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INTRODUCTION
MILWAUKEE'S INFRASTRUCTURE

Infrastructure describes the collection of physical systems
and factlitiss that constitute the anatomy of the City. Certain
systems and facilities provide for the safe and efficient
movement of people and goods to their destinations. Some purify
and convey water to meet the demands of the community,
Corresponding systems remove waste water, excess rain and snow
melt from the community. Another facility cleans the wastewater
to the extent that 4t is no longer a threat to the public
health. 5t111 other facilitiss serve a support role in the
provision of public service that protect people or property or
that enhance the quality of 1ife, such as garbage collection,
fire and police protection, culture, and recreation.

The private ssctor
systems that provide a service the benefits of which can ba

controlled by the provider. In order to ensure that the public
interest 13 protected, the providerd of these services are
regulated by the Public Service Commission and other

governmental agencies.

A characteristic common to most Infrastructure systems,
whether provided by the public or private sector, s that in
order to be most efficient there can be only onea aystem of sach
kind. For instance, there is only one sewer, street or water
main serving a particular property. In other words, because of
the nature of the service heing provided, these systems are
usually operated by & single provider or monopoly. ,

The anatomy of a c¢ity or its infrastructure, like our own
bodies, i3 subjected to the forces of nature. Disease and
stress reduce the efficiency of our anatomy as corrosion and
stress impair the efficiency of the City's infrastructure. For
instance, cancer left unchecked destroys thea ability of the

body's systems to perform their functions. Rust, like cancer,
destroys the support structure of bridges. Water mains corrode
to the point where they fail. A portion of our street system i3
mada of Macadam. This material provides a very durable roadway
surface but only 1f 1t is "oiled” or sealed periodically. If it
1sn't sealed, it will dry out, crack, develop potholes and

eventually break up completely,

infrastructure includes facilities and

40

_benefits will accreé over 2 longer period of tima,

tha City’s infrastructure is about $5.5 billion, a one

Just as it fis advisable to have our bodies perfodically
exsmined by a physician, the infrastructure should be examined
by trained technicians. Physicians want to know ths medical
history of s patient and the patient’s family before making a
diagnosis or prescribing treatment. Similarly, the people
taking care of infrastructure require similar kinds of
information prior to recommending & course of action. Health
profassionals gather and process enormous gquantities of data and
conduct experiments with the goal of improving and extending
Hfe. Similarly, infrastructure professionals are engaged in
many areas of ressarch designed to enhance and extend the 1ife
of the Infrastructure, :

Decistons of infrastructurs professionals are subjected to a
great deal of scrutiny. For {natance, the statement "{f it
{sn’t broke, don't fix 1t!" frequently is made in reference to
preventive maintenance activities. While the thought "“an sunce
of prevention is worth a pound of cure™ may come to mind, 1t is
frequently necessary to prove that doing something now will save
monay in the short run. Unfortunstely, sometimes thers is not
snough information or experience tc prove that a given scticn is
appropriate or that 1ts benefits will accrue within a short time
frame. If there fs proof, 1t s usually theoretical or that the
The need to
develop an information system capable of processing existing
information about the construction and maintenance histories of
the infrastructure goes unmet because of the lack of proof of
its benefits compared to the initial expense of starting such a
system. However, by reverting to an abstract analysfs, it ia
possible to speculate about potential benefits., Assume that the
average life of the infrastructure could be extended as the
result of the knowledge that might be gained by an !nformation
processing system. Given that the estimated replacement cost of
savings would be worth $65 million. Hopefully funds ﬂona,_.nnanw
provided to develop and operate an infrastructyre information
systems capable of providing: accurate and current engineering
data; maintenance plans and data; and cost and conditicn
information.

Early in 1987, the Common Council authorized the Dspartment
of Public Works to engage & consultant to assist in the
development of a long-range Master Plan for its information
management needs.  An in-house information management systems
(IMS} technical committee was formed to provide technical
guidance and to evaluate the Department’s information needs. In
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CITY OF MILWAUKEE

NCTION EACILITY
TRANSPORTATION
Bridges
Streats $1,150
Allays $ 126
Sidewalks ) 3 125
Street Lighting $ 123
Traffie Control $ 3
Parking $ 33
Harbor Facilities
TOTAL ~ TRANSPORTATION 2,199
PUBLIC HEALTH
Sewage Collactidn $2.0090
Vatear Distribution $1,135
Water Purification/
Sturage/Pumping

TOTAL - PUBLIC HEALTH
GENERAL GOVERNMENT

Publtc Buildings $ A0
Underground Conduit
’ & Manholesx $ B85
Wired Communication
TOTAL ~ GENERAL GOVERNMENT 536
AESTHETICS & QUALITY OF LIFE
Boulevards, »tc. $§ 28
Streat Trees * $ 56
Recreational Facilities
TOTAL ~ AESTHETICS & QUALITY OF LIFE 134
GRAND TOTAL ~ CITY OF MILWAUKEE $6,488

*  Assumes trees would be replaced with 2 1/2 inch diamater
trees rather than in kind. In kind replacement would cost

abhout $385 million.
** .Includes City facilities and facilities operated by the

Diviston of Munictpal Recreation of the M{lwaukee Public
Schoals.

Replacement costs are one of several factors that should be
considered in projecting annusl capital needs. As an example,
recent experience has shown that it costs about $2 per square
foot to replace sidewalks. This includes removal of existing
walk, f{ts replacement and inspaction costs. The replacement
cost of the 62,400,000 square feet of stdewalk at $2 a square

42

foot would be about $125 mi)lion. The sstimated useful 1ifa of
& sidewalk stone is €0 years, therefore, the estimated annual
replacement expense for sidewalks would be about $2,000,000. oOf
course, the actusl capital budget for any given year for
sidewalks would vary from this amount. Othar factors that would
influence how much 1s budgeted for sidewalks would {nclude
condition surveys, citizen demand, competing capital nesds and
available financial rescurces.

These raplacement costs should ba adjusted to derive an
estimate of their sctual value. Ideally, consideration would be
given to physical deterforation as well as  functional
ohsolescence due to technological advances and changes in
design, when deriving a value of the infrastructure in place.

In additien to ths infrastructure ownad by the City of
Milwaukes, other governmental agencies and the private saector
own and operata a vast complex of facilities. The following is
8 partial listing of some of the public and private
infrastructure that are not operatad by the City,

ERIYAIE

Ratlroads

Parking Structures
Wisconsin Electric
(Including Downtown $team
Heating System)
Visconsin Bell

Gasoline Pipelines

and Storage Terminals

EusLic

Freeways and Major Highways
Public Transit System
Airports

Sawage Treatment Plants
Intarceptor Sewers
University of Wisconsin-
Kilwaukes

M1lwaukee Public Schools

Milwaukea Area Technical College Schools
County Institutiona Colleges
Park System (Zoo, Domes) Hospftals

Wisconsin Natursal Gas no.
Western lnton Telegraph
Telephone & Telagraph

County Stadium
Pubiic Museum
Performing Art Center
Public Housing

While specific {nformation about the replacement costs of
the above listed infrastructurs has never been collected, the
Land Use Report from the GOALS 2000 report indicated that the
replacement cost. of the region's public infrastructure was
$12.63 biliion, It can be reasonably assumed that the
replacement cost of the private infrastructure is about one haif
of this or another $56 billion.
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loo - The M{lwaukee County Zoo will begin tha third year of
its comprehensive $25 millien capital expansion program in
1888, The expansion program is the result of a joint fund
raiaing esffort with tha private sector to provide a year
round zoo fagility. An important enhancement in the program
will be the construction of a core zoo which will serve as a
"zoo for all seasons.”™ This wil] consist of the addition of
three naw buiidings (Caribbean Cove, Valley of the Apes and
the Visitor/Welcome Center) which wil} be connected to
existing facilities. The new enclosad zoc will allow
visitors to enjey a varisty of animal exhibits without
having to contend with adverse weather. This axpansion
program is expected to result in more winter use and
increased zoo operating revenuss. Ancther major component
of the expansion program {is the Heritsge Farm, an exhibit
featuring & working farm and dairy complex.

The fifth largest natural history museum in the
country literally places  the viewer within exhibits.
Milwaukee's cultural heritage is captured in the Europsan
Village and Streets of 01d Milwaukes exhibits, and the Third
Planet Earth exhibit contains ths largest open dinosaur
diorama in the world. The Wizard Wing provides an
interactive learning center for the entire family. A new
exhibit in 1988 will be a tropical rain foreat as part of
the museum’s Biology Hall.

Museum ~

vmsﬁonawnn Arts Center - This cultural center is host to the
M1ilwaukee Symphony Orchestra, the Pennsylvania and M{ilwaukee
Ballet Company and special svents entertainment.

PUBLIC WORKS AND TRANSPORTATION

Atrports - Milwaukee County operates two atrports, General
Mitchell Fleld is a modern air transportation center of
2,080 acres located six miles south of the City of
Milwaukee’'s central downtown. Seven major carriers and six
regional carriers provide over 140 daily departures from
GMIA. Hearly every major United States city is served
nonstop or direct, and connections are available to cities
throughout the world. Over 3.5 million passengers utilized

GMIA in 1887, Timmerman Airport is a 420 acre general
aviatton facility serving business and privately owned
sircraft, Both airports are seif-supporting; all

maintenance and operational expenses are guaranteed through
contractual agreements with the major carrlers serving GMIA.

Mass Transit - The Milwaukee County Transit System has an
active bus fleet of 530 vehicles serving 64 routes and over
55 million annual revenue passengers. Fare revenus and
Federal and State aid account for approximately 82X of
operating costs.
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Public Works - The County maintains 68 miles of State
freeways, 84 miles of State trunk highways and over 85 miles
of County trunk highways. Maintenance costs ars offset 92%
by 5tate and Federal aid, Other typical public works
functions such as buildings and grounds maintenance and
professional services are performed.

GENERAL GOVERNMENT/PUBLIC SAFETY

Courts and Judiciary - Milwaukee County, the first judicial
administrative district of the State system, has 37 Judges
with two additional positions authorized for August, wmmm”
and 17 court commissioners, State and other revenues
support approximately 44X of the cost of this function.

Public Safety - This function includes a District Attorney’s
office, Nedical Examiner, an 830-bed House of Corraction,
and Sheriff's department which operates a 459-bed County
Jail. The Sheriff’'s department alsoc patrols State freeways
within the County and receives State aid for this service.

General Governmental Services - This function fincludes a
County Treasurer, County Clerk, Register of Deeds, Election
Commigssioner and Law and Reference Library. As a group,
these services are supported approximately 71% by operating
revenues.

MILWAUKEE METROPOLITAN SEWERAGE DISTRICT

The District 1is a special purpose munigipal o
organized under the laws of Wisconsin. The q_unmmnn :nmumwnwhmu
in 1982 by the reorganization of 1its predecessor body pursuant
to the Enabling Act. The predecessor body to the District was
Huﬂ:z rwu the Metropolitan Sewerage District of the County of
waukee.

Sewage treatment ts provided at two District-owned treatment
plants, One {3 the Jones Island Vastewater Treatment Plant
iocated along Lake Michigan at the Miiwaukee Harbor. The other
ts the South Shore Wastewater Treatment Plant also located along
ruxuﬁxﬁo:,nuz about 9 miles to the south of the Jones Isiand
plant,

The Jones Island Wastewater Treatmsnt Plant began
in 1925, [Its current design capacity is 200 a*wﬁmws uwWMM”“mm“w
day (MGD} of sewage. Nearly all sludge from the treatment
process is dried and made into Milorganite, a commercial
fertilizer sold throughout the United States and Canada.
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There are numerous other files which are available. Some of

the more important f1lss which are available sre:

Building construction type

fexign capacity

Use capacity

Distance to the nearsst schoo)

Enroliment by race on an annual basis

Areas of buildings, roof, and site

School standards criterfa

Cost/pupt] on an annuail basis since 1973

Five-year sverage cost/pupil

. Energy cost by type of fuel on an annual
or monthly basis

11. Energy cost/aquare foot or cost/pupil

12. Types of hot lunch facilities.

DI

N
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CHAC 00 N TS e G 1) e

The buildings in the school plant have been maintained very
well based on high standards. This maintenance has included the
complation of repalrs when necessary, provision of certain
preventive maintenance procedures on a systematic basts, annual
inspactions by the City Building Inspector, Firs Department, and
Milwaukes Public Schools staff, and the correction of all needed
safety 4tems on an iwmediats basis, The cost of this
maintenance will increase {n the future and as the school plant
continues to increase In age, some majfor repairs and structura)
changes will be reguired for both maintenance and educational

purposes.

MILWAUKEE AREA TECHNICAL COLLEGE

The M{lwaukee Area Technical Coliege (MATC) District
operates under provistions of Chapter 38 of the Wisconsin
Statutes. The MATC District considered to be a unit of local

governmant with statutory authority to issue general obligation
debt and levy local property taxes, -

The MATC District is composed of the entire population of
Milwaukes County (964,988), approxtmately 98% of ths population
of Ozaukes County (64,302), 18% of the population of Washington
County (15,273), and 0.8% of the population of Waukesha County
(2,243). The total District population as of the 1380 census
was 1,045,806. That total has been updated and revised to an
estimated 1,028,535 in 1985.

Remodeling and renovation projects are implemented yearly to
modernize Instructional facilities, to provide facilities for
new educational programs, and to renovate the aging physical
plant. Numerous requests for remodeling and renovation are
reviewed each year and the top priority projects are identifiad
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in an annual project series. The Board reviews the annua}
remodeling/renovetion projects and submits a preliminary list of
projects to the State VIAE Board each year. This preliminary
Tist must be approved by tha State VTAE Board and is. finalized
by thes MATC Board during the annual budget review and approval
process. Financing for these projects ia nermally provided on
an annual basis from grants, interast earnings, borrowing and
cperating levy allocations. MATC updates a five-year remodeling
and ranovation plan each year. Plans for 1938 to 1993 indicate
an expenditure of at Teast $1.5 million each year for remodeling
and renovation of facilities.

