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ABSTRACT

The Nebraska Department of Roads (NDOR) is reviewing the Federal Highway
Administration’s (FHWA’s) policy for lateral obstacie clearance or offset for utility facilities
on curbed sections along new or reconstructed municipal state highways in urban areas. The
FHWA requires that utility appurtenances such as fire hydrants, utility poles (electrical
distribution or transmission), light poles or luminaires, gas pipeline structures, etc., be
located at a 6 ft minimum lateral offset from the back of the curb for new or reconstructed
municipal state highways.

Since accidents involving utility poles are associated with one of the higher rates of
accident severity, a considerable reduction in both accident frequency and accident severity
could be obtained by specifically studying and analyzing utility pole installations. Basic street
lighting and fire hydrants were also emphasized in the study.

The cost-effectiveness methodologies selected for use in the study were presented in
Federal Highway Administration report number FHWA-IP-86-9, "Selection of Cost-Effective
Countermeasures for Utility Pole Accidents--User’s Manual," by Zegeer and Cynecki; and
the American Association of State Highway and Transportation Officials’ (AASHTO)
publication entitled, "Roadside Design Guide" 1988.

Computer models were developed for both methodologies. The first, "UPACE," was
intended for use with utility installations having multiple appurtenances in a line or a row,
for example, a line of power poles; the second, "ROADSIDE," was intended for use with
single utility installations such as fire hydrants. Seven actual safety improvement projects
were analyzed with "UPACE" to evaluate current standards and their effectiveness, obtain

actual field data, and validate various parts of the computer model.



After the site-specific analyses were completed, it was evident that a more detailed
breakdown was needed for the various typical utility installations. Accordingly, general site
analyses were performed with "UPACE" for various typical utility installations such as street
lighting, power distribution, power transmission, and breakaway light and utility poles. A
benefit-to-cost ratio methodology was used as the basis for the results and conclusions.
General site analyses were also performed with "ROADS[DE" for various typical single
utility installations such as utility poles, light poles, and fire hydrants; and for one actual site,
a gas installation.

Some of the key questions which were evaluated were (1) whether it was
cost-effective to relocate a line of poles, and at what lateral distance it became
cost-effective, (2) whether the relocation of poles was more cost-effective than modification
of existing poles to be breakaway, (3) whether it was cost-effective to relocate a single utility
installation, such as a power pole, light pole, and fire hydrant, and at what lateral distance
it became cost-effective, (4) whether the relocation of a single utility installation was more
cost-effective than modification of the installation to be breakaway, and (5) whether the 6

ft minimum lateral offset was adequate.
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1 INTRODUCTION
1.1 Problem Statement

The Nebraska Department of Roads (NDOR) is reviewing the Federal Highway
Administration’s (FHWA's) policy regarding the lateral obstacle clearance of utility facilities
in urban areas. The FHWA requires that utility appurtenances such as fire hydrants, utlhty
poles (electrical distribution or transmission), light poles or luminaires, etc., be located at
a 6 ft minimum lateral offset from the back of the curb for new and reconstructed municipal
state highways. Along a new or reconstructed municipal state highway which is classified as
either a curbed arterial or collector, for example, current FHWA policy is that the lateral
obstacle clearance is to be located 6 ft from the back of the curb.

NDOR’s concern is whether this required offset is excessivé (conservative) or
unsatisfactory, and whether the safety value to be gained from increasing the lateral obstacle
offset distance warrants the additional cost. That is, is the 6 ft minimum distance more
economical and effective than a 2 ft minimum?, and, what factors determine what distances

are cost-effective?

1.2 Objective

The two most common hazardous, fixed-object obstacles existing along the roadways
are utility and light poles. NDOR judged that the high rate of accident severity associated
with utility and light poles, and the potential for a considerable reduction in accident
frequency and severity, warranted study and analysis of various pole installations. The major
objective of the study was to determine the minimum distance location of power and light

poles. Countermeasures for fire hydrants were also considered in the study.



A benefit-to-cost ratio methodology served as the basis for the analysis; optimum
lateral obstacle clearance was determined by considering the safety benefit obtained with
respect to the cost of constructing the improvement. Results of the study were used to
generate curves and/or tables for use by Nebraska Department of Roads staff as a tool or
aid in selecting the optimum location for utility facilities, that is (1) a line of utility poles or

luminaires or (2) a single power pole, light pole, or fire hydrant.

1.3 Scope

Five previously constructed or reconstructed and two future improvement projects
were analyzed. The field sites were selected by the Nebraska Department of Roads, and all
involved either utility or light pole improvements. The sites were located in Omaha, Lincoln,
and Wayne, Nebraska. Each of the seven sites was visited for data collection to perform the

cost-effectiveness analysis.

1.4 Organization

Chapters 2, 3 and 4 present summary and background information on lateral obstacle
clear zone policies in each of the fifty states and Puerto Rico, an accident literature review,
and a review of government policy literature on lateral obstacle clear zones. In Chapter 5
cost-effectiveness research studies dealing with safety improvements for fixed objects and
the conceptual model which served as the basis fof the "UPACE" and "ROADSIDE"
methodologies are reviewed. Chapters 6, 7, and -8 discuss the "UPACE" methodology, field
sites, and general site analyses, respectively; in Chapter 9 the general site analyses for the
"UPACE" model are presented. Similarly, Chapter 10 presents the "ROADSIDE"

methodology, and Chapters 11 and 12 the general and specific site analyses. Conclusions and



recommendations are presented in Chapter 13, and finally, in Chapter 14 reimbursement

policies to utilities are reviewed.






2 LATERAL OBSTACLE CLEAR ZONE POLICIES

2.1 Background

The Federal Highway Administration (FHWA) currently requires that a 6 ft
minimum lateral offset from the back of the curb be maintained for location of utilities
along new or reconstructed municipal state highways and municipal streets in urban areas.
However, lateral obstacle offset policies vary from state td state. To compare the policies
used by the State of Nebraska with those of other states, a questionnaire was prepared and
sent to each of the fifty state highway departments and Puerto Rico. The departments were

also requested to send a copy of their current standards.

2.2 Objective
The purpose of the review was to better understand current lateral obstacle clear
zone policies in other states and also to review the factors which influenced the formation

of those policies. Emphasis was placed on urban and suburban classifications.

2.3 Scope

Information was sought on minimum design standards for all roadway functional
classifications. More specific information was requested on lateral obstacle policies for
municipal streets, and specifically the validity of the 6 ft minimum lateral offset along
municipal streets. A copy of the cover letter, questionnaire, and two examples from the
Nebraska Depzrtment of Road’s (NDOR) minimum design standards are included in

Appendix A.



2.4 Questionnaire Summary

The first questionnaire, Questionnaire #1, was entitled, "Lateral Obstacle Clear Zone
Policies for Fixed Objects Located on Municipal Streets." (Refer to Appendix A for a review
of the questions.) Responses to the questionnaire are presented in Table 1 and summarized
in Table 2. Eight states did not respond to the questionnaire. The questions and responses
are discussed below.

Question #1:

The purpose of this question was to determine how many states currently have a
lateral obstacle clear zone policy for fixed objects such as utility facilities, trees, etc., along
curbed municipal streets. The summary presented in Table 2 shows that 31 (81.6%) of the
38 states responding to the question do have specific policies. Of the states that reported
a clear zone distance, the average clear zone distance was 3.4 ft for curbed sections along
municipal streets. One state reported that the clear zone distance varies, and three states
responded that they use the AASHTO "Roadside Design Guide" for their clear zone criteria.

Question #2:

The intent of this question was to determine how many states currently have a lateral
obstacle clear zone policy for fixed objects along non-curbed municipal streets. Results
presented in Table 2 indicate that 29 (80.6%) of 36 states responding to the question have
a specific policy. The states that reported a clear zone distance used an the average of 10.3
ft for non-curbed sections along municipal streets. Seven states reported that the clear zone
distance varies, nine stated that they use the AASHTO "Roadside Design Guide", and one
reported that they use the AASHTO "Guide for Selecting, Locating, and Designing Traffic

Barriers" for their clear zone criteria.



