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PREFACE

The purpose of this report is. to provide a document that is
useful for planning and executing additional expansions of
Metro's trolley system. It is not the purpose of this report.
to be critical of the many participating divisions within
Metro and other local and priVate agencies; It must be under-
stood that 40 years had gone by since the previous trolley
overhead construction took place. There were no design engi-
neers or construction linemen in the work force that had any
experience with a comparable project. All previous working
agreements with the many City of Seattle departments and
private utilities affected had been for purposes of maintain-
ing the previous ‘'system. These other support groups were

not prepared for the enormous job of reviewing plans for 55
miles of new construction, plus the innumerable interactions
during construction. Future projects of comparable size must
have written agreements with these agencies in advance of the
design phase. Cityﬂof Seattle elected officials showed strong
support for the trolley program by providing the local matching
funds for the expansion portion and for the substations. This
same level of commitment was not exemplified by city depart-
ments directly involved in the program, and they were unpre-
pared and understaffed to provide the level of support needed.
Detailed written agreements in advance should clarify roles,
budgets and schedules. The same is true betWeen departments
in Metro. For example, the impact of changing wire plans by
planning and operations after design is devastating to budget
and schedule. The roles of operations and maintenance during
final inspection, testing and start-up must be agreed in ad-

SIFIED).
vance in writing to prevent the development of adversary rela-
tionships.
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It must be recognized that city streets are dynamic arterials
where constant change should be expected. Only constant co-

ordination can minimize these impacts.

Relearning the art of overhead trolley design and construction
has not come easy. By documenting many of the management
problems, it is hoped that future trolley expansions will be

accomplished more routinely.

T. W. Mallory

Director

Technical Services Department
May 11, 1981
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I. INTRODUCTION

By September 1939, three years of planning had gone into the
proposed modernization of the Seattle Transit System. Progress
had been normal and unhurried. Then on Saturday, Sept. 2,
1939, Hitler's Wehrmacht descended upon Poland. War in Europe
was imminent. Suddénly, the need for the new transit system
became urgent and the newly formed Transportation Commission
immediately took steps to accelerate the modernization program.
An efficient public transportation system would be vital in
time of war. Marvin Anderberg in his paper before the 1948
A.T.A. Northwest Regional Conference, Overhead and Engineering
Section in Seattle, wrote: ' ' ‘

"On this particular Saturday morning the new Commission
was in the first of many "star chamber" sessions. I
had been hurriedly summoned to prepare the specifica-
tions and call for bids for 400 miles of trolley wire.
Bids were to be opened at 11:50 o'clock that morning.
In an ante~room were the representatives of the major
wire companies. The specifications were written, the
bids received and the awards made on that day all under
the pressure of an impending war." (1)

The program was to réplace the existing transit system--a mix-
ture of streetcar, cable car and bus lines--with a modern 110

mile trolleybus system. The progress was rapid. Anderberg
continued:

"The first of 235 trolley coaches were delivered in March
of 1940 to be first used by the Instruction Division on

a special training loop. Trolley coach overhead special
work which was ordered the first week in January was
delivered within 60 days and the first trolley coach was
in regular service on April 28. One year later 351 miles
of trolley wire had been erected and the job was 92% com-
pPleted. The last street car operated on April 12, 1941.
In about this same period five new rectifier substations
had been installed and placed in service." (1) .

Most of the work was done by Seattle Transit System crews,
temporarily augmented for the project. This may help explain
the remarkable speed with which the program was completed,




especially when compared to Metro's present day construction
experience. But equally amazing was the final cost of the
program: "$10,000 per street mile for overhead including
bridges and terminals, and $4,000 per circuit mile for the
feeder distribution system."” Today's cost per route mile
exceeds $500,000.

The future for the electric trolley system in Seattle seemed
bright. Anderberg‘concluded:

"It takes energy to accelerate and roll vehicles and
electrical energy seems to be the one form that is

not suddenly affected by the rising costs of produc-
tion and distribution. Nor is it in diminishing supply
because of the extravagant expenditure of national
resources. Therefore unless a better vehicle than we
have yet seen is developed and unless there is a rad-
ical change in the trend of relative costs of invest-
ment, power, fuél, servicing and maintenance, it is
probable that the advantages of trolley coach operation
will not be equalled." (1)

During World War II, the trolley.system contihﬁed to expand in
small incrementsﬁuntil 307 trolleybuses were operating over
110 route miles. But then a slow decline began as the diesel
bus began to gain prominence during a period of large and
relatively cheap  -0il supplies. 1In 1963 the first major trol-
leybus lines were discontinued in favor of buses powered by
internal combustion engines. This pattern of converting
trolleybus routes to diesel bus routes continued until 1970.
The trolley system had been reduced to 32 route miles with
only 57 30-year—ola trolleybuses still in operation.

The '70s began with an ever-increasing public sensitivity to
the environment and an abrupt realization that energy re-

sources are indeed limited. It was in this atmosphere that
the electorate, in September 1972, gave the Municipality of
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Metropolitan Seattle (Metro) responsibility to operate a
public transit system in the Seattle—-King County area.  Metro
was formed in 1958 to provide water pollution control in King
county. It is governed by the Metro Council composed of
elected and appointed officials from the county, cities and
districts within the service area. (18) ©On Dec. 1, 1972, the
city of Seattle apthetro signedvthe Transit Transfer Agree-
ment (2), which described how Metro would take over the
Seattle Transit System. (According to the agreement, Metro
would continue to operate the existing trolleybus system.)
Metro'began operating the public transportation system Jan. 1,

1973.

The overhead system inherited by Metro was oid and, in many
areas, worn to the limit of its service life. Therefore, a
complete rehabilitation of the system was included in the
transit improvémen£ project planned by Metro in 1973. Appli-
cation for financial assistance was made to the Urban Mass
Transit Administration (UMTA) in November 1973.

The Transit Transfer Agreement also provided for expanding
the trolley system at the request of the city.

"The proposal for expansion came about when six of
the nine Seattle City Council members proposed to
Mayor Wes Uhlman in January 1974, that the City's
Capital Improvement Program be amended to include
the expansion of the trolleybus system. At the
City's request the criteria for expansion and a
list of possible routes for electrification were
Prepared by Metro and submitted to the City." (4)

Thus began Metro's trolley overhead rehabilitation and expan-
sion program. The major events and milestones of the program
are charted on Table I-1. '




The schedules and costs for planning, designing and constructing
this trolley overhead program bear little resemblance to those
of Mr. Anderberg's 1940 program. It is the purpose of this
report to describe the organization, administrative procedures,
technical approaches, problems and successes of Metro's trolley
overhead program. In doing so, the differences between this
program and the 1940 program will be evident, and a complete
history will be available for the planning and implementation

of future projects.
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II. ORGANIZATION

STRUCTURE AND STAFF ALLOCATION

Metro is administered by an executive director, appointed
by the Metro Council. When the transit function was

added to Metro in 1973, the number of departments increased
to five, each headed by a director who reports to the
executive direéfor.

During Metro's first year as a transit agency, the only
activity regarding trolley overhead was researching the
current state-of-the-art. A division.was established in
the technical services department-~transit technology--
which consisted of a manager and three staff members.

Only the manager and one staff member were involved in
trolley overhead at that time. Approximately one year
following the request for trolley system expansion by

the city, other departments and divisions within Metro
were assigned tasks as the program developed. Route sel-
- ection.wés managed by the transiﬁrdepartment's transit
planningidivisidh. The technical planning, predesign
criteria and consultant selection was managed by the
Technical Services‘ Department. The overall organizational
structure during this period is illustrated in figure II-1.

When the prelimihary planning for a réhabilitation and ex-
pansion program began to change to predesign planning in
mid-1975, it became apparent_thét a manager was needed to
direct and coordinate the design phase of the program.

The position was assigned to the design electrical engin-
eer who had worked on the scope of work, design criteria
and consultant selection tasks during the planning phase.
He was already the primary contact between Metro and the
design consultant. He was transferred to the consultant

12




services division where Metro's consultant contracts

are normally managed. Gradually the functions of the
transit technology division were reduced when much of
the equipment and material design and selection was
completed. Later the transit technology division became
a section within the consultant services division. The
organizationai structure for this period is illustrated

in figure II-2.

This management organization performed adequately until
early 1978 when. the construction contracts were awarded
and work began in the streets. With the very first
attempt at setting a support pole, the myiiad of unantic-
ipated problems. had begun. Schedules and budgets were
soon obsolete as the problems mounted. The nature of
these problems will be discussed in detail in later sec-
tions of this report. What is important here is the back-
ground’for the rather bold measures taken to reorganize
the program management. In a status report to the Metro
executive'diréctér (16), the director of technical ser-
vices put it this way:

"Simply stated, the project is much more complicated
in both detail and coordination that originally en-
visioned. Managing extra work and change orders is
lagging weeks behind; coordination with the City needs
to be improved; closing the gap between the design
team and the construction team is imperative; plus,
many more coordination needs. To resolve this man-
agement shortcoming I recommend the immediate creation
of a separate division for the single purpose of
managing all aspects of this one important program."

The new organization is shown in figure II-3. With a few
minor adjustments for changes in the amount and type of
work load as the program neared completion, this organi-

zational structure remained unchanged.
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B. PLANNING
Metro first gained the authority to'plan for public
transportation from the state legislature in 1967. But
it wasn't until September 1972--when voters gave Metro
the authority to operate a coUntywide public transit
system and apprqved a public transportation plan which
called for extensive improvements to the transit system--

that Metro began in earnst to plan the region's trans-
portation system. Rehabilitation of the existing trolley
system was a part of that mandate.

1. Concegts

In 1973 the transit technology division was organized

under Metro's technical services department to de-
velop information regarding trolley system alterna-
tives. Teward the end of 1973, this division requested
a study of power distribution alternatives by the
Metropolitan Engineers.' A city policy requiring the
eventual ellmlnatlcn of overhead wiring--including

| overhead: feeders,,but, of course, not including trol-
ley contact wires--significantly affected the scope
of the study. The alternatives considered were thus
reduced to the following:

1. Place the existing feeders underground.

2. Place reduced size feeders underground and add
small rectifier substations.

3. Construct a feederless system utlllzlng small
rectifier substations.

Alternatives 1 and 2 were found to be much more ex-
pensive compared to the feederless system, due. to

the high cost of installing underground feeders. The
third alternative, the feederless system, is best
described in the technical report:
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"mo avoid the expense of burying heavy trdlley
feeder cables it is necessary to eliminate them

" and let the trolley contact wires carry all the

current required. To minimize voltage drop, the
trolley contact wires need to have as high a con-
ductance as can be practically attained and the
current (i.e. the number of coaches) handled by

a feeder circuit needs to be reduced. This
requires’that distances between power feed points
to the trolley contact wire system be made small.
It is a purpose of this study to make a prelimin-
ary determination of reasonable trolley wire size
and distance between the small substations that
can provide economical and effective service.
Preliminary data have been provided by John
Aurelius of Metro Transit along with certain
assumptions and limitations. The assumptions and
limitations in this study are as follows:

(L.) System operating voltage = 600 volts DC.
(2.) Maximum design load current - 1000 amperes.

(3.) Grooved conductor: 2/0 or 3/0 or 4/0
high conductivity bronze or hard-drawn
copper. '

(4.) Substation spacing: One mile more or less.

(5.) Regulation: 5 per cent - source to trolley
tap; 10 per cent additional along trolley
system. .

(6.) - Two-way trolley system along street with
‘corresponding polarity conductors tied

. together at frequent intervals.

(7.) Satisfactory operations of trolley coaches
to be maintained with any one source along
the line out of service. Reduced perfor-
mance in some degree can be tolerated at
an end-of-line situation."(3)

Selection Criteria For Trolleybus Routes

Subsequent analysis and engineering reports re-
affirmed the use of the feederless system concept
for most of the rehabilitation and all future ex-
pansion work. This decision was timely because in
January 1974 the Seattle City Council indicated its
desire to see further electrification beyond the
rehabilitation of the existing system. Adding
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emphasis to their recommendation, the Council pro-
posed that the proceeds from the sale of the Seattle
Transit System.be_used in part as the local matching
funds for the UMTA capital grant funds being sought
at that time. Metro, at the city's request, then
began to develop the selection criteria and evalu-
ate‘existiﬁé diesel routes for electrification. The
basic criteria deVéloped consisted of the following
considerations:

"Because trolley coaches are able to climb
hills faster and more effeciently than motor
coaches, and are able to descend steep hills
more efficiently because of the use of the
electric motor as a regenerative or dynamic
brake, routes with moderate to severe grades
should be considered for electrification.

Service frequency on a route relates to the
economic justification for the investment in
overhead. As service frequency increases,
the capital cost per vehicle mile operated
decreases. This criterion is also important
‘from an overhead maintenance viewpoint, since
maintenance costs per vehicle mile decline
with increasing use of a given stretch of
wire.

It a proposed route overlaps an existing trolley
coach route, construction costs and cost of
maintenance will be reduced from the shared

use of overhead. Similar construction and
maintenance economies will result if two

or more proposed lines share some overhead.

Another criterion for trolley coach extension
is the current and future effectiveness of
route terminals as they relate to major activ-
ity centers and geographic barriers. Trolley
coach routes ideally should have high-activity
route terminals to minimize the probability
that, at some time in the future, a demand will
be made to extend trolleys into an area which
would not warrant the investment in overhead
facilities.
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Because wires are not allowed on freeways
with mixed trafflc, trolley coaches are gener-—
' ally limited to city streets. This eliminates
from consideration lines- which have consider-
‘able freeway express service, such as the Blue
Streak lines, and lineés that operate most
. efficiently to and from the operating base by
_ way of the freeways.

Two . addltlonal crlterla of a drfferent nature
also affect the choice of extensions. One of
these 'is the proposed use of many small, closely
- spaced, solid-state rectifiers to supply power
for the overhead. These are to be used instead
. of the present system which features a few
© large 'substations with-many unsightly parallel
- . aerial feeder wires. = THe proposed system would
. -provide a feederless system with a substantial
'reductlon 1n vrsual 1ntrusron.'*--

B The flnal ‘major parameter in developlng exten-
sions is coordination with the City’'s ongoing
undergroundlng program. Construction economies,

- such -as joint use of poles and minimization of
 .the number of . poles, are possible when utilities

-*}undergroundlng and new trolley overhead equip-

“ment are designed and constructed together. (2
. major factor -involved in areas with buried
“3ut111ty wires is the potential visual impact
of trolley overhead wires.: Each community for
which trolley service is proposed would have the
- opportunity to present its evaluation of this
impact for consideration in the final decision-—
- making process by the Seattle Clty Council and
‘the Metro Counc1l )"(4) ’

It should be observed that these were not addressing
' the question of whether to electrify routes, but
rather which routes were the best candidates for
eleotrification.-:Therinformation then available

- at the time indicated that the costs of construction
“and maintaining a trolley sysﬁem were substantially -
higher than the costs of a diesel’motor‘coaoﬁ'system.
'The saVLngs that could be expected 1n fuel and bus
maintenance costs were not large enough to offset
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the greater initial capital cost and overhead

maintenance costs of a trolley system - Despite

. the. hlgher costs, expan51on of the trolley system

was belng pursued at the request of the city. The
city felt that the indirect benefits of a trolley
system--better performance on steep hills, qﬁieter

.and non-polluting buses--justified expanding the.

system. The decision was further justified by the
._fect that diesel fuel was rising faster than the
' cost of electricity, and that the future stability
- of diesel supplies was tentative. (For-'a recent

detailed analysis of the economic cdmparison between
trolleybus systems and dlesel motor bus: systems see

"*reference 19 )

"“Route Selection and Public InVOlyement

‘A list of routes was developed using the above cri--
“teria. ‘A minimum weekday ridership "of about 1,600
;fbecaﬁe.e limiting factor for routes to be considered.

v for electrlflcatlon. These routes are listed on

%s_table II*l and shown in figure II-4. From this list,
itsuggested new routes for electrlflcatlon were
:iselected, Table II-2 lists these routes and thelr

correspond;ng requirements for trolley coaches and
overhead Wire. Subsequently,'these.routes were pre-
sented to the publiec in the Aug, 16, 1974, draft
env1ronmental impact statement. A publlc hearing and‘

"lQ public information meetings were subsequently held

in the communities where the proposed electrification
would take place. '

After considering comments from citizens and agencies,

the final environmental impact statement was issued
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Weekday - -
Patronage®*.

6052
- 3424
3376
3334
3274
3118
2784
2586, .
2518
2442
2404

2314
2136

2070°
2022

1996 .
1968
1968
1914
1830
1782

1780
1778

1772
1672
1632

*Random sample conducted May 23, 1973

-TABLE II-1

'MOST HEAVILY PATRONIZED ROUTES AND

© THEIR POTENTIAL FOR ELECTRIFICATION

il :
N U O 0

13
41

-Route

Rainier :
West Queen Anne
Broadway '
Capitol Hill

-15th NE
Phinney

Madrona -

NE Queen Anne.

