
' ' 

TRANSPORTATION RESEARCH RECORD 7 4 2 

Program Planning, 
Finance, and 
Preconst-ruction 
Management 

TRANSPORTATION RESEARCH BOARD 

COMMISSION ON SOCIOTECHNICAL SYSTEMS 
'\ 

NATIONAL RESEARCH COUNCIL 

NATIONAL ACADEMY OF SCIENCES 
WASHINGTON, D.C. 1980 



Transportation Research Record 742 
Price $4.00 
Edited for TRB by Frances R. Zwanzig 

modes 
all 

subject areas 
11 administration 
14 planning 
21 facilities design 

Library of Congress Cataloging in Publication Data 
National Research Council. Transportation Research Board. 

Program planning, finance, and preconstruction management. 

(Transportation research record; 742) 
Reports prepared for the 59th annual meeting of the Trans

portation Research Board. 
1. Highway engineering-United States-Management

Addresses, essays, lectures. 2. Highway planning-United 
States-Addresses, essays, lectures. 3. Road construction
United States-Finance-Addresses, essays, lectures. I. Title. 
II. Series. TE7.H5 no. 742 [TE195) 380.5s [625.7'068) 
80-18866 ISBN 0-309-03050-1 ISSN 0361-1981 

Sponsorship of the Papers in This Transportation Research Record 

GROUP I-TRANSPORTATION SYSTEMS PLANNING AND 
ADMINISTRATION 
Leon M. Cole, Library of Congress, chairman 

Management and Finance Section 
Ira F. Doom, Midlothian, Virginia, chairman 

Committee on Taxation, Finance, and Pricing 
Damian J. Ku/ash, Congressional Budget Office, chairman 
Frank A. Maresca, Washington State Department of Transportation, 

secretary 
Robert P. Aex, Bruce Barkley, Kiran Bhatt, Lawrence D. Dahms, 
Morton Ehrlich, Robert E. Fagley, Barry M. Goodman, John S. 
Hassell, Jr., Alice E. Kidder, Thomas D. Larson, Bruce D. McDowell, 
Walter F. Mead, Robert G. Prestemon, Richard H. Shackson, Fred 
Lee Smith, Jr., Joseph C. Smith 

Committee on Manpower Management and Productivity 
Raymond J. Colanduoni, New Jersey Department of Transportation, 

chairman 
Chester J. Andres, L. Dean Blake II, Jack L. Brewer, David W. 
Davis, John T. Doolittle, Jr., Grant S. Fairbanks, Gene K. Hallock, 
Chester W. Higgi11s, G. V. Hood, D.L. Howell, Douglas L. Jonas, 
Thomas D. Larson, Gerald J. McCarthy, Lyle V. McLaughlin, Neil 
Craig Miller, Charles T. Morison, Jr., Gene Phelps, Wayne D. 
Pickerill, M. Ed Shaw, Theodore E. Stephenson, Gerald F. Tessman, 
Anthony R. Tomazinis, David Zaron 

Committee on Transportation Programming, Planning, and 
Evaluation 

Henry L. Peyrebrune, New York State Department of Trans-
portation, chairman 

Dan C. Dees, Illinois Department of Transportation, cochairman 
James G. Chiles, Donald 0 . Covault, William J. Fognini, Frederick 
Gottemoeller, William M. Hilliard, Thomas F. Humphrey, John T. 
Lancaster, Sr., Richard D. Morgan, Monty C. Murphy, Charles 
William Ockert, Ian V. Oliver, Marshall F. Reed, Jr., Philip D. 
Robers, L. W. Rulien, Tom K. Ryden, Charles C. Schimpeler, 
David F. Schulz, Kumares C. Sinha, Pearson H. Stewart, Robert 
C Stuart, Theodore G. Weigle, Jr .. James N. Wilson 

Kenneth E. Cook, Transportation Research Board staff 

Sponsorship is indicated by a footnote at the end of each report . 
The organizational units and officers and members are as of 
December 31, 1979. 



Contents 

NEW APPROACH FOR ANALYZING HIGHWAY PROGRAM 
CHOICES AND TRADE-OFFS 

Lance A. Neumann and Joseph Dresser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

HIGHWAY RISK MANAGEMENT: A CASE STUDY 
Brent 0. Bair, William J. Fognini, and John L. Grubba .. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

MATRIX PROJECT MANAGEMENT IN TRANSPORTATION: 
NEW YORK STATE EXPERIENCE (Abridgment) 

William J. McLaughlin ............................. ..... ... .. . ...... . . . . .. .... . . . 11 

SUGGESTED CRITERIA AND PROCEDURES FOR SETTING 
HIGHWAY PRIORITIES (Abridgment) 

,. 

David Curry and Guillaume Shearin ......... . .. . . .. .. .. . .... .. . ... .... .. . . . .... . .. . . 14 

HIGHWAY FUNDING: ARIZONA CASE STUDY 
Judson S. Matthias and Robert H. Wortman . .. . . .. ..... . . . ..... . ..... ...... . . ... . .. . . 16 

METHODOLOGY FOR EVALUATING IMPACTS OF ENERGY, 
NATIONAL ECONOMY, AND PUBLIC POLICIES ON 
HIGHWAY FINANCING AND PERFORMANCE 

Fred L. Mannering and Kumares C. Sinha ............... ... . . .. . . .. .. .... . .. . .... . . . . 20 

SYSTEMS APPROACH TO INCRffi\SING PRECONSTRUCTION 
ENGINEERING PRODUCTIVITY 

Don C. Hoffeditz and Neal X. Jones .. .... . ............. .. . ......... . .. . .. . .... . ... . 28 
., 

PRECONSTRUCTION ENGINEERING MANAGEMENT IN 
WASHINGTON: MANPOWER MANAGEMENT 
INFORMATION SYSTEM (Abridgment) 

Donald L. Lund . . ........... ., ....... ...... . . ..... ...... .. .. ... . ... . .. ...... .. . . 34 

PRECONSTRUCTION ENGINEERING MANAGEMENT 
IN VIRGINIA (Abridgment) 

Frank E. Tracy ..... . .. . ....... . .... . ......... .... ... ... . .. . . .... . . . . .. . ... . .... 37 

CHANGING CRITERIA FOR PROJECT EVALUATION 
AND PRIORITY SETTING (Abridgment) 

Kumares C. Sinha ... .. . ....... .. . . .... . ........... . . . . . .. . ... . . . .... . .. . ... . .. . 40 

iii 



Authors of the Papers in This Record 

Bair, Brent 0., Oakland County Road Commission, 31001 Lahser Rd., Birmingham, Ml 48010 
Curry, David, Crain and Associates, !20 Santa Margarita Ave., Menlo Park, CA 94025 
Dresser, Joseph, Wisconsin Department of Transportation, P.O. Box 7916, Madison, WI 53707 
Fognini, William J., Oakland County Road Commission, 31001 Lahser Rd., Birmingham, Ml 48010 
Grubba, John L., Oakland County Road Commission, 31001 Lahser Rd. , Birmingham MI 48010 
Hoffeditz, Don C., R.J. Hansen Associates, Inc., 555 Capitol Mall, Sacramento , CA 95814 
Jones, Neal X., R.J. Hansen Associates, Inc., 555 Capitol Mall, Sacramento, CA 95814 
Lund Donald L., Washington Department of Transportation, Highway Administration Building, Olympia, WA 98504 
Mannering, Fred L., School of Engineering, Purdue University, West Lafayette, IN 47907 
Matthias Judson S. Department of Civil Engineering, Arizona State University, Tempe, AZ 85281 
Mcloughlin, William 1., New York State Department of Transportation, 1220 Washington Ave., Albany NY 12232 
Neumann , Lance A., Cambridge Systematics, Inc. 238 Main Street Cambridge , MA 02142 
Shearin , Guillaume, Crain and Associates, J 20 Santa Margarita Ave., Menlo Park CA 94025 
Sinha, Kumares C. , School of Engineering, Purdue University, West Lafayette, IN 47907 
Tracy, Frank E. , Virginia Department of Highways and TransportaUon, 1221 East Broad Street, Richmond, VA 23219 
Wortman , Robert H., Department of Civil Engineering and Engineering Mechanics, University of Arizona, Tucson, AZ 8572 l 

iv 



,Transportation Research Record 742 1 

New Approach for Analyzing Highway 
Program Choices and Trade-Offs 
Lance A. Neumann and Joseph Dresser 

State highway investment decisions have traditionally been based on needs 
studies, long·range system plans, and midrange or short-range single
option programs. These decision-making tools suffer from a variety of 
shortcomings-portrayal of enormous and unrealistic dollar requirements 
to address highway deficiencies. inflexibility, inability to weigh trade-offs 
between and within program areas, lack of means to maximize statewide 
benefits over local or project benefits, and failure to consider a broad 
range of social, economic, and environmental consequences. This paper 
describes an innovative six-year state highway programming process, de
veloped by the Wisconsin Department of Transportation, that attempts 
to remove these shortcomings. In this process, the district offices period
ically develop, under statewide policy guides, alternative six-year highway 
programs from alternative project concepts that address deficient seg
ments of the highway system. The low-program option is based on the 
minimum requirements to maintain the existing system. Higher-level 
programs are based on alternative future state and federal highway reve
nue assumptions and policy directions. For budgeting purposes, policy 
and program choices are presented to decision makers, legislators, and the 
public by describing for each program its composition, impacts on high
way deficiencies and performance, and social, economic, and environ
mental effects. Key trade-offs within and between programs are identi
fied. The process includes cost/benefit analysis of major projects; allows 
for staging of investments; is not easily undermined by uncertainty; im
proves use of staff and budget; informs the public of the department's 
intentions; and improves coordination of programming and budgeting 
efforts of state, regional, and local agencies. The department is com· 
mitted to extending this approach to programming to all modes in the 
future. 

During the past few years, the rate of growth in the 
revenues available for transportation at the state level 
has slowed considerably. And increasing gasoline 
prices, supply shortages, and federal fuel-efficiency 
standards may result in actual decreases in total reve
nues for transportation in some states over the next 
few years. This slowdown in revenue growth, coupled 
with the tremendous inflation being experienced in the 
construction industry, increasfng routine highway 
maintenance needs, and necessary expenditures for 
other modes, has resulted in a sharp decrease in the 
funds available for highway rehabilitation and improve-
ment. r 

Wisconsin, like many other states, must make in
creasingly difficult decisions on how to use scarce 
hig hway improvement dollars. Although significant 
improvements to portions of the primary, secondary, 
and urban systems appear desirable, it is clear that 
the design standards reflected in earlier system plans 
and needs studies will not be met systemwide. Rehabili
tation and resurfacing needs are increasing as the sys
tem ages, and a large number of bridges, particularly 
those that have severe load-carrying limitations, are 
coming due for replacement or further restrictions on 
use. Uncompleted portions of the Interstate system 
are facing deadlines set by the Surface Transportation 
Act of 1978, and Interstate rehabilitation is becoming 
a critical area of concern. 

To assist in analyzing this array of issues and 
investment choices, the Wisconsin Department of 
Transportation has, over the past two years, de
veloped and implemented a highway-investment pro
gramming process. The primary objective of the 
process is to provide management with a range of 
policy choices and an assessment of the transportation, 
economic, social, and environmental consequences of 

those choices. This improved programming process 
and a set of new technical support tools have been used 
to develop an initial six-year highway program for the 
years 1980-1985. It is the department's intention to up
date this program every two years and to expand its 
scope to cover all modes. 

OVERVIEW OF THE PROCESS 
AND RESULTS FOR 1980-1985 

Traditional highway programming in Wisconsin, and in 
other states as well, has suffered from a variety of 
problems that include the use of needs studies or system 
plans that reflect unrealistic revenue assumptions; in
ability to weigh trade-offs within and between program 
areas (e.g., bridge replacement versus highway re
habilitation or improvement); lack of systematic 
methods for maximizing statewide versus local or 
project benefits; and failure to consider a broad range 
of social, economic, and environmental impacts. 
Generally, only one design alternative or potential 
investment level is c9nsidered for each project being 
programmed and projects are ranked either subjectively 
or by using a more technical method such as a suffi
ciency rating, · a priority index, or a benefit/cost 
analysis. For the most part, only one program alterna
tive is explicitly developed and there is little formal 
program evaluation. In short, program development 
has been viewed as a somewhat mechanical process of 
progressing down a priority list until the available 
funds are exhausted. 

Correcting these shortcomings requires that an 
improved programming process include the following: 

1. Provision of a range of policy choices to top 
management, not simply one recommended alternative; 

2. Maximization of system benefits over individual 
project benefits ; 

3. Consideration of alternative design concepts 
(i.e., investment levels) for each project; 

4. Explicit development of alternative improve
ment programs for evaluation; and 

5. Use of a range of consistent criteria for evalua
tion of project and program options. 

Because the most important objective of the process is 
to improve the department's investment-decision
making capability by providing management with fully 
evaluated policy choices, it is necessary to first 
develop explicit alternative improvement programs. In 
turn, to develop meaningful alternative programs re
quires that project alternatives, that is, alternative 
levels of improvement for a given highway segment, 
also be available . Under some program assumptions 
(e.g., constrained revenue), the appropriate level of 
improvement for a given segment might be resurfacing 
or minor reconditioning; under other conditions (e.g., 
a revenue increase), a higher-level improvement might 
be warranted. Unless this dynamic relationship be
tween the project improvement-level scale and program 
alternatives is explicitly recognized, a key element of 
program choice is ignored and program alternatives 
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- are simply different combinations of projects, each 
having only one proposed design. 

It was recognized that, in many cases, but particularly 
for candidates for programming in the early years of 
the program period (1980-1981 ), project design options 
could be constrained for any number of reasons. The 
results of the project development and environmental 
impact statement process, prior commitments to local 
units of government, and federal-aid eligibility require
ments can all narrow the range of feasible design con
cepts. Nonetheless, in many cases, more than one 
feasible design concept was available and the final 
choice could be determined on the basis of state-level 
program and policy directions. 

To meet the requirement that systemwide or state
wide benefits be maximized over project or local bene
fits meant that consistent criteria had to be established 
to define deficiencies, develop design solutions, and 
select projects in all eight district offices of the depart
ment. 

The basic steps of the new programming process 
are 

1. Analysis of existing conditions and deficiencies, 
2. Development of alternative programs, and 
3. Evaluation of alternative programs. 

Figure 1. Decrease in state improvement funds: maintenance 
versus construction (constant 1970 dollars). 
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The approach to each of these steps and selected re
sults are described below. 

Analysis or Existing Conditions 
and Deficiencies 

The first step in developing the multiyear program 
was to thoroughly assess the existing situation with 
respect to revenue availability and highway system 
physical and service conditions. As in many states, 
Wisconsin has seen a steady erosion in the buying 
power of the highway improvement program. In fact, 
during the 1967-1977 10-year period, the buying 
power of state funds available for highway improve
ments decreased by 75 percent, due primarily to in
flation in the construction industry and the ever
increasing expenditures on routine maintenance (not 
including resurfacing) and nonhighway programs. 
Figure 1 shows the trend in expenditures on mainte
nance and improvement over the past few bienniums. 
(The increase in highway improvement funds in the 
1980-1981 biennium was due to the approval of more 
than $60 million in state general funds for highway 
purposes.) 

Another factor that will affect the decrease in im
provement funds in the future is the expected slowdown 
in the rate of growth of overall revenues. Figure 2 
shows the trend in the state gasoline tax revenues over 
the past 10 years. Gasoline taxes, which currently 
account for more than 50 percent of total revenues, 
are expected to decrease in the future due to fuel price 
increases and improved fuel efficiency in the vehicle 
fleet. As a result of all these factors, it is expected 
that Wisconsin will not be able to match available 
federal aid in the mid-1980s. 

Parallel with the assessment of revenue availability, 
the existing highway system physical and service con
ditions were also analyzed. The assessment of de
ficiencies for purposes of the six-year program specifi
cally avoided a needs-study approach and reliance on 
the traditional highway standards. It instead recog
nized that, as a practical matter, definitions of need 
and deficiency vary from time to time, depending on a 
number of factors such as public acceptability of exist
ing conditions, cost of improvements, and revenue 
availability. 

To provide some objective measures of roadway 
condition, deficiency data were collected for about 9600 
km (6000 miles) of the 19 000-km (11 9CO-mile) system. 
These data included surface age and pavement condi-

j 
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• Table 1. Reported lengths of highway that have substandard 
pavement or shoulder widths or both. 

3 

Pavement Length lkm I 

District 

Functional Class 2 6 7 Total 

Principal arterial 238 113 201 172 217 136 258 219 13 1567 
Minor a rte rial 617 456 539 473 455 475 343 632 4031 

1989 
62 

Major collector 439 159 168 297 293 212 379 159 
Minor collector 23 6 ____!! 24 

Total 1317 774 917 828 966 847 977 1009 13 7648 

Notes: 1 km= 0.62 miles. 
Numbers may nor add due to rounding. 

Table 2. Summary of deficiency data. 

Avg Statewide Threshold Length Avg 
Deficiency N Avg Val ue (km) Rate 

Accident rate 346 280 At 300 2957 522 
At 500 975 770 
At 750 220 1193 

Accident oc- 277 200 At 300 1225 778 
cur re nee At 500 446 1239 

At 750 212 1695 
Geometrics: 56 At 50 2453 31 

percentage At 30 1085 18 
passing At 20 624 12 

Volume-to- 0,40 At 0.60 1092 0. 87 
capacity At 0.80 411 1.10 
ratio At 1.00 160 1.37 

Note: l km ;s. 0 .62 mile. 

tion, accident rates and occurrences, volume-to-capacity 
ratios, percentage of no-passing zones, and other 
geometric and structural criteria. The deficiency data 
for each segment were placed in a computer file for 
efficient editing, sorting, analysis, and display. 