Lateral Obstacle Clear Zone Policies for

TABLE 1.
Questionnaire #1 Responses

Fixed Objects Located on Municipal Streets

Lateral Clear Zone Lateral Clear Zone Policy Dependent on Consideration for Consider Using FHWA
Policy for Curbed Policy for Non-Curbed Concurrent Safety Shielded Poles for "UPACE" Economic
Municipal Street Municipal Street Improvement Project Relocation Computer Model
State Yes No Distance| Yes No Distance Yes No Yes No Yes No
() ®
1. Alabama XXX XX XXXX XXX XX XXXX XXX xx XX xx X0 XX
2. Alaska Yes 2¢ Yes 7-10 Yes Yes Unfamiliar
3. Arizona Neoe RDG No RDG Yes Yes - -
4. Arkansas Yes 5 Yes . RDG Yes Yes Yes
5. California No —— No — — - No —_ -
6. Colorado Yes 1.5+ Yes RDG Yes Yes Unfamiliar
7. Connecticut Yes 1.5+ Yes 10 Yes Yes Unfamiliar
8. Delaware Yes 26 Yes Varies No Yes No
9. Florida XXX XX XXX XXX XX XXX XXK xx 00 xx XXX xx
10. Georgia Yes 6* Yes RDG Yes Yes No
11. Hawaii Yes 2 Yes 17 Yes No - -
12. Idaho — - — e - s - - - - — -
13. Lllinois Yes 1.5¢ Yes 10 Yes Yes Unfamiliar
14. Indiana Yes 1.5+ Yes 10 Yes No o -
15. Jowa Yes 10 Yes Varies Yes Yes No
16. Kansas Yes 6-8 Yes YB Yes Yes Yes '
17. Kentucky Yes 6-9.5 Yes - Yes No - -
18. Louisiana XXX XX XXXX XXX XX @ XXXX X XX XXX xx XX xx
19. Maine Yes Varies | Yes Varies Yes No - -
20. Maryland Yes 1+ Yes 12 Yes Yes No
21. Massachusetts — - e - - — e - - - — -
22. Michigan XXX XX XX X XX X0 XXX xx x00% xx XX XX
23. Minnesota Yes 2 Yes Varies Yes Yes —_ -
24. Mississippi Yes 1.5+ Yes 10 - - - - - -
25. Missouri No No — —_ - No —_ -
26. Montana Yes 2+ - - —_ Yes Yes —_ -
27. Nebraska Yes 2 Yes g Yes Yes Yes
28. Nevada XXX XX X0 X XX XoX 00 xx XXX xx X0 xx
29. New Hampshire Yes 1.5+ Yes 8 Yes Yes Yes
30. New Jersey — - 1.5 - - —— - - - - - -
31. New Mexico Yes RDG Yes RDG Yes Yes Yes
32. New York L - - - - - — - - - —_ -
33. North Carolina Yes 6 — —  Varies Yes No —_— -
34. North Dakota No —- No — — - Yes No
35. Ohio XXX XX @ XXXX XXX XX @ XXXX XXX xx XXX xx XXX XX
36. Oklahoma Yes 1.5+ No RDG Yes Yes Yes
37. Oregon - - e - - -—— - - - - — -
38. Pennsyivania No — Yes Varies No No No
39. Rhode Island No - Yes RDG Yes Yes Yes
40. South Carolina Yes 5.5 Yes — Yes No - -
41. South Dakota Yes 6 Yes Varies Yes No —_ -
42, Tennessce Yes 1.5 No —_ Yes No — -
43, Texas Yes 1.5+ Yes 10 Yes Yes No
44, Utah Yes 1 Yes RDG Yes Yes No
45. Vermont XXX XX XXXX XXX XX XXXX. XXX XX XXX XX XXX XX




Lateral Clear Zone | Lateral Clear Zone Policy Dependenton | Consideration for |  Consider Using FHWA
Policy for Curbed | Policy for Non-Curbed Concurrent Safety Shielded Poles for *UPACE" Economic
Municipal Street Municipal Street Improvement Project Relocation Computer Model
State Yes No Distance] Yes No Distance Yes No Yes No Yes No
(f) ()
46. Virginia Yes 55 Yes —_ Yes Yes Yes
47. Washington Yes 2 Yes 1 Yes Yes No
48. West Virginia Yes 2 Yes 6 No Yes No
49. Wisconsin Yes 1.5 Yes 10-18 No Yes Yes
50. Wyoming No RDG No RDG - - " No -
51. Puerto Rico oo xx  wox | ox Xx X0 XX _xx XXX xx XX xx
* - from face of curb
' - from edge of pavement
RDG - AASHTO "Roadside Design Guide"
YB - AASHTO Yellow Book
---- - answer left blank
XXXX - NO response to questionnaire
TABLE 2.
Summary of Questionnaire #1 Responses
Question No.
Response #1 #2 #3 #4 #4(a)
Yes 31 (81.6%) | 29 (80.6%) | 29 (87.9%) | 25 (67.6%) | 9 (39.1%)
No 7(184%) | 7(194%) | 4(121%) | 12 (324%) | 10 (43.5%)
Other - - - - 4 (17.4%)
Subtotal 38 36 33 37 2
Blank 5 7 10 6 20
No Response 8 8 8 8
Total 51 51 51 51 5
Average Distance (FY) 3375 10.269 b e e
Use Roadside Design Guide 3 States 9 States -- --- -




Question #3:

This question sought to determine whether enforcement of lateral obstacle clear zone
policies depended on planning for, or implementation of, concurrent safety improvements
for a given roadway section. According to the summary presented in Table 2, 29 (87.9%)
of the 33 states which responded to the question enforce the clear zone policy only when
a concurrent safety improvement project is planned. Thus, lateral obstacle clear zone
policies may not be enforced along the roadways unless some other safety improvement
project is being implemented for a given location. For example, a city street may have utility
poles located 1 ft behind the back of the curb but the minimum lateral offset for fixed
objects may be 6 ft. The state might not find it feasible to relocate the line of utility poles
to meet the minimum criteria unless it has been shown to be a safety improvement; usually
this would be accomplished through a cost-effectiveness or a benefit-to-cost ratio analysis.
Another possibility is that the state may not require the line of utility poles to be relocated
unless some improvements to the geometrics of the roadway section are being made, for
example, an improvement which involves lane widening. Apparently the reasoning is that
since construction is already taking place along the given roadway section, the utility poles
might as well be relocated at the same time.

Question #4:

The question sought to determine whether the state would even consider relocating
a line of utility poles or luminaires that were located within the clear zone if they were
partially shielded by trees. The data show that 25 (67.6%) of the 37 states that responded
to the question would consider relating the partially shielded fixed objects; 12 (32.4%) of

the states that responded would not even consider relocating the fixed objects (Table 2).



Even though the utility poles or luminaires may be partially shielded, a majority of
the states must feel that some safety benefit may still be achieved. As stated earlier, this
benefit is usually determined through an analysis which uses a cost-effectiveness or a
benefit-to-cost ratio methodology.

Question #4(a):

The purpose of this question was to determine how many states would consider using
the "UPACE" computer model in making the decision to relocate either utility poles or
luminaires when they are partially shielded by trees. Respondents were asked to answer this
question only if they had responded "YES" to Question 4. Nine (39.1%) of the 23 states that
responded to this question stated they would consider using "UPACE"; 10 (43.5%) states
stated they would not consider using the model, while 4 states responded that they were
unfamiliar with the model (Table 2).

2.5 Other States’ Lateral Obstacle Clear Zone Policies

States were also requested to send copies of their minimum design standards for
lateral obstacle clear zone distances. These standared are presented in Table 3. A general
classification system of standards in each of the fifty states plus Puerto Rico is presented in

Table 4.

2.6 Summary

The review of lateral obstacle clear zone policies found that although individual
states had established guidelines for locating utility facilities, policies varied widely according
to roadway type, ADT, design speed, urban/rural environment, etc. There is no national

standard for locating utility facilities.
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The accident literature review is presented in the following chapter indicates the
seriousness of fixed object accidents, and more specifically, utility and light pole accidents,

along the roadways throughout the United States.
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TABLE 3.

Minimum Design Standards for
Lateral Obstacle Clear Zones

STATE

Minimum Design
Standards Sent

Yes

No

Minimum Design Standards

1. Alabama

No

2. Alaska

Yes

(A) Low Speed Roadways
(1) With Curbs
- 2 ft from face of curb
(2) Without Curbs
-ADT < 750 7 ft
-ADT > 750 10 ft
(B) Intermediate Speed Roadways: 40 mph < x < 50 mph
(1) Urban
- use criteria (A) except all curbs shall be mountable
2 ft from face of curb
(2) Rural
- use criteria (C)
(C) High Speed Roadways: > 50 mph
(1) Clear Roadside Concept

3. Arizona

No

Uses the AASHTO Publication, "Roadside Design Guide,” 1989

4, Arkansas

No

Uses the AASHTO Publication, "A Policy on Geometric Design
of Highways and Streets," 1984

5. California

No

6. Colorado

Yes

(A) Local Rural Roads:
(1) 10 ft from edge of traveled way
(B) Local Urban Streets:
(1) 2 ft from curb face or from edge of shoulder
(2) < 0 mph - 15 ft minimum
- 2 ft preferred minimum
- 3 ft minimum at intersections
(C) Rural Collectors:
(1) < 40 mph - use criteria (A)
(2) = 50 mph - use the AASHTO Publication, "Guide
for Selecting, Locating, and Designing
Traffic Barriers,” 1977
(3) 40 mph < x < 50 mph - use AASHTO 1977
(D) Urban Collectors and Arterials:
(1) use AASHTO 1977
(2) use criteria (B) (2)
(E) Rural Arterials:
(1) use AASHTO 1977
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STATE

Minimum Design
Standards Sent

Yes No

Minimum Design Standards

7. Connecticut

No

Unavailable due to current revisions.