15th NW

- Meridian

Ballard-Laurelhurst

Stoneway
Montlake
Jefferson Park
Lakeview

-8thiNW’
~ E Cherry

Summit |
E Madison .

- 15th NE/Blue Streak
- Sunset Hill -

Mt. Baker

: Ballard

Vlew Rldge/Blue Streak
19th Avenue :

. Park/Ride

Remarks

' Proposed trolley coach
‘Existing trolley coach

Existing trolley coach

‘Existing trolley coach

Freeway dependent
Freeway dependent

Existing trolley coach
Proposed trolley coach

Proposed trolley coach
Freeway dependent

- Proposed -trolley coach

(Ballard-University
_only)

- Freeway. dependent

Proposed trolley coach
Proposed trolley coach

‘Covered .by  9-Broadway,

4-Montlake & 7-View .
Ridge nights & Sundays

.. Freeway dependent

Existing trolley coach
Existing trolley coach

- Proposed trolley coach

FPreeway dependent
Low patronage per
route mile ‘
Existing trolley coach

‘Low patronage per

route mile
Freeway dependent
Existing trolley coach
Freeway dependent

All other Metro routes have less weekday patronage.
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(4) with the proposod electrification expansion plan
shown in figure II-5 and the routes listed in table
1I-1. -

In 1975, the Metro staff developed a scope of work
for the projgct,.selected a design consultant, de-
veloped moreFSPECific design criteria and identified
the planning issues which needed to be resolved be-
fore the detailed designs could be completed. These
1ssues lncluded.i_ '

1. Locatlon of all overhead wire (normal routes
plus - turnaround loops, parade loops, aner-
gency bypasses, layovers, pass;ng wires,
etc.) -

2. -Frequency of operatlon of each route.

3 Frequency of operation of routes sharing,

, _in part, common overhead wire.
4. . Schedule oOf vehicles on all routes (headways)
" both normal and off schedule.

5. Current or planned projects by others (i.e.

- traffic, LID, street undergrounding projects)
'whlch may affect overhead construction.

This effort led to the publication of the Trolley
Rehabllltatlon and ExtenSLOn Plan Refinement™ (5).

The ref;ned plgn, whlch was subjected to extepsive
agency and public scrutiny, differed from the 1974
plan'primarily'in the location of routes in the cen-
tral busineSs district (CBD). The revised routes re-
_lieved,trolleybus traffic on the only east~west street
in the éxisting system,tPike'Street,_by providing
east-west service on other streets in the CBD. These
revisions were made to reduce transfers and passenger
walking distances. Only minor changes were made in |
the wire plan outside the CBD. As a result of these
proceedings, a final electrification plan was esta-
blished in November 1975 (see figuretII;6) The Clty
Council approved this plan on Jan. 29, 1976.
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1.

Implementatlon

Except for the deletion of one route (No. 11} the
system was generally dedigned and built according -
to this plan. However, it was not until Aug. 1,

1977, with the signing of the'first supplement to

“the Tran31t Transfer Agreement that the city form-

ally agreed to the routes to be electrified and

thus establlshed the "flnal“rw1re map for design.
But even then there followed a COntlnuous flow of
requests for mlnor route revrslons, revrsed special
work 1ntersectlons, turnaround locatlons, etc. .,
durlng the .entire duration of the pr03ect. _Eﬁén_as_.

Athe flnal'contracts Were being closed out,.several_;

rev1510ns were, belng contemplated. In moSt‘every~‘
case there was sound reasoning for making these
revisions, however the lack of timeliness in the--

--request for these revisions was often detrlmental S

to the schedule and budget of the project. - From _
this experlence it has been 1earned that eﬁen after
a progect ‘wire map is approved, the detailed plan
requlrements ‘gtill may need lnten31ve study to mlnl—
mlze "midstream” de51gn and constructlon changes.

However, some revisions will be 1nev1table._ Even

Mr. Anderberg s 1940 system underwent “after plannlng

rev1s10ns, prlmarlly after the system was constructed

C. SCHEDULE

Background and Initial Schedule

The trolley overhead program,: belng multlfaceted,

_requrred a large variety of carefully prepared

schedules. These included schedules for overall
planning, design, construction, material procurement:
and individual contracts. The initial schedule
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revealed Metro staff's optimistic hopes and incom-
plete understanding’of the scope of the program.

-It-was initially envisioned during the early plan-

ning stage in late 1974 ‘that it would take approxi-

‘mately two years to complete the program from the

beginning-.of-design to the end of constructlon.-

The first detailed schedule was to have been included
in the Configuration Study ‘(which was otherwise com-
pleted in April 1976). However, preparation of the
schedule was at first delayed pending final selection
of the'ekpanSion'trolley'routes bygthe,city; and the
establishment of a trolleybus delivery schedule. When
it became apparent that these issues were not going

' to be resolved 'soon (see paragraph IIB4 and-item 2f

below respectively) -the consultant was finally per-
mitted to establish the first formal, detailed sched-

~ule . on July 12, 1976. Assumptions were made regarding
jtheffinal expanSiOn plan'and‘trOIleybus delivery. where
'necessary “This- schedule requlred careful planning

for each segment of the work The" 1nterrelat10nshlps
between work segments, had to be con31dered so that
each would be completed in a. tlmely fashlon. The

.major goal was to minimize the- shutdown perlod of the

exlstlng trolley routes and to place the new trolley-
buses 1nto serV1ce as soon as they arrived and were
acCepted -With these general goals established and
with more complete knowledge of the project details,
lt Was‘then_prOJected that slightly more than three

'years would be required to complete the project.

P

.D1v1d1ng the Work

The prOJect was . lelded into two major segments called
"rehabll;tat;on" and _expans;on.“ The rehabilitation
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segment included all work necessary to restore the
existing 32-mile trolley system, which was in opera-
tion when Metro took over the transit system in
January 1973. = The 23-mile expansion segment included
all,work‘necessary,to-electrify a selected number of
existing.diesel routes. The city concurred with the
expansioﬁﬁroute selections after extensive analysis
and public hearings. This division was necessary
becauSe the funding arrangement was different for

rehabilitation and expansion. (see section IIE}.

The rehabilitation and expansion segments were fur-

-ther divided separating overhead work.and substation

work. The construction was then further divided into

. contracts which were selected based on the following
considerations:

a. The. shutdown and start—up of each trolley
route was to be accomplished in phases to
“minimize the impact on the existing system.
Therefore, each contract was.to include all
the work necessary for a complete route or
routes."

b. The contreots were to be of an optimum
- size for favorable ‘bidding competition
. {considered to be about cne million dollars}.

¢. The first contract was to be scheduled well
-, -ahead of the others and encompass as great
a variety of overhead work as possible. This
would be the "learning" contract’ to prov1de
-knowledge and experience for everyone in-
_volved '

d. The. lead ‘times for some materials items were
found to be very long. Therefore, to pre-
vent delays from lack of certain materials--
rectifiers, wire and cable, overhead hard-
ware--separate material procurement contracts
were planned. R

e. Substation conﬁracts had to:be apportioned
"~ and scheduled to be completed before or at
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the same time that the respective overhead

- sections to which they would provide power
. were completed. -

Although trolleybus procurement was handled}{
separately, the routes were to be ready for -

electrification as soon as the necessary
number .of buses were delivered and accepted

. Ageneral shortage of buses prevailed in

1976. Therefore, it was urgent that new

trolleybuses be put into service immediately.

(It should be noted here that problems with
trolleybus ‘procurement had already caused a:

slow down in the project. Bids for articu-

lated trolleys  -had been opened on -April 27,
1976. Although the bids were considerably

higher than expected, it was not conclusive

to the Metro staff that the articulated

trolleys would not be cost effective at the .

prices bid. However, some city officials:

were also nervous whether articulated trol- |

leys were suitable for the program.  As a

' result, the ‘¢ity refused to concur in the:

purchase of the articulated trolleys-and the
bids had to be rejected. It was then deter-
mined to call for bids for the manufacture
and delivery.of standard trolleys with- the.

bid opening scheduled for June 1976. However,
~before that happened, UMTA reguired Metro to

participate in a joint purchasing contract
with the Southeast Pennsylvania Transit
Authorlty (SEPTA) This further delayed the
bid opening until March 1977.)

Table II-3 shows the final breakdown of contracts after
some adjustments and combinations were made during
the. course of the program. Table II-4 shows which .
contracts had to be completed before each route could
be started. The construction schedule history is =

illustrated in figure II-7.

Schedule Revisions

The first schedule revision occurred in January
1977 when the decision was made to shut down the

entire existing system during the rehabilitation
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Table II-3:

Trolley Overhead Project

Breakdown of Contracts

. - Nmﬂce prnﬁmﬂ Actual
Description Contract to - Campletion - | Completion
....................... umber- - | Proceed |- Date | Date
Design (Task B) - 4/76 10/76 12/76
% Manufacture: S P R
" Rectifiers. T9A 5/77 1/79 1/81 /1
g Overhead Hardware T122 /77 7/78 7/79 72
Wire and Cable . Various 4/77 16/77 160/77
0 Design : (Task C) 4/76 3/78 3/78
§ | Construction . T15A - 3/718 12/78 10/79
z WEL 0 . TL7A 5/78. 12/78 4/79
E ég " . T19A 7/78 3/79 6/79
E | Design : (Task D) 4/76 10/77 2/78
S Construction . T4 - (R1) -1/78 4 12/78 8/79
% £ R (Ckninxmﬁﬂ T5A (R2) -1/78 12/78 8/79
g | o Lo . T8A (R5) 1/78 12/78 9/79 -
) - (Chmbined) T62a (R3) - 6/78 1/79 2/80
2 R O 6/78 1/79 11/79 -
o | Design | (’I‘ask E) - 4/76 10/78 8/79
. _c:onstructmn omera | 3/79 9/79 11/79
g . _T28A, /79 . - 1/80 6/80
9 T ms5a . | 11/79 | 5/80 7/80
§ 0w . AP B AT I
% . Design | (Task F) | 4/76 10/78 12/79
' X Construction - g 'T208 (E9)- 7/79 7/80 6/80
I o (Ccmbmed), | T @y 180 8/80 8/80
€ | or24a (me) -] - 1/80 12/80 2/81
-_g " (CombInEd) T21A (E7) { - 2/80 12/80 5/81
" : ‘7222 (E10) | 2/80 12/80 5/81

/1 Extended because of extra work-fleld testlng and fleld modlflcatlons.

/2Exﬁaﬁedkﬁcaxxaof:ummaﬁe nlqwmmntmm af&x-awnd.'




TABLE  TII=4:

TROLLEYBUS ROUTES AND RESPECTIVE CONSTRUCTION CONTRACTS

Route o ' Relgted Construction Contracts Actual Route
Number Substation - Overhead Start-up Date
2 o l p1sa | m1 .. | 9/15/79/1

T T17A © .4t R2 ' -
T19A o R5
10 o Ti5A “ R3
: : L T17A ~ 'R5 .
13 e msa - ] Rl E9 | . 5/24/80
- S mi7Aa - . R2
. Tl%a “R5
14 e Ti5A . | ' 'R3
§ : T17A 1 R4
© T19A _ . R5
1 |77 risa r28a | e EIL. | 9/13/80
‘Tl9A RS S
3 o omsa Rl E9
4 T17A R2
' T19A R4
. R5.
7 | T15A  T27A R3 ES8 2/81
T17A o R4 S
T19A RS
43 © Ti5a  T25A RL E7 | . 5/81
o T19A  T28A . R2 ES8. .
' : R3 EL0
R5

/1 Shut down between 3/28/80 and 5/24/80 for repair of 1lghtn1ng-
caused damage.
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construction. This decision consequently can-
celled two hasic premises upon which the ini-
tial schedule was based. First, the overhead
construction contracts had been scheduled in
phases to minimize the impact of the shutdown

(i.ei,keep‘as-mUCh'bf the system running at

“any one time and reduce the number of diesel

buses reqguired to ‘substitute for the trolleys).
Second, the initial contract was to have been
awarded well ahead of the others to allow Metro
and the consultant time to gain valuable know-
ledge and experiencé which could be applied

to the remainder of the~contracts.: As a re-
sult the design consultant had to redirect his
efforts toward completing -all of the five over-

- head rehabilitation contracts at one time. The
"decision to change to'a total shutdown was made
' becausé-the“Compliéations involved in the phas-

ing out and phasing in of the trolley routes
were difficult to overcome; primarily due to

" the terms of the contract between Metro and

the drivers' union. The shutdown period was
then scheduled for one year, between January
1978 and January 1979. The start of construc-
tion was delayed for five months.

The next schedule revision came in January 1978.

‘The selection of the expansion trolley routes

had finally been made by the city and the con-

" tract for the manufacture and delivery of the

trolleybuses had been awarded. - With this infor-

" mation finally available, it was felt that a

firm program schedule could now be established.
The revised schedule showed that the start of
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 construction had been delayed another two
months,. attributed largely to last-minute
- changes in some of the wire configurations
. at intersections. Qf_greater_importance,'

however, was the fact that it had been de-
cided in mid-1977 to begin "through rout-
ing" of many of the routes. This concept

. combined two routes into a single route by
tconnecting_them in the Central Business
‘District. Thus, a bus on the new-route would
_operate. inbound on one of the old routes, |
."through" downtown and. then outbound on the

other old route.. Unfortunately, several of

i the route palrs comblned a trolley rehahlll-
tation route with a trolley expansion route.

As a result, two_of“the;old.rehabllltatlon

.routes oould,not be re~started by the sched-

uled deteneven if the construction schedule

:t_was met. The total delay for these routes
-was estimated to be six months. In an effort

to electrify these routes without further de-

lay, the overhead expanSLOn contractors were

;requlred to assign hlgher prlorlty toward the.
.@completlon of those portions of -the contracts

which completed a newlﬂthroughf_route.

Although some time. had been lost, it was still
considered mandatory that. the rehabilitation
contracts be completed by the end of the shut-

-down period in January 1979, The result was

that the spec1f1ed c0nstructlon perlods for

the contracts were shortened to meet the

.. scheduled start-up date.
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Shortly after construction had begun, it became
obvious that even the revised schedule was in
trouble. The number and variety of problems

- ware large, some of which (such as subsurface

interferenées_and overhead utility conflicts)
should probably have been foreseen. Others
Were'uhfcreéeeable, such as shortages of guali-

' -fied electrical- linemen and the refusal of

building owners to grant building eyebolt per-

mits. These problems and their impact are dis-
" cussed in more detail in section IV-C.of this

- report. ~By the end 6f71978, thereras no longer
‘a schedule for the rehabilitétioh-déntracts
-other than completing'them-aS'Soon as possible.

- The first contracts were completed:nine months

after the scheduled completion date, permitting
the start-up of two routes in Sept. 1979. How-

ever, it was not until Feb: 1980 that the final
rehabilitation contract was completed--13.5
“months ‘behind the revised schedule.

The above discussion focuses solely on overhead

". construction because it was that portion of the
-work which delayed the project the most. But,
it should be noted that other portions of the
"project were delayed as well. Delays in the

substation contracts would have postponed the

completion of the rehabilitation project by at
least seven months. The late délivery of the

trolleybuses would have delayed'start-up at

‘least eight months. There was one noteworthy

scheduling success. The early and separate pro-
curement of some of the materials and equipment,
including the rectifiers, overhéad hardware, guy
wire and electrical cables assured that these

materials were usually available when needed.
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d. Resolving the problems encountered during the

r,rehabilitation project took an enormous amount
of unanticipated time away from’the Metro staff

'”and the design consultant which should other-
~wise have been spent on the expansion project.
Therefore, the expansion schedule began to
slip as well. It was a problem that could not
be remedied-by:increasing:staff because of the
time required to train them. Also, ﬁetro im-
‘plemented'new review procedures which involved
_a much_mprerthorough inspection of the design
_and. field conditions. - It was hoped that the

_ unexpected field problems'could‘beireduced.
Other adjustments. and provisions were made in
the specificatioﬁs“and_construction-inSpection.
The result, as illustrated in figure II-7 was
a much longer review and bidding period--six
months longer than originally scheduled. How-
ever, constructiocn proceeded=mdgh more smoothly
with ﬁg;éonstructiOn time extensions. It is
unknown whether any total program time was
actually saved by these more extensive review
and contract. contrel procedures, since adver-
tising the contracts was delayed. It may have
been - an .equal ﬁrade,for the construction time
extensions that would have been required to re-

solve unexpected field problems.

