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his publication contains papers presented at the 11th AASHTO-TRB Maintenance

Management Conference held in Charleston, South Carolina, July 16-20, 2006. The
objective of this series of conferences is to provide a forum every three to four years for the
exchange of new ideas and developments in the maintenance and operations management of
transportation facilities. The conference was hosted by the South Carolina Department of
Transportation, and jointly sponsored by the Transportation Research Board, the American
Association of State Highway and Transportation Officials, and the Federal Highway
Administration of the U.S. Department of Transportation. It was integrated into the Annual
AASHTO Highway Subcommittee on Maintenance meeting and includes papers on outsourcing,
pavements, roadside, winter operations, bridges, maintenance management systems, quality
assurance, equipment, work force development, traffic services & safety.

The views expressed in the papers contained in this publication are those of the authors
and do not necessarily reflect the views of the Transportation Research Board, the National
Research Council, or the sponsors of the conference. The papers have not been subjected to the
formal TRB peer review process.
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Outsourcing Maintenance Activities
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PART 1: OUTSOURCING MAINTENANCE ACTIVITIES

LANSFORD C. BELL
RYAN DLESK
Clemson University

A research project was conducted by Clemson University for the South Carolina Department of
Transportation (SCDOT) to examine the relative merits of outsourcing highway maintenance
activities as opposed to performing those activities with in-house forces. The research project
examined the costs associated with maintenance work performed within the state for 20
maintenance-related activities in FY 2003-2004. The unit costs for activities including drain pipe
installation, mowing, sign installation, and full-depth patching were found to be about the same.
Some activities—drainage structure replacement, guardrail installation, and raised pavement
marker installation—were difficult to compare because projects of major magnitude were let to
contract whereas smaller magnitude projects were performed in-house. Then too, some activities
were performed exclusively either by contract or in-house in FY 2003-2004. The research
methodology also included workshops conducted in all seven SCDOT district offices to examine
subjective field perspective factors that impact local decisions as to whether or not it is appropriate
to outsource various maintenance activities. District personnel cited equipment availability, local
contractor expertise, SCDOT inspection and contract administration capabilities, seasonal work
fluctuations, and the need for immediate SCDOT response to specified problems among their
decision factors. Workshop participants also suggested that improvements be made to the
outsourcing contracts to give them more leverage with respect to specification conformance.
Because other state transportation agencies may encounter similar difficulties in fully executing
cost comparisons, it is suggested that outsourcing policy decisions be based upon a through
examination of the equally important subjective field perspectives discussed in this paper.

INTRODUCTION

Highway maintenance outsourcing, when utilized by state departments of transportation (DOTS),
has been met with mixed success. An excellent compendium of the experiences of other states
was documented in a paper, Synopsis of WSDOT’S Review of Highway Maintenance
Outsourcing Experience, presented by Nicole Ribreau at the 83rd Annual Meeting of the
Transportation Research Board in January 2004. In reference to the concept of maintenance
outsourcing the author states that her research found cases where costs may have gone up instead
of down, services deteriorated rather than improved, administrative and supervisory
arrangements proved problematic, and contractor failures left states scrambling to provide
services or caught in the distraction of litigation (1).

This paper cited numerous examples of less-than-positive experiences in other states.
Oklahoma cancelled its pilot program and has experienced many litigation problems. Texas is
evaluating whether or not to renew its contracts. Massachusetts did not expand a much-criticized
program—an audit report stated that a pilot program actually resulted in a loss of over $1
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million. Virginia has let to contract maintenance services for 23% of its Interstate system, but
debate continues as to whether or not cost savings can be documented. A major conclusion of the
paper states that audits and other after-the-fact reviews of state highway maintenance
outsourcing programs have broadly shown that initial claims of projected cost savings and
service benefits are, at best, difficult to verify and, at worst, demonstrably overstated (1).

The Florida DOT (FDOT) has been mandated to execute an employee reduction plan and
examine privatization as a means of cost reduction. The percentage of FDOT maintenance work
performed by private contractors was estimated to be 74% in 2003. Department managers
compared the unit costs for services such as mowing, embankment repairs, and shoulder repairs
performed by employees to prices bid by private contractors and determined that in many cases
private contractors were providing services at a lower unit cost than in-house employees. This
allowed the FDOT to reduce its budget request for highway maintenance by $5.9 million in FY
2002-2003 (2).

The current trends in outsourcing a wide range of transportation agency activities is
summarized in NCHRP Synthesis 246: Outsourcing of Highway Facilities and Services (3). The
report indicates that 21 of 30 states surveyed indicated all or some part of highway maintenance
work was outsourced. As noted in this report and elsewhere, the factors that should be
considered before implementing an outsourcing program include

e Limited in-house resources,

» Need for specialized expertise or equipment,
e Better quality,

= Statutory requirements or agency policies,

e Seasonality of work, and

e Contractor availability.

Although not addressed in this paper, the concept of transportation asset management, of
which maintenance management is but one component, is gaining in popularity. The NCHRP
report: Transportation Asset Management Guide (4) briefly discusses outsourcing of
maintenance activities and stresses factors to consider when analyzing the tradeoffs between in-
house and outsourced work, which include

« Auvailability of accurate cost data for comparing in-house versus outsourcing;
e Internal costs and expertise to administer outsourcing contracts; and
e A “safety net” if public employees are displaced by a private-sector work force.

This publication also cites as examples the turnpike maintenance experiences of FDOT,
the $131 million fixed-price contract experience of the Virginia DOT, the phased
implementation experience of the Massachussets Highway Department, and the managed
competition experience of the lowa DOT.

This paper summarizes a research project recently undertaken for the South Carolina
DOT (SCDOT) by Clemson University, the primary objective of which was to evaluate the
advantages and disadvantages of outsourcing more or less maintenance work than what is
currently undertaken by in-house forces as opposed to outsourcing contract. The research
examined relative costs as well as a number of the important decision factor issues cited in the
literature.
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RESEARCH METHODOLOGY

In an effort to examine the relative advantages and disadvantages of maintenance outsourcing,
the Clemson University research project utilized a methodology consisting of the following
tasks:

e Literature review,

e Questionnaire survey of other state agencies,

e Interviews with key SCDOT personnel,

e Compilation and analysis of SCDOT in-house and outsourced contract cost data,

« A series of workshops held in all seven district offices to document decision factor
issues, and

e Survey of contractors performing outsourced maintenance within the state.

This paper will address only the cost data analysis and the deciding factor issues that
were fully explored at the district workshops. Cost data for in-house maintenance activities is
captured in the SCDOT highway maintenance management system (HMMS). Cost data for
outsourced contracts resides within both the SCDOT procurement department (contracts less
than $50,000) and the SCDOT construction office (contracts more than $50,000).

What is termed in this paper as “decision factors” are the field perspectives of
maintenance professionals that include such issues as equipment availability, contractor and
agency expertise, demands of seasonal work, contractor quality, required agency oversight and
inspection, contractor availability, and public perceptions. These factors were fully examined at
seven half-day workshops that were conducted in each SCDOT district office. Each workshop,
conducted by the Clemson University research team, was attended by approximately 20 SCDOT
district personnel. To encourage candor within the workshops, SCDOT supervisory personnel,
other than those working within the district, were not permitted to attend.

The scope of the overall research project included 17 distinct maintenance activities. It
was soon discovered that no meaningful comparisons could be made for a number of those
activities because they have historically been either exclusively let to contract, or exclusively
performed by in-house forces. Activities for which meaningful comparisons could be made are
discussed in the following sections of this paper.

COST DATA COMPARISONS

As part of the research project described herein, the Clemson University research team solicited
data from SCDOT in an attempt to compare the cost of work performed in house and work let to
contract. FY 2003-2004 data were obtained from the SCDOT HMMS system to compile in-
house activity unit costs, and from the SCDOT construction and procurement offices to obtain
contracted activity costs. The activities for which a meaningful cost comparison could be made
are listed, with in-house and outsourced units, in



TABLE 1 In-House versus Outsourced Costs for Selected

SCDOT Maintenance Activities, FY 2003-2004
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Average
Maintenance Unit of In-House Outsourcing
Activity Measure Unit Cost Unit-Cost
Drainage structures Each $515.67 $2,545.84
Drainage pipe LF $39.13 $31.08
Tree trimming SH mile $201.46 $733.69
Mowing Acre $23.65 $24.29
Chip sealing Square yard $0.31 $0.77
Guardrail installation LF $34.81 $11.88
Pavement striping LF $0.19 $0.03
Raised pavement markers Each $17.28 $2.61
Sign installation Each $25.28 $35.31
Full depth patching Square yard $25.12 $33.25
Bridge replacement Square foot $133.49 $65.00

Drainage Structure Installation

The majority of drainage structure work includes installing, repairing, and upgrading catch
basins. The bulk of drainage work is performed with in-house forces, however districts often
outsource the installation of major structures, or structure upgrades. Nine drainage structure
contracts were examined from procurement, which showed a significant cost difference when
compared to in-house costs. The average unit cost to perform this activity with in-house forces
was $515.67, as compared to $2545.84 when let to contract. Again, the significant cost
difference is due to the fact that larger drainage structure projects are let to contract, and minor

work is performed in-house.

Drainage Pipe Installation

The $39.13/LF unit cost of installing drainage pipe with in-house forces was slightly higher that
the $31.08/LF contracted cost. This may be due to the fact that in-house work constitutes

projects of lesser magnitude.

Tree Trimming

The majority tree trimming and tree removal is let to contract. These contracts are usually
combined with mowing contracts and were priced per mile. The discrepancy between in-house
and contracted unit costs are most likely due to the fact that more labor intensive work, involving
hand trimming from a bucket truck, is let to contract. All tree removal contracts provided by
procurement were fixed price lump sum contracts. Tree removal involves an extreme amount of
variability from job to job, which is reflected through contract prices.
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Mowing

Almost all-interstate mowing is outsourced by SCDOT. The agency no longer has the necessary
equipment, and personnel to adequately perform this activity. Contractors bid for this work by
acre and per cycle. A typical contract consists of five cycles per year. As indicated in Table 1, it
appears that outsourced and in-house performed unit mowing costs are about the same.

Chip Sealing

One way to preserve many of the secondary roads is through the use of chip sealing. Most
contracts have many activities added to them such as pavement striping, raised pavement
markers, and full depth patching. Only the cost associated with a single chip sealing treatment
has been compiled. After reviewing many chip sealing contracts, it appears to be more expensive
to outsource this activity. As noted in , the in house unit cost was $0.31/SY, the
outsourced cost was $0.77/SY. Fiscal Year 04-05 data, not shown in Table 1, indicates the in-
house cost had increased to $0.50/SY.

Guardrail Installation

In general, SCDOT does not have the necessary equipment to perform guardrail installations and
it is acknowledged by SCDOT personnel that contractors may perform better quality work. The
difference in unit cost shown in Table 1 is most likely due to minor projects being performed in-
house, with major projects let to contract.

Pavement Striping

SCDOT performs much of the pavement striping, however they also use contractors to
supplement their efforts. The cost to perform this activity with in-house forces is approximately
$0.19/LF as compared to outsourcing this activity at $0.03/LF (painting, not thermoplastic
marking). The reason for the cost differential is the fact that in-house work is typically small
symbol marking projects, whereas major projects of significant distance are almost always let to
contract.

Raised Pavement Marker Installation

As noted in Table 1, the cost for SCDOT installation of raised pavement markers is $17.28 each,
whereas contracted costs are $2.61 each. SCDOT seldom performs initial marker placement,
performing instead marker replacement. SCDOT probably performs less than 5000 marker
replacements per year.

Sign Replacement

Limited data were available to compare sign replacement costs. One recently received contractor
bid for a project involving approximately 7000 sign replacements stipulated $35.31 per sign with
SCDOT providing the signs. In-house unit costs, excluding material, averaged $25.28 in FY 03-

04, and (not shown in Table 1) $26.57 in FY 04-05.
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Full Depth Patching

A significant amount of full depth patching is outsourced. Contracts, which were used for
comparison, were for full depth patching assuming a 6-in. uniform depth. Many contracts
included a separate asphalt pay item for leveling of the roadway after the full-depth patch was
complete. This was considered to be a separate activity and therefore this cost was excluded from
the contract analysis. The traffic control cost, and mobilization cost was also divided between the
two activities. As noted in Table 1, the cost to perform this activity with in-house forces in FY
03-04 was $25.12/SY. After reviewing 28 FY 03-04 contracts, it was determined that the average
outsourcing unit cost was $33.25/LF. It appears to be more cost effective to perform this activity
with in-house forces, but the cost difference may be due to the fact that contractors were using
more expensive fill material.

Bridge Replacement

SCDOT has been mandated to outsource the construction of bridges over 120 ft in length, which
has made a cost comparison difficult. The unit cost of longer bridges are most likely less than the
unit cost of the shorter bridges that are replaced with SCDOT forces.

Maintenance Activities for Which a Cost Comparison Could Not Be Made

Whereas reasonable cost comparisons could be made for many of the activities listed in Table 1,
a meaningful cost comparison for other activities could not be executed. This is primarily due to
the fact that many activities are performed exclusively in-house, or exclusively let to contract.
And, in some cases (as also noted with activities listed in Table 1), the magnitude or type of
activity that is outsourced is vastly different from what is performed in-house. The activities for
which a cost comparison could not be made are listed in . Cable rail installation is
exclusively let to contract. Herbicide treatment applications are often included in mowing
contracts but this activity is not a contract pay item. Rest area maintenance is completely
outsourced and there is no desire within SCDOT to perform this activity in-house. Crack sealing
is performed both in-house and under contract, but in-house work is currently recorded in units
of lane miles, whereas the contract pay item is pounds of sealant. Right-of-way fencing is
performed in-house only for minor repairs whereas major new fence installations of extensive

TABLE 2 SCDOT Maintenance Activities That Could Not Be Compared

Maintenance Activity Reason

Cable rail installation Completely outsourced

Herbicide treatment Insufficient data

Rest area maintenance Completely outsourced

Crack sealing Incompatible units of measure

Install ROW fence Insufficient data

Litter pickup Not let to private contract

Snowl/ice removal Hourly wage rate stand-by contracts only
Vehicle/equipment maintenance Performed entirely in-house

Features inventory Insufficient data
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fence quantity are let to contract. Litter pickup consists of voluntary assistance programs such as
Adopt-A-Highway, and in some districts, corrections inmates perform the activity. Snow and ice
removal is contracted only on a cost reimbursable hourly basis with no units of measure
recorded. Routine vehicle and equipment maintenance is performed in-house with major repairs
let to contract. SCDOT personnel anticipate contracting a number of features inventory tasks in
the future. At present only one contract for a guard rail inventory has been let to contract.

DECISION FACTORS EXPLORED IN SEVEN DISTRICT WORKSHOP SESSIONS

As noted in the literature, many states have had difficulty projecting the cost savings benefits
associated with the outsourcing of maintenance activities before initiating such a project. Indeed,
as noted in the previous section of this paper, even a comprehensive analysis of all cost data for
an entire fiscal year, may not produce useful comparisons of in-house performed vs. outsourced
costs for all anticipated outsourcing activities. Political and administrative mandates to outsource
maintenance services have not always produced anticipated benefits. Thus the state agency
considering maintenance outsourcing should carefully examine other factors impacting the two
alternatives. These factors, termed “decision factors” in this paper, include agency and contractor
equipment availability and expertise, workloads, equipment utilization rates and internal policies,
the ability to respond to emergency situations, contract administration costs and resources,
demands of seasonal work, and the ability of local contractors to provide specification
conforming work.