8. Deleware

Yes

(A) New Construction.
(1) Two-Lane Highways
(a) Rural Arterials and Collections
-10 ft to 30 ft
(b) Urban Arterials and Collections
- with shoulders 2 ft behind curb
- without shoulders 6 ft behind curb
(c) Local Roads
-10 ft to 15 ft
(2) Muiti-Lane Highways
(a) Rural
-15ftto 30 ft
(b) Urban
- with shoulders 2 ft to 30 ft behind curb
- without shoulders 6 fi to 30 ft behind curb
(B) 4R Improvements
(1) Rural
- use criteria (A) or install protection devices
(2) Urban
- 2 ft behind curb

9. Florida

No

10. Georgia

No

Uses the AASHTO Publication, "A Policy on Geometric Design
of Highways and Streets,” 1984 and "Roadside Design Guide,”
1989.

11. Hawaii

No

(A) Highways:*
(1) Rural
-30 ft from edge of roadway
(2) Cities, Towns, and Urban Areas
- With curbs 2 ft from face of curb
- Without curbs 20 ft from edge of traveled way
* - from Utility Accomodation Policy

12. Idaho

Yes

(A) Resurfacing, Restoration, and Rehabilitation (3R) Projects
on Existing State and Local Highways:
(1) Too detailed to summarize, see Section 14-703 of the
Idaho Transportation Department’s Design Manual
(B) Resurfacing, Restoration, Rehabilitation, and Reconstruction
(4R) Projects on the Interstate Highway System:
(1) See Section 14-704 of the IDOT Design Manual
(C) Federal-Aid Projects other than (3R) and (4R) Projects:
(1) AASHTO Barrier Guide 1977
(2) AASHTO "Roadside Design Guide," 1989
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Minimum Design

STATE Standards Sent Minimum Design Standards
Yes No
13. Illinois Yes (A) Motor Fuel Tax (MFT) Policy:
(1) Rural Highways

- DHV > 200 23 ft from edge of pavement
- DHV 100 - 200 20 ft from edge of pavement
ADT 400 - 750
- ADT < 400 10 ft from edge of pavement
(2) Urban Streets
(a) < 45 mph
- with curbs 2 ft from face of curb
- without curbs 10 ft
(b) > 45 mph
- use criteria (A) (1)
(B) Federal Policy:
(1) Rural Highways
- varies with speed and roadway cross-section, but no
less than 10 ft
(2) Urban Streets
- < 45 mph 2 ft from face of curb
- > 45 mph use criteria (B) (1)
(©) 3R Policy:
(1) Rural Cross-Sections
- 2 50 mph 14 ft from edge of pavement
- ADT > 1000 14 ft from edge of pavement
- others 10 ft from edge of pavement
(2) Urban Highways
- 1.5 ft from face of curb
- 1 ft may be considered

14, Indiana Yes (A) Rural and Urban Collectors (With Shoulders):
(1) < 50 mph or ADT < 750
- 10 ft from edge of traffic lane or to right-of-way
line, whichever is less
(2) Other
- 10 ft plus shoulder width or to right-of-way line,
whichever is less
(B) Rural and Urban Arterials (With Shoulders):
(1) < 45 mph
- 10 ft from edge of traffic lane or to right-of-way
line, whichever is less
(2) = 45 mph
- 20 ft or to right-of-way line, whichever is less
(C) Roadways (With Curbs):
(1) < 45 mph and Curb Height = 6 in.
- 1.5 ft from face of curb
(2) < 45 mph and/or Curb Height < 6 in.
- see criteria (A) and (B)
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STATE

Minimum Design
Standards Sent

Yes No

Minimum Design Standards

15. JIowa

No

16. Kansas

No

17. Kentucky

No

18. Louisiana

No

19. Maine

Yes

(A) New Construction / Reconstruction
(1) Rural
- 30 ft from edge of travel lane
(2) Urban
(a) = 35 mph
- with curbs 1 ft from face of curb
- without curbs 3 ft from edge of shoulder
(b) > 35 mph
- with curbs 3 ft from face of curb
- without curbs 20 ft from edge of travel lane
(B) Rehabilitation / Restoration
(1) Rural
- 30 ft from edge of travel lane
(2) Urban
(a) = 35 mph
- with curbs 1 ft from face of curb
- without curbs 3 ft from edge of shoulder
(b) > 35 mph
- with curbs 2 ft from face of curb
- without curbs 6 ft from edge of shoulder

20. Maryland

Yes

(A) Open Sections:

(1) 30 mph 6 ft from edge of shoulder

(2) 40 mph 9 ft from edge of shoulder

(3) 50 mph 16 ft from edge of shoulder

(4) 60 mph 20 ft from edge of shoulder

(5) 70-80 mph 24 ft from edge of shoulder
(B) Closed Sections:

(1) Urban

- 7 ft to 10 ft from face of curb
(2) Suburban

21. Massachusetts

Yes

- 14 fi to 18 ft from face of curb

(A) State Highways:
(1) 12 ft from edge of traveled way
(2) 6 ft from edge of traveled way
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Minimum Design

STATE Standards Sent Minimum Design Standards
Yes No
21. Mass, con’t. (B) New or Major Construction of Rural Arterial Roadways:
(1) 40 mph 18 ft from edge of travel lane
(2) 50 mph 24 ft from edge of travel lane
(3) 60 ph 30 ft from edge of travel lane
(4) 70 mph 30 ft from edge of travel lane
(C) 3R Projects:
(1) Rural
- > 50 mph 30 ft from edge of travel lane
(2) Urban
- < 50 mph behind sidewalk
22. Michigan No
23. Minnesota No
24. Mississippi Yes (A) Rural Arterials:

(1) Two-Lane
- ADT < 499 22 ft from edge of travel lane
- ADT = 400 22 ft from edge of travel lane
DHYV 100 - 200
- DHV 201 - 400 26 ft from edge of travel lane
- DHV > 400 26 ft from edge of travel lane
(2) Multi-Lane
- 30 ft from edge of travel lane
(B) Rural Collectors:
(1) ADT < 400 20 ft from edge of travel lane
(2) ADT = 400 20 ft from edge of travel lane
DHV 100 - 200
(3) DHV 201 - 400 22 ft from edge of travel lane
(4) DHV > 400 26 ft from edge of travel lane
(C) Urban Arterials:
(1) Two-Lane
(a) With Curbs
- 15 ft from face of curb
(b) Without Curbs
- 40 mph 16 ft from edge of travel lane
- 50 mph 22 ft from edge of travel lane
(2) Multi-Lane
(a) With Curbs
- 1.5 ft from face of curb
(b) Without Curbs
- 40 mph 18 ft from edge of travel lane
- 50 mph 24 ft from edge of travel lane
- 60 mph 26 ft from edge of travel lane
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STATE

Minimum Design
Standards Sent

Yes

No

Minimum Design Standards

24. Miss. con’t.

(D) Urban Collector Streets:
(1) With Curbs
- 1.5 ft from face of curb
(2) Without Curbs
- 30 mph 10 ft from edge of travel lane
- 40 mph 14 ft from edge of travel lane
(E) Urban Local Streets:
(1) With Curbs
- 1.5 ft from face of curb
(2) Without Curbs
- 10 ft from edge of travel lane

25. Missouri

Yes

(A) Luminaires and Poles:
(1) 30 ft mounting height 4 ft from edge of shoulder
(2) 45 ft mounting height 5 ft from edge of shoulder

26. Montana

Yes

(A) Rural:

(1) 30 ft from edge of outside travel lane
(B) Urban:

(1) 2 ft from face of curb

27. Nebraska

Yes

(A) New and Reconstructed Rural State Highways:
(1) Interstate
- 30 ft from edge of driving lane
(2) Expressway or Major Arterial
- DHV > 750 30 ft from edge of driving lane
- DHV 330-750 30 ft from edge of driving lane
- ADT 1700-3000 30 ft from edge of driving lane
- ADT 850-17% 23 ft from edge of driving lane
- ADT 400 - 850 22 ft from edge of driving lane
- ADT < 400 20 ft from edge of driving lane
(B) Resurfacing, Restoration, and Rehabilitation (3R) Projects
on Non-Interstate Rural State Highways:
(1) ADT > 3000 30 ft from edge of driving lane
(2) ADT 1700 - 3000 20 ft from edge of driving lane
(3) ADT 400 - 1700 12 ft from edge of driving lane
(4) ADT < 400 12 ft from edge of driving lane
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STATE