Results and Analysis

The final result was that it took nearly five years

_after the predesign report to complete the overhead

program which was scheduled to have been completed in
slightly more than three years. The explanation, like
the program itself, is a sum .of many small elements,

38




all of which are intérrelated. But perhaps the
primary reason was the lack: of modern-day experiJ
ence with a comparable program. This lead to overly
. opfimiétinscheduling.ahd~a lack ‘of complete under-
‘standing of what problems might be encountered. But,
--how could-a- blgger program be completed in slightly
more than a.year in 19407 Agaln, ‘the reasdns are
‘varied and numérous including: " a different type of
‘system; more available experience; a war-time atmos-
Phere With-greaterlurgency_and*much'less:Sensitivity
to public involvementj a transit organization that

- was part of the city; cOnStruction’performed by in- -
" house labor rather than by <contract; fewer construc-
tion rules and regulations; etc. ' Also, in 1940, by
working so quidkly'there'wasilessﬁtiﬁe'forfthe-route
planners to come up with chaﬁgeé;f'But'théy did catch
“up. - As a result, in Mr. AnderbefgﬁS’OWn words: "the
englneerlng of the project did not stop when the last
line was. cut over....after the system was in copera-
tion it was evident that addltlonal ‘loops, turnbacks
and ‘extensions were necessary. The‘feeder distribution
“system had to be rebalanced as the routes and head-
ways were changed.“(l) B IR

Future scheduling of trolley overhead program should
improve'with.the’experiencé-gained-froh'this project.
. However now, as in 1940 and earlier, scheduling a
program with this many bité'ghd pieces, with multiple
agency involvement having varying degrees of urgency
and commitment, will remair as much'an'a:t as it is

a science. _ . _
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D.

RELATIONSHIPS AND AGREEMENTS WITH OTHERS

1.

Intradepartmental -

The organizational_chérts,‘figures II-1 through TII-3
of section II-A, show the functional relationship of
the various divisions within Metro which were involved
in the program. No formal,aé;ggments were established
between %hé_departments regarding -the program. Policy,
procedures, metbbds, work requests, etc., were estab-
lished by memorandum, generally as_néeded, This lack
of formal structure. in the beginning of the program
did lead to -some problems of understanding during
the. course of the program. Probably -the most criti-
 cal problem arose when the transitgdepartment's main-
_wtenenacemgroughwas fequested to take over portions
_of the system as they were being completed in late
- .1979 and early 1980. They initially refused, citing
numerous objegﬁiOns to some of the construction de-
tails, maintenance situations and .substation equip-
ment reliability: and safetyﬁ, Gradually these prob-
lems Were*resolved as various modifications were
agreed upon and incorporated.into the system. But,
there were periods when portions -of the system were
' actually placed into'service while the trolley over-
head construction section still had maintenance re-
sponsibility,:_Even at the time of this writing,
wiﬁh:the entire system in operation, the construction
section still had the maintenance and repair respon-
sibility for all the rectifiers and switchgear. It
~ is anticipated. that the transit department will take
over complete responsibility for operating and main-
taining the system during the summer of lQél.
This problem clearly illustrates that Metro was
becoming too complex an organization to rely on the
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""one big, happy family" 'approach to 'conducting
‘internal business. Unfortuhately, in this case,

there was no written agreement between the techni-

".cal services department and the transit department,-
- ‘establishing in detail the system acceptance cri-

teria.

City of Seattle
The-organization”outside of Metro which had the

greatest involvement in the project Was the city of

Seattle. The formal relationship began in December

- 1972 with the completion and signing'of“the Transit
‘Transfer Agreement (2). One provision of this agree-

ment obligated Metro to continue the operation of

~sthe ‘existing trolley 'system and left open the option

to expand the system. - The city later requested ex-
pansion of the trolley system and agreed to-provide
the- funds' for the ‘local matching share for this por-

tion of the program heing funded*by the Urban Mass
- Transit Administration (UMTA).° The grant application
- was subsequently amended to include the expansion

project. . On Aug. 1, 1977, the first supplement to

.- the Transit TranéferiAgfeement=was'adopted, which

defined the expansion program in detail and the
terms by which the city's funds were to be provided.
This agreement was again amended on March 6, 1980, by

‘the second supplement which increased the project

budget to cover-unexpected cost increases. When the
project moved into the preliminary design stage,
thereiwas,little involvement at' the staff level by
the city although the city was asked to participate
in developing the scope of work, design criteria and

. consultant selection. . After construction got under
" way it became apparent  that the:Seattle Engineering
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~ Department would have to play a very active role.

One of the major reasons was that the city was
proceeding with several street improvement and
utility undergrounding projects, many of which were
on streets where the overhead trolley wire was to
be installed. To minimize the construction impaét
and the proliferation of utility poles, detailed
coordination was required between the projects
which resulted in a series of memoranda of agree-
mentf-aﬂ{exgmple-ofcwhich_is;included as appendix A.

-Implementing the Transit Transfer Agreement, memor-—

anda of agreement, permits, reviews, and other activ-

‘ ities”becameKa;complicated task. - Metro. realized

early in the program that a single-person contact in

- the Seattle Engineering Department was needed to
- facilitate all of these coordination needs and, in

a letter from the executive director to the Mayor,
requested that a city coordinator be appoeinted.

Initially the city's coordinator only served on a

part-time basis. As the project proceeded and more

.problems and complications developed, it became

apparent that a gréater level of involvement by the
coordinator was necessary to avoid further delays. A
full-time coordinator with expanded authority was

- appointed by the city on November 13978.:

Joint Use Poles and Utility Conflicts

~Any public works projéct on 'an urban street will

encounter conflicts with the existing utilities.
Installing trolley overhead wire and hardware, in
this regard, created particular problems in defihing
the spatial arrangements of the variocus utilities
which must share the public  right-of-way. Pirst, a

r
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large number of support poles had to be located to

- ¢lear underground utilities and not encroach upon
specified areas around fire hydrants, trees, wheel-
chair ramps, etc. Second, the overhead trolley

‘wire must be a certain height above the roadway,

below which no other wires may cross. Other overhead
utilitiesréuchlas power, telephone and cable TV lines
often had to be relocated to clear the trolley over-
‘head wires and hardware. Traffic signals also posed
particular conflict problems. The existing procedures
for resolving these problems were relatively simple

- and involved 6nly the maintenance andicperation per-
sonnel of the various utilities. These procedures
were stn found;to be inadequate for a major project
of new construction. Therefore, the following pro-
'Cedﬁres'and'criteria were developed as the program
progressed: - % . '

a.T: The city developed and implemented pole place-
ment criteria in January 1979. Since then,
;“many additions and modifications have:been made
-~ to the:criteria. ' B

b. Poles to be jointly used by Metro and the

' Seattle Engineering Department required a joint-
use polé agreement, consisting of a sketch and.
construction notes. Initially, the city engin-
eering staff was assigned preparation of these
sketches. - However, progress was too slow for

- Metro's needs. Finally, the Metro staff took
over the sketch preparation and submitted them
to the city for review and concurrence. Example
sketches are included as appendix B. '
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c.  Traffic signal interference was a critical
problem which was initially handled in the
~field. Procedures evolved and were later
confirmed bylletter on April 3, 1978, included
as appendix C. Later it was decided to have
the consultant provide traffic interference
skétches which were forwarded to the city to
identify for them the scope of the interfer-
ences: in advance of construction. Examples of

.. these sketches are included as appendix D.

d.  Probably the most strained relationship with
another utility was between Met#o and the
telephone company. . Numerous conflicts were
encountered in non-undergrounded areas because
the telephone company generally occupies an
area on the poles or over the streets at about
the same height as trolley overhead. A his=
tory of this development is included as appen-
'dix" E. . The problems were eventually resolved
by the well defined procedures contained in a
three-way agreement between Metro, City Light
and. Pacific Northwest Bell which was finally
adopted in_January 1980.

_Miscellaneous

Like any public works project, the trolley overhead
program reguired a number of permits and approvals
from a variety of agencies and organizations includ-
ing the Seattle Design Commission, the Se§ttle Water

Department, Washington State Departmént of Transporta-

tion, University of Washington, and others. None of
the transactions were unique as the procedures of
these organizations were well established and required
only routine compliance by Metro.
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E.

BUDGET

1.

'Prbgram Cbst-Estimates

- Metro faced the same dilemma in estimating the cost

jf:_of the pro:ect as it did in trylng to establish a

‘~projeét schedule: the lack of experlence from a

- recent comparable project. The pro:ect manager in
June 1978 descrlbed the situation in a file memor-

.‘andum

. "There was no body of cost data avallable for
'estlmatlng this type of work and no one has
ever built a system using the nelghborhood
rectlfler concept.

We fcund one contract in San Francisco for
construction of a small piece of overhead. .
The only other figures available were the
estimating ‘figures used for maintenance work.
‘This data had too limited a base on one hand.
- and it conflicted with itself on the other.

Additionally, there are no 500 KW traction.
rectifiers available on the market. Different

. manufacturers quoted us list prices of $50,000,
$100,000 and $150,000 per unit for the same
units.; The Ohio Brass Company gave us a cata-
log price of $1,175 for a switch and less than
a year later bid the switch at $1,922."(20)

The earliest program estimate was made in February
1974, which covered only the rehabilitation of the
existing system. Admittedly, it was no better than

a guess. The history of the cost estimate increases
'is shown on table II-5 which includes a discussion on

the reasons for the increases.

It is interesting to note that as time went on and
the scope of the program became better understood and
the estimate was brokeh7down in more detail,_the total

estimate correspondingly increased.
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The first detailed estimate with some basis came
after the rehabilitation contracts were bid in
Maroh 1978. Shortlyfafterward,‘the field problems
began to mount and the contréct contingency funds
were quickly- dlmlnlshed. These problems, discussed
in detail. 1n part IV, were 1ncrea51ng the costs by
the same propcrtlon as they were 1ncrea31ng the
program time. - Flgure I1-8 graphlcally shows the
breakdown of the cost estimate in March 1978. Also
shown are the final program costs.’

In late l978,lit became obﬁious thatlaicritical _
budget estimate review was necessary- When completed
in February 1979, the new estimate revealed that an
additionai 7.6 million dollars,was_required"*an

ijlncrease of 33 percent. The iﬁcrease'in overhead
' construction was actually 49 percent. The Metro
'Coonc1l approved the increase, but charged the staff

with the goal of completing the project with only
90 percent of this increase. Figure II-9 shows the

.same graphic breakdown, with the new budget being-

compared with the actual costs. The new budget held -
up and the 90 percent goal was achieved. Unfortun-
ately, the fact remains'that'the proqram was nearly
constructed before a reliable budget could be estab-

.lished.

Program Financing

fFunds for the trolley overhead program were prov;ded
_rﬁrom a partnership of rhree sources: the Urban Mass
'iTransit“Administration provided grants for 80 percent

of ellglble pro;ect costs, Metro and the city of

Seattle providing the 20 percenﬁ local share in
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accordance with the Transit Transfer Agreement (2).
Table II-6 shows the funding sources, a history of
the increases and how they were broken down.. By
comparing tables II-5 and II-6 one may note that
there was a conSLderable lag time between reVLSlonsA
to the program costs and the correspondlng rev151ons
to the program s source of funds. Work was able
“'to proceed because UMTA issued letters of no preju-~
dice, which genefally assured that grant funds
would be available retroactlve to UMTA approval of
' pro:ect cost increases.

.The funding arrangement was complicated'by.severel
factors lncludlng the cost sharlng agreements w1th
the c1ty, ‘cost -accounting differences among the

- parties and drastic cost increases durlng cr131s
'.31tuatlons. All added considerable confusion to the
budget history of this program. During the last two
_ yeafs of the program, after a separaté division was
formed to administer the program, the costs and
finances were finally brought into;balance; :

.o Analysis of'Actﬁal Costs

: Table II 7 shows the breakdown of actual costs in
the categorles used durlng the program for budgets
- and cost estimates. The costs are separated into
three areas: rehabilitation CBD, rehabilitation
“foutlylng area, and expan51on The costs per mile for
each of these areas were derived by dividing the
total cost for each area by the respective number of
route miles. Before applying these“unit'costs to
other systems or areas, it is necessary to understand
the factors that affected the cost of this program.
In summary, some of the major factors were as £0110ws:
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The rehabilitation portion required work in an

area where there was little recent experience

to guide the designers, project managers and

contractors. ‘Although the construction in the
rehabilitation area had the advantage of the
prior existence of trolley overhead, many un-
antidipated,problems were encountered. Because
of this lack of previous experience there were
no-qdick;'inexpensive‘solutions.-(See'paragraph
IV-C5.) ”

The CBD feeder system used equipment and fac-
ilities ‘from the old system. An ail new system
would have been much more expensive. (See sub-
section IV-B.)

. The design and cost of the CBD system is not

mutually exclusive from the outlying area. If

" the outlying area is significantly expanded

then some additions and modifications to the
CBD system will probably be required.

Not all the CBD portion of the program consti-
tuted replacement of the existing system. There
were some route changes that inveolved installing .
overhead on streets where trolleys had not
recently operated.

A portion of the power from the "rehabilitation"
substations provides a significant amount of
power to the “expansion" routes. Therefbre,

the costs shown in Eable IT-7 for substations
have been adjusted to feflect-this {also see
table IV-3).
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£. A significaﬁt portion of the expansion overhead
construction was, performed concurrently with
. several city undergrounding projects. Although
-:gome costs were saved in sharing_steel'poles
-and other facilities, these costs were still
much higher than what would be expected for an
outiying-area sYstem supported by-wood poles.
- Other factors are discussed in more detail in Section
Iv.




III. BASIC SYSTEM DESIGN

A. CONSULTANT. SELECTION. :

1.

Scope—of*Work

After the completion of the initial plannlng and
env1ronmental impact proceedlngs in 1974 Metro
staff began ‘work on scopes -of-work for the pre-
de51gn and design portlons of the program. It

was decided that_the amount of design work required
for this program was too great to be efficientiy
accomplished'by‘Metro staff. Therefore, the ser-
vices of a design consultant were solicited. The

scopes-of-work were prepared on that basis.

The lnltlal scope-of work descrlbed the Work in
'very general terms to ensure that all aspects of

the work would be covered No one at that tlme knew
all the details of this type of program well enough

to wrlte a comprehen31ve description of the work to

be done. It was enVLSloned that the scope-of-work
would perlodlcally be revised durlng the course of

~the predeSLgn and desxgn portlons of the program to

spec1f1cally ldentlfy and deflne the work as more

| information was_developed (21).

Consultant Selection Procedure

In February 1975, upon completion of a draft scope-
of-work, Metro advertlsed for interested consultants.
The scope*of—work was made available on request and
the respoudlng consultants were asked to submlt

brochures, statements of quallflcatlons and other

information ahout their firms. The 10 firms that
responded were then evaluated using the fol;ow1ng

criteria:
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a. Does the firm/team have quallflcatlons and
interest for this type and scope of work?

b. Is the flrm/team available to do all phases’
of this work, including rehabllltatlon -and
expansion°

c. Does the flrm/team have. past pPerformance and
experlence w1th 51m11ar work wmth referenc:es'p

d; Does the firm/team have a depth of professional
' ability in-house to satlsfactorlly complete all
elements of the work within the tlme available?

e. 'Is thlS a local flrm/team°

iConcurrentiy, a consultant selectlon board was formed

to review the appllcants The board consisted of the
technlcal serv1ces department director, the transit

'technology lelSlon manager,'a representatlve from
" the tran51t department and a representatlve from
' Seattle Clty nght.

The board, except for the Clty nght representatlve,

met on March 3, 1975, to rev1ew the evaluatlon and

" the 1nformatlon submltted by the firms. As a result

of that rev1ew, six firms were selected for further
consrderatlon and asked to make an oral presentation.
The presentations were made on March 19, 1975. The
board met immediately thereafter to dellberate and
select the de51gn consultant.”

Evaluation and Selection

By unanlmous agreement the board was able to eliminate
two flrms from further consrderatlon.- An unofflclal

poll was then taken to develop a ranking of the firms.
A general consensus was found 1mmed1ately. ~The top

three firms were, in order:
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.a. ‘R. W. Beck and Associates (of Seattle)

' b. Steven;‘Thompson and Runyun (of Seattle) with

International Engineering Co.

cC. R,B,Q & D, Inc., (of San Francisco) in con-
junction with Kramer, Chinn and Mavo (of Seattle)

R. W._Beckfand Associates was selected because of

" their local base, extensive in-house facilities and

éapabilities, experience in DC electrical design and

. their association with a consultant with considerable

experience. in the design, construction and operation
of a trolley overhead system They were formally
notified of the selection April 3, 1975{ and contract
negotiations began shortly thereafter. The negotia-

- tions were. completed and on June 26, 1975, the Metro

Council passed Resolution 2319 authorizing the agree-~-

ment.

B. CONTRACT

l.