In order to formally explore these decision factors within the SCDOT, a series of seven
half-day duration workshops were conducted, one in each SCDOT district office. At least ten or
more SCDOT maintenance professionals attended each workshop, thus the entire effort produced
a compilation of input from over 70 highway maintenance professionals. Prior to each workshop
date a meeting agenda was distributed listing the twenty maintenance categories for which
SCDOT had some experience, or interest in outsourcing. Workshop participants were informed
that the reports compiled by the Clemson University researchers would not identify the district
by name. Notes were taken during the workshops and a draft of the notes was forwarded to the
participants after the workshops for their additions and corrections. Selected excerpts from the
final published workshop notes appear as Tables 3 through 7 of this paper. To maintain
confidentiality of the workshop proceedings, the districts are not identified by their actual
numerical designations in the tables.

As noted in , the decision to outsource drainage-related activity depends on
project magnitude. There is a need to address the adequacy of contract specifications as more
drainage work is let to contract. From the workshop input obtained with respect to mowing
shown in , it can be concluded that mowing is an appropriate activity for outsourcing in
that it places high seasonal demands on SCDOT forces. And again, some improvements in
contract specifications are needed to more specifically define the contractor’s obligations. As
noted in , it appears that major painting and thermoplastic marking projects are
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TABLE 3 SCDOT Workshop Input: Outsourcing Drainage

District | Workshop Input

A Outsourcing decision is dictated by project magnitude.

B Majority of work is performed in-house. It is better to outsource activities other than those
related to drainage maintenance that are less “public sensitive.” Drainage structure repair,
curb and gutter repair, and cross line repair are good outsourcing candidates.

C Most drainage related activities are performed in-house. Catch basin repairs and conversions
have been let to contract. Better and more uniform specifications are needed.

D Catch basin repair is a good candidate for outsourcing. The increased need for environmental
compliance is making drainage activities more costly.

E Large diameter pipe replacement, and catch basin repair, and shotcrete pipe repairs are
outsourced. Contractors for this work are available, however catch basin repair bids are
somewhat high.

F A pressing need in this district is to widen roads to a 24 foot paved shoulders and adequate
earth bank shoulders. This work would be a good candidate for outsourcing contracts. Catch
basin repair and updating could also be outsourced.

G Most drainage work is performed with in-house forces. The district plans to let some basin
conversions to contract in the near future. One county has let a ditch cleaning contract. Some
cities perform sweeping related activities under contract.

TABLE 4 SCDOT Workshop Input: Outsourcing Mowing

District | Workshop Input

A Larger counties prefer contracting, smaller counties do not. Workload dictates significant
outsourcing.

B All mowing work is let to contract. Enforcing contract provisions has been a problem. There
are a significant number of available contractors to bid the work.

C In general all mowing has been satisfactorily performed under contract. An improved “final
cleanup” specification is being draftee. Mowing contractors have damaged electrical
equipment and posts.

D District prefers to continue contracting interstate mowing although some contract problems
have been encountered. The district would prefer to perform other mowing in-house because
they do a better job. In-house is 50% less costly.

E Only interstate mowing is contracted as per state wide mandate. Routine mowing was at one
time contracted but contractor performance was poor. The district has adequate equipment for
routine mowing.

F Approximately 95% of mowing in the district is contracted. Mowing is labor intensive, and
contracts free up personnel to perform other tasks. Mowing contracts need to be written to
clearly specify the obligations of the contractor and the pay item.

G The district is attempting to contract all mowing activities. Boom mowing (back slopes and

ditches — year end cleanup) is performed in-house but the necessary equipment is limited.
There are political pressures to mow some areas more often than planned. Contractor
compensation on the basis of acres generates disputes.
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TABLE 5 SCDOT Workshop Input: Outsourcing Markings and Painting

District | Workshop Input

A The district is moving toward more outsourcing of thermoplastic work. Raised pavement
marking contracts need to be let earlier to maximize use before ice and snow operations may
be required.

B Most work is contracted and should remain so. A district-wide on-call contract would be
appropriate. The district no longer has the equipment to perform centerline painting.

C All pavement marking activities except symbol markings are let to contract. Centerline
painting has been let to contract with good results

D Thermoplastic markings are let to contract. Raised pavement marking has been contracted at
a cost of about $400 per mile.

E Edge and centerline markings are contracted though the Construction Office. Roadway

painting needs to be retained in-house for quick response time. Raised markers are contracted
because it is labor intensive.

F All centerline markings are contracted. Some “by hand per cut” markings are best performed
in-house to respond to critical needs. Some centerline painting is contracted but the district
also has an excellent paint crew serving some counties. Raised markings are contracted.

G Thermoplastic marking activities are let to contract. Most symbol markings are placed in-
house. It would be preferred to let symbol markings to contract if the current contracts are
properly executed.

appropriate for outsourcing, whereas minor painting and symbol marking projects are best

performed in-house. As noted in , full depth patching is an appropriate activity for
outsourcing, but as more work is let to contract, there may be an increasing need for additional
inspector training. As shown in , some districts have well trained and equipped bridge

replacement crews, and those district personnel would prefer to retain those crews. There was
some concern that certified crane operators would be leaving SCDOT for more lucrative
employment in the private sector, thus impacting the district’s ability to outsource this activity.

Additional suggestions obtained from the workshops included initiating a formal
maintenance contractor prequalification system and modifications to current contracting
procedures including the use of incentives and progress payment retainage. Workshop participants
were generally able to justify their preferences as to whether or not a given activity was appropriate
for outsourcing. The factors that impact outsourcing in one district or county may or may not
prevail elsewhere. It therefore appears that mandates suggesting or dictating outsourcing of some
activities statewide would not be in the best interest of SCDOT or the public.

CONCLUSIONS

As part of a recently complete research project conducted by Clemson University for the South
Carolina Department of Transportation, the relative merits of outsourcing highway maintenance
activities as opposed to performing those activities with in-house forces, were examined. A
review of data contained in SCDOT maintenance management cost reporting system and all
contracts let for FY 03-04 were examined. This review determined that activities such as drain
pipe installation, mowing, sign installation, and full depth patching could be outsourced at
approximately the same unit cost as in-house performance.
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TABLE 6 SCDOT Workshop Input: Outsourcing Full Depth Patching

District | Workshop Input

A A substantial amount of work is performed by contract. Inspectors need training in order to
be able to better evaluate conforming work.

B Full depth patching should continue to be outsourced. However, better performance
specifications are needed in the contracts.

C Most work is let to contract with good results. More full depth patching is needed throughout
the district.

D Approximately 95% of work is contracted. There have been no problems with specifications
or work quality.

E Some work has been performed in-house, some by contract. This activity may become more
important if chip sealing is not resumed. Contractors capable of performing chip sealing are
not capable of performing full depth patching.

F Since initiating mowing contracts, crews formerly performing the mowing function can not
address patching. Approximately 60% is performed in-house. Outside contractors perform
well but occasionally do not extract poor sub-grade material.

G This work is performed by both in-house and by contract. There are no strong feelings as to
which is preferred. Work quality is perhaps better when performed in-house.

TABLE 7 SCDOT Workshop Input: Outsourcing Bridge Replacement

District | Workshop Input

A District crews are effective in performing bridge replacement. District forces can perform this
activity more quickly and at less cost.

B Maintenance bridges can be replaced with district forces but sufficient equipment is not
available. Most bridge maintenance is performed in-house. Wage rates for crane operators
need to be increase.

C One districtwide replacement crew has functioned very effectively. There is a long time
period to get replacement contracts executed

D District can erect bridges up to 120 ft in length. About six to eight are erected per year. When
contracted, it takes 2 to 3 years. In-house and contract costs are comparable.

E Most bridge work is let to contract which is the preference. There is a districtwide bridge
crew that has proven to be very effective, mostly addressing problems related to rotting
timber piles.

F There are now two districtwide crews performing bridge replacement. Contractor availability
may impact the cost of performing additional work in the future. Crane operators must be
paid a competitive wage

G Two districtwide bridge replacement crews perform effectively. The district would prefer to

retain this capability. Bridge maintenance is performed in-house. There may not be sufficient
number of locally qualified contractors to perform bridge maintenance, thus contracts would
not be cost effective.
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It was difficult to compare unit costs for such activities as drainage structure installation,
tree trimming, guard rail installation, raised pavement marker installation, and bridge
replacement because of differences in project magnitude, complexity, or labor intensity. A
comparison could not be made for other activities such as rest area maintenance and cable rail
maintenance because these activities were exclusively let to contract in FY 2003-2004. For one
activity, crack sealing, the unit of contract measure utilized in the maintenance management
system was not the same as the contract pay item.

Workshops conducted in the seven SCDOT districts provided additional insights with
respect to the relative merits of outsourcing vs. in-house execution of highway maintenance
activities. In general, the maintenance professionals attending the workshops could provide firm
justifications for their preferences as to whether or not a given activity should be outsourced in
their districts. Labor intensive activities such as mowing and complex activities such as major
drainage structure installations were cited as good outsourcing candidates. Constraints such as
equipment availability, local contractor expertise, SCDOT inspection and administration
resources, and immediate SCDOT response time were cited among their important decision
factors. The workshop participants also provided good suggestions for revising outsourcing
contracts to improve their ability to obtain quality work. This workshop approach to soliciting
the field perspectives of maintenance professionals is recommended to other state transportation
agencies that are considering alternative maintenance outsourcing strategies or policies.
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PART 1: OUTSOURCING MAINTENANCE ACTIVITIES

NICK BucYk
MOH LALI
Alberta Infrastructure and Transportation

In 1995, Alberta Transportation and Utilities took its first steps of many to outsource the highway
maintenance work. This work covered all summer and winter maintenance of the provincial
highway network. The department overcame many challenges as it changed its role from delivering
the service to managing the delivery of the service by the private sector.

From day one, the industry and the department began to work together on forming a
relationship of understanding from each others point of view. This relationship was referred to as
“partnering” and it would prove to be beneficial for day to day operations and in the future
contracts.

Following the outsourcing and prior to the next round of tendering, the department along
with the industry conducted a major reengineering of the existing maintenance process. The group
undertook a thorough review of all the maintenance specifications and contract requirements in an
effort to identify the risk and allocate it where it could be best managed. During this period the
department also sold its maintenance shops and increased its responsibility by assuming
approximately 15,000 km of secondary highways from local municipalities.

All of these changes were incorporated into the contracts prior to the second round of
retendering. As result of these changes there were significant savings. The department is now about
to embark on its third round of retendering. Maintaining a level playing field for all contractors,
creating a competitive bidding atmosphere, dealing with increased public expectation and issues on
environment and insurance are just a few of the items that were reviewed in this round.

HIGHWAY MAINTENANCE OUTSOURCING: THE BEGINNING

In the early 1990s, the Alberta government, like many other governments, was faced with the
growing pressure of increased deficits and debt. Change was required in order to bring both
under control and in 1993 the government put forward a new mandate. The delivery of
government services through the private sector was to be considered where it was cost effective
and provided good service to the public. As part of the Alberta government’s mandate, Alberta
Transportation and Utilities (AT&U) decided to outsource the maintenance of the 15,500 km of
primary highways within the province.

Outsourcing of highway maintenance activities was not new to AT&U. Prior to 1995 the
department had already outsourced maintenance activities such as line painting, mowing, crack
filling, and some snowplowing. However, this piecemeal approach to outsourcing was not
efficient and did not necessarily meet the department’s goal to deliver services by the best and
most cost-effective means.

The department was also faced with an aging equipment fleet that was not being fully
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utilized at all times of the year. A good portion of the snow plow fleet sat idle during the summer
months because of the nature of the maintenance work done by the department. Capital costs to
replace the fleet were significant and given the financial situation of the province at the time this
was not an option.

In addition, the public expected the department to provide the same level of maintenance
service or higher. This was quite the task considering the department was facing budget cuts
from one side and increased costs and expectations from the other. As a result the department
began looking for a new approach to deliver highway maintenance services through the most
cost-effective means.

To achieve this goal, AT&U decided to increase its outsourcing activities to include all
highway maintenance and routine bridge maintenance services. The department’s role was to
change from one of doing the work to one of steering the work by setting policy and standards
and monitoring and ensuring that the performance standards were met.

AT&U’s objective was to increase efficiency in its outsourcing programs and it planned
to do this by using a competitive bid process, managing standards, monitoring performance,
reducing government administration, providing opportunities for innovation and facilitating
economic growth in the private sector. Ensuring public safety, preserving the public’s investment
in transportation infrastructure and contributing to the Alberta Advantage were the department’s
main goals and managing these became the focus.

DEVELOPMENT OF MAINTENANCE CONTRACTS

In the spring of 1995, the minister of AT&U was presented with an alternative for highway
maintenance that included geographically based mixture of unit and lump sum prices and all-
encompassing contracts. The proposal received support from the minister and the department
was given the green light to proceed with the development of a more detailed model.

Work soon began on what was to be known as the Alberta model for outsourcing highway
maintenance. Department staff, contracting industry, other stakeholders, and a consultant
developed a set of guiding principles:

e Improve the cost effectiveness of the delivery of maintenance throughout the
province;

e Maintain and manage the current level of service (LOS);

e Pay contractors fairly for work done to department standards;

» Establish a shared risk environment between the contractor and the department;

e Ensure existing department staff were treated fairly and minimize any negative
impact on them; and

e Eliminate any potential adverse impact on the road users during the change-over
period or subsequent contract period.

The department wanted to learn about the successes and mistakes of others who had
ventured down the same path. It conducted a thorough review of background documents,
technical papers, specifications, best practices, and contract documents from the United
Kingdom, Australia, New Zealand, British Columbia, and some U.S. states. This research
assisted the department in deciding on the framework that would become the Alberta model:
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e Long-term contracts (5 years) with a provision for price adjustments due to inflation—
deflation in contracts to provide contractors with an opportunity to receive a return on
investment;

e Thirty geographically based contract maintenance areas (CMAS) that cover an
average of 500 two-lane equivalent kilometers per CMA and included all routine roadway and
bridge work but not extensive payment overlays or repairs to bridge structures;

e A maximum of four CMAs allowed per contractor to prevent monopolies;

e A combination of unit priced and lump sum contracts that allowed the department to
control the LOS provided—contractors paid according to the rates set for work that they
preformed plus a lump sum to cover defined routine highway maintenance work and fixed costs;

e Specifications—end product specifications where practical;

» The department would issue work orders to contractors for specific activities;

« Quality assurance inspections through field-level maintenance contract inspectors;
and

e Industry consultation—exchange of information and development of a partnership
relation.

The outsourcing project used task teams to complete specific components of the request
for proposal (RFP) development. Each team consisted of department personnel from managers to
field personnel that were familiar with highway operations. Contractor staff and other
stakeholders also participated on the teams. Task teams were encouraged to develop the best
solution for Alberta, using their practical understanding of the factors that would impact the
specific task. Content of specifications were developed by task teams and then handed over to
technical specification writers. Field operations staff collected the data required for the generic
specification and the unit price schedule. Task teams were given a short time frame to build
solutions that would work for Alberta.

