIOAE O} JSOO UOHONSUOI/UBISap
BJIX3 8] "UONEIOIdJ 3} JO) Y11 O}
1502 pue A)|10B5 3Y) I)ED0[3) O S|

W11 Yim uoneynsucd ysnosy
JodojaasQyieaulbul uonoasg 8yl

19UN0D UOHEUIPJOOD ANNN 3.y USNY 3y

aidwin) sexa)

ol

KouabBy

A-17



yo3loud e Bunuswajdun

Jo ssa@201d ay) Uy “(angnd

pue asnoy-u1) ajisqam e ybnoiyy
OJUl BJBYS Op B\ "SIMN) JEDU
ay) u uaddey Aew y Jng awy Siy)
& SSSEeqE)Ep JIEYS JOU Op SM

olqNd 3} MOJIO} A

‘eaJe aloid ay) uiyum sapyn
ay} Jo asn aimnj ay} 1oy yueq|
1onp e Sunonisuod yym yoslosd
2u0 uo Bunuawiadxs ale ap

2y} 0} @S0 se sann soerd 0} Ay ap

YoudJ} I d1eUIPI00D “ANNN BY) 0} 1S0D)
ou 1B AV LOQOIW mau ay) ojut (asuadxa
J13Y) JE) 3JB20[31 0) AN 3Y) MOJjE I\

vIN ON Y/N *3jqIssod Se MOH O} 9S00 se ade|d ‘Buigqrub pue Buuespp epuo|4 a1eaud| d
PUE | O PUE JSO2 UCNHEI0IS3) 95npal
0} UOIED0[2 JOBIUOI O} JUSLNIUOD MO|IV
*3W JOBUOD 0} 331) |98 ases|d oN oN VIN VIN eueipu| ajeald| d
‘'s10d s Ajua elep ans
Juadas Jno snid ‘aNs 4o ejep
punciByoeq Jno Ul pASIIBUI BIE
noA j| "3NS JO LoNENieAT ay) uo
yodal yMHA au) pajoyine am
asneoaq aweu Aus Paule|qo NoA
Jamsue jupiag oN OoN ‘MOY 3U3 JO [04UOD OU IABY M ‘ON 6 "ON 338 euozuy aleaud| d
JOMSUE J,UpIQ Jamsue Lupig Jamsue Lupiq “UORED0|3) BINYNY JO) Pa3U A} JBMSUE J,upIg eiwo)e) aeaud| d
ploA 0} se os 1oaloid ay} Jo Ayuoia ay;
Ul SaNI0.) MAU JO Juawaseld ayj 0} se
JORERIUCD g/ 9y} Jo/pue Jaumo 1odloud
BU) UIIM SJEUIPIO0D JBUMO AN 3y jewy)
JU3WAIND3J B S 319U} ‘UO PIIOM IABY
1 1By sluswaaibe Ja)sew ay) Jo Auew uj
‘Sjuswalinbas “JoA se paysiige)se uasq jou ‘80UBUIPIO “soniioey pasodosd soujen|  "SWAOUOI pue SPIBU NIBY) )BPOWILIOIDE HO 'shqunod| w
M S18y) Bukynuap se jlam|  sey uoisinoud siy) 10§ SPIepuE)s MY 84} Ui passaippe osie UIM IIJU0D U) 3 Jou Jim Aay) Jey)| 01 A 0} ANIRN BY) yim XIOM PInom 3m ‘ON
se aseyd ubisap ay) ul ;aipea ay) ‘JansmoH "Zp0ozZ Asenuer| aue uonesadooo pue uoneupiood| 89s 0} sueld uonejeisu Ayn pasodosd
spyuod Aguapl o} saninn ayy|  ur Buiels Ao ay) o) papiosd aq SE UaNs Sanss) Jayi0 1B 400] || UOISIAID s} S,A40 3y L
woJ) UoheutpJood Ajlswsy aJow n Bunsixa jo Buiddew |gRBip{ "M SY) U PaISHUNODU JJE |BY) “Aoijod JopLuod Ajnn aAey Jou op ap
pue Ja)aq 3as 0) 9yl PINOMmi ey saanba aoueupio MY 3YL| seninn Airuapi djay o) pasew aq
OM "SSNNN BY) SjepowILIoIdE o) sanae) Aynn Bunsixe sasnbas
0} uea am Builiana 1ey) aoeid ul ssavoid puwad
Buop s1 Ao 8y} ‘||esar0 yuiyy MY B sey snquinjo) jo And ay L
| “#ounod uonuaaaid abeuwsep
1E20] 8Y) Yim A[SOID SHIOM|
Buussuibua Jo uoIsIAIp 3Y] |
ON ‘wieysAs ojut Juswsbeuew ‘aping sloid uswanoidwy -giqissod se Aiepunoq sy mau *s]yBu soud azwboosas ‘asn Auno) edoouep| O

Sl

142

€1

(43

12

AouaBy

A-18



ul sanoe; Jo Juswadeyd
[euipn)ibuol mojle Jou 6Q

3y} 0} xau pue spoujaw Jiuuad Bwog

1ey) sann 104 Aed spuny [B19p3) puE J)ES

ON JO MOUX | Jeu} 10N ON Muwied AQ M 'ylog JO 3Wos yi ddississiy
N0 UO SAMAN MOJE Op 9M Inq ‘Auadoid] pauiwsiep s uoneiosd v ‘Ausdosd aygnd,
sieaud uo Suneso| abeinooua apn| uo st AN Byl it %0 sAed | OaW “Auedosd
ajeaud uo s AN 8Y; 1 %00+ SAed LOAW
-9181dwo %409 ase sueld wIN vIN "AMVY 3leAud Uo 31ea0ia) ‘sabueyo ubisap BuBISINo
usym piay aie malaal ueld-juior 10 yuwad Ag MY Mau S, 1 OaVl| pue suonedsopal Ajisoo Buipioae jo uerd 1ssq
13)ud-3) 0) ISCOYI ABW AN Sy} 10 YoM O} AJINN Y Y)IM 129 ‘SOA
oN ON OoN ‘pauIsep aq '3)200§3J 0 }SOD ouyep|
sAemje Jouued spIyuod aimng ubisap| eyl Aed |im 9)E1S ‘UORIPUOD UIEWAD JIPUN
s, Jousip Aq pauluLR)ap suoneso ul|  -ajesojed 0) LoNeDo| 1$8q ay) 10y Auedwod
Augioey siayy aseid o) pamojje aze sanin| Ajun yim 3)euIpJood pinoys Jaubissp ayt
‘samin puncuBlepun sawnawos| ‘suoleinbay [esapad Jo 9pod ay; *pasapisuod buleq ‘paxe) J,Usem Ja3ys ‘paxey J,USeM 159US neme|
pue ‘punciBaroqe saynuapl| pue ‘sajny sANensSIuIWPY lemeH|ose st sannn SuipunosBlapun uo
‘uBisap jo Wels ay) o) soud 3y} 'SaINIEIS PasiAdy lIemeH; Adljod y "sainpadoud Juswaaibe
auop ‘Buidoos osloid suonesol]  ay) ‘lenuen yers [ejuswpedaqg Ann dojeaap o) Suuedsid
Ajinn Bupsixa moys jey)| 8y se yons ‘seseqejep paseys s uoising sAemybiy ay)
sueid jIng-se ajesndoe apiroud| Jo S3jns pue sINE)S ‘saunpadosd
0) sauedwod Aymn Buysanbay ‘sa12j0d snouea e a1y
‘91z MO bL/ACE 20" j0p M/ Ay *JOMSUE J,UpIg *SIOIUOD PIOAE O ABM! *UOREDJO JO 1SOD BY) ewoje)!
PUB G| Zt 9POD) JUSWIUIGA0SD e punoj 8q ued -jo-ybu JjelS By O} aiqIssod se 9sopR|  azIWIUL 0} SPOYIBW 3|qeuosess dopasp
ym Aldwod jsnw Juswpedap| jenuew auluo sjuswpedap ay) se sajod Apin Bunsixa dasy 0) sidwape] o) Auedwos Aupn ay) 0y dn s1 )i ‘s105eseY )
B3YJ "pIoY Ut paxewWw SaNLN 3yl Juswpedsp ay) ‘spslord Juswaacidw ‘uejd UOHEDO0|34 UMO JiaL) 3PIAOLd!
BABY 0] Jaquinu suoydals) ua(e AemybBiy pasodoid v “sjoIyuod ainjny|oy pasmbas si Anpoey Ajpin ayj Jo Jaumo sy
punciBispun saJ; |10} aY) j|ed ploAe djay o) saliin mau o Juswadeld
0} paJinbaJ s| JO}OENUOI $,3)8)S By %0842 youelq Apn syuswpedap
By} 'UOHONIISUOD JO SWI 3} IV ay) Jey) ss8004d JULR JUSWIYOEOIOUT
ay) ybnoJy) syuswanbal e S| IBY} ‘S
ON Ajesuondae -Aoljod uonEpOWWOOE *MOH 3y) jo abpa ay; je sanoe) ‘Jeaosdde pue mainal no sesuexy|
‘sueld Juawisnipe AN aAI3s ANnn Jno Jo sauaping ay)|  mau ay) Jo uonelo) Pexs sy} Buipnuy Joy paziwsil pue jIejap AJaIdwod u) 3q Isnw
pue ‘sueld Aemybiy puss op apz|  Jepun pajersul pue pasinquial Jeaoidde Jno soy sue|d Juswisnipe| ajewsa sy pue ‘}s0d pu ur juawededal
‘pajsnipe aJe saninn [y ‘SSA 40 189S B Jgns Jsnw ANnn ay) 'SaA 2y} Joj asunquiis Ajuo i QLHY|
ay) ‘aiqesunquiial s1 AJoe) ay) J| 'SBA
OoN ‘poyse “INS IsSN piNoa A3y} SBYSIM Juawubiieal a|qissod Joy moje| “JUIIDHYS )02 S| UBIsap eXsely
usuM SBI gD SANNNN 3piAoLd 0] JuBIOLINS B1. SISSHO 3INSUN 0} $S3204d|  3sNSUI 0) AN YPwm oM pue Al Jpny|
yuwad Buunp Juawbpnf poob asn
0} A1} pue 3p0d MY Ul USHUM LIOg ‘SAA
ON ‘AUE JO BIEME JON "MOY 9)ersI9) ‘Bull MOY A001> Ss06 eweqely