Features

.The contract between Metro and the consultant (13)

_contalned the normal prov151ons for an agency/consul-
tant contract for a project funded in part by a
federal administration, in this case UMTA. There
were some noteworthy prov1310ns, however, which

“included the following:
a. Scheduling

The work was divided into separate tasks (see
table III-2) for which separate notices to
proceed could be given. This provided some
flexibility for cutting back or revising the
scopes of work if necessary (subsection 33).
Twenty days after Metro issued a notice to
proceed for a particular task, the consultant
was required to "submit a detailed and updated
development schedule" for that task (subsection
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2A). Once the completion dates were established
by these schedules, they could only be extended
by mutual agreement and only for "conditions
beyond the control of the consultant” (subsec-
tion 3B).

Payment

The consultant was to be paid "on a cost plus
fixed fee basis" not to exceed the maximum
amount of $1,305,000. Maximum amounts for each
individual task were also established. However,
upon completion of all tasks, if the consultant
exceeded the maximum for any task, any unused
amounts from other tasks could be applied
toward the overrun as long as the maximum amount
for the total contract was not exceeded (sub-
section 4A). A maximum payment ‘schedule was
also established for the fixed fee with the
understanding that adjustments could be made in
the fixed fee to correspond with any adjustments
made in the project maximum payment schedule
(subsection 4C).

Provisions for Changes

Additional work or deletions of portions of the
work could be directed by Metro. Prerequisite
to the final authorization of any addition or
deletion would be a written agreement between
both parties which established any necessary
adjustments to the maximum payment schedules for
the design work and the fixed fee (subsection 6B
and 6C). ~

Ownership of Documents

Metro was to have ownership of all documents
developed and produced as a result of the con-
tract (Section 11).

Scopes—of-Work

Scopes-of-work for both the consultant and Metro
were attached as Exhibit A to the .contract. Both
scopes-of-work contained individual scopes-of-
work for each task. Because the expansion por-
tion of the program was still contingent upon

a plan to be adopted by the city of Seattle and
approved by UMTA, it was stressed that the
expansion tasks and expansion portions of other
tasks were tentative.
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2.

The descriptions of the work for each task
remained very general. The details were still
not well enough known for a detailed, compre-
hensive scope-of-work to be written. As pre-
viously mentioned, Metro had reserved the right
to issue separate notices to proceed for each
task and to add or delete work if necessary.

It was envisioned that the period of time.
before the issuance of each notice to proceed
would be used to evaluate and revise the scopes-
of-work for the remaining tasks based on the
experience from the previous tasks. It would
also provide a convenient time to review the
budget, expenditures and cost estimates, and

to determine if any portion of the work should
be deleted or reduced in scope if necessary
without creating complications with the con-
tract (21). :

Summary Cost Estimate

Exhibit D ‘to the contract was a summary cost
estimate that broke down the estimate for each
task into salary, overhead fee, expenses, sub-
consultants and contingency. The contingency
was relatively large ($263,768) to provide

for expected but not yet identifiable changes

and additions.

History of Contract Revisions

Qe

General

Throughout the course of the contract, many

revisions were made by a variety of means.
Table III-1 summarizes the revisions and shows
the corresponding changes in the total contract
budget. :

May 1975 to October 1975

Although the Metro Council had approved the
contract on June 26, 1975, further negotiations
were necessary to revise the contract to comply
with UMTA requirements. This lengthy process
resulted in addendums Nos. 1 and 2. In accord-
ance with UMTA requirements addendum No. 2
deleted the large contingency amount established
for anticipated changes and additions to the
contract. As a result, a statement was added
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that acknowledged the probable need for addi-
tional work and corresponding adjustments in
the design fee. The consultant was finally
given notice to proceed with the first phase
of the work--the configuration study, Task A--
on October 3, 1975.

November 1975 to September 1977

When notice to proceed for the configuration
study was issued, the preliminary planning and
public hearings for the program plan refinement
were still in progress. The extent of the ex-
pansion portion of the project -had not yet

been determined by the city of Seattle. By
March 1976, it was recognized that the consul-
tant had been delayed bacause of the delays

in completing the route information -and design
criteria (see subsection IV-A). A change order
was issued to increase the maximum allowable
payment for task A for the extra work required
of the consultant. Task A was compelted and
the final report (10) issued on April 16, 1976,
42 days after the scheduled completion date of
March 5. However, one item remained incomplete.
The critical path method (CPM) schedules required
for the remaining tasks could not be completed
because a schedule for the delivery of the
trolleybuses was not yet established (see para-
graph IIC-2f). Also, the city still had not
made the final selection of expansion routes
(see paragraph IIB-4).

Metro decided to have the consultant proceed as
prudently as possible under the circumstances.
A blanket notice to proceed for the remainder
of the tasks (B through F) was issued on April
20, 1976. This was contrary to the original
intent to issue separate notices to proceed.

The work accomplished during this period was

in conformance to the configuration study and
more specific scopes—-of-work, which were being
developed as ‘part of the design contract renego—
tiation. This work included: °

(1) A tentative project schedule established

July 12, 1976.
(2) An analysis of overhead hardware.
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(3) An analysis of the trolley wire for
the CBD.

(4) Completion of the contract documents
for the manufacture and. delivery of
rectification equipment and overhead
hardware (contracts T9A and T1l2A,
respectively) .

(5) Preparation of the standard plans
for overhead construction.

Additional work was also réquired resulting in
change orders for:

(1) Adjusting the central substation design
to conform with Seattle City Light's
space requirements.

(2) Aadjusting the system's power design
because of the use of chopper controls
on the new trolleys (which reduced the
power requirements). '

(3) Preparing purchase specifications for
-transformers for the CBD substations
(because Seattle City Light would not
agree to own and operate the rectifier
stations, see paragraph IV-B2a).

The renegotiation of the contract was finally

culminated on Sept. 1, 1977, with amendment

No. 1l: (including addendum No. 3) to the contract.
Considerable effort had been made to convince
UMTA that (1) there was extra work beyond the

~original scope-of-work and (2) that the consul-

tant was delayed due to reasons beyond his
control. It was apparent in retrospect that it
would have been better to have first performed
the configuration study as a separate contract
before preparing the contract for the actual
design work. ;

October 1977 to July 1978

Because of the decision in January 1977 to shut
down the trolley system for one year during the
rehabilitation construction (see paragraph IIC3),
Metro decided to combine the .rehabilitation con-
tracts and advertise immediately. Consequently
the consultant's design effort during this
period was greatly accelerated. Concurrently,

. several route changes and minor wire map changes
1
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were being requested by Metro's transit

‘ department. The consultant was granted an

increase in the contract amounts, but the
added work somewhat delayed his overall
progress and prevented combining all five

of the rehabilitation overhead contracts

into a single contract document. As a re-
sult, the rehabilitation substation and over-
head contracts were awarded in five packages
between January and July 1978 (see table II-3).
In February 1978 the consultant was given a
change order to design an overhead system for
Metro's Central Operating Base (it had pre-
viously been planned to use auxiliary bat-=
teries to power the buses at the base).

As construction began on the rehabilitation
system it was soon discovered that there were
numerous field problems which were going to
require the consultant's involvement to re-
solve. Therefore, the consultant's contract
was revised by amendment No. 2 on May 18, 1978,
to include engineering assistance during con-
struction and to correspondingly increase the
consultant's fee. By July 1978, most of the
consultant's time was spent on construction

problems and preparing redesigns for the con-
‘tinuing requests for wire plan changes.

August 1978 to January 1981

During latter part of 1978 and early 1979, the
consultant was primarily occupied with field
problems and adjusting the design to accom-
modate still more requested wire plan changes.

* One of the overhead expansion contracts (E9)

was completed in November 1978 and advertised

in December. However, this became a period

for "stepping back" and evaluating the status

and progress of the program. In October 1978

the Metro staff was reorganized. In February
1979 approval of a budget increase of 7.6 million
dollars was requested of the Metro Council. Also
in early 1979 Metro hired outside consultants

to review technical design, construction proce-
dures, program management, and program control.
The resulting changes in the program management
produced a more lengthy review process of the
consultant's designs and considerable changes
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in the provisions in the construction contract
documents. This further delayed completion of
the expansion contracts. The bid opening of
the E9 contract was postponed until June 1979
due to addenda which made major changes and
additions to the contract documents.

‘Although much had been learned from the pre-
vious construction contracts, the design work
proceeded slowly. Much of the consultant's

time was still being taken up by design re-
visions required in the rehabilitation contracts.
Additionally, three of the expansion contracts
required considerable coordination with under-
grounding and street improvement projects being
conducted by the Seattle Englneerlng Department
and Seattle City Light.

As prevxously mentioned in paragraph I1C-3,
little could be done to remedy the situation.
An increase in the consultant's staff would
only have slowed the progress more because a
considerable portion of the existing staff's
time would have been required to train new
people in the many intricacies of trolley
overhead design. Therefore, it was not until
the end of 1979 that the last contract package
was completed and ready for advertising.

By the spring of 1980 the consultant's work was
essentially complete and the closing out of the
contract began in May 1980. The contract amount
had risen to $1,854,880 by contract additions
and sixty-three (63) change orders. However,
the consultant at this time presented a final
'bill which exceeded the maximum contract amount
by $223,180. Negotiations between Metro and the
consultant over the overrun claim were still in
progress at the time of this writing.

' C. OTHER ENGINEERING
As operation of the trolley system began, it was determined
that other engineering wbrk outside the scope of the con-
sultant's contract would be necessary. Some of this work
began in late 1979 and was accomplished at various times
during 1980 and early 1981. Some of the work has yet to
be initiated as of this writing._This engineering included:
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1. Work Completed

a. Operations and maintenance instructions and
manuals for the rectifier stations.

b. Study of lightning protection devices.

c. Design of a lightning protection system.

d. Analysis of telephone interference.

e. Design of roofs for the 500KW rectifier stations.

2. Work in Progress

Development and design of improvements to the CBD
substations.

3. Future Engineering

- Analysis of the equipment specifications for the
rectification equipment.

COST SUMMARY

The engineering cost summary is shown in table III-2. The

4;"authorizéd amount as amended" was the breakdown of engin-

eering costs after completion of the configuration study

and the refinement of the scopes-of-work during the summer
of 1976 and finally approved by Metro and UMTA on Sept. 1,
1977. This amount then serves as the best projectéd eng-
ineering costs based on planning and pre-engineering but
before any design work had begun. The "final authorized
amount," which increased the costs by 36 percent, is the
final amount authorized for the consultant by contract
additions and change orders. This 36 percent increase

can be broken down as follbws:

1. Engineering assistance during construction 20%
2. Engineering of Central Operating Base overhead 5%
3. Redesigning required by wire plan changes 5%
4. Extra design work required in the CBD feeder

- system 2%

5{ Extra costs for printing, planning support
and miscellaneous : .
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The "final costs" include the consultant's overrun claims
and the other engineering described above. As shown in
the table, the total final cost was 60 percent greater
than the original authorized amount, and 17 percent
greater than the final authorized amount as revised. The
additional 24 percent increase over the original author-

ized amount includes:

6. Other engineering 7%
7. Overruns on tasks A,B,C,D,F,G&H 26%
8. Underruns on tasks C,E,J&K -9%

Since no change orders were issued for the overruns, the
breakdown of the type of work for the overruns is not yet
available. This is part of the previously meptioned

negotiations still in progress as of this writing.
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Iv.

COMPONENT DESIGN AND CONSTRUCTION



IV. COMPONENT DESIGN AND CONSTRUCTION

PREDESIGN

The predesign portion of the program's design phase was
designated as "task A" in the design consultant's scope-
of-work. As stated in the scope-of-work, the objective
of this task was: '

"To develop a detailed electrical plan for the
rehabilitation and expansion of the existing trolley.
overhead system including substation locations, size
and type of rectifier module, type of suspension
hardware and system control including telemetry." (9)

Also included was the preparation of network schedules for
the design tasks, the corresponding construétion contracts
for the rehabilitation substations and overhead (tasks C
and D), and the expansion substations and overhead (tasks
E and F).

Notice to proceed was given October 3, 1975, with a speci-
fied completion date of March 5, 1976. The environmental
impact proceedfngs'regarding the plan refinement of the
expansion portion of the system were proceeding concur-
rently with the task A work. The slow progress of these
proceedings delayed the selection of an expansion plan
and thus delayed the design work. The final report,
entitled "System Configuration Study - Trolley Overhead
System and Substations - Rehabilitation and Expansion,”
was submitted April 16, 1976. Missing from the report
was the overhead hardware evaluation and the project CPM
schedules, which were delayed pending additional infor-
mation. These items were completed on July 12, 1976. The
configuration study generally confirmed the feederless
system concept favored by Metro staff. However, it was
recommended that the feeder system should be retained and
rehabilitated in the CBD because of the existing under=-
ground duct system. '
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A preliminary design was presented establishing the
required size, number and spacing of substations. The
proposed locations of substations and sectionalizers
were indicated on the preliminary wire maps included
in the report. Also presented were typical layouts,
wire diagrams and architectual renderings of the sub-
stations (see figures IV-1 through IV-8).

The overhead hardware evaluation, submitted as a sup-
plement to the configuration study, revealed a general
superiority of the Ohio Brass hardware over the Kummler
and Matter hardware. (These were the only,tWo signifi-
cant manufacturers of overhead hardware at that time.)
Although the XK and M material had certain operational
advantages and provided for smoother operation, use of
the OB material was considered to be more economical
because fewer poles would be required and existing at-
tachments--i.e. building eyebolts--could be used.
Furthermore, the OB system was considered to be slightly
less obtrusive than'the K and M system. Finally, Ohio
Brass had a local representative available who could
provide liaison and technical advise during the course
of the program. '

SUBSTATIONS
1. Rectifiers and Associated Equipment

a. General
With the basic decision made to use a feederless
system in the outlying areas and an underground
parallel feeder system in the CBD, rectifier
size and performance requirements were set for
500KW and 1500KW rectifiers.

b. Criteria and Specifications

(1) 500KW -~ for the outlying areas, the feeder-
less system selected was designed as a
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faileq substation. The 500RW Capacity
was set to Provide g balance between sub-
station Spacing, forecast_loads and volt-~
age regulation. The speCifications set

units Consisting of a 26.5Kv Primary feeg
Switch, transformer, AC circuit breaker,
$0lid state Yectifier ang DC switch gear.
All associated hardware, buses ang wiring
were enclosed in dead front Cabinetg suit-
able for outdoor installation. Specific

" performance was set at:

in the 1g to 100% load'range; no load
voltage not to exceed 700V; at 3003
Overload not less than 616V,

Efficiency =~ 96.5% Overall at- continy-
Ous rating.

Power factor - 0.945 or dreater frop
25% to 100% of rated load.
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(2)

As many of the rectifiers were located in
residential areas, low noise level became
a consideration. 56 PNAB at no load was
specified.

The specifications as written, were a mix
of hardware and performance requirements.
Automatic line test and reclosing after
fault clearahce and provision for later
addition of transfer trip equipment were
specified. The overhead system wire plans
for the expansion area and a rectifier
schematic are shown in figures IV-3 through

Iv-8..

1500KW - the CBD system was designed to use
existing underground feeder aucts and two
new 1500KW sold state rectifiers in each of
twovexisting substations with their exist-
ing 1500KW transformers and DC switch gear.
Ownership, operation and maintenance would
be the responsibility of Seattle City Light.
Feed redundancy was obtained through multi-
ple feeders on each overhead wire section,
and DC bus ties at each substation. Though
optimum sizing of the CBD rectifiers was
less, the 1500KW size provided cost savings
through reuse of existing equipment. Sub-
sequent to award of the rectifier contract,
Seattle City Light on whose property the
two substations were located refused own-
ership of the rectifiers, transformers and
switch gear and required relocation of the
existing transformers within the substation
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pProperties. Given the age of the trans-
formers and the potential for insulation
damage during relocation, the decision was
made to add new transformers to the recti-
fier contract. The existing DC switch
gear was to be retained and new low side
AC circuit breakers would be purchased.
With this change order the specifications
were set for four 1500KW rectifier units
consisting of a dry type transformer, air
circuit breaker, solid state rectifier,
and associated hardware, buses, and wiring
enclosed in dead front cabinets for indoor
|
\

usage. Specific performance was set at:

Primary input: 26,400VAC for two
of the units, 13,750VAC for the other
two units; 3.phase 60Hz.

Ratings: ‘
Rectifier - 1500kw, light, trac-
tion rating per ANSI 32.2 and
medium traction per NEMA RI-9.
(These are equivalent ratings.)

|

1
Transformer - 1500KW, medium
traction service rating.

Voltage Regulation - 4% or less
at 100% load; no load voltage of
700VDC.