In August and early September 1995 technical specifications were finalized for primary
highway maintenance activities. This was a significant accomplishment for no such
specifications existed within the department. The department wanted to ensure the existing LOS
was maintained which meant using mostly method-based specifications, as the contracting
industry did not have any experience performing this type of work. This approach shared the risk
between the department and the contractor and allowed the contractors to work closely with
department staff to transfer the required knowledge.

INDUSTRY INVOLVEMENT

Throughout the contract development, the industry was asked to provide participants to work on
committees in the development of specifications, selection and review process, and insurance
and bonding considerations. The industry was also kept informed through the consultation:

» Half-day briefing sessions for all interested parties at various locations across the
province;

» Detailed 2-day seminars on contract maintenance held at several locations; and

e Asingle 5-day seminar on the details of how all maintenance activities were
preformed in the province of Alberta.
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It was important that the existing contracting industry understood the format of the
Alberta’s outsourcing model for they would soon be assuming the responsibility for the
maintenance on a complex and diverse highway system.

STAFFING PRIOR TO OUTSOURCING

In addition to informing the contractors as to what to expect with the outsourcing, the department
had to also inform its staff. Under the Alberta model of outsourcing, all highway maintenance
work would be completed by the maintenance contractors. Employees directly involved in
completing these activities were informed in advance that their employment with the department
would be terminated as a result of the outsourcing process. The department offered severance
packages and provided training and job search assistance for all affected employees.

There was no requirement within the RFP process that the contractors had to employ any
former employees of AT&U. However, the RFP did specify the type of experience that was
required and this was assessed. The former AT&U employees had these skills and as a result
about 80% were hired by the successful contractors. Of those not hired, the majority of them had
decided to retire or look for other lines of employment.

Prior to outsourcing, the department employed about 650 people directly in highway
maintenance. When the outsourcing was complete in December 1996, the department employed
80 people in highway maintenance. The staff that remained focused their attention on managing
and not delivery of the highway maintenance service which was now the responsibility of the
maintenance contractor.

EQUIPMENT AND FACILITIES

AT&U had a considerable investment in equipment and facilities prior to outsourcing. All of the
equipment—including snow plows, line painting trucks, and pickups—were made available to
the private sector at fair market value. Details regarding the unit price of each piece of equipment
were provided in an information package that was distributed to prospective contractors. The
majority of the equipment was sold to the contractors and all unsold equipment was put up for
auction.

Existing maintenance facilities, which were owned by another government department,
were offered on a lease basis to the contractors at market value. During the tendering period,
prospective contractors were permitted to inspect the maintenance yards and equipment. At the
end of the tendering period several of the maintenance facilities were declared surplus

FIRST ROUND OF RFPs

Once the decision was made to outsource the highway maintenance program in Alberta, a
number of tasks needed to be completed before the first set of contracts could be awarded. One
of the most significant tasks was the development of a well-defined RFP process. It was
important to have a process that clearly identified the department’s expectations and it was
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equally important to the contractors to know how the department was going to evaluate and score
each proposal.

RFP DETAILS

The department prepared RFP documents for each CMA. Each document followed the same
format and consisted of nine major sections:

e RFPs which contained definitions, contract, and proposal evaluation criteria;

e Instructions to bidders which identified how the proposals were to be structured and
what forms were required;

= Special provisions which contained additions, deletions, or modifications to the
specifications that were specific to the CMA;

e Unit price schedule which contained provisional annual quantities of work;

» Plans—boundaries of CMA and location of current facilities and AT&U material
stockpile sites;

e List of employees;

e List of current and surplus equipment;

e List of facilities; and

» Local features—unique areas that require special maintenance attention.

In addition to the RFP, the following documents also formed part of the contract. The
first document was the general specifications, which contained the terms and requirements of the
contractual relationship between the department and the contractor. The second document was
the technical specifications which addressed the technical requirements and payment terms for
all bid items in the contract. The last document was the technical drawings which related to the
technical specifications. These documents were the same for all RFPs.

PROPOSAL EVALUATION

The department analyzed the proposals through a four-envelope system. The criteria used to
assess the content of each envelope and relative weightings were as follows.

e Envelope 1 contained the technical and mandatory requirements including bonding
and insurance. If a proposal did not meet all the requirements of Envelope 1 it was to be rejected
and the remaining bid documentation was returned to the bidder unopened. All contractors who
submitted proposals in the first round met the requirements.

e Envelope 2 contained the work execution plan. Information contained in Envelope 2
allowed the department to evaluate the contractors’ ability to carry out the maintenance work
required for the duration of the contract. Each contractor was to submit a work plan that included
information on management skills, supervisory skills and experience, crew skills, response to
emergencies, adequacy of facilities, equipment and technology, an environmental plan, work
strategy and quality assurance. A team of department employees assessed the contents of
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Envelope 2 and scored each component using a score of 1 to 5 with 5 being excellent. The work
plan was worth 40% of the overall proposal score.

e Envelope 3 contained information on pricing and the quantities of work. Each
proposal was assessed for the sensitivity of prices due to fluctuations in the quantities of the
work throughout the duration of the contract. The team that evaluated the pricing was different
from the team that evaluated Envelope 2. Neither team discussed with one another the proposals
details during the evaluation period. Envelope 3 was worth 60% of the overall proposal score.
Fixed-cost component of contract could not exceed 45% of the overall value for the contract.

= Envelope 4 contained financial information on the contractor to verify the firm’s
financial viability. Only the successful contractor’s Envelope 4 was checked. All checks were
done by an independent consultant.

TENDER TIMELINES AND RESULTS

The 30 CMAs were tendered and evaluated over a period of a year. Contractors were only
permitted to have up to a maximum of four CMAs awarded to them. The first set of RFPs
containing seven CMAs were released in September 1995. Over the next 9 months the remaining
23 CMAs were tendered in packages of three and four CMAs every 6 to 7 weeks. The last
contract was awarded in October 1996. At the completion of the RFP process the department had
entered into contracts with eight contractors for the maintenance of the provincial highway
system.

The true financial impact of highway maintenance outsourcing was not fully felt until FY
1997-1998 which was the first year the entire maintenance operations program was contracted
out. According to the 1997 KPMG Management Consulting report “Outsourcing of the Highway
Maintenance of Provincial Highways—Financial and Other Impacts” the outsourcing highway
maintenance had created a conservative cost savings for the department in indirect overhead
costs of $3 million dollars or 3% annually. Other provincial departments such as Alberta
Treasury and Municipal Affairs also benefited from the outsourcing initiative and incurred costs
savings of $4.5 million over the same period.

FIRST 5 YEARS OF MAINTENANCE OUTSOURCING

On January 16, 1996, the first set of contracts took effect and in most cases, the transition was
seamless. At 4:30 p.m. on a Tuesday, the operator who was driving a snow plow truck for
AT&U simply switched ball caps and at 4:31 p.m. the same day started working for the
maintenance contractor. For the first few months it took employees on both sides some time to
get used to their new roles. Biweekly meetings were held on an ongoing basis between the
contractor and the department to resolve any issues that came up. Lines of authority and
communication were established between department and contractor staff as the relationship
developed between the two parties.

From the start of the contracts, it was the department’s intent to encourage the foundation
of a cohesive relationship between the contractor, its principle subcontractors, suppliers, and the
department. The working relationship was to be structured to draw on the strengths of each
organization to identify and achieve common goals. This working relationship was to be referred
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to as “partnering” and participation was totally voluntary. All contractors were in favor of
entering into a partnering agreement with the department. This agreement did not change the
legal relationship of the parties to the contract nor did it relieve either party from any of the terms
of the contract.

Over the years, the partnering concept with the maintenance contractors began to
flourish. Maintenance contractors participated in almost all department working groups
regarding maintenance and roadway operations. The partnering process led to improved and
effective communication and innovative solutions for common issues. The development of
contract performance measures, the contract administration manual, and the electronic data
transfer were a just a few of the major items the groups achieved through partnering.

EXTENSION OF CONTRACTS

Two years after the last maintenance contract was awarded, the department began to consider
how it was going to retender the next round. A considerable amount of time and effort was going
to be required to put together all 30 RFPs in the same year therefore a decision was made to
consider extensions.

The department provided each maintenance contractor the opportunity to extend their
maintenance contract by 1 to 3 years. Each contractor was requested to put forward a proposal
and the department evaluated each one of them for best value based upon the criteria specified in
the RFPs. In the end, two contractors received a 3-year extension, two contractors received a 2-
year extension, and the remaining five contracts would be tendered as they expired. Because of
the extension, the contracts were now staggered and the retendering was more manageable.

REENGINEERING OF MAINTENANCE CONTRACTS

Immediately following the extensions, between the period of November 1998 and June 2000 the
department along with the industry undertook an extensive review of the entire maintenance
process. The objectives were to

e Develop equitable risk sharing plans between the department and the contractor that
promoted efficiency and maintained the LOS;

= Develop a profitable and sustainable maintenance contracting industry within
Alberta;

« Develop a strong private-sector confidence in the Alberta maintenance partnering
system;

= Encourage innovation in the maintenance contract industry;

e Reduce contract administration costs by simplifying the payment structure; and

e Reduce public capital invested in highway maintenance by selling off the highway
maintenance facilities which were owned by the department and leased to the maintenance
contractors.
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A team of department staff and senior members of the Alberta Roadbuilders and Heavy
Construction Association conducted an initial review of the maintenance contracts. Terms of
reference and guiding principles were then developed. They included the following:

» Increase risk sharing with the contractor and predictability of contract costs for the
department;

= ldentify risks and improve the allocation of those risks so that they are handled by the
partner which is best able to manage them;

» Increase contractor flexibility in meeting contract requirements without
compromising quality and safety standards set by the department;

» Simplify the general contract specifications with regards to data requirements for
payment under the contract;

e Develop service levels for all maintenance work for primary and secondary
highways; and

e Develop the RFP documents that clearly specify the criteria to be used to evaluate
each proposal and select the successful contractor.

A number of task groups consisting of members from the department, maintenance and
road contractors, insurance and bonding industries, municipality, and other public- and private-
sector groups were established to carry out the work. Within the task groups, contractors
assumed equal roles in developing and achieving the group’s objectives and work plans. Senior
management leadership provided support to all parties involved and ensured the groups remained
focused on their goals. The task groups reviewed best practices and processes across North
America and developed new specification approaches to meet the objectives in Alberta. Two key
areas—winter maintenance and winter service delivery—received significant attention.

In Alberta winter maintenance is a significant item within the highway maintenance
contracts. The unpredictable weather can have a profound effect on the overall value of work.
Instead of using a lump sum method to pay for winter maintenance, the department maintained
its unit price system for payment of maintenance work. Contractors were paid by the hour for
each hour they worked and paid for the material they used. To promote responsible management
of material and to transfer some of the risk to the contractor, new sliding scale payments were
introduced for snow plow hours and salt usage.

Another significant item that required a lot of attention was the winter service delivery. In
the first round of contracts the department indicated to each contractor the number of snow
plows trucks that were required and where they were to be stationed. With the decision to sell the
maintenance facilities this all changed. Maintenance contractors would now be responsible for
identifying the numbers of snow plow units and the location of the maintenance facility. This
promoted the development of a winter LOS specification which encouraged contractors to be
innovative in identifying the most economic mix of facilities and equipment. It also promoted the
sharing of resources and facilities with other roadway jurisdictions. The specification was truly a
“Made in Alberta” solution, as no specification of this kind existed inside or outside of Canada.

While the reengineering was taking place, a Premier’s Task Group was looking at the
issue of highway disentanglement with municipalities. Some of the issues that promoted this
review included the inefficiencies in several agencies responsible for carrying out this work and
the financial inability of the municipalities to carry out this work in the future. As a result of the
disentanglement process the Premier’s Task Group recommended that the province takes over
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100% responsibility of the secondary highway system, including major highways through key
cities. This effectively doubled the highway network that the department was responsible for
maintaining and this had a significant impact on the second round of retendering.

CONTRACT SIZE AND DURATION

Prior to the second round, the department had some concerns with the level of competition
amongst the existing contractors when it came to bidding. In an effort to address this concern, the
department agreed to allow the contractors to bid up to a total of seven CMAs. With the addition
of the secondary highways this effectively changed the maximum contract size from about 2,000
to 7,000 km. This was a 2% times increase in scope of work from the initial contracts.

The department also reviewed the length of the current contracts. However, no changes
were made for it was felt that 5 years was long enough for a contractor to depreciate their
equipment and facilities on this initial capital investment. The department retained the option to
extend a contract if it felt that was in the best interest of the taxpayers.

The estimated contract value for a CMA ranged from $4 to $6 million on an annual basis.
A contract consisting of seven CMAs was worth approximately $42 million on an annual basis
and $210 million over the term of the 5-year contract. This in itself prompted a lot of interest
from the contractors.

OUTCOMES OF SECOND ROUND OF RETENDERING

The department retendered 17 out of the 30 CMAs in 2000 and the results exceeded the
department’s expectations. Unit prices fell approximately 28%. is a summary of the
financial results of the maintenance tendering for the 17 CMAs, which were identified in the
KMPG (management consultant) report which was prepared for the department in June 2001.

In addition, $45 million was also raised from the sale of the maintenance facilities
previously owned by the government. As well, the Alberta government saved approximately
$800,000 in grants that were paid out annually to the municipalities, in lieu of taxes for the
maintenance facilities.

Over the course of the next few years, the specifications were slightly modified and
stricter environmental requirements for maintenance shops and requirements for working around

TABLE 1 Summary of the Financial Results of the Maintenance
Tendering for the 17 CMAs

Outcome Measure Result

New contracts (year 2000) $3,705/km
Old contracts (prior to year 2000) $5,117/km
Reduction in cost/km (%) 28%
Reduction in cost/km ($) $1,412/km
Total annual cost reduction $26,419,932
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TABLE 2 Second Round of Retendering

Outcome Measure Result

Old contracts expiring 2003 (five CMAs North Central Region) $28,644,645
New contracts 2003 (five CMAs) $24,865,384
Old contracts expiring 2004 (four CMAs Peace Region) $23,294,582
New contracts 2004 (four CMAs Peace Region) $18,957,513

waterways were introduced into the contract. Despite the changes the department continued to
see similar savings for the remaining 13 CMAs that under went their second round of retendering

( ).

THIRD ROUND OF RETENDERING

The department is currently in the process of retendering 19 of the 30 CMAs. Out of the 19
CMA s it will be the third round of retendering for 15 of them. A number of new requirements
have been added to the contract and these include:

e Increased emphasis placed on environmental management of maintenance yards. All
maintenance sites will require an environmental management plan and as a minimum covered
storage for all salt and mixed sand-salt piles;

e Additional spare operators for snow plows;

e Increased traffic control on high-volume roads;

e Increased number of pre-wetting units and wings on snow plow units; and

e Use of new technologies involving remote weather information systems and
automated vehicle location systems.

In keeping with the department’s practice of involving the stakeholders in the decision-
making process, the first step was to consult with the industry on the contracting process. This
step proved to be very beneficial in the last round of retendering. The issues discussed included
the contract size and duration, specification changes, retendering award process, and retendering
schedule.