The Student Center, completed in January 1988, at Yth and
State Streets, consolidates student service adrea and provides a
new main entrance to the Milwaukee Campus. Tha facility filis a
critical need fdentified in the master facility plan of 1873 to
provide an appropriate space for student activities and
services. The bullding adds spproximately 86,000 square feet to
the Milwaukee Campus and cost $7.6 mi}lion.

Two additional projects related to the Student C(enter
construction are the development of a mall en 7th Street and a
parking area to the west of the Center. The mall project s
estimated to cost about $300,000. Parking development to the
west of the Center, estimated to cost about $200, 000, requires
demolition of the "X", "M", and "G" Buildings on 8th Street and
fs, . therefore, dependent upon relocating programs through
remodeling projects.

MILWAUKEE'S INFRASTRUCTURE

A great deal of local snd national media sttention has
recently been focussed on the need to restore the nation’s
crumbling” public infrastructure. This issye is not new to the
City of Milwaukee. The following excerpt from the City's
1975-1980 Capital Improvement Program prepared over 2 decade. ago
demonstrates the Committee's awareness and commitment to
preserve the physical plant.

"In preparing this Six Year program, a constant
consideration has been the projected ability of the City to
support this program financially. In the struggle to assign
resources properly to all budgetary requirements, the
Capital program has traditionally been the competitor which
may most easily he deferred. Unfortunately, such deferrals
have far reaching effects which may not surface for a number
of years, but which eventually must surface 28 &
deteriorated City plant, reduced services, and a lowered
level of urban living., The Capital Improvements Committes's
recommendations seek to forestall this situation.”
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REPORT SUMMARY

organized into eight

infrastructure repoft I»

They include:

Esch
sactions.

PROFILE

Description of the system to include: Data base - what is
in 4t, how good is it and should 1t be improved and why.
Summarize the availsble information such as how many, how largs,
how old or latsat condition information.

CONDITION MEASUREMENT AND PROJECT SELECTION

Describe the process used to determine the condition of the
facilities and how needs are prioritized. Identify the costs
and benefits assoclated with the current condition assessment
effort. ldentify the costs and benefits associated with
improving the condition assessment effort. That is, describa
the tachnologies o¢r processes currantly used or that should be
added {f better information was reguired.

HISTORICAL EFFORT

Measure quantitatively the capital activity over the last
ten years that rastores or replaces existing {infrastructure,
What &are the consequences of decreasing, increasing ar
maintatning the current effort? What should be done and on what

basia?

ESTIMATED USEFUL LIFE

Description of the estimated useful life in years, hours of
use or other quantitative measure of the varifous components of
the infrastructure system. This section should alse include a
discussion of the validity and scurce of this measura. \Vhere
appropriate, describe the importance that changes in technology,
changes In demand or standards and environmental conditions have
on system life expectancy.

48

IMPLIED REPLACEMENT CYCLES

Based on the historical effort, identify the number of years
between complete replacement or refurbishment of the system at
the replacement rate that actually was accomplished aver the
last ten years, three years, and the latest year avatlable. If
sppropriate, explain why there is a difference between this and
the estimated useful 1ife. For waxample, the current rate of
replacement 1{s inadequate and asdditional funding is being
requested; the system i3 too new to be experiencing major
replacement needs; or condition measurement activity appears to
indicate that the estimsted uswful 1ife {s too conservative or
too optimistic and the current rate of replacement could be
reduced, should ba adequate or needs tu be increased.

PREVENTIVE MAINTENANCE

Describe and measure quantitatively and in dollars the
maintenance activities that prolong the 1ife of the system.
Estimate the cost to replace the entire system and describe how
the estimate was calculated. Identify the percentags the above
maintenance activity s compared to the total replacemant cost.
If preventative maintenance goals exist, tdentify them and
compare the current effort to the goals. Alse, tdent{fy new or
existing technologies that are being used, testsd or
implemented, which have not been described praviously, that wii}
extend system life, reduce costs or provide better information.

SYSTEM PERFORMANCE

Describe the function{s) the system performs.
it does and who benefits and how thay banefit.
system performance 1z currently measured and how
should be measyred.

That s, what
Describe how
it could or

CONCLUSION

Describe the adequacy of cutrent replacement and mainten
efforts. Ildentify recommended policy changes or the aounawmw
fncreased or decreased funding, Briefly highlight the most
tmportant points described in the other sections of the raport,
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"BRIDGES

The table below displays ths level of government responsible
for the bridges located in the City of Milwaukes. It counts
each bridge structure that the City has some wuuuoauww__mnk for

only once.

) waukee in 19
v n ‘ Number rcent
City (including Railroads) 223* 31.0
County 32 4.5
State (Excluding signs) 483
TOTAL 718 100.0

*15 were on the Federsl Aid Primary System and 85 were
on the Federal Afd Urban System

The Wisconsin Department of Transportatien {00T} defines a
bridge as a structure having an opening or "clear span” measured
along the centerline of the roadway of more than 20 faet between
the face of the abutments, or betwssn the extrems ends of
openings for multiple pipe culverts where the distance between
pipes i3 Jess than half the size of the pipe opening. According
to the March 4, 1983 report of the Wisconsin DOT {p0s5s05), ATl
Bridges - By County and Sufficiency Rating, there were 1,155
bridges in the County of which 786 were located in the City of
Mtlwaukee. The actual number of bridges may differ from these
figures becauss the State counts bridges somewhat differently,

Included within the 223 bridges that the City has some
responsibility for sre 54 structures that carry railroad tracks
over City strasts and 33 structures carrying City streets over
raiiroad tracks. In general, there axists an agreemant between
the railroad and the City outlining responsibility for the
bridge, wholly or by its specific parts, and the facilities
beneath the bridge. Each of these agreements relats to a
specific bridge and have provisions unique to the particular
bridge. However, s very limited review of thess agreements
revealed several generalities, as follows:

1. For bridges supporting railroads crossing over City streets,
the railroad company 1s usually responsible for the
structure. The City may have responsibility for the
retaining walls and/or abutments. The City has
responsihility for the roadway and related facilities.

2. For bridges supporting City streets crossing over railroads
the City has responsibility for the deck, the roadway and
reiated facilities. Responsibility for the remainder of the
bridge may be with the railroad or with the City. The
ratlroad has responsibility for fts tracks and related

factlities.

3. Bridges buiit 1n recent years, whether railroad underpasses
or overpasses, have generally besn built to benefit
vehicular traffic. This, perhaps, explains why the
agreements between tha railrosd and the City have tended to
wwnnm_muowo construction and maintenance responsibility on

e City,

¥

Unfortunately, the railroads have not 'been fulfitling thelr
responsibilities and the City has besn faced with the dilemma of
allowing bridge structures to datertorate until collapse occurs,
maintaining and reinforcing detericrsted structures or replacing
deterforated structures. One of the railroads, the Milwaukes
Road, was bankrupt and the Bankruptoy Court would not allow the
railroad to spend money on facilities that do rnot produce
revenue, Therefore, the bridges carrying City streets over the
ratlroads were presumably not being maintained. The Milwaukes
Road has now been acquired by the S00 Line, which, hepefully,
will act more responsibly. i

According to current information, the City has some
responsibility for 223 bridges. The graph below mmaudnwu the
estimated deck area of these bridges by various categories of
span length.

NUMBER OF AND ESTIMATED AREA OF BRIDGES
14 ACCORDING TO BRIDGE LENGTH
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FOOTNOTES:

{1) There are three bascule bridges which are part of viaduc
The City actually has 220 bridges if ﬁrmua bascules “wm
counted as part of the viaducts of which they are a part.

(2) There are only twe bridges between 300 and 400 feet and
three between 200 and 300 feet,
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3. Funding availabitity, ,
&, Other information - such as reports from bridge maintenance

personnal,

The ssluction of projects for sach of the next six years is
heavily influsnced by tha availabtiity of funding, particularly
if the projects are eligible for State or Federal funds. The
Bursay doss not recommend complets bridge replacement if their
snalysis determines that rehsbilitation is feasible. The State
Department of Transportation, howsver, considers it unsconomic
to perform major repairs on bridges with a sufficiency rating
lower than 38 to 40 that were constructed before 1948.

HISTORICAL EFFORT

in the pariod 1978. te 1987, the {ity replaced 25 bridges.
The City also renovated or removed 19 bridges. Thiz includes
viaducts, moveabls bridges snd cther bridges. The following
graph displays the bridge renovation, removal and replacement
effort over the last ten years.

BRIDGE RENOVATION, REMOVAL

AND REPLACENENT WTH TO W8T

»
k

-
i

HUMBER OF DROGES
-
i

*  Mote: This greph includes only bridge ranovation, remova)
and replacement projects funded in the capital budget ar by
grants. It excludes the numerous repair projects funded in
the operation and maintenance budget.

52

fridge Renovation/Removal/Renlacement*

Average Renovation/Removal Replaced Total
Last 10 Years 1.0 Z.80 4.50
Last 3 Years 0.33 2.67 .00
Last Year 0.00 4.00 4.00

In addition to. the bridges replaced or renovated during the
period 1978-1987, there are two bridges for which ?u&:% has
already been provided. These bridges are not included in the
wmﬂm-zmw navﬁi%ﬁuﬂuquﬂa:wm wmwﬁ-g. The total cost of these
ridges is estimated to be $9,422,000 of which th '
is about $3,822,000. @ Clty's share

The 1988-1593 Capital Improvements Program !
wmw »rnﬂm:ﬁ.m&ﬁ: or replacement of 28 mlauﬂ%m:auﬁh« mmmm“.ﬂ.m
share s 413,000 out of & total est
850747 000. imated cost of

During the period 1878 to 1987, 746,931 square feet of
bridga deck surface was replaced. Of this, 213,120 square fest
was as a result of the replacement of the 27th Street Viaduct.

ESTIMATED USEFUL LIFE

The estimated useful 1ife of a bridge structure fs about 50
years and for a bridge deck 40 years. The effacts of age,
however, vary widely for different bridges, The major factors
-auonﬂﬂ.wnq with ».:.“Mu.n condition &re environment, deaign,
capacity versus traffic usage, level £ ¥
ot i i g sveis of wmaintenances and

IMPLIED REPLACEMENT CYCLE

Sometimes the adequacy of an {infrastructu
program is measured by the "implied ..au?nsaanmu nwm.d.umw:»mmu
following table shows the implied replacement cycle for bridges
for the last ten years, the last three years and last year.

8ridge Replacement Cycle*
Last 10 Years Last 3 Yeary Last Year

86 Years 84 Years 56 Years
*Excludes renovation, removal and repair projects

it should be noted that "implied replacement cycles” can be

misleading. They falsely assume that facilities were built
uniformly over time, and that they are uniform tn size and
construction,
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repart "Flood Control Plan for Lincoln Creek™ prepared by the
Southeastarn Wisconsin Reglonmal Plenning Commission stated that
the waterway for several of our Lincoln Creek Bridges was
inadequate. This report caused an increass in the number of
structurally deficient bridges,

CONCLUSION

There are 223 bridges in the City of Milwaukes for which the
City has some responsibility. The City shares rasponsibility
for 93 of these bridges with the ratiroads, 1including seven
pedastrian bridges. Vhils the railroad bridges over City
streets are in relatively good condition, the bridges carrying
City streets over raiirosds are generally in very poor
condition. The rtallroads have not fulfilled their
responsibilities to repair and replace these bridges. The
requested 1988-1993 Capital Improvemesnts Program includes
$12,413,000 for the City's share of the replacement cost of
bridges. The State and Federal share will be about $38,334,000.

Considering the limited funds that the City has available
and the large number of bridges that the City needs to replace,
it will be necessary to delay replacement of bridges that are
the responsibility of the City in order to replace bridges that
are in part the responsibility of the railrcads.

The City's Capital Improvements Program and the allocations
of the 5tate’s Bridge Replacement Program wi}ll help reduce the
existing backlog of deteriorated bridge projects. If the City
gontinues to get a reasonable - portton- of future Bridge
Replacement funds, 1t will bs abls to continus %o reduce the
backlog of bridge prajects that are the responstbility of the

City.
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STREETS

There are 1,413.8 miles of strests and highways in the City
which are open to traffic. The table below indicates the
mileags of highweys and roads in the City which are under the
Jurisdiction of other governmental units.

Iyoe . 231-87
Freeways 40,29
State Highways 25.88
State Maintained Roads 7.486
County Trunk Highways 25.44
County Park Roads 21.58
Harbor Commission and Water Dept. Roads .38
TOTAL 121.83

Source: Bursau of Engineers

In 1842, the City began the development of s systematic
method of inventorying its streets. In 1844 this project was
broadened, 1in a C(City sponsored Public Roads Administration
project, to include a complete historical record of straet
improvements. The system now callad the "Road Life Study”
contains informatfon on individusal blocks, block segments and

intersections. The fnformation contained in tha system fncludes
location, tdentification, length, width, area ___2:_ type of
pavement, paving history, curb-gutter, and other information.