The computerized information system was used to 
produce a series of deficiency reports summarizing 
the extent and severity of various deficiencies statewide 
and by district, functional class, and such. Tables 1 
and 2 illustrate the type of output developed from these 
reports for identifying the pavement lengths above 
specified threshold values of deficiency criteria. These 
reports were then used in the development of specific 
program alternatives and, subsequently, similar 
deficiency summaries were used as one means of 
evaluating program alternatives and summarizing pro
gram performance. The computerized information 
system represented a crucial technical tool to support 
a process that must necessarily handle a large amount 
of information and be capable of summarizing that in
formation at different levels of detail, depending on 
the issues of concern and the decisions to be made. 

Parallel with the analysis of deficiencies on the 
state"highway system, system conditions and deficiencies 
in the other program areas were also identified. In the 
bridge area, the results of the . Federal Highway Admin
istration (FHWA) sufficiency- rating formula and the 
department's own priority listing based on load-carrying 
capacity, overall structural condition, and geometrics 
were used to assess replacement needs. The most 
recent Interstate cost estimate (1979) prepared for 
FHWA served as a basis for assessing potential improve
ments on that system. 

After the screening of deficiencies on the state high
way system was completed, alternative improvement 
project concepts were developed for those segments 
judged most deficient. In identifying potential improve
ment projects, emphasis was placed on those segments 
both requiring surface renewal during the six-year 
period and having safety, geometric, and capacity de
ficiencies. The minimum improvement alternative 
proposed for each segment was expected to be a resur
facing project or a resurfacing proj ect coupled with the 

minimum structural renewal necessary to support a new 
surface. Depending on the severity of the safety, geo
metric, and capacity deficiencies present, higher levels 
of improvement proposed for a given segment varied 
from minor reconditioning projects to major recondi
tioning and reconstruction and major projects on new 
alignments. 

Again, the purpose of developing alternative improve
ment concepts for a given segment was to allow the im
provement level to vary, depending on the program 
parameters assumed (e.g., overall revenue level, allo
cation of revenue by district, subprogram emphasis, 
and such). For each alternative improvement concept 
for each segment, data on the key design elements, 
potential impacts, cost estimates, and schedule were 
collected and placed in a computer file that could be 
cross- referenced to the deficiency data file to produce 
summaries of the deficiencies addressed by different 
sets of projects and programs. 

For about 30 major project sites, a range of alterna
tives was identified, based primarily on current or 
past studies. These 30 projects were subjected to 
formal benefit/ cost analysis by using the highway 
investment analysis package (HIAP) developed by FHWA. 
[These results are reported elsewhere (1).J Although 
it is but one of many factors affecting major project 
decisions, benefit / cost analysis points out the trade
offs involved in successively increasing investments in 
one or a few project sites versus funding more-moderate 
improvements at a greater number of sites. In addi
tion, the testing of a range of alternatives at each site 
often identified other potentially cost-effective alterna
tives that ought to be developed and analyzed. 

Development of Alternative Programs 

The deficiency analysis showed that there was a range 
of key policy issues that had to be explored in develop
ing alternative programs. These issues included the 
following: 

1. The benefits available from a revenue increase 
under varying assumptions about how additional reve
nues might be spent, 

2. The benefits of greater emphasis on safety or 
capacity improvements versus pavement preservation, 

3. The most cost-effective mix of resurfacing and 
reconditioning work for maintaining some minimum 
pavement quality, and 

4. The trade-off of funding a relatively few major 
improvements versus a larger number of small 
improvements. 

Given the expected trend in gasoline tax revenues, the 
need to explore the potential for a revenue increase and 
to demonstrate how additional revenues could be used 
was identified as the most critical issue facing the 
department. 

Although the number of alternative programs that 
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Figure 3. Relationship between project and program alternatives. LOW PROGRAM 3 
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Table 3. Summary of program alternatives: 3R program area. 

Resurfacing- Minor Reconditioninl! Major Reconditioning Reconst rue ti on Tota l 

Pro~ram Cost Lenj!;th Cost Len~th Cost 
Level (SOOO OOOsJ' lkml ( $000 OOOs J" lkml (5000 OOOsl' 

Low 11 2 39 12 24 457 44 
Medium 100 3279 30 546 84 
Hii:h 99 3261 35 612 112 

Note: 1 km= 0 ,62 mile, 
• t978 value. 

could be developed and evaluated was limited, a range 
of reasonable funding levels was defined for each of 
four program areas: resurfacing, reconstruction, and 
reconditioning (3R); bridge replacement; Interstate; 
and major projects. 

The funding levels selected for each of the program 
areas were based on the results of the deficiency analy
ses, expected federal funding availability, previous pro
gram commitments, and the policy prefe rences of top 
manage ment. The objecti ve was to ide ntify"fhe likely 
range of expenditures by program area at different total 
revenue levels and assuming different policy directions. 
Thus, for the general 3R program ar.ea, expenditures 
of at least $200 million (1978 dollars) were estimated to 
be necessary during the period 1980-1985 simply to 
meet surface renewal objectives. On the other hand, 
even under the most optimistic revenue scenario (i.e., 
assuming a major revenue increase), the minimum 
expenditure levels required in other program areas 
make it unlikely that 3R program area expenditures 
would exceed $400 million. 

As shown below, three program funding levels were 
selected for each of the 3R, bridge replacement, and 
Interstate areas. The major projects were grouped into 
categories identified as committed (e.g., essentially 
under construction) and high-, medium-, and low-

Len~th Cost Length Cost Length 
lkml (SOOO OOOsJ' (kml ($000 OOOsl' (km) 

643 22 11 5 202 5127 
11 05 86 395 300 5487 
904 158 603 404 59 60 

priority candidates without explicit program levels. 

Program Area 

Resurfacing, reconditioning, 
and reconstruction 

Bridge replacement 
Interstate 
Major projects 

Program Level 
(1978 $000 OOOs) 

Low Medium 

200 300 
70 100 
90 135-195 

High 

400 
140 
245 

120 listing of additional 
projects 

The development of alternative programs for the 3R 
area was based on guidelines that identified surface re
newal target lengths and other priority criteria and on 
overall funding levels. Although district offices were 
given initial funding targets, it was made clear that 
final district funding levels would depend on a statewide 
evaluation of initial district submittals and the develop
ment of a consistent program district to district. Four 
levels of improvement were defined: 

1. Resurfacing- bas ed on criteria of paveme nt age , 
maintenance needs, and serviceability index; ·· 

2. Minor reconditioning-based on resurfacing cri
teria plus criteria of pavement width, shoulder paving, 
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Table 4. Social, economic, and environmental impacts of major·project program alternatives: 1980-1985. 

Impact 

Construction jobs ~enerated (person years: 
1980-1985) 

Income generated statewide ( $000 OOOs) 
No. or businesses displaced 
Improvement in accessibility (peak-period 

vehicle hours reduced per yead 
Households displaced 
Neighborhoods severed 
Farmland required (lun') 
Farms severed 
Wetland lilied Ihm') 
Habitat required Ihm') 
Added salt per year (Mid 
Infringement on endangered species 
InfrirtKement on unique areas 

Total 
Historical and archeolo~ical 
Coastal zone mana~ement 

Air quality 
No. of new pollution sources (projects 

on new location) 
No. of projects on existin~ location 

Increased CO concentration 
Dec reased CO concentration 
No chang-e in CO c.;oncentration 

Noi se levels 
No. of new pollution sources (projects 

on new location} 
No. of projects on existi~ location 

Exceed p rese nt levels hv 10 ctB(A) 
Exceed federal desi~n- Vear criteria 

Ene r).! .V consumption: materials anct 
construction {p,J l 

Publi c accept~hilit~· of improvements 
No contr cwersv 
Low controversv 
lliJ.!h co ntrm·ersy 

No. of proj e cts hv class 
Type I 
T.vpc 2 
Type 3 

Pro~ram 

Low 
($160 000 000) 

4500-4800 
240-480 
8 

101 000 
45 
0 
594 
53 
4.0 
147 
3493 
0 

3.63-5.40 

Noles : I hmJ ~ 2.'17 Jere:. 1 Mg-' I 10 ton; I PJ ::: 0,947 • l0 1 iBlu 

Approved 
1$260 000 000) 

7300- 7800 
390-780 
12 

379 000 
87 
0 
610 
54 
23 
272 
4796 
0 

1 
0 
l 

5 
9 

5.90- 8. 75 

8 
3 

11 
2 
0 

Rec om mended• 
($360 000 000) 

10 100 to 10 800 
540-1090 
25-65 

473 000 to 752 000 
104-217 
1-2 
823-1389 
68~ 109 
31-95 
348-605 
5671-6086 
0 

3-9 
1-3 
l 

5-9 

2 
2-4 
5- 6 

5-9 

7-8 
2-3 

7,43-12.0 

2-4 
9-13 
4- 7 

13-21 
2 
0 

Highb 
($410 000 000) 

11 500 to 12 300 
615-1230 
35· 89 

543 000 to 92 6 000 
133-288 
1-3 
964-1743 
78-134 
47-135 
412-765 
6121-6562 
0 

5-13 
1-4 
1 

6-12 

2 
2-5 
5-7 

6-12 

1-9 
2-4 

8.39 - 13.6 

3-5 
10-15 
5- 8 

15-25 
2-3 
0 

Conslruct1on 1obs .:incl income gen~raled e:<clude values for completion ol I 43 and Lhe cunnec11011 (ram Georke's Corners and US 16 
4 Approval progr.im plus S 100 000 000 worth ul cand~claces ( 3 11 nro1ects tlepenclin!:J on their cost) 
"Approved program plus S 150 000 000 wonti of canchdates f5 16 nro1eccs depentlmg on I heir cost) 
• Energy consum1111on va lues exclude r.ltecls of 1wo ma1or bridges 
'Under the W1sconsm Environme111a1 Polley Acl: tyµe I pro1ects are hl..e1 y to have a s1qmfican1 impacl on human environment, lype 2 projecls may do SO, and type 3 
P'ojects will not do so 

and minor shoulder widening; 
3. Major reconditioning-based ou resurfacing and 

minor reconditioning criteria plus criteria of pavement 
failure, safety features (isolated curves, crests, and 
hazards), and federal-aid eligibility; and 

4. Reconstruction-based on resurfacing and re
conditioning criteria plus criteria of safety, geometrics, 
capacity, and combinations thereof. 

It was, however, necessary to use the overall funding 
level as well as the deficiency criteria in making project 
selection. At the lowest funding level for the 3R pro
gram area ($200 million), district choices were con
strained by the surface renewal target and the majority 
of projects were resurfacing and minor reconditioning. 
Howe ver, at higher funding levels, there was increasing 
flexibility to fund major reconditioning and reconstruc
tion projects while still meeting surface renewal goals. 
The r elationship between project and program alterna
tives i s illustrated in Figure 3, and the types of im
provements that can be funded by the 3R program 
alternatives are summarized in Table 3. Additional re
sources above the $200 million level increase the total 
length somewhat but dramatically increase expenditures 
in the higher improvem ent categories . 

Some consideration was given to specifying relatively 
rigid rules or priority thre sholds (e.g., accident rate 
a bove a specified level) for proj ects proposed for higher
level improvements. However, subject to meeting sur
face re newal goals, the districts were given wide latitude 

to set priorities. This was a more prudent approach 
initially, given the variations in conditions district to 
district and a lack of agreement on an acceptable range 
for any threshold criterion. More-defensible threshold 
criteria could be set in future cycles, depending on the 
degree of variation occurring in initial district submittals. 

The development of alternative bridge, Interstate, and 
major projects also was guided by an explicit set of 
priority and policy guidelines but, again, the use of a 
strict formula was avoided. For bridges, primary con
sideration was given to load-carrying capacity and 
posted limits, overall structural conditions, and geo
metrics, as well as to age and traffic levels. For 
Interstate improvements, priority was given to comple
tion of the system and selected operational and safety 
improvements on existing facilities. For selected major 
improvement projects, benefit/cost analysis was per
formed as one input to priority setting and projects 
were grouped in priority categories that depended on 
whether work had been initiated or strong commit-
ments implied and the extent and severity of a range 
of deficiencies. 

Evaluation 'of Alternative Programs 

After the alternative programs had been developed, 
program evaluation focused on four issues: 

1. Summary of each program alternative (e.g., 
kilometers of improvement by type) and consistency 
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Table 5. Summary of program options: six-year program. 

state Highway Program 

Program Cost Key 
Level ($000 OOOs)' Elements 

Low 200 Sur[ace renewal oC 
5127 km (which 
does not meet 
5500-km target 
necessary to 
avoid loss or 
federal aid); 
minor structural 
and safety recon
ditioning and re
construction work 

Medium 300 Surface renewal of 
5487 km (which 
essentially meets 
target necessary 
to avoid loss of 
federal aid); sig
nHicant expansion 
of improvement 
level 

High 400 Surface renewal or 
5960 km (which 
exceeds target 
necessary to 
avoid loss of 
federal aid); fur· 
ther expansion of 
improvement 
levels 

Interstate Program" 

Cost Key 
($000 OOOs)' Elements 

90 Work toward comple-
tion of 1-43; high
priority sa£ety proj· 
ects including me· 
dian barriers on 
I-94 and rest area 
on l-43; selected 
bridge deck over· 
lays to preserve 
existing system; 
freeway surveil
lance system in 
Milwaukee 

135-195 All elements of low· 
level program; 
third-lane projects 
on I-90 and I-94; 
park-and· ride lots. 
rest areas, and 
bridge fencing; 
removal of road
side obstacles; 
improved lighting 

245 All elements of 
medium-level pro
gram; selected 
interchange im
provements on 1-
94 and 1-794; noise
abatement mea
sures, truck weigh
ing stations, addi
tional park-and· 
ride lots, and ex
pansion of lighting 

Note: 1 km= 0~62 mile. 
•oo91'10l lotlude lA P'09tam. 
bOOM.not jnchJde "8ve11at h gh·cost bridges that will require special funding. 
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Bridge Replacement Program~ Major Projects Program= 

Cost 
($000 OOOs)' 

67 

103 

143 

Key Cost 
Elements ($000 OOOs)' 

Replacement of 150 120 
bridges Ctwo· 
thirds of all 
posted bridges (34 
of 49 ), selected 
low-capacity 
bridges, selected 
bridges in poor 
structural condi-
tion] 

Replacement of 239 > 120 
bridges (all those 
in low-level pro-
gram, most re-
maining low-
capacity ones, 
all others in poor 
structural con
dition) 

Replacement of 311 
bridges [all those 
in medium-level 
program, selected 
functionally obso
lete ones (too nar
row roadways, re
stricted clear
ances, poor align
ments), selected 
ones in marginal 
structural co ndi
tion (likely to de
teriorate in two
year period)] 

Key 
Elements 

Work toward comple
tion of $70 000 000 
worth of committed 
projects; begin 
work on three high
cost projects 

All elements of low· 
level program; 
additional major 
projects 

;~:i:!:~~~~ of commirtf!d projects estimated to cost $70 000 000; construction of other high-priority projects estimated to cost $15 000 000 to $125 000 000 depending on funding availability. 

with guidelines (e.g., surface renewal targets and 
funding levels); 

2. Consistency of program submittals from dis
trict to district in terms of deficiencies addressed, 
levels of improvements proposed for given deficien
cies, costs per kilometer by improvement type, and 
such; 

3. Benefits of each alternative in terms of pro
longed surface life, accident reductions, capacity 
improvements, and such; and 

4. Potential economic, social, and environmental 
impacts. 

The evaluation relied heavily on the deficiency data 
produced earlier in the study. Both the extent and 
severity of deficiencies on segments selected for 
improvement were reviewed, as well as thf improve
ment level specified, given a certain set of deficiency 
characteristics. Again, without a well-organized 
information system that could efficiently match de
ficiency characteristics with project summary data, 
this evaluation would not have been possible. Manual 
methods of estimating potential accident reductions 
and capacity benefits of each program were developed 
to augment the information obtained from deficiency 
files and formal benefit/cost studies. The potential 
economic, environmental, and social impacts of the 
alternative programs considered are estimated to 
meet the spirit of state environmental laws and recent 
U.S. Council on Environmental Quality regulations. 
The environmental assessment was done by analyzing 
the specific impacts of the larger improvement projects 
and performing a generic assessment of the likely im-

pacts of several classes of lower-cost projects. 
Selected results of this analysis for the major-project 
area are given in Table 4. 

The availability of program alternatives allowed 
comparison of the likely impacts of varying funding 
levels in each area and explicit consideration of the 
trade-offs within and between each area. Table 5 
summarizes the basic elements included in the 
alternatives for each program area and provides some 
indication of the trade-offs available by shifting funds 
from area to area. More detailed descriptions of 
these trade-offs were used to guide the selection of 
the proposed six-year program and to document and 
justify the choices made. 

A recommended program was developed based on 
an assumption that a major revenue increase would not 
be sought. Subsequently, a change in state administra
tions required recycling the program-development
and-evaluation activity to produce a recommended 
program based on a substantial revenue increase. The 
availability of the key data in the deficiency- and 
project-summary files made it possible to complete 
this substantial modification to the program in a few 
weeks time. This evaluation also focused on the same 
basic issues, and the results provided the necessary 
background material to the state legislature for its 
budget deliberations. 