As in the previous round, maintaining a level of competition amongst the contractors is a
key element in receiving good value for the contracts. In the second round, contractors were
allowed to hold up to a maximum of seven CMAs. For the third round, the department is
permitting the contractors to hold up to a maximum of nine CMAS, encouraging existing
contractors to bid on their competitor’s area. The downside to this is there is a potential that the
number of maintenance contractors in Alberta may be reduced thus decreasing competition for
the forth round. However, the department is well aware of this risk and is willing to accept this
and make the appropriate changes to ensure that competition exists.

To evaluate the proper length of contracts which allows the contractors a longer
depreciation period for equipment and facilities, the department is offering contracts that range in
length from 5 to 7 years. The first set of seven CMAs retendered will be for 5 years, the next set
of seven CMAs will be for 6 years and the last set of five CMAs will be for 7 years. This set up
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will also help stagger the CMAs in future retendering so that not all the contracts expire in the
same year. A lot of time and effort is put in by the contractors and the department when CMAs
come up for retender and this set up will help reduce this workload. Another benefit to staggered
contracts is that if an existing contractor loses out on his area, then he will not have to wait a full
5 years to get an opportunity to bid on another area.

The department and the industry as in past years also did a complete review of the current
specifications and made some minor changes to items that were causing concerns. The review
process lasted for about a month and a number of specifications were revised. In addition to the
specifications, the department decided to change the evaluating process of the RFP. A decision
was made to move away from a point award system for specific requirements to a pass—fail
system. Under the new system, a contractor would be required to meet all the minimum
requirements before any consideration is given to awarding the contract. This approach clearly
laid out the department’s requirements and contractors are required to meet or exceed them.

The last item the department reviewed was the retendering schedule. Some of the smaller
contractors that wanted to get into the business had indicated to the department that it was very
difficult to bid on a large number of CMAs at one time. It required considerable resources to bid
and a tremendous amount of capital. In response to this issue, the department decided to release
the RFPs at different times over the period of a year. The RFPs would be released in groups of
three to five CMAs approximately every 11 weeks.

In another effort to provide the smaller contractors an opportunity to get into the
maintenance industry, the department decided to continue with its orphan CMA award rule that
was introduced in the RFPs in 2001. Generally, the department gives preference to combination
bids for ease and cost of administration. However, if there are less then three proposals that
contain all CMAs and each proposal exceeds the department’s estimate by more than 5%, then
the department would consider awarding individual CMAs.

CURRENT STATUS

The department started 2005 off with the release of the RFPs for the four CMAs in the
Lethbridge District. As expected, unit prices decreased, for this was only the second time the
area was competitively bid. The other 15 CMAs were up for rebid for the third time. RFPs for 10
of the remaining 15 CMAs have closed and unit prices have not increased substantially. The unit
prices for most of the activities have only increased with inflation since the last time the CMAs
were bid. There were also increases in the fixed costs but that was expected with the new
requirements for sand—salt storage structures and the additional manpower for the winter months.

To date there has been considerable interest in the RFPs from contractors both inside and
outside of the province. For each set of CMAs released the department has received three or
more proposals. The interest has resulted in competitive proposals being submitted. On two of
the occasions the difference between the successful proposal and the second place proposal was
less than 2%.
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SUMMARY

It has now been about 10 years since the department outsourced highway maintenance. Over
these years, the department along with its stakeholders has made a number of changes to the
Alberta model. Risk is identified and allocated to the partner that can best manage it and the LOS
provided is controlled by the department. Listening to the needs of its stakeholders has always
been a major component of the department’s business. As a result, private-sector confidence in
the Alberta system is very high and costs are low.

When the department outsourced this work, many of the department’s staff was asked to
accept a new role. Performing the work directly was no longer the responsibility of the
department. Their roles was now to set policy, develop standards, order and monitor the work,
and ensure work is performed safely and accordingly by the contractor.

One of the main objectives of the outsourcing of highway maintenance was to use private
sector forces to deliver the same LOSs as the government forces but at a reduced cost to the tax
payers of Alberta. This objective was achieved by using a competitive bid process, managing by
standards and performance, reducing government administration, enhancing opportunities for
innovation and facilitating economic growth in the private sector. Another significant factor that
contributed to the success has been the strong working relationship the department has with its
maintenance contractors. The partnering relationship has drawn on the strengths of both parties
involved in roadway and bridge maintenance.

The department will continue to draw on the strength of its partnering relationship with
the maintenance industry as it looks ahead into the future. Many new challenges wait on the
horizon and the department is confident that it will be able to overcome these.

REFERENCES

1. Bowland, J. Final Phase One Report: Outsourcing of the Maintenance of Primary Highways—
Documentation Review. KPMG Management Consulting, Feb. 5, 1997.

2. Bowland, J. Final Phase Two Report: Outsourcing of the Maintenance of Primary Highways—
Financial and Other Impacts. KPMG Management Consulting, Feb. 5, 1997.

3. Alberta Transportation, ARHCA, Sharing Risk and Innovative Solutions in Highway Maintenance
Partnership. Application for the 2001 National Awards of the Canadian Council of Public Private
Partnerships, July 9, 2001.

4. Treidler, B. Alberta Transportation Review of the Provincial Highway Retendering Process
Comparing 1995/96 to 2000. KPMG Management Consulting, June 2001.






PART 2

Pavement Preservation






MMC2006-016

PART 2: PAVEMENT PRESERVATION

SHAKIR SHATNAWI
RoB MARSH
California Department of Transportation

R. GARY HICKs
HAIPING ZHOU
MACTEC Engineering and Consulting, Inc.

The California Department of Transportation (Caltrans) has embarked on an ambitious program
for pavement preservation and has established a pavement preservation task group (PPTG) to
handle activities related to this program. One of the sub-groups is charged with improving the
pavement preservation strategy selection process for both asphalt and portland cement concrete
(PCC) pavements.

This paper describes the pavement preservation strategy selection process currently used
by Caltrans for flexible pavements. It identifies the many factors that are considered in the process
of selecting an appropriate maintenance treatment for a pavement. These factors include pavement
age and condition, traffic levels, expected future plans, as well as available funding and agency
policy. For a properly constructed new pavement, typical pavement preservation treatments
include those to delay the onset of distresses or to slow down the progress of the distresses. As the
pavement ages, the pavement may become a candidate for routine and contract maintenance (e.g.,
crack sealing, grinding, seal coats, or thin hot mix overlays), minor or major rehabilitation, and
eventually reconstruction.

Determining the appropriate maintenance treatment, based on the pavement condition
index of the existing pavement and cost-effectiveness of the treatment, also depends on the timing of
the treatment. Once a pavement has been identified for pavement maintenance, a specific treatment
is selected to address the specific distress mechanism for the pavement. The most important factors
considered when choosing a maintenance treatment include the following:

e Will the treatment address the distresses present (i.e., will it work)?

e Can the required preparation for the treatment be carried out?

e Isthe treatment cost-effective?

e Can the treatment be applied before the situation being addressed changes?

A discussion of the basic steps in the pavement preservation strategy selection process is
presented in this paper. These steps include the following:

e Assess the existing pavement conditions: The pavement distress mechanisms are identified
from field pavement surveys along with the use of a field distress identification manual.

e Determine the feasible treatment options: The “feasibility” is determined by a treatment’s
ability to address the functional and structural condition of the pavement while also meeting any
future needs. At this stage, the primary purpose of selecting feasible treatments is to determine if
the identified maintenance treatments work for the pavement conditions.

e Analyze and compare the feasible options with each other: The feasible options are further
compared in terms of cost, life expectancy of the treatment, and extended pavement life benefits

29
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due to the treatment. To determine cost-effectiveness of each treatment, a life cycle or other cost-
effectiveness measure should be made.

This paper also addresses proposed changes to the selection process to include treatments for
PCC pavements and to include a more detailed cost-effectiveness approach using life-cycle cost
analysis.

INTRODUCTION

The California Department of Transportation (Caltrans) maintenance program has shifted from a
reactive effort to a proactive pavement preservation effort. This along with a need for technical
support and training in the use of various maintenance treatments prompted Caltrans to develop an
advisory guide for the use of various maintenance treatments. The Caltrans Maintenance Technical
Advisory Guide (MTAG), developed in 2002, is a technical manual that covers pavement
preservation and maintenance principles, materials used in maintenance treatments, treatment
selection and individual chapters on the main strategies currently in use by Caltrans (e.g., crack
sealing, chip seals, fog seals, slurry seals, and thin maintenance overlays). Guidelines for piloted
strategies utilizing micro-surfacing and bonded wearing courses have been developed as
companion documents (1).

The MTAG was developed to assist maintenance personnel in making better and more
informed decisions in selecting and applying maintenance treatments for their highways. It is a
reference guide that is used by all types of Caltrans personnel when selecting a maintenance
treatment and understanding how the treatment needs to be applied.

The MTAG was designed for several types of uses ranging from general instruction to
specific work practice descriptions. The guide was also designed to be used by maintenance
managers, maintenance supervisors, superintendents and field personnel. Construction personnel
and designers also may find this publication useful.

Organization of MTAG

The MTAG covers all the major treatment types currently used by Caltrans for flexible pavements.
The MTAG is organized to allow for the inclusion of any future strategies. For example, additional
guidelines have been developed for bonded wearing course pilot projects and microsurfacing pilot
projects. Work is also just beginning to develop guidelines for portland cement concrete (PCC)
pavement treatments. These new guidelines will eventually be incorporated in the MTAG. The
current version of the document resides on the Caltrans website (http://www.dot.ca.gov/hg/maint).

General Strategy Selection Process

The general strategy selection process used in the MTAG considers many factors when selecting
an appropriate treatment for a pavement. These factors include pavement age and condition, traffic
levels, expected future plans, available funding, and agency policy.

At the network level, a general relationship exists between pavement condition and
pavement age. For a properly constructed new pavement, the only treatments required are
preventive in nature (maintenance performed to delay the onset of distress). As the pavement ages,
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it becomes a candidate for routine maintenance (e.g., crack sealing, seal coats, and thin overlays),
then rehabilitation, and, finally, reconstruction.

Determining the appropriate maintenance treatment, based on the life-cycle and
pavement condition index of the existing pavement, depends on the timing of the treatment. For
example, the appropriate maintenance strategy for a relatively new pavement differs from the
strategy required for to a pavement nearing the end of its life cycle ( ).

Once the appropriate maintenance strategy has been identified, the specific treatment can
be selected based on the specific distress mechanism acting on the pavement. The most
important questions to consider when choosing the specific maintenance treatment are

e Does the treatment address the distresses present (i.e., will it work)?

e Can the required preparation for the treatment be carried out?

e Is the treatment cost-effective?

e Can the treatment be performed before the situation being addressed changes?

CURRENT MAINTENANCE TREATMENT SELECTION PROCESS

There are three steps currently included in the maintenance treatment selection process as
identified below:

1. Assess the existing conditions. The pavement distress mechanisms are identified
using the Caltrans field distress manual and pavement surveys (2, 3).

2. Determine the feasible treatment options. The “feasibility” is determined by a
treatment’s ability to address the functional and structural condition of the pavement while also
meeting future needs. Feasibility is not a function of affordability, at this stage of the selection
process the purpose is to determine what treatments might work. The MTAG contains the
Caltrans matrix for identifying treatment options.
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FIGURE 1 Treatment selection based on pavement condition.
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3. Analyze and compare the feasible options. Once selected, feasible options are
compared in terms of cost, life expectancy, and extended pavement life resulting from the
treatment. At this stage, a life-cycle or other cost-effectiveness assessment should be made to
evaluate the optimum time to apply the treatment to provide maximum cost-effectiveness.

Each of these is discussed in the following sections.
Assess Existing Conditions

The first step of the treatment selection process is to perform an evaluation of the existing
pavement conditions. This evaluation include following three processes:

e Conduct visual site inspection of the pavement conditions or review project information
from a database or available records;

e Perform testing on the existing pavement, as conditions require; and

e Define the performance requirements for the treatment.

The Caltrans Field Distress Manual (2) or Caltrans Pavement Survey (3) may be used to
identify pavement distress mechanisms. Treatment methods for the distress mechanisms are
discussed in this paper.

It is helpful to assess pavements using a pavement assessment form. A well-developed
form promotes uniformity in the assessment process. The use of a pavement history record also
helps evaluate the performance of the pavement when contemplating new treatment types and
schedules. The district maintenance engineer or other reviewer should fill out on site the pavement
assessment form for each pavement being considered for treatment. illustrates an example
of a pavement assessment form (2) and the type of information that should be collected.

Determine Feasible Treatment Options

Once the pavement condition has been quantified, test results collected and analyzed, and other
available data are reviewed, feasible treatments can be identified. In this context, “feasibility” is
determined by a treatment’s ability to address the functional and structural condition of the
pavement while also meeting any future needs. Note that feasibility is not a function of
affordability, because at this stage of the selection process the primary purpose is to determine
what treatments might work. illustrates the Caltrans matrix for treatment options. For
example, type 3 slurry seals will work best on pavements exhibiting raveling or oxidative cracking,
but will not work well on pavements that have any significant rutting. They have performed well in
most climate zones (except for mountains) and under most traffic conditions. Figure 3 identifies
those places where the various maintenance treatments used by Caltrans work and do not work.
Several treatments may be feasible for a given set of conditions. Once the feasible options
have been identified, the limitations of each of the options should be taken into account in relation
to its suitability in comparison with the other feasible options. Treatment limitations are controlled
by such factors as pavement surface deflections, pavement structural condition, roadway curvature,
pavement roughness and permeability. The least expensive option that satisfies the maintenance
requirements within its limitations should be considered first. This may be determined using
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FIGURE 3 Caltrans maintenance treatment matrix for flexible pavements.
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various cost-effectiveness measures as discussed in the next section. Typical life expectancies
and costs for each of the treatments also are included in

Analyze and Compare Feasible Treatment Options

It is likely that there will be several treatments that are identified as feasible. When comparing
these different treatments, thought should be given to the treatment placement cost, the life of the
treatment, and whether or not the treatment extends the life of the pavement. Additional factors
to consider when analyzing and comparing treatment options include: cost-effectiveness, traffic
level, construction limitations, and any factors, such as weather, curing times or local issues that
affect a specific treatment. The most desirable treatment is the one that provides the greatest
benefit (whether that benefit is measured in terms of improvement in condition, extension of
pavement life, or even, more simply, the life of the treatment) for the lowest life-cycle costs. At
this point a life-cycle or other cost-effectiveness measure should be performed.

Reconstruction and maintenance costs rise as a pavement ages. However, if maintenance
and rehabilitation is carried out too early, it will not be cost-effective. There is an optimum time
at which maintenance can be performed to provide the maximum cost-effectiveness.
shows a typical cost-effectiveness relationship with respect to timing of treatment applications.
There are optimum times to place treatments and these need to be established.

Cost-Effectiveness

Caltrans currently calculates cost-effectiveness using the Caltrans Pavement Condition Report
(3). Project awards and completion records can also be used to determine the cost per lane mile
and surface area, and this leads to the evaluation of effectiveness in comparison with other
appropriate treatments. However, for an initial assessment a more simplified approach may be
employed. This simplified approach is useful as costs and actual bid prices fluctuate. One
simplified approach that can be used is the equivalent annual cost (EAC). In this method an
equivalent annual cost is calculated using the following equation:

EAC = Unit Cost of Treatment/Expected Life of Treatment (1)

At this stage, the treatment that meets the performance requirements with the lowest EAC
may be selected. These costs are shown in in the last column. Other, more complex,
methods exist (7) and may be used to calculate whole of life costing. Caltrans is currently
working on establishing a standard life-cycle cost analysis (LCCA) to be used across all units.
This is described in more detail later in this paper.