This record system enables tha City to study pavement 1ifa
nr-m-nﬁulazon and to project future v:mag% replacemant
needs,

Az can be seen from the following graph, most f th '
streets are concrets or asphalt. This mw as on:ozu Mq%hn«om
those streets in tha higher classifications (which carry mors
:m:;&. . The Sw_-:uamo: identifies the percant based on
mileage and area of the City's strests accord
Functional Classification. e. cording to the _mﬂmnu

Clasyification Ares
Arteriais 32.6%
Co} _uoﬂc_.u . 6.7X
Ltocal Access . 12.0% 80,7%
FOTAL 100,0% 100.0%

Saurce: Bureau of Engineers .
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resurfacing of about 450,000 squars vards and the reconstruction
of approximatsly 200,000 square yards of pavement annually. It
should ba noted that the expected life of a street resurfacing
ie substantially less than that for a street reconstruction.
Based on the costs developed for the 1979 study, 1t would cost
2.4 times mors to reconstruct streets than to resurface.

The following graph depicts the milas of streets that were
resurfaced or reconstructed over the last ten years, including
State and Federal A{d Projects and capital projects undertaken
by the Bureau of Enginsers and the Bureau of Street and Sewer

Maintenance, The level of accomplishment in recent years is
substantially greater than in prior years.
3treet Presspvation
Aversge Resurfaced Reconstructed Total
Last 10 Years 17.9 miles 7.5 miles 25.4 miles
fast 3 Years 22.2 miles 11.4 miles 33.8 miles
Last Year 23.0 miles 14,1 miles 37.1 miles
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The following graph depicts the square yards of streets that
were resurfaced and reconstructed over the Ilast sight years,
including State and Federal Aid projects, capital projects
undertaken by the Buresu of Engineers and the Buresau of Strest
and Sewer Maintenance compared to the goals identified {n the
above paving study.

STREET RESURFACING AND RECONSTRUCTION
ACTUAL ACCOMMISHMENT COMPARED TO MEFD
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Since 1880, the City has accomplished about 9%
street resurfacing and 91.5% of the strest _.aaonur.._uﬁﬂa oMZﬂM
for in that study. Based on the nseds identified in the study
at the end of 1987, the sccumulated shortage of -n_.anm
resurfacing would be .177,253 square yards and of strest
reconstruction would be 134,364 sgquare yards. [t should be
noted that the square yards of pavement actually constructed
vary from year to year because of carryover projects. Because
MM:u.nnqam"nnuz; the uniﬂm budget, the square yards of pavement
ructed have come closer
Foniructed | to the goals established in the

ESTIMATED USEFUL LIFE

The estimated useful life of a pavement 1s defined ss the
average number of years after construction that the pavement
remains  in  service prfor to its removal, rasurfacing or
reconstruction. The City has 32 different types of pavement
The Bureau of Engineers’ 1979 paving study westimated the
expected average pavement 1ifs using lowa survivor curves,
Based on those estimates, the surface of a concrete pavement hag
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The Bureasu spent about $8,055,200 on maintensnce activity in

1987, which is less than one percent of the estimated $1.15
bitlton cost to replace the entire street system. The
crackfi1iing program s the primary preventive maintanance
activity of the Bureau, The sealing program is also a

preventive maintenance activity but it 1s applicable to only 14
percent of the C(ity's strest system and mostly on local
residential streets. According to the Bursau's recommended
practice for preserving the street system, arterial asphait
streets should be crackfilled avery four years, asphalt
residentfal streets and concrete streets evary six years.
Therefore, to protect the concrete and asphalt pavements {[about
85X of the system), it would be necessary to crackfiil 4,300,000
square yards of pavement annually. This hes been sccomplished

since 1984,

SYSTEM PERFORMANCE

System performance may be dafined as the degres to which it
meets certain criteria or achieves measurable objectives. In
analyzing a complex system such as ths City's streets, the
appropriate performance criteria for the system as a whole may
not be appropriate for the component subsystems. For instance,
appropriate criteria for the primary street system might be to
minimize the stopping time of vehicles and congestion in order
to facilitate the movement of large volumes of traffic at
relatively high speseds betwsen different areas of the City,
These critaris would be inappropriate for. local access streats,
particularly in residential areas, Through trips are to be
discouraged if not prohibited and speeds should bs kept at a
mintmum in order to maximize the safety of pedestrians and allow
the maximum access to property. These two purposes, at opposite
ends of the spectrum, highlight tha compiexity involved in
evaluating the performance of the street system. Further
complicating the evaluatton {3 the necessity of ¢toncurrantly
evaluating the traffic control snd lighting system, which play
an integral role in the above described functions.

In addition to its role of providing a route for vehicles to
transport people and products safely and efficiently while
mintmizing adverse impacts on the environment, the street system
right-of-way also provides a location for public wtility
facilities, such as water, sewer, gas, electric and
communication. )

The relationship between composition of the street system,
its condition and its function may result {in separate standards
for different parts of the street system. The Commizsioner of
Publtc Works has created a committee of top management persaonne)
ia the Department of Public Works to review and evaiuate current
practices, and develop & comprehensive pavement maintenance
strategy. The results of this study will guide the development
of appropriate system performance measures,

58

CONCLUSION

Tha condition of the City of Milwaukea's street system
compares favorably with {ts peer cities, primarily due to the
quality construction and extensive maintenance effort by tha
City over the years. But as was previously mentioned, since
street maintenance and replacement goals were established in
1979, the City has fallen below the established goals. The City
has achieved about 85 percent of tha street resurfacing goal and
gzbout 91 percent of the reconstruction goal since 1980. The
crackfilling effort has met the "recommended  practice™ level
since 1984, in the last thrae years, the City’'s street
preservation effort has been much nearer to that cailed for in
tha 1979 paving study,

The requested 1988-1993 Capital Improvements Program
includes funding of an average annual effort of approximately
650,000 square yards of street reconstruction and resurfacing,
Given the constraints of limited transportation aids and the
property tax base, the Capital Improvements Pragram reflects a
fiscally responsible level of effort in our City's commitment to
preserve our street systenm,
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can be Just a3 important & consideration as its physical
condition. The City's public hearing process which occurs prior
to any assessable improvement to alleys or streets enables
neighborhood residents to register their support or opposition
to & project. If in the opinion of the Alderman representing
the area whers the proposed improvement is to take place, there
is major opposition to a project, at his or her discretion, the

project can be cancalled.

& strest is generally parceived as a barrfer
an alley 13 less of a barrier because

Tha rasult §sx that «1leys can be a focal
point of & neighborhood., While a detariorated alley tends to
detract from a neighborhood’'s appearance, a refurbished alley
will tend to be seif-cleaning and contribute ta naighborhood
attractivensas. In some instences, the refurbishment of an
alley has stimulated the repair and clean up of the rear of
propartiss, such as fences, garages and refuse storage areas,

thereby {ncreasing property values.

While
separating neighbors,
there is less traffic.

HISTORICAL EFFORT

For ssveral years now the City has basen increasing the
annual budgetary allocation for Alley Reconstruction and
Resurfacing. Since 1978, the budget allocation has increased
from $650,000 to $2,500,000 in 1988, The pace of reconstruction
and resurfacing of alleys has also steadily increased, although
not quite as rapidly as budget allocations. In part, this f{s
the result of inflatton, but 1t can alsc.be .attributed, to the
fact that a grester proportion of the alleys were reconstructed
in recent ysars at greater expenss than being resurfaced. The
alley program requires proportionately more reconstruction than
the street program, because an alley resurfacing may not provide
the nacessary minimum slope in the flow line and could result in
the alley 1line being higher in elevation than some of the
abutting garage floors and yard areas, creating drainage
problems for property owners. Also, the pavement deterioration
that occurs before an alley project s approved for
rehabilitation may prevent its use as a base for resurfacing.
Tihe graph below deptcts the miles of allays that were resurfaced
or reconstructed over the Jlast ten years. The dramatic
improvement that has occurred in the City's effort to preserve
the alley system is demonstrated by ths difference betwean the
averages for the period 1978-1984 compared with the 1985-1087

period and in the following graph,
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ALLEY PRESERVATION EFFORT IN MILES
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Source: Bureau of Engineers

Averase  Reconstryction  Resurfacing  _Tota]
Last 10 Years 5.15 Miles 1.34 xrdoa 5.49 Miles
Last 3 Years 5.81 Miles 1.65 Hiles 7.81 Miles
Last YVear 5.70 Hiles 2.17 Miles

7.87 Niles

ESTIMATED USEFUL LIFE

The estimated useful 1ife of alle avement
the time between original na:anqca»«ow and 1hwomwﬂﬂwuﬂﬂoNa
resurfacing or removal. The estimated useful life of h
reconatructed concrete alley 4s 50 to 60 years and for asphalt
resurfacing 1s 25 to 35 years. This estimate i3 used only for
u“a“nﬂﬂa and is not used as a facter to program specific
projects.
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SIDEWALKS

At the present time, it 13 estimated that there are 2,000
miles of sidewalk in the City or about 62,400,000 square fset.
In arsas of the City where public imprevements wers orfginally
instalied prior to 1958, most of the sidewalk is six feet wide
and five inches thick. Since then the standard width has been
reduced to five fest. Exceptions to these generalizations,
include full walk (lot 1ine to curb) in commercial areas, six
foot width required around sehools, bus stop paving, and
variations at corners, alleys, driveways, stc. Prior to 1960,
the City required that sidewalks ba constructed on both sides of
the street whensver permenent pavement was constructed. Since
then, many strests have besn constructed with no sidewalks or
sidewalks on only one sidse, In addition to the stdewalks on
streets, there alsc are more than 150 pedestrian ways and malls
which contain public sidewalks.

The Bureau of Enginmsers is in the process of accumylating
and antering data in the Road Lifs computer file which will show
which streets do not have walk or have walk on only one side of
the street. This project will not be complated for many years,
It will provide only the miles of walk and not the total area,
because of the many variations in walk width.

CONDITION MEASUREMENT AND PROJECT SELECTION

Unlike other. Infrastructure systems, the City does not have
a detatled inventory of the sidawslks. This type of inventory
has not besn kept because the maintenance of such an inventory
would be very expensiva. While it may be possible to compile
the original construction of sidewalks, 1t would be difficuilt to
keep information up to date becauss sfdewalks are replaced for

several reassons by different City agencies and private
contractors. It would be necessary to keep records identifying
each sidewalk astone. There are approximately two million

sidewalk stones in the City. It is doubtful whether or not the
extensive amount of record searching and field investigation
required to develop and maintain a detadled profile of the
sfdewalk system would be worthwhile. .

In the fall of 1983, the Bureau of Enginsers, with field
assistance provided by the Bureay of Street and Sewer
Maintenance, undertook a survey to develop an estimate of the
oversll condittion of the City's sidewalk system. For the
survey, 3961 block faces were selected out of a total of
approximately 32,000 block faces. This sampie size provided a
reasonably accurate profile of the condition of the City's
stdewalk system. Another survey is planned for 1988. If such a
survey were done every four or five years, changes in the
overall condition of the City's sidewalk system could be
monitored. This would be ons method of determining whether or
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not ths current rate of replacemant fs adequate, The results of
the 1983 survey indicate that approximately 19X of the City's
sidewalk have one or mors defective conditions. Tha sidewalk
survey indicated that on average 3iightly less than one in five
sidewalk stones ware defactive, although in some samples as many
a3 every other stone was- defective and in others virtually
none. This wide variation can be explained by the faet that in
Some areas thers has not bmen a walk replacement contract for at
least 20 years and in others the defective walk was raplaced
recent ly. If a defective condition is hazardous, the City
eliminates the hazard by temporary petching immediately after it
becomes aware of it.

The following graph shows the

roportion of §
defective conditions found by the survey, Prop <aw ous

SIDEWALK SURVEY RESULTS
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Source: Bureau of Engineers

The construction and replacement of sidewalk

through a number of different agencies and vqowwn“”“uwnﬁ.wnmm
makes it difficult to determina  the location and total
quantities constructed or replaced each year and the reason for
fts replacement. At the present time, the Bureay of Street and
Sewsr Maintenance hires contractors to replace sidewalks

driveway, curb and gutter on an area wide basis. This -nnacnnm
for about 47 percent of total walk replacement. The Bureau's
crews replace about 12 percent of the total on an individual
basis, and about 41 percent s replaced {n connection with
street, sewer and water construction projects, The following is
3 Tist of the ways by which walk replacement is &ccomp lished.
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SIDEWALK CONSTRUCTION 1978-1987
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ESTIMATED USEFUL LIFE

The estimatad useful 1ife of sidewalk stones is about 50
years, As evidenced in the 1983 sidewalk condition survey,
deterioration constitutes a relatively minor proportion of total
defective gonditions, .

IMPLIED REPLACEMENT CYCLE

The following table shows the implied replacement cycle for
sidewalks, over the last 10 years, the last three years and the

last year.
W lac la*

rmnm m _anﬂm

43.1 Years

Last Year
37.6 Years

Last 10 Years

48.8 Years
* Assuming 62,400,000 square feet of sidewalk

The survey, mentioned in the condition measurement section,
indicated that about 19% of the City's sidewalks were
defective. This would be about 11,900,000 square feet of the
estimated 62,400,000 square feet of sidewalk. 1If sidewalk
replacement continued at 1,200,000 square feet a year, it would
take 10 years to replace that much defective sidewalk,

PREVENTIVE MAINTENANCE

The only maintenance activity required on sidewalks |is
patching or ramping to eliminate or reduce hazardous conditions,

64

SYSTEM PERFORMANCE

Conceptually, iInfrastructure systems, such ag, streets,
sewers and water mains, have two distinguishing
characteristics. Components of esach aystem are interdepandent.