Again, the specifications were a mix of per-

formance and hardware requirements with
several important items omitted, such as
the magnitude of the voltage at continu-
ous rated power. Automatic reclosing after
fault clearing and provisions for later

addition of transfer trip were specified.
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i

It is apparent now that the specifications
for both the 500KW and 1500KW were weak

to say the least. Test and acceptance
procedures were ill-defined, surge pro-
tection was ambiguous, coordination of
protective devices was not addressed,
furnishing as-built drawings or mainte-
nance manuals was not required and the
general arrangement of the specification
was disjointed.

Vendor Selection and Contracts

The 500KW and 1500KW specifications went out

as one package for bids in December 1976. Seven
bids for the total package were received. Only
one bid for the 1500KW units was received.
Rapid Electric Cbmpany of Brookfield, Connec-

ticut, was awarded a contract April 1976 for

22-500KW units at a low bid of $1,279,127. The
Ohio Bfass Company of Oak Hill, West Virginia,
was awarded the 1500KW contract May 1977 for

the low bid of $47,707. In June 1977, a
$284,925 change order was added to the Rapid
Electric Contract for four additional rectifiers
for an added expansion route. In January 1978,
a change order for $10,061 was added. In Nov-
ember 1977, the Ohio Brass Contract was increased
by $95,292 to add the transformers mentioned
earlier. Two, subsequent minor change orders
added $3,282 to the Ohio Brass contract.,

Contract Performance

(1) 500KW - after award of the contract, Rapid
Electric was essentially left to perform
with no formal technical oversight or
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progress reporting requirements. Deliv-
ery of the 26 units was to commence July
1978, with the last unit delivered in
December 1978. In November 1977, Rapid
submitted 16 preliminary electrical and
mechanical shop drawings for Metro review.
The drawings were rudimentary. With very
minor revisions, Metro took no exceptions
to the drawings.

In May 1978, the Metro contract coordinator
and a consultant design ehgineer visited
the factory. In June the coordinator again
visited the factory accompanied by the
Metro project manager. The trip reports
reveal no significant problems and are op-
timistic in tone. It was noted in the
second report that the contractor did

not have the facilities to test the
rectifiers as specified.

Deliveries started in July 1978 and were
completed in January 1980. : The units were
given a visual inspection on arrival. The
only major problem observed then was peeling
paint, apparently due to improper applica-
tion. As the first units were being in-
stalled at substations it became apparent
that Ehere were many other quality control
problems including: -wiring not connected,
loose or missing fasteners, misaligned bus
bars and wire not marked.
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The first rectifiers were installed and
put into operation in the summer of 1979.
In September 1979, trolleybus revenue
service started, and shorfly thereafter
major problems with the rectifiers began.
As the problems were identified, fixes
were immediately developed and installed--
that process is still ongoing at this
writing. Those problems identified after
the start-up of operations were:

Latching relays unreliable and erratic

in operation - replaced.

Line test voltage for feeder reclosing
remained on the line with feeder
breaker or contactor in manual open -
‘redesigned.

Feeder contactor of insufficient rat-
ing causing contacts to weld together
on short circuits - replaced.

No lightning protection for DC switch
‘gear control. Solid state DC over-
current relay particularly liable to
destruction by lightning - designed
and installed lightning arrestors for
DC bus. ‘

AC supply undervoltage trip operates
on very small voltage dips - redesigned.

Rate of rise function in solid state
DC overcurrent relay does not function.

Solid state overcurrent relay suscep-
tible to radio and electromagnetic
interference.

Relay failure in recloser circuit
caused DC circuit breaker to pump -
redesigned recloser.

DC cubicle ground fault relay powered
by station AC utility circuit. With
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station AC supply breaker open and
station in DC feed through operation,
cubicle ground fault protection is
inoperative - redesigned.

Cubicle roofs tack welded to frame
allowing water leakage - caulked,

designed roofs to be installed by

November 1981.

In the process of correcting these defi-
ciencies, other extensive examples of poor
quality control were discovered such as:
size mismatch of wire terminals and studs,
steel studs used on bus bafs; wire termin-
als attached to bus bar studs only (no
contact with bus bar), loose, unbundled
and untied wiring.

With exception of the transformer, the
rectifiers as delivered were of poor qual-

. ity. The causes may be attributed to weak
'specifications, poor design and workmanship,
and failure to closely monitor and inspect
the manufacturer. As of this writing, work
to upgrade the units is still in progress.

(2) 1500KW - Almost immediately after contract
. award negotiations began for an additional

purchase of four rectifier transformers
and six current transformers. The original
specifications for the rectifiers were also
changed substantially to those shown earlier
in this section. The resulting change order
was executed in November 1977, five months
after contract award. Delivery was schéduled
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for April 1978. Preliminary electrical
and mechanical shop drawings were sub-

mitted in February 1978. Metro took no
significant exceptions to the drawings.

In May 1978, Metro's contract coordinator
and a consultant design engineer visited
the factory. The trip report is brief

and contains no record of equipment in-
spection or any other useful information.
As with the 500KW contract, the contractor
built the units with no formal technical
oversight or progress reportiﬁg require-

ments.

The two rectifiers with 13.7KV primaries
were delivered to Seattle on June 5, 1978--
just over a month late. A delivery inspec-

tion revealed major discrepancies such as:

- Wiring: incorrect size, terminals and
insulation; identification missing;
butt splices and some wire to wire
soldered taps.

- Interlocks: not installed on access
door.

- Grounding lugs: not installed on
transformer base.

- High voltage compartment: size and
terminals incorrect; metering section
incorrectly located.

- Bus bars: inadequately sized, improper
fasteners used, joints unplated, dis-
connect links missing, burrs and
sharp edges evident.
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- Rectifier cubicle ground fault
detector: incorrect shunt size.

- Rectifier temperature sensor: im-
pProperly mounted.

- Cubicle lighting: rectifier diode
% banks unlighted.

- .Fuses: inaccessible without equip-
ment disassembly.

- Test data: not supplied.

The factory sent an engineer to Seattle
who also inspected and suggested correc-
tive action. Shipment of the last two
units\from the factory was delayed. an
electrical engineer from Metro then visited
the plant in mid-July to negotiate similar
corrective action on those units.

The units at the factory were corrected
and tested by the end of August. A change
order or $1,552 for additional doors and

a change order of $1,646 for high-voltage
terminals were negotiated. A factory team
then went to Seattle and applied the same

§
|
f
|
H
|
|
iy
1
1
L

fixes to the delivered units, completing
them in mid-September 1978.

2. Substation Site Selectiqn, Acquisition and Design

a. General
The substation sites have been separated into
two categories: those in the CBD feeder system,
and those in the outlying area feederless system.
Table IV-1 shows all of the substations that are
also located on the system wire pPlans (figures
IV-4 through IV-8). Predesign and final design
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locations are shown for those stations where the
desired site was not available. The status of

site ownership is also indicated.

A significant factor involving all the sub-
stations was the question of ownership. Resolv-
ing this issue was an extremely complicated
process. In very general terms, the sequence
of events was as follows:

(1) Between 1939 and 1973 the trolley system
belonged to the Seattle Transit System,

a city department. Direc£~current power
was provided by five substations that
were owned, operated and maintained by
Seattle City Light, another city depart-
ment.

(2) The Transit Transfer Agreement was nego-
tiated and signed by the city and Metro
on Dec. 1, 1972. Metro began operating

: the system on Jan. 1, 1973. Two somewhat
E conflicting provisions were contained in
. the agreement. Section 3(a) indicated
that the "City shall at its own expense
own, operate, maintain, repair and replace

such equipment and facilities as may be

required to transform electrical energy, to

direct current and to deliver same at
present points of delivery on the trolley
system or at additional points of delivery
as mutually designated." (2) Seciton 7(e)
indicated that the city would provide Metro

with the proceeds from the sale of the

transit system facilities for financing
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(3)

(4)

(5)

new transit facilities within the city.
It further states that these facilities
would be constructed or acquired by Metro, .
and said facilities "...shall be owned,

operated and maintained by Metro..."(2)

By January 1975, the city was asking Metrb
to consider taking over the ownership,
operation and maintenance of the substa-
tions, citing that the D.C. power system
would only serve the transit system and
therefore the responsibility for the sub-
stations would more appropriately be Metro's.
Metro's response was to delay the consid-
eration until after the predesign study
(configuration study, ref. 10). The study
was completed in April 1976.

In August 1976, Metro requested the city to
increase its efforts in resolving the issue
and indicated that Metro would hold the
city to Section 3(a) of the agreement.

The subsequent year involved extensive
negotiations between Metro, Seattle Eng-
ineering Department and Seattle City

Light. The negotiations culminated with
the first supplement to the Transfer Transit
Agreement on August 1, 1977. In accordance
with section 3 of this supplement, Metro
agreed to assume the responsibility of the
operation and maintenance of the substa-
tions. In compensation to Metro for
assuming ownership, the city agreed'to

make an immediate payment of $750,000 in
accordance with section 4 of the supplement.
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By the time this issue had been resolved
the rectification equipment contracts
had already been awarded (May 1977) even

- though the specifications had not been

properly reviewed by either Metro or City
Light maintenance personnel because neither
organization believed it would be ultimately
responsible for the maintenance of the
equipment. The resulting consequences

added unanticipated costs and delays to

this portion of the progrém because Metro
then had to obtain additional equipment

and acquire.rights to the substation sites.

Central Business District Feeder System

The CBD feeder system as defined by the config-

uration study includes three substations:

1. .

2.

3.

Central-basement of the City Light Building
at Third and Madison.

- Broad Street-City Light substation at

6th Avenue North and Broad Street.

Atlantic-Metro Central Operating Base at
1333 Airport Way South.

Because these sites were used for the old system,

there were no environmental or site acquisition

problems. (25-year leases were obtained from
City Light for the Central and Broad Street
sites on April 28, 1978.)

The design of the Central and Broad Street sub-

stations involved interior remodeling of the

areas within the City Light buildings to accom-
modate two new Metro-furnished 1500 KVA
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transformer-rectifier units (see paragraph 1
above). Electrical raceway systems were to

be modified and existing DC switch géar units
were to be tested, modified and refurbished.

At the Central DC substation the existing
switch gear was to be relocated. The design

of the Atlantic street substation was for a
new installation on top of the newly constructed
fuel and wash building at Metro's Central Oper-
ating Base. Two new Metro furnished 500 RVA
recitifers were selected for this site, primar-
ily to provide power to the overhead on the
base. The underground DC feeder SyStem was

to be substantially replaced with new cable.
The cable designated for reuse was to be

tested and replaced where necessary.

c. Outlying Area Feederless System
There are 23 substations in the outlying area
feederless system as indicated in table IV-1.
Acquisition of these sites was accomplished
by various means described as follows: , |

1. 13 sites were acquired as permanent
easements on Seattle City Light property
(existing power substations).

2. 1 site was acquired from the state
Department of Transportation on a 25-
year lease.

3. 1 site is located on a City of Seattle
right-of-way and was acquired by permit.

4. 2 sites are located adjacent to water
quality facilities and were purchased from
the Metro's water pollution control depart-
ment.

5. 6 sites were purchased from private parties,
only one of which required condemnation.
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There was only one case of site acquisition
affecting the system design. The most desir-
able sites on Queen Anne Hill, as indicated
in figure IV-5 and Tecommended in the prede-
sign configuration study were not obtainable.

The sites that were finally acquired are only
marginally acceptable because the poor substa-

tion spacing hampers the proper performance of
the relay system (21).

The outlying-area System was designed as a
feederless system as described in section II-B.
It was initially envisioned in the predesign

| that at the two existing substations on Seattle
L City Light broperty, the existing switch gear

fj would be tested and revised. However, by the

' flnal design these 51tes were relocated slightly

and it was decided to provide all new equipment
as was done at all of the outlying substations.
‘Each 51te presented its own, individual design
problems, none of which were peculiar or unique
to DC substations.

- A small amount of underground feeder was required
to connect the substation to the overhead. 1In

a few rare cases, short section of overhead

| feeder were also used. The cable selected was
f 2000 volt, XLP insulated of either 350 KCM

| ' Class B stranded aluminum or 750 KCM Class C
aluminum depending upon Voltage drop considera-

tions.
3. Construction Contract Documents
a. Rehabilitation - CBD Feeder System, Awarded

February 1978.
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The first substation contract document (T15A-77)
specified the work for the rehabilitation of
_the CBD substations, Central and Broad, and the
existing feeder system. The bidding schedule
broke the contract into four lump sum items:

one item each for all work necessary to rehabil-
itate Central and Broad Street substations, one
item for the rehabilitation of the CBD feeder
system and one item for the rehabilitation of
the Monorail feeder system. A more detailed
breakdown of the work was required of the suc-
cessful bidder. General descriptions of sug-
gested items were given in the contract documents.
Other noteworthy features of the contract were:

(1.) Metro furnished the rectifier-transformer
equipment and feeder cable.

(2.) The contractor was instructed to test the

existing switch gear and a selected portion

- of the existing feeder system. Based on
the results of the tests the contractor

" was to present a list to Metro of the work
required--modifications, additions, re-
placement--to make the system operable.
This work, if accepted by Metro, would then
. become an extra to the contract.

(3.) The work was under some schedule restric-
tions imposed by City Light and because
of the requirement to maintain power to
the Monorail.

(4.) The contractor was responsible for re-
solving above ground and minor underground
conflicts with other utilities. If a major
underground utility was first discovered
during excavation, then the contractor's
work including the initial excavation,
repair, backfill and restoration was an
extra to the contract.

(5.) The specific locations of cables and race-

ways were left to the contractor's discre-
tion.
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Rehabilitation - Outlying Area, May and July 1978.
Two contracts, T17A~77 and T19A-77, covered the
installation of the rectifier substations in

the rehabilitation portion of the outlying

area. The contract documents were similar to

- the T15A document, except additional provisions

were necessary to specify the site-development
work. Also, the contractor was required to dev-
elop as-built drawings during the course of the
work. '

Expansion - March, June and October 1979.

The first of three contract documents for the
expansion substations--for contract T27A-77--was
generally the same as the T17A/T19A documents.
The next expansion cqntraét, T28A-77, was simi-
lar except that proviSions were added fgr in-
stalling an alarm light system to the substations.
The final contract, T25A—77, underwent a more

extensive review to assure compatibility with

the overhead contracts and to add any necessary
items to complete all substation work. Other

significant changes to the T25A-77 document were:

(1.) A liquidated damages provision was added to
the construction scheduling conditions to
compensate Metro for damages suffered from
the failure of the contractor to timely
submit a monthly updated construction
schedule.

(2.)“The contractor was allowed to restore the
- sidewalks (this was previously done by city
street crews).

(3.) Metro took on greater responsibility for
"~ coordinating with the other above ground
utilities and for payment of their adjust-
ment costs. .
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4. Construction History

a. General
Figure 11-7 shows how the substation construc-
tion period fit into the overall duration of
:the program andAtable I1I-3 shows the construc-
" tion period for each contract.

b. March 1978 to December 1978

Notice to proceed was given for contract T15A,
for the rehabilitation of the CBD feeder sys-
tem, in March 1978--two months after the one-
year trolley system shutdown period had begun.
Although there was considerable ﬁrgency,
progress was hampered immediately because the
rectifier -installation drawings could not be
completed because the manufacturer had not yet
delivered the final shop drawings. Then fol-
lowed a series of field problems, management
problems, coordination problems and general
squabbles with the contractor. Following is
-a list df some of the spedific problems en-
;countered during this,period of contract T15A:

(1.) Poor coordination between Metro, the
Contractor, Seattle City Light and other
contractors led to a considerable amount

- of lost time and ill feelings between the
parties. The contractor claimed diffi-
culties in obtaining City Light inspections
and safety watches at desired times. Feeder
poles that were to be installed by other
contractors were often not available on
time. Some pole installations created
problems for pulling in feeder cables.
Finally, disputes often occurred between
Metro and the contractor regarding the
scheduling of the work and the responsibil-
ity for the costs of lost or stand-by time.
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(2.) The required checkout of the "existing
switch gear was done in a rather piece-
meal fashion. The required summary list
of repairs and replacement parts appar-
ently was never developed and submitted
for approval. The contractor hired
General Electric to provide technical
advice but seemingly did little more
than transmit General Electric'S”questions,
recommendations, etc., to Metro without
developing a coordinated program for
rehabilitating the switch gear.

(3.) During a portion of this period there was
a shortage of qualified electrical workers.

(4.) Progress was delayed by the late delivery
of a variety of materials from batteries,
racks and chargers to miscellaneous small
items. Much of this delay occurred be-
cause the types and quantities of some of
the materials was not determined until
the contractor could assemble the necessary
information from his investigations .of the
existing facilities. :

(5.) Information about the condition of the
existing duct system was often incomplete.
There were discrepancies in the lengths
of ducts and whether the ducts were already
occupied. Blockages were often encountered,

. usually due to old iron pull wires. 1In
two cases where excavation was required,
the contractor encountered railroad ties,
rails and buried concrete.