Selection of Maintenance Treatments

The main issues to consider when selecting between accepted treatments listed in the Caltrans
treatment selection matrix are

» Performance and constructability and
» Customer satisfaction.
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FIGURE 4 Treatment timing versus costs (6).

Performance and constructability factors include the expected life of a treatment, seasonal
effects on a treatment, existing pavement conditions, the existing pavement structure and the
EAC calculated for the treatment. The contractor’s experience, materials availability and weather
limitations should also be taken into account. The district maintenance engineer or local
supervisor should assign ratings based on their individual experience. The ratings are based on
the fact that a treatment is suitable when it is properly applied; however, project limitations such
as climate conditions and material limitations may prohibit proper procedures from being
followed. In situations where new products or material sources are being introduced, a risk factor
should be considered, and a lower rating given to these materials. Similarly, if a contractor is
unfamiliar with the new product or new material, a lower rating should be given, despite the
technical properties of a new product.

Customer satisfaction factors are social factors and include traffic disruption, skid
resistance achieved, and noise level. Aesthetic factors such as dust and general appearance are
also included. This allows a feasible option to be evaluated on factors other than cost and
performance. The most cost-effective and long lasting treatment may not be the right treatment
for the right pavement at the right time under some conditions.

The rating factor is the weight, based on overall importance to the job success, assigned
to a specific treatment’s attribute. The higher the rating, the more significant the attribute’s
impact on the job’s success is. The process is described more fully in the MTAG. This process
should be repeated for all potential treatments that meet the feasibility requirements.
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PROPOSED ADDITIONS TO THE STRATEGY SELECTION PROCESS
Modifications to the Matrix for Flexible Pavements

Caltrans has recently modified the matrix included in the MTAG to better reflect the practices in
the field. presents the new guidelines for selecting effective maintenance treatments as a
function of type of distress, climate and traffic. Again, it is possible that several treatments could
be used for a given situations. Figure 5 is used in the same way as the matrix presented in

. It allows one to determine the appropriate maintenance treatment for a given distress, climate
and traffic level. It also identifies other conditions that may limit the use of a given treatment
such as

e Nighttime paving,

e Cold weather paving,

e Presence of stop/start points,

e Used in urban or rural areas, and
e High snow plow use.

It includes update costs (dollars per lane mile), life expectancy, and EACSs.

presents a similar matrix for selecting treatments when only cracking is the
distress type being addressed. The use of these matrices will allow the district maintenance
engineers or others to select appropriate treatments based on these parameters. Life expectancy,
cost and other factors also need to be considered to determine the most cost-effective treatment
for a given applications. At the present time, only the EAC approach is considered by Caltrans
maintenance.

Inclusion of Concrete Pavement Preservation Treatments

Caltrans currently does not have a selection matrix for maintenance treatments for portland
cement concrete pavements. This section of the paper describes the treatments used by Caltrans
as well as the trigger points used to apply the treatment. The end result is the development of a
proposed selection matrix similar to those developed for asphalt pavements

Types of Treatments

The treatments currently considered by Caltrans for maintenance include the following;

e Crack sealing. Caltrans makes extensive used of crack or joint sealants in jointed
concrete pavements. Asphalt emulsions, fiber and asphalt, rubberized asphalt, and silicone
sealants have been used. The estimated lives of these treatments vary from 5 to 10 years
depending on where they are applied.

e Diamond grinding. Diamond grinding is used extensively as a maintenance treatment
to restore smoothness. Estimated lives of the grinding can be 10 to 15 years depending on the
traffic and the environmental conditions.
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FIGURE 5 General guidelines for effective

maintenance treatments (1 in. = 25.4 mm).
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« Partial slab repair. This treatment is used to repair problems such as spalling. The
estimated live of this treatment varies from 8 to 10 years or more.

e Full slab replacement. Caltrans also replaces isolated full slabs where the slab has
exhibited extensive cracking or is unstable. The estimated lives of this treatment range from 8 to
15 years.

e Dowel bar retrofit. Caltrans has used dowel bar retrofit as a pavement preservation
strategy. Some projects have performed well while others have experienced early failures due to
bonding problems between the grout and the existing concrete. This treatment is expected to be
used more once the construction problems have been addressed. However, the pool of candidates
in California is considered small due to pavement age and distress levels. The estimated lives of
this treatment range from 8 to 15 years.

» Slab stabilization. Slab stabilization using various grouts has met with some success.
More recently slabs are being stabilized with expansive injected polymers. Expected lives for
this treatment have not yet been established by Caltrans.

These treatments are similar to those proposed by FHWA for pavement preservation
treatments for concrete pavements (12). Historically, Caltrans has not done much on pavement
preservation for concrete pavements focusing primarily on crack sealing.

Identifying Trigger Points for Each Treatment

Caltrans is in the process of establishing trigger points for each of the above maintenance
treatments (that is when in the pavement’s life should the given treatment be applied). The
trigger points that are discussed below are based on national experiences as well as the
experience within the division of maintenance—Caltrans. Other factors that might affect the
trigger points such as traffic or climate or available construction windows are also briefly
addressed in the following discussion:

e Crack sealing. Cracks should be seals about every 5 years or when the crack width is
about 3.2 mm.

e Diamond grinding should take place when faulting is about 3.2 mm or when the ride
(international roughness index) reaches a level of about 1.5 m/km.

e Partial slab repair. This treatment should be used when the distress is located on the
surface and the distressed area is small (less than 1 m?).

e Full slab replacement. This treatment is used when the isolated slab is exhibiting
third-stage cracking and it is unstable.

» Dowel bar retrofit. Used when load transfer is less than 60% and faulting is 2.5 mm
or higher. The pavement also has to be in good condition with a maximum of 10% cracking.

» Slab stabilization. This technique is seldom used in California, and its use is limited
to situations when voids beneath the slab are greater than 6.4 mm, and when the pavement has
little structural damage. This work may have to be done concurrently with other pavement
preservation activities.
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FIGURE 6 General guidelines for maintenance treatments on cracks (1 in. = 25.4 mm).
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Strategy Selection Guidelines

presents a proposed matrix for concrete pavements based on the strategies that Caltrans
uses for PCC pavements and the trigger points discussed above. This matrix is a first draft of the
proposed process to be reviewed by concrete pavement specialists. Further development work is
expected on this matrix before it will be adopted statewide. The matrix includes those situations
when a given treatment should be employed and identifies estimated lives and costs for the
treatments. EAC for each treatment will be calculated once final lives and cost data become
available.

Determining the Cost-Effectiveness of the Treatments

This section of the paper describes the process that is being developed to evaluate the cost-
effectiveness of the various maintenance treatments for both asphalt and PCC pavements.
Caltrans has adopted the FHWA real cost model for all cost analysis (11). This model allows for
both deterministic and a probabilistic approach to evaluating cost-effectiveness. Shown in

is a proposed approach by Caltrans to the evaluation of cost-effectiveness of maintenance
treatments. Specific items to be used by Caltrans (13) in running the real cost program are under
development at this time. Items that are being considered include analysis period, discount rate,

. Average
Climate Daily Traffic | £ &
= £ 2
Trigger - | £ g o ) ©
Treatment (National) E 2 % g § § S| F3> E
S| < S| sl s 9| ©~ g
Q| > 0|l | V]| el R| e =
= S = k]
Lo — L
N
Crack sealing >3.2 mm 5-10 4.2-7.2/m’
Diamond Faulting >3.2 mm; 2
grinding ride 1.5 m/km 10-15 24-12/m
Partial slab Surface distress:
enair small patches 8-10 | 177-353/m’
epa <1 m
Third stage Apply to all climate and traffic
Isollated slal:_[) cracking or conditions. Work is underway to 8-15 8 ?)(?(?/OI_ b
replacemen unstable slabs evaluate the effect of climate and ' Sla
Loss in load traffic conditions.
Dowel bar transfer <60%;
. faulting >2.5 mm; 8-15 24-30/m?
retrofit .
maximum 10%
cracking
Slab Voids >6.4 mm Not enough experience
stabilization ' 9 P

FIGURE 7 Proposed Caltrans maintenance treatment matrix for concrete pavements.
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LCCA
Lives of Cost of User
Treatments Treatments Costs

A Cost-effectiveness of treatments
A Cost of pavement preservation vs. rehabilitation

Revised Strategy Selection Process

FIGURE 8 Proposed work on cost-effectiveness.

traffic characteristics, agency and user costs, maintenance costs, and other pertinent construction
costs.
The process requires coming up with the following data to perform the needed analyses.

» Estimated lives (or live extension) of each treatment. These data are being established
using the experiences of the district maintenance engineers and the pavement management
system. Typical lives of each of the treatments are shown in and 7. Life extensions for
the various treatments are not yet readily available, but are expected to be obtained from the
pavement management system or from the experience of maintenance personnel. Life extensions
are expected to be affected by the timing of the treatment and the condition of the pavement on
which it is placed.

e Cost data for the various treatments are summarized in Figures 5 and 7. Cost data
includes not only the cost of the treatment, but also the cost of the traffic control and any repair
work needed prior to applying the treatment. Cost data are consistent across treatments. These
need to be reviewed and updated periodically as the cost of the treatments changes over time.

e User delays for each treatment can vary and need to be considered in the cost
analysis. Because of the time differences in applying the different treatments, the user delays
costs associated with each treatment will vary. These costs need to be established and Caltrans is
working on developing these costs for each of the treatments. As would be expected, the user
delays costs will vary depending on the traffic conditions and the time of day the work is
undertaken.

Once the estimated lives and costs are fully established for the various pavement
preservation treatments, various scenarios will be run using the real cost program to establish
cost-effectiveness of treatments for both asphalt and PCC pavements.
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DISCUSSION

The development of the MTAG has been a giant step toward providing guidelines for Caltrans
personnel in the selection of pavement preservation treatments. The task was a very challenging
one because it had to meet the expectations of not only Caltrans but also industry.

The strategy selection guidelines will improve the Caltrans pavement preservation
program. This effort, which emphasizes the inclusion of the LCCA and the refinement of the
concrete pavement preservation techniques, will establish a rational and systematic approach to
pavement preservation. Caltrans has been using preventive maintenance treatments routinely for
asphalt pavements. This ambitious program of preventive maintenance treatments has prompted
Caltrans moving into providing similar guidance for pavement preservation on concrete
pavements.

The MTAG has received peer review from the national Pavement Preservation Expert
Task Group, the California Pavement Preservation Task Group, the Caltrans Pavement Standards
Team, Caltrans maintenance personnel, as well as from many experts from industry and public
agencies. The MTAG included many state-of-the-practices from many reference sources. The
FHWA is currently funding the development of a web-based training to disseminate information
contained in the MTAG. The training materials are scheduled to be available in late 2006. With
this information, the field personnel should be able to train themselves in the use of the processes
described in the MTAG.

Similar work is still needed for the various maintenance treatments used by Caltrans for
concrete pavements. This work effort is currently in the planning stages. New sub-groups within
the pavement preservation task group will be established to address these specific needs.

CONCLUSIONS AND RECOMMENDATIONS

Caltrans ambitious pavement preservation program has prompted the development of the
MTAG. The strategy selection process included in the MTAG is now a standard practice for use
by Caltrans maintenance personnel. The MTAG is intended to be a dynamic and flexible
document and it is recommended that the document be updated on an as-needed basis. In the
near future it is likely that the following be included:

e Strategies for pavement preservation for concrete pavements.

= Other strategies as they are adopted by Caltrans (e.g. recycling).

e More gquantitative information on life extension or life of the treatment.
» Cost-effectiveness of various treatments using a LCCA approach.
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PART 2: PAVEMENT PRESERVATION

C. JOEL SPRAGUE, SR.
TRI/Environmental, Inc.

Debate over the various treatments for extending the life of deteriorated flexible pavements has
taken place for several decades. Yet, there is little consensus on the relative merits of each
treatment. Thus, there has been an on-going need for objective performance information on the
various available treatments. Recently, the Greenville County, South Carolina, Department of
Public Works facilitated a comprehensive review of pavement performance under the county’s
pavement maintenance program. The review provided the potential to independently quantify the
relative benefits of various maintenance techniques, including in-place cold mill recycling, full-
depth patching, and paving fabric—all followed by an asphalt overlay—as well as the use of only an
asphalt overlay. This paper presents the tabulation of data for the 1997-1998 maintenance year
that included maintenance of 370 roads. The data includes the pavement condition at time of
maintenance, the selected pavement maintenance technique and associated costs, and the recent
condition of the maintained roads. Using all available information, an evaluation of the data was
made to assess the post-maintenance pavement performance and the cost-effectiveness of the
various treatments used.

BACKGROUND

Greenville County, South Carolina, currently maintains approximately 1,600 centerline miles of
road, and due to significant growth in the county, more mileage is being added every year.
Greenville County has over a decade of documented experience with a variety of rehabilitation
and resurfacing techniques, including a road improvement program known as Prescription for
Progress (PFP), Paving County Roads initiated by Greenville County in 1997.

In 2002, Greenville County Department of Public Works (GCDPW) decided that there
was a need for a periodic evaluation of current road improvement methods and proposed an
independent study of available information. A desired scope of study was developed by the
GCDPW and provided the basis for this investigation. Paving fabric has been commonly used as
one of the road improvement techniques in Greenville County. Because of this, the Geosynthetic
Materials Association agreed to fund the study and retained the author to perform the study.

Because of the uncertainty of the quality and quantity of available data, the study was
undertaken in two phases. Phase 1 was essentially a pilot study that included only 34 roads. The
Phase 1 study suggested that the cost effectiveness and performance-enhancing capability of
various treatments is related to the pavement condition at the time of the maintenance treatment.
The follow-up Phase 2 study expanded the evaluation to include all 370 roads receiving
maintenance treatments in the first year (1997-1998) of the PFP. In this study the term “road”
refers to a road or portion of a road receiving a specific maintenance treatment and characterized
by a single pavement condition rating.

45
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PHASE 1 (PILOT) STUDY FINDINGS

The primary objective of the Phase 2 study was to expand the data included in the evaluation in
order to validate (or refute) the findings of Phase 1. The limited data evaluated in Phase 1
suggested the following:

e In-place cold mill recycling and an overlay is most cost effective and produces the
greatest reduction in the rate of road degradation when used with pavements that have surface
condition ratings below 30 on a 100-point scale.

e When the pavement surface condition rating is between approximately 35 and 65, the
use of paving fabric with a minimum 1%-in. overlay appears to provide the greatest cost-
effectiveness and reduction in the rate of road degradation.

e When the pavement surface condition rating is above 70, both a simple asphalt
overlay and a fabric—overlay system appear to provide comparable performance and cost
effectiveness.