That 1is, each segmant of strest, sewer or water main must be
part of & network or connected tu the rest of the systam to
sarvae its primary function. The other distinguishing
characteristic is that components can be functionally classified
within & hierarchical order. For instance. the strsets within
the transportation system have been given a functional
classification by the State Department of Transportation based
upon land use and/or traffic voiume. The highest classification
or most voiums would be the Principal Arterials, then Minor
Arterials, Collectors and Local Access strests. Viswed in this
context, alleys would be included within the local access
classification. Sidewalks do not provide vehicular access to
property, but they do provide pedestrian access and may,
therefore, be considered part of the Transportatton System.
This is especially true when ths public transit system is
considered because passengers are dependent on sidewalks to
provide access from their residence to the limited number of bus
stops. Sidewalks might alsc be considered part of a padestrisn
system separate from the transportation system.

An important function of sidewalks and pedestrian paths is
to reduce intermodal transportation conflicts by. separating
pedestrian from vehicular traffic. The pedestrian system might
be construed to have s hierarchical order. Facilitiss such as
skywalks, elevators, and escalators might be considered
specialized components of the pedestrian system similar to
bridges 1in that they provide a connecting 1ink between
pedestrian paths. Sidewalks or other pedestrian paths in or
around commercial, office, government, aducational ang
entertainment facilities might be the highest order in the
pedestrian system carrying the greatest volumes of pedestrian
traffic. Sidewalks in residential areas provide a relatively
safe route between destinatfons for children going to school, to
1ink residences to neighborhood shopping facilities and u:mﬂ_n
transit points and are also part of children and adult
recreational space particularly tricyclers and Joggers. Based
on the 1980 Census, 19,827 pesople use public transit to get to
work in the City of Milwaukee, The Census Bureau estimated that
58,349 households or 24.1 percent of total households in the
City of Milwaukee did not have a vehicls, There are
approximately 165,000 students enrclied in public or private
schools, including advanced education. It seems Yikely that
BMuw of these students walk to school or at least to the bus
stop.

It is obvious that sidewalks are an important means of
transportation to the citizens of Milwaukee. The importance of
sidewalks and their condition 1s, however, not uniform
throughout the City. Areas such as, the fast side of M1ilwaukee,
the Downtown, West of Downtown, and areas near schools, shopping
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m__wmm. ptiong ‘Cable Plant

Permansnt Type 52 Underground 2,392 miles
Temporary Type § Uverhead 85 miles
Streat Enclosures 174 Total 2,477 miles
Total 232

Light Poles 50,384

The City purchased the allsy lighting system from the
¥Wisconsin Electric Power Company in October, 1883. That system
included 8,103 alley lighting units and the sssoctated brackets,
fixtures, and other aquipment. The City purchased the original
system for $590,000, In 1987, the Wisconsin Electric Power
Company establfshed a Grant and lLoan Program to promote the
conservation of alectrical anergy.

The conversion of existing alley lights freom 100 watt
mercury vapor to 70 watt high pressure sodium vapor 1lights
qualifies for & grant under the terms and conditions of that
program. Thersfore, durting the summer of 1887, the City of
M{iliwaukee sntered into an agresment with the W¥isconsin Electric
Co. to convart a1l alley lights from 100 watt mercury vapor to
70 watt high pressure sodium vaper. It {s estimated that the
convarsion of tha alley lights will result in a 55X increase in
lighting levels with a 30X decrease {in electrical energy
consumpt fon. The conversions were started in fall of 1887 and
are tentatively scheduled to bs completed in 1989.

Unlike most other {nfrastructure systems, strast 1lighting
systems have experienced rapid technological advancements in.the
last several decades. Milwaukee, ltke other communities, has
embarked on street lighting programs, which befors they have
been completed, becoms obsolete because of advanced technology.
in terms of lighting effactiveness and energy efficiency. the
current recommended technology of high and low pressyre scdium
vapor are at least two and one half times more efficient than
the previously recommended mercury vapor, which was twice as
efficient as the old incandescent lights. In addition to the
functional obsolescence resulting from rapid technological
change, the minimum street lighting standards appropriate for
different purposes have increased. As & result, {t has been
necessary to continuously upgrade the street Jighting system,
These 3standards are established by the American National
Standards Institute after review of the recommendattons by the
ITiuminating Engineering Soclety (1ES}. The IES's
recommendations are based on the need for improved lighting (to
improve traffic safety and reduce crime) modified by economics,
technology and the results of research,

When changed, theas minimum standards for street lighting de
not necessitate the !mmediate replacement of all existing below
standard street lights, It is, however, necessary to install
lighting that meets current standards when streets are
reconstructed and the previcusiy existing lighting is removed.
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Adequate street lighting is an essential tingradient in the
City's effort to reduce crime and improve traffie safety. 1t is
intuitively obvious that poorly lighted strests, alieys, parks
and other public areas provide an environment more conducive to
crime than such areas would if they were adequately Jighted.
The City's traffic safety record, which s, and has been one of
the best in the country, ts in part, the result of an adeguate
street lighting system that has kept pace with technology and
changing needa.

CONDITION MEASUREMENT AND PROJECT SELECTION

Several years ago the City began a group replacement program
of astreet light Jlamps (bulbs). This a._Weounznu Wwomqua
involves the replacement of lamps on a four year scheduie. This
provides an opportunity to inspect the street lighting system on
a four year cycle. Occasfonally, fn response to an observed
system problem, 2 system survey {3 performed tg evaluate the
problem.  An example of this i3 the recent City-wide survay of
concrete poles (street lighting). As a result of the survey, a
thfee year capital program was fnitiated in 1983 to replace
several hundred defective concrete poles. That program was
completed early in 1987.

The function of the street lighting system is to maintain
adequate lighting on all Milwaukee streets in a cost effective
and aesthetically pleasing manner. The Tatest published
American Standard Practice of Roadway Lighting is used as a
design guide. These standards are recommendations for the
minimum amount of Tight required.

There are a number of other factors considered whan
selecting projects for the asnnual street lighting program
tncluding {information from maintenance persannel, r*awcq‘nmm
major and wminor circuit troubles, Aldermanic and citizen
requests, traffic and pedestrian safety, crime reports and

coordination with the paving program. Recently the annual
street lighting program priortties have bean aﬁhwuwan by the
capital budget in the following proportions. :

988 CAP BUDGET
furpose

i. Paving connected work

2. Installation of permanent
1ighting where no lighting axists
or replacement of Wisconsin

Electric Co. or interim lighting. ] 0
3. Replacement of incandescent tighting. 0 0
4. Replacement of defactive concrete poles, 0 0
5. Replacement of large wattage mercury vapor g 0
6. MNiscellaneous. 3.3 8
TOTAL 160.0% $3,080,000
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of the 18,347 strest lighting units installed in the past
ten years, 15,317 or 83.5% ware for the replacement cr upgrading
of existing facilities. The following graphs depict the number
of street light poles and the length of cable that have been
installed in the last 10 years, for naw installation, or the
removal and replacement of existing facilitfes.
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treet Light 1

Street Lighting
Poles Installation

Street Lighting Cable
Installation in Niles

Average Mew Replace _Total ~ MNew Replace _Total
Last 10 Years 421.0 814.6 1,235.6 28.2 37.8 66.0
Last 3 Years 212.3 814.3 1,026.7 30.0 29.0 58.0
Last Year 285.0 B849.0 1,134.0 13.0 5.0 48.0

Each year approximately 2X of the cable plant is replaced in
conjunction with the paving program or the programmed
replacement of aged and defective cable. During the mid 1970's,
al] street lighting cable between the East/West Expressway, West
X¥orth Avenue, the Milwaukee River and tha Milwaukee Road
Raiiroad (C.M.ST. P.+ P. RR) right-of-way was replaced,
primarily as a result of a Model Cities relighting project.

ESTIMATED USEFUL LIFE

The estimated useful 1ife of the major componsnts of the
street lighting system are as follows:

Component stima 1
Street Lighting Fixtures 30 years
Street Lighting Pole 30-35 years
Street Lighting Cable 45 yeara
Substation © 40 years
Substat fon mounted on wood poles 15-20 years
As indicated slsewhere, technoclogical and functional

obsclescence as well as alterations to other infrastructure
systems frequently determine street lighting replacement needs
rather than deterforation.

IMPLIED REPLACEMENT CYCLE

Une measure of the effectiveness of -an infrastructure
preservation program {s the “implied replacement cycle”. This
is calculated by dividing the total number of units in the
system by the quantity replaced or refurbished in a year. This
ylalds the cycle or number of years that would pass before the
entire system would be replaced, refurbished, or upgraded. The
table below shows the "implied replacement cycle™ for street
1ighting units, poles and cable for the last 10 years, the last
three years, and last year, '



‘gouasse{0SYE {PUOLIIUNG U] Sujjinsod
pasvainu} OS{® sey  Bujaybiy  Jo {9AN apqeidasor  wnwjuiy
ayy ‘uoyjippe ¥l ‘ug} JeS0}d938p jwoyshyd o3 dopad Buyaanoso

aouauE| 0G0 Leoj Bopeuysal i Bupjinses sed pides » 3@ BULA{ DA
uaaq sey ADojouysal Bupjybpy ‘saeak gg jnoqe 84 aanix}j Bupiybit
199435 ' 30 83t ynjasn wbvioaw pajedioijue 33 ybnoujLy

‘§pusd) 104
Ai1enuur pasojjuce q FELTNR T ELE L L souswicjiad Isey3 Ing ‘mMou
Joj ajenbape 3g few jususowidad 9]QEd JOo AWl Y3 1ey3 e3waLpUl
01 swads Siyi  "ILnYd jri3uajod 03 pasodxe sajiifisei pesealaul
paswesdep AL3ybiys 40 pazi|iqe3s sey @un1iRj

ay3 jo BAsnedIq
jo e3wl 3} ‘gaani ey WRISAE BupiySyy 199438 JO Aousnbadj
sy} U} eEEILIU} jeasusd w 8q 03 gieadde @43yl B[IUA ,

saojAd0g | 901410917 ¥ BujsssuiBuy 0} jjvd] jo neaUng 130405

- ga{gnoal 1ind445 Jofed

olow U} pellnsed g8l ul {1Rjujed  jo  Ejuncuw sbaey 19308

[o.y)
oo
[ 2]
o
w0
o¥0
oo
oLo
o0
os0
on 19
[ 1]
ozl
oe1
or
o1
on
(1]
on
o081

- ooe

AN~ SAB
STIgNOYL WALSAS DNLLHON 133dLs
*JBAOD

mous pue 18043 jo yidep se gm:. suo|3jpuos punoal Jejuim Uuo
juspusdep U93je 8} SW(GNOJIG jJO Kousnbaaj syl -ssvek oy 18Pl W
Bujanp eousjipdxs welsks oyj sAv|dsyp ydeaS Buimoy|oj 34l

~shep 8¢ WIYIIN patjedos adw se| gnodl
*938 ‘umop payoouy soiod ‘ssnes jusdedde ou Joj

oujm 380
doave tomn ‘ymosa 3yBiu Lq peydsilios Bde

umopq sesnj J0 peddid] Sae¥wedq

69

10 S3A|ISWAYJ TJND YOIUM SB|QNOUY FiNIIYD 'sabfeino fuedwo) 4804
944308{J UISUCOSLN J314q apnioul asay} -Bupuvoljoung JOpujRwIl
sy} Y3im NoO[g 8yl uo s3ybiy om3 J0 auc ALUo jno Ind ysiym
S4n{|R) I GPI JO  JUUIOISURLY apniaug . 1 ] iR

TEAN0Y pZ UlYIim
padjedes 4@ §3|GROLY Jofwat 3SOK ‘wsiepuvA Jo/pue ‘safiewep
‘uojjedc|a93ap  (waniRU Aq pasned useq ARy pLnod J{ney Ayj
*dipndad 03 M34D auwjhep 9 poaynbal yojum puv pajybied eq Jou
piros ysjuym ybtu ay3 Sujanp jjo ob 03 u0}IVIEGRE IO iND430 @
asnEgo 3wyl S3an{ie JO SI{ARY Auw PRI} SEGROIL §1A341g JOTeR

. tge pauijap
sdv esayy swelqoid weysds Jo sadd1 oM} jO pPIOD3L ¥ SUjRIUITM
sasjAdas | 991430913 % Suydoeuibul 243ivdl Jo neadng Ayl

*§315023 UD}IINIISUCD FUBLIND uj uwoj{|iuw T°[§
Jo $e4nixid O000°‘E Ky ejsuwxoidde 3o Bupiybii jusuesuwded 3noylim
srew 4o Bopyoeq © ‘49AIMOY S| BJdayl  CeELY IRy e payssLqnd
K meu BJam 1Ry} SpJupuvls  ey3 oW wasAs  Bupjybrp %4340
#y3 4o seuou Jsou® ‘Z/ET Ui W3 Buji9pi5uoy  ‘jusuys|iduodow
jueni jjubfys ¥ *Bupjybyy  JO  S18AR|  wnuiljw  pIpuINMOIAL
1s83¥| 8Y3 YIIM SoUTMIOJUCD {vdausd up sy weiske Buyjubi| 309438
g,A11 8y3 jo jusodad §7 Inoge JRYY palewiisa SRy newdng oyl

JONVWUOAYId WILSAS

: “BJnyRy
U} ®Aj3ueAsJd 6} weaboid juswasedes dnoub  sjyy .u;ouauwxs
“qusmpowidaa dnosb o3 pasedwod  Aj enpialpuj sdwei esejdad
03 sAajsuadxa s0 9O{M3 uwyl adou B} 3] ‘sajoudnbasy juswese|dadt
ssayl Je3ge  Appjdes  sesvedouy Kyplvidon duwep jo ejRd Iy}
+1abuoi Apqedepisuods 3sei jySiw sdae| yBnoylly 9{ 94D yjuom x|
¥ uc sdwe| jJusdsapuvduy pue ‘a|ako Jeek Jnoy v uo padwidas BJw
sdue| 389438 adh3 sodea tfisnojasad pauojjuen sy ‘330 '8Y3}J4q
oy1 Supjuiodyony pue 81004 sy3 Bujjves 57 ysns sinyeu A} JUSADLd
¢ JO £} SUG|1WISQNS UO BOURUBIULRE IY] JO BWOS  eouRuejuiew
uap3eIsqns puv  bujurats sua| “jusmedvidas  dwwy 1apnjaul
nevsng oy} JO SV131A}IOR SduRULU|ERU sAj vusARLd Jofed Syl

. JONVNAINIVH JALINIAZY

si0d) B°I¢ 8498} '8} g4R0) §'459 ajqe] ar_n'.._ 188418

8Jwe) [°1[ 8499 179/ savep {"vl se{og b7 198438

siv9) Q°20  ©4E9% Q'€ B4P9L Z2°9F  SIjun BujyByy Ieedss

TESTTEE] IS ¢ 3evi TIEEL 01 35TV TET115%3
B19K) TUSWESY[asY patLou]



The asnticipated average useful life of a street light pole
is bhetwsen 30 and 35 years. In the section on Cendition
Measurement, it was mentioned that in 1983 an accelerated street
light pole replacement program was initlated. This improved the
replacemant cycle, but may still be short of the average life
cycle, W¥hen the current computerized record system i3 complste,
survivor curves can be developed to guide the replacement

program,

While the Bureau of Traffic Engineering and Electrical
Services estimates that an undisturbed street lighting cable
would last 45 years, it iy . often necessary to replace cable
warlier because the street is reconstructad. More computerized
informatifon is required to develop future survivor curves for
cable replacement. Technological changes in the last 20 years
have resulted in approximately 75% of the cable system being
less than 20 years old, but only 40X of the poles are less than
20 years old. The development of meaningful survivor curves for
cable may not be practical within the next 10 years, but is
sppropriate and should be available for poles. The cabla plant
records should also be computerized.