Standards Sent

Yes No

Minimum Design Standards

27. Nebraska, con’t.

(C) Scenic - Recreation - Rural State Highways:
(1) DHV > 750
- Desirable 30 ft from edge of driving lane
- Minimum 12 ft from edge of driving lane
(2) DHV 400 - 750
- Desirable 30 ft from edge of driving lane
- Minimum 12 ft from edge of driving lane
(3) DHV 200 - 400
- Desirable 20 ft from edge of driving lane
- Minimum 10 ft from edge of driving lane
(4) ADT 850 - 1700
- Desirable 12 ft from edge of driving lane
- Minimum 8 ft from edge of driving lane
(5) ADT < 850
- Desirable 12 ft from edge of driving lane
- Minimum 6 ft from edge of driving lane
(D) New and Reconstructed Municipal State Highways:
(1) Interstate
- 30 ft from edge of driving lane
(2) Arterials and Collectors
(a) With Curbs
- 6 ft from back of curb
(b) Without Curbs
- < 45 mph 15 ft from edge of driving lane
- 2 50 mph see criteria (A)
(E) Resurfacing, Restoration, and Rehabilitation (3R) Projects
on Non-Interstate Municipal State Highways:
(1) With Curbs
- 2 ft from back of curb
(2) Without Curbs
- <_45 mph 10 ft from edge of driving lane
- >_ 50 mph see criteria (B)
(F) Municipal Streets:
(1) With Curbs
- 2 ft from back of curb
(2) Without Curbs
- 8 ft from edge of driving lane
(G) Rural Roads:
(1) Arterial
ADT 401 - 750 12 ft
ADT 251 - 400 10 ft
ADT 51-250 10 ft
ADT0-50 9ft

-
-
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STATE

Standards Sent

Yes No

Minimum Design Standards

27. Nebraska, con't.

(2) Collector

- ADT 251 - 400 10 ft

- ADT 51 - 250 10 ft

-ADT 0 - 50 Shoulder + 2 ft
(3) Local

- ADT 0 - 400 Shoulder + 2 ft
(4) or see criteria (F)

(H) Scenic - Recreation - Rural Roads:

(1) Arterial

- ADT 401 - 750 10 ft

- ADT 251 - 400 10 ft

-ADTO0-250 9 ft
(2) Collector

- ADT 251 - 400 10 ft

- ADT 0 - 250 Shoulder + 2 ft
(3) Local

- ADT 0 - 400 Shoulder + 2 ft
(4) or see criteria (F)

28. Nevada

No

29. New Hampshire

(A) Interstate Highways and Major Arterials:
(1) 30 ft from edge of traveled way
(B) State Highways:
(1) With Curbs
-5ft
(2) Without Curbs
- 8 ft from edge of paved surface
(C) Urban Conditions
(1) 1.5 ft from face of curb
(2) 2 ft from face of curb with continuous parking

30. New Jersey

Yes

(A) Rural and Urban Highways:
(1) 25 mph 9 ft from edge of traveled way
(2) 30 mph 11 ft from edge of traveled way
(3) 35 mph 13 ft from edge of traveled way
(4) 40 mph 15 ft from edge of traveled way
(5) 45 mph 17 ft from edge of traveled way
(6) 50 mph 20 ft from edge of traveled way
(7) 55 mph 25 ft from edge of traveled way
(8) 60 mph 30 ft from edge of traveled way
(9) 70 mph 36 ft from edge of traveled way

(B) Urban Arterials, Collectors, and Local Streets:
(1) 1.5 ft from face of curb

31. New Mexico

No

Uses the AASHTO Publication, "Roadside Design Guide," 1989

32. New York

No

19




STATE

Minimum Design
Standards Sent

Yes No

Minimum Design Standards

33. North Carolina

Yes

(A) Conventional Highways in Urban Arcas:
(1) With Curbs and No Sidewalks
-6ft
(B) Federal-Aid Projects:
(1) < 35 mph
- 6 ft offset behind curb
- 10 ft offset from edge of travel way
(2) 35 mph < x < 55 mph
- 20 ft offset
(3) = 55 mph
- 25 ft offset
(4) Intersections with Large Radii
- see diagrams in the NCDOT Utility Manual
(C) Other
(1) AASHTO 1977
(2) NCDOT Guidelines for Planting within Highway
Right-of-Way"
(3) NCDOT "Roadway Design Manual"

34, North Dakota

No

35. Ohio

No

36. Oklahoma

Yes

(A) Rural Highways:
(1) Principal Arterials, Minor Arterials, and State Major
Collectors
(a) Federal-Aid Projects
- use current AASHTO Guidelines
(b) SAP Projects
- outside edge of shoulder plus 3 ft
(B) Urban or Municipal Highways:
(1) Principal Arterials
- With Curbs 6 ft
- Without Curbs outside edge of shoulder
(2) Minor Arterials and Collectors
(a) ADT O - 180
- 2 ft minimum
- 6 ft desirable
(b) ADT 180 - 600
- 2 ft minimum
- 6 ft desirable
(c) ADT > 600
-6 ft




Minimum Design

STATE Standards Sent Minimum Design Standards
Yes No
36. Okla., con’t. C) Common ODOT Practices
(1) With Curbs
- 1.5 ft minimum
- 8 ft desirable
- 5 ft at signal poles standard
(2) Without Curbs
- Low Speed 10 ft Desirable
- High Speed "Roadside Design Guide"
37. Oregon No
38. Pennsylvania No
39. Rhode Island No Uses the AASHTO Publication, "Roadside Design Guide," 1989
40. South Carolina No
41. South Dakota Yes (A) Two-Lane Rural Arterial Highways:

(1) Principal
(a) Major Reconstruction / New Construction
- ADT < 1000 30 ft .
- ADT 1000 - 1500 30 ft
- ADT > 1500 30 ft
(b) Minor Reconstruction
- ADT < 1000 25 ft
- ADT 1000 - 1500 30 ft
- ADT > 1500 30 ft
(c) Resurfacing
- ADT < 1000 20 ft
- ADT 1000 - 1500 20 ft
- ADT > 1500 20 ft
(2) Minor
(a) Major and Minor Reconstruction / New
Construction
- ADT < 500 25 ft
- ADT 500 - 1000 30 ft
- ADT > 1000 30 ft
(b) Resurfacing
- ADT < 500 20 ft
- ADT 500 - 1000 20 ft
- ADT > 1000 20 ft
(B) Two-Lane Rural Collector Roads:
(1) Major Reconstruction / New Construction
-ADT < 250 20 ft
- ADT 250 - 500 25 ft
- ADT > 500 30 ft
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STATE

Minimum Design
Standards Sent

Yes No

Minimum Design Standards

41. S. Dakota, con't.

(2) Minor Reconstruction
- ADT < 250 20 ft
- ADT 250 - 500 20 ft
- ADT > 500 25 ft
(3) Resurfacing
-ADT <250 10 ft
- ADT 250 - 500 15 ft
- ADT > 500 20 ft
(C) Arterial Streets:
(1) 30 mph 2 ft
(2) 40 mph 6 ft
(3) 50 mph 6 ft
(4) 60 mph 8 ft
(D) Major Collector Streets:
(H2f
(2) 8 ft desirable

42. Tennessee

No

43, Texas

Yes

(A) Rural:*
(1) Freeways
- 30 ft minimum
(2) Arterial
(a) ADT < 750
- 10 ft minimum
- 16 ft desirable
(b) ADT 750 - 1500
- 16 ft minimum
- 30 ft desirable
(c) ADT = 1500
- 30 ft minimum
(3) Collector
- 2 45 mph see criteria (A) (1)
- < 40 mph 10 ft minimum
(4) Local
- 10 ft minimum
(B) Urban:*
(1) Freeways
- 30 ft minimum
(2) With Curbs
(a) < 45 mph
- 1.5 ft minimum from face of curb
- 3 ft desirable from face of curb
(b) = 50 mph
- see criteria (A) (2)




Minimum Design

STATE Standards Sent Minimum Design Standards
Yes No
43. Texas, con’t. (3) Without Curbs
- < 40 mph 10 ft minimum
- 2 45 mph see criteria (A) (2)
* - All non-curbed section distances are measured from the edge
of travel lane.
44, Utah No Uses the AASHTO Publication, "Roadside Design Guide," 1989
45. Vermont No
46. Virginia Yes Since the standards were too detailed to summarize, one should
obtain them from the Virginia Department of Transportation.
47. Washington Yes Lateral clearance values are given in Chapter 710 of
Washington’s Design Standards which were not supplied.
48. West Virginia No
49. Wisconsin Yes (A) Rural Highways:
(1) ADT < 1500 10 ft from edge of traffic lane
(2) ADT > 1500 18 ft from edge of traffic lane
(B) Urban and Suburban Roadway With Shoulders:
(1) < 45 mph 10 ft from edge of traffic lane
(2) > 45 mph 18 ft from edge of traffic lane
(C) Curbed Roadways:
(1) < 45 mph 1.5 ft from face of curb
(2) > 45 mph see criteria (A)
50. Wyoming No Uses the AASHTO Publiction, "Roadside Design Guide,” 1989
51. Puerto Rico No
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Table 4. Generalized Classification for All State’s Minimum Design Standards

STATE'S MINIMUM DESIGN STANDARDS (ft.)