(6.) The contractor claimed extra costs and
delays to remove the old asbestos fire
proofing materials because new regulations
governing the handling of asbestos fibers
had been instituted.

Notice to proceed for the rehabilitation -
outlying area substations, contracts T17A and
T19A, was given in May and June 1978, respec-
tively. Progress was slow for these contracts
during this period,becéuse of the late delivery
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of the rectifier units and the shortage of
electrical workers. Some site problems also
occurred and the usual numbe:.of change orders
for revisions or additional work were issued.
Some hold up was also claimed as a result of

a lack of test data for the switch gear and the
time City Light was taking to install their

current transformers for metering.

January 1979 to June 1979

By January 1979, contract T15A had bogged down
in disputes over claims for extra—work compen-
sation and time extensions. Work dld continue

on checking out the switch gear and trouble-

‘shooting the system as it slowly came together.

However, the completion date was soon passed and
the substations were far from ready for opera-
tion. By May, little work was being accomplished
as some necessary parts were still on order. The
conitractor's administrative personnel had

changed and some agreements on the claims were

made.

The contracts for the construction of 500KW sub-
stations in the rehabilitation area were being
completed with ‘somewhat less difficulty. The'
major problems included testing the system and
coordinating the efforts of the contractor,
rectifier manufacturer and Seattle City Light.
By June 1979, both contracts T17A and Tl?A were
completed--five months and three mohths beyond
their respective scheduled completion dates.
However, problems still persisted in the recti-

fier units as described in paragraph IV-Bl, but
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these problems were not attributable to the
500KW substation contracts.

Notice to proceed was given for the first
expansion area 500KW substations in March 1979.
By June 1979, some delays had been experienced
because of a teamster union strike and a chanée
required at one substation to accommodate the
construction of a major water line.

June 1979 to July 1980

Between July and September 1979, Metro hired
General Electric to troubleshoot the CBD sub-
stations and the T15a contractor to perform
additional work under the supervision and dir-
ection of a Metro staff electrical engineer to

" make the substations Ooperational. By the end

of September, contract T15A was finally com-
Pleted and the stations were put into Ooperation.

The expansion—areaesubstatioh contracts were all
completed during this period with relatively few
major problems, although none of the three were
completed by the scheduled date. Contributing
to the delays of these contracts were the change
in the installation design for a feeder cable
located in a watermain tunnel under a ship canal,
and the addition of lightning protection mate-

rials.

Summarz

For the most part, the types of Problems encountered
during the substation construction are not unique to
trolley overhead substations construction. These
problems could have been eéncountered in any public
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c.

works project involving single site facilities. The
serious problems were mostly related to the elec-
trical equipment and therefore not directly related

to the construction itself. The summary of costs for

purchasing the DC electrical equipment is included in
the cost:summary table for materials, table IV-4,

in subsection IVC-1. The éummary of costs in table
IV-2 shows that the construction contracts were
completed within the budgeted amounts. Table IV-3
shows the total costs for thé substation construction
portion of the contract, which was accomplished
within the original {March 1978) budget--even after
the addition of postvconstruction items ‘such as

roofs for the 500KW rectifier units, pole mounted
lightning arresﬁofs and rectifier relay modifica-

tions.

OVERHEAD SYSTEM

1.

Materials

a. General -
A trolley overhead system requires a dgreat
variety and large number of materials. After
careful analyses by Metro staff and consulta-
tion with the various suppliers of overhead
hardware, wire and cable, it was obvious that
the lead time of ordering, manufacture and
delivery of materials could markedly affect
the program schedule. Therefore, as in the
case of the rectifiers, Metro advertised con-
tracts for these materials separately from
the construction contracts. Although this
required considerable effort by Metro personnel
to receive, store, inventory and distribute
these materials, the advance ordering was
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TABLE IV-2:
SUBSTATION CONSTRUCTION COST
ORIGINAL BIDS AND FINAL COSTS

, Contract __Contingency Final Difference
Contract ‘Amount Atmmt % Cost Amount %
§| TisA 948,640 | 98,000 | 10.3 Al,045,258. 96,618 | 10.2
jg’ T172 541,800 | 55,000 !10.2 | 565,474 | 23,674 | 4.4
-:g T19A 754,050 | 78,500 |10.4| 799,088 | 45,038 | 6.0
8| sub-Total 2 ,244,490 231,500 |10.3 2,409,820 165,330 | 7.4

T25A 200,865 | 30,000 |10.3 310,322 | 19,457 | 6.7
g T27A 467,000 | 49,000 |10.5| 491,197 | 24,197 | 5.2
g T28A 229,500 | 25,000 |10.9| 246,157 | 16,657 | 7.3
Sub-Total | 987,365 | 104,000 |10.5 | 1,047,676 | 60,311 | 6.1
TOTAL 3,231,855 | 335,500 |10.4 (3,457,496 |225,641 | 7.0
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generally considered necessary and the results
successful. Later in the projedt, the lead

’ time for steel poles was determined to be one
g : of the factors delaying construction. Metro
then decided to order the poles for the last
four expansion cbntracts and the Central
Operating -Base separately.

A summary of material costs is shown in table
IV-4. The cost of steel poles purchased by
Metro are included in the overhead construction
cost summary, table IV-6, to be consistent
with the original budget categories.

An interesting situation was encountered in
ordering materials containing substantial
quantities of copper (trolley and guy wire).
Because of market fluctuations, the suppliers
would not give a firm price at the time of bid.
Metro had to accept bids based on the prevail-
ing wire bar price of copper at the time of

- bid with the provision that the actual price
would be based on the copper price at the
time of shipment. Fortunately, the copper
price actually went down between the bid and
shipment dates for.the initial large wire orders.

b. Contact Wire
As recommended in the configuration study, it
was decided to replace all the contact wire
in the existing system. The initial recommend-
ation was to use 4/0 AWG, HDC grooved trolley
wire throughout the rehabilitated and expanded
system. However, in June 1976, two months after
the completion of the study, Metro staff directed
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the consultant to investigate and determine
whether there would be any cost savings in
retaining and using the 2/0 bronze contact
wire in the CBD. The consultant's report,
completed in November 1976, showed that the
existing 2/0 wire should not be reused because
of its worn condition and numerous splices.
However, it was learned that the better wear-
ing 2/0 bronze wire could be used in the most
heavily traveled portion of the CBD without
significant changes in the Proposed electrical
design or material costs. Therefore, 2/0

80 percent conductivity bronie;~grooved trolley
wire was selected for use in the CBD and later
at the Central Operating Base for the same
reasoﬁ of better wearing properties.

The most significant Problem was encountered
when the first shipment of 2/0 wire arrived

with the wire turned to an angle off the speci-
fied 90 degrees to the axis of the reel. It
also exhibited a tendency to twist when pulled
Off the reel. These reels of wire were rejected
and returned to the factory. The manufacturer
was able to correct the problems to Metro's
satisfaction and the replacement reels were
accepted.

Hardware

- As recommended by the consultant, Ohio Brass

hardware was selected for the prdject: Quality
control . appeared to be the major problem at
the beginning, but the Problems gradually
became minor as the pProject Progressed.
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Ordering the hardware in advance required a
considerable bookkeeping effort to keep track
of the large variety of items and where each
piece was intended to go in the overhead.
Later in the program, the availability of cer-
tain items, especially switches and figid
crossovers, would affect the design or limit
the optioné of a desirable field change (21).

d. Guy Wire
Copperweld guy wire was selected primarily
because of its better workability and the
generally favorable experience Metrb overhead
maintenance personnel had had with it. However,
copperweld is little used by other utilities
and, therefore, is not always readily available.
When it was realized that the initial guy wire
orders would not be adequate to complete con-
struction due to additional pole guying (see
paragraph 5b below), additional orders were
found to have extremely ‘long lead times. A
shortage of copperweld guy wire did occur
during two of the expansion contracts but was
alleviated somewhat by allowing the use of
alumaweld for pole guying.

2. General Design

Some basic overhead design criteria were established
during the planning and predesign phases of the pro-

gram (see references 7,8,10 and 11). From thgse
efforts the type of system, trolley wire-and overhead
hardware were selected. Then, from mid-1976 until
the completion of the first designs in late 1977, the
many details of overhead design and construction were

109




|
|
|

discussed and analyzed in several meetings between
the consultant and Metro's engineering staff and
overhead maintenance personnel. When completed,
the design criteria were essentially contained in
the construction standards incorporated into the
contract documents for every overhead contract.

. These standards were revised and new standards

were added as the program progressed. The final
overhead contract contained 62 construction stand-
ards.

With the standards established, the design then
becomes a complicated process of balancing forces

-while maintaining certain special criteria (height,

above ground, location from curbs, separation from
other utilities, etc.) while conforming to a variety
of street configurations. The design methods are

generally as described in the Ohio Brass construction

manuals (22).

Special Design Considerations

a. Central Business District »
As previously mentioned, a feeder system which
reuses the existing substations and underground

duct system was selected for the CBD (see figure

IV-4). Also, because of its better wearing

properties, 2/0 bronze trolley wire was selected

for this high-traffic area. These and other
factors contributed to the following special
design considerations for the CBD: _

(1.) More frequent feeder spans were required.

(2.) Intersections were more complex and more
numerous.

(3.) More existing support poles and building
eyebolts were reusable.
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(4.) Working in the downtown area required
certain time restrictions.

(5.) Transitions from 2/0, to 4/0 wire were
designed and located.

(6.) Setting new support poles required
‘'greater care because of more underground
interferences.

b. Outlying Area
As previously mentioned, a feederless system
was selected for the outlying areas (see figure
IV-4 through IV-8) using 4/0 high-conductivity
grooved copper trolley wire, Ohio Brass Hardware
and SOOKW-rectifier‘substations spaced approxi-
mately 5,000 to 8,000 feet apart and inter- |
connected_by a feed-through system of circuit
breakers. The outlying area was divided into
‘rehabilitation routes (existing prior to shut-
down) and expansion routes as described in
paragraph II-C2. Generally, the rehabilitation
routes:had more existing support poles available
and required more special work installation.
Other special design considerations for the
outlying area were as follows:
{1.) Speed curves.
(2.) Two bascule bridge crossings.
(3.) Use of wood poles and guys.

(4.) Use of mast arms for wide and single track
- streets.

(5.) More coordination with city undergrounding
projects.

(6.) Some narrow neighborhood streets.
7.) More work in residential areas.
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4. Construction Contract Documents

=

January 1978

The first overhead contract document combined
three contracts: R1,R2, and R5. Théese con-
tracts covered most of the CBD and a portion of
the rehabilitation outlying area (see figures
Iv-4, IV-5 and IV-7). The bidding schedule was
set up so that the contracts could be bid sing-
ularly or in combinations. Unit prices were
required for specified intersections, selected
tangent construction, moving existing wood pole
eyebolts and steel pole collars, and dismantling
the existing system in the contract area. A
more detailed breakdown of the bid price was
requirea of the successful bidder, but the
extent or detail required in the breakdown was
not specified. Other features of these contract
documenés were:

- (1.) Metro furnished a large amount of the mate-

rials including hardware, trolley wire,
guy wire and feed span cable. The con-
tractor was required to set up a system
for handling and inventory.

(2.) Existing building eyebolts were to be
tested. 1In case of failures, they were to
be replaced as an extra to the contract.

(3.) The contractor was responsible for research-
- ing pole base sites for underground utility
interferences and areaways. If areaways
were encountered then the contractor would
install wall-type pole foundations under
the direction of Metro as an extra to the
contract. :

(4.) The contractor was respon51ble for resolv-
ing above ground and minor underground
conflicts with other utilities. If a major
underground utility was first discovered
during excavation, then the contractors
work including the initial excavation, re-
pair, backfill and restoration was an extra
to the contract.
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(5.) In an effort to reduce the number of
utility poles, many existing poles were
selected for use to support trolley
overhead. In many cases these existing
poles were not strong enough. Therefore,
the contract called for replacement of
these poles. The replacement of steel
poles was a complicated process which
required a joint-use agreement for each
pole between Metro and the City. These
agreements, in the form of sketches, were
not available at the time of bidding. Any
work required of the contractor by these
agreements was to be an extra to the con-
tract.

(6.) Steel poles were to be furnished by the
contractor, but many could not be ordered
until the joint-use agreement sketches
were completed.: :

May 1978

The second overhead contract combined contracts
R3 and R4. These contracts covered a small por-
tion of the CBD and the remaining portion of the
rehabilitation outlying area (see figures IV-4,
IV-6,IV-7, and IV-8). This document was basi-
cally the same as the first, with two exceptions:
(1) the required breakdown of contract costs

was described in more detail; and (2) raking of

existing poles was required where necessary.

July 1979

The first of the expansion contracts was E9,
Which completed the overhead system in the
Queen Anne Afea (see figure IV-5). Although
the initial contract document was completed in
November 1978 and advertised in December, bid
submittal was delayed until June 1979, in order
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to prepare an extensive addendum to the document.

The addendum resulted from an extensive in-house

Metro review, which was conducted to correct

problems encountered in the rehabilitation con-

tracts.. The addendum incorporated the following

changes into the contract documents:

(1.)

(2.)

(3.)

(4.)

(5.)

Extensive scheduling procedures were added
including the critical path method of
scheduling and more detailed provisions
for monitoring the construction progress
by Metro.

The joint-use pole agreements were included
in the bid documents.

The contractor was allowed to restore the
sidewalks (this was previously done by city
street crews).

Metro took on greater responsibility for
coordinating with the other above ground
utllltles and for payment of their adjust-
ment costs.

The contractor was required to first locate
all pole and guy anchor sites and get

. approval of the locations from the engineer

(6:)
(7.)
(8.)
(9.)

(10.)

before proceeding.

A list of existing wood poles to be raked
and/or keyed was added based on a wood pocle
survey conducted by Metro maintenance per-
sonnel.

Areas where tree trimming was required were
1dent1f1ed.

A smoothness test of the spec1al work was
added in which the overhead is inspected by
hand moving a trolley shoe over the track.

The final inspection and acceptance speci-
fication was changed from a "system. dress-
ing" criteria to a performance criteria.

The design was modified to incorporate inde-
pendent suspen51on of special work devices.
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December 1979 and February 1980

The final two overhead contract documents each
combined two previoﬁsly designated contracts:
ES8 with El11 and E7 with E10. These contract
documents differed from the E9 contract docu-
ments only by the following additions and
modifications:

(1.) Metro took over the responsibility of
furnishing the steel poles. This way
the order was placed earlier, reducing
the lead time for the contractor.

(2.) A list of existing steel poles to be
raked was added. .

(3.) A list of existing steel poleé to be
tested was added.

(4.) The design involved coordination require-
ments between the overhead contracts and
several Seattle Engineering underground-
ing projects. .

5. Construction History

a.

General

Figure II-7 shows how the overhead construction
period fit into the overall duration of the
program. Table II-3 shows the construction
periods for each contract. As previously dis-
cussed, a variety of external and internal fac-
tors had contributed to significant delays in
the program during the planning and design
phases including:

(1.) The city's delay in making the final
selection of expansion routes (see
paragraph IIB-4).

(2.) The delays in awarding the contract fof,
manufacture and delivery of the trolley-
buses (see paragraph IIC-2f).

(3.) The late decision to implement "through
routing"  (see paragraph IIC-3Db).

(4.) The many and varied "last minute" wire map
changes requested by the transit department
(see paragraph IIC-3b) .
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(5.) The late decision to shut down the exist-
ing system during construction which had
disrupted some of the previous planning
concepts (see paragraph IIC-3a).
These delays and the need to complete the rehabili-
tation construction during the one-year shutdown
period created an atmosphere of urgency under

which the first contracts were awarded.

January 1978 to December 1978 :

It was hoped that all five of the overhead rehab-
ilitation contracts could have been bid and awarded
at the same time. However, last minute wire map
changes caused the bidding to be conducted in two
packages. The results were that R1,R2 and R5 were
awarded in January 1978, and R3 and R4 were

awarded in June 1978.

Two bidders were successful, with contracts R1 and
R2 going to one and contracts R3, R4 and R5 going
to, the other. The bid prices and contingency
funds are shown in table IV-5. '

Construction problems began almost immediately.
Following is a list of the problems encountered

‘'on the rehabilitation overhead contracts:

(1. ) Existing support pole strengthening -~ As
existing wood poles were loaded, it was ob~
served that many would lean excessively. (It
should be noted that the 2/0 bronze trolley
wire of the old system was being replaced in
the outlying areas of the new system with 4/0
copper trolley wire, which is 50 percent
heavier.) Part of the problem was Metro's
maximum loading criteria of 1,500 pounds for
unguyed wood poles which the consultant used
1ndlscr1m1nately A new criteria establishing
maximum allowable unguyed loads for wood poles
of different length was developed by the con-
sultant and Metro. For many wood poles the
allowable unguyed load was reduced which re-
sulted in a large number of added pole guys
that were added to the contracts by change
orders between September and November 1978.
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(2.)