CONCLUSION

While the City’s street lighting system 13 {in good
condttion, there are a number of areas of the City which either
do not have strest lights (about 47 miles) or have temporary
Tights. In addition, at the end of 1987 there were stiil 2,280
incandescent lights in the system. These incandescant tights do
not produce enough light to meet the minimum standards and are
becoming impossible to purchase. They also use about twice as
much alectricity to produce light a3 tha sodium vapor lights
that would replace thes. :
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The rate of street light fixture installation in the last

ten years has not kept pace with the estimated 1ifs cycis of 30

years, However, soms of these installations provids an
increased level of services as the number of street Tights
serving a street are increased when lighting on the streat is
upgraded to current national standards. Therafore, the
installation rate includes both the replacement and snhancement
of the existing street lighting system. Replacements must ba
separated from additions to incrsase the usefyliness of the. data
in examining the City’s preservation effort.

The rate of pole replacement has not kept ¢

estimated life cycie of 30-35 years, The »wmmugmmam ﬁﬂwm.r-“um
the rate of pole replacement. However, further tncreases may be
nacessary. The rate of cable replacement {s probably adequate
considering the the relative newneas of a large part of the
system, but a better computerized record system must be
devaloped fn the near future to develop survivor curves. The
current computerized system covers only poles and fixtures and
13 incomplete. The rate of cabla replacament should ba reviswad
perfodically to assure adequate replacament.

The Six Year Program is in the process of being ravised in
keeping with the new street lighting policy and the above
recommendations. Current levels of funding, with revised
priorities from the new street lighting policy seem adequate for
replacement lighting. Funding for new Tighting to provide
uniformity of service and for replacement of incandescent
lighting should be increased. It may aiso be nacessary to
increzse the rate of replacement of cable and poles,
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Computerization of the traffic signal finventory began in
1983, Thesa data files inciude the type of controller asnd latest
date of raplscement, interconnect cable, program clocks, and
number of signal lamps and controlled visibility lenses. In
addition, specific intersection signal phasing and timing
information can be 3atored on the computer for asolid state
controilers. This information can bs transferred dirsctly from
the computer to the traffic signal controller, simpiifying the
programming or reprogramming of a controller and reducing the
potential for error. lLocation, typs, signal timing and phasing
data, are also meintained in & series of engineering drawings
for each individual instailation. Individual maintenance and
trouble reports are kept in a non<computerized fils,

Pavement markings are used to provide guldance for motorists
and pedestrians at intersectiens or on roadway segments,
Records ars maintained on enginesring drawings and on
computerized records. Files are nmaintained on the annual
painting program, as wall as on age and type of semipermanent
pavement markings In service.

CONDITION MEASUREMENT AND PROJECT SELECTION

Traffic contrel deavices must be continually resvaluated and
adjusted to reflect changes in traffic patterns, Information on
travel patterns and overall performance of the City's street
system, i3 derived from data on traffic volume and asccidents
which are collected and evaluated on & continuous basis, and
from data on speed, vehicular delay and pedestrian volumes which
are coilected as needed.

The performance of existing traffic control devices, as well
as the assessment of additional needs, are evaluated through a
variety of traffic checks and studies. Twenty-four hour machine
traffic volume counts are performed on a continuing basis,
ranging from once monthly at 23 key counting stations to once
every five years on all artertal roadway asegments under City
Jurisdiction, and &s needed on other non-arterial roadways and
for specific traffic movements. These counts are used to
determine Jevels of facility ussge and to analyze citywide
travel habits and patterns. Additfonal manual counts and
studies are performed as needed to avaluste system performance
and effectivensss, and to provide necessary design information.
A historical summary of traffic studies completed is presented

in the following graph.
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TRAFFIC COUNTS AND STUDIES
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Source: Bureau of Traffic Engineering and Electrical Services

Since 1970, accidents reported in the City have heen enterad
into a computer.  Reports generated from this data identify
tntersections or roadway ssgments having high sccident
frequencies.  Accident patterns found at these high accident
locatfons, are studied to identify deficiencies fin traffic
operations and suitable countermsasures. In many cases
accidents have been reduced through improvements or additfons ﬁm
traffic control devices, Due to a change in Police Department
sccident reporting procedures, 1987 accident records cannot
currently be accessed by computsr and a new computerized method
of retrieving accident information is being developed.

Traffic control devices currently are maintai
several group replacement programs. These uwcu~auﬂaﬂ«hrwmumm
on normal useful Tife and serve as a4 preventive maintenance
measure to ensure continuing operation of these facilities. A1l
signs in service for fifteen years or more are identified and
subsequently replaced on a group basis.
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New traffic signa) control cabinets are installed to replace
deteriorated or damaged cabtnats and elsctrical components, or
to upgrade signal opsration to meet tha changing needs of both
vehicular and pedestrian traffic. Replacemant sctivity for the
Jast ten years is alsc shown in the following graph. A total of
558 control cabinets were installed during this period.

CONTROL CABINET REPLACEMENTS

-

UMDER OF UNTS
]
).

Source: Bureau of Traffic Engineering and Electrical Services
ffi m lation

Average Sians Signals Control Capinets

Last 10 Years 12,052 3z 58

Last 3 Years 13,145 33 55

Last Year 10,801 43 61

The City installed its first solid state controller in
1977. Thesa controllers provide the flexibiifty required to
accommodate the most complex traffic control situations, and
provide an added weasure of safety through the use of a conflict
monitor which prevents the display of conflicting signal
indications. As of Decewber 31, 18987, so0lid state controllers
have been installed st 93 locations, and are being used
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primartly to replace complex electromechanical controllers and
upgrade signal operations to be more responsive to fluctuations
in traffic volumes.

ESTIMATED USEFUL LIFE

The useful Tife of the different types of traffic control
devices vartes considerably. Signs typically have a useful life
of approximately ten to fiftesn years. Changes in national
standards for size, shape and message of traffic signs. have
resulted in group replacement programs, whereby signs were
replaced prior to reaching the end of their useful Jife.

The components of a traffic signal installation have varying
useful Tives. Signal standards are replaced predominantly as a
result of damage and roadway improvement projects. The useful
tife of an individual signal lamp s approximately one ysar.
Although lamps may 1last longer, mortality {ncreases rapidly
efter this period, and to aliminate replacemsnt of individual
lamps as they fail, bulbs are group replaced annually. Contro}
cabinets have an average 1ife of approximately fiftesn years and
are replaced as they physically deteriorate,

Electromachanical econtroller mschanisms last almost
indefinitely because of current maintenance procedures. Rapid
technological advancements have, however, lad to the obsolescence
of several of the initially installad solid state controllers.
As these were only tnstalled very recently, the physical useful
14fe of solid state controllers is unknown. The westimated

useful 1ife of the major components of the traffic control
aysten for planning purposes are as follows:
Component stima ]

Reflectorized signs {Pre 1976) 19

Reflectorized signs {Post 1976) i5 WMNH“

Signal standards 25 years

S5ignal controllers 20 years

Control cabinats 15 years

Cable 50 years

IMPLIED REPLACEMENT CYCLE

To assess the adequacy of existing replacement efforts in
preserving the present levels of traffic control, the implied
replacement cycle for traffic control devices was determined by
sxpanding current replacement efforts to determine the period of
time over which the entire existing traffic control system would
be replaced. These values are then compared to the estimated
usefui 1ife of the various components, The results of this
analysis are shown in the following table,
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Several other measures of effectiveness are used to assess
traffic control oparation, such as level of service, congestion,
delay and travel time, Thase msasurss ars currently used to
evaluate subsystems of the atreet network but could be expanded
to system-wide evaluation of traffic to improve planning
activitias and assess deficlencies in traffic operation.
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CONCLUSION

Changes in national standards, technology and standard
practices, have resulted in significant {improvements in traffic
control operations. Uniform signing throughout the country, has
made messages conveyed by signs more easily recognizabla and
therefore more effective. The Capital Improvements Program
should provide sufficient funding for the installatien and
replacement of traffic control signs, signals, and control
cabinets thereby maintaining sefe and orderly movement of
traffic throughout the City. There 1is, howsver, a need for
increased funding in the Operstions and Maintenance Budget for
the replacement of aging signs. Also, solid stata traffic
signals are more responsive to changing traffic demands and
expansion of these systems would provide more effigient movemant
of traffic and reductions in delay.

Tha Tife of signal equipment has been extended and equipment
failures have been minimized through effective maintenance
programs. Existing replacement programs pressrve the
effectiveness of all types of traffic control devices, and
thereby maintain safe operation of traffic. With solid stats
technology, further improvements in traffic signal operation can
be achiaved.
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the Division prepares a budget and 2 six-year

Annuslly,
. y Two structures, MacArthur

program for facilities upgrading.
Square and Mi{lwaukee/ Michigan, 20 and 30 years old
respectively, need major floor repairs. The deterioration of
these flour slabs can be attributed te lack of floor sealing
upon completion of ortginal construction and the relatively flat
floor grades. Lack of positive floor drainage caused ponding of
salt water, which accelerates corrosfon of the structural
steal. Repairs for the MacArthur Squars Garage began -in 1987
with deck replacemsnt on the N. 7th Strast East Level. Further
repair needs include removal of the entire unsupported deck
spans from the N. 9th and N, 7th Street West level, structural
modifications to the column capitals, construetion of new dacka
and application of a protective coating, Due to the total
removal of the decks, the integral conduit system will alsec ba
removed requiring new conduit. This presents an opportuns time
to update several important systems in the structure which have
become obsolete due to technological advances. A few of the
systems are the carbon monoxide monttoring system, the structure
alarm asystem, and the traffic and audit control equipment.
Although not programmed at this time, the structurs at
Milwavkee/Michigan will also be in need of similar work in the
near futura,

The structure at 724 %. 2nd §t., although 26 years old,
shows little detertoration of the slabs in comparison with the
previously named structures. This can be attributad primarily
to the design of the structure in that 211 floors are sloped
thus eliminating ponding on the slabs. There is, however, other
work required at the structure. Renovations completed in 1ga7
included new vertical louvres in the halix, new pipe ratling and
a4 new lighting system. Plans to further renovate the structure
at 724 n. 2nd Street inglude improvements to the north face of
the structurs, cleaning the sast and west facades,
rehabititating the lobby, and updating the existing elevators,
This work is scheduled to take place in 1988. The structurae at
N. 6th 5t. and W. Highland Avenue is oenly five years old and in
condittion.

HISTORICAL EFFORT

In the period 1877 to 1987 the City resurfaced np repaved 20
surface lots and constructed or acquired 18 new surface Jots.
In addition, one new parking structure was opened for pubiic use
in 1982. The following graphic representation indicates the
facility renovation over the last ten years based on the number

of spaces.
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PARKING FACILITY RENOVATION
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SPACES PER YEAR

e

Avar Hew Replace Total
Last 10 Years ' 135 128 , 253
Last 3 Years 66 267 333
Last Year 125 491 618

ESTIMATED USEFUL LIFE

The estimated useful 1ife of a surface arking f
approximately 20 to 2% years. This figura ﬁn-.... motnmh.:«uhm
significantly as a result of weather, salt usage, level of
maintenance and vehicle usage. The more extrame the weather
variations and/or vehigla usage, the shorter the 1ife spen. The
estimated useful Vifa of » structure is 30 to 59 years, This
too, however, may vary considerably due to design, constraction
materials, sealing, level of maintenance, drainage and to a
lesser axtent usage,

IMPLIED REPLACEMENT CYCLE

The impited replacemant cycle s 2 measure of infrastructure
preservation, The following table indicates the impltied
replacement cycle for the last ten years, three years and 1987
for surface parking facilities based on the number of spaces,
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SYSTEM PERFORMANCE

The Municipal Parking Facliltties including lots, structures
and meters, are & vital part of the urban environment. The
avatlabiiity of parking 13 a major concern in patronages of a
complex or business area, especially downtown. The Parking
Division atrives to implement measures to assure that municipal
parking 1s provided and used to the benefit of area
development. Thesw measures include acquisitfon and disposal of
land for parking lots to the extent possible, as the situation
and area raquires, placement of and time limit regulation of
meters ax necessary to achisve desired parking turn over levels
and availability, and regulation of parking structurs Tease
requirements to assure their operation in the public's best
interest, Residential Tots play an {important part in snow
removal from the street system in that thay provide residents an
aiternate to on-street parking. With adequate police

enforcement of the factlitiss,  the Parking operation will
continue to function in an efficient, acceptable manner in
providing space and turnover for the City's residents and
visitors,

CONCLUSION

In general, the surface parking facilities and the metered
parking facilities are in relatively good shape. Two of the
parking structyres, MacArthur Square and M1lwaukee/Michigan, are
tn need of major rashabilitation work on the structursl floor
siabs.  MacArthur Square s tentatively scheduled for further
floor and joist renovation over the next four ysars (1988-91) at
a cost of approximately $6.0 miliion dollars.