RURAL AREAS AK CO|CT| DE | FL |GA| HI |[ID| IL |IN
I. Freeways- Arterials (>55mph)
A. With Curb
1. Low ADT 2-6 10
2. Medium ADT 2-6 10
3. High ADT 2-6 10
B. Without Curb
1. Low ADT 10-30 20
2. Medium ADT 10-30 20
3. High ADT 10-30 20
I1. Collectors - Highways (35-55 mph)
A, With Curb
1. Low ADT 2 2-6 30
2. Medium ADT 2 2-6 30
3. High ADT 2 2-6 30
B. Without Curb
1. Low ADT T 10 10-30 30 10 10
2. Medium ADT 7 10 10-30 30 20 10
3. High ADT 10 10 10-30 30 20-23 | 10
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

RURAL AREAS

STATE’S MINIMUM DESIGN STANDARDS (ft.)

Co

CT

DE

FL

GA

HI

ID

IL

I1. Local-Residential (<35mph)

A. With Curb

1. Low ADT

10-15

15

2, Medium ADT

10-15

1.5

3. High ADT

10-15

15

B. Without Curb

1.. Low ADT

10

10-15

2. Medium ADT

10

10-15

3. High ADT

10

.10

10-15

IV. AASHTO Guidelines

A. Roadside Design Guide 1989

B. Geometric Design of Highways
and Streets 1984

C. Barrier Guide 1977

V. Information Not Available

NA

NA

NA

NA

NA

NA

NA
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

RURAL AREAS

STATE’S MINIMUM DESIGN STANDARDS (ft.)

MI | MN | MS

MO

MT

NE

NV

NH

NJ

NC

I. Freeways- Arterials (>55mph)

A. With Curb

1. Low ADT

2. Medium ADT

3. High ADT

B. Without Curb

1. Low ADT

24-30

2. Medium ADT

&

24-30

N

S

B

&

3. High ADT

24-30

I1. Collectors - Highways (35-55 mph)

A. With Curb

1. Low ADT

2. Medium ADT

3. High ADT

B. Without Curb

1. Low ADT

9-16

6-12

12

13-20

2. Medium ADT

9-16

6-12

13-20

3. High ADT

9-16

6-12

13-20
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con't.

RURAL AREAS

STATE’'S MINIMUM DESIGN STANDARDS (ft.)

MD

MI

MN

MS

MO

MT

NE

NV

NH

NJ

NC

IIL. Local-Residential (<35mph)

A. With Curb

1. Low ADT

2. Medium ADT

3. High ADT

B. Without Curb

1. Low ADT

2. Medium ADT

&

3

3. High ADT

IV. AASHTO Guidelines

A. Roadside Design Guide 1989

B. Geometric Design of Highways
and Streets 1984

C. Barrier Guide 1977

V. Information Not Available

NA

NA

NA

NA

NA

NA

NA
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

RURAL AREAS

STATE’'S MINIMUM DESIGN STANDARDS (ft.)

OH

OK

OR

PA

RI

SC

SD

TN

TX

uT

yvT

VA

WA

PR

L Freeways- Arterials (>55mph)

A. With Curb

1. Low ADT

2. Medium ADT

3. High ADT

B. Without Curb

1. Low ADT

20-30

10

2. Medium ADT

16

3. High ADT

20-30

II. Collectors - Highways (35-55 mph)

A. With Curb

1. Low ADT

10

2. Medium ADT

10

3. High ADT

B. Without Curb

1. Low ADT

10

10

2. Medium ADT

&

10

10

3. High ADT

10

18




Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

RURAL AREAS

STATE’S MINIMUM DESIGN STANDARDS (ft.)

OH

OK

OR

PA

RI

SC

SD

TN

X

uT

vT

VA

WA

PR

11 Local-Residential (<35mph)

A. With Curb

1. Low ADT

15

10

15

2. Medium ADT

15

10

15

3. High ADT

15

10

15

B. Without Curb

1. Low ADT

2. Medium ADT

3. High ADT

1V. AASHTO Guidelines

'A. Roadside Design Guide
1989

B. Geometric Design of
Highways and Streets 1984

C. Barrier Guide 1977

V. Information Not Available

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

6C
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

STATE'S MINIMUM DESIGN STANDARDS (ft.)

o s caing CO |CT| DE | FL| GA | HI ID IL IN KY
I. Freeways- Arterials (>55mph)
A. With Curb
1. Low ADT 2-6 2 20
2. Medium ADT 26 2 20
3. High ADT 26 2 20
B. Without Curb
1. Low ADT 20 20
2. Medium ADT 20 20
3. High ADT 20 20
IL. Collectors - Highways (35-55 mph)
'A. With Curb
1. Low ADT 153 2-30 2 2 15
2. Medium ADT 153 2-30 2 2 15
3. High ADT 153 2-30 2 2 15
B. Without Curb
1. Low ADT 20 10 10
2, Medium ADT 20 10 10
3. High ADT 20 10 10
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

URBAN AREAS

STATE’S MINIMUM DESIGN STANDARDS (ft.)

CO

Ccr

DE

FL

GA

HI

ID

IL

I1. Local-Residential (<35mph)

A. With Curb

1. Low ADT

1.5-3

10-15

2. Medium ADT

1.5-3

10-15

L5

3. High ADT

1.5-3

10-15

15

B. Without Curb

1. Low ADT

10

2. Medium ADT

10

3. High ADT

10

10

IV. AASHTO Guidelines

A. Roadside Design Guide 1989

B. Geometric Design of Highways
and Streets 1984

C. Barrier Guide 1977

V. Information Not Available

NA

NA

> Z

> Z

NA

NA
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

STATE’S MINIMUM DESIGN STANDARDS (ft.)
i ME| MD| MA | MI | MN| MS [ MO| MT | NE | NV| NH | NJ NC
I. Freeways- Arterials (>55mph)
A. With Curb
1. Low ADT 3 7-10 15 2 15
2. Medium ADT 3 | 710 15 2 15
3. High ADT 3 7-10 1.5 2 15
B. Without Curb
1. Low ADT 20 16-22 30 30
2. Medium ADT 20 16-22 30 30
3. High ADT 20 16-22 30 30
II. Collectors - Highways (35-55 mph)
A. With Curb
1. Low ADT 3 7-10 15 2 6 5 15 6
2. Medium ADT 3 | 710 1.5 2 6 5 15 6
3. High ADT 3 | 710 1.5 2 6 5 15 6
B. Without Curb
1. Low ADT 20 6-12 10-14 15 8 13-20
2. Medium ADT 20 6-12 10-14 15 8 13-20
3. High ADT 20 6-12 10-14 15 8 | 1320
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t.

URBAN AREAS

STATE'S MINIMUM DESIGN STANDARDS (ft.)

ME

MI | MN

MS

MO

MT

NE

NV

NH

NJ

NC

III. Local-Residential (<35mph)

A. With Curb

1. Low ADT

7-10

1.5

15

15

2. Medium ADT

7-10

1.5

15

1.5

3. High ADT

7-10

15

15

15

B. Without Curb

1. Low ADT

10

2. Medium ADT

10

3. High ADT

10

IV. AASHTO Guidelines

A. Roadside Design Guide 1989

B. Geometric Design of 'Highways
and Streets 1984

C. Barrier Guide 1977

V. Information Not Available

NA

NA | NA

NA

NA
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con’t,

URBAN AREAS

STATE'S MINIMUM DESIGN STANDARDS (ft.)

OH

OK

OR

PA

RI | SC | SD | TN | TX

uT

vT

VA

WA

PR

L Freeways- Arterials (>55mph)

A. With Curb

1. Low ADT

2. Medium ADT

3. High ADT

B. Without Curb

1. Low ADT

18

2. Medium ADT

&

3. High ADT

18

IL. Collectors - Highways (35-55 mph)

A. With Curb

1. Low ADT

15

1.5

2. Medium ADT

15

15

3. High ADT

15

15

B. Without Curb

1. Low ADT

10

18

2., Medium ADT

16

18

3. High ADT

18
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Table 4. Generalized Classification for All State’s Minimum Design Standards, con't.