The legislature subsequently passed a biennial 
budget for 1980-1981 that provides more than $60 mil
lion in general funds to supplement the transportation 
fund. During the current biennium, the department 
must recommend a permanent funding mechanism to 
generate additional funds of approximately this magni-
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tude for the transportation fund. The department's 
recommendations on the relative emphasis between 
program areas and on specific projects were adopted 
without any significant changes. 

CONCLUSIONS 

Several important conclusions can be drawn from this 
project: 

1. A multiyear program, even in an era of con
stantly changing project development schedules and 
costs, funding levels and categories, and other fac
tors, can be an extremely useful management tool. 
However, given the increasingly complex environment 
within which program decisions must be made both 
alternative project design concepts for a gi.ven highway 
segment and alternative programs must be explicitly 
considered to thoroughly explore important policy 
choices. Simply setting priorities among a list of 
projects for which only one design concept is proposed 
is often overly simplistic and ignores a key dimension 
of program choice. 

2. Storing, editing, and analyzing the data neces
sary to develop and evaluate a range of program 
alternatives requires a well-designed computerized 
information system a11d a range of evaluation support 
tools, both manual and computer assisted. On an on
going basis, similar capabilities will be needed to 
monitor and update the program in light of project 
schedule and cost increases, new funding constraints, 
and changes in management policies and priorities. 
Developing this ongoing capability is the final element 
of the Wisconsin programming project. 

3. A ran e of evaluation and priority criteria 
should be used to select project and imp1·ovement 
levels. Although benefit / cost analysis and other 
technical criteria can be useful, rigid- formula ap
proaches lack the flexibility required to make final 
project selections in cases where &Ubjective and non
quantifiable factors must also be considered. 

4. On an ongoing basis, longer-range system 
planning and detailed project development activities 
must be closely coordinated with the program develop
ment function . Much of the information on system 
conditions, surface renewal needs, and such can be 
a routine product of a periodic system planning report. 
Similarly, information on project alternatives and 
impacts is routinely collected during project develop
ment studies. In addition, close coordination is 
needed to maintain alternatives for a given project as 
appropriate and to minotor project cost and schedule 
changes. Although it is desirable to maintain a stable 
multiyear schedule of projects, program modifications 
will always be necessary and the programming func
tion should be used to identify and analyze the uncer
tainties and risks inherent in any proposed program. 

5. Program-level environmental analysis can 
provide useful information In formulating proposed 
programs. Obviously, the level of detail of program
level analysis cannot, and should not, approach that 
of a project environmental impact statement. Also, 
the processing and administrative requirements of 
any formal program environmental report must allow 
annual or biennial budget decisions to be made and 
program implementation to proceed smoothly. None
theless, U.S. Council on Environmental Quality regu
lations suggest that program-level environmental 
analysis is required and, based on the Wisconsin 
experience, it can be accomplished. 

Several areas for further research and development 
are apparent: 

1. The trade-off between highway and bridge 
maintenance versus improvement and replacement 
needs to be more thoroughly explored. Additional 
methods are needed to characterize program benefits 
and performance to allow more systematic considera
tion of the trade-offs implied by different programs . 
Although a start was made on estimating environ
mental impacts, improved methods are required . 

2. Future cycles of the programming process 
should.incorporate all mGdes of transportation that 
the state is involved in. Again, expansion to other 
modes will require the development of explicit evalu
ation criteria and methods so that program trade
offs can be explored. 
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Highway Risk Management: A Case Study 
Brent 0. Bair, William J. Fognini, and John L. Grubba 

Immunity for action taken by governmental agencies has almost dis· 
appeared across the United States. As a result, transportation agencies 
and their agents are being held accountable for improper design, con
struction, maintenance, and traffic engineering of their roadways. Thus, 
the Oakland County [Michigan] Road Commission, because of very high 
insurance costs, has launched a safety-first program. Safety has always 
been included in road design, but it has often been compromised due to 
the presumed necessity to provide for more capacity. The Oakland 
County Road Commission has reversed this priority; this paper describes 
the Oakland County risk-management program, which is intended to 
place safety first in all ~reas (including safety for employees). Risk 
management is new to the transportation field. However, its operation 
is simple-(a) reorganizing the management decision process; (b) en· 
couraging all employees to participate in a road-hazard-identification 
process; (c) analyzing all identified hazards, traffic accidents, and legal 
claims; (d) documenting and determining priorities for planning project 
programming; (e) providing countermeasures for the identified risks; 
and (f) evaluating the results and feeding this information back into 
the planning process. 

That the amount of major highway construction is de
creasing and attention given to better management of 
existing systems is increasing is of course old news. 
The transportation system management requirements 
in the planning process have been around for several 
years now. However, there is one pressure for change 
that has seldom been addressed directly that may pro
vide an unexpected stimulus for specific types of im
provements. This pressure comes from liability ex
posure, and the resulting improvements will be in the 
area of greater highway safety. With the majority of 
the states having little or no immunity today and the 
courts adopting the theory of comparative negligence, 

~ the liability problem is growing and requires direct at
tention. The number of lawsuits and the sizes of awards 
and settlements have been increasing steadily. In the 
past, many public agencies have viewed liability as 
simply an insurance problem but, today, with many in
surance companies abandoning the public liability mar
ket because of the high probability and severity of losses, 
it is becoming clear that more must be done than to 
simply look for another insurance carrier to write the 
risk. 

Road liability represents perhaps the greatest liability 
exposure to public agencies. There is simply no other 
activity involving public agencies in which so many 
people are killed and maimed each year. Although high
way safety has always been viewed as important and 
various amounts of funds have been set aside for safety 
improvement activities, safety has, at the same time, 
generally taken a back seat to improved mobility and de
creased travel time. The relatively low level of expen
diture for highway safety- related improvements over the 
past 20 years is perhaps the best evidence of this second
ary position. It is possible, however, that the growing 
liability problem may provide the necessary stimulus 
to boost safety improvements to a much higher priority. 

In fact, this is exactly the case in Oakland County, 
Michigan. The Oakland County Road Commission has 
designated safety as its number-one priority. A decision 
of this type, although admirable, is not necessarily easy 
to implement. The implications of this decision have 
had a wide range of effects on the agency's policies, one 
of which is that all decisions, including the budget, must 
be made with safety as the first consideration. Once the 
decision was made, it quickly became apparent to the 
road commission management that a comprehensive ap
proach to the implementation of this priority was needed. 

The road commission, consequently, began developing a 
program referred to as highway risk management. This 
represents an organized management approach to deci
sion making. Although risk management is not expected 
to be a cure-all to liability and safety problems, it does 
promise to improve the situation. 

EXTENT OF THE PROBLEM 

It may be helpful to begin by reviewing the background 
of the Oakland County Road Commission, including the 
extent of its safety and liability problems and the 
general reasons why it has come to put such emphasis 
on risk management and highway safety. The Oakland 
County Road Commission is not a small, unsophisti
cated, backwoods, local agency. Rather, it is the 
agency responsible for approximately 4000 km (2500 
miles) of road system immediately adjacent to the 
sixth largest city in the nation, Detroit. This road 
system represents the second largest system under 
one jurisdiction in the state of Michigan, second only to 
the state highway system. The road commissi'on's 
current annual operating budget is approactting $40 
million. Oakland County covers 2300 km 2 (900 miles2

) 

and contains approximately 1 million people in 61 
separate municipalities, almost as many people as 
reside in the city of Detroit. Due to the size of the 
county and the population involved, the roads under the 
Oakland County Road Commission's jurisdiction range 
from congested multilane facilities in the urbanized 
area to lonely rural gravel roads in the outer regions. 

As was typical nationally, after World War II, Oak
land County experienced rapid suburbanization that 
created demands for smoother, wider roads at a pace 
that far exceeded the road commissions' s funding re
sources. While trying to keep pace with mobility needs, 
the road commission could not give adequate attention 
to less-pressing considerations such as future safety 
on the system. It was not that the road managers did 
not care or were ignorant of safety measures, it simply 
seemed logical to give highest priority to the demand 
for mobility. In addition, at that time, road managers 
were not constrained by liability considerations because 
road entities were immune from such. Without the 
liability pressure, the demand for safety could not 
balance the demand for mobility. In addition, the 
general rules of the road and existing laws required 
that the other driver compensate accident victims for 
damages. 

That situation changed dramatically in the 1970s. 
Road commissions in Michigan lost most of their im
munity, and no-fault automobile insurance was enacted 
into law. No longer can accident victims collect from 
the other driver, except under special circumstances. 
It appears that people involved in automobile accidents 
have begun to feel victimized by the system as well as 
by the crash. They have begun to seek other means to 
collect for their losses. Of the three elements involved 
in highway accidents-driver, vehicle, and road environ
ment-the vehicle and the road environment are now 
receiving increased legal attention. With the recent 
adoption of the theory of comparative negligence by 
the Michigan court system, road agencies can now 
expect to participate financially to some level in many 
more court cases. 

The Oakland County Road Commission has certainly 
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Figure 1. Risk-management approach. 
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Figure 2. Risk-management organization: Oakland County Road 
Commission. 
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not been overlooked in the liability arena. In the five
year period from 1973 to 1978, the road commission's 
liability insurance premiums jumped from a little more 
than $ 60 000 to $1 500 000. In 19 7 8, the road com
mission had approximately $72 million worth of liability 
lawsuits pending against it, compared with its annual 
revenues at that time of about one-third that amount. 
Road commission policymakers and management began 
to look for causes of these problems and found that 
they did not have to look very far. Accident statistics 
showed that, over a five-year period, more than 820 
persons had died and more than 87 000 had been injured 
on Oakland County roads. It was estimated that the 
cost to the public of all accidents in the county during 
that five-year period had been almost $0.5 billion (and 
that is without placing a dollar value on human suffer
ing). It became apparent that what the road commis
sion was seeing in liability claims and insurance 
premiums was only a reflection of the carnage on the 
highways. It also became apparent that partial answers, 
such as increased insurance coverage, were not enough. 
Statistics alone proved that half measures, such as pro
grams to make the car and the driver safer, fall woe
fully short. The road commission came to the conclu
sion that the third factor in highway accidents-the road 
environment- had been receiving too litpe safety-related, 
before-the-accident attention. Consequently, in Septem
ber 1977, the road commission's policymakers directed 
its staff to develop a comprehensive program. On 
JanuiJ.ry 30, 1978, the highway risk-management pro
gram was launched. 

RISK-MANAGEMENT APPROACH 

The term "risk management" is borrowed from private 
industry. Only the addition of the term "highway" 
signals something new. The risk-management ap
proach has been used extensively in private industry 
for decision making directed at managing risks of 
financial loss to the firm. 

The basic risk-management approach involves two 
steps-risk identification and risk treatment-and four 
alternative elements under the risk-treatment step
risk assumption, risk transfer, risk reduction, and 
risk elimination (see Figure 1 ). 

IMPLEMENTATION 

The road commission, however, is incorporating the 
risk-management approach into a systems approach. 

Five general steps in the process are being used, and 
they are as follows: 

1. Reorganization, 
2. Risk identification, 
3. Analysis, 
4. Planning and programming, and 
5. Countermeasure implementation and 

evaluation. 

Reorganization 

9 

Considerable emphasis is being placed on reorganiza
tion of the management decision process. The adoption 
of a priority such as safety is only as effective as the 
commitment of the staff carrying it out. One way to 
ensure involvement and eventual commitment is 
through the committee process. At the road commis
sion, three levels of committees have been established 
to review safety problems and identify and implement 
improvements (see Figure 2). 

At the top management level, an executive com
mittee has been established to direct the program and 
to establish policies. This committee includes the 
managing director, the chief engineer, the general 
counsel, the assistant managing director, and the risk
management coordinator (who serves as staff officer to 
the committee). The executive committee sets policy 
and general procedures. 

At the middle management level, a risk-management
program coordinating committee has been established. 
This committee inclupes primarily department heads, 
and the risk-management coordinator serves as chair
person. This committee reviews technical and pro
cedural questions, develops new programs, and makes 
recommendations to the executive committee. 

At the field and office employee level, an employee 
risk-management committee has been established. 
This group includes both hourly and supervisory per
sonnel. Although the primary interest of this committee 
is employee safety, it also reviews the road safety 
problem. The employee risk-management committee 
makes recommendations to the risk-management
program coordinating committee. Although these 
recommendations are reviewed and commented on by 
the risk-management coordinating committee, all em
ployee risk-management committee questions are 
forwarded to the executive committee for consideration. 
This creates more confidence among the field level 
employees that their ideas are being seen and are taken 
seriously. 

Risk Identification 

The road commission has five risk-identification projects 
under way. These include a procedure analysis, a 
claims analysis, inspection and inventory, police liaison, 
and accident and accident-data investigations. An early 
step was to determine and analyze all existing policies, 
procedures, and operations. The staff surveyed all 
of the more than 500 employees of the road commission 
and asked them to document procedures and make recom
mendations for improving safety. Employees in every 
department were asked for descriptions of every opera
tion and procedure, as well as if and when a procedure 
is not followed and what priority the particular activity 
is given. Consequences of not following procedures 
were also identified. Employees were asked for any 
comments or suggestions they might have concerning 
the individual activities they were involved in. This ap
proach was used because it was recognized that field 
employees are frequently a key to the identification 
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of existing problems. Because they are exposed to 
road conditions at all seasons of the year, they are 
generally aware of what is going on and where the prob
lems are. The road commission investigating staff 
actually found that many employees had been frustrated 
when previously noted problems were not corrected. 

An ongoing road-hazard-identification program for 
employees was also developed. This involved the use 
of a road-hazard-report form on which employees could 
record and trace actions taken on anything they had 
called to the agency's attention. For example, all em
ployees (including clerks, secretaries, and others) were 
asked to watch for such things as damaged signs, serious 
potholes and edge ruts, and other potential road·prob
lems. If a problem was noted, the employee was asked 
to fill out a report form and send it to the appropriate 
department. The department receiving the notice was 
then required to record the action taken on the report 
form, send a copy of the completed form to the origi
nating employee, keep a copy in their own files, and 
forward the original completed form to risk manage
ment for review. An intensive employee training pro
gram on what to look for and how to use the road
hazard- report form was conducted as part of this hazard 
identification effort. 

Analysis 

A detailed analysis of claims against the road commis
sion that were handled by previous insurance carriers 
has been conducted. The degree of liability and the 
frequency of accident types were examined and, from 
this, priorities were established and some specific 
activity recommendations for targeted countermeasures 
were developed. For example, because of the frequency 
and occasional severity of claims related to road main
tenance problems such as snow and ice removal, pot
hole repair, and shoulder maintenance, additional re
sources have been directed at those activities. 

An in-depth analysis of selected activities having 
high loss potential was also carried out. After specific 
activities had been identified through the employee sur
vey and follow-up conversations, certain ones were 
selected for additional review and specific road im
provement programs were developed. 

Because the claims analysis indicated that staff were 
unaware of many things happening on the road system 
and many of the procedures analyses pointed up the 
lack of timely information or notice concerning potential 
problems, two different road inspection programs will 
be attempted in 1979 and 1980. 

A detailed inventory of the entire paved road system 
will also be conducted in 1979 and 1980. This inven
tory will include the identification of roadside hazards, 
the inspection of problem sites such as raiM'oad cross
ings, and the incorporation of road geometrics into 
accident data. 

A policy liaison program is being established with 
all 62 police departments in Oakland County. Police 
officers are an important alement in highway safety, 
both for enforcement and problem identification. Due 
to their high level of exposure to the road and their 
responsible position, police are an important resource 
that should not be wasted. Consequently, their addi
tional input is being actively solicited. 

The Oakland County Road Commission has had one 
of the most sophisticated accident-data systems avail
able for at least nine years. Accident data have been 
computerized; both links and intersections are ranked 
according to various indices, such as accident frequency 
rates, severity rates, and accident rates per distances 
of vehicle travel. The incorporation of road geometrics 
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into the existing accident-data collection will, in the 
future, allow an even higher degree of sophistication in 
these analyses. 

One of the problems of an extensive identification 
program is that, once you know about a problem, it is 
mandatory that you do something about it, regardless 
of your ability to do so. Once you have identified a 
problem, you are on notice. Because of this, many 
highway engineers in the past have avoided such iden
tification processes, hoping that a plea of ignorance 
would be an adequate defense in court. The road 
commission has rejected this because, for a long time, 
the courts have been telling us that not knowing about a 
problem does not mean that the agency is not liable. 
If the problem has existed long enough, it is believed 
that the agency should have known about it. This theory 
is referred to as constructive notice. 

The road commission has developed several steps 
for dealing with this problem of being on notice. For 
example, the agency's legal counsel, rather than oc
cupying the traditional position of counselor available 
to answer specific questions and to provide guidance, 
has taken a much more active position in the day-to-day 
risk-management process. The legal counsel helps in 
identifying potential exposure and by assisting in the 
formulation of countermeasures. Thus, counsel is 
involved before the accident to try and prevent it, rather 
than only in defense after it has occurred. 

Planning and Programming 

Being on notice also has its positive aspects. By ag
gressively seeking out potential problems, it is much 
easier to establish and document need when asking for 
outside funding. The Oakland County Road Commission 
is very aggressive in seeking sources of additional 
funds. The risk-management program has helped to 
specify funding needs. 