A numbar of developments will affect the cperation of the
parking program. The new Bradiey Sports Center and the Theater
District will involve the Parking Division in as many as four
new parking structures. The debts for these structures, to he
paid for by the Parking Division, may require fncreased revenues
from other parking facilities in ordar to meet this

responsibility.
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SEWERS

The City of Milwaukee i3 responsible for a sewage collection
System comprised of combined, storm and sanitary sewers,
drainage channels, storm sewsr inlets, catch basins, pumps and
manho las, There are 2,448 miles of public sewers, excluding
building sewer laterals and catch basin  and storm inlet
connections, The intercepting sewers as ment ioned above, are
owned by the Sewsrage Diatrict. The City's smwars ranges in size
from 8 to 156 inches in diameter. Most of the sanitary sawers
are 18 inches or less 1in diameter; storm and combined sewers
range from 12 to 156 inchas, and include large box sawers,

Sewage treatment ia the responsibility of the M{lwsukes
Metropolitan Sewerage District (MMSD). it owns two treatment
plants and the interceptors that convey sewage from the City, 17
other Nilwaukee County communities and several areas cutside of
the County. The operating costs of the district are firanced by
user charges .and its capital program fs financed by property tax
levins.  The City accounts for stightly more than one half of
the District as measured by proparty valus,

In 1976, the Bureau of Enginears completed an inventory of
the sewage collection system. The information contatinad in this
inventory for each segment of sewer includes location, type,
length, diameter, age, appurtenances and estimated rep lacement
costs, Most of these records have bwan coded and can be
analyzed by a computer program. This fnfermation system should
be operational in the early 1990's and will enable tha City to

study pipe 1ife characteristics and to project future
replacement needs, At this point, however, only about eight
percent of the total sewsr system has been replaced. This, plus

the fact that there is insufficient data on the construction
material of sewers and that sewers have frequently been replaced
for hydraulic rather than structural reasons, makes it difficult
to project future needs for sewers, In order tp project future
needs, at least 20 percent of ths system must have heen
replaced. Some preliminary survivor curves have been deveioped
for combined sewars constructed prior to 1900. They indicate an
average life of about 100 years. Since separate sanitary and
storm sawers have only basen constructed from 1916 and onward; it
might be another 50 years before sufficient retirement data-on
these sewers becomes available. In the interim, 1t is being
assumed that the average useful life for 3ewers is approximately

125 years. The following table and graph describe the major
components of the sewerage system, i

Facility Quantity Facility Quantity
Sanitary Sewers 832 Hiles Storm Inlets 31,700
Storm Sewers 947 Miles* Catch Basing 24,000
Combined Sewers 567 Mile Manho les 73,000

Tota)l Sewers 2,446 Miles

*Exc ludes approximately 55.5 miles of drainage channels, most of
which are the responsibility of MNSD.
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The Sewer Enginesring Divisien prepares the annual capital

budget for sswears based on an evaluation of the information
described sbove and hydraulic andlyses as nesded. A numbar of
genera! sewer rehabiiitatton criteria have evalved over the

years to guide the formulstion of the sewsr program. These

practices include:

=~ Relay sewsrs that are 7«a1r¢~.n-ﬂw tradequate or show
decided signs of structural distress, such as loss of shape
or sxcessive cracking.

= Seal structurally and hydraulically seund sewers having
circular cracks,

-~  Perform spot repairs on sewars having a limited number of
structural defects, if the sewsrs are hydraulically
adequate.

- Reline sewsrs where 1t s cost effective and hydraulic

capacity Is adequate.

HISTORICAL EFFORT

The following graph depicts the miles of sewers that were
relaid by contract over the last ten years. It does not include
sever repairs made by the Bursau of Strest and Sewer

Maintsnance.

SEWER REPLACEMENT EFFORT IN MILES
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Miles of Sewer Relavs
E%E&?Eg

Last 10 Years 4.0 .6 3.9 8.5
Last 3 Years 3.2 1.3 8.4 10.8
Last Year 2.8 .2 5.2 8.0

Source: Buresu of Engineers

ESTIMATED USEFUL LIFE

The estimated useful 1ife of sewars i defined as the
expected average age a sewsr should remain in service prior to
1ts replacement necessitated by deterioratfon.  For planning
purposes this has been estimated at 125 years, It has been
noted elsewhers that insufficient capacity rather than
detertoration has frequently resultsd in 3ewer replacement,
therefore, age is not a relfable indicator of sewer replacement
needs. European experfence indicates that large diameter sawers
may last longer than 125 years.

IMPLIED REPLACEMENT CYCLE

The adequacy of an infrastructure praservation program {s
sometimes measured by the "implied replacement cye le™, Tha
following table shaws the implied replacemant cycie of sewers
over the last ten years, tha last three years and the Tast year.

Lype of Sewsr Egg

Sanfitary 236 Years 293 Yesrs 360 Ye

.mnoua 1,578 Years 734 Years 4,510 «a“Hn
Combined 144 Years 89 Years 108 Years
All Sewers 288 Yeara 226 Years 306 Years

“Implied replacement cycles” fgnore such variables as the
age, stress factors, size, composition, bresk pattern and s041
conditions of sewers, technological changes and changes 1in
standards, While no comparable study for sewers exist, paving
studies have found that pavement 1ife deterforates in 4
geometric pattern, that f{s, very little in the beginning and
rapid and accelerating detertoration fin the last part of the
pavemant’'s Jife. Presumably sewers would follow a similar
pattern except extended over a much longer period of time. An
example that 11lustrates the fallacy of replacement cycles, is
that, if 100 miles of sewer are constructed and in the first 20
years two miles were replaced, a replacement cycle of 1,000
years is implied. If sewers have an average usefyl 1{fe of 125
years, presumably there would be virtuslly no repiscement needs
tn the first 20 years.
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CONCLUSION

The City's sawerage system is relatively new compared to its
estimated ussful life. Considering this, the City's sewers are
still too “"young™ to ba sxperfencing major raeplacement needs.
Howevar, during 1586 ths City exparienced unusually high lavels
of rainfall. Conseguently numerous fncidents of backwater were
reported. This situation 1is being monitored to detarmine
whether or not the current rate of sewsr replacement funded in
the 1988-1993 Capital Improvements Program 13 adequate, At
present, 1t is projected that between the year 2000 and 2030, a
gradual fincreass in the annual replacement rats of sewers wil]
be necessary to achieve & 25 mile per year rate, The ity will
continue to document and analyze the reasons for sewer failure
so that 1t can mors accurately project sewer replazcement
requirements in the middle and long term future,

84

WATER DISTRIBUTION

The City of Milwaukee had 1,905.2 miles of transmission
(feeder) and distribution mains in its system at the end of
1887. This includes the suburban retail service ares in which
the mains are maintained by the Milwaukee Water Works. It doas
not include water mains {n communities which purchase wholesals
water service from the City. The oldest water mains in the City
were installed in 1873. A1l of the distribution mains installed
prior to 1863 are made of gray cast iron. The majority of the
distribution mains, 16 inches in diameter or smaller, installed
since 1963 are made of ductile fron. A1} of the transmission
mains installed prior to 1957 are made of cast iron,  The
majority of the transmission mains, 20 inches in diamater or
larger, 1installed since 1957 have been constructed of
prestressed concrete,

In 1977, the City began the devalopment of a computerized
profile of the water distribution system. The first phase of
this project {is nearing completion. The second phase of the
project will tnvolve the addition of information to the data
base on main failures, other main repairs and replacement. The
third phase involves the preparatton of surviver curves for the
various types of material, sizes of pipe and pericds of
tnstaliation.

The basic descriptive data that is baing collected for each
water main segment includes: Tocation, siza, year of
construction, pipe material, joint material, pressurs district,
and appurtenances such as valves, hydrants, etc. The work on
the first phase of this project is nearing completion. Work on
the second phase of the project wiil continus in 1988. This
project was undertaken initially by CETA personnel and s now
being done by existing staff asz time becomes available from
their other dutfes. The third phase of the project will be
ooa__w_nﬂua ::u_” sufficient aww- becomes availabla to formulate
relianie survivor curves. [} roject {s
operation by the early 1990°s. prod scheduled to be in

Since the inventory will identify when a mafn was installed
and when it was repaired or replaced, it will be possible to
plot a “Tife history curve” for thoss water mains that have been
retired by type of material, size and period of installation.
When sufficient data is available, these Plotted curves can be
compared with standard surviver curves to project probable
future replacement needs. 1t will also be possible to identify
problem areas and ascertain probable causes. At this point,
however, only sbout nine percent of the water distribution mains
have been replaced. In order to project a credible survivor
curve, at least 20 percent of the matns should have been
replaced.
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1t is apparent that ssvere winter westher as it ralates to
frost penetration results in an increase in water main breaks.
It is not likely, howsver, that winters in Milwaukse have been
getting worse, Tharefore, frost penetration alone does not
explain the steady increass in the annual water main breaks.
The graph above shows the water main break record for the months
of April through Octocber, which would excluds any frost
penetration. This data indicates that there 1is an underlying
increase 1in the number of water main breaks Independent of
severe weathar. The Bureau of Engineers and the Milwaukee Water
Works have ident{fied a numbar of factors associated with water
main breaks including pipe materifal, length of pipe and the
presence of chlorides. i

the graph below shows the water main breaks by size of pipe
during 1579-1887,

MAIN BREAK RATES PER 1.000 MILES

ACCORDING TO PPE DIAMETER
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The six inch mains experienced 56 percent of the breaks and
yet they comprise only about 32 percent of system mileage, The
eight inch mains comprise about 36 percent of the system and
experience about 35 percent of the hreaks. The twelve inch
mains comprise about 14 percent of system mileage and experience
about 7 percent of the hresks. The majority of the breaks in
the 12" mains and almost all the breaks in the 16" mains
occurred in the original Town of Lake system.

The Bureau of Engineers has prepared a number of studies on
the fincidence of main breaks for selected areas and for mains
installed in certsin periods. About 50 miles of water mains
were acquired when the Town of Lake was annexed to the City.

86.

These acquired mains and 560 miles installed betwsen 1946 and
1963, were made of centrifugaily cast iron pipe in 18 foot
lengths in accordance with industry standards at that time.
These mains have been experiencing & bresak rate grester than
mains installed earliter. About 53 percent of the original Town
of Laks system has been replaced or abandoned. This has
resulted in a lower incidence of breaks,

The City uses about 35,000 tons of salt during the winter
months to de-ice the streets and bridges, A substanttal
incredse fn the amount of chlorides presant at the location of
water main breaks has been ohbserved. Presumably, this ts due to
the leaching of deicing salts into the gravel bed surrounding
water maine. The corrosive effect of these chlorides on cast
iron mains is being menitored. $ince 1970, mains have been
fnstalled in crushed limestone bedding and wrapped with
wowwa»wzduao which is designed to provide protection from
corrostion.

The Water Enginearing Divizion maintains & Water Main Break
Experience Record of every segment of water main which has a

significant history of breaks. These records contain the
following information:
- Pipe description (dlameter, length, material, age, Joint

materfal}
- Break description (location, date, type, repair material)
=  Frequency of past breaks
- Special reports

These records form the basis for the development of a Water Main
Break Experience Index which ranks water main replacement
projects on the basis of break frequancy.

The selection of water matna for raplacement for the a
capttal budget begins with the WYater Engineering e_cunﬂuh
reviewing the projects listed in the Water Main Break Experisnce
Index. This inttial list is then modified on the basis of the
following factors:

= History of breaks of each main compared to others

= Type of breaks - from corrosion or other causes

- Potential damage. from future breaks

- Customer and traffic inconvenimncs

- “mmuzun< of existing mains to serve existing and future Jand
- Plans to pave the street

The resulting list of projects and their estimated costs slong
with other capital needs of the Water Works are compared with
wnn -un,anﬁun funds available. This stage in the formulation of
the annual budget 1is conducted jointily by the City Enginee and
the Water Works Superintendent. Y Engineer an
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IMPLIED RETIREMENT CYCLE

160.28 Years

§ Inch & < 178.86 Years 153.05 Years

8 Inch 811.47 Ywars 584.40 Years 410,60 Years
12 Inch 465.01 Years 320.07 Years 216.88 Years
16 Inch & > B36.77 Years 1,284,700 Years 4,162.95 Years
A1l Mains 360.22 Years 301.14 Years 278.13 Years

The preceding table shows that the average annual retirement
of water mains has Increased substantially in the Jast several
years, The table also shows that during both of thase periods,
retirements were concentrated in the six inch sire which was
identified previously as experiencing the most bresks.