URBAN AREAS

STATE'S MINIMUM DESIGN STANDARDS (ft.)

OH

OK

OR

PA

RI

SC

SD

TN

X

uT

vT

VA

WA

PR

III. Local-Residential (<35mph)

A. With Curb

1. Low ADT

15

15

15

2. Medium ADT

15

15

1.5

3. High ADT

15

1.5

1.5

B. Without Curb

1. Low ADT

10

10

2. Medium ADT

10

10

3. High ADT

10

10

IV. AASHTO Guidelines

A. Roadside Design Guide
1989

B. Geometric Design of
Highways and Streets 1984

C. Barrier Guide 1977

V. Information Not Available

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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3 ACCIDENT LITERATURE REVIEW

A number of research studies have addressed accidents involving fixed objects,
specifically, utility and light poles. In this chapter relevant national accident data and
statistical information are presented and some recent studies involving fixed objects are
reviewed.

According to the National Safety Council (NSC), 48,700 motor-vehicle deaths and
1,800,000 disabling injuries occurred nationwide in 1987 (1). The total cost was estimated
at approximately $64.7 million. Nationwide, there were 43,300 fatal accidents, 1,200,000
injury accidents, and 19,600,000 property-damage-only accidents (PDO’s). Collisions with
fixed objects accounted for a significant portion of these incidents: 3,400 out of the 48,700
deaths and 70,000 out of the 1,800,000 disabling injuries. From 1985-1987, 9.5% of the fatal
accidents and 4.8% of all accidents resulted from a collision with a fixed object. The
problem of collisions with fixed objects is more pronounced in urban areas where the figures
are 13.5% and 5.4%, respectively, as compared to 7.3% and 3.5% in rural areas. Reports
from three traffic authorities indicate that the most frequent type of fixed object accident
involved a collision with trees or shrubbery, and accounted for 22.3% of fatal accidents and
17.3% of injury accidents (Table 5). Collisions with utility poles were most common,
occurring in 13.5% of all accidents, or 17.7% if light supports are included.

According to the National Highway Traffic Safety Administration (NHTSA), 46,386
fatalities resulted from 41,435 fatal accidents in 1987 (2). Of the 25,833 first-harmful-event,
single-vehicle accidents, 12,499 deaths (48.4%) occurred from collisions with a fixed object

such as a tree, utility pole, sign, guardrail, stationary structure, or substantial vegetation.
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TABLE 5

Type of Fixed Object Struck by Accident Severity, 1987

Severity of Accident
Type of Fixed Object Property
Fatal Injury Damage All
Accidents Accidents Accidents Accidents

Total 100.0% 100.0% 100.0% 100.0%
Tree, shrubbery 23 173 10.6 13.0
Embankment 13.7 153 9.8 11.7
Utility Pole 132 159 122 135
Guardrail post 109 78 75 76
Fence 74 83 149 12.6
Culvert, ditch or abutment 69 1.6 13 14
Light support 4.0 46 40 42
Rock, ledge 40 32 20 2.4
Median, curb 28 3.7 59 51
Bridge, pier 23 21 21 21
Sign post 23 2.6 49 41
Building, wall 1.7 33 3.6 35
Barricade 11 13 11 12
Impact attenuator, crash cushion 0.0 02 03 03
Other fixed object 74 12.8 198 173
Source: Based on reports from 3 state traffic authorities.

In 1987, 28.5% of fatal accidents and 27.9% of fatalities resulted from a fixed-object

collision as recorded by first harmful event.

On Nebraska roadways in 1987, there were 255 fatal accidents (0.7%), 14,567 injury
accidents (38.%), and 23,248 PDO’s (61.1%), which resulted in 297 fatalities and 21,917

injuries (3). For all accidents and fatal accidents by first harmful event, 12% and 23%,

respectively, involved a collision with a fixed object.

Gustafson reported that nationwide from 1982 to 1984, 5,600 fatal accidents involving
utility poles or light supports resulted in 6,046 deaths (4). From 1977 to 1983, 16,720 Iowa

accidents involving utility poles or light poles resulted in 124 fatal accidents, 5,754 injury

accidents, and 10,842 PDO’s; resulting in 137 deaths and 7,760 injuries.
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From a limited study in 1972, Graf, Boos, and Wentworth estimated that utility pole
accidents account for more than 5% of the national traffic fatalities annually and more than
15% of the fixed object traffic fatalities (3). They estimated that utility pole accidents
account for 2,750 fatalities, 110,000 injuries, and 250,000 PDO’s annually.

A study by Fox, Good, and Joubert in Australia investigated a total of 879 pole
accidents occurring between July 7, 1976 and March 7, 1977 (6). The distribution by accident
severity was 3% fatal accidents, 27% injury accidents, and 70% PDO’s. In 1976, pole
collisions resulted in 54 fatalities (5.8%) and 813 injuries (4.6%) in the State of Victoria.
The corresponding figures for the Melbourne metropolitan area were 45 ﬁwﬁﬁes (9.4%)
and 785 injuries (5.9%).

In 1978, Post, McCoy, Wipf, Bolton, and Mohaddes found that wooden utility poles
have a higher-than-average accident severity than fixed objects located along streets in urban
areas statewide (7). In 1978, 291 utility pole accidents were noted in Lincoln, Nebraska, with
a corresponding accident severity of 0%, 45%, and 55%, for fatalities, personal injuries, and
PDO’s, respectfully. Statewide, the corresponding accident severity for fixed object collisions
in urban areas was 1%, 35%, and 64%, respectively.

Nationwide, Labra and Michie found vehicle impacts with wooden utility poles to
have the ﬁighest frequency of severe and fatal injuries to occupants of all single-vehicle inci-
dents (8). Utility pole accidents were four times more likely to result in fatalities than all

other accidents: over 8,300 deaths occurred in 4,400 utility pole accidents from 1975 to 1977.
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Jones and Baum reported that utility pole accidents were by far the most frequent,
accounting for 21.1% of all fixed objects struck for single-vehicle, first object struck
accidents, as shown in Table 6; they also account for 2.2% of all accidents in urban areas
(9). Utility poles were found to have the second highest percentage of injury (50.5%) with
the exception of vehicles striking the ground (52.6%), which generally were rollover type

accidents, as shown in Table 7.

TABLE 6
First Object Struck in Single Vehicle Accidents Ranked by Frequency
First Object Struck Number of Accidents | Percentage of Total

Utility Pole 1291 211
Fence, Guardrail 825 135
Sign, Mailbox, Parking Meter, Guy Wire 728 119
Culvert, Ditch, Embankment 714 1.7
Tree 682 111
Light, Signal Pole 466 7.6
Fire Hydrant 23 36
Building 215 35
Ground (generally rollover) 187 31
Wall 175 29
Shrubbery 120 20
Bridge 116 1.9
None U3 13
Other 303 49

Total 6124 100.0

Pilkington stated that the utility pole accident is the most frequent and severe
roadside accident involving a "man-made" object (10): it is six times more likely to result in
a fatality and three times more likely to result in an injury than the average roadway
accident. The driver is most often injured, while a front seat passenger is most likely to
become a fatality. An estimated 80% of utility pole accidents are frontal impacts resulting

in injuries. Approximately 20% of utility pole accidents result in a side impact fatality. It is
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also estimated that there are approximately 88 million utility poles located along our streets
and highways. According to Pilkington, a considerable number of utility pole accidents are
not reported since vehicle damage is often minor and drivers leave the seen. However, the

poles are often significantly damaged and require repair or replacement.

TABLE 7
Relative Severity of Different Objects Struck
% % of Total
Object Total* Injury Injury Injury
Accidents | Accidents | Accidents | Accidents

Utility Pole 1166 589 50.5 314
Fence, Guardrail 740 171 231 9.1
Sign, Parking Meter, Mail box, Guy Wire 668 133 19.9 7.1
Culvert, Ditch, Embankment 674 300 445 16.0
Tree 598 257 43.0 13.7
Light, Signal Pole 365 T 21.1 4.1
Fire Hydrant _ 179 32 179 1.7
Building 163 33 212 18
Ground (generally rollover) 175 92 526 49
Wall . 147 53 36.1 28
Shrubbery 100 7 7.0 04
Bridge 115 47 409 25
None ™ 12 15.2 0.6
Other 202 2 35.6 38
Total 531 1875 349 100.0
*Excludes those where injury was unknown

Mak and Mason performed an extensive study on pole accidents between 1975 and
1980 (11). Accident data was initially obtained from only two sample areas; the number of
study areas was later expanded to seven in order to obtain more data. They found that while
reported pole accidents accounted for 3.3% of all accidents reported in the two original
study areas, pole accidents accounted for 20.6% of all accidents and 9.9% of all injury

accidents with respect to severity. Thus, pole accidents were found to be six times more
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likely to result in fatalities and three times more likely to result in injuries than all other
accidents. Utility poles were the most frequently struck pole type, accounting for 67.1% of
all pole accidents, followed by sign supports and hlminaires at 16% and 14.4%, respectively.