'3NS Jo uoyeziyn

pue ssaualeme Jajeasb ajowoid
Apanoe pue buusasuibua Ayn
aoBUNSqNS Jo sysauodo.d Jolew
a1e 1AW @y pue 353 Buipseq

€1 'ON 3938

‘SJUE}NSUOD puB saluedwod
Aun ‘yeys 1 0Qg 03 dqejieae

SIy] ‘Iseqeep a|qIssadcde A|Isea
JUBUND 'B|GEIIB) B Ul PILIOJUSAUL
89 0} OJuI INS Moje 0 SID AN
e Buidojasp si 383 BuipseH

*ss9204d Bumiuuad pA0OY aus Jo bed
SE SUONEPUIILLODAI pue Sjuawanbas
SIMew uonoeg SN LanW

Jamsue Jupic]

BUEJUOW djealld

Jamsue upig

19MSUE JLupig

Jamsue Lupiq

Jamsue 1,upiq

Jamsue Lupia

ei61099) ajeaud

Sl

143

£l

[43

33

Kouaby

A-19



{"pasn uaym SHIOoMm

BAISUBYSIJUIOD 0} SI UOKSANYD)

GL# 995 *1509 9|qissod Ay} YUOM X¥suU 1S00|  suonIsies aaneusayje ubissp jdeoxa SuoN BuoZUY
1) “Jopuiod Aemaay pasodoid Jo| UOIJEJ0[3J B SB aN|BA SN Jyausq jsod
Ayuia u panssi Buiaq syuuad MOUY e sey jwiad 1502 oN asuadxa
Buiuoz/ubisapsuononISu0d AWn je uoneso;al aJiNbal spULSd
0} Joud pajoejuod
s1 10QV Aoiod says| pal B
aAaey (Bew) sjuswuanor) ealy|
“JopLIod sjesedas| “JO S1EME WE | JeY) SUON -ajqIssod Se uoos *sj00fosd aumny YoM BUOZUY
 0) Sain Suyuod 0} AJj M I ypm Bunpiom uiBag|umouy 0y ease 1oedw 84) JO IN0 JQISSOd| UMO JISY) OP O YSIm SNIIRN JSOW SE SWajl
3|gelIBAE SI MOY Uaym Ing ‘ON se Jsaq se paoejd aie sann pAIeos) Jlews Jsayjo pue Butyoual) o) pautepad
ssa00.d malnal ubisep ayl Buung "sep| Ajuo sey siy) A)jesuoisi “sbuiaes swinjoa
Aue azyea1 A|qissod 0} 10JoBIUOD SB)E)S
ay) Aq pauisopad aq 0} 3IOM 3y} OjU) YoM
SIY PP UED aMm ‘SBS00YD 0S AN ay) 4
ON oN| uoneuipsood Apnn poob jo anjea "91q1550d s€ Ul AWY 3U) 0) IS0 SY W UISUODSIM|
pue ssuepodw) ay) uo ssubissp! pauinboe Aimau ur seniioe) 1oy suoledo8)
Aemybiy mau jo Bujuten [enuuo) Aynn J0 1509 ay) sAed | OQ UISUOISIM ‘ON
OoN -aseqejep oN *0)3 'UD1OBS SSOII ABMPEOI BY) UI ‘sanioe; [ediviunw 1oy s|gemolje eluealfsuudd
B 3IBYS |[IM M ‘OJUI SANNISUSS Jou 159MO| 3y je aoeuns Buueam ay) mojaq SI %06 0} dn Buueys 1soo ‘suonenbai
pue aigeuoseal si jsanbas ay) J| 139} 9 S1 JOADD JO JUNOWIE 3Y) PUB Pasn|  JEIS 134 "dJuelsISSe Juswainsoid my
U0 SI M/Y BYi ybnouyy adid Buised| apinoid Aew am ‘paisanbal j| ‘uonsabbins
A INO JO 3pISINO paje3o) 8q 0} a|qeuoseas AUe 0} U3JS]| [Im S
3081 pue Buuoq ‘sjoyuew
S0J2 3Y) J0) JuswaaLbe,
S1jey) uonEIIDAdS B IABY OM ‘'S
Jamsue ,upig| ausqam e uo agnd ayi 0) sunny ‘suedk *G "ON 0} asuodsa) 98% *S3191|0d UOKEPOUILIOIDY Bjo¥eq YUON

8y} Ul 8|qepeAe aq Jim Is3y)

pue '(91e3s 000'vZ: 1) sdew penb
SOSN ‘seuciuaaul Aemybiy asn
1% Yaiym wesboud g19 uo papels

£ 1x8U 3y} Joj spoafoid pasodoid
S} 40} SADO 1OLISIP JNO
ybnosy) sasesal ssaud [enuue
NSS! Op S\ "9IqeiIR) 00} Lusem
3 0s ‘BuiBueyd Ajlenunuod sem
2INPaYds 8y} ‘v661 dUIS Buipooy
peasdsapim 0} ang ‘9jers!

2y} ur saoes sey jeyy Auedwod)
Aymn yoea o) ajnpayds Suiuado
piq pasodoud Jeak-¢ 0) Z e Juas
pey am ‘obe sueak maj e jun dn

saninn ay) o) buipiosse pajnIIsuod
8Q SN YIOM UOHEDOB) |jE SE 'ON

oN

ON

Jomsue Jupiq

‘syuawidJinbal yydap sajeindys

Aleoiseq sty |enue LONEPOLIWIOIDY
AWINN N0 0} 3duUEPIOIE

ui paaeyd aq 0} SanlN 3y a1nbas app]