_ "Implied replacement cycle” or in this cese, retirement, is
an approximate mmasure of an {Infrastructure preservation
program. A more reliable measure of the adequacy of tha water
main preservation program will be the projected future
retirement patterns for water mains that are being developed
from the inventory. YThese projections do consider most
variables either directly or indirectly, through the historical
replacement pattarns.

As mentioned earlier a number of studies have been conducted
of the City's water main breaks. It has been found that
fragquency of main breaks is clossly associated with the period
of installation and certain pipe and soil characteristics. Age
was not found to be & primery factor as indicated by the fact
that pre-World War II pipe experienced a break rate of one-half
the rate experienced by pipes laid after the war.

The Public Service Commission has established a rule that
water maters (one inch in diameter or less} be replaced on an
eight year cycle. It appears, howaver, that Milwaukee water
meters could be replaced on a ten year cycle without sacrificing
accuracy, becausse of the high. quality of the treated Lake
Michigan water. °~ The graph in the previous. section shows the
recent small meter replacement effort. The average for this
period was 14,734 per year. Thare were 154,728 small meters in
service at the .end of 1987 implying a replacement cycle of 10.5
years. About 30 percent of the replacements are from purchasing
new meters and the remainder are from rebutiding.

PREVENTIVE MAINTENANCE

The QOistributton Division of the M{iwaukee Water Works
performa praventive maintenance and emergency repairs to the
water transmission and distribution system and the related
appurtenances. Their work insures the continuous delivery of
potable and palatable water at adequate pressurs in the City of
Hilwaukee and severs]l. suburbs. The Distribution Division's
expenditures for operation and maintenance over the last ten
years are listed tn the following table.

88

Year Operation Maintenance Iota)
1978 852 2,245 3,097
1579 945 2,570 3,514
1980 1,090 2,944 4,034
1981 1,194 3,530 4,724
1982 1,372 4,150 5,522
1983 1,394 3,815 5,210
1984 1,543 4,704 6,247
1985 1,638 4,818 6,456
1986 1,808 4,985 6,793
1987 1,829 4,784 6,613
Source: Milwaukes Water Works
These annual maintenance expenditures are relatively

moderate when viewsd in the context of the sstimated $1.135
billion cost to replace the water distribution syatem. The 1987
maintenance expenses were less than one percent of ths est imated
replacement valua. the preceding table portrays a steady
increase in the annual expenditures for the operation and
maintenance of the distribution system. The following table
tists the most costly activities funded in the maintenance
budget and the corresponding 1987 activity.

Activity mnmmmmmk
Broken Mains Repaired 668
Leaks in Main Joints Repaired 97
Leaks in Laterals Repaired 218
Hydrants Replaced 153
Hydrants Repaired 554
Main Gate Valves Replaced 'H
Main Gate Valves Repaired 3oz
Hydrant Gate Valves Replaced 3
Hydrant Gate Valves Repaired n

. Source: Milwaukee Water Works
This maintenance activity 1z essentiall the sam
previous years. It {3 modified as axuow_aﬂua a“o»nmwawu wm
should be noted, however, that much of the Division's activity
fs in response to emergency situations which 13 intensified
during severe winter weather. Beginning in 1385, & preventive
maintenance program was Initiated to exercise and to repair as
needed valives on both the feeder mains and distribution mains.

SYSTEM PERFORMANCE

The water distribution system consists of a network of
pipes, fittings, valves and hydrants. Pipes with a diameter 20
inches and larger are referred to as feeder mains. They carry
large guantities of water from the two water purification plants
outward to the distribution aystem for service to customers,
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s1tsrnatives, cost impacts and system impacts. Projects related
to system reliability and projects that have a payback, such as
from reducsd snargy consumption, receive tha highest priority.

HISTORICAL EFFORT

Large capital sxpendituresr ware made in 1879 for & cover
abova the Kilbourn Reservoir {storage) and in 1984-85 for g new
meter repair shop {General Flant). Other expenditures in recent
years have been for replacement and refurbishment of equipment
and buildings. Improvements: such as variable spesd pump
controls improve efficiency and provide greater contro)l over
pumping operations, Tha following graph shows the annual
capital expenditures made on various categories of faciiities,

WATER PURIFICATION, STORAGE & PUMPING

A AL, CAPTTAL EXPENDITURES .
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ESTIMATED USEFUL LIFE

The Wisconain Public Service Commission has established
various depreciation schedules for utility property based on
estimated useful 1ife. Yhey wstimate the useful 1ife of
butldings and improvements at 50 to 60 years and for machinery
and equipment at 10 to 40 years. It should be recognized that

92

the primary purposs of deprecistion s to account for, rather
than measure the declfne in value of a capital invesrtment. |[n
order to identify net income or net loss for the Public Sarvice
Commission, actual expenses such as operation and maintenance as
wall as accounting expenses such as depreciation are deducted
from gross income. Depreciation doss not racognize the impact
of inflation and changes in technelagy, consumer prefersnces and
service standards. Therefore, 1t should not be used alons for
fong range planning. The Linnwood Plant structure, which was
completed fn 1939, appears to he in exce)lent condition
structurally and fs expected to remain sc almost indefinitely,
making 1t difficult to project essential useful 1ife, The
Howard Avenue Plant structure was completed in 1967 and is also
in excellent condition. Almost all the replaceable parts, such
as equipment, have been replaced or newly installed in the last

25 years. Equipment, such as electronic sontro} pansls, has a
very short 1ife, not from wear, but because of technological
obsolescence,

IMPLIED REPLACEMENT CYCLE

Unlike other infrastructure systems, thers is not & simple
quantitative measure to determine the City's replacemant affort
for the Water/Purification/Storage/ Pumping Syatem,  That s,
there isn't a unit such as square yerdse of pavement or miles of
water . mains avatlable tec measure raplacement effort. In
sdditfon, much of the plant replacement cost is in the structure
of the purification plants. The parts that are replaceable,
such as pumps, chemical feed equipment, pipes, mixing equipment,
etc., account for about 40 percent of tha replacement cost.

PREVENTIVE MAINTENANCE

The purification plants are highly automated and contad
substantial quantity of chemical feed and other mniuam:nﬂ. _“.r“
purification plants and the Contro} Center are staffed
continuously. A1l the pumping stations and storage reservoirs
are unstaffed and are operated remotely from the load centars at
the purification plants or the Contro} Center. This equipment
requires continual maintenance inspection to ensure its
operating sfficiancy and reliability. The graph below shows the
annual maintenance expanses in the major categories of Water
Works purification, pumping and storage facilities, excluding
mains, meters and hydrants. .
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lternatives, cost impacts and system impacts. Projects related
Mc u«-»q: reliability and projects that have a payback, such as
from raduced snergy censumption, receive tha highest priority.

HISTORICAL EFFORT

Large capital expenditures wers made in 1978 for a cover
sbove the Kilbourn Ressrvoir (storaga) and in 1984-85 for a new
meter repair shop (General Plant). Other expenditures in recent
years have besn for replacement and refurbishment of equipment
and buildings. Improvemants. such as varfable speed pump
controls improve efficiency and provide grsater control over
pumping operations. The following graph shows the annual
capital expenditures made on varfous categories of facilities.

WATER PURIFICATION. STORAGE & PUMPING
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ESTIMATED USEFUL LIFE

The Wisconsin Public Service Commission has established
various depraciation schedules for utility property based on
estimated useful Jifse. They estimate the useful 1ife of
butidings and improvements at 50 to 50 years and for machinery
and equipment at 10 to 40 years. It should be recognized that

92

the primary purpose of deprecistion is to account for, rathar
than measure the decline in value of a capital investment. In
crder to {dentify net income or net loss for the Public Service
{ommiasion, actual expenses such as operation and maintenance as
well as accounting expenses such as depreciation are deducted
from gross income. Depreciation does not recognize the impact
of inflation and changes in technalogy, consumer preferences and
service standards. Therefore, it should not be used alons for
long range planning. The Linnwood Plant structure, which was
completed in 1939, appsars to be in excellent coendition
structurally and 1is expected to remain 8¢ almost indefinitely,
making it diffifcult to projsct essential yseful 1ife. The
Howard Avenue Plant structure was completed in 1962 and is also
in excellent condition. Almost all the replaceshle parts, such
as equipment, have been replaced or newly installed in the last

25 years. Equipment, such as electronic control panels, has a
very short life, not from wear, but bacause of tachnological
cbsolescence.

IMPLIED REPLACEMENT CYCLE

Unltke other infrastructure systems, thera i{s not g simple
quantitative measure to determine the City's replacement effort
for the :m»olwxlznn”_g\.ﬁa..ama\ Pumping System. That is,
there fisn't a unit such as square yards of pavement or miles of
witer mains available to measure replacement effort, In
sddition, much of the plant replacement cost 1s in the structure
of the purification plants, The parts that are replaceable,
such as pumps, chemical feed equipment, pipes, mixing equipment,
etc., account for about 40 percent of the replacemant cost.

PREVENTIVE MAINTENANCE

The purification. plants are highly automated ang contain a
substantial quantity of chemical feed and other equipment. The
purification plants and the Control Center are staffed
continuously. A1l the pumping stations and storage reservoirs
ere unstaffed and are operated remotely from the ‘toad centers at
the purification plants or the Control Center. This equipment
requires continusl maiptenance inspection to ensure its
opsrating effictency and reliability. The graph below shows the
annual maintenance expenses !n the major categories of Water
Works purification, pumping and storage facilities, axcluding
mains, meters and hydrants. :
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UNDERGROUND

The City of Milwaukee's combined underground conduit and
manhole system i3 sengineersd, conatructed, maintained, and
operatad by the Bureau of Traffic Enginesring and Electrical
Services. This system provides a reliable, weatherproof network
of underground conduits for Communications, Traffic Control,
and Street Lighting, Currently, thers are 523.32 trench milea
of underground conduit with 7,225 active manholes. Condu it
varies from a single hole duct line up to a twanty-four hole
duct line. The ducts rangs in 'size from two to four inches in
diameter and 3-1/4 to 3-1/2 inches square. The tonduit lines
are instalied under roadways and areas between the curb and
street Tine at & depth of approximately 30 to 36 fnches. To
protect ths conduit lines from damage, they are sncased in
concrete. To enter the conduit system, manhols vaults are
strategically located along the conduit line to sssure zccess to
the cable for economical splicing and maintenance. The manholes
range in size from three to six feet in dismeter, four to five
feet square, and six feet wide by 12 fest long. The average
depth of tha manhcles range from four to six feet. :

Record plans end dsta that have been compiled reveal that
the City's underground conduit and manhole system began in the
1880's. The conduit consisted of square vitrified clay tile and
tron pipe. The manholes were gonstructed of brick with heavy
cast iron frames and covars. Plans show that these materials
wers used until the 1930°'s. From 1930 unt!l the late 1970's
record plans indicate bituminous fibre conduit was used
extensively, The manholes 4in this era were constructed from
concrete block or brick with heavy cast iron frames and covers.
In the late 1970°s technological improvements of plastics caused
the use of iron pipe, vitrifted clay tile, and bituminous fibre
conduit to decline. Iron and vitrified clay pipe are no longer
avatlahle. Bituminous fibre condutit s rarely available,
Plaatic conduit known as PVC {Polyvinyl Chloride) is now ysed
extensively for all conduft instailations. In 1981, concrete
precast manholes became the standard manhole material. Also in
1981 heavy cast iron frames and covers were replaced with 1ight
weight cast iron frames and covers.

Conduit systems suspended under bridge decks consist of
several different materials. During the 1520°s and 1930's
record plans indicate transite (concrete) conduit way used.
From the 1930's to the late 1970’3 galvanized steel was used.

CONDUIT
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It «lso replaced the transite conduit. In 1880 unti] the
present time and for future bridge installations, fiberglass
conduit is installed. :

The following graph and table describe the major nurﬂoao:nn
of the underground conduit and manhole system, ’

TYPE OF UNDERGROUND CONDUIT

AR OF i R/WT

COMMUNIC A TION ITREET LIGHTING
ACCORDING 1O U
ManhoJes
Fagility Quantity
Communication 5,779
Traffic Contro} 1,373
Street Lighting 13
TOTAL 7,225
According to the Bureay of Traffic Engineering and

Electrical Services records, the City's oldest conduit
was installed in 1890, nunmc‘w aystems older than 1890 -nwu“Mﬂ
recorded. The following graph portrays the Underground Conduit

System in trench miles for fron pipe (1890-1905), 1 t11
(1305-1830), fibre {1930-1980), and PVC ﬁnmma:wwawv.u i ¢
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The following graph 1llustrates the trench miles of
underground conduit that was restored or replaced, dum to the
aforementioned activities, by City forces over the last ten
years. It does not show conduit repairs made by the

Communications Shop maintenance crews.

UNDERGROUND CONDUIT RELAYS
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ESTIMATED USEFUL LIFE

The estimated useful 1ife of the underground conduit and
manhole system is defined as the combined expected average age
of the system’s components that should remain in service prior
to its replscement due to deterforation. For planning purposes
this has been estimated at 110 years. Environmental conditions
such as the chemical properties of soil, thawing and freezing
conditions, and roadway surface conditions have resulted in
earliar replacement, Therefore, age i3 not by itself a
reliabla indicator of replacement needs,

Preliminary reports of materials used in the conduit and
manhole system prior to 1930 indicate an average life of about

90 yeaars,
has been constructed from the 1930's and onward, it might be

Since the majority of the system [about 3 percent)

96

another 30 years before sufficient data on these materials
bacome available. [In the interim, it {s being assumed that the
averags useful life for the conduit and manhole system is

approximately 110 years.