Mak and Mason found that pole accident sites have a higher pole density and are
located closer to the roadway (11). In urban areas, accident sites have 120 poles per mile
and a median lateral offset of 5.2 feet compared with 80 poles per mile and 6.7 feet for
average sites. In rural areas, accident sites have 56 poles per mile and a median lateral
offset of 8.7 feet compared with 22 poles per mile and 11.8 feet for average sites. Pole
accidents in rural areas were found to have a higher injury severity than urban pole
accidents due to higher impact speeds.

In terms of frequency of severe to fatal injuries, Mak and Mason (11) reported that
collisions with timber utility poles have the highest frequency at 7.4%, followed by
nonbreakaway and breakaway luminaires at 4.9% and 3.8%, respectively. In terms of overall
severity, nonbreakaway luminaires and timber utility poles have the highest frequencies at
72.4% and 66.8%, respectively. Collisions with other pole types result in smaller frequencies
of overall injury occurring at less than 40%.

The extensive human and economic costs associated with accidents involving fixed
objects motivate national and state government efforts to establish policy governing their
use. In the next chapter a literature review is presented of national and state government
policy for accomodating facilities. The purpose of the review is to present the range of

accommodation policies and standards to which the utility or light poles must conform.
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4 GOVERNMENTAL POLICY LITERATURE REVIEW
4.1 Introduction
Policies and standards for accomodating utilities are set at several levels of
government. The sections which follow describe the current guidelines proﬁded by the State

of Nebraska, by AASHTO, and by the Federal Government.

4.2 State of Nebraska Policy
The following section summarizes Nebraska state policies and standards for
accommodating utilities.
ibili
Nebraska policy states (12):

The State of Nebraska, Department of Roads has the responsibility to regulate utility
occupancy on all State highways. The Department of Roads may enter into
agreement with qualified Political Subdivisions to provide for exercising this
responsibility on certain State highways within the geographical boundaries of the
Political Subdivisions. All other public highways not designated as State highways are
under the authority of the cities and counties wherein such road lies. These Political
Subdivisions exercise authority over utility occupancy of these public roads in
accordance with State law and local ordinances. :

Utilities are permitted to occupy public highway right-of-way under Nebraska Statutes
and in accordance with the Rules and Regulations of the authority having jurisdiction
over the highway.

It is the intent of this policy to incorporate all of the provisions of Federal Highway
Administration FHPM 6-6-3-2 and the AASHTO publications "A Policy on the
Accommodation of Utilities on Freeway Right-of-Way" and "A Guide for
Accommodating Utilities on Highway Right-of-Way" which are not in conflict with
the provisions of this policy.

Definition of T.

Some of the relevant terms used in the State of Nebraska policy are defined as
follows (12):
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The policy employed by a highway authority to increase safety, improve traffic
operation, and enhance the appearance of highways by designing, constructing,
and maintaining highway roadsides as wide, flat, and rounded as practical and
as free as practical from physical obstructions above the ground such as trees,
drainage structures, massive sign supports, utility poles, and other
ground-mounted obstructions.

traveled way:

The portion of the roadway for the movement of vehicles, exclusive of
shoulders and auxilliary lanes.

lity:

Shall mean and include all privately, publicly or cooperatively owned lines,
facilities and systems for producing, transmitting or distributing
communications, power, electricity, light, heat, gas, chemicals, oil, crude,
products, water, steam, waste, storm water not connected with highway
drainage, and other similar commodities, including publicly owned fire and
police signal systems and street lighting systems, which directly or indirectly
serve the public or any part thereof. The term "utility" shall also mean the
utility company, inclusive of any wholly owned or controlled subsidiary.

Specificati

Overhead electrical and communication lines located within the public highway
right-of-way shall comply with the current National Electric Safety Code (13). Joint use of
utility poles also is encouraged to avoid locating additional poles within the right-of-way.
The general specifications for the horizontal clearance for ground-mounted utility facilities
are described as follows (12): '

(A) Rural areas: All rigid poles must be located at least thirty (30) feet or
more from the edge of the traveled way.

(1)  Poles and anchors will be permitted to occupy the outer two
(2) feet of the highway Right-of-Way on highways without
sufficient Rights-of-Way to permit pole lines to comply with
Subsection (A).



(B) Urban or suburban areas where the highway speed limits are forty-five
(45) mph or lower and the highway cross-section is constructed to a typical
rural cross-section standard (i.e., open ditches, shoulders, and highway
resurfacing): All rigid poles shall be located at least fifteen (15) feet from
the edge of the traveled way and the preferred location is near the
right-of-way line.

(C) Cities, towns, and urban areas where curb sections exist: Rigid poles may
be located back of the sidewalk or a minimum of six (6) feet back of the
curb where feasible.

(D) Exceptions to these clearances may be made where curbside parking is
permitted or where poles and anchors can be placed at locations behind

guard rails, beyond deep ditches or on top of high banks, or other similar
locations that would not present additional hazards to the traveling public.

When feasible, poles located closer than the limits defined in paragraphs B, C, and
not covered in paragraph D must contain frangible bases or breakaway features to allow the
pole to collapse when impacted.

The Nebraska Department of Roads currently uses the document entitled, "Minimum
Design Standards,” to provide detailed specifications for the lateral obstacle clearance
distance (14). The Nebraska Department of Roads has eight roadway classifications for
which there are different lateral obstacle policies. The eight roadway classifications are:

(1) New and Reconstructed Rural State Highways

(2) Resurfacing, Restoration, and Rehabilitation (3R) Projects on Non—Interstate

Rural State Highways
 (3) Scenic - Recreation - Rural State Highways
(4) New and Reconstructed Municipal State Highways
(5) Resurfacing, Restoration, and Rehabilitation (3R) Projects on Non-Interstate
Municipal State Highways

(6) Municipal Streets

(7) Rural Roads

(8) Scenic - Recreation - Rural Roads

Appendix B provides the design standards for lateral obstacle clearance on the

various roadway classifications as provided by the State of Nebraska (14).
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4.3 AASHTO Policy

The Ameﬁmn Association of State Highway and Transportation Officials (AASHTO)
currently has two major publications which address accommodation of utilities, "A Guide
for Accommodating Utilities Within Highway Right-of-Way" (15) and "A Policy on the
Accommodation of Utilities Within Freeway Right-of-Way" (16). Because the AASHTO
policy which pertains to freeway right-of-way is not significant to this study, a summary of
the statement on highway right-of-way is provided. The following section summarizes the

relevant sections of AASHTO guide (15).

R ibili
The AASHTO guide states:

Each highway agency has the responsibility to maintain the right-of-way of
highways under its jurisdiction as necessary to preserve the operational safety,
integrity, and function of the highway facility. Since the manner in which
utilities cross or otherwise occupy highway right-of-way can materially affect
the safe operation, maintenance, and appearance of the highway, it is
necessary that such use and occupancy be authorized and reasonably
regulated. The highway agencies have various degrees of authority to
designate and to control the use made of right-of-way acquired for public
highway purposes. Their authorities depend upon State laws or regulations,
which differ between States. A State also may have local city or county
government laws and regulations which differ from those applicable State-
wide for highways.

Utilities also have various degrees of authority to install their lines and
facilities on the right-of-way of public roads and streets. Like highway
agencies, their authorities depend upon State laws and regulations which
differ between States. They also depend upon franchises, local laws, and
ordinances which differ in the several political subdivisions within a State.

Aside from the necessary differences imposed by State and local laws ,
regulations, franchises, governmental and industry codes, climate, geography,
there can be and should be reasonable uniformity in the engineering
requirements employed by highway agencies for regulating utility use of
highway right- of-way. In this respect, guidelines outlining safe rational
practices for accommodating utilities within highway right-of-way are of
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valuable assistance to the highway agencies. The guidelines herein are
provided in the interest of developing and preserving safe operations and
roadsides and of minimizing possible interference and impairment to the
highway, its structures, appearance, and maintenance.

These guidelines make no reference to the legal rights of utilities to use or
occupy highway right-of-way or to reimbursement of utility owners for the cost
of adjusting or installing utilities on such right-of-way. These matters are
governed by State law. These guidelines should be interpreted and applied to
the extent consistent with State laws which give utilities the right to use or
occupy highway right-of-way.