SCOPE OF WORK FOR PHASE 2

All roads included in the Phase 2 study received one of the following maintenance treatments in
the first year of the PFP: in-place cold mill recycling (full-depth rehabilitation) and an overlay;
patching followed by paving fabric and an overlay; paving fabric and an overlay; or overlay
only. The Phase 2 study included the following five steps:

1. Compile a listing of roads rehabilitated or resurfaced in the 1997-1998 PFP programs
including the actual associated maintenance treatment costs.

2. Add the most recent pavement condition index (PCI) assessment and the associated
date.

3. Estimate (project) the actual road condition (PCI) at the time of 1997-1998
maintenance.

4. Calculate a cost-effectiveness value for each road based on the cost of the
maintenance treatment used and the amount of degradation occurring between the time of
maintenance and the 2003 road evaluation.

5. Identify trends in the data related to performance of the various rehabilitation—
resurfacing techniques.

For the comprehensive review, the following sources of information were used:

Pavement evaluation reports by Eckrose—Green for years 1994-1996;

Characteristic pavement degradation curves for Greenville County roads;

1997-1998 PFP database;

Database of 2003 road condition ratings for the roads included in the 1997-1998 PFP.

The results of the Phase 2 study were used to assess the performance and cost
effectiveness of currently used road rehabilitation—resurfacing techniques.
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DATA REVIEW AND TABULATION

The 1997-1998 PFP program database provided a detailed record of the types of maintenance

treatment used on each road, along with actual cost and quantity data. Several three-ring binders

of pavement condition data generated between 1994 and 1996 provided relatively recent

objective measures of actual road conditions. In cases where roads received different treatments

at different segments along the road’s length as part of the 1997-1998 program, the different
segments were treated as individual roads and assigned different condition ratings, if available.
The following information was compiled into detailed tables to facilitate the evaluation.

e Road number;

e Pavement maintenance method and unit costs (1997-1998 are shown in );
e Road condition rating (1994-1996 rating);
e Projected road condition rating at the time of the 1997-1998 maintenance; and

e 2003 road condition rating.

TABLE 1 Typical Maintenance Treatment Unit Costs

Maintenance Treatment (Material + Labor) Unit Unit Price ($)
*Surface, Type 1, 1c, 3 or Binder ton 38.90
Full-depth asphalt patching square yard 19.38
B S T, single treatment, Type 3 square yard 0.75
Cold process recycling square yard 2.14
Crusher run for cold recycling ton 11.00
Ashpalt emulsion CRS-2 for recycle gallon 0.66
Maintenance stone ton 14.55
Set up stone base square yard 3.00
Backfill material for shoulders cubic yard 22.00
Grade shoulders foot 0.68
Ditchline regrading foot 0.92
Milling, curb reveal square yard 4.40
Nonwoven paving fabric square yard 0.72
AC-20 asphalt for paving fabric ton 165.00
Paving markings foot 0.15
Water valve adjustment each 25.00
Manhole adjustment each 50.00
18-in. RCP, >24 ft foot 69.00
18-in. RCP, <24 ft foot 75.00
Seeding square yard 0.45

* Approximate conversion: 0.1-0.11 T/sy (2.25-2.5 in.)
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DATA EVALUATION

The compiled data facilitated the following evaluations:

» Rate of road surface degradation between the last available road condition survey
(Eckrose—Green 1994-1996) and the 1997-1998 PFP maintenance;

e Rate of road surface degradation between the 1997-1998 PFP maintenance and the
comprehensive 2003 road condition surveys;

e Unit cost of each pavement maintenance technique (in 1997-1998);

e Rate of depreciation of maintenance costs (1997-1998-2003) based on road surface
degradation.

1997-1998 Premaintenance Condition

The contractor recommended—and the county approved—the maintenance treatment to be used
for each road (i.e., recycle—overlay versus patching—paving fabric—overlay versus overlay only)
based on the condition of the pavement at the time of maintenance. The contractor was required
to warrant the road performance for a 5-year period. The only available quantitative assessment
of the existing pavement condition, and the ratings used to guide the county’s selection of roads
for the program, was the 1994-1996 Eckrose—Green ratings. No maintenance had been
performed on these roads since the last condition survey. Unfortunately, this means that as many
as 4 years could have passed since the last quantitative road evaluation. This required the road
condition (PCI/OCI) at the time of maintenance to be projected from the known 1994-1996
conditions. Assumed degradation rates were used in the Phase 1 study. Characteristic pavement
degradation curves specific to Greenville County were used for Phase 2. The characteristic
curves were developed by the county engineering office in 1991 as part of an earlier research
project. Individual characteristic curves were generated for new roads and for existing roads. An
average characteristic curve was derived from these two curves for use in the Phase 2 study,
since it was not known which roads had had previous maintenance. The characteristic pavement
degradation curve used to project the 1997-1998 premaintenance pavement condition from the
last available documented condition determined at various times between 1994 and 1996 is
shown in :

Projecting the pavement condition at the time of maintenance based on the county’s
characteristic degradation curve produced a large number of roads with ratings of zero. This was
considered consistent with the PFP’s stated intent to deal with the worst roads first.

Measuring Performance

In the Phase 1 study, two measures of performance were used to evaluate the data. First, a
depreciation cost was used to determine the cost effectiveness of each type of treatment and
represents the value of the treatment “used up” over the time period. Second, a degradation ratio
was used to evaluate the improved rate of reduction in the pavement condition after the 1997-
1998 treatment as compared to the rate prior to 1997-1998, and, theoretically, facilitates an
assessment of “before versus after” performance for each treatment technique. The Phase 2
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FIGURE 1 Greenville County characteristic pavement degradation curve—
average of new and existing roads.

study used only the depreciation cost as the measure of performance, since “before” performance
proved much less certain to determine. The depreciation cost in cost per square yard per year was

calculated as follows:

Depr. Cost = Unit Cost * {[(100 — latest rating)/100] / (latest rating date — maintenance date)}

Summary performance data have been tabulated in

. The evaluation included
dividing the roads that received patching, fabric, and overlay into subsections that received
patching along with the fabric and overlay and those that received only fabric and overlay.

TABLE 2 Summary of All Road Performance Data

Recycle | Patch—-Fabric—Overlay Fabric-Overlay
and (PFO) FO)
Summary Overla Overlay
Data Roa dsy Entire PFO-only FO-only |FO-only| Avg. Only

(RIO) PFO Roads | Subsections | Subsections | Roads |All FO| Roads
Number of roads 146 177 177 177 28 205 19
Average initial
condition (PCI) 16 20 0 20 23 21 37
Average depreciation |5 |5 4g 0.55 0.11 011  [0.11 [0.10
cost ($/sylyr)
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Depreciation Costs

The relationship for each type of maintenance treatment between the depreciation cost and the
initial pavement condition were determined, using the characteristic pavement degradation curve
( ) for projecting the initial pavement condition at the time of the 1997-1998
maintenance. The depreciation cost for each road versus its initial pavement condition is
presented in , 3, and 4. A third order polynomial trendline was fitted to the data for each
type of maintenance treatment. This type of trendline was found to provide the highest
correlation to the data in both Phase 1 and 2 studies. Figures 3 and 4 remove the data points and
present only the trendlines in order to more clearly demonstrate the relative performance of the
different maintenance treatments. The much greater size of the database, along with allowing the
contractor to choose the maintenance treatment based on a visual (qualitative) assessment, has
apparently created greater variability in the Phase 2 data. Still, the chosen trendlines provide a
clear indication that the cost-effectiveness of each treatment is related to the road condition at the
time of maintenance, as expected.
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FIGURE 2 1997-1998 and 2003-2004 PFP data and treatment trends.
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CONCLUSIONS

The data compiled and evaluated in the Phase 1 (pilot) study focused on only 34 roads that had
received a maintenance treatment as part of the county’s 1997-1998 pavement maintenance
program. The subsequent Phase 2 study, reported herein, was designed to validate (or refute) the
Phase 1 indications by evaluating the entire 1997-1998 PFP database of 370 roads.

The Phase 2 study appears to validate the Phase 1 conclusion that the cost-effectiveness
and performance-enhancing capability of various treatments is indeed related to the pavement
condition at the time of the maintenance treatment. The more extensive data involved in Phase 2
has more clearly defined the cost-effectiveness of the various treatment types as follows, based
on Figure 3:

e In-place cold mill recycling—overlay and patching—fabric—overlay strategies are
comparably cost effective and produce the greatest cost effectiveness of the treatments evaluated
when used with pavements that have surface condition ratings below 25 on a 100-point scale.

e When the pavement surface condition rating is between approximately 25 and 50, the
use of paving fabric with a 1%- to 2-in. thick overlay appears to provide the greatest cost
effectiveness and reduction in the rate of road degradation.

e When the pavement surface condition rating is above 50, both a simple asphalt
overlay and a fabric—overlay system appear to provide comparable performance and cost
effectiveness. Further study of the relative cost effectiveness of treatments when the existing
pavement condition is above 50 is needed because this evaluation included very few roads in this
condition as a result of the county’s “worst first” strategy.

breaks out the fabric—overlay subsections from the roads that received local
areas of patching along with fabric and an overlay. When this subsection data is combined with
that from roads that received only fabric—overlay, the resulting curve fit suggests it may always
be more cost effective to use fabric rather than in-place cold mill recycling when patching is not
required.

As can be seen in , there is much scatter in the data. Yet, the data may be quite
accurate considering that the decision of which maintenance treatment to use was, by contract,
left up to the contractor based on his judgment and willingness to warrant the results. Another
contributor to the scatter in the data may be the uncertainties associated with assigning a
pavement condition and, further, with estimating the pavement condition at the time of
maintenance. Ideally, an accurate pavement condition survey would be performed immediately
prior to maintenance and an objective decision made as to what treatment to use. Finally, it must
be noted that, although a target overlay thickness of 2.25 to 2.5 in. (0.1 to 0.11 T/sy) was
expected by the county, the actual thickness frequently ranged as low as 1.9 in. (0.85 T/sy), or
lower. This wide range in the actual overlay thickness no doubt contributed to the variability in
the data and could be expected to significantly affect long-term pavement performance.

It is hoped that this study will encourage more objective maintenance treatment decision
making.



Sprague 53

ACKNOWLEDGMENT

The author would like to thank and commend Greenville County for opening its voluminous
records to independent review and evaluation. Additionally, financial support for this study by
the Geosynthetic Manufacturers Association is appreciated.

REFERENCE

Sprague, C. J. The Study of Pavement Maintenance Techniques Used on Greenville County Maintained
Roads. Report to the Greenville County Department of Public Works, 2005.






PART 3

Roadside Maintenance






MMC2006-008

PART 3: ROADSIDE MAINTENANCE

JOSEPH S. DEMKO
Pennsylvania Department of Transportation

NATE RECK
GeoDecisions

This paper will describe the Roadside Spray Application (RoSA) developed for the Pennsylvania
Department of Transportation (PennDOT). The purpose of this web-based geographic information
system (GIS) application is to assist PennDOT’s district roadside specialists in managing and
coordinating herbicide spray activities along state highways throughout the state of Pennsylvania.
The outputs from this application are GIS mapping and summary reports to manage the 2- and 3-
year maintenance spray cycles in each county.

In the past, this roadside vegetation management function was exclusively in a paper media.
Consequently, the district roadside specialists developed maintenance spray maps and summary
reports manually. Now, the RoSA application produces the maps and reports while handling various
spraying operations (tank mix, injection, and end result) and providing additional layers of
information (water features, guide rail, government properties, and boundaries, etc.) for managing
the roadside integrated vegetation management (IVM) program. RoSA provides a centralized
database for the maintenance and operations of the roadside VM program.

ROSA is a web-based spatial application built using Microsoft’s NET development
technology. This was the first application built by PennDOT’s GIS Division using this new
technology.

INTRODUCTION

Pennsylvania has a favorable climate for growing vegetation along the roadside. Consequently, an
integrated vegetation management (IVM) program is an essential part of every county’s budget and
maintenance operations. And roadside spray applications are important components of the
department’s IVM program.

There are three main spray programs, 67 counties, and 40,000 mi of road under the
department’s administration. Over 3,000 records are created annually controlling vegetation along
the state roadways. These records are retained by the county office, district office, and contractor
applicators. The daily records are used for invoice payment, contract administration, and regulatory
requirements.

The planning, coordinating, and documenting of roadside spraying has been a part of the
department’s operating standard for many years. Annually, each county organizes the daily records
by cost function and files the paperwork. Retrieving data from previous years involves a trip to the
file cabinet and searching through the documentation to find the necessary information. This paper
describes the transition from a paper filing system to a geographic information system (GIS)-
database system. The new system is called RoSA (Roadside Spraying Application).
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HISTORY

Each year a planning map is prepared for each spray program before the start of the season. The
maps are posted in each county and used to direct the work during the season. Roads are marked
on a completion map as they are sprayed. The completion map is compared to the planning map
to determine roads that still need sprayed. The number of hours worked and acres completed are
also tracked and compared to planning goals and estimates. The mapping and data summaries are
done manually. Each spray program is assigned a different color code as designated in the
department’s maintenance manual (1). The daily spray record for each county is recorded on a
roadside activity report called an M-609 form ( ). This document records daily roadside
activities of maintenance programs and construction projects.

Recent Developments Prior to RoSA

Recent spray contracts have incorporated several variations from the hourly contracts and acre
production standards. End-result spray programs were included in a few contracts due to limited
available personnel and results. Contractors are responsible for a given result over the course of
the spray season. For example, the contractors are required to keep vegetation clear of sign posts
and guide rail and bridge abutments throughout the growing season.
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Several districts have started using injection spray systems instead of the single-tank
mixes. Injection systems save money by reducing herbicide usage to only areas that need it.
Areas maintained as bare ground such as in the front of guide rails and around signposts are
treated with pre-emergent herbicides on 1-, 2-, or 3-year maintenance cycles. A foliar intake
herbicide (e.g., Roundup®) is injected into the pre-emergence spray mix when vegetation is
present but not needed when there is no vegetation present.

The contractors are paid through the financial system but no system captures and stores
the herbicide information required by the Pennsylvania Department of Agriculture (PDA). A
paper file must be retained for the last 3 years of spray data for possible PDA review. Also,
several districts and counties started to utilize the mapping capabilities of our GIS system over
the last 5 years. They had to manually summarize daily spray records into a spreadsheet and
forward the data to their respective GIS specialists for maps. RoSA was created to combine the
needs for record retention and the capabilities of the department’s GIS system.

System Development

The consultants, GIS personnel, and district roadside specialists met to discuss system
development after the concept was approved. Data input was determined to be the biggest
concern at the development meeting. Data entry needs to be accurate and consistent. Data entry
is also very time consuming. The roadside activity report (Figure 1) was familiar to individuals
involved in roadside activities and was decided to be the basis for data entry. Other items of
importance during the initial development were system users, access security, essential data
elements, requested reports, and mapping features.

The main navigation screen for data entry ( ) grays out each section as it is
completed. The main data entry screen is the first screen for any new record requiring the date,
weather information, contract information and maintenance activity. The spray record is
approved only after all the sections are completed ( ). Once a record is approved, only the
person who approved the record can change it. Record approval controls record integrity and
security.

The initial startup of the system required entering information for the numerous drop-
down menus in the daily spray record screens. Drop-down menus provide standard data elements
for consistent and uniform spray records. Herbicides, applicators, contracts, and inspectors are
several examples of information provided in drop-down menus.