“ayl) JeaA-p | e uodn paseq

ainpnys Buysixe ay) jo anjea abeajes

Aue aA13004 0s|e A3y} pue aimoInys

mau ay} Buiipioeq pue Buiyoual; jo

$])S02 9Y) SAAIDO3I UMO] BY) ‘'¥Sy Jad MOY
n paumo-Ajledisiunw Jo4

anysdweH maN

Sl

143

£t

143

33

KouaBy

A-20



uopiaM “JW 1eejuo)| snyajeis jop@uopjem ysuuay ‘918 sjauIqed! "JJOya UONEJO|3) JIBY) SJUBADE O} J8pIo epuold| S
UOPIAAA "IN 10BIUOD UCHEDIUNWIWOD ‘sajoyuew ‘a1 wayl| Ul Aem-jo-jybu pascdosd mau ay; Bunesip
N pazienads o) euaud Juswase|d
pue sjuswuBIsse JopLIod ANIN] 3y} SMOJIE ME| DIIS 'PENME| 9IRS PIq
BuiApns si pue |ENUE UOHEPOWILIOIDY ayy oy Joud ajeWNSa [ePWO $,1004
AuInn 6661 dUi sey 10a4 aul ‘ARusLND| 8y} J0 %01 A0QE §S0D Aue ur @jedied
ued 10A4 3Y) INQ IS0 ||e 10y 3qisuodsal
S11UMO AN BY) ‘ApuUBIND JOBHUOD
INO OJUI JJOM BY) SPNJOUI 0} S1 POYISW BUQ
‘Juelnsuod Aemybiy Jo asueape ‘aumny ‘Aalod mau *aNss! sIy) ssaJppe| *aWl} UOHBUIPIOOD epuol4| S
Ul 9)220(2J UED A3Y) 05 MY 10) passaippe Buiaq s it ‘ON|  SPUBWIWIO3) YIIUM M/d 3 Ul 0} BPLOI4 YINOS JO ANSI2AIUN Y} ou pue Butjyyoeq Joj 1S0d [BUGHIpPE OU
qrub pue Jeajo 0} sanun Aeq sajoy ssadoe Aunn jo uswadeld| ybnouy) pasodoid Buraq si Apnis & ‘'ON{ S18J3yL "SWI} PUE ABUOLL JSUMO 1)) dNeS
‘sobe)s Guwued Leuwid 3Y) Uo paONPUOI UBaq sey Apnis I SIyL 38umo AN By} yum (10jenuod
3y} Ul s8N SSAIPPY Guuasuibus anjea y “ZL# 935 Remybiy Aqg >pom) Juswaaibe joafoid
juiol B Jajua ued Juawipedap ay) 'saA
ON OoN oN SIA oN aiemepg| S
1509 aloud pue aw ON ON *SIOMYUOI ‘I punose ubisap pue Apn auo xoid nonosuue)| s
40 asnedaq a)esolal 0} Bulkly 3Jnny ou aJe asay) os Bunuoadn B Joedwi ay) SZIWILIW O) A1) 9M *SBA
PIOAR pUB S)NE}S BABY IM ase spaload yeum saun ay; sie) sy
*Seapt yyum uado |je ase am pue “151| BuisiyaApe ue N0 puss am ‘SSA
JUBWIWIBA0BG 3y} YIm steuuas|
AABY OM "SINIMN BYI Yim
sbunsaw aaey Apue)jsuod ap
JueAljaI Buiaq se Sw 0} JN320 ON Jueas|as buiaq je aw 0} NS0 ‘JMNy| "S)SO2 JBMO| Ul JINS3 ABW LOIyMm LONED0Ja! opesojod| s

1ey) Jo ‘jo aseme we | Jeyl JoN

1ey) JO ‘JO Bieme WE | 1Y) SUON

3y} U1 pajdAYE 8q 0} AjRNIIUN 3.e ey
MOY 3U) UIYIM Suohedo) e safinn mau
aoetd 0} adoy AJUo ueD am ‘BSIMIBLIO,
*SJUBIBA0IALI SINJN) LM JIIPUOI O)
K@l yse9] S1 1ey} uoieoo e je pajieisul
aull Aun au) aaey ) A1) |I,8m ‘0s

)1 pue ‘sjuawanoidwi Aemybiy pauueld
2JMN} JO BAJE BU) Ul St UOREB|EISUL

Apn pasodoud e j auuusiap 0} A} Sp

Apjin 8Y) JSAOC [01JUOT S,I0JIBHLOD
femyBiy ayy seaciduy joesjuoo ajbuis

€ Japun 3iom ay) Bunepiiosuo) "s)sod
vonedo(@i Bunpal Jo 1ays ay; aaey
shemje Jou Aey "19€1UCD UOHONASUOD
Remubiy ay) ojul yJom uonesods AN ay)
ajesodiooul 0} %99S Aew | OQ9D ‘3IqIsesy i

St

yi

132

143

13

Aouaby

A-21



‘sjoafoid Aemybiy aimny yum|

uoneso] ANnn apiaosd 0 S:UMO
Ajnn sanbas Joy UORUBAIY
abeweq Aymn punosBiapun NG
"JOAB3PUS SIY} 0) PINILILLIOD jou
sey juawyedsp ay) Ing Juad
ojul paseq-gam e Buiysigeise
pasodoud aaey sjueynsuod

3INS INO "Ojul UOKEDO]

n Aue 210)s jou Op am ‘ON

ANmN JO NS B SB UoIoNASUoD
Buunp swiep Aejap J0j0e1U0D
BJEUILIB/IONPS] |[1M SUOHEI0IBI
feunuIy “suonesojal Auun
jeunuiw u Bueuiwnd (ssjewnse
pue ‘suoyedyioeds ‘sueld pajejap
- 2 9seyd) yalosd ay; jo oy sy
1IN0 y6noJY; $5920.d sAnDRISIU
uado ue ) doay pue (Buiuuely
- | 9seyd) Jusuidojanap
y9foud u Apes uojeupiood
Aynn uiBag oy st ABajens InQ

ueld UOIEI0 R A} YiIM SIDLUOD OU dJe
a9} 2INSUD 0} JoUBISEP pue uoleS
poddng 10301d 1WSIQ 8l AG pamaina)
slueld "ueld uolea0ja) 3y} UIBIoD
ysnw ywiad ay) “juawaaosdwi Aemybiy
e AQ painbaJ syuaunsnipersuonesolas
Yum uonpunfuod ul juisd e uieigd oy
pasinba) os[e St J2UMO AJINN B ‘JSASMOH
*SUCNed0BI 31NN pioae dRy 0) pasesb
Jou s) Aofjod *WaISAS Aemybiy o)els
stoutl] ay jo Aem-jo-1ubiy uo saninn

10 UOIEPOWILLADY, NO LI INO pajjads

s1 saniyn mau Guioeld Joy sjuawauinbay

asay} Jo N0 Asue UBYo 218 ‘Buinpayps
LOREDOIRS ‘SUOIEIORS ANIN 1DBHUOD

Joy saimuaa yuol ‘s1opLuod Appn ‘Suiyoualy
juiol se yons saido| “sanmn pajoaye

a4 [1e Buowe anBojelp PUE UOHESISAUCD
e 0} sjoaloud Jofew uo sBunsaw
UOHEUIPI00D AYINN |ENPIAIPUL ISOY JIIM