It is the intent of these guidelines to assist the various highway agencies in
establishing and administering reasonably uniform utility accommodation
policies.

Wherever appropriate, existing utility accommodation policies should be
modernized in light of these guidelines.

Definiti fT.
Some of the relevant terms used in the AASHTO guide are defined as follows (15):
clear zone:

That roadside border area, starting at the edge of the traveled way, available
for use by errant vehicles.

right-of-way:

A general term denoting land, property, or interest therein, usually in a strip,
acquired for or denoted to transportation purposes.

roadside:
A general term denoting the area adjoining the outer edge of the roadway.

Extensive areas between the roadways of a divided highway may also be
considered roadside.

roadway:

The portion of a highway, including shoulders, for vehicular use. A divided
highway has two or more roadways.
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traveled way:

The portion of the roadway for the movement of vehicles, exclusive of
shoulders and auxiliary lanes.

Guideli
The AASHTO guide provides a number of suggestions to follow for the location and
design of utility installations within the highway right-of-way (15).
Location

(1) Poles along highways in rural areas should be located at the right-of-way
line. The poles should be located outside the clear zone.

(2) Where roadside development occurs along highways in urban areas, poles
should be located as close as practical to the right-of-way line. Where
curbs are present, the poles should be located as far as practical behind

. the face of the outer curb. If it is feasible, poles should be located behind
the sidewalks.

(3) When locating poles at a location other than the right-of-way line,
consideration should be given to designs which use self-supporting,
armless, single pole construction, with vertical alignment of wires or cables,
or other methods allowed by governmental codes which provide a safe
traffic environment.

(4) Guy wires and anchors should not be placed between a pole and the
traveled way where it may encroach upon the clear zone.

(5) Installations of poles, guys, and other facilities should not be located in a
highway median.

(6) Extensive altercation or removal of trees should be avoided in certain
areas noted for their scenic quality.

Design
(1) The utility should be responsible for the design of the poles which are
installed in the highway right-of-way. The highway agency should be

responsible for reviewing and approving the utility’s designs and proposed
location of the facilities.



(2) Utility installations on, over, or under State right- of-way should as a
minimum meet the requirements of the National Electrical Safety Code

(13).
(3) On new installations or changes to existing utility lines, provisions should
be made for planned expansion of the utility facilities. They should be
planned to minimize hazards with highway traffic.
4.4 Federal Policy
The Federal Highway Administration addresses accomodation of utilities as part of
Federal-Aid Highway Program Manual FHPM 6-6-3-2 (17). The subsection entitled,

"Accommodation of Ultilities," is included in Appendix C.
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S METHODOLOGY
5.1 Introduction

The cost-effectiveness methodologies selected for use in this research study were
presented in the Federal Highway Administration (FHWA) report entitled, "Selection of
Cost-Effective Countermeasures For Utility Pole Accidents - User’s Manual," written by
Zegeer and Cynecki (18), and in the AASHTO "Roadside Design Guide" (19).

Two IBM-compatible computer programs were used in the study. The first, "UPACE,"
is explained in the FHWA report entitled, "Utility Pole Accident Countermeasures
Evaluation Program and Input Processor-User’s Manual," written by SRA Technologies, Inc.
(20). The second program, "ROADSIDE," is presented in the "Roadside Design Guide" (19).

Since utility poles accidents have one the highest frequencies of severe to fatal
injuries, it was determined that a cost-effectiveness methodology which dealt specifically with
utility poles would be most appropriate. The "UPACE" methodology was developed to
handle cost-effective countermeasures for a line of utility poles but also was applicable to
luminaires or light supports. Utility poles and luminaires account for more than 17.7% of
all fixed object accidents. The possibility to reduce the number of serious accidents was a
potential benefit of applying the cost-effective countermeasures to both of these two
dangerous roadside appurtenances. The "ROADSIDE" methodology was developed to
handle cost-effective counter-measures for single utility installations such as fire hydrants,
utility poles, and light poles.

The next section reviews cost-effectiveness research studies which dealt with safety
improvements for fixed objects, and some previous research which served as the basis for

the "UPACE" and "ROADSIDE" methodologies.
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5.2 Literature Review

In 1969, Edwards et al. developed a method to improve the economic analysis of
roadway illumination (21). Among the factors they considered were initial costs, accident
costs resulting from vehicles colliding with light poles, and normal maintenance costs.
Accident costs were subdivided into costs for structural damage to the pole and base,
damage to the vehicle, and costs of injury to the occupants. Expressions were developed
relating roadside illumination costs to major contributing factors for use in comparing the
cost effectiveness of different lighting systems.

McFarland and Walton’s 1971 study of cost-effectiveness relationships for various
roadway lighting design criteria and roadway geometry (22) used cost data for initial,
maintenance, operational, and accident costs. Several lighting designs were compared on a
cost basis. The designs met certain levels of effectiveness on roadways with different
numbers of lanes. In general, the 50 ft mounting height was preferred over the 40 ft
mounting height. The research also showed that breakaway bases give large benefit-cost
ratios, whatever the illumination design, if the illumination units were exposed.

In 1974, Glennon suggested a cost-effective method for prioritizing roadside safety
improvement programs for freeways (23). Later that year Glennon and Wilton developed
a methodology for determining the effectiveness of safety improvements for all classes of
highways (24). Glennon used a probabilistic hazard index model to evaluate roadside safety
improvements. Th_e model considered roadside encroachment frequencies of vehicles (which
is a function of the ADT), the percentile distribution for the lateral displacement of
encroaching vehicles, the lateral placement of the roadside obstacle, the size of the obstacle,

and the accident severity associated with the obstacle.
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The cost-effectiveness approach served as a method to rank various safety
improvement programs. The major objective for a highway department is to achieve the
greatest total decrease in roadside hazards with available funds. The predicted difference
between the hazard indices before and after improvements are made determines the

effectiveness of the improvement. The cost-effectiveness equation is given in Equation 1.

Cost =  gnnualized cost of the improvement (1)
Effectiveness hazard reduction achieved
C/E = cost to reduce one injury (fatal or nonfatal) accident

In 1975, Weaver et al. used Glennon’s conceptual model (23) as the basis for a
structured method to evaluate safety alternatives (25). The implementation procedure served
three functions: (1) conducting a detailed inventory of a highway to locate and define each
roadside hazard, (2) recommending feasible safety improvement alternatives for each hazard
or group of hazards, and (3) evaluating the recommended alternatives using the computer
model.

The 1977 AASHTO barrier guide presented a cost-effectiveness procedure for
evaluating safety alternatives (26). In 1979, Post et al. modified an earlier cost-effectiveness
program developed at the Texas Transportation Institute (TTI) (23) to include a much more
detailed version of the program inputs (27). The modified version used other computer
models to determine impact severities.

Post and Chastain completed a cost-effectiveness study in 1982 expanding upon their
earlier work (28). The cost-effectiveness metﬁodology incorporated some other changes
which included the effects of environmental conditions, vehicle size, distribution of traffic

stream, et cetera.
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Post et al. completed a 1979 feasibility study for implementing breakaway utility poles
(29) using the cost-effectiveness methodology developed by Glennon (23). Later, McCoy et
al. developed a methodology to evaluate safety imﬁrovement alternatives for utility poles
(30). In 1986, Sicking and Ross completed a study which incorporated a benefit-cost analysis
of roadside safety alternatives (31).

Significant modifications have been made recently to the cost-effectiveness
methodology which was originally presented in the 1977 AASHTO barrier guide. They are
now presented in the AASHTO "Roadside Design Guide" (19). Some of these changes
include incorporation of an encroachment rate model which includes the effects of roadway
curvature and grade plus opposite-direction encroachments on undivided, two-way roadways;
other changes are the inclusion of a model which relates both the lateral extent of
encroachment and accident severity to design speed, and a model which calculates traffic
growth over the project life and incorporates this factor into the economic analysis. Another
modification was the inclusion of the effect of a vehicle which has yawing motion while
entering the corner zone of the hazard index model. The new cost-effectiveness selection
computer program, entitled "ROADSIDE," is available for IBM or IBM-compatible personal

computers.

5.3 A Conceptual Model

Glennon argued three conditions must exist in order for an impact with a roadside
obstacle to occur (23): first, the vehicle must be within the section of roadway associated
with the roadside obstacle; second, vehicle encroachment must occur; and third, the lateral

displacement of the vehicle must be on a course of impact with the roadside obstacle.
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This sequence of events suggested that a conceptual or probabilistic approach was

needed to help identify hazardous roadside situations. This approach considered vehicle

exposure and encroachment rate as well as the size and lateral placement of the roadside

obstacle and its relative influence on accident severity. A schematic of a