(3.)

Other wood poles were leaning but did not
require guys. A survey was conducted in
April 1978 which produced a list of poles
to be raked into the proper position.
Again, this was accomplished by change
order.

Later in 1978 considerable concern developed
over the strength of the existing steel
poles, many of which were 40 to 60 years

old or more. In November a steel pole
failure seriously injured one of the con-
tractor's linemen. This prompted more
careful inspection of existing steel poles.
A program for strengthening the poles was
added to the contracts by change orders
during January and February of 1979.

Building eyebolt permits - Beginning in
February 1978 some of the building owners
declined Metro permission to install
building eyebolts. This unanticipated
situation resulted in adding poles or re-
designing the support system and then
negotiating the subsequent change orders.

In some cases, because of the difficulty

of installing a pole, building eyebolt
réquests were begun well after construc-
tion had begun. In other cases, it was
simply difficult and time consuming to

find the building owner or his representa-
tive with the authority to grant permission.
As a result, building eyebolt permits were
still being sought as late as February 1979,
often disrupting the sequence of construc-

“tion and adding to the unavoidable delays

of the contracts.

Special pole foundations for areaways,
bridges and viaducts - The extent of the
need for special foundations was not
revealed in the plans and specifications.
The contractor was indirectly advised in
the specifications of the presence of
areaways, but the whereabouts and number

of these were not shown. The contractor

proceeded with the work without apparently
conducting a thorough investigation of
of these situations. The contractor began
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(4.)

(5.)

to discover the areaways in March 1978--
some of them the hard way by drilling
through to basements and underground park-
ing garages. Special pole foundations on
viaducts were found to be necessary under
contracts R5 and R4 in March and August
1978, respectively. Again, redesigns,
delays and added costs resulted.

Underground interferences - Concurrent
with the discovery of the areaways, ex-
tensiveness underground interferences
were discovered while attempting to in-
stall pole foundations. Again the
research was not adequately done before-
hand by the consultant and the discovery
of the problems occurred -only after
construction began. Theé solutions were
varied including exploratory excavation to
find a clear site, requesting a building
eyebolt where feasible and redesigning
the support system.

Labor shortage ~_Ianune 1978, both con- .

tractors informed Metro that a shortage of
qualified linemen was threatening their
progress. Not only did this slow the
existing progress but also prevented
adding workers to speed up construction.

Adding to these field construction prob-
lems were the previously described
problems with late wire map changes (sub-
section II-B), the rush to award the
contracts so that they would be completed
during the shutdown period (paragraph II-
D-3) and the difficulty with the timely
response to interferences by the other
utilities (paragraph II-D-3).

The work coordination and processing of
change orders to resolve the above problems
soon overwhelmed the construction inspec-
tion staff. 1In May 1978, another resident
engineer was added to inspect the installa-
tion of pole foundations. Toward the end
of 1978, after the reorganization (see
subsection II-A), a supervising resident
engineer position was established and the
maintenance linemen who had been serving
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as inspectors were replaced with regular
construction inspectors. The increase in
the construction inspection costs was
becoming a major portion of the overall
increase in program costs.

January 1979 to July 1979

In January 1979, revisions were still being
made to the drawings, building eyebolt permits
were still being acquired and special pole
foundations were\still being designed. However,
the contractors were beginning to benefit from
the experience of the past year and the greatly
increased Metro construction staff was beginning
to handle field revisions without constantly
requesting,direction from the design consultant.
In February, the Metro staff reported the cost

~overruns and delays in the trolley overhead

program. A budget increase of 6.9 million dol-
lars was requested for the installation of the
overhead out of a total budget increase of 7.6
million dollars. This brought more public at-
tention to the program, leading to statements

and explanations which appeared to be unfavorable
to the contractors. This created a somewhat
strained relationship between Metro and con-

tractors.

The work did proceed and by April the special
work intersections were being completed. How-
ever, progress was still slow with various items
still being resolved. By June 1979, the sched-
uled resumption date of trolley service had

long been passed and a majority of the trolley-
buses had been received and accepted. As there

119




was already a shortage of diesel buses, there
was considerable interest in getting at least
some of the trolleys operating as soon as
possible. 1In an attempt to meet a September
start date for two of the routes, overtime and
weekend work was authorized by Metro at added
costs to the construction contracts.

Also, in July 1979, the first of the expansion
contracts (E9) was awarded with an extensively
revised contract document (see paragraph D-4c
above). '

August 1979 to February 1981
During the remainder of 1979 the rehabilitation

contracts were slowly completed and closed out.

Most of the problems encountered in closing out
the contracts involved coordination of work to
be done by the other utilities. For example,
when a pole was replaced the old pole could not
be removed until the other utilities transferred
their facilities to the new pole.

The first expansion contract proceeded smoothly
under the improved and more extensive contract

- provisions. The experience gained by the con-

tractors and Metro's resident engineers on the
previous contracts also began to have a marked
affect on the progress of work. Few méjor or
recurring small problems were encountered and
when problems did occur Metro and thé contractor
had the experiencé to deal with them quickly and
efficiently, thus minimizing'costs and avoiding
delays. o
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The final pairs of overhead contracts were
awarded in December 1979 and February 1980--E8/
Ell and E7/E10 respectively. Progress on these
projects also went quite well, although major
coordination efforts were required with con-
struction projects being conducted by the
Seattle Engineering Department. These contracts
involved joint-use agreements as described in
 paragraph IID-2 for four active Seattle Engin-
eering Department projects. Considerable
coordination and planning work went into these
agreements, but problems did arise -during con-
struction from late delivery of steél poles and
city contracts.being delayed for reasons beyond

Metro's control.

In one case, the city was to install all the new
steel poles on an 1,800-foot pdrtion of contract
E10. This project was continuously delayed
until it was obvious that the poles‘would not be
ready during the E10 contract period. Therefore,
with the city's approval, Metro negotiated a
change order to the E10 contract to perform all
the pole installation work which would allow

the contractor to complete the overhead.

6. Summary
The rehabilitation contracts were combined and the

bidding documents were hastily completed in an attempt
to restart the rehabilitation routes by the scheduled
date of January 1979. However, problems'with
strengths of existing poles, eyebolt permits, sub- |
surface interferences, labor shortages, untimely
route refinements, coordination with other utilities
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and the general lack of experience of most of those
involved led to numerous delays and substantial cost
~overruns. Before the first expansion contract was
awarded, the contract documents were extensively
modified with the addition of project progress con-
trols and more detailed and extensive description
of the work required. Furthermore, the experiehce
gained by Metro and the contractors from the rehab-
ilitation contracts better prepared everyone to
anticipate and adjust to the relatively small, but
numerous problems encountered in the public rights-
of-way. Thus, the expansion contracts,'although
the original bids were much higher, Were completed
with only minor delays and within the revised bud-
get. Tables II-2, II-7, IV-6, and Figures II-7,

IT-8 and II-9 provide a good summary of the schedules,

cost estimates and final results of the overhead
construction.
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MEMO OF AGREEMENT.-f~ APPENDIX A

EXTRA-STRENGTH JOINT USE POLES AND METRO-ONLY POLES
FOR SUPPORT OF TRANSIT TROLLEY LINES
IN COLUMBIA CITY

THIS MEMORANDUM OF AGREEMENT, made and entered into this _____ day
of ____, 1981, by and between the Municipality of Metropolitan Seattle,
a metropolitan municipal corporation of the State of Washington, acting
by and through its Executive Director, hereinafter called "METRO', and
The City of Seattle, a munic%pal corporation of the State of Washington,
acting through its Board of Public Works as represented by the Director of

Engineering, hereinafter called the "City";

WITNESSETH THAT:.
WHEREAS, METRO's Comprehensive Plan for Public Transportation Service,

as amended, provides for the rehabilitation and expansion of its trolleybus
overhead system (hereinafter called the "Tro]iey Program"); and

WHEREAS,von Augus; 1, 1977, the City and METRO entered into the F{rst
Supplemental Agreément'to the Transit Transfer Agreement which established
 a mutually approved program for the Trolley Program; and,

WHEREAS, the City is planning to underground aerial utilities and ’
make street improvements along Rainier Avenue South-frém South Jackson Stfeét
to South Prentice Street (hereinaffer-ca1]ed the "Project") which area lies
along a portion of one of the Trolley Program expansion routes previously
agreed to in said First Supplemental Agreément; and ‘

wHEREAS, the City's design for said Pr;ject fnc]udes joint use extra-
strength steel p61es and foundations for City street lighting, City traffic
signals and signs,'and METRO tro]ley'lines and METRO-only steel po{és and

foundafions for trolley lines; and
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WHEREAS, the joint use of extra-strength steel poles in. the Project.
is contingent upon agreement by METRO to share in the cost of such extra-
strength poles, subject to reimbursement by the City fram the 'Iiansit
Fund; and

WHEREAS, METRO intends to use funds from the Federal Urban Mass
Transportation Administration to pay a portion of the cost of the extra-'
strength joint use and METRO-only steel poles and foundations; and

WHEREAS, it is in the best interest of METRO to coordinate the
implementation of the Trolley Program with City street improvement pro-
jects, wherever praéticable; and

WHEREAS, the City and METRO agree to apportion the cost and share in
the cwnership of such joint use extra—strength steel poles and foundations
in accordance with the following te.ms and cond:.tmns,

NOW, THEREFORE, in consideration o_f the mutual covenants contained

herein, it is hereby agreed as follows:

 Section 1. Responsibility of the City. The City shall: (a) provide
right-of-way; (b) complete the design, usi.rig METRO Specifications of the
poles and foundations; (c) contract for the purchase of, and install four-
teen (14) new joint use and eight (8) replacement joint use extra-strength
poles for street lichting, traffic signal and sign éupport, and trolley
overhead support; and eight (8) poles and fomdations for METRO use only
at various locations on and adjacent to the Project area; and (d) provide
one (1) bus shelter base. :
| In addition, the specifications and contract plans of the Perect
shall be submitted to METRO for review and written approval prior to

advertisement for bid of contracts by the City.
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- The City shall save and hold METRO harmless from any claims, injuries,
ligbility or éxpense resulting from the City's installation of said poles,
foundations, and from the City's installation and/or maintenance of
stréet lighting and traffic control facilities located on joint-use poles

and foundations.

Section 2. Responsibility of METRO. METRO will install and nalntaln

at its own expense all trolley overhead and transit-related facilities
located on, in, or comnected to said poles and conduits and shall have the
perpetual right to use said poles and foundations for underground feeder, |
trolley support facilities, and transit-related purpdses. |

METRO may furnish an inspector to ensure proper compliance with
METRO's trolley facilitigs needs during the pole installation phase of the
Project. Such inspection costs »shali be borne by METRO and shall not be
‘considered as a portidn of those costs described in Seption 10 herein.
METRO will give written notice to the City's Director of Enqgineering if |
deficiencies are noted and not'corrected by the City's construction manage-
ment personnel.

METRO shall save and hold the City hamless from any claithns., injuriés,
liability or expense resulting frorﬁ METRO's specifications for poles,
foundatioﬁs, conduit and handholes as well as METRO's installation and/or
maintenance of trolley facilities on the same. |

METRO and the City reserve the perpetual right to install informational
and regulatory signing on all joint use poles and METRO~only poles provided -
said signing is not detrimental to the structural capacity of the poles
and is in conformance wj.th applicable regulations and is reviewed with
the other party prior to installation.

METRO will store all new steel Project poles at no cost to the City.
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Section 3. Identification of and Cost Sharing for Appurtenances to

~ Joint Use Poles. The City shall pay 100 percent of the cost of new street

lighting poles flanges, luminaires and brackets, wire and fusing. The
City shall pay 100 percent of the cost of new traffic signal mast arm
pole flanges, mast arms, span wires, traffic signals, signs, and associated

wiring. METRO will pay 100 percent of the cost of trolley wire support

hardware, contact wire system and feeder conduit and cable located on or

connected to said poles. METRO will pay 100 percent of the cost of joing
use replacement poles and transfer of existing signals, luminaires, associ-

ated wiring and signs to the replacement poles.

Section 4 Relocation of Joint Use Poles. In the event either METRO

or the City desire to relocate joint use poles installed under this

' Agreement for transit, street lighting or traffic purposes, the party

requesting the relocation shall bear the entire cost thereof, including
costs to the other party, of transferring its anpurtenances and shall pro-
vide a replacement pole approved by the other party at the original

location unless otherwise agreed in writing by the partiés.

Section 5. Damage Repair or Replacement of Joint Use Poles. In the

event a joint use pole and/or foundation must be repaired or replaced

dur to damage, each party will bear the costs to repair, remove and replace
their own hardware, provided that, in the event suc_:h damage was caused

by a vehicle or other equipment owned by one 6f the parties hereto. then
the cwner of such irehicle or equipnent'nshall be solely responsible for the

costs of repairing, removing and replacing all damaged hardware; pole(s)

and foundation(s).
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In the event of damage, repair or replacement, except due to damage
by a vehicle or equipment qwned by a party to this agreement, the cost
will be appdrtioned to each party in accordance with Section 14 of this

agreement. The partles shall be entiﬁled to a salvage value in the same
| proportion as ownership for any damaged joint use poles, which value
may be offset against the parEy's share of the replacement cost at said
party's discretion. The maintenance supervixors of each party shall agree
as to which party shall actually make the repairs or replacement. The
party doing said work will include all reasonable costs for such repair
or replacement, including current overhead rates, equipment rental and

inventory overhead.

Section 6. Maintenance of Records. For a period of not less than

three years from the date of final payment to the Cit}j , records and accounts
pertaining to the original joint use and METRO-only poles, purchase and

| installaﬁion and the aécouhting therefor shall be kept available by the
City for inspection and audit by representatives of METRO and UMTA. . Copies
of such records and accounts shall be furnished at no cost to METRO and

" UMTA upon request and shall be maintained in accordance with a-work order
accounting procedure prescribed ‘by the Division of Municipal Corporations
and the State Audiﬁor"s Office and such other regulations and procedures

as may be required .by UMTA.

Section 7. Joint Use Pole Cost Sharing Formula. METRO and the City

shall share the purchase and installation cost of the joint use poles,
including foundation costs but exclusive of all non-jointly used hardware

and appurtenances, as follows:
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Cost of standard pole and/or foundation, City use only.

i

= Cost of standard pole and/or foundation, METRO use only.
Cost of basic joint use extra-strength pole and/or foundation.

= City share of joint use pole and/or foundation.

2 U 0o w »
ft

= METRO share of joint use pole and/or foundation.

For joint use poles and/or foundations, the following formulae shall apply:

a. City pay its share, D = (Z=)C.

. _ ,B
b. MEIRO pays its share, M = (i'-l-']é')c’
The City of Seattle will require the successful bidder to provide
cost A. | Costs B and C will be taken from successful bidder's bid.
Metro will pay the design costs for siti.ng eight (8) replacement

joint use poles for street lighting.

Section 8. " ME.'I‘RO—only Pole Costs. METRO shall reimburse the City for
" contract costs of purchase and installation of METRO~only poles and founda~

tions covered in this agreement.

Section 9. Additional Costs. In addition to the above costk sharing

METRO will pay a portion of the total contract mobilization costs deter—
mined by the following method:

Total METRO share of construction contract costs < Total mobilization
Total of City and MEIRD contract costs - cost

METRO's share of m_obilization costs shall not exceed $3,235.00 Payments

will be made based on properly documented statements from the City.
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Section 10. Contract Management. METRO shall bear the cost of a

portion of the City's field and quality control inspection and bid and
contract document preparation costs, hereinafter referred to as Contract -
Management Costs, except for-:. (a) engineering costs not associated with
the trolley bus expansion; (b) administrative and engineering costs
associated with the purehase of Project steel poles. The allocation of
said costs shall be determined by the following method:- .

' Total of the construction
Total METRO share of contract costs X  Contract Management costs

Total of Citv and METRO contract costs for both City and METRO
contract

METRO's share of said costs shall not exceed . $12,516.03 . Payment

will be made based on properly docurented statements from the City.

Section 11. Unforeseen Conditions. METRO and the City will shaJ.:e ell

unforeseen costs related to installation of the joint use poles as set
for th in Section 7. | |

City will pay 100 percent for all unfdreseeﬁ costs related to City-
only items.’ ”

‘MEI‘RO will pay 100 percent for all unforeseen costs related to METRO-
only items. | | |

Should such unforeseen condltlons require an increase in METRO's maxi-

T reunbursement an‘ount shown in Sectlon 13, or 1f such unforeseen condi-

-

tions materially change the Project scope, METRO shall obtain METRO Council

and UMTA concurrence before approving any increase in maximum reimburse-
ment or a material change in Project scope unless an emergency condition

exists.
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Section 12. Billing Procedures.