Accident data and other information are currently 
being used to reevaluate multiyear construction and 
maintenance programs to ensure that safety problem 
areas are being addressed first. In addition, a review 
of proposed projects by a multidisciplinary team to 
identify additional safety improvements is being explored. 

Finally, considerable effort is being expended on 
improving documentation and record keeping of all road 
commission activities, including maintenance. Better 
documentation of safety- related decisions should make 
possible improved decision making through subsequent 
monitoring and evaluation. 

Countermeasure Implementation 
and Evaluation 

Funds have been set aside to provide specific counter
measures for problems noted in the identification pro
gram. The Oakland County Road Commission is attempt
ing to do something about the problems identified, not 
just leaving them sit. Many of these countermeasures 
have been developed in the form of in-house demon
strations. 

Numerous countermeasure programs have been 
initiated. These include a shoulder paving program, 
an intensified winter maintenance program (which in
cludes testing alternative snow and ice removal actions 
and materials), and a guardrail and roadside-obstacle 
improvement program. All of these are in addition to 
those safety improvement programs using specific 
federal safety funds. The road commission has applied 
for and received at least its share of the categorical 
federal highway safety funds in past years, and appli
cations for these funds continue to be submitted. 
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IMPORTANCE OF EMPLOYEE 
INVOLVEMENT 

Agency experience indicates that the importance of 
employee involvement at all levels simply cannot be 
stressed enough. Unless there is a commitment on the 
part of the people responsible for making the necessary 
improvements, any program, but especially one of this 
magnitude, will fail. This commitment is not easy to 
come by; rather, it must be earned. It must be proven 
to engineers and field laborers alike that the new 
priority should become an operational habit and not 
simply a temporary exercise in paperwork. This can 
be done through direct employee involvement in decision 
making and by repeated evidence from top management 
through obvious changes in top-level decisions. The 
committee process, although cumbersome at times, 
provides a mechanism for such employee involvement. 
If the committees are charged with developing recom
mendations within time constraints and many of those 
recommendations are implemented, the commitment is 
reinforced. 

Another mechanism is to make individuals more 
directly responsible for failures in the system. This 
approach is being tried by the Oakland County Road 
Commission through the assignment of liability claim 
losses against appropriate departmental budgets. De
partment heads thus become directly accountable for 
financial losses in areas where they have some degree 
of control. 

Even the employee-survey process, such as the 
analysis of procedures described above, can be useful. 
It allows the seldom-heard-from employee to vent 
frustrations and at least feel that he or she has had a 
chance to be heard. There may also be fringe benefits 
that are not necessarily reflected in the original instru
ment. For example, although more than 700 road
hazard- report forms have been turned in by road com
mission employees, there has also been a notable in
crease in radio and oral notification of "problems. Thus, 
the forms themselves may not reflect the actual increase 
in employee awareness of problems and corresponding 
reporting. Again, through follow-up confirmation of 
suggested improvements, the commitment toward con-

Ahridi'ment 
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tinued reporting is reinforced. 
Repeated educational and training programs are also 

mandatory. The messages of priorities and duties re
lating to those priorities must be repeated again and 
again so that there is little question that the new pro
gram is here to stay. Finally, there must be continued 
reinforcement from top management. Commitment 
from the top must be the most evident. 

FUTURE DIRECTIONS 

Many of the programs and activities described in this 
paper are in the form of in-house demonstrations, and 
staff will be analyzing and improving them. Eventually, 
the staff hopes to develop a system for the allocation of 
all road commission resources in the interest of safety. 
But, although determining the priorities of link and inter
section improvements is not always an easy and clear
cut process, the allocation of resources among the 
numerous construction and maintenance activity 
alternatives is even more difficult. 

Through the adoption of safety as its number-one 
priority and the implementation of the highway risk
management program, it is believed that the Oakland 
County Road Commission has taken a more significant 
step toward improving highway safety than any other 
road agency in the nation. 

An informal survey of approximately 70 public 
agencies responsible for streets and highways indicated 
that major safety improvement programs generally 
correspond directly with available federal safety funds. 
The Oakland County Road Commission's program far 
exceeds the federal program limitations. It is believed 
that the road commission's program will demonstrate 
that substantial improvements can be made in highway 
safety at existing levels of funding and that road agencies 
need not wait for new federal programs. There is no 
question that additional funding is warranted at all levels, 
but progress can be made in highway safety without 
waiting. 

Publication of this paper sponsored by Committee on Transportation 
Programming, Planning, and Evaluation. 

Matrix Project Management in 
Transportation: New York State 
Experience 
William J. McLaughlin 

The topic of matrix project management in transportation is explored, 
and the results obtained after two years of experience by the New York 
State Department of Transportation are described. The major problems 
of increased complexity of the transportation-project development pro
cess and the effects of inflation on project delays led to the creation of 
the program planning and management group in the fall of 1976. This 
new organizational structure, of which the program-project management 
section is a part, allows primary units that interact during critical stages 
of the project development process to be located within the same major 

unit. The organizational structure of the program-project management 
section and the duties of its members are discussed. An analysis of the 
first two years of operation, 1977 and 1978, is presented based on de
creased project slippage and dollar value of projects let. The average 
project slippage on 100 sample projects in the period January-December 
1976 was 5. 11 months and that on projects monitored in 1977 and 
1978 was 2.45 months. By applying this slippage reduction against 
the 1977-1978 average inflation rate of 10 percent per year on a total 
letting of monitored projects for the same period of $1.364 million, 
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a cost saving of $30 million can be calculated. During the period 
1977-1978, the 91 monitored let projects represented only 14 percent 
of the total projects let but composed 68 percent of the total dollar 
value of the program. The average value of these projects was in ex
cess of $10 million. These relatively simple findings indicate a great 
amount of success at a minimal investment of staff and resources. 

Following the completion of a study by the Management 
Improvement Bureau in the summer of 1976 , the New 
York State Department of Transportation (NYSDOT) 
formed a new group called the Program Planning and 
Mana.gement Bureau. 

This paper will explore the management theories of 
matrix project ma.nagement as used by one part of this 
group-the program-project management group-and the 
results achieved in its ii.rst two years, 1977 and 1978, in 
reducing project slippage and, consequently, in reducing 
added costs due to inflation. 

MANAGEMENT THEORY 

To understand the development of project management, 
it is necessary to explore the customary view of the 
matrix organization. This is a structure in which au
thority flows both horizontally and vertically, and there 
is a key person who is the focus of activity and has the 
capability of cutting across lines of authority to accom
plish the ends of the project. Matrix organization, as 
an advanced concept of organization structure, is typi
cally associated with complex technologies, in particular 
the aerospace and computer industries. 

Matrix project management is a form of project man
agement in which the actual work on a given project is 
performed within the functional departments but the flow 
between functional areas of assigned programs and pri
ority projects is overseen by a project manager assigned 
to bring it to a successful completion. 

Although the key person, called the project manager, 
has some formal authority, much of his or her success 
comes from the ability to influence functional managers 
and reach understandings with them. The effective proj
ect manager exercises power outside of that formally 
granted by the formal organization. 

The role of the project manager is to see that the 
time, quality, and cost standards for the project are 
met. He or she acts as the advocate for the project in 
each of the functional departments that do work on it. 
This is in contrast with the functional managers who are 
responsible for the project only while it is under pro
gress within their own functional areas. The functional 
manager handles the more specific tasks of assigning 
staff and facilities and ensuring that requirements are 
fulfilled according to deadlines, technical accuracy, and 
other criteria as needed within the function:rl area. Only 
recently have project managers shifted their attention 
to the problems of lateral relationships and the corre
sponding problems of coordination and integration. Per
haps the reason for the rapid growth of this organiza
tional development is that observant managers have rec
ognized that the most crucial problems concern improv
ing cooperation and coordination between departments, 
managers, and subsystems. 

TRANSPORTATION FACILITY PROJECTS 
AND MATRIX PROJECT MANAGEMENT 

The time required to develop a transportation project 
varies considerably by the type of project. Planning, 
designing, and constructing a new facility may take many 
years, but resurfacing an existing highway may take only 
a few months. 

Every proposed project results in social, environ-
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mental, and economic effects that must be assessed in 
the development process. To ensure that such effects 
are consistently and systematically considered, each 
state has been required to develop an environmental ac -
tion plan, a formal document that serves as the organi
zational framework for considering those effects through
out the project development process. To comply with 
the provisions of the National Environmental Policy Act 
of 1969, the environmental impacts of each individual 
project must be assessed so that final project decisions 
are made in the best overall public interest. 

The complexity of this procedure and the added state 
and local requirements have caused lengthy delays and 
added costs to projects. In 1971-1972, these delays be
came so pronounced that the U.S. Congress held com
mittee hearings to explore the causes of a near halt to 
road construction nationwide. 

At the average inflation rate of 9 percent of the early 
1970s, the average increase of design time (44 months) 
meant increases in the costs of projects of more than 30 
percent. These increased costs became a matter of 
great concern to the states as highway costs escalated 
at a rapid rate while local available tax dollars receded 
at an equal rate. 

Due to the complexity of the project development pro
cess found in the environmental action plan and the need 
for detailed coordination among the various functional 
areas, it became difficult for the functional managers 
to keep the various projects on a set schedule, which 
made it apparent that changes in the management system 
were necessary. The complexity of the process of man
aging a project through the various functional areas 
justified the consideration of matrix project management. 

Four criteria can be cited as guidelines for the use 
of the matrix approach: 

1. A time schedule must be met. 
2. Cost constraints are critical. 
3. Coordination of specialized skills is required 

for completion of the project. 
4. The required actions are in some way new or un

familiar to the personnel involved. 

Thus, NYSDOT management decided to establish a 
management mode based on matrix project management. 
There were two reasons for this: (a) the process through 
which a project must travel is very time-consuming and 
complicated and requires the interaction of many bureaus 
and (b) the large number of projects makes it impossible 
to have one project manager assigned to each project. 
Matrix project management is conducive to the multiple 
approach. 

MATRIX PROJECT MANAGEMENT IN 
NYSDOT 

The Organization 

The centralized program planning and management group 
created in the fall of 1976, which reports to the office 
of the commissioner, consists of 

1. The Program Planning Section (previously located 
in the Planning Division), 

2. The Capital Projects Coordination Bureau (pre
viously assigned to the Finance Division), 

3. The Environmental Analysis Section (previously 
assigned to the Development Division), and 

4. The Program-Project Management Section (which 
oversees critical projects). 

This staff oq.;-anization was established to limit the im-
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pacts of outside changes on the delivery of systems and 
to provide a bridge for the functional organizations when 
new or significantly different programs are introduced. 
The new group brought together three existing functions 
having departmentwide responsibility for project ad
vancement and created a small group of problem solvers 
to assist in advancing programs and high-priority proj
ects. This new organizational structure allows primary 
units that interact during critical stages of the project 
development process to be located within the same major 
unit. It also allows a closer working relationship be
tween the units involved in project advancement, which 
provides shorter, simplified lines of communication. 

The only new group introduced into the organization 
was the Program-Project Management Section. Because 
this group reports directly to the office of the commis
sioner, the following benefits can be anticipated: 

1. Provision of a central focal point for the early 
detection and prompt resolution of potentially significant 
problems, 

2. Availability to the executive staff of better and 
more current information on the status of programs and 
projects and the impacts of various options involved, 

3. Capability for quicker actions and decisions on 
new programs, 

4. More efficient use of department resources and 
a decrease in the time needed to bring a project to com
pletion, and 

5. Integration of programming and scheduling factors . 

The Program -Project Management Section consists of 
a small gxoup of problem solvers whose task is to as
sist in advancing programs and high-priority projects. 
This section implements the program-management con
cepts and is responsible for obtaining the management 
decisions necessary to complete programs and related 
projects on schedule and within budgeted costs. 

Duties are broken down so that a project manager has 
responsibility for various regional offices and specific 
programs. The chief program manager has similar 
responsibility for regions and programs, along with over
all direction of the group, and represents the section 
at staff meetings and assigns projects and program duties 
to the four project managers. The principal project 
managers handle larger and more complicated projects 
and program areas. They also act in a supervisory, 
advisory capacity to the associate pr o,iect managers. 

Each program manager is assigned specific programs 
and high-priority projects for which he or she accepts 
responsibility. The duties of the program-project man
ager, in this system can be broken down into several ma
jor areas, the most comprehensive of which is the direc
tive to manage the flow between functional areas of as
signed programs and priority projects and bring them 
to a successful conclusion. In meeting this responsi
bility, the project manager has the duties of directing 
overall implementation efforts; the preparation of pro
gram plans, schedules, and necessary instructional 
materials; and the formulation and implementation of 
revised plans and of providing clarification where nec
essary. Other functions that are performed by the proj
ect manager include establishing and maintaining liaison 
with other state and federal agencies, performing con
tinual review of assigned projects to ensure that sched
ules are being met, resolving issues and problems be
yond the scope of the functional managers (which includes 
identifying problem areas), and recommending remedial 
courses of action. 

Currently, NYSDOT must coordinate more than 30 
programs. These are constantly in flux as some pro
grams are added, some are combined, and others are 
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eliminated. The program management group assists the 
functional managers in coping with these changes and in 
enlisting the timely support of others whose actions are 
critical to advancing the programs. There are also a 
relatively small number of projects that require individ
ual and concentrated attention to bring them to comple
tion. Those projects in which there is a great deal of 
public interest and those that were previously assigned 
to outside consultants have lost large amounts of time 
due to coordination problems. In addition, the program 
managers are assigned projects that have routinely fallen 
behind schedule, as shown on the exception reports pro
duced by the Capital Projects Coordination Bureau, and 
that the bureau is unable to return to schedule. It is 
estimated that more than 100-150 projects will receive 
this detailed review each year. 

It should be emphasized that the project managers are 
not responsible for substantive aspects of the programs 
or projects and therefore are not substitutes for the 
functional managers, who have the responsibility for 
controlling activities and the performance of work. Proj
ect managers should have full knowledge of all aspects 
and requirements of programs and assigned projects and 
serve as a bridge across functional lines. For new or 
significantly changed programs, the project manager en
sures that responsibility is assigned, that all involved 
parties are kept informed, that plans are prepared, and 
that proper priorities are assigned. Once a program is 
running smoothly, project management personnel will 
withdraw and rely on the basic monitoring system to 
identify new problems. For individual projects, the proj
ect manager will uncover problems caused by lack of 
policy or delays in decision making and bring these to the 
attention of the appropriate functional manager. The 
group will also ensure that higher-level management is 
informed of delays that are beyond the control of depart
ment personnel so that administrative action can be taken. 

Results: 1977 and 1978 

Two measures were used in the evaluation of the first 
two years of operation of the program: (a) project 
slippage and (b) percentage of dollar value of projects 
let. These measures were chosen because they are 
major items set forth as goals and objectives for the 
Program-Project Management Section and because the 
data they require are easily obtainable. 

Those projects identified for detailed monitoring were 
those that had engendered a great deal of public interest 
and also those projects that had routinely fallen behind 
schedule and could not be returned to schedule. 

In 1977, some 100 projects were monitored in detail 
and, in 1978, 116 projects had the same detailed moni
toring. Sixty of the 100 projects monitored in 1977 were 
let in that year, and 31 of the 116 projects monitored in 
1978 were let in that year. The average value of the 
projects was in excess of $10 million. During the two 
years, the 91 let monitored projects, although repre
senting only 14 percent of the program, composed 68 
percent of the total dollar value of the program. Thus, 
the Program-Project Management Section monitored the 
larger, more complicated projects. 

A major factor in the success of the matrix-project
management concept is its effect on slippage or time de
lays, that is, its efficiency in holding projects within 
time constraints. The 100 projects monitored January
December 1977 represent a high percentage of projects 
in the later part of the project development stage. The 
116 projects monitored January-December 1978 offer a 
more-representative cross section of the total project 
development process. The analysis of the average slip-



page is based on the total time span, i.e., January 1977 
to December 1978. 

Using the 100 projects monitored January-December 
1977 as a base, an examination of the slippage experience 
by these same projects January-December 1976 shows 
an average of 5.11 months and a high for 12 projects in 
one regional office of 10.33 months. During the period 
January 1977-December 1978, the average slippage per 
project monitored was reduced to 2.45 months, a reduc
tion of 53 percent. 

If this slippage reduction is applied against the aver
age inflation rate for January 1977-December 1978 of 
10 percent per year on a total letting of monitored proj
ects for the same period of $1364 million, the cost 
saving calculated is $30.0 million. 

Another success factor is the support shown by higher
level management in the efforts of the Program-Project 
Management Section. Monthly status reports on the 
monitored projects were developed by the section and 
reviewed at regular monthly meetings with this man
agement. At these meetings, decisions are made on 
those problems beyond the control of the project manager 
and action is taken to correct the situation. Although 
many other factors are involved in the measured success , 
without this visible follow-up to major delays, it is 
doubtful that the section would have achieved such re
sults in the first two years. 

Abridgmen t 

Transportation Research Record 742 

Future Years 

The future course of the matrix-project-management 
concept is dependent on recognition of the possible fail
ings of the system: inability to identify the responsible 
person, the fostering of power struggles, being consid
ered redundant during economic recession, and fear of 
high costs associated with the matrix organization. 
Recognizing and dealing with these and other problems 
associated with the matrix approach can improve the 
group's chance of future success. Continuing on course 
without acknowledging some of the possible failings of 
the matrix organization would be shortsighted. 