The first year’s system development focused on handling spray applications having
hourly contracts and tank mixes. The system development for the second year focused on
handling various types of spray applications (tank mix, injection, and end result) and providing
user-friendly report formats (PDF, spreadsheet, and text, etc.).

MAINTENANCE USER BENEFITS

The RoSA system provides the users the ability to search records, create maps, and run summary
reports. County personnel have been using the mapping feature to quickly visualize the work
completed and direct the work to the remaining areas. The district administrators are tracking
their material use and estimating usage for the upcoming spray season. Central office can view
the work from around the state on one central database.
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Data Search

A very flexible and powerful data search is possible from the search engine (Figure 4). A user
can search by maintenance activity, state route, date, county, contractor, chemical, applicator,
and any other data item included in the daily record. The results of a search can be displayed on
the screen (Figure 5) or shown on a map.

Mapping

A resulting map query (Figure 6) will not only show the results of any search but will also
include any GIS data layers checked in the map legend such as water features, guide rail, and
municipality boundaries. The interactive map can be resized to zoom in or out, measure
distances, and exported into a GIS data file. The screen cursor can be placed on any state route to
show the road segment and state route number. The screen cursor can also pick out the mapped
maintenance activity to show the specific daily record with the spray information on any given
road segment.

. L. il JDEMEKO. Log Out
@ mp eMnNns \/ i bt &l ol e S:fsﬁa;‘i::fmmmenu items on left.
Roadside Spray Application
w'f).\}wr,'\w,\\iwmm\’h [

s
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A

(0970) SOMERSET [55] {SAP#: 7856

FIGURE 4 Data search engine screen.
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Reporting

The reporting engine (Figure 7) can summarize data using numerous criteria similar to the data
search engine. The three types of reports in use are chemical usage, contract hours, and
production—cost (Figure 8). Each report can be created into various document types including PDF,
Excel, Rich Text, Word for Windows, and Crystal Reports for use outside of the RoSA application.

ADMINISTRATION

Each RoSA user is given a set of permissions to perform various functions in the user account
administration screen (Figure 9). Most users are given permission to add and edit spray data and
generate maps and reports. A limited number of users are given permission to approve spray
application records for security and data integrity. The remaining eight functions are restricted to
the system administrator, developer, and district administrators. These restricted activities involve
handling information on applicators, chemicals, contracts, inspectors, users, activities and record
deletion.

ROSA users have the ability to submit problems and suggest improvements for review by
the system developer and central office administrator. This list of user feedback is used to plan
future enhancements and correct any current problems. Each system user has access to their area of
responsibility. A county user has access to their county spray information and a district user has
access to the counties in their district.
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FIGURE 7 Report engine screen.
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CONCLUSION

RoOSA has completed two spray seasons of use. The districts and counties find RoSA very useful.
Enhancements after the first year allowed for various spray applications and various formats of
reports. Accurate data entry continues to be essential in providing a useful system.

RoSA fills a roadside maintenance need to track and retrieve roadside spraying information
in a quick and useful format. The resulting database and mapping functions with GIS layering has
brought a new planning and management tool to the roadside users of Pennsylvania Department of
Transportation. With RoSA spray information is at the district roadside specialists’ fingertips instead
of in a distant file cabinet.

A planning component is the focus of future enhancements for the RoSA system. The
addition of the planning component would give the system all the capabilities of the manual process.
The maintenance personnel, who have used RoSA, see useful applications of the system to other
maintenance activities in addition to roadside spray applications. Showing planned activities on a
map would allow many maintenance personnel at the county level to visualize the progress of work
through the year in addition to the standard paper files and reports.

Another system enhancement that many current users want is the ability to include tree
removal activities into the system. Generating maps of planned cutting areas would to help
contractors locate and plan tree work and assist department field operations. Areas needing tree
cutting could be flagged in the system throughout the year and printed out when the work is
schedule. The ability to handle tree removal activities is another important part of the next system
enhancement.
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This paper discusses the practical approach that the Minnesota Department of Transportation
(Mn/DOT) Metro District has taken to implement the Environmental Protection Agency’s National
Pollutant Discharge Elimination System (NPDES) Phase I Municipal Separate Storm Sewer
Systems permit compliance activities for maintenance operations. To comply with these worthwhile
environmental goals within a limited operations budget, technology, effective communications,
shared goals and coordinated planning, effective education efforts, and rigorous project planning
have been critical to a successful program.

The best management practices involving maintenance operations include ongoing
inspection and maintenance of drainage infrastructure, materials management, and compliance
with correct operation processes within such areas as street sweeping and tunnel washing. In each
of these areas, Mn/DOT is expected to perform to a certain level and to document its activities.

Global positioning satellite and geographic information systems (GIS) technology have
been used to identify in place drainage infrastructure and to document work that needed—repairs
or periodic cleaning. Effective communication between maintenance operations personnel and
water resources personnel allows for clear understanding of resources available, shared inventory
and management data, establishing GIS mapping to determine drainage infrastructure project
priorities based on type of system, work needed, and proximity to special waters, as well as
documentation of completed projects.

While many agencies have taken actions to become compliant with the NPDES
requirements, Metro District’s efforts are a powerful example of how to be compliant with limited
resources and reap other environmental and operational benefits.

INTRODUCTION: ENVIRONMENTAL REQUIREMENTS

In 1972, the United States passed the Federal Water Pollution Control Act which has since been
renamed the Clean Water Act. The bill was created to reduce pollution and improve water
quality in the United States. Under this bill, a national program called National Pollution
Discharge Elimination System (NPDES) was created to regulate point source pollution to
confined surface waters and underground waters (i.e., waters of the state). In 1990, Phase | of the
NPDES program was implemented. This required agencies that manage large Municipal
Separate Storm Sewer Systems (MS4s) (100,000 people or greater) to create a storm water
program to aid in the control and elimination of pollution from their point sources. In 1999,
Phase 11 of this program began which targeted smaller MS4s as designated by the Bureau of
Census to have a population greater than 50,000 and less than 100,000 (1).

Phase 11 of the NPDES permit program has six minimum control measures that, when
implemented, are stated to have the capability of significantly reducing point source pollution in
relation to storm water discharge. The six control measures are (2)
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Public education and outreach,

Public participation—involvement,

Ilicit discharge detection and elimination,
Construction site runoff control,

Post construction runoff control, and
Pollution prevention—good housekeeping.

U wnE

For each of the six minimum control measures the MS4 must create best management
practices (BMPs) and measurable goals to satisfy them.

MINNESOTA DEPARTMENT OF TRANSPORTATION
METRO BEST MANAGEMENT PRACTICES

The Minnesota Department of Transportation (Mn/DOT) Metro District has been designated a
small MS4 under Phase 1. Mn/DOT Metro District, commonly referred to as Metro, is
composed of eight counties, which surround and include the cities of Minneapolis and St. Paul.
Seven of the eight counties in Metro are urban, including 114 local government Phase 11 MS4s
and two Phase | MS4s (Minneapolis and St. Paul). Metro has 1,500 employees, 18 truck
stations/sub-areas, 4,800 lane miles of Interstate and trunk highways, and 40,000 acres of right-
of-way.

Metro applied for the NPDES Phase 11 MS4 permit from the Minnesota Pollution Control
Agency, the state’s governing agency, through the creation of a Storm Water Pollution
Prevention Program (SWPPP). The SWPPP includes 25 BMPs with measurable goals to address
all of the six minimum control measures. The BMPs require involvement from several functional
offices within Metro, however the bulk of the BMPs are for Water Resources Engineering
(WRE) and Metro Maintenance Operations. This paper will focus on the Metro Maintenance
BMPs and the problems, solutions, and improvements associated with them.

Metro Maintenance Operations consists of 548 employees, 638 pieces of mobile
equipment, 18 sub-areas, and an annual operating budget of $42,800,000. Each sub-area is a
geographic work area that has assigned personnel (including a supervisor) and equipment housed
in a maintenance facility for the purpose of maintaining the roadway infrastructure in their and
surrounding areas.

Metro Maintenance has five of the 25 BMPs:

Non-storm water discharges (BMP 10),
Routine maintenance activities (BMP 19),
Vegetation management program (BMP 22),
Street sweeping program (BMP 24), and
Anti-icing/deicing program (BMP 25).

arONOE

Each BMP has one or more measurable goals and includes an implementation schedule.

Non-storm water discharges, street sweeping, and anti-icing/deicing measurable goals
have been met by using processes that have been evaluated by consultants on their ability to
reduce pollution originating from a single point, i.e., point source pollution (3). The vegetation
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management program BMP measurable goal has also been met and exceeded it through the use
of technology. The routine maintenance BMP measurable goals have not all been met.

Non-Storm Water Discharges

Non-storm water discharges, BMP 10, is a new BMP created to identify non-storm water
discharges from maintenance activities which have significant potential to impact storm water.
Those impacts are then to be addressed through source removal-reduction, implementation of
BMPs, and developing appropriate standard operating procedures for these activities. During the
permit processes for Metro there were two non-storm water discharges identified: tunnel
cleaning and outdoor vehicle washing. Outdoor vehicle washing has been addressed in the
facility storm water plan and employee training. As for tunnel cleaning, Metro has seven tunnels
in the district, all of which drain to significant surface waters through city and Mn/DOT storm
sewer systems. The measurable goals of this BMP include the following.

1. Evaluate tunnel-cleaning operations and determine trigger mechanisms to move to
measurable Goal 2 by 2005.

2. If tunnel-cleaning operations are determined to require BMPs, then develop a
standard operating procedure (SOP) and corresponding BMPs to reduce pollution from tunnel
cleaning by 2006.

3. Evaluate other non-storm water discharges as they are identified through illicit
discharge and outfall inspections (BMP 6).

The problem associated with this BMP was how to determine if Metro’s tunnel-cleaning
methods were affecting the environment. To solve this problem a consultant was hired to observe
their cleaning methods and determine if the environment was at risk. Due to the low ratio of
cleanser to water it was decided that the current procedure was acceptable. The procedure was
then standardized with corresponding BMPs.

Street Sweeping

Street sweeping, BMP 24, was an existing BMP prior to Phase Il of the NPDES permit and its
main objective was to ensure that Metro District was aware of current technologies for street
sweeping, the benefits of performing routine street sweeping, and the importance of tracking and
reporting street sweeping activities. As stated above Metro, has 3,950 lane miles of truck
highways and Interstates, all of which have to be cleaned routinely. The measurable goal of this
BMP is to perform street sweeping to remove salt, sand, debris, and other potential contaminants
from roadways annually in the spring.

The problems with street sweeping were how to ensure the sweepings were not full of
contaminants and where to dispose of the sweepings. It was determined that sweepings should be
screened to separate out the sand and aggregates from other materials (some of which is
recycled). The sweepings were routinely tested to determine if and where they could be reused
and the results have shown that the sand can be used for roadway fill on Mn/DOT property. The
sweepings will be tested every 3 years.
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Anti-Icing-Deicing for Snow and Ice Removal Operations

Anti-icing—deicing, BMP 25, is an existing BMP that ensures that Metro is aware of current
technologies for anti-icing—deicing within snow and ice removal operations, is working to reduce
harmful amounts of chemicals and salt used, and employs good housekeeping practices related to
anti-icing—deicing operations. Due to snow and ice on the roadways during the winter season in
Minnesota and the large amount of vehicles traveling at all times within the metropolitan area,
Mn/DOT works diligently to ensure safe travel in winter conditions. To accomplish this, Metro
Maintenance uses the most efficient chemicals and technology possible. The measurable goals
for this BMP are

1. To develop tracking—reporting mechanism for materials applied to roads for inclusion
in the annual report by the end of 2004;

2. To analyze current and available measures, equipment, and chemicals annually; and

3. To substitute high-impact measures for low-impact measures as appropriate.

The challenge associated with this BMP was over-application. In the urgency to deice
roads, over application can occur due to non-calibrated application systems and operator error.
There were also corrosive problems associated with chemical—-salt mixtures.

The solution to the above-mentioned problems was obtained through education, research,
and experimentation. To avoid over-application of salt, a Dickey John calibrator controller was
installed and calibrated on all plow—deicing trucks. This allows operators, who are increasingly
better educated, to control the amount of chemical-salt applied to the roadway. To reduce the
corrosive potential from anti-icing, various anti-icing agents are in use and others are routinely
tested.

Vegetation Management

Vegetation management, BMP 22, is another existing BMP. This BMP was created to minimize
Metro’s use of herbicides and fertilizers and to properly apply these products when used, as well
as incorporate native vegetation and biological agents along roadside shoulders and medians for
ease of maintenance and soil stabilization. The measurable goal for this BMP is to continue to
implement the vegetation management program on a continual basis.

Problems associated with this BMP were and are the continual search for low-cost and
highly effective means of managing vegetation. The solution to this problem is research of new
techniques, chemicals, and biological methods to reduce invasive vegetative species and
environmental impacts. Currently, the vegetation management program is using Purple
Loosestrife and Leafy Spurge Flea beetles to control invasive species in over 100 sites recorded
with Global Positioning Satellite (GPS) units. The program has also been researching new
technologically advanced machinery for herbicide application to reduce over applications.

Routine Maintenance Activities

Routine maintenance activities, BMP 19, is a new BMP. This BMP was created for Metro
Maintenance operations to schedule and perform routine maintenance of outfalls, sediment
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basins and ponds, and structural pollution control devices (SPCDs). The measurable goals
associated with this BMP are

1. To formalize a routine maintenance schedule and review and revise it as appropriate
by 2005 and annually thereafter;

2. To amend the maintenance reporting—tracking database annually;

3. To train maintenance staff on storm water awareness and BMP operation and
maintenance annually; and

4. To investigate revising the maintenance manual to include a storm water quality
management chapter or using Mn/DOT Intranet to post SOPs, policies, and memos for easy
accessibility and up-to-date information by 2006.

The problems associated with this BMP were that Metro WRE, not maintenance, was
charged with finding the locations and conditions of hydraulic structures, SPCDs, and ponds.
Beyond finding the locations and conditions of these drainage items, issues of concern included:
how to get to those areas which needed maintenance, how to schedule maintenance activities and
what to base that schedule on, what type of activities to focus on, how to track maintenance
activities, and how to train staff.

Solutions for these problems took a joint partnership between Metro WRE and
Maintenance. The two functional areas worked closely together since many of WRE BMPs
intertwine with this BMP. Throughout training workshops, data mining, and product delivery
this partnership ensured that both sides worked together to achieve their BMP goals.

Process

To make the process efficient, a decision was made that cleaning would be the first maintenance
activity to be scheduled. In order to organize all the different hydraulic structures to be cleaned,
three hydraulic groups were created. Hydraulic Group 1 consisted of hydraulic structures such as
catch basins, manholes, aprons, and pipes. Hydraulic Group 2 consisted of SPCDs. Hydraulic
Group 3 consisted of ponds.

Group 1: Hydraulic Structures Since Metro WRE was already collecting GPS location and
condition information on hydraulic structures within Metro, it was decided that they would
provide location information on hydraulic structures where cleaning was needed. This was
accomplished through querying the Mn/DOT hydraulic database and importing that information
into a geographic information system (GIS) dataset. The information was then broken down into
Priority 1, Priority 2, and Priority 3 datasets. Priority 1 stood for those structures in need of
cleaning which were within a mile of any protected waters. Priority 2 stood for those structures
that needed cleaning which were within 1 mi of any total maximum daily load waters. Priority 3
was the remainder of the structures that needed to be cleaned.