SM "UONEDO|) € JO }S0D Y} aanpal djpy
0) POY}BL JO SSB004d [BULIO) OU BABY DA

184 JON asp BuiyioN wy ICIEEYY) suey
121}U0D JOU [liM SUDHEOD| 2INSSE! yden/Apunsopuysn awr ae)s mmay/.diyl 0s AU Jl SJOBIUOD N0 OJUl WY} MOjje app
o} syoafoid Jusuuayaq Jiay) uo “Je pajeoo] si A21jod Yelp MU INo ‘SaA
W3y} Ypm s1eulpiood o) Auy ap
*sj09/04d Jo anjea asealdu; 0) SUBBW SIY} Jeym Moy Luog} "sioafoud Jo anjea asessouysisod| “uonanusuos Aemybiy pasodoud punose ‘(adoos) jeaoidde jauiqen Apmuay
pasn aq ued Bupasubug anep BSEBaIOap PUB Sawn ubisap pue sueid Ajipow o} s19umo| 0} 193lgns s xIoMm d|qesunquidy ‘jeacidde
*3|npayss uo spovfoid desy o) Asanyap aaoudwil o} uonoruisuod| Algn mojte o) pazuoyine-sid ale sabejs 1UIgRD) 0} 199IgNS S| HOM JOBIIUOI (1Y
Jayeboy 192w "D pue PUISI] -a.d jo seseyd (e Suneuipiooa| Buuueldiubisap w sjoafosd Ym IUOD
*s53.604d >2€1} 0} LORONIISUOD 10} ajqIsuodsal [enpialpu| U1 9JE Jey} UoRaruIsuod Joy pasodoid
-aud jo saseyd jje Buipnpu) ‘ueid *suonauny ubisap pue pmy N -ueld Jeak-g uo syoafoid
JeaA-g 'sjpoefoid jo ssaiboxd sosinadns osie oym Jaauibua ue U)iM SI21JUOD )euiWIjd O} PIMBIAS) Si
MOIADI 0] SIOLISI 1B Uim Aq [9reT ouIsIq au) e pasiasedns|  (pom adA) UoNEDO0[I-UCU) SIOM JIUWISd
sBupsaw Apapenb spioy DAY SI UOIUNY SBHRN S3UIeD) 8y | *sa0)j0d J5UIGRD UNM 3DUBpIOIJE
ul pajjelsul ue saniioe) Aynn
“2doos joslosd €1 "ON 33g| wyyyneppuroaspsasicossubisap A21j0d UoHEPOLILIO3DY ANmN JINO ‘paiebasaAul 3q 0] suonnjos sesuey|
a2y} adeus o} djay ueo sanss| INgRopyIqnd/Bio yurmmmydyy aanews)e moje diysuonelds bunuom poob
uonesold AN ~adoos yafosd -Rolod e pue 1S1J} ‘'uoie3dood 'UCIEDILNUIWOY))
auuua)ep 0) aseyd A1aA0osip UONEPOUILODDY AN INO
e y6noJiy) sa06 joafosd yoeg
ON vIN Juswaaed pue Saydp Japun 109l0ad Juswaaoidw BURIpU|
sjuswaJinbal yjdap winwiuiw aaey aps[Jo uonoruisuos abpug o Aemybiy pasodoid
€ JO 1SO3 P3jeWsa |E10} 3y} JO %05
uey} asow (Z “1eak [easy 1Ny JuadaJ Jsow
sAumn ay) Buunp Ainn ay) Aq paniaaas
anuaaai Buijesado §e10) 8Y) JO %0| uey)
1312316 (| :9.e 5)S02 UoHEI0IBL JIBY) H AN
e djoy A|le1oueuy 0) SN SMO|IE ME| 3JE}S JNO
‘usas aq 0) ‘SISBq 9sed AqQ 9SED B Uo *a)e)s ay) Aq pajoalip usym *$3)ru Jo samjod §OAI Aue AQ punoqg!  "paLNdUl S1SOD AY) BZKUILIW M 'pannbal sioul)
194 se aJe ‘pauonusw usaq Jou| passaippe aq pjnom 0D JOYSIP]  ‘B)e)s By} 0} IS0 OU je 3Jed0j3) 10U 2.8 Juswases 3jeaud 0} 9)ed0ja4] LONEDO}RY JO JUNOWE 3y BuzIwIuW Aq |99}
aAeY Udiym Jo Jsow ‘sabueyd| uo aseqejep ay) uo uoljeulojuli 0} Aem-jo-)ybu ongnd uo pajedol| 0} Bunosie semin 9SOy Ul Aem-jo 3Mm ‘JanamoH as Jad S)sixe poyjsw oN
asay) Jo 1oedw ay] “saziyn ay) jo Adoa e jo BuAlddns ay| | sanimn sasnbal €1 1-6/5 SOIS09 Tcmt 3y) 0} 3|geonoeld SE JEIU SE 3)e30|
Mou 1 0ql sainpaoosd pue|  “jBuuossad ] OQl Ajuo 0) pspw|  syme)g sloul) Juswasinquialj 0} Aojod 10Q) Aq painbal aJe Aem-jo|
sa19110d 3y} 103Y4E |Im SaINjelS S S9SEqEjEp 3S9Y) O) SS800Y 10} Apenb suoneoojeafiybu 2gnd uo Guyeso| sanlN asoy) ‘oN
| 0) sabueyd JussaY ‘saseqelep paleys uo saod 1l 10U 1By} PSJOU 39 pINoys })
2uads aAeY jou S0P 10AI
'JO 9JBME WE | Jey) SUON -abieyo Jo a8y ojur “}I0M UONEI0I3] ‘uononuisuod pasodoid 3y pue -sBuneaw stoun||

Sl

143

€l

(4%

133

Aouaby

A-22



ON ON OoN ‘UONDNNSUOD MBU YyIm *SJuUBWLIASED JusLwadE|dal JO }SOD 3} BWwOoyepQ)
BunoIyuod wioj s n daay Ajessuab| Bues snyj ‘saniiin 3y) |[e S)epouuiodde
10U S30p Siy| “suonedo| pasodosd 0} MY YBnoua auinboe oy Ay |
yum sBumelp ysiwng pue puuad

e Jo} Aidde jsnw sjuawade|d ANnn maN

oN ‘lenueuws ‘yons pue *poob Apiey a1e aunyny “@SBD By} JOU S Sy} ‘D oo
pajuud ay) uey) JaYlo SuoN SUONED0|3) UBWASINGWIRI 0) 3y} | Sann ay) Buniy Jo s3aoueyd ayy)| By jo 150w ING 1SOD BY) dZIuuIw 0} sdidy
spJebas ul saijod 3y} e SIsA03| ‘3J0jaJ3yL "umop S)s02 Joaloid daax o)  Jey; 'uiseq YJJED € PUNOIE MOGIS UED M
1ey) [lenuew Auinn e sey 1 04O MY Jo unowe wnwiuiw ay Ang am "'oNij "sa|qes suoyd saddod 10 1aqy uey) oW
0} Jadeayd pue JBISED YaNnuw 3. Saul| J)em|
pue seg jo1puod Ul 51 Aunoey jo adA) leym
uo spuadag "pasepIsuod Buiyy 1suy 3yy
10U Jnq Juepodwi SI UCHEDODS JO JSO3 Y ).

ON ‘3|qe|ieae fenuey SN Yum “UNOWYIP S| BOUBPIOAE ANINN - ON oo
SaNINN 3Y) Sey ausqeam 10AQ0 UOIJEUIPIO0D PUE JUSWAAJOAUI Aem-jo-sjybu apm Ajjeuibiew uo pajedso)
Apea s| siseydwa solepy uayo ainprujseul paysabuoa pue

PIO U)Im 3183 PjO UB S OO “UONEdO|d)
Ann asmny ajebw 1o jeuwld

0} djay ued yoiym suossinoid ubisap,
$3)eJ0dJodul fenueyy salmN 1LOgo

“Juawaaoidwr Aemybiy pauuerd ‘siIseq Jeinfas e uo SIBUMO ‘apew aq ued ‘Gl "ON 39S "puiws ul sueid AemyBiy|  Aujun sy) Joj M [euotippe Buunass uey) euloJel YUoN
8Y) 0} UOIIBJBPISUCD UM Bpew] Apan ay) yum paleys si ejep inoj  suoisiap Japadg 1ey os sabejs| auminy Aue ypm panoisdde pue pamainal|  sayies p Aemybiy oy ugym Buneooial
q UBD SUOHBJEISUI MOU 10|  JO J|B "JaAamoy ‘awi Sy} je JoN| ubisap Apea ay) ul s1isumo Aynn aie suonelelsul mau Joj S)sanbal |iy| pue juswsoedas e Butop uey; Lyes aded

sapesfidn Ayun ey os (wesboidq woyy indur 3inoas o) Bugdwapny ul Bunsnipe se yons ‘a|qissod se winwiuny
yawanoidwy uonepodsuesy SE UoNEJoRs 3y Bujew Ul 1BUMS ANNn 3y}
Jeak-2) syalod aining YJIM I0M 0] 3G pInom aunpadoad Ajuo ay L

n Suipnoid

ON ON ON “spalosd aimny “S)S0D UONEJO[) UIeUa Joj AJnn ayy epeAsN
10 JUBLIND UM ISIX3 S1OHU0d Aue y 9as| asinquiss ued am ‘uNod ul ajqesuadwod s
0} pamainas st iuuad Auaag -s|gissod] yoym ybu Joud e sey Ajin pajoaye ayy j|
se M Jo 9Bpa au ) sej se pajeisul
g 0} SaNINN jje 1Nbal am ‘SBA

A-23

OoN SBA Jamsue Lupg “3ul] M/ O) IS0 B0 oN eysesqan

ON ON ON “Juwad ‘Juswied euejuow
3|qEI0AS B AG pamoje ase wsud 104 S[|iq pue sajewnsa Bugwagns uaym
Aempeos ay} uiyum Ajjeuipnpbuoy paserd| Auedwos Appmn e Aq suoneoojal o) paydde

sanioe} punoiBiapun Auy aull M/ 8y} UsY) S. SISOD JJUN IS3Y| ‘IS Ay}
Jeau o je pajlejsul a1e sapun punob|uiynm saiuedwoo Apnn (e woyy juawyedap
9A0OQY WY U3dMIAq uonesedas 8yt Aq pajsanbal 1€ $iS02 Jun [enuuy

10 199} { UBY) 3I0W OU SARIDL)
leuonippe Aue pue auli MY SYi Woy
189) G pantuuad ase Asu) ‘MR dU UM
3)e20] 0} S)93|8 Auedwod AN B usyp

OoN ON ON ‘aanjewsa)|e [eonoeld ou S) 1Y) “(sBu Auadoud sey Aymn ayy ssajun) uebiyoy
18y} moys ued Apn ay) SSajun pamo)e juawyedap ayj 0 1SOD OU je 3)ed04al O}
Jou aJe sabpuq o} sjuswyoene Aynn| ajqisuodsas s) Auedwos Aumn ay) ‘pannbal