Over the past two years, the major area of concentra
tion of the Program-Project Management Section has 
been on the highway mode; there has been only minor 
emphasis on other modes of transportation. From pro
jected trends, however, it is apparent that , in the future, 
more of the activity of the section will be given to the 
various other modes. 

Publication of this paper sponsored by Committee on Transportation 
Programming, Planning, and Evaluation. 

Suggested Criteria and Procedures for 
Setting Highway Priorities 
David Curry and Guillaume Shearin 

A practical system for setting the priorities of highway projects for the 
California Department of Transportation has been developed. This in
cludes formula and rating instructions for setting priorities based on 
project merits for 12 of the 15 highway capital-outlay programs and 
guidelines for the remaining three maintenance programs. The general 
technique for rating projects cOn$ists of caiculating a benefit/cost rat io 
or a cost-effectiveness index closely related to project objectives. The 
numerator of the ratio or index represents the benefits of the project, 
measured either in dollars or in weighted rating scales; the denominator 
is the project cost. This ratio or index is then used to rank projects 
within each program area. The project ranking is then subject to techni
cal, financial , legal, scheduling, and political considerati11111s that are 
not addressed by the formula This priority-setting system, which has 
been used for a year with only minor adjustments to formulas and 
weights, is a major step toward rational spending of highway monies 
that are projected to cover only 25 percent of the anticipated need for 
improvement over the next six years. 

In the study described in this paper, a practical system 
for rating and ranking improvement projects in each of 
the 15 components of the highway capital-outlay pro
gram of the California Department of Transportation 
(Caltrans) was developed. The capital-outlay program 
has a budget of $2.4 billion over the next six years, an 
expenditure rate that will meet only 25 percent of the 
anticipated need for highway improvements. New high
way construction is the largest of the program compo
nents, constituting 53 percent of the total budget. Seven 
maintenance and rehabilitation components constitute 

about 20 percent of the budget, and six operational
improvement components and a very small (0.4 percent) 
bicycle facilities component constitute the remaining 
27 percent. Even among the maintenance programs, 
the available funds will meet less than half the antici
pated need, which thus emphasizes the need for care
ful project selection. 

The technique for rating projects varies by program 
component, but the general appr oach is tha t intensity
of-lmpact variables [such as highway-use r time sa ving 
per vehicle or decibels of noise reduction (each derived 
from project objectives)] are multiplied by breadth- of
impact variables (vehicle kilometers or number of af
fected housing units) to give impact ratings. Different 
impacts can be weighted if they are not all measurable 
in dollars. (A typical weighting and scoring system is 
described below for the HB33-safety roadside rest 
areas-program component.) The sum of the project 
impacts or ratings is then divided by the project costs 
to give either a beneCit / cost ratio (when impacts are 
measured in dollars ) or a cost-effectiveness index. This 
ratio or index serves as the criterion by which projects 
are ranked to determine their formula priority . 

The formula priorities are only advisory, because 
additional considerations (such as financial, legal, 
scheduling, and political) are introduced in the process 
of developing the annual state transportation improvement 
plan (STIP). Also, there are some types of projects 
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for which criteria were not developed in this study, 
usually either because they are legislatively mandated, 
are reaching completion within the present STIP, or 
would require excessive data or analytical cost. Even 
for projects that are rated by this scheme, there will 
often be technical or cost considerations not covered by 
the variables in the rating formula that will make excep
tions to the formula priority desirable. Because of such 
exceptions and because of the other considerations and 
constraints, not all projects will have final priorities 
corresponding closely to the formula priorities. 

The approach used in developing a priority index in 
the 15 program components was influenced by the cur
rent Caltrans priority .1Ilethods. However, in some 
programs, there was a general lack of familiarity with 
or even a dislike of an economic or benefit/ cost approach. 
Some distrust of computerized quantitative methods 
also existed, especially at the district level, and even 
the existing computer-based data and project indices 
were not always used in setting priorities. On the other 
hand, most Caltrans staff were familiar with deficiency
or sufficiency-factor methods. Some program compo
nents either had invested or were investing significant 
time in developing a priority method based on deficiency 
factors, generally without considering project cost. 

The resulting criteria and rating scales are therefore 
very much a joint Caltrans-consultant product, based 
on applying engineering economy and scoring principles 
to the diverse requirements of each program component. 
A benefit/ cost approach was found to be better suited to 
HA1, maintenance lands and buildings; HA3 and HA22, 
resurfacing and roadway reconstruction and restoration; 
HA4, protective betterments; HB1, safety improvements; 
HB4, traffic. operations improvements; and HE 1, new 
highway construction. For HA21, bridge reconstruction, 
a sufficiency-rating approach is most appropriate, and 
HA25, highway planting restoration, uses a combined 
benefit/ cost and cost-effectiveness criterion. Cost
effectiveness is used by the other six program compo
nents: HB33, safety roadside rest areas; HA26, safety 
roadside rest-area restoration; HB32, highway planting; 
HB34, vista points and roadside enhancement; HB31, 
noise attenuation; and HE3, new bicycle facilities. 
Interim use of deficiency factors was recommended for 
HB32, HAl, HA22, and HA3 until the suggested preferred 
approach can be developed, because time did not permit 
completion of the recommended appro:i,.ch for those pro
gram components during this contract. Also, the use 
of a simplified form and rating procedure was recom
mended for calculating the community-impact index in 
HE 1,, new highway construction, until more detailed 
procedures can be tested and refined. Some technical 
assistance or added staff, similar to the financial analy
sis and assessment staff office that has been introduced 
at the Ontario Ministry of Transportation and Communi
cations in Ontario, Canada, was thought necessary to 
develop the suggested refinements for HAl, HA22, HA3, 
and HEl. 

Caltrans has used the procedures described below 
to develop a recommended STIP for 1980. For example, 
290 projects have been ranked out of the 500 projects 
submitted for HEl, new construction. The six-year 
budget is sufficient to fund the first 110. Only minor 
adjustments were made in the rating weights and for
mulas during this first year. In subsequent years, 
project ratings will be updated based on any new data 
and on any rating system refinements . 

HB33: SAFETY ROADSIDE 
REST AREAS 

The HB33 program component funds designs and con-
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tracts for improved and additional safety roadside rest 
areas at acceptable standards of comfort and spacing. 
Caltrans' objective is a maximum of 96 km (60 miles) 
distance between rest areas in nonmetropolitan areas. 
The incidence of climate problems (such as rain and 
high winds) and existing roadside rest deficiencies 
are additional priority considerations. The cost-
eff ecti vene ss (C-E) criterion for safety roadside rest 
areas is 

C-E index= AADT score x (w1 alternative stops+ w 2 

climate+ w 3 deficiency reduction)+ project costs (I) 

where 

AADT score average annual daily traffic 
translated to a O-to-1 scale on 
which 1 = 250 000 AADT (both 
linear and logarithmic scales are 
available) and 

Wi, w2, and W3 = percentage weights. 

Costs are in millions of dollars . The variables them
selves-alternative stops, climate, and deficiency re
duction-are each rated on a 10-point scale and w1 
+ w2 + WJ = 100; thus, the potential total score in the 
numerator-is 1000 points. 

HA4: PROTECTIVE BETTERMENTS 

The HA4 program funds construction to prevent dam
age to or loss of service on state highways. The 
program work categories are 

1. Drainage and slope stabilization, 
2. Earthquake restraint, 
3. Truck scales, 
4. Loss of lateral support (shoulder drop-off), 

and 
5. Pavement edge drains. 

Benefit/ cost (B/ C) methods can provide an excellent 
basis for determining HA4 priorities, but only the 
first work category has a sufficient backlog of projects 
to warrant implementation of this method. A B/C 
criterion for this category is described by Equation 
2. 

B/C index= 100 x probability of loss of service and damage 
x (user costs from loss of service+ Caltrans' cost 
of repairing damage)+ project cost (2) 

This criterion approximately maximizes the expected 
project savings in loss of service and damage costs 
for a given budget by accounting for the uncertainty 
involved. 

HE1: NEW HIGHWAY 
CONSTRUCTION 

The HE 1 program component, construction of new 
highway facilities, accounts for about half of Caltrans' 
capital outlay budget. Project types include upgrading 
substandard facilities, adding lanes, and providing new 
connections and cross-traffic improvements. New 
construction is planned "only when an adequate level of 
service cannot be provided by any other effective 
means". Previously, HEl project priorities were 
determined by professional judgment supported by (a) 
a great deal of information on transportation benefits 
and on social, economic, and environmental impacts 
developed through a project report or an environmental 
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impact statement (EIS); (b) public and local and re
gional government views, obtained through the same 
proce ss es; and (c) sometimes, the calculation of delay 
or sa fety indices. T hese are benefit /cost ratios, multi
plied by 100 to produce the index numbers, that show 
the values of expected travel-time savings and of acci
dent cost savings, respectively, in relation to project 
costs. 

A staged development plan is recommended in this 
study for future determination of HE 1 project priorities. 
Four steps were suggested for the first year: 

1. Refine the procedures for computation of the 
safety and delay indices. 

2. Combine the delay and safety indices with a new 
community-impact index that uses simplified pro
cedures for rating public acceptance, social, environ
mental, and economic impacts. The resulting priority 
formula is 

B/C indc .x =I de lay ind cx)v' +safety index+ communi ty
impact index (3) 

3. Supplement the B/C index by obtaining narrative 
comments on any other considerations of potential im
portance to the priority of the project. 

4. Test more-detailed procedures for rating com
munity impacts on selected HEl projects (those that 
have an EIS) to (a) refine the suggested procedures, 
(b) compare the refined procedures with the simple 
procedures suggested for immediate use, and (cl 
determine the extent to which the community-impact 
index affects the transportation benefit/cost index in 
typical projects. 

Among the refinements suggested for the delay index 
are (a ) a method for estimating the value of travel time 
as a function of the amount of time saved (time savings 
are not valued highly until they exceed about 5 min/ trip ) 
and (b l a pricing correction factor to adjust user bene
fits for the underpricing of highways and their conse
quent overuse (which creates undue or premature 
congestion and the associated tendency to overbuild). 
The pricing correction factor reduces user benefits 
as a function of the price elasticity of demand for high
ways, which is a measure of prospective induced 
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travel-hence, urban highway improvements are more 
affected by this adjustment than are rural improvements. 
A parallel measure for new facilities, the tendency to 
induce residential growth in undesired locations, is 
included in the proposed community-impact index. 

Among the variables considered for inclusion in one 
of the HEl indexes, but eventually dropped, was fuel 
savings. In this case, the net effect will generally be 
too small to justify the necessary estimates and 
calculations. 

In subsequent years, it will be necessary to decide 
whether to use the refined procedures for computing the 
community-impact index. either in general or for 
projects having an EIS available. 

HB4: SYSTEM OPERATION 
IMPROVEMENTS 

HB4 is the largest program component after new highway 
construction; it uses about 11 percent of the six-year 
highway capital-outlay budget. It entails increases in 
the efficiency and quality of traffic service through 
projects that reduce freeway congestion (such as climb
ing lanes, high-occupancy-vehi.cle lanes, priority ramp 
treatments, and fringe parking facilities), improve free
way traffic service (such as improved lane delineation 
and signs), and improve conventional highways and 
expressways (such as traffic signals, left-turn and 
passing lanes, and shoulder widening ). Many of these 
types of projects have measurable and predictable ef
fects on traffic flow or accident risks, so it is recom
mended that the delay and safety indices be calculated 
for all applicable proj ects and combined in a single 
criterion, the transportation be nefit/ cost index, as 
follows: 

Transpo rtation B/C imk x = <kl ay inde x + safe ty inde x (4) 

For HB4 projects that do not have significant effects 
on traffic flow or safety, continuation of the present 
Caltrans effort to develop separate cost-effectiveness 
indices is recommended. 

Publication of this paper sponsored by Committee on Transportation 
Programming, Planning, and Evaluation. 

Highway Funding:-- Arizona Case Study 
Judson S. Matthias and Robert H. Wortman 

During the summer of 1978, the highway funding situation in Arizona 
was reviewed and the alternatives for overcoming the anticipated future 
deficit were studied. Although a number of user, as well as nonuser, 
revenue sources are potentially available , the emphasis was placed on in
creasing user charges. Based on this study, it was recommended that 
revenues be increased by (a) staged increases in the fuel tax, (b) in
creases in registration fees, and (c) increases in third-structure taxes. In 
all cases, it was recommended that user taxes be tied to a consumer 
price index so that additional increases will offset the effect of inflation. 

In January 1978, the Arizona Department of Transporta
tion (AOOT) submitted the Biennial Statewide Transpor
tation Needs Report to the state legislature in accordance 

with the law passed by the 31st legislature in 1974. This 
Needs Report represented the culmination of a compre
hensive examination of the current estimates of future 
transportation needs in the state. 

Basically, the report indicates that Arizona faces 
major problems with respect to the funding of the high
way system over the next 20 years. Figure 1 illustrates 
the comparison between the anticipated needs and the 
funding available from current revenue sources and in
dicates a considerable deficit. Even though the results 
of the needs study are considered to be conservative es
timates of the resources that will be required, it is ex
pected that the deficit will be at least approximately 
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Figure 3. Design department work load: 
August 1, each year 1971-1978. 

Figure 4. Design department persons 
per project: August 1, each year 
1971-1978. 
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tation of a total systems approach for its entire organi
zation, including preconstruction and construction 
engineering, in 1975, serves to provide some insight 
to the increases in productivity that can be achieved. 

Figure 3 shows the increase in dollar volume of con
struction work produced by the design department. In 
constant dollars, the productivity of each staff member 
increased almost 50 percent over the period 1975-1978. 
Figure 4 shows that the ratio of the numbers of enginee rs 
and technicians employed to the number of preconstruc
tion projects completed has decreased signiCicantly . 

73 

Transportation Research Record 742 

. .... 

74 76 76 77 78 
YEAR 

1.311 

' ' \ 
I 
\ 

\ 
\ 
\ 

\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 

'·'°' 

.021 

74 vr.AR 75 70 77 78 

These are somewhat distorted by the shift in emphasis 
toward more 3R-type projects, but the results are still 
significant. 

How can results such as these be achieved? Once an 
organization has adopted a total system approach for im
proving productivity, the information system necessary 
to support it must be deve loped. 

The type of information system that has been imple
mented by KDOT i s one that uses a utomated techniques 
to allow integration of the various preconstruction func
tions against an array of projects and to provide infor-
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Figure 5. Project development flow chart. 

1' 

•LUTD•l fVHTS: 
AGUOCI I ,, , ·-A I 

, •-A 
'HfAOOUAATEA~ IHEADOUARTEAS I 

01$.TAICTS 7' OISTAIC1 OISTAICT OISTAICT HtAOOHl.S PVBLIC 
Al'PROVE APPROVE HOLD Al'l'ROVE PROGRAM 

I· PROJECT 1/ 
PROJECT EIS & HOLD DESIGN OE SIGN OPEN TO 

AUTHORIZATION DEVELOPMENT 
1
, PUBLIC HEARING 

PUBLIC STUDY ~ 
FOR 

TRAFFIC 
REPORT HEARING REPORT LETTING Ii 

~ 
PROJECT PRELIMINARY 

PRELIMINARY FINAL DEVELOP 
DEVELOPMENT LOCATION 

LAYOUT DESIGN DESIGN REPORT CONSTRUCTION CONSTRUCTION 
F Pl.AN AND EIS REPORT PL.ANS 

PREPARE GATHER OATA COORDINATE DATA COOROINATE ACTIVITIES COORDINATE COORDINATE 
DEVELOPMENT 

"'EPARE REPORTS 
COLLECTION ANO CO-LETf DESIGN ACTIVITIES ACTIVITIES 

PROJECT PLANS PREPARE REPORT AUTHORITY PACKAGE COMPLETE FINAL 
ANO COORDINATE RESOURCES ANO 

MANAGERS ACTIVITIES 
GET APPROVALS ON RECOMMENDED CONSTRUCTION ADMINISTRATION 
PAEPARE FOR ALTERNATIVE PLANS Rl:OUIREMENTS 

OE SIGN PUBLIC 
HEARING 

PLANNING AND PLAN SUt'PORT TRAFF"IC FINALIZE TRAFFIC TRAHICO~YA 

l'ROGRAMMING FORECASTS FOR DESIGN FOR SURFACE TYPE - -
FEATURES 

MA TE RIALS - GEOLOGY SOILS TESTS MATERIALS DESIGN FOR MATERIAL MATERfA\ • .S TES.TS 
PAVEMENT SELECTIONS CORRECTIONS 

PLAN SUP'PORT GEOMETRICS ALiGNMENTS AND PREPARE FINAL LAYOUT FINAL PLAN 
PICTORIAL WITH GEOMETRIC PREPARATION 

ROAD DESIGN PRESENTATIONS DETAILS QUANTITIES ANO -
SURFACE TYPE COST ESTIMATES 

ESTIMATES 

PLAN SUPftORT BRIDGE TYPES BRIDGE GEOMETRY SITE LAYOUT BRIDGE 

BRIDGE DESIGN - STRUCTURAL INSPECTION 
DESIGN 

EST1MATE.5 

PLAN SU,,ORT RELOCATION RfW LIAISON CONDUCT RELOCATION RELOCATE 
IMPACTS UTILITY LIAISON STUDY APPRAISE 

RIGHT OF WAY VTILITY NEEDS SECUAHJTll.ITY INFO NEGOTIATE -
OllTAIN RR ACQUISITION 

AGREEMENTS ....____ CONOEM.NA TION 

TRAFFIC - GEOMETRICS GEOMETRIC REVIEW GEOMETRY REYIEW FINAL TRAFFIC TRAFFIC CONTROL 
ENGINEER PLANS 

SURVEY AND AERIAL CONTOUR MAPS 
MAPPING - ,HOTOGRAPHS - - -

ENVIRONMENTAL PLAN SUf'POR T ECOl...OGICAL Ii LANDSCAPE ENVIRONMENTAL LIAISON LIAISON 
SERVICES ,U_STHfTICS CONCEPT PLAN LIAISON 

CONSTRUCTION CONSTRUCTION, 

CONSTRUCTION - - REVIEW STAKING - - INSPECTION, 
AOMIN 

support a variety of decision-making levels. Table 1. Types of information provided to management. 