While this GPS location information could be plotted on a map, the problem arose of how
to get to the Priority 1, 2, or 3 project sites in the field. Uploading the information on the map to
GPS units solved this problem by allowing the users to navigate to the project locations. With the
priority datasets loaded onto the GPS units, a select group of maintenance personnel (locators)
were chosen to receive MS4 GPS training. While most of these individuals had training on how
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to use a GPS unit for collecting data, they had not received training on how to use one for
navigation purposes.

The 1-day training workshop consisted of explaining data collection, navigation with the
GPS unit, and the type of data with which they were working. After covering the processes of
collecting and navigating with the GPS units, an explanation was given regarding what they were
looking for and why Metro needed this done as compared to numerous other field work requests.
Once everyone understood the basis for the extra work, they learned the process of how the work
was to be done. Each of these locators was then assigned one quarter of the Metro to carry out
these duties. First, each sub-area supervisor would call their locator to locate all their Priority 1
sites to be cleaned in their area (if they had none, Priority 2 projects were located). The locator
would then mark them with lath. Once they were marked, the sub-area personnel would then
clean or repair the structures and notify the locator when each project was complete. The locator
would then go back to the project’s location and record the needed information. Once the Priority
1 locations were completed within a sub-area, then the Priority 2 locations would follow. In
order for the data collection to be efficient and uniform, a form was loaded onto the GPS units (a
data dictionary) which the locators would fill out each time they visited a cleaned or repaired
structure. The form consists of the following:

» Identification number e Highway, e Erosion control
(provided by WRE), e Highway type, used,

e Date, e Direction, e SPCD, and

e Time, e Location, e Miscellaneous

= Sub-area, » Type cleaned, information.

e Cleaned by, e Percent full,

e Recorded by,

These forms are electronically downloaded weekly at the district office. They are used for
tracking cleaning projects’ completion and updating the Mn/DOT hydraulic database which is
linked through the identification number of the hydraulic structure ( ).

Group 2: Special Pollution Control Devices Metro WRE located grit chambers and other
SPCDs through plan sheet inventories and communication with WRE designers. While efforts to
complete the inventory are ongoing, the SPCDs inventoried were inspected by WRE,
maintenance, and environmental services personnel. In the field, the amount of sediment was
determined by measuring from the top of sediment in the chamber to the top of the grit chamber
and comparing that measurement to the designed depth. Upon inspection, most of the grit
chambers needed to be cleaned. The cleaning of the grit chambers was performed by
maintenance.

Group 3: Ponds Metro WRE is currently locating and identifying all ponds within the Metro
area. A dataset was initially formed through the use of GIS and aerial photography. After the
initial dataset was formed, WRE again joined forces with maintenance to use their knowledge,
via a field visit, to aid in filtering out the ponds within Mn/DOT right-of-way and maintained by
Metro maintenance. At each visit an explanation was given regarding the need to collect this
information, what it would be used for, and how it affected maintenance. Once all 18
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FIGURE 1 GPS data form.

sub-areas were visited, WRE updated their data set and went through construction plan sheets to
find all possible information about individual ponds. This information was incorporated into the
final data set, which will be assessed by designers to determine cleaning recommendations for
each pond based on original design criteria. Once a recommendation has been received by
maintenance, they will determine if the project is to be completed with internal staff or done
under contract. Some of the factors used in this determination are size and location of pond,
special equipment needed, vegetation restoration, pond lining, if any, proximity to waters of the
state, and workload or other priorities.

Since these activities are cyclical, after completion of all cleaning activities WRE will
update all datasets and begin the process of creating new datasets. The new datasets will be given
to maintenance as project lists for their crews to work on during the next spring, summer, or fall.
Hydraulic structures, pond and SPCD’s which were cleaned this year will be monitored each
year to see when re-cleaning needs to occur. This will allow a schedule to emerge on the
frequency of cleaning needed which will in turn allow more rigorous work planning.

Training for Routine Maintenance Activities

During the implementation of the cleaning schedules, training workshops were given to the sub-
area supervisors. The supervisors learned about the MS4 permit and how it affected them. They
were each given an informational packet which included an agenda, copy of the MS4 general
permit, definitions of special waters of the state, Priority 1, 2, and 3 cleaning projects, list of
watershed districts within Metro, photo examples of good and poor project work, an erosion and
sediment control pocketbook guide, a list of erosion control contract vendors, plan sheets
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showing ditch typical sections, the locator for their sub-area, and a data flow diagram. The
training was very well received.

Tracking of Routine Maintenance Activities

Tracking of projects and data for each BMP is required for the MS4 permit. This requirement has
been achieved through the use of an ArcIMS site. ArcIMS is a web-based tool that allows users
to access geographical information such as the datasets mentioned above. Data that is being
produced for meeting BMP requirements—goals is uploaded to the ArclMS site that can be seen
by those who need to verify and use the data. Currently maintenance and WRE each have their
own ArclMS sites to display data specific to their own MS4 BMPs. See Figure 2 for an example
of the Maintenance ArcIMS site.

I
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FIGURE 2 Maintenance ArclMS site
(www.mrrapps.dot.state.mn.us/Metro_Maintenance_MS4 Map/viewer.htm).
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LESSONS LEARNED

While all of the BMPs have not yet been fully met, there have been lessons learned through the
BMP creation and implementation process. As stated previously, technology, communication,
flexibility, research, and experimentation all have been, and will continue to be, necessary to
meet the measurable goals of each BMP.

Technology has been an important implementation tool for BMP 19 (routine maintenance
activities) and BMP 22 (vegetation management program). GPS and GIS have allowed tracking
work progress and record keeping of completed projects with a minimal workforce. These, and
other technologies such as digital recording cameras, have eased the transition from past to the
new procedures. The equipment that is used must be designed for field application and user
friendly so field personnel do not get frustrated and lose interest in the process.

Communication has been, and will continue to be, a very important element in the
implementation process. Much coordination was needed between three different functional areas:
maintenance, WRE, and the website administrative group within Metro. Representatives from
each of these units met regularly to discuss problems that arose and the possible corrective action
or procedure for each. Communication is also important with the field employees. Anyone that is
affected by, or is responsible for, MS4 activities that have questions or problems is responded to
with answers as soon as possible.

Flexibility has been difficult, but also rewarding. Through training and the awareness of
the MS4 permit, standard procedures have changed to meet the new BMP requirements. While
these new operational procedures have been implemented and followed for the most part,
continued training is needed to ensure that all procedures are followed.

Research and experimentation have been some of the most important tools in meeting
and improving all of the BMPs. Through research, low-cost-high-productivity technology,
equipment, and tools have been found. This has been important because a limited number of
available employees and stagnant or decreasing budgets are, and will be, the operational reality.
Experimentation has been equally important in finding the most efficient process for carrying out
the BMPs. From data collection methods to type of chemicals used to de-ice roadways,
experimentation and research has been, and will continue to be, necessary to implement current
and future BMPs.

Each of the above mentioned processes will continue to be updated as environmental
rules and regulations change. It is almost certain that all of the BMPs mentioned will be
modified, as will the processes used to meet their requirements. The most important lesson
learned though the implementation of these BMPs is that modifying current standard operating
procedures is necessary. “Out of the box” thinking is a key requirement for anyone going
through this process and it also happens to be the most challenging.
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The art and science of road maintenance during adverse winter conditions has long been hampered
by a lack of true integration of weather information into operations. Beginning in 1999, FHWA
began to study this deficiency with its Surface Transportation Weather Decision Support
Requirements (STWDSR) effort. The results clearly showed that road maintenance personnel
desire better, more specific weather forecast information, which could improve the productivity
and efficiency of winter maintenance practices and ultimately lead to improved mobility and a
safer driving environment.

Beginning in 2000, the FHWA convened a team of national laboratories and created a
stakeholder group of interested personnel from state departments of transportation (DOTS),
private-sector weather service providers and academia. With guidance from the stakeholder
community, the laboratories combined state-of-the-art weather forecasting capabilities with
computerized winter maintenance rules of practice. This was the genesis of the winter Maintenance
Decision Support System (MDSS) prototype. This prototype underwent several development cycles
and three seasons of field demonstrations and evaluations—two in lowa and one in Colorado. By
2004, MDSS technologies were mature enough for interested private-sector companies to begin to
incorporate MDSS features into their product lines and begin to provide services to state DOTs. At
this point, the FHWA MDSS effort transitioned from prototype enhancement to a focus on
technology transfer to both the private sector and the states.

Based on the national MDSS effort, as well as related activities, a group of eight states (led
by South Dakota DOT) initiated a pooled-fund study in 2002 to develop and implement an
operational version of MDSS for their agencies. The study has focused upon refinement, validation,
and wide-scale deployment of sustainable MDSS technology, as demonstrated in a successful
operational testing period over the 2004-2005 winter. Based on these complementary efforts, it is
clear that the MDSS presents a valid and viable operational strategy, but not without its
development and deployment challenges. This paper will detail strategies for the continued
evolution of MDSS technologies into the marketplace as well as advancement of the state of the
practice of winter maintenance. Details of the pooled-fund MDSS project will be presented as one
success story of deployment.

79



80 Transportation Research Circular E-C098: Maintenance Management 2006

INTRODUCTION

Managing winter maintenance activities is a complex endeavor. Ensuring that the plow blades
are ready when the first flakes fall is only a small part of the task. Maintenance managers also
must know the regulations about chemical applications and environmental impacts, and be able
to analyze and make sense of multiple and often contradictory weather forecasts. Many
maintenance managers also face tight budgets. When these factors come together, they test a
public agency’s skill at meeting the traveling public’s high expectations for roads to be kept free
of snow and ice. Thus, today’s maintenance managers require the ability to efficiently handle
multiple tasks and process high volumes of information, or risk getting left behind in the
onslaught of winter weather (1).

FHWA long recognized the challenges faced by maintenance managers (2). With the
creation of the Road Weather Management Program in the late 1990s, the FHWA began to work
on improving the kinds of information that were available for winter maintenance. At that time,
weather forecasts were plentiful, and a few companies issued route-specific forecasts; however,
there was no link between the available weather information and the decisions made by
maintenance managers about winter road treatments (e.g., the best time to treat roads, and
whether salting, plowing, or a combination of approaches is most appropriate). It was this
missing link that led to the genesis of the winter Maintenance Decision Support System (MDSS)
project (3). The MDSS project was collaboration between a diverse stakeholder group consisting
of state departments of transportation (DOT) maintenance practitioners, five national
laboratories, and the academic and private-sector communities. The MDSS prototype project was
funded and directed by the FHWA Road Weather Management Program with significant support
from the Intelligent Transportation Systems Joint Program Office.

MDSS OVERVIEW

shows the data flow and major components of the FHWA MDSS prototype. Ten
different numerical weather prediction models (top left, Figure 1) provide weather forecast
prediction information into a data fusion module called the Road Weather Forecast System
(RWFS). The RWFS (top right, Figure 1) also receives surface meteorological observations from
National Weather Service and FAA airport sites. The system ingests both atmospheric and
pavement data from state DOT Environmental Sensor Stations that are deployed along many
roads. Algorithms within the RWFS component then process the information and provide one set
of forecast outputs that can be used in the Road Condition and Treatment Module (RCTM).

The RCTM (lower right, Figure 1) contains algorithms that focus on the state of the road
surface. These include models for road temperature prediction, snow accumulation, road and
bridge frost probability, blowing snow probability, and chemical concentration and dilution.
These routines then provide input into the rules of practice algorithm for anti-icing and deicing.
The resultant output consists of route-specific forecasts of weather, road conditions, and
treatment recommendations. Most of these can be seen in the MDSS graphical user interface
(GUI) (lower left, Figure 1).
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FIGURE 1 MDSS functional structure (data and process flow). Ten different weather
models and sources of observations feed into the RWFS. The RWFS integrates and
processes each set of data and provides optimized forecast elements to the RCTM. The
RCTM contains algorithms for road temperature prediction, chemical concentration, and
the rules of practice for anti- and deicing. The resulting forecast information and treatment
recommendations flow to the user displays.

The layout of the main GUI of the FHWA MDSS prototype (Figure 2) was approved by a
committee of state DOT maintenance practitioners. It was developed so that maintenance
personnel would be able to quickly peruse the screen and determine if there were any weather
hazards forecast in their area.

The top left portion of the GUI (in Figure 2) contains the alert status window. This
window uses easily distinguished color-coded bars to alert users if there are forecast hazards due
to weather, deteriorating road conditions, blowing snow, or road frost. The middle left window
allows the operator to select different observations or forecasts. These values can be displayed on
the main GUI window. The bottom of the GUI provides a time—scale controller to allow for
animating forecast data in the main GUI screen. There are also color-coded bars that show which
hours specific routes could be affected by road frost or blowing snow. The main display screen
provides high-resolution topographical backgrounds along with displayed observed and forecast
information.

One innovative module that was developed for the MDSS prototype was called the
“what-if” generator (Figure 3). This capability allows an operator to modify the timing, chemical
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FIGURE 2 MDSS prototype GUI. The GUI consists of several distinct sections that are
optimized for the maintenance manager. The alert screen (top left) shows color-coded bars
representing forecasts of weather and road condition. There are also indicators for blowing
snow and bridge frost potential. The weather selection box (center left) provides the ability

to display many observed and forecast fields. The animation control box (bottom) allows

the user to change forecast times and to create an animation of forecast parameters. The
main display (top right) provides high-resolution topographic backgrounds and graphics
depicting observed data and forecasts.

type, or application rate on any of the routes to see how the changes might affect the treatments
or forecast road condition. In the example shown in Figure 3, the total number of plowing and
chemical application passes was decreased (from 4 to 3). In addition the amount of applied
chemical was reduced (from 200 to 100 Ibs per lane mile). The resulting alternative set of inputs
(as shown with a dark blue trace on the graph) shows that snow will begin to accumulate on the
route. The green trace shows the snowfall accumulation rate if no treatments were made.

The MDSS is a complex amalgam of computer hardware and algorithms. As such, it is
unlikely that many (if any) state DOTs have the expertise or desire to own or operate an entire
MDSS. It is more likely that states interested in MDSS capabilities will contract with a private-
sector weather service provider so that only display software would need to reside in DOT
maintenance facilities. For this reason, numerous private-sector weather service providers have
been encouraged to participate and have been engaged in the stakeholder group to develop the
MDSS prototype. The intent is to get as many companies involved as possible, and provide to
them the prototype software, thereby making deployment as fair and seamless as possible.
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FIGURE 3 The MDSS “What-If” Scenario treatment selector. This what-if selector is
provided with the MDSS prototype system. It provides a way for the operators to provide
alternative treatment strategies including using different chemicals, application rates, and
times. The result is provided as a time series (top) that shows the consequences of deviating

from the recommended parameters. This capability can be used to work around scheduling
conflicts or to test and see if changing the application strategy would still produce
acceptable mobility on roads.

The MDSS prototype was demonstrated and evaluated over three winter seasons in lowa
and Colorado (4). While there are still scientific challenges to be overcome in both weather
forecasting and understanding the complexities of winter road conditions, the MDSS project has
been quite successful in bringing the winter maintena