‘sease uone|ndod ybiy WS U1 ‘SAA St uoneooas AN §1 ‘uebiryoiy Ul ‘oN
“Jamsue Lupiq ‘sjenuew pue|  Adljod 9)E)S UMO INO JABY I ‘pajoedw “PAAJOAUL JSOD BY} 4O puellep
$300q A21j0d UMO INO 3ABY BAA 10U 3Je A3y os paoeld ase Aay) os ued] Auigisuodsal Jisy) st )t 'paAjoAul puuad e S)

ININ} Y} 1E HOO| BM AV 3Y) 0} 3sod| a1y) 4 IyBu Joud ay) uo paseq aJe 219y |
SE saniun aseld o) Aoiod e aaey ap

[ bl €l 4} 18 Kousby




Jamsue Lupig

-apsgam Aynn e Buidojaasp
10 $5920.d BY) Ul 31 DM NG 'ON

JoMSUE Jupiq

uaunsnipe Joy

10 PIOAE O} PR)ED0)
2q fireus sauy Apnn ey a1eip Aaod
10Qx1 pue me| 1es Yyjog psloid

Ul pSAjOAUL UONOaS UBISap anpeal
J10/pue sjuapedsp SNOUEA 0} PIEINDND
8q Ayjua Apin e AQ pajiugns swioy
.uone|lejsu) pasodoid Jo 310N, I[e ey
91E121P $2INPA20Id JO1ISIQ UOISNOH 'SSA

'sannua auladid snouea uasmiaq
noe yawisnipe pue Bupyoualy yuol|
B)1_UIPI00D 9ABY 9 H0Mm JO ddoos 1aafoid
oy Ul suonedojRy/siUBW)SNipE Ayjioe) JoMIs
Aejiues pue Ja1em A0 IpNIoUL 9M ‘SBA

SEX8 |

uonesadood pue
UONBOIUNLULLIOD ‘UOHEUIPI00D
Burziseydwa Alenuiuod sne

MO J,u0Qg

Aa110d uonepowwosoy Aunn

SOA

sexa

*SUJR2U0D AN ssalppe Jy0ud J0) paSN Jou S opul ‘passnasip Jinq Aempeol *UOIONJISUOD UONIED0I3) 1S4 3Y) P|3y B3SSAUUB | |
0} UoNas B sey Jey) poday| ey pue 1osfoud B uo Juswpedsp|  Apeasje asoy) uey) 1BYi0 SUON pue paAanbde SI AAOY IUN Papaau| ay) Ul N0 oM AN Sy} PUB ‘UoloNIISU0D
Buidoog jeur4 e Buiystiqe)sa aie, By yim Buppom s1 Aouabe ayy 10U ‘sjuawases uo sadid jo juatiased ‘ers ANnn ay) ‘asImIBYIO SISWOISND
pue poday Buuueld soueapy]  ji st Adijod (B10UBS) “JawiesIp ‘6°8 ‘pasnboe Buisg MOY 0} Joud 006G uey) ss3| yim sagmn ayqnd
BU) UBY) JUSWNDJOP pajIe)ep e paubis sey Ayn ay) eye sueyd Jno Joj syuawisnipe axew Asyy| oy 1o $1aal0ud a)eISIaIU) J0) JUBWASINGWIISI
3JOW B 10} p33U B paynuapl|  paleys ase sBuMEIp JU0IDR(T #1 wawaesinquuisl |enusjod siebau Aew sajeindiys me| sje)s ‘weibold
om 'ssa004d Hdg By} Jo Hed sy SIY) ‘SUCHEN}IS SWOS U) "puiwi Ul ueid|  UeOT uonedoiRY AlNN & aAey saop ajels
Aseuiunaid ay) yim ajgnedwod SUOREDO)| “SPasu UOEI0R] SLILURISP YE)S jeuoibay
xew o} AN 3y} Jo) S U 3y
-sj0afoid Joy sueld ,1saq, sannn apoid
0] 1dwae yeys Aunn [euoibay MOY
AemyBiy uiyym saginn Bugepowwodse
10} suonenbay pue ssiny 104l
Ym 3ouepiodde Ul padeld ale ssnnn |y
OoN ‘suonesidde OoN ‘JawHedsp yum sueid uonedsojss *}S02 JAMO) E Ul SYNSaI SIY) 9assauua)
Annn Buiuiaouod auoN SMBIAB) 20140 AN "BUUSPIM|  PUE 19BUO0D S)BJS BU) Ui }IOM UOKEI0B)
Aempeo) uuoy Buiynsal sj1uod ay; apnjoul o} pabesnooua s Apnn ay
0 Anqissod ayj 9anpas 0) 9|qissod Se| °1SO9 UOIEDO|S! I8 JOj SIBWOISND 00G UBY)
Uil MOY Bunsixa ay) Jeau se pajeso) SS3) Ypm SANNN SSNGWIBI 0) IS dY)
saJnbal BYMEIS 6661 V JUSWISINGUISL
104 3|qiByI3 Jou d.e Aem-jo-s)ybu oygnd
UIYIM SBIIN ‘MB) 9SED pUE BINJE)S Ag
BUON ’ 3UON BUON “UOND3S $S0.I Judtuaned BUON elueajisuuad

Sl

43

€l

ay) uiyum saniioe; Bunesojal 1episuod
aMm [|Im SBSED dwaLxa uj AluQ jeanoesd
SB JSPINOYS 3U) WOy JB) Se SayIoe)
Bumeld Japisuod am uay) ‘siqissod
10U J| WY 8U1 apIsINo aq Il Jeyy Jayeid
oM ‘Pa)ed0|al 39 0) Spasu Ajlioe; 3y;

143

13

Aouaby

A-24



ON ON ON 'paxe} jusem 193Ys ‘paxe) USem Ja3ys Buiwoim
9)EIUNWILIOD ‘aImny Lan0d uonepowwody]  '1sanbay uodn siqejieae AdoD Adll0d ‘ajqesuadwod ase Aay) UISUOOSI
3y} ui dgejieay Swn SIy) je JoN Anin. pue ,'uoneulpiood| uonepowwoady Aunn. € arey am 'saA| usweses sjeaud uo ase Aayy ) ")SO3 UMO
AN 0 3pINS 1O UISUGISIAN, JIBY) 1 BA0W A3Y) ‘MY UO e SaInn §|
ON 194 10N 1O 9IEME WE | 12Y) 10N ‘MY Bunsixa ul juswsaoeid *SUONEJ0(3I AN Jo eluBua 1Sapm
Apnn 40} panbai a1 SHULISY IS0 [B10} AY) SISINQUIBL MOU BIUIBIIA 1SOM
oN oN ON ON siaubisap eubap

pue AN Yyum UONEI0[B) MAIAL 0} A1}

awn siyl je JoN

Pamojje aseqejep paleys pajir]

|enuepy syofoid
uonepodsuelf Ul SPHUod
Ann JO uOKN|OS PaJEUIPICOD 3Y L

uBisap ajewnn ay) 0) samnn isnipe
‘mouy st uBisap aininy | “Ajlejuozuoy
ueyj os ajow AJjledipaA Jinpucd Buppelg
*MOY 3IQE[IBAR JO 9SN 3y} S2IWIXEW

‘(saanewaye) Juawssnipe
10 POYIdW [EDIICUOII 1SOW 3y} 31eBNS3AU)

ajidusng sexat

St

43

£l

(43

13

Aouaby

A-25






APPENDIX B






Common Ground Best Practices for Planning and Design

2.6.1

1.

Planning

Plat Designation of Existing Underground Facility Easements

Practice Statement: Plats involving development of real property include the
designation of underground facility easements.

Practice Description: Various items are required on the plats filed prior to the
development of lands. Where plats are required to be filed, the items required include
the identification of the easements of underground facilities traversing the land described
on the plat. Identification of easements of underground facilities on the plat increases
notice to developers and the public about the existence of the underground facilities.
Notification to the owners of underground facilities that a plat has been filed alerts
underground facility owners/operators to establish communication between the
developers and the operators to facilitate a plan and design for the use of the land which
complements the underground facility.

Example of Practice: St. Louis County surveyors in Minnesota require that plats show
easements of underground facilities. Conditional use permits are required to develop
gravel pits in St. Louis County, Minnesota, and a prerequisite to the permit being issued
is the notification to the owners of underground facilities that a permit to develop the
gravel pit in the vicinity of their facilities has been sought.