Type o( Information Example 

The PMS provides information support for decision 
making at multiple preconstruction management levels: 

Program management 

Financial management 

Capacity management 
'\ 

•see Figure 6ai. 
D See Figure 6b. 

Project identHication and description 
Project esti mates (phase starts, costs, and [undlngY 
Project !lnancing (Cunding and e xpenditures by phase l' 
Project schedule (tnrget and actual dalcsl' 
Project status (individual and activity)' 
Project contract status (any project contractual 

services) 
Project billing (FHWA billing status) 
Cross-reference to old project number 
Cross-reference to FHWA projeCt number 
Cross-reference to county-roqJc 
Proposed project changes (sir/tu tation scenarios r 
Fund program status (individual FHWA, state, or 

other funds) 
Annual revenue and expenditure projections 
Resources available (staH by functional unit) 
\Vork-load simulation' 
Fund program balance simulation 

cSee Figure 6c. 
dSee Figure 6d. 

• see Figure 6e. 
'See Figure 6f. 

mation when needed. This system is called ii. construc
tion program management and funds control system; 
however, in general, it can be referred to as a program 
management system (PMS). 

Simply stated, the goal of the automated PMS is to 
provide information and communications support to the 
various preconstruction managers in the areas of fund 
planning, project scheduling, project control, staff 
planning, and performance evaluation. The support 
must include information that can be used to analyze the 
effects of real and/or proposed changes to plans in order 
to assess impacts on current plans and resources. The 
information must be available and structured to multiple 
preconstruction management levels, including upper 
levels. That is, it must be available and structured to 

1. Program development-resource planning, 
strategy development, and forecasting and simulation; 

2. Work-plan management-project schedules, 
project status determination, and resource allocation; 

3. Inventory control-fund accounting, personnel 
accounting, consumable and nonconsumable item control, 
and service (consultant, contractor, fee appraiser, and 
such) control; and 

4. Feedback-of labor, equipment, and materials 
data; costs; and accomplishment. 

Collectively, by integrating the information on the 
computer, the PMS provides the managers of the pre
construction functions with a broadly based and compre
hensive information and communication resource. By 
providing access to information to managers and their 
staffs via terminals in their immediate work areas, 
there is a timely communication tool within and between 
preconstruction functions. The system also eliminates 
much of the clerical work previously performed by 
project staff, which frees their time for more pro
ductive work. 

Thus, the PMS can be used by preconstruction 
managers to increase the effectiveness and efficiency 
of their operations in the following ways: 

1. To identify various projects collectively as 
work programs that meet specific sets of objectives; 

2. To determine, before commitment is made, 
resources (time, staff, funds) required to complete a 
project or accomplish an entire work program; 
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Figure 6. Types of information provided: (al project (a) PMPESTIK :.!_438c01/ PROGRAMMED PROJECT ESTIMATES 

estimates, (bl project financing, (cl project schedule, (di project 
activity status, (e) simulation scenario for proposed project 
change, and (f) work-load simulation. 
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• Table 2. Types of reports available. 

Type ol Report 

On req uest 

Automatic 

Exampl e 

Planning· value feedback (schedule feedback) 
Work-phase payout (cash- forecast i ng feedback) 
Project eve nt status 
Wor k progr am status 
Functional unit wo rk plan (real and sim ulation) 
Fund prog ram status (real and simulation) 
Project priorities 
Project acti vity status 
Project financing s tatus 
Contract status 
Cash forecasting 
Proposed work program (real and simulation ) 
Exception and notirication · 

3. To determine availability of resources needed 
to complete work programs; 

4. To monitor and report progress toward com
pletion of defined projects and work programs; 

5. To report status, both financial and physical, 
of projects in the work program; 

6. To schedule and reschedule projects within the 
multiproject work environment; 

7. To use planning values for developing schedules, 
planned accomplishment, and resource requirements; 

8. To provide feedback as to actual results on ac
complishment and to planning values ; 

9 .. To allow changes in a simulation mode to pro
vide information to "what if" questions or alternatives; 

10. To notify involved persons of upcoming events, 
project exceptions, or significant outstanding problems; 

11. To identify amounts for which reimbursement 
from the Federal Highway Administration (FHWA) is 
available; 

12. To identify funding programs associated with 
each project and maintain the current status and balance 
of each fund; and 

13. To determine work status of all staff, including 
consultants, who are working on preconstruction 
activities. 

Project scheduling is a key management support tool 
of a PMS. Because project development in a precon
struction environment can be a very fluid operation in 
which changes are constantly occurring (and are not 
necessarily positive), automated scheduling must not be 
structured to a more-detailed level than can be effectively 
used and efficiently maintained. 

PMS scheduling concepts are keyed to'the objectives 
of several levels of management responsibility. The 
major objectives responded to include project priority, 
target P.roject-completion dates, and the maintenance 
of an effective total work program. 

In a PMS, project scheduling is defined as the ac
tivities, time, and resources required and available by 
functional group to develop and complete the precon
struction elements of a project. Planning values are 
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used to automatically develop initial schedules that can 
then be modified by preconstruction managers based on 
engineering judgment. Available for a variety of project 
classifications, planning values consist of the time and 
resources (labor, equipment, materials, and such) re
quired for each project activity and each functional 
group involved in that activity (see Figure 5 as an 
example). 

By using an automated information system of this 
sort and video computer terminals, all aspects of work 
programs, projects, and resources can be readily as
certained. The effect of adding, changing, or deleting a 
project or staff resource is easily available, and a 
manager can quickly react to optimize the production 
operations in light of the new information. 

The PMS operates in two modes: (a) the on-line or 
"now" mode, in which video terminals are used for ihput 
and updating of data and for inquiring about specific in
formation or requesting reports and (b) the batch mode, 
which is used for preparing requested hard copy 
management reports and exception reports and for col
lecting feedback data. 

Both the on- line and batch modes use an integrated 
data base that reduces input requirements and maxi
mizes the correlation of information to multiple levels 
of management. 

The types of information provided to management via 
the video terminals by PMS are summarized in Table 
1, and selected items are illustrated in Figure 6. 

The system must also provide complete information 
for analysis and evaluation of preconstruction plans, 
status, and accomplishment. The types of reports 
available for this are summarized in Table 2. 

The impact of using the automated PMS as a pre
construction productivity-management support tool is 
extensive. However, for the system to be effective, 
all managers and their staffs must actively use and 
support it. For some managers, particularly those in 
project control and coorc:lination operations, the effort 
required of them and their staffs can be extensive but, 
in nearly every case and certainly for the organization 
as a whole, the information is needed and essential to 
the total system of management and productivity 
improvement. 

Much of the productivity improvement experienced 
in Kansas has been achieved without a fully operational 
automated information system to support the total sys
tem. The automated system is now operational. This 
should lead to a total system for productivity improve
ment that is supported by timely decision-making in
formation available at multiple preconstruction manage
ment levels. Future years should reflect even greater 
productivity improvement. 

Pub lica t ion of th is paper sponsored by Committee on Manpower Manage
ment and Productivity. 
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Abridgment 

Preconstruction Engineering Management 
in Washington: Manpower Management 
Information System 
Donald L. Lund 

The Washington Department of Transportation has been involved in pre· 
construction staffing management in a formal sense since 1972; FY 1978, 
however, was the first fully operational year for the manpower management 
information system. Staffing standards, which are based on identified, 
quantifiable objects for data input, have worked out well. Project sched· 
ules have been found to be reasonably accurate, due in part to previous 
experience in the use of a critical-path method for scheduling engineering 
activities. Labor reporting has remained constant since 1973 with no ma· 
jor changes in the activities, titles, or coding numbers. Operational prob· 
lems of the system have resulted from the programming, budgeting, and 
authorization processes of the department, where a close match does 
not exist between financial management systems and staffing manage-
ment. Because there was no common data base, several coordination 
systems were developed to tie the financial and staffing systems to· 
gather. Matching financial and staffing planning to expenditure systems 
has caused cross-referencing problems and some dilution of historical 
data. Data-processing differences between the financial and the staffing· 
resource management systems have delayed preparation of reports in
volving both. Monitoring and control of project progress and resource 
utilization has not been stressed greatly because of an initial lack of 
credibility in the system for resource estimating and project scheduling. 

The manpower management information system (MMIS) 
of the Washington Department of Transportation is an 
automated, performance-standards-based, resource
estimating and scheduling tool. It provides detailed 
performance measuring and project schedule monitoring 
at nwnerous critical developm~nt points. The scop,e ()f 
MMIS runs from project inception through route location, 
facilities design, right-of-way purchase, and contract 
plan preparation to completion of construction. MMIS 
covers almost 1700 of the department's 2000 engineers, 
technicians, and right-of-way staff, ranging from entry
level technicians to project managers. 

BACKGROUND 

Work on MMIS was initiated in 1972. At that time, all 
project engineers were requested to prepare organiza
tion tables showing name, class title, and particular ex
pertise used. Information on recently completed proj
ects was used to provide historical data for analysis, 
and engineering-activities categories, prEfviously es
tablished for labor reporting, were used to provide ad
ditional history by engineer and technician classes, 
project, and activity. These preliminary engineering
activities categories were based on the existing Wash
ington automated control system, a critical-path project
scheduling tool. Having these familiar engineering ac
tivities to work with and an existing activity diagram was 
an advantage in creating a standards-based 
preconstruction-management system. Even so, con
siderable effort was spent in verifying the historical 
labor charging and in questioning the manner in which 
work was performed and the efficiency of the various 
operations. Random sampling techniques were used dur
ing field observation of all aspects of preliminary engi
neering. Many interviews with those working on or re
sponsible for engineering projects were held. These in
terviews suggested ways to do things and estimates of 

the time required. These findings were then presented 
to a technical committee for review and final establish
ment of an engineering-activity staffing standard. 

Once activities or groups of activities were defined 
and labor reported against them in sufficient quantity 
for analysis, work establishing appropriate units of mea
sure was begun. These units had to be quantifiable, 
readily identifiable, and usually descriptive of some 
product delivered. Considerable effort was required to 
define the staffing requirements resulting from different 
units of measure or modifiers to the basic units of mea
sure. The final product was a mixture of basic units 
and modifiers and included 

1. Type-eight basic units and their lengths; 
2. Feature-numerous modifiers of the project 

types, e.g., bridge sites; 
3. Major construction additives-which modify only 

the major construction projects, e.g., diamond inter
change; 

4. General project additives-which can apply to all 
project types, e.g., channel change; 

5. Bridge project additives-which apply to structure
only projects, e.g., railroad bridge; and 

6. Network generators-which consist of all the ac
tivities available for the particular phase. 

Even with the extensive listing of engineering
activities categories (more than 160), it was recognized 
that some percentage of the engineering labor charged 
to a project would consist of overhead. Overhead, in 
this sense, means support functions directly relatable 
to the project but not product related, such as on-job 
conferences and instructions or training. Examination 
of historical records provided quantities and percentages 
used on previous projects. 

ORIGINAL DESIGN 

The initial MMIS design was based on the basic functions 
of (a) plan and schedule, (b) measure and compare, and 
(c) act and react. Capabilities were built into MMIS to 
provide information necessary for each. In detail, the 
plan function consists of a project definition for each 
phase of a project and uses project type, features, ad
ditives, and network generators (activities). Tbis gives 
a quantity of resources (staff) needed to accomplish the 
work. Summarizing the plan then gives a critical-path 
diagram that is displayed in bar-chart format and shows 
critical activities, float times, and durations in days. 
The resultant of this planning process is not calendar 
dependent and requires another action to establish start 
and complete dates. From a summation of all projects 
defined (planned) and put on the calendar (scheduled), a 
staffing requirement by skill levels is available for the 
project manager, the district, or the entire department. 
Some balancing is done to stay within staff allocations. 
Staffing requirements are defined by the features of the 
project, so that only by changing starting dates can re-
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source balancing be accomplished. By slipping and slid
ing projects on a time scale, the.districts attempt to bal
ance available staff against needs. It was originally 
planned to balance staffing at the project manager level, 
but that proved to be unworkable. Each district now at
tempts to balance staffing requirements at a district
wide level and then provide seasonal or temporary per
sonnel to project managers who need extra help. 

To date, MMIS has provided resource information 
only and has not been used to dictate whether a project 
can proceed or not because of resources. Any work load 
in excess of existing staff resources is done by consul
tants. This practice, and a statewide staff pool in the 
land management office, has been very helpful in meet
ing schedules while maintaining a relatively fixed work 
force. 

Project Numbering 

Washington has a unique numbering scheme for its 
capital-improvement projects. Each project has a num
ber that is carried in some form, either as a basic or as 
a secondary identifier, throughout the life of the project. 
Critical to this numbering scheme is the planning unit, 
a particular stretch of highway that has homogeneous 
qualities. Each state highway in each district has its 
own series of planning-unit numbers; for example, a 
project on a hypothetical highway could be identified as 
53031B-Lofall to Keller Ferry-as shown below: 

Position 

First numeric 
Second numeric 

Third, fourth, 
and fifth nu
meric 

First alpha 

Example 

5 
3 

0, 3, and 1 

B 

Description 

District number ( 1 through 6) 
Functional class number ( 1, 2, 3, 5, 
or 6, where 1 =principal arterial, 
2 =minor arterial, 3 =major collec
tor, 5 = Interstate, and 6 =other) 

Planning-unit number, unique to the 
particular highway 

Unique project within the planning 
unit 

The project numbering system allows the department 
to sort, group, and arrange project estimates in numer
ous ways. Other data are attached to the project number, 
including project type, benefit codes, and estimates of 
costs for engineering, right-of-way, and ~onstruction. 

One problem with the project-numberrconcept is that 
a project can consist of almost anything and can range 
from the entire scope of work in a given geographic area 
to a series of related activities that result in a product. 
Because of this problem of defining a project, MMIS 
uses the term "phase", e.g., design, to identify the parts 
of the total project. The sum of all MMIS phases will 
result in something that behaves like a project. The 
MMIS project matches the financial project number by 
using the project number and adding three digits to the 
end to signify the particular phase. For example, the de
sign phase of the project example described above would 
be identified as 53031B-203-Lofall to Keller Ferry: 
bridge design. 

Authorizations 

The accounting system in Washington assigns work 
orders for design; plans, specifications, and estimates; 
and right-of-way portions of a project. This authoriza
tion provides clearance to begin work on a particular 
project by the assignment of still another six-digit num
ber, e.g., OL4163 or RW2364. This number may en
compass part, all, or more than one project. When 
more than one project number is incorporated into a 
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work-order authorization, dollar prorations are made to 
the included projects; hence, the match of planned dollars 
and actual labor expenditure dollars will never be good 
at the project level. This pro rata of dollars to projects 
has caused some problems in matching staffing require
ments to the financial system. 

Measure and Compare 

MMIS currently provides eight reports that show rela
tionships between planned quantities and expenditures. 
Their range of detail runs from that of the individual 
project or phase status report through those of head
quarters-organizational- and district-level summaries. 
These reports more than cover the demand for expendi
ture comparison information. Project performance was 
intended to be a primary responsibility of the project 
manager in the field but, because labor reporting oc
curs only once a month, it is several weeks before the 
results of all labor charges are known. The comparison 
process is used extensively by MMIS staff during stan
dards validation. Many cuts of historical data (com
pleted phases and projects) are made by organization 
and activity. These are matched against new planned 
quantities generated by completed project features and 
additives.. Measurement is made by MMIS staff, on a 
statewide or .district level, to compare known perfor
mance with that projected by the standards. This gives 
a check on a proposed program and whether it can be de
livered by the staff on hand. Emphasis is being placed 
on this level of compar;son because it can identify areas 
of future problems. 

Design Shortcomings 

As originally designed, MMIS was to provide information 
on staff planning, scheduling, and expenditures for proj
ect managers to use in laying out work. It was also to 
provide project-monitoring capabilities by using develop
ment points for checks on progress. All support organi
zations would receive scheduling and resource informa
tion for their use in staffing to the work flow. Project 
managers do not have the autonomy they once had, be
cause most of the program control is exercised at the 
district level. Washington now has a strong, decentral
ized organization that schedules projects to fit available 
staffing levels and does not tolerate large fluctuations in 
staff. 