-A. -Progress Billing. Based on request by the City's contractor for
progress payments and after approval by the City for such payments,
the City may bill METRO for METRO's share of such payments in
accordance with Sections 7, 8, 9, 10 and 11 (above, less any contraet
retainage withheld by the City). Progress billing may be submitted

monthly by the City for reimbursement by METRO.

~"B. Final Billing. The City’'s final billing on METRO 'S share shall
occur after final payment to the contractor. Sa:Ld final bill shallb
credit all payments made by METRO in response to progress billings.
Adjustments . under Sectlons 7, 8 9, 10 and 11 shall be performed at

the time of final billing.

- All submitted bills shall be paid to the City within thirty-five (35)
days of:receipt and approval by METRO of properly documented state-

ments. Billings will be for 100% of the cost of METRO's share.

Section 13. METRO Payment and Reimbursements.

A. METRO Payment. In consideration of the terms and conditions
of this Agreetﬁent, ‘Wﬁ ~arees to pay‘the City up to a maximum estimated

amount of __ $99, 388. 18 - in response to the billings described in

Section 12 a.bove. The estimated cost of the Project, with breakdowns for
METRO (including UMIA and City Transit Fund Portions) and the City costs on
each bid item based on previous bid opeﬁings, is shdm on. Exhibit A. The
METRO payment is subject to and contlngent upon City compl:.ance with the
provisions for UMTA—ass:Lsted contracts as shown on Exhibit B attached hereto

and hereby incorporated by reference.
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B. City Reimbursement fram METRO. METRO shall pay from its UMTA
Grant Funds eighty percent (80%) of the METRO expansion work under this
Agreement as shown on Exhibit A. The City is authorized and agrees to
érovide the local match of twenty percent (20%) fram the Trans1t Fund in
response to properly documented METRO billing. In addition, the City
shall pay 100 percent (100%) of its undergrounding and street improvement

costs.

Section 14. Ownership. The proportion of ownership by METRO and
the City of the 14 new joint use poles shall ke canpuﬁed on the same
basis as the cost sharing formula set forth in Section 7. The proportion
of ownership by METRO and ‘_the City for the eight (8) replacement joint
use poles shall be fifty percent (50%) ownership to each party METRO

shall have sole ownershlp of METRO—only polc-s provided under the Agreement.

IN WITNESS WHERECF, the City and METRO have respectively signed

this Memorandum of Agreement as of the day and year first above written.
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MUNICIPALITY OF METROPOLITAN SEATTIE

Neil Peterson, Executive Director

ATTEST:

Maureen Varni, Acting Clerk of the Council

CITY OF SEATTLE

- Arthur Maronek, Acting P.E.
Director of Engineering

ATTEST:

Assistand Director - Administration

RCP:sk -
12-29-80
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12.

ESTIMATE FOR COLUMBIA CITY PROJECT

Quan-
Contract Bid Items tity
Mobilization N/A

Provide Bus Shelter Base 1

Provide Joint Use,
Foundation, Concrete, '
Anchor Base . 14

Provide 8 Metro Only and
8 Joint Use Replacement
Foundations, Concrete,

Anchor Base v 16

Install Joint Use Steel

Poles, Anchor Base 14

Install Metro Only Steel ‘

Poles, Anchor Base 16

Provide Trenching for

-conduit 2,200"
100'

Provide Conduit, PVC,

2 inch ‘ : 2,400
200"

Relocate Existing Mast

Arm, Signals & Appurten-—

ances _ 8

Provide Wiring, Signals
Rainier S. & S. Edmunds

Wiring, Signals v
Rainier S & S. Ferdinand

Remove Existing Signal
Equipment , ’

Contract Total

Contingencies (5%)

Metro Expansion

EXHIBIT A

WA TRNE City  Total
$2,588.00 § 647.00 §$ 3,999.00 § 7,234.00
480.00 £120.00 -0- 600.00
5,223.52°  1,305.88  5,789.60  12,320.00
11,616.00  2,904.00 ~0- 14,520.00
1,305.92° 326.48  1,447.60 3,080.00
2,816.00 704.00 -0- 3,520.00
-0- -o; 9,680.00 9,680.00
352.00 88.00 ©=0- . 440.00
7,975.00 7,975.00
440.00 110.00 550.00
11,264.00  2,816.00 -0~  14,080.00
1,760.00 440.00 -0- 2,206.00
1,760.00 440.00 . -0- 2,200.00
800.00 ‘ 200.00 - _ 1,000.00 2,000.00
$40,405.44  $10,101.68  $29,892.20 $80,399. 32
$1,543.66 $385.92  $2,090.37 ‘

All

$4,019.95




"Exhibit A
Page 2

12.

13.

14,

Pole Purchase

Purchase 8 Metro Only
Anchor Base Poles

Purchase 8 Joint Use
Replacement Poles

Purchase 14 Joint Use Poles
Pole Sub-Total
Sales Tax on Poles (5.3%)

Pole Total

Contract Management

Pre~Construction (For Désign

of Location of 8 Joint Use
Replacement Poles)

PROJECT TOTAL

$79,510.28  $19,877.90  $54,493.69 $153,881.87

Metro Expension
UMTA TRNF City Total

$ 5,256.00 $ 1,314.,00 § -0- $ 6,570.00

7,514.40 1,878.60 -0-  9,393.00

5,794.04 1,448.51 6,685.45 _13,928.00
18,564.44 4,641.11 6,685.45  29,891.00

983,92 245,98 354,33 1,584,23

$19,548.36 $ 4,.887.09 $7,039,78  $31,475.23

$10.012.82  $2,503.21  $15,471.3% $21,982"32

$ 8,000.00 §2,000.00 $__ -0~  $10,000.00
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5.

EXHIBIT B

MUNICIPALITY OF METROPOLITAN SEATTLE
REQUIREMENTS FOR UMTA ASSISTED CONTRACTS

Contract Changes.. "Any proposed change in this contract shall "be
submitted to the appropriate Public Body for its prior approval.”

Interest of Members of or Delegafes to Congress. "No member of or
delegate to the Congress of the United States shall be admitted to any
share or part of this contract or to any benefit arising therefrom."”

Prohibited Interest. "No member, officer or employee of the Public Body
or of a local piiblic body during the tenure or one year thereafter shall
have any interest, direct or indirect, in this contract or the proceed
thereof." | ' ' |

Equal Employment Opportunity. "In connection with the execution of this

contract, the Contractor shall not discriminate against any employee or

“applicant for employment because of race, religion, color, sex or national
~origin.~ The Contractor shall take affirmative action to ensure that
- applicants are er'hployed,v and that employees are freated during their

employment, without régard, to race, religion, color,A sex or national
origin. Such actions shall include, but not be limited to, the following:
employment, upgrading, demotion, or transfer; recruitment or recruit-
ment advertising; layoff, or termination; rates of pay, or other forms of

. eompensation; and selection for training, ineluding apprenticeship."

" Air Pollution. "The Contractors and suppliers must submit evidence to

the project sponsor that the governing air pollution criteria will be met.
This evidence and related documents will be retained by the sponsor for
on-site examination by UMTA." ’
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Motor Vehiele Safety and Pollution:

Motor Vehicle Safety Standards. The motor vehicles will comply with the

" Motor Vehicle Safety Standards as established by the Department of

Transportation. -

Motor Vehicle Pollution Requirements. When new motor vehicles'are

‘purchased with project funds, the sponsor must obtain from each vendor &

certification in writing that:

The horsepower of the vehicle is adequate for the speed range and
terrain in which it will be required to ope'r’ate'and also to meet the
demands of ell auxiliary power equipment. All gases and vapors
emanating from the crankcase of a épark-ignition engine are
controlled to minimize their escape into the atmosphere.

Visible emission from exhaust will not exceed #1 on the Ringle-
mann Scale when measured six inches from the tail pipe with the
vehicle in steady operation.

When the vehicle has been idled for three minutes and then -
"aceelerated to 80 percent of rated speed under load, the capacxty
of the exhaust will not exceed #2 on the Ringlemann Scale for

more than five seconds, and not more than #1 on the Ringlemann

Scale thereafter. '

Mmonty Business Enterpmse. In connection thh the performance of this

contract, the contractor will cooperate with the prOJect sponsor in
meeting his commitments and goals with regard to the maximum utiliza-
tion of minority business enterprises and shall have the maximum practi-
cable opportunity to compete for subcontract work under this contract.

- Nonrestrictive Statement. W‘hen:ever any material or equipment is

specified by patent or proprietary name or by the name of the manufactu-

.'ter, such specxﬁcatmn shall be considered as used for the purpose of

describing the material or equipment desired and shall be considered as if
followed by the words "or acceptable equal," whether or not such words
appear.

Al4




9.

¢ O

Termination of Contract by the Municipality.  The Municipality may, at

any time, terminate the contract by notice in writing to the Supplier. On
the receipt of such notice, the Supplier shall immediately discontinue the ‘
- work but shall do such extra work as ordered therein to safeguard the
work then completed and the materials and equipment then delivered to
the site of the work, and do such other extra work as may be ordei-ed’by
the Purchasing Agent for the purpose of leaving the work in a safe and
useful condition. Payment for this extra work shall be made in accord-
ance with the following: ' '

Forthwith upon the Municipality giving such notice of termination,
the Purchasing Agent shall estimate all the work done up to the
time of the receipt of such notice and the Supplier shall be entitled
to and shell receive payment therefor in the manner provided in
the contract. In addition thereto, the Municipality will pay to the
Supplier, in full and complete satisfaction and settlement for the

Supplier's inconvenience, loss of anticipated profits, and all other

expenses whétsoever, five (5) percent of the difference between
the contract price and the sum of the payments made to the

~Supplier for work done to the date of receipt of the notice of
termination. On completion, to the satisfaction of the Purchasing .

Agent, of 'any,extra work, the contract shall be deemed to be at an

" end and of no further force or effect, and, the Supplier shall have

no claim against the Municipality for any reason whatsoever by

" reason of the termination of the contract.

For the purpose of this article, "all of the work done" includes all
materials ordered by the Supplier prior to the date of receipt of
such notice of termination, whether or not they have been deli-
vered to the site of the work. The amount of payment for all such
materials under this article shall be their actual necessary cost to

~ the Supplier up to the date of receipt of such notice of termina-

tion. Upon the receipt of such notice of termingtion, all the
Supplier's right, title and interest in and to the materials men-
tioned in this article shall be vested in the Municipality, and the
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Supplier shall, upon demand of the Municipality, execute and

~ deliver to the Muniéipality all requisite bills of sale, assignments
and other docurﬁents of transfer that may be necessary to give
effect to the intention of this article.

(As used in this exhibit, the Contractor and Supplier refer to the City of Seattle.)
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APPENDIX C

Exchange Bldg. ® 821 Second Ave., Seattle, Washington 98104

/ BApril 3, 1978

Mr. Paul Wiatrak B
City Engineer :

Seattle Municipal Building
Seattle, Washington 98104

]ZO%V : Dear Mr. Wiatrak: - 3?, ‘?t
Traffic Signal Modifications : .
for Trolley Program <

This will confirm the procedures to be used to enable .
the City to perform necessary traffic signal modifications )

~ for Metro's trolley overhead rehabilitation and expansion
| ( contracts.

The City will establish one work order account for this
oF] work. City personnel will meet in the field with Metro
: inspectors and Metro's contractors personnel. Field

: sketches will be made denoting the work reguired at each
pole location. Metro will prepare a purchase order for
all the work to be done at an intersection with the
appropriate field sketches attached. One such purchase
order will be given to the City for each intersection to
oerd authorize the required work. The City should bill Metro
®y monthly for work performed under authority of each
purchase order.

™Mo

The total estimated cost for the work required for
contracts T4A, T5A and T8A-77 (R1, R2 and R53) is
$60,200. When cost estimates are available for the
remainder of the rehabilitation contracts and for the
expansion contracts, those estimates will be forwarded
to the City, and this same procedure will then be
followed to accomplish the necessary work.

oW
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Mr. Paul Wiatrak
April 3, 1978
Page Two

If you concur in the procedure outlined above, please
sign and return two copies of this letter.

Very truly yours,
b - i ﬁ,
Theodore W. Mallory /

Director of Technical
Services .

TWM:rpl

Enclosures

APPROVED - e Q% 4;;_4@ Vs Date 45/0- 2§
City Engine ' ‘ .
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APPENDIX E

BACKGROUND: JOINT POLE USE AGREEMENT

The joint use of utility poles within the City of Seattle
is directed by Section 30.D. of Ordinance No. 90047. The
intent of the ordinance is to enhance the urban environment
by keeplng the number of utility poles at a minimum through
avoiding any duplication of pole setting by the various
utilities. , ‘

Rehabilitation of the trolley overhead system was beset
with problems from the start due to the ramifications of
compliance with the street use ordinance and with two addi-~
tional legal requirements. Chapter 296-44, -WAC, Electrical
Construction Code of the State of Washington, prescribes the
minimum clearances fer wiring above a traveled roadway. It
also prescribes minimum clearances between various attachments
on any specific pole and between suspended wires of various
types. All Metro rehabilitation construction was required to
conform to the minimum permissible height of 18 feet above
public streets. There were areas} however, where the trolley:
overhead wiring had originally been at a height of between 16
and 17 feet above the street and where clearance from telephone
wires was minimal. In raising the height of the trolley
overhead as required, many "clearance conflicts" were caused
with equipment and wiring of Pacific Northwest Bell Telephone
Company (PNB) since the Electrical Construction Code specifies
clearances between various conductors and other w1res and
attachments. Locatlons at whlch clearances between trolley
and PNB wires and equipment had previously been marginally
adequate became problem areas when trolley wire was raised by
as much as two feet. -

Solution of the clearance problem with PNE was‘hampered by
lack of a working agreement governing the joint'use of utility
poles. Positions were taken by various representatives of PNB
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and Metro but no process for negotiation evolved. By April
1979, Metro personnel involved in trolley overhead rehabili-
tation had taken a position that any conflicts existing were
due to the previous illegal height of PNB equipment and
therefore PNB should, at PNB expense, raise in height to
obtain the required legal clearances. PNB asserted that the
conflicts were solely attributable to Metro construction
since PNB had, in good faith, been at the same heights for
39 .years with no previous problems.  PNB concluded that Metro
should pay for any required adjustments. There werermany
cases where the physical proximity of Metro and PNB wires
precluded completion of trolley overhead construction unless
corrective action was first taken. '

An additional problem existed in that all work performed
coorperatively by PNB, Seattle City Light and Metro had, in
the past, been performed following negotiations by representa-
tives of the utilities involved and formalized in a format
known ‘as a joint pole notification (JPN). The JPN was ini-
tiated by the utility requesting action and which stated
pertinent details of ‘construction and expenses. Metro, by
April 1979, had fallen behind in the processing of JPN due
to lack of personnel, and PNB declined to take action on work
requests which were not formalized by a completed JPN. Trolley
overhead construction could not progress without some assis-
tance from PNB, such as the raising of service drops which
occupied space required for trolley overhead.

In May 1979, a staff assistant position in the trolley
overhead division was established and filled, and the staff
‘agsistant was charged with the timely processing of JPN. The
backlog of JPN was quickly eliminated, but it became apparent
that the lack of an interutility agreement on joiht?poie use
was the basic and enduring cause of real problems. PNB nego-

tiators, not being bound by any agreement, were refusing to
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cooperate almost entirely except when Metro agreed to pay all
expenses. Previous informal working arrangements such as
those dealing with the replacement of bad order poles were
unilaterally repudiated. Metro construction personnel
countered by setting duplicate poles and abandoning old poles
to PNB and by tying up PNB wires which obstructed trolley
overhead. Relationships at negotiating level became acrimoni=-
ous.

With the negotiation situation at JPN level approaching a
terminal breakdown, Metro initiated a recommendation that
Metro and PNB negotiate a two-way agreement on joint-pole use
SO that standards and procedures could be stabilized. PNB
exXpressed interest and the invitation was extended also to
Seattle City Light. Negotiations started in June 1979 and a
final draft agreemenﬁ was produced in July 1979. The draft
was furnished to attorneys for the three utilities on Aug. 1,
1979, and received final approval in December. It was signed
by representatives of the three utilities in Jahuary 1980,
and was effective from Jan. 1, 1980. Previous verbal instruc~
tions had been issued that JPN negotiators were to abide by
the draft agreement starting in September 1979,

Any agreement is subject to the goodwill of the persors
'implementing it and no agreement can be all-inclusive. With
those thoughts in mind it can be said that the three-way agree-
ment has been a success. It has tempered the severe probleﬁs
which existed previously and has furnished a "common meeting
ground"” on which future problems can be worked out on an
amicable basis. It additionally provides a tool for planning
and enables the Solving of joint-pole problems well in advance

of suspense dates.
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