IMPLIED REPLACEMENT CYCLE

The rate of replacement of a system iz sometimes gaged by
the "implied replacement cycle”. This is calculatad by dividing
the total trench miles of underground conduit in the system by
the trench miles of underground conduit relayed in a year. This
yields the cycle or number of years that would pass before the
entire system would be replaced, refurbished, or upgraded. The
following table tndicates the implied replacement cycle of the
underground conduit and manhole system over the last 10 years,
the last three years, and last year,

Imptied Replacement Cycle .

Llast 10 Years Last 3 Years Last Year

All Condutt 632 Years 1,047 Years 969 Years

The "implied replacement cycles™ do not recognize such
factors as size, composition, soil conditions, technological
changes, and changes in design or construction methods, VWhile
no comparable study of underground conduits and manholes exist,
exposed steel or iron conduit studiss have shown that there is
very little deterioration in the baginning and rapid
deterioration in" the last part of the conduit Tife. It s
assumed that underground condutt would follow a sim!lar pattern
but over a longer period of time due to its location undar the
ground surface and encasement in concrete. Exposed concrete
manhcle vault studies also indicate slow deterioration in the
beginning and rapid deterioration in the last part of material
Tife. Similarly, 1t is assumed that underground manhcles would
Tast longer due to burial below ground.

Basically, the replacement cycles for this system i3 not a
true picture of replacement or accomplishment, It is based
mainly on the activities caused by the paving program and not on
an average life cycle. Funding for a replacement cycle is not
avatlable at the present time. It would be neceasary if the
system needs repair or replacement beyond the paving program
Hmits each year.
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BOULEVARDS

The City's boulevard system s composed of an estimated
267.2 acres or 117.5 miles of landscaped boulevard medians and
triangles.
abeut 200 acres of Tlandscaped arsas,
greenspaces, plazes and other public spaces.
depicts 8 cross-sectional view of a typical boulevard median,

such as totlots,

OO~

The geometrics of boulevard medians are datermined by the
Bureau of Engineers at the time of initial construction. The
Bureau of Forestry has responsibility for designing the
landscaping of the boulevard system and typically uses trees,
shrubs, ficral beds and turf. [Irrigation and drazinage systems
are incorporated into the design as Tife support units.

The physical structure within the curb lines varies in width
from 2’ to 50', depending on the overall right-of-way width and
traffic control factors, such as turning lanes. Traffic control
factors are the primary determinant of the length of boulevard
medians islands, which vary from 80° to 840°'.

The boulevard medians not only perform a very important
traffic control function, but are also ut!lized for traffic
control signs, light pole placement, easy access to underground
utilities, storm runoff drainage and snow storage.

The Bureau of Forestry has a data base in the form of both
landscape and irrigstion plans that date back prior to 18940,
Data is updated on a continual basis, with plans being redrawn

In additton, the City has about 140 sites totaling
The drawing balow

98

as a result of paving projects. In addition, landscape plans
are updated each year 1in order to keep the master plans
consistent with field plans that contain the annually changing
of plant waterisl.” Current records indicate sbout 2,300 water
service taps, 4,700 ornamental and shade trees, 2,700 shrub beds
and 1,300 floral beds, consisting of about 450 rose beds and 850
annual flower beds. This data s a result of an annual
inventory by Bureau personnel. The graph below depicts the age
profile of the City's boulevard system excluding triangles.
>wm1wwww percent of the boulevards ware constructed between 1950
an . : :

AGE OF BOULEYARD MEDIANS
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Source: Bureau of Forestry.

CONDITION MEASUREMENT AND PROJECT SELECTION

A1}l boulevard medians are inspected in the spring and fall,

primarily to scheduls plant material replacemant., A1l plant
material which was lost from car {impacts, vandaliam and
environmental stress {s scheduled for replacement, Management

personnel identify and evaluate the condition of the profile
plant material. This allows for the scheduling of corrective
measures, removalas and replacement planting to mest the Bureau's
goal of making replacements within twelve months.

Only 30% of the irrigation system mests current State and
Lity plumbing codes. The Bureau s not required to bring the
system into compliance until {t {3 altered as a result of a
major repair or reconstruction project. The irrigation system
is monitored on & continual basis as it s wused. Due to
climate, the system must he activated each spring and
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This gap between the estimatad useful life of ths boulevard
system and the "impliad replacement cycle” {s an indication of a
.deteriorating syatex. This is supported by the informaticn on
the age of the bhoulavard system identifled in the profils
section and the operational  problems discussed previously.
According to the Bureau’s records, about 49 acres of boulsvards
were constructed prior to 1957,

The graph below takes the data from the earlier graph
depicting the age profile and adds 30 years to tha ags of the
existing asystem to graphically present a projected
reconstruction need. The historical reconstruction rate of 4.3
acres is also displayed on the graph. The gap between the
projected need and  the projected historical average
reconstruction rate depicts the future backlog of reconstructicn
needs that would occur even If the historical reconstructisn
rate werea maintained. It should be noted that the rate of
boulevard construction during the perfod 1850 to 1970 was 8

acres per year.

PROJECTED BOULEVARD RECONSTRUCTION

NEEDE ASSUMING 30 YEAR AVERAGE LIFE

Bryeeq
i

NASER OF ACRES

AR R TS FENEEN ]
i

LD YERRIE PROJECTED RECONSTRUCTION
+ ACTUAL & 1) yrAva,

100

PREVENTIVE MAINTENANCE

The Bureau psrforms both operational
activities on the boulevard system. These activities are
primarily directed at the care of trees, shrubs, floral beds and
turf a_ﬁm comprise the surface of boulevards and the irrigaticn
system which 2acts as a 1ife support system, A1l of thess
activities preserve or prolong the life of plant material in the
medians. These activities are, howaver, more reasonahly
considered inputs into the cperation of the boulevard system,
the output of which is the enviable reputation the City has for
a beautiful boulevard system. :

and maintenance

SYSTEM PERFORMANCE -

Boulevard medians function as a form of aesthetically-
pleasing, strategically located traffic corridors that connect
different areas of the City, The purpose is to provide, at
grade, a dividad roadway for high-volume traffic through the
City, taking into consideration not only traffic requirements,
but also the assthetic compatibility of residential, commercial
and industrial land uses. The medians, when thay are
sufficiently wide, also provide & relativaly safe storage area
for vehicles that are turning or crossing the roadway,
permitting a relatively efficient flow of traffig.

Beyond this traffic contrsl function, boulevards serve an
tmportant role in the enhancement of the City as a place to
live, to visit and in which to invest. This 1s a result of
aeveral functions performed by the landscape for aesthet ¢,
climatic, architectural and engineering purposes. Technical data
has been developed and coliected, showtng in~depth, the various
functions of plants as they relate to solving environmental
probiems. Landscaped boulevard medians can ba found in ali
areas of the City. The reputation that the City has sarned for
1ts attractive boulevard system is a source of pride to {ts
citizens and government officials, The Bureau has relied
primarily upon the frequency and nature of hoth complaints and
compliments of the publie to evaluate the adequacy and
performance of the boulevard system. Another possible measurs
would be a comparison of the market valye of comparable
residences in relation to the boulevard median system,

CONCLUSION

The average boulavard medfan recanstruction rate of 4.3
acres per yesr over the past ten years is not adequate. The
paving program and traffic contral island modification are the
primary determinants in selecting boulevard median
reconstruction projects. The result s an increasing number of
boulevard median acres with. outdated irrigation systems and
depleted landscapes. The previous graph of reconstruction needs
compared to the historical construction rats of medians projects
a growing backlog of boulevard reconstruction needs,
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S$elaction of tree planting projects {3 based on two factors:
replacement of tress previously removed and  new street
construgtion. All strests with suitable growing space within
the city easements ara planted with appropriate spacias of

trees, A mintmum of one tree is planted per property where
possible. Spacing of these trees {s determined by the spacies
site requirements, traffic control signs and street light

locations, the presencs or abssnce of utilitiss, the presence or
absence of other permanent structures in the tres border ares
and by property width. When a tree {s removed from an existing
atreet avery effort is made to replace it. In some instances,
tree replacement way not be done ‘on a one-for-ons basis since
all new plantings must conform to current spacing standards.
A1l trees which are removed are scheduled for replacement within
two years of the removal date.

Improved condition assessment 1is desirable for better
informed management decisions, Currently, management decisions
are based on observatfon of specific problems or on average

needs of trees within a specified management unit, However,
differences in individual trees, specfas, microsnvironments,
rasident  attitudes and resident involvement all require

different management priorities. Additionally, problems handled
on & crisis or individua]l service request basis are less
effective and more costly than those performed on a systematic
basis. Increasing the frequency and detail of conditfon
asyessment efforts would provide information on specific tree
neads. This assessment could be used to more promptly remove
and repiant marginal trees, to reduce plant establishment
problems, to reduce storm damage, to minimize insect and disease
spread, and to reduce assoctated complainta.

inventory {incorporating systematic condition
assessment should be performed on each tres on a five year
basis, 2 1/2 years out of phass with regular pruning
activities, This would ailow each tree to be vizited onca avery
2 1/2 years. The first for pruning and the second for visusl
assessment by management. Current computer technology could be
used to organize the data and provide summaries for accurate
management decisfon making. A detailed assessment could be
performed at a minimum cost, utiiizing summer internships in the
position of lUrban Tree Evaluators. The annual cost for
employing four Urban Tree Evaluators to conduct this survey
would be approximately $21,000.

Ideally, an

HISTORICAL EFFORT

The population of city street trees has steadily increased
over the last ten years. This increase is a function of two
factors: 1} faderally funded planting to reduce the backlog of
open planting locations caused by Dutch Elm Disease, and; 2}
street construction projects which created new locations for the
planting of trees, The following graph 1l}lustrates the tree
population increass during the last ten years,
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. TREE POPULATION

EETIMATED MBI OF TREES AT YEAR D

NMBER OF TREXS
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B NASER OF TREES

Trees are removed when

thay die, bect inf
diseased or become hazardous Y come infectiously

due to structura!
construction activities. Losses from Dutch £im Eunoa_-ﬂﬂnn»_-mn
steadily declined over the past ten yemars. Losses owing to
othar causes have remained stable, with occasignal fluctuations
in numbers caused by events such as windstorms, droughts or
harsh winters. The graph below portrays the tree removal
experience of the City of M{lwaukes.
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{Number of Trees)

1984 1985% 1885 —ddey
Pruning 50,142 54,920 59,78 61,552
Post-Planting
Maintanance 23,141 27,802 18,987 20,238
Disease &
insect Control 11,420 14,058 14,923 16,038
Surgery 3,298 3,852 5,265 7,154
Fartilization 65,492 8,527 12,162 12,162
Root Control 187 T 280 189 an
Box~0ut Maint. 960
Total :
Expenditures $1,556,995 $1,617.851 $1,934,806 $1,5856,51%

The overall goals of the matntenance program are to minimize
tree mortality and have a healthy, hazard-free tree population.
Each maintenance activity has 1ts own purpose and goal.

- Pruning is the most important maintensnce activity. Its
primary purpose is to train tree growth to minimize tnterference
with traffic, wutilittes, Ilighting, signs and pedestrians.
Additionally, pruning maintains the health of the tree and
eliminates ths potential hazards of dead wood and poor branch
structure. The conditton class of & tree and its value 13
dirsctly related to the frequency with which the tree is pruned.

Approximately 55,000 trees are pruned annually, Therefore,
each tree 1s pruned on 5.3 year cycie. The optimum pruning
cycle for the City of Milwavkee 13 4.5 ymars, This cycle has
bean determined by comparing the loss in tree value against the
savings in pruning costs that occur as & result of extending the

pruning cycles. The following graph 11lustrates this concept.

TREE PRUNING CYCLE
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The loss in tree value resulting from extending the pruning
cycle by one year {s the marginal cost attributed to postponing
pruning an additional year, The savings associated with
extending the pruning cycle by one additional ysar is the
marginal return associated with reduced pruning the next year,
The marginal cost and merginal return lines convergs at
approximately 4.6 years. This indicates that in pruning cycles
of less than 4.6 years, more money is expsnded to decreass the
pruning cycle than is justified by increased strest trees value,
Conversely, extending the pruning cycle beyond 4.6 years results
tn a loss to the citizenry in that the vaiue of the street trees
is lost more rapidly than the pruning savings would justify.

It is unltkely that the buresu cen achiava this optimum
pruning cycle with current staffing and state-of-the~art
technology. However, technological changes in pruning squipment
will ailow the city to 1increase pruning effictencies
substantially, It {s the goal of the Bureay of Forestry to
achieve a five year pruning ocycle, through staff and
technological changes. ‘

An aconomic evaluation of the maintenance program in
relation to the total value of the street trees stand 1s
appropriate 1in determining whether praventivs maintenance
funding s adequate to sustain the system as a whole., The 1987
cost of maintenance of Miiwaukee's trees was $1,958,515 or about
$5.96 per tree. The total value or reasonable replacement cost
for the entire tree population is $384,442,153. This results in
3 amdeMagano to replacement ratio of 31,955,515 to $384,442,153
or 0.

The removal and replacement of the entire trem populati
with like~size trees and species cannot .nn“uﬂ_w n“
accomplished. However, the value of the trees can be calculated
utilizing commonly accepted criteria.

The International Socisty of Arboriculture and the American
Council of Tree and Landscape Appraisers have developed tree
appraisal formulas which have been widely accepted and have been
substantiated by insurance settlements and common law casualty
judgements. The evaluation formula utilizes the size, species
location and condition of the tres to determine an *=n¢<*a=um
tree value. The value of Milwaukee's tree stand was determined
by extending the sample fnventory conducted in 1978-81 to the
entire tree population, utilizing the standard appreisal
formulas. The average per tree value {s $1,171.54, The
following table details the net appraisal value for City trees.
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