Benefits: Often underground facility owners/operators do not receive notice of
developments impacting their facilities until excavation activity has commenced. This
compromises the optimal use of the land and potentially compromises the integrity of the
underground facility.

Reference:
St. Louis County, Minnesota zoning ordinances.

Gathering Information for Design Purposes

Practice Statement: The designer uses all reasonable means of obtaining information
about underground facilities in the area of the planned excavation.

Practice Description: During the planning phase of the project, all available
information is gathered from facility owners/operators. This includes maps of existing,
abandoned and out-of-service facilities, cathodic protection and grounding systems, as-
builts of facilities in the area if the maps are not current, proposed project designs, and
schedules of other work in the area. This information is gathered for the purpose of
route selection and preliminary neighborhood impacts, and as part of the process of
impact analysis when evaluating different design possibilities.

Methods of gathering information may include contacting a one-call center, facility
owners/operators, coordinating committees/councils, other designers, engineering
societies, and governmental agencies as a means of identifying underground facility
owners/operators in an excavation area. Gathering information may also include a
review of the site for above ground indications of underground facilities (i.e., permanent
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signs or markers, manhole covers, vent pipes, pad mounted devices, riser poles, power
and communication pedestals and valve covers). The one-call center provides a listing
of operators directly to the designer, or to the designer's subsurface utility engineer.
This information is available in formats that are accessible to all users such as voice, fax,
e-mail or web-site. Once identified, the designer contacts the operators directly or use
the one-call system. The facility owner/operator may locate their underground facilities
or provide locations of their underground facilities to the designer by other means, such
as by marking up design drawings or providing facility records to the designer.

Examples of Practice:

As a minimum, the designer responsible for the preparation of plans and specifications for
an excavation obtains information on underground facilities within and near the project area.
Some states, such as Wisconsin, Pennsylvania and Minnesota have statutes requiring such
designers to contact one-call centers within a set time frame to obtain facility information.
Where the information obtained suggests facilities may conflict with the excavation, an
underground facility survey or subsurface utility engineering is used.

Designers often utilize an underground facility survey process to minimize conflicts with
existing underground facilities. The underground facility survey process employed in New
York, NY, by Consolidated Edison and other utilities has several distinct steps. Each of the
steps is performed in order, but any higher step may be omitted, depending on the proposed
construction and the locations of existing underground facilities discovered in the next lower
step.

Underground Facility Survey Steps Include:

Use company records and contact other facility owners/operators to obtain information
about locations of existing underground facilities.  This step includes the entire
construction/excavation area.

Using the information obtained in the first step, visit the job site to correlate the information
gathered about existing underground facilities with above ground features. This step may
be limited to those portions of the construction area where existing facilities are present and
where excavation is to occur.

Use appropriate instruments or other methods to determine the approximate horizontal
locations of the underground facilities identified in the second step. This step may be limited
to specific areas where existing facilities are expected to conflict with excavation.

Use test holes to positively determine the exact location of existing underground facilities.
At this point, horizontal and vertical control measurements may be taken of the underground
facility. This step is usually limited to those specific areas where conflicts are anticipated
between existing facilities and proposed construction activities or proposed facilities, or
where elevation information is essential to design the proposed facility.

Test holes are used to positively locate and identify an underground facility by

exposing the facility by a nondestructive means of excavation.  Such
nondestructive means can be by hand, vacuum truck, air knife, etc.
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Test holes may be requested under the following conditions:

the design calls for a grade change,

facility records indicate that proposed underground facilities or excavation may be in close
proximity of existing underground facilities,

elevations of proposed sewers or drains may interfere with existing underground facilities
where required to determined potential geometry changes for water main installations,

to locate points where proposed underground facilities may be tied into existing
underground facilities, and

to determine environmental conditions in an excavation area.

Test hole data includes at a minimum:
date performed and purpose;
type of existing surface and base of roadway or sidewalk and depth of each;
general soil conditions found;
any indication of oil or waste materials found in the pit; and
facility cover, size, configuration, elevations (if applicable), and distance from curbs or other
horizontal control.

SUE is performed by, or under the direction of a registered professional engineer. SUE
includes up to four quality levels for gathering underground facility information, to be
specified by the project owner to be part of the project planning and design process. The
Federal Highway Administration (FHWA) advocates its use and many State Department of
Transportations, such as but not limited to Virginia, North Carolina, Maryland, Texas, Ohio,
Florida, Washington, and Delaware, use this process.

Subsurface Utility Engineering Quality Levels are:

Quality Level D information comes solely from existing utility records. It may provide an
overall “feel” of the congestion of utilities, but it is often highly limited in terms of
comprehensiveness and accuracy. Its usefuiness should be confined to project planning
and route selection activities.

Quality Level C involves surveying visible above ground facilities such as manholes, valve
boxes, poles, pedestals, pad-mounted devices, etc., and correlating this information with
facility records obtained in Level D. When using this information, it is not unusual to find that
many facilities have been omitted from records or erroneously plotted. Its usefulness should
be confined to locations where facilities are not prevalent or are not expensive to repair or
relocate.

Quality Level B involves the use of surface geophysical techniques to determine the
existence and horizontal position of facilities, including those identified in Level C. This
activity is called designating. Two-dimensional mapping information is obtained. This
information is usually sufficient for excavation planning. Decisions can be made on where to
place structures or new facilities to avoid conflicts with existing facilities. Slight adjustments
in the design can produce substantial cost savings by eliminating facility relocations.

Quality Level A involves the use of nondestructive excavation devices at critical locations to

determine the precise horizontal and vertical position of existing facilities, as well as the
type, size, condition, material, and other characteristics. This activity is called “locating.”
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When surveyed and mapped, precise plan and profile information is available for use in
making final design decisions. Additional information such as facility material, condition,
size, soil contamination and paving thickness also assists the designer and facility
owner/operator in their decisions.

Caution: Both the underground facility survey process and Subsurface Utility
Engineering (SUE), as described above, may include marking the ground surface to
indicate the approximate location of existing underground facilities. Both processes are
tools to be used in project design. They should not be confused with underground
facility locating (and marking) that is performed in response to a request, usually by an
excavator, to a one-call center, immediately prior to beginning excavation work, as
described elsewhere in this Report.

Some one-call centers accept calls for design purposes but the locating usually provided
in response to such calls should be enhanced as described in this section to be
adequate for project design purposes. Such locating, however, may be adequate when
planning smaller excavations and less extensive work where excavations can easily be
adjusted to avoid marked facilities with appropriate clearances. Such less extensive
work might include utility pole replacements, roadside ditch cleaning, smaller
homeowner excavations or residential fence posts.

Benefits: Gathering underground facility information and including this information in
the planning phase minimizes the hazards, cost and work to produce the final project.

Safety is enhanced.
Unexpected conflicts with facilities are eliminated.
Facility relocations are minimized.

References:

Wisconsin Sec. 186.075 Stats.

Minnesota Statute 216D.

Pennsylvania Act 287 of 1974, as amended by Act 187 of 1996.

See related Finding Number 3, “identifying Existing Facilities in Planning and Design.”
“Construction Management Interference Control Manual,” Consolidated Edison, New York,
New York, June 9, 1997.

Subsurface Utility Engineering, Federal Highway Administration (FHWA), February 1999,
Office of Program Administration (HIPA).

Florida Department of Transportation Utility Accommodation Manual, Document No.: 710-
020-001-d, Section 11.4, January 1999.

Identifying Existing Facilities in Planning and Design

Practice Statement: Designers indicate existing underground facilities on drawings
during planning and design.

Practice Description: During the planning phase of the project, existing facilities are
shown on preliminary design plans. The planning documents include possible routes for
the project together with known underground facility information. The various facility
owners/operators are then given the opportunity to provide appropriate feedback.
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During the design phase of the project, underground facility information from the
planning phase is shown on the plans. If information was gathered from field located
facilities, from underground facility surveys or from subsurface utility engineering, this is
noted on the plans. If an elevation was determined during the information gathering, it is
shown on the plan. The facilities shown include active, abandoned, out-of-service, and
proposed facilities. The design plans include a summary drawing showing the proposed
facility route or excavation including streets and a locally accepted coordinate system.
The plans are then distributed to the various facility owners/operators to provide the
opportunity to furnish additional information, clarify information, or identify conflicts.

Examples of Practice: The City of San Antonio, Texas, Public Works Department
requires three main phases of design in engineering contracts. The 30 percent design
submittal includes existing utilities in plan and profile views, taken from existing records.
During this phase, the designers have coordinated with the local facility
owners/operators and coordinating council to learn what facilities are in the project area.
The plans are obtained where available and shown and used in the design. Potential
facility conflicts are noted in this phase. A summary drawing is included to orient the
project and show the streets and major facilities.