I!VIPROVED DESIGN 

Right-of-Way 

During the data-collection and work-analysis period 
(1972-1974), the scope of MMIS was limited to engineer
ing aspects of project development in both preliminary 
and construction engineering. Right-of-way acquisition 
was not made part of the MMIS effort because the de
partment already had a right-of-way staff-estimating 
system. In 1976, this system was eliminated and a 
separate phase was created in MMIS to cover right-of
way acquisition. The MMIS right-of-way phase normally 
runs parallel with the plans, specifications, and esti
mates phase. The staffing standards for all right-of
way functions were recently reviewed and updated, and 
some major cuts in the support functions, recognizing 
changes in review procedures, were made. Because 
right-of-way acquisition can be a major factor in proj
ect completion, bringing the right-of-way-acquisition 
function into MMIS now provides a better picture of proj
ect development. 
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Preconstruction versus Construction 
Engineering 

Preliminary engineering and construction engineering 
followed separate paths during detailed MMIS design. 
Although both paths are well designed for their separate 
purposes, points of dissimilarity have caused some 
problems. The preliminary engineering phases have 
eight project types, whereas the construction phases 
have only six. Another difference between preliminary 
and construction engineering is the manner in which 
staff-time standards are applied. All preliminary engi
neering standards are individually planned at the activity 
level while construction engineering staff time is 
planned by activity groups that summarize 1-20 activities. 

Modifications to MMIS 

MMIS has been modified as a result of changes in em
phasis by the department, the necessity to provide in
formation in slightly different formats, a desire for 
coverage that would better match the financial system, 
and addition of project information for budgeting pur
poses. One of the earliest requests was for the addition 
of a subprogram designator. 

The capital construction program in Washington is 
divided into various subprograms; for example, Al = 
rehabilitation work on non-Interstate highways and Bl = 
Interstate construction. Unfortunately, because new 
subprograms are added each biennium, historical 
records by subprogram are difficult to maintain. 

An offshoot of the subprogram request was the de
velopment of a new format for an existing report so as 
to mesh with budgeting formats. The new format is by 
subprogram within each district, condenses the staffing 
detail into quarters to match the financial system, and 
prints both the staff and dollar information in the same 
report. This report is used extensively by the districts 
during budget development. 

One of the control reports, District Milestone Status 
and Exception Report, has been extensively modified to 
provide more information at the project level. The 
tardiness by the districts in updating status reports 
caused many to exceed the exception limit, which made 
the original report very cumbersome. By revising the 
report format, all planned stages on a given project are 
now shown with the status of each. The new title, Proj
ect Status Report, is indicative of the shift in emphasis 
to the project itself. This should become the key in
formant for a scheduling, monitoring, and control func
tion. 

Systems changes involving the data-handling package 
purchased by the department are complex but require 
some explanation. The data-base system purchased was 
a state-of-the-art system, and the vendor-Was not in
timately familiar with it. Thus, considerable time was 
needed for the systems development staff to learn to use 
the data-base system and costs to develop MMIS were 
higher than normal. 

Some of the MMIS reporting requirements did not use 
the data-base capability efficiently. The particular data
base system is very good for ready access of all types of 
single- or small-group information needs but is not ade
quate for large summaries and reports. Much repro
gramming was done to remove production summaries 
and expenditure reports from the data base. Once the 
extracts were made, processing costs decreased appre
ciably. Systems support has improved over time and 
the MMIS data base is no longer a novelty, but it is still 
used as the department training ground for new program
mers. It would, however, be impossible to process the 
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data contained in MMIS by using older methods of data 
processing. 

Even after several years of experience and an effort 
to simplify the basic system, MMIS is still complex and 
not well understood. It is also expensive to update be
cause of the large amounts of data maintained. 

Thus, MMIS is not cheap to maintain. A major por
tion of the costs are for computer processing and sys
tems support. MMIS staff consists of four people in 
headquarters who handle the operational aspects and 
standards validation and provide training and trouble
shooting expertise. These four are supported by a sys
tems analyst and a design programmer who are familiar 
with the data-base system. The six districts collectively 
have approximately 4.8 staff years of support with which 
to keep the MMIS data base current. 

The costs for FY 1980 break down as follows: 

Cost($) 

Item Districts Headquarters Total 

Labor 120 000 90000 210 000 
Data processing 5 000 165 000 170 000 
Travel 5 000 5 000 
Printing 3 000 3 000 
Systems support 90000 90 000 

Total 125 000 353 000 478 000 

MMIS development costs, from the beginning in 1972 to 
the point when the system was declared operational in 
1977, exceeded $1 million. In addition, much of the 
current effort on modifications should also be called de
velopmental, as it is attempted to fit MMIS to a different 
environment than originally anticipated. 

MMIS IN THE FUTURE 

After a couple of years of operational status and a full 
biennium of project history, the questions are, Was it 
worth it? And is it still necessary to plan staffing re
quirements to the nth detail? The answer is that we 
still think so! It was a formidable task to try to provide 
staffing planning for both preliminary engineering and 
construction engineering at the same time, establish a 
new data-base system, and base staffing standards on 
individual project details. It may have taken several 
years longer than originally planned, but the results are 
now coming in. The extensive work done in establishing 
standards is resulting in good performance overall. The 
system may be more complex than needed for its cur
rent use, but times have changed since the early 1970s 
when gasoline was cheap, construction was booming, and 
many large projects were on the drawing boards. It is 
much easier to trim back than to add on to a system of 
this size. 

Now that major new construction projects (on which 
the MMIS was primarily based) are almost extinct, re
habilitation is the commonest operation, and both gaso
line and money are scarce, the department must con
sider its efficiency and do a good job of utilizing scarce 
resources. MMIS as a management tool is being changed 
to fit that new task. Eliminating excess paperwork, pro
cessing fewer reports, working more quickly, and broad
ening the audience for the system are under way now. 
Joining forces with the financial system is a necessity. 
Staffing needs cannot be estimated separately and man
aged without some relationship to the programming and 
expenditure of funds. Commonality of data in resource 
management systems seems the way to go. 

Publication of this paper sponsored by Committee on Manpower Manage
ment and Productivity. 
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Preconstruction Engineering 
Management in Virginia 
Frank E. Tracy 

The Virginia Department of Highways and Transportation has imple
mented a project-monitoring system and a limited staffing planning 
system. These systems are automated to the extent that computer files 
have been developed that output a large number of specially formatted 
listings designed to assist middle- and high-level management in the ad
ministration of the annual construction program. All technical areas 
of the department were involved in defining the specifications for the 
project-monitoring system and are involved in its daily operation. A 
single large operating division was selected as the pilot area for the staff. 
ing planning system. A task force approach was used in each case to de
fine the system details. In the future, the systems will be combined and 
expanded to other engineering areas of the department. On-line capa
bilities and statistical techniques will be used in this expansion. The 

· staffing planning programs are written in COBOL, and the project
monitoring system is written in COBOL and FORTRAN. 

The present-day Virginia Department of Highways and 
Transportation has major responsibilities in each of 
several modes of public transportation. For many 
years, however, the agency's basic responsibilities 
we"re confined to highway systems and, even today, the 
88 000-km (55 000-mile) highway network and its atten
dant planning, design, construction, and maintenance 
remains as the largest area of concentration for the 
engineering staff. The scheduling and monitoring of the 
preconstruction stages of the thousands of highway 
development projects and the assignment of staff, as 
needed, to the hundreds of engineering and other tasks 
involved in each of these is a continuing voluminous 
undertaking that involves almost every unit and every 
tec hnical discipline in the organization. 

PROJECT MONITORING 

Several years ago, the department began the develop
ment of a methodology designed to outline the steps in
volved in a construction project and to monitor the prog
ress of a project in relation to meeting fl.- realistic bid
advertisement date. An internal task force represent-

. ing all affected divisions of the department was appointed 
and assigned the task of specifying the system require
ments, The system, as defined and as developed, is 
best described as semiautomated. Computer-maintained 
files have been built and can be accessed to produce 
reports and to indicate schedule variances, but the 
scheduling itself remains largely manual. The system, 
therefore, can be considered a project-monitoring-and
status system but not a project-scheduling system. 

The first action consisted of manually defining the 
identifiable activities involved in two theoretical most
complex projects. These projects included each known 
step in a project having one public hearing (combined 
location and design) and in a project having two public 
hearings (separate location and design hearings). 

Basic data consisting of such information as route, 
county, project number, description, and length are 
collected for each construction project and entered into 
the system. These data, grouped by projects that are 
e:-.i:iected to be advertised in one contract, are entered 
into a computer file. A tentative date for advertisement
for- construction bidding, which has previously been 
determined, is used as the control by which target dates 

for other steps in the development of the project are 
based. 

The dates are furnished individually by division or 
district representatives in lieu of a computer calcu
lation. It was found that this approach was more ac
curate and more flexible for the initial period (although 
automated calculation is being considered for the 
future). A project turnaround sheet, which includes 
the proposed advertisement date, is circulated among 
the affected divisions. Each division representative 
determines the activities within his or her area of 
responsibility and produces one or more target dates. 
This information is entered into the computer system 
and a resultant target-date report is produced for each 
project. This report shows the bid-advertisement date 
together: with dates for other critical phases of work 
as required, to keep a project on schedule. The com
puter system evaluates the effectiveness of each date 
when compared with an actual date and produces other 
reports to alert the affected divisions and management 
area(s) of critical step,s, deadlines, and such. 

A number of critical points in the development 
cycle for a project, such as environmental-impact
statement approvals, holding of public hearing(s), and 
such, are identified as permanent checkpoints. Other 
critical stages of various preconstruction operations 
are isolated, and specially formatted listings are pro
duced, by district and by advertisement date, of the 
critical dates involving road design, bridge design, 
right-of-way acquisition, district operations, and other 
factors. Figure 1 illustrates the type of data reported 
for bridges in a particular construction district. 

Many other computer-output formats have been 
developed for specific use by a particular di vision or 
district. One of these is an output that indicates the 
chronological sequence in which various work elements 
must be performed to allow projects in a construction 
district to remain on schedule. This type of advance 
information is of extreme importance in scheduling 
staffing requirements. Other specially formatted listings 
are prepared for the various units of the department 
involved in preconstruction activities. 

When a project fails to advance on schedule, reports 
produced by the automated system alert the affected 
administrative areas. This allows corrective action 
if possible, within the remaining time frame or, ' 
alternatively, setting the project aside to apply concen
trated attention to other projects. 

When it is necessary to significantly revise a portion 
of a project, a listing by district is produced showing 
descriptive data, a statement concerning the revision, 
and the next step in the anticipated development of the 
project. This alerts the affected unit(s) and allows them 
to make proper adjustments, if necessary, in the dates 
of subsequent operations . 

A district project file is produced on a regular basis 
showing in summary, by district, the status of all proj
ects in the system. This basic information is of particu
lar benefit in scheduling the indi victual demands on the 
staff of the department and gives a concise overall look 
at all projects in the system. 
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Figure 1. Critical stage report: bridges. 

V!HGJN!A OlPARTMENT OF HluHWAYS ANU TRANS~O~TATJON 

M25-1805-0l P).t0..JE-:T OEVELUPMENT MONITOMJNu SY,TEM 11109119 
ARIOuE Ul\/ISION 

CRITICAL STAG ES !N POOJECT UEVELOPMUH PAGt: 8 

xxx DISTRICT 

PROJECT USG < - - - - - - JESCRIPTION - - - - - -

ADVERTISEMlNT 

0081-080-1osoij647 HRIDGE - N~L OVER RTE 311 
0081-080-1osoB6•B ilR!DGE - SijL OVER ~TE 311 

ADVERTISEMENT 

U000-126-10308601 BRIDGE - N r,. • RAILWAY 

0697-033-16000628 BRIDGE OVER MILL CREEK 

ADVERTISEMENT 

OOAl-962-10108609 WIDEN BRIDGE RTE loo INTEHCHANGE 
0081-962-10lo~610 WIDEN dRIDGE RTE 100 INTERCHANGE 

ADVEHT I SEMENT 

0501-009-I03o8604 BRIDGE CABIN CHEEK 
050l-OOG-10JoA605 BRIDGE LONG ~RANCH 

ADVERTISEMENT 

0614-011-15808639 ROUTE 614 OVER M !ODLE CREEK 
0614-011-15808640 ROUTE 6l4 UVER JENNINGS CREEK 
0614-0ll-!58oB6•1 ROUTE 614 OVER JENNINGS CREEK 

ADVERTISEMENT 

0081-962-10208627 BRIDGE REPAIRS RTE 608 OVER RTE 81 

06J9-080-l43o8628 BRIDGE ROANO•E RIVER 

0646-033-15308622 BRIDGE PIGG RIVER 

A listing showing those projects scheduled for ad
vertisement on a statewide basis for a particular future 
month can be produced. The successful meeting of 
such a schedule is the end product of the entire pre
construction effort. The successful operation of a high
way construction program is tied to the ability of the 
many units within the department to maintain a scheduled 
rate of progress. The overall system continues to 
monitor this progress and contributes significantly to 
the department's ability to efficiently obligate construc
tion funds and to maintain an effective program. 

Summary sheets for the entire system are produced 
quarterly. These show the number of projects by year 
of bid advertisement and by road system and indicate 
their status in the project-development monitoring 
system. 

Project monitoring is currently being used through
out the agency by all affected central and field offices. 
More than 20 individual reports, some with many vari
ations, are being produced and distributed on a monthly 
basis. The system is an effective and useful tool for 
following the progress of the hundreds of individual 
projects under way at any time and thus measurably in
creases productivity at every level. 

STAFFING PLANNING 

Project scheduling and monitoring is a major portion of 
any highway and transportation agency's administrative 
work that to be of practical use must be fully coordinated 
with staffing planning efforts. The department has not, 
as yet, combined the project-monitoring and the staffing 
planning programs into a single interactive system. 

BRIDGE FOUND A T!ON PRELIM COAST GUAHD f'INAL 
OE•,ZGN . DATA BRIDGE PERMIT BRIDGE 

REOUEsTrn RECEIVED PLANS APP RECEIVED PLANS 
TAR ACT TAI< ACT UH ACT TAR ACT TAR ACT 

DATE OldO 

67h 778 778 1179 1079 
676 778 778 1179 1079 

DATE 0280 

0 na 0 1278 1279 

678 379 379 1279 

DATE 04tt0 

0 10 7Y 0 280 
0 1079 0 280 

DA TE 0580 

380 
380 

DATE 0680 

776 0 0 '19 479 0 480 
776 0 0 479 479 0 480 
776 0 0 479 4T9 0 480 

DATE 0780 

4H 1179 580 580 

0 1177 179 580 

This will be done in the future. Staffing planning pro
grams were relatively new concepts when the Virginia 
Department of Highways and Transportation began to 
investigate their llse. Other highway and transportation 
agencies had taken steps in the field but most were still 
modifying and adjusting their systems to fit their needs 
and requirements. In Virginia, it was administratively 
determined that a detailed, but limited, study wollld be 
made to determine the effectiveness and anticipated 
advantages of such a system. It was also determined 
that the study would center about the demands and 
requirements of a single division and that the location 
and design division, with its broad involvement in almost 
every preconstruction phase of a project and its large 
personnel complement, wollld provide the best test. 

The study was llndertaken by another internal task 
force. The basic intent of the group was to Olltline a 
plan for 

1. Budgeting staffing programs and costs for 
individual projects per unit of work, 

2. Comparing the budgeted values with actual per
formance on actual projects, and 

3. Developing a workable set of procedures that 
would allow the various design units to take advantage 
of the benefits of the system without letting input to the 
system become too time-consuming. 

This required the development of procedures for fore
casting work efforts and, at a subsequent date, deter
mining the actual efforts and comparing them with 
the estimated or budgeted values. It was necessary to 
first break down each item of work into its basic ele-
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• Figure 2. Monthly project report. 

VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION . 
LOCATION & DESIGN PROJECT REPORT PROJECT XXXX-XXX 

INITIAL BUDGET 6/07/77 PRIMARY SYSTEM - URBAN ENGINEER NO. OJ DIST . xxx 
LATEST REVISION 7/01/79 NOV. 30, l 979 

EL . MANHOURS DOLLARS PER~ENT USED FISCAL YEAR EXPEND . % s 
NO . MILES BUDGETED EXPENDED BUDGETED EXPENDED HOURS DOLLARS MANHDURS DOLLARS PART TOTAL 

I. PRELIMINARY ENGINEERING FI RS T EXPENDITURE 06/77 
PRELIM SURVEY 02 p l 95 195 l • 057 
RECON-PROJECTJONS 03 p 9D 9D 488 
PRELIM DEVELOP 04 6:00 AM 780 780 5,226 
REVIEW-RECOMM 05 p 150 150 1 • 125 LOCATION HEARING 06 p 85 85 595 LOCATION SURVEY 0 7 6: 00 AM 7 ,800 7,800 49,920 PLAN BASE PREP 08 6: 00 AM 3,768 3,500 22,796 
IN-DEPTH REVIEW 09 p 21 3 200 l ,420 

TOTALS W/0 ELS 02,07,08 1. 318 1 ,305 8,854 
TOTALS l 3. 081 12,800 82,627 

2. PRELIMINARY DESIGN FIRST EXPENDITURE - 09/78 
PRELIM DESIGN 32 6.00 AM 540 540 2,662 
HYDRAULIC DESIGN 33 6.00 AM 1. 08D 1 ,080 6,221 
COMPL PRELIM DES 34 6.00 AM 1 ,290 1 ,290 6. 360 
FIELD INSPECTION 35 p 85 85 419 
RW PLANS 36 6.00 AM 1 • 440 725 7,099 
PUBLIC HEARING 37 60 296 

TOTALS 4,495 3,720 23 '057 

3. FINAL DESIGN 
FINAL DESIGN 62 6.00 AM 1 '11 0 5,472 
SUMMARIZE 63 p 250 l '233 
CHECK-DISTRIB 64 6.00 AM 360 1. 77 5 

TOTALS II & ! I I W/0 EL 33 5. 13 5 2. 64 0 25,316 
TOTALS 6. 21 5 J ,720 31 • 53 7 

4. CONSTRUCTION 
CONSTR SURVEY 82 6.00 AM 6,240 26,650 
FINAL SURVEY 83 6.00 AM 960 4. 1 00 

TOTALS 7,200 30,750 

5. FINALS 
FINAL ESTIMATE 92 f.00 A~ 265 1 • 185 

TOTAL 265 l • 1 85 
PROJECT TOTALS 26' 7 61 16,520 146,099 

ments. The task force developed a series of element 
person-hour norms. Basically, a proposed construc
tion project was broken into five general categories or 
phases: location, preliminary design, final design, 
construction preparation, and final estimate. The last 
step (final estimate) is a postconstruction operation in 
lieu of preconstruction. It is, however, a distinct 
phase that requires significant field and office engineer
ing personnel involvement and is an integral part of the 
staffing planning programs. r.-

Within the five categories, elements of work were 
identified and person hours per project or per unit length 
of highway were determined for rural and urban locations 
within each type of road system. These values or norms 
were determined by the task force members based on 
their considerable experience in this field. Employee 
time-sheet records, when available, were studied to 
determine person-hour expenditures on various work 
elements. After implementation and testing, certain of 
the values were adjusted and their review and' detailed 
calibration will be continued. 