The 60 percent design submittal updates the 30 percent submittal. This phase includes
the balance of the field work, geotechnical information, and relative elevations on all
facilities in potential conflict. It includes preliminary traffic control plans and Office of
Safety and Health Administration (OSHA) requirement considerations. During this
phase, the designers visit the site after the facilities have been located.

The 90 percent submittal includes final identification and resolution of conflicts with
facilities, final facility designs, project schedule, and description of management of
potential hazards.

Benefits: Providing complete underground facility information and including this

information on design drawings reduces the hazards, simplifies coordination and
minimizes the cost to produce the final project.
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Guideline

SUMMARY OF UTILITIES GUIDELINES AND BEST PRACTICES
Prepared By The

AASHTO Highway Subcommittee on Right-of-Way and Utilities
January 21, 2000

Use current available technology to the greatest extent possible.

Best Practices

Guideline

Use Subsurface Utility Engineering (SUE) for projects where underground utilities
are present and high quality levels of information are needed for design purposes.

Require utility company certification of as-builts and encourage development of a
CADD database system and electronic transfer system.

Encourage frequent coordination and communication with local governmental agencies to
reduce delivery time, reduce costs, and improve quality in the utilities process.

Best Practice

Guideline

Work with local governmental jurisdictions to establish pavement cutting criteria and
backfill requirements.

Encourage frequent coordination and communication with utility companies to reduce delivery
time, reduce costs, and improve quality in the utilities process.

Best Practices

Provide utility companies with long-range highway construction schedules.
Host meetings with utility companies to discuss future highway projects.
Recognize the importance of long-range highway/utility coordination.

Organize periodic (monthly, quarterly, annual) meetings with utility owners within a
municipality, county, or geographic or highway planning region.

Solicit similar information on utility owners’ capital construction programs, particularly
where a utility’s planned expansion or reconstruction may encroach on and coincide
with a planned highway project.

Consider using the long-range meeting as a convenient forum to discuss other
highway/utility issues, such as accommodation policies, reimbursement, etc.
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Guideline

Provide utility companies with a notice of proposed highway improvements and
preliminary plans as early in the development of highway projects as possible.

Involve utility companies in the design phase of highway projects where major
relocations are anticipated.

Conduct on-site utility meetings or utility plan-in-hands with utility companies to
determine utility conflicts and resolution.

Participate in local one-call notification programs to the maximum extent practicable
per state law.

Invite utility companies to preconstruction meetings and encourage or require utility
companies, contractors, and project staff to hold regular meetings, as deemed
appropriate, during the construction phase of a project.

Improve contract, internal project development, and training processes to expedite utility

relocation.

Best Practices

Use standardized utility agreements.

Initiate separate contracts for advance roadway work on selected projects prior to
utility relocation.

Set forth responsibilities for appropriate action to reduce delays to contractors.
Provide utility special provision language in the construction contract.

Avoid late plan changes.

Have highway contractors relocate utility and municipal facilities, when possible.

Acquire sufficient right-of-way for utilities purposes.

Provide training to DOT utility staff and utility companies’ staff.
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ABSTRACT. Many transportation agencies lack a system-wide capability to capture and
inventory utility facilities and the ability to document and display those facilities in reference to
existing and proposed transportation improvements. This handicap also limits the agencies’
capability to manage a variety of utility-related procedures such as utility permit applications.
This paper describes a geographic information system (GIS)-based model to represent utility
facilities located within a highway right-of-way (ROW) and associated attribute data such as
ownership, purpose, size, type, and other pertinent characteristics. The paper also describes an
Internet-based utility permit data entry and data management system that provides selective
access to different users within either transportation agencies or utility companies. The data
management system is centralized with distributed map and data access capabilities. The

system includes utility company interfaces and administrative interfaces.
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INTRODUCTION

Many transportation agencies lack a system-wide capability to inventory utility facilities and
the ability to document and display those facilities in reference to existing and proposed
transportation improvements. This handicap also limits the agencies’ capability to manage a
variety of utility-related procedures such as permit applications.

Utility data management practices at transportation agencies and utility companies
frequently vary widely, making the data management process very difficult. For example, many
utility companies have implemented sophisticated automated mapping/facility management
(AM/FM) information systems over the years. By contrast, other utility companies follow a very
informal approach to asset management and have very limited spatial data management
capabilities. Utility companies tend to be specialized, and so do existing AM/FM information
systems and data models (1) (2). In the field, however, there is considerable interaction among
utilities. For example, telephone lines, data communication lines, and cable TV lines are
frequently anchored to electric poles. Likewise, duct bank underground installations can carry
several types of utilities.

Normally, a utility company is required to submit a permit application every time the
company needs to do work on a utility facility within the highway ROW. At TxDOT, for example,
utility companies need to document the proposed work and attach drawings to illustrate the
location and characteristics of that work. However, because of the different types of utilities and
utility companies with which TxDOT may be involved, there is a wide range in the quantity and
quality of the data, e.g. attribution data, map symbology, terminology, and geo-referencing data,
provided by the utility companies. This situation affects TxDOT’s ability to maintain an up-to-
date, reliable utility data management system.

This paper describes the architecture of a prototype utility data spatial and database model.
First, a geographic information system (GIS)-based inventory model to document utility facilities
and associated attribute data such as ownership, purpose, size, and type is described. Second,
a prototype Internet-based utility permit data collection and data entry system is discussed.

SPATIAL MODEL

From the standpoint of a transportation agency, linearly referencing utility features, i.e.
defining the parameters to completely characterize the relative position of utility features along
highway networks, is important. TxDOT, for example, uses both a control section-distance
approach and a reference marker-distance approach for linearly referencing objects or events
along the state highway network. With the control section-distance approach, the state highway
network is divided into controls and sections, and objects or events are located by determining
their relative distance with respect to the beginning of the specific section. Practically all
construction projects in the state are tied to the control section-distance model and many
districts use this model to locate utilities within the ROW. With the reference marker-distance
approach, the state highway network is divided into routes, and objects or events are located by
determining their relative distance from one or more reference markers that are physically
located at strategic locations on all state highways.
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As a base map, TxDOT uses a highway centerline map that was originally digitized using
1:24,000 USGS 7.5’ quadrangle maps. The positional accuracy of this centerline map is
estimated as being 3 0-60 m (100-200 ft). Unfortunately, this level of positional accuracy, in
addition to a lack of geometric detail which is critical in the case of complex geometries such as
freeway interchanges and ramps, means that a variety of applications, including utility data
management, cannot be properly supported. To address these limitations, TxDOT is developing
a new sub-meter level roadbed centerline base map. With the new base map, each roadbed will
be characterized by a directional linear feature that represents the roadbed centerline. Each
ramp or direct connector will have its own roadbed centerline and each direction of travel (in the
case of divided highways) will have its own roadbed centerline. Each roadbed centerline will be
divided into 10-20 km (6-14 mi) long segments running between latitude and longitude-fixed
anchor points. Each segment will be measured, meaning that each vertex used to characterize
the horizontal alignment of the segment will also contain a numerical value equal to the
cumulative distance from the beginning of the segment.

To ensure compatibility both with the current and the new road base map, a utility data
model has been developed in which utility features can be located and inventoried
independently of the road base map used. However, with the model it is possible to overlay
utility features on either map to obtain linearly referencing measures. Figure 1 iliustrates the
concept. Assume a telephone pole located on the north side of Bandera Road in San Antonio,
TX, has been inventoried using a sub-meter level global positioning system (GPS) receiver. The
telephone pole point feature overlays the new sub-meter level roadbed centerline map. Using
GIS linear referencing functions, it would be possible to determine the relative position of the
point feature with respect to the beginning of the westbound Bandera Road roadbed centerline
segment. Linear referencing measures could also be obtained with respect to the current
1:24,000 centerline map (dotted lines in Figure 1). These linear referencing measures would be
different, however, the underlying latitude-longitude coordinates associated with the telephone
pole point feature would remain unchanged.

- Teh‘gono pole /

Figure 1. Utility feature overlaying roadbed centerline map (dotted lines represent
current 1:24,000 centerline map)
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In the model, a utility feature refers to a physical space occupied by the feature (this physical
space is in 2-D; utility stacking is handled at the feature user level, as explained in the following
section). Utility features can be either point features or linear features. Point features have only
one X, Y coordinate pair, whereas linear features can have several X, Y coordinate pairs
associated with them depending on the number of vertices used to determine the feature
horizontal alignment. Each feature is assigned a unique ID that remains with the feature as long
as the X, Y coordinates associated with the feature remain the same. In general, linear features
begin and end at point features.