The person-hour norms were established for align
ment length, i.e., the length that will require the basic 
engineering functions of alignment and gradient calcu
lations. Thus, dual-lane facilities having independently 
designed lanes for opposing traffic will have double 
alignment lengths. Interchange ramps, intersections, 
and such will also increase the alignment length. 

The person-hour norms per project are for tasks that 
must be accomplished for a particular construction proj
ect but are not a function of its length. An example of 
this would be the efforts involved in the scheduling of, 
preparation for, and conducting of a public hearing. 

I , 057 I 00% l 00% 1% 488 l 00% l DO% 
5 ,226 l 00% 

7% a 
100% 66% 8% 

l. 125 100% 100% 77% 
595 100% 100% 

9% 
84% l 0% 49,92D 100% 100% l. 2 50 8,010 69% 

21 • 850 93% 96% 2,570 l • 560 98% 
l • 650 94% ll 6% 200 l • f 50 100% l 00% 

9,084 99% 103 % 200 1. 650 
81 • 911 98% 99% 4,020 11 ,220 

2,662 l 00% 100% 225 l, l l 0 11% 9% 
6,221 100% 100% 55D 3. l 70 2 6% 
6,360 100% 100% 1 .290 6,360 36% 47% 

41 9 100% 100% 37% 48% 
3,445 50 % 48% 72 5 3,445 6 5% 71% 

0% 0% 67% 72% 

19.1 07 83% B3% 2,790 14,085 

0% 0% 88% 90% 
0% 0% 93% 94% 
0% 0% 1 00% 100% 

12,886 51 % 51% 
19. 107 60% 61% 2,790 14,085 

0% 0% 
0% 0% 

0% 

0% 0% 

0% 0% 
l Ol, Ol 8 62% 69% 6,310 25,305 

The sum of the total person hours for each of the 
five phases is the total overall staff time estimated for 
the entire project. A pass against a person- hour cost 
file is made by the automated system to produce dollar 
budget values. 

Figure 2 is an example of a monthly project report of 
budgeted versus expended costs. This report allows the 
design units and their management to monitor both the 
progress of an individual project and the cost and effec
tiveness of their staffing expenditures. These are avail
able on a monthly basis and on a year-to-date basis. 
The percentage of available funds and the percentage of 
available person hours are calculated and furnished on 
the project report. This allows close review and con
trol of projects by all management levels. 

The accurate preparation of staffing-requirement 
projections is the backbone of the system. It is neces
sary to determine nonproductive time and nonproject 
time, and considerable study was expended by the task 
force in defining these elements. The basic time dis
tribution consists of 2080 hours/year (52 weeks x 40 
hours/week) from which is subtracted holiday, vaca
tion, and average anticipated sick-leave time. This 
available time is further adjusted by design unit super
visors in preparing their person-hour budgets by sepa
rating productive time from nonproductive and non
project time. 

The monthly summary sheets produced by the sys
tem show monthly person-hour expenditures by design 
unit and by road system. As is the case throughout the 
system, the purpose of this report is to allow manage
ment to be fully advised of the status of one or more 
preconstruction activities-in this case, the expendi-
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tures of the actual person hours and funding com
pared with the budgeted values. 

The staffing planning system is currently under de
tailed study as to its place and utilization within the 
department. It is designed so that certain segments of 
the organization may use it permanently without others 
using it at all. Its future lies in its practicality. In 
some areas of the department, it will be implemented 
and fully utilized and, in others, it will not be used at all. 
A management study of the department's organization 
and reporting procedures is now under way. It is antici
pated that this study will have a direct bearing on the 
expanded use of the staffing planning system. 

This approach by the Virginia Department of High
ways and Transportation to the overall areas of pre
construction engineering management is still in an early 
stage. A significant degree of automation is included in 
the system as now developed, but additional methods and 
procedures will be included in the future as the system 
is further developed. Particular future attention is re
quired in the scheduling areas of project development 
and in the person-hour projection areas of the staffing 
planning portion. The obvious next major step will in
volve combining the two systems into a single system. 
Greater use of statistical concepts will be evident as 
the system is expanded. On-line capabilities, particu
larly for the project-monitoring portion, are being re
viewed and studied and will be incorporated into future 
versions of the system. Critical-path methods and 
program evaluation and review techniques are being 
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evaluated as to their practicality for inclusion in the 
system. The expansion of the staffing planning concept 
into other engineering disciplines is another obvious 
step (although different units may have different re
quirements). 

The advantages of even a limited approach as cur
rently used in Virginia are that management has a much 
closer grasp of the overall system, can recognize prob
lem areas at a much earlier date, and can make neces
sary administrative adjustments at a stage that will not 
disturb construction schedules. These are substantial 
and immediate benefits. 

In these times of restricted budgets and uncertain 
levels of transportation income, approaches such as 
these for project monitoring and staffing planning are 
of both intermediate- and long-range importance. All 
areas of government must take advantage of every pos
sible means of accurately forecasting money and staffing 
requirements in order to provide the public with expected 
services efficiently, on time, and within funding re
strictions. 

The automated portions of the systems described in 
this paper consist of approximately 35 computer pro
grams. The project-monitoring programs are written 
partly in FORTRAN and partly in COBOL. The staffing 
planning programs are written entirely in COBOL. 

Publication of this paper sponsored by Committee on Manpower Man· 
agement and Productivity. 

Changing Criteria for Project Evaluation 
and Priority Setting 
Kumares C. Sinha 

Five topics relevant to changing criteria for transportation project evalua
tion and priority setting were discussed in a conference session. Types 
of criteria were defined, their limitations were identified, and a list of 
guidelines that can be used to deal with changing criteria was presented. 
The relationships between national goals and state and local planning 
and the various mechanisms that can be pursued at the federal level to 
ensure that national goals are addressed in transportation programming 
were described. Some of the analytical and graphical methods used in 
transportation priority setting were reviewed. The unique problems of 
transportation programming in metropolitan areas-pafticularly the mis· 
match caused by the fact that, although historically most of the pro
gramming function has occurred at the state level, this function is as
signed by the 1975 joint Federal Highway Administration-Urban Mass 
Transportation Administration guidelines to the metropolitan planning 
organization-were considered. The role of minimum standards (threshold 
criteria) was examined, and it was suggested that potential improvements 
to the transportation system should be reviewed from a complete perspec· 
tive of the condition of the existing service and the utility and feasibility 
of the proposed services. 

In recent years, the task of programming transportation 
projects has become increasingly complex. Caught in 
the crunch between decreasing revenues and increasing 
costs, it has become necessary for transportation 
agencies to defer many needed improvements and to at
tempt to select only those projects that are optimally 

cost-effective. The need for a multimodal approach to 
transportation programming has steadily become more 
important. At the same time, the forms of federal, 
state, and local government responsibilities in trans
portation financing are in a state of change. In addition, 
public concerns about energy conservation, environ
mental preservation, social equity, and economic fea
sibility have added a new dimension to the transportation 
programming process, particularly in metropolitan 
areas. This paper describes a conference session in 
which the changing criteria for the evaluation of trans
portation projects and for the determination of priorities 
for their implementation were identified. 

PROBLEM OF DEFINITION AND 
MEASUREMENT 

Before one can discuss the changing criteria for project 
evaluation and priority setting, it is important to define 
the types of criteria commonly used and to identify their 
limitations due to changes in the transportation decision
making environment. Bruce Campbell of Fay, Spofford, 
and Thorndike, Inc., presented an overview·'of the pro
gramming process, including project evaluation and 
priority setting. 
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An important element in the programming process 
is the uncertainty involved in changing administrations 
at both state and federal levels. Campbell proposed 
that, if a process for planning, priority-setting, pro
gramming, design, and construction activities can be 
established and accepted in at least a broad overview 
perspective, then impacts of changes of administrations, 
and thus changes of priorities, could be greatly mini
mized. 

A detailed review was made of the criteria that have 
been traditionally used for project evaluation and pri
ority setting. However, no magic number that combines 
all criteria can be developed, because many of the 
factors-whether social, economic, environmental, or 
ecological-cannot be adequately quantified. Conse
quently, Campbell suggested a matrix approach of levels 
of achievement for given criteria. Examples of the 
various forms of the matrix approach used in Massa
chusetts, Wisconsin, Maryland, and Minnesota were 
included. 

Campbell concluded his presentation with a list of 
guidelines that can be used to deal with the changing 
criteria for project evaluation and priority setting. He 
stressed the need of citizen input, improved communi
cation among agencies involved, and the use of flexible 
options on the level of projects. He felt that, to date, 
project evaluation and priority setting in a multimodal 
context have not been successful and that efforts in this 
direction should continue beyond the current practice 
of indirect priority setting through categorical funding. 

NATIONAL GOALS AND STATE 
AND LOCAL PLANNING 

Many of the changes in the environment for transporta
tion decision making are due to changing national goals. 
Kevin Heanue of the Federal Highway Administration 
reviewed the evolution of national goals relevant to 
transportation and how these goals are integrated with 
state and local planning and programming. He noted 
that an early transportation-related national goal was 
to provide aid to commerce by opening up undeveloped 
territories and resources. In recent years, however, 
there have been many goals and some of these conflict 
with each other (e.g., environmental protection versus 
economic development}. However, the provisions of 
Title 23 of the U.S. Code allow local decision makers 
to determine trade-offs between conflictffig goals. 

Heanue then examined the sets of goals at different 
levels; generally, the goals are the same but the 
priorities are different. For example, although the 
control of inflation and energy conservation currently 
have the highest priorities at the federal level, the top 
priorities at the state level are generally economic 
development and the maintenance of highways and rail 
and intercity bus systems and at the local level are 
urban development and the maintenance of mµnicipal 
services. 

There are several mechanisms that can be pursued 
at the federal level to ensure that national goals are 
addressed in transportation programming. These 
mechanisms include program authorization and appro
priation levels, matching ratios, funding categories, 
planning certification review, and environmental im
pact statement approvals. Heanue felt that the integra
tion of national, state, and local goals is most effec
tively achieved at the state and local levels as local offi
cials are mainly responsible for programming ~ecisions. 
The approval processes of various programs by the 
Urban Mass Transportation Administration (UMTA) and 
by the Federal Highway Administration (FHWA} attempt 
to ensure that transportation-related national goals are 
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appropriately addressed. At the regional level, federal 
agencies have developed mechanisms (intermodal 
planning groups) to coordinate approval and certifica
tion procedures of the various planning work programs. 
Heanue indicated that these groups should be expanded 
to include the U.S. Departments of Energy and of Hous
ing and Urban Development as full participants. 

It was pointed out that several of the legislative 
proposals that have arisen due to the national concern 
for energy conservation will have significant impacts 
on state and local transportation programming. 
Examples of these legislative initiatives include (a} 
automobile-use management in which the federal match
ing ratio for energy-efficient projects would be in
creased and (b \ automobile fuel-efficiency improvements. 
The present funding mechanisms are such that improve
ments in fuel efficiency may mean decreases in highway
user revenue, which will cause subsequent decreases in 
highway program funds at all levels of government. 

EFFECTIVENESS OF PRIORITY 
SETTING 

Some of the analytical and graphical methods used in 
transportation priority setting were reviewed by Sal
vatore J, Bellomo of BKI Associates. This included 
a detailed discussion of the implications of priority 
setting for p'l-ofessionals and planners, engineers, and 
policy analysts; an examination of the effectiveness of 
priority setting in political and technical perspective; 
and an outline of a set of associated guidelines. 

It was pointed out that the traditional approach of 
merely preparing a long list of priorities is no longer 
satisfactory. In the present environment of transporta
tion decision making, objective analytical approaches 
are necessary for making multimodal trade-offs and 
priority determinations. Such approaches are particu
larly relevant in the context of revenue shortfalls, 
energy constraints, and the changing emphases of trans
portation in society. 

The criteria used to evaluate the effectiveness of the 
available priority-setting methods were discussed, and 
a detailed presentation was made of the priority pro
gramming system. Bellomo felt that many of the tech
nical approaches to priority setting can run into serious 
problems when challenged by politicians, and he sug
gested a strong federal role in the further development 
and demonstration of multimodal priority-programming 
techniques at all levels of government. It was felt that 
the private sector should be involved in transportation 
programming, particularly for public transportation; 
projects that reduce costs through private initiatives 
should be explicitly incorporated in the priority-setting 
process. 

PROGRAMMING IN METROPOLITAN 
AREAS 

The unique problems of transportation programming in 
metropolitan areas were discussed by John J. Roark of 
PAWA, Inc. He felt that there is a mismatch between 
what was conceived and what actually exists in the pro
gramming process at the urban level. Most of the pro
gramming function has historically occurred at the state 
level, but the 1975 joint FHWA- UMTA guidelines as
signed the function in urban areas to local elected of
ficials through the metropolitan planning organization 
(MPO). Although it can be argued that programming 
is inappropriate at the urban level, Roark felt that there 
is no inherent conflict between the programming concept 
and having the MPO do the programming and gave two 
reasons: (a) programming by the MPO would allow better 
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integration of planning and programming and (b) such 
programming would ensure early involvement of local 
elected officials and citizens in the programming 
process. 

Although the concept of programming at the MPO 
level is valid, there are several factors that make the 
process difficult, if not impossible. First, there are 
the problems of conflicting local goals and of project 
identification and project evaluation. However, the 
primary problem of transportation programming in 
metropolitan areas is the difficulty of establishing the 
amount of available funds. 

The existence of the various categorical fundings at 
the federal and state levels and of their specific re
quirements make the programming process at the metro
politan level almost redundant. It is necessary to 
search for a procedure that could resolve the conflict 
between categorical funding and sound programming 
based on stated community goals and objectives. 

ROLE OF MINIMUM STANDARDS 

The role of minimum standards in project evaluation 
and programming was discussed by Melvin R. Lehr of 
the New Jersey Department of Transportation. First, 
the threshold criteria for improvement projects were 
examined, and examples from various sources were 
presented. A detailed review was made of the recent 
criteria used by the New Jersey Department of Trans
portation, along with the priority-setting methodology 
used in project selection. It was pointed out that the 
threshold criteria must be related to the locational, 
economic, modal, and energy factors of the particular 
area under consideration, not just to absolute factors 
of the transportation system such as capacity, demand, 
condition, and cost. A general framework was then de
fined for the development of threshold criteria for New 
England and the Middle Atlantic states. Lehr suggested 
that improvements to the transportation system be re
viewed from a complete perspective: the condition of 
the existing transportation services and the utility and 
feasibility of proposed services. The list of existing 
and proposed facilities can be subdivided into four ma-
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jor groups and then separately treated for each mode: 
(a) existing services to be maintained, (b) proposed 
services to be forwarded, (c) existing services to be 
abandoned, and (d) proposed services to be tabled or 
abandoned. A set of relevant criteria based on stated 
policy objectives can then be established to examine 
the proposed projects in terms of these decision 
categories. 

The realities of the programming process were 
stressed by Lehr. Although detailed technical criteria 
can be developed for use in programming, such 
factors as the effects of time, the political process, 
and the mandated public-involvement process can greatly 
affect the outcome of a programming and project selec
tion process. 

CONCLUSIONS 

Decisions on when and where to make improvements and 
of the type to be made are among the most important 
tasks faced by transportation agencies at all levels of 
government. Traditionally, decisions have been made 
independently for each mode of transportation and the 
processes used have varied significantly among modes. 
Now, intermodal planning and programming needs have 
created a new challenge, particularly in view of current 
funding practices. Categorical funding and government 
bureaucrac}" work against sound programming. 

An effective process of project selection and priority 
setting is necessary to ensure optimal allocation of 
limited funds for transportation facilities. The criteria 
for this process cannot- be restricted to the specific 
systems under consideration; the broad goals of energy 
conservation, environmental protection, improved 
quality of life, and economic growth must also be con
sidered, as well as specific community and areawide 
objectives. Furthermore, the criteria for project eval
uation and pdority setting cannot be limited to technical 
aspects only; the political perspective of the process 
must also be recognized. 

Publication of this paper sponsored by Committee on Transportation 
Programming, Planning, and Evaluation. 