DATABASE MODEL

The database model includes feature descriptors and process descriptors. Feature
descriptors refer to spatial and non-spatial attributes used to characterize individual utility
features. Process descriptors refer to attributes used to characterize business procedures such
as utility permits, utility adjustment agreements, and leases. For brevity, this paper only includes
basic feature descriptors and some of the descriptors involved in the utility permitting process.

Feature Descriptors

Figure 2 shows some of the elements of the feature attribution scheme developed. Notice
that UtilityClass describes the overall group under which a utility facility can be classified
following the American Public Works Association (APWA) Uniform Color Code standard (3).
Likewise, UtilitySubClass describes a utility subclass used to further characterize the function of
a specific utility feature.
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Figure 2. Characterization of utility linear features and point features
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In the database, there is a distinction between features, feature events, and feature user
events (Figure 3). As mentioned previously, each feature has a unique ID that remains with the
feature as long as the X and Y coordinates associated with the feature remain the same. Basic
feature attribution is thus given in terms of data that can be used to locate the feature on the
ground or by using GIS linear referencing capabilities. Feature events refer to physical changes
that affect the feature throughout its lifetime. Examples of possible feature events include
changes in geometry (that do not involve changes in X, Y coordinates), changes in physical
characteristics, and changes in feature ownership. For example, if a wooden utility pole has
been replaced with a metal one, the change would be handled as a feature event. Each feature
event is time stamped.
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Figure 3. Features, feature events, and feature user events

Feature user events refer to changes that affect one or more feature users. By default,
every feature is assumed to have at least one user. However, it is possible for a feature (point or
linear) to have multiple users. For example, utility poles (which may be owned by an electric
utility company) are frequently used to anchor electric utilities, telephone utilities, and data
communication utilities. In the database, each of these utilities would be considered a separate
user of the utility pole feature. Likewise, duct banks (which may be owned by a utility company
or by a transportation agency such as TxDOT) typically carry various types of utilities. In the
database, each of these utilities would be considered a separate user of the duct bank feature.
Notice that each user is assigned a position ID within the feature. The position ID remains fixed
and is considered a feature attribute.
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The linear physical space between two adjacent utility poles is considered a linear feature.
By default, the owner of this linear feature would be the primary —or first user of the feature
(ownership refers to the feature, not the right-of-way, which belongs to the transportation
agency). For example, if the poles were originally installed by an electric utility, the space
between the poles is normally occupied by electric lines. This would make the utility company
the primary user of the linear feature. However, not necessarily the feature owner is aiso a
feature user. For example, TxDOT is considering the installation of duct banks along several
corridors on the state highway network. Under one of the scenarios considered, TxDOT would
own the duct banks but would lease the use of the ducts to individual utility companies.

Utility Permitting Process Descriptors
Associated with the spatial model and feature descriptors shown in Figures 1, 2 and 3, a

business process database prototype was developed. A simplified version of the utility permit
database schema is shown in Figure 4.
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Figure 4. Utility permit database schema (Notes: primary keys are shown in bold)
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UTILITY PERMIT DATA ENTRY PROCESS

In the case of TxDOT, roughly 90% of all utility-related activities throughout the state focus
on utility permits, and practically all of this is done by hand. A large district handies between
1,000 and 2,000 permits a year and a typical utility permit may take anywhere from a few days
to weeks, or even months in some extreme cases, to complete. The amount of paperwork is
quite substantial. An automated Internet-based data collection and data entry process could be
used to substantially reduce the amount of paperwork, streamline the data capture process, and
make the utility permitting process more expeditious.

Figure 5 illustrates the utility permitting process using a Web-based data entry approach.
The workflow resembles the actual workflow at TxDOT, except everything to the extent possible
would be done electronically. For example, a utility company would use an online data entry
form to submit a utility permit application. In addition to text fields, the form provides the user
with the capability to upload a file containing coordinate data and also the capability to view this
data on an onscreen map. The web server acknowledges receipt of the application and provides
the utility company user with the capability to print a copy of the application form that looks
exactly the same as the paper form that is currently being used by TxDOT. The server also
sends an e-mail message to a designated utility manager at the District office at the time a new
permit has been submitted. This manager conducts an initial review of the application online
and once this is done, an e-mail message is sent to a supervisor in the maintenance office (or
area office if needed) for field verification of the proposed work. The maintenance supervisor
conducts the field review and provides comments online. With this information, the utility
manager makes a decision as to whether to approve or deny a permit and sends the
corresponding online form to the utility company. Assuming the application is approved, the
utility company conducts the necessary field work. Upon completion, the utility company is
required to submit as-built coordinate data to assist GIS personnel at the District office to make
the necessary adjustments to the utility base map.
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Figure 5. Sample data flow and data collection for utility permits
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Utility Company Interfaces

Access to the utility company interface is facilitated through a user profile. The user profile
contains contact data, company data, and security data. As soon as a user logs into the system,
their profile ID is obtained from the database. This allows user profile data to be stored with all
important database transactions and also reduces the work required to complete forms since
user profile data are automatically inserted into all forms.

Once the system grants access to a user, a data entry form is displayed on the screen
(Figure 6). Where practical for purposes of database consistency, field entries are chosen from
a “drop down” list. In the event that an appropriate choice is not available, users may choose
“other” and provide a written explanation of this choice. The interface follows a “shopping cart”
design approach to provide users with the capability to document several actions associated
with the current permit application. This is useful in the case of proposed utility work that
involves more than one kind of action in the field, e.g. abandoning a section of pipeline and
installing a replacement pipeline at a different location. Notice that the interface requires the
user to provide point coordinate data files and/or line coordinate data files to document the
proposed utility work in a GIS-compatible format. In order to upload each coordinate file, the
user can either provide the path and filename or browse to find and choose the file. After
completing the form, the user is shown the completed list of information and is given the
opportunity to make changes to the data provided. When the user is satisfied that the permit
application form and coordinate files are correct, the user clicks on the “Submit Application
Form” button to complete the process. At this point, all the data are permanently stored in the
database tables on the server side and the application is given the status of “Submitted”. The
user is returned to the Utility Permit home page and the application is ready to be processed.

Administrative Interfaces

Following the data flow in Figure 5, the status of a utility permit application could be one of
the following at any given time: Submitted, initial review, field verified, approved, rejected,
completed or documented. Each status corresponds to a different administrative responsibility.
To facilitate workflow, each time an application record changes status, an email alert is
automatically sent to the individual responsible for the next required administrative task. A short
description of each of the sequential status options follows.

« Submitted: An application is labeled “submitted” when an electronic confirmation that an
application has been received by the server has been sent to the utility company.

o Initial review: An application has undergone “initial review” after a utility coordinator at the
District Office has verified the application for completeness.

» Field verified: An application is labeled “field verified” after the Maintenance Supervisor/Area
Engineer determines whether the proposed installation should be granted and makes a
recommendation (through the interface).

» Approved: An application is labeled “approved” after an application that has been
recommended for approval has been printed, signed, and mailed to the utility company.
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Rejected: An application is labeled “rejected” after an application that has been
recommended for rejection has been printed, signed, and mailed to the utility company. No
further action is needed.

Completed: An application is labeled “completed” after as-built documentation (coordinates
and utility facility attributes) has been received by the server upon completion of the
proposed work.

Documented: An application is labeled “documented” after the GIS utility maps have been
updated following the field work by the utility company. Appropriate GIS personnel at the
District Office is responsible for this task.
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CONCLUSIONS

This paper describes a prototype utility data spatial and database model. The paper
includes a generic GIS-based model for the inventory of utility facilities and associated attribute
data such as ownership, purpose, size, type, and other pertinent characteristics. Two types of
descriptors are included in the model: feature descriptors, which refer to spatial and non-spatial
attributes used to characterize individual utility features, and process descriptors, which refer to
tables and relationships used to characterize business procedures such as utility permits, utility
adjustment agreements, and leases. For brevity, this paper only includes basic feature
descriptors and some of the tables and relationships involved in the utility permitting process.

The paper also includes an Internet-based data collection and data entry prototype to assist
in the utility permitting process. The data management system is centralized with distributed
map and data access capabilities. The system includes two types of interfaces: a ultility
company interface and an administrative interface. The utility company interface provides users
with data entry forms that include the capability to “preview” the location of the proposed utility
installation work. The administrative interface provides users with the capability to track the
progress of the utility permitting process online and alerts affected individuals about specific
tasks that result from that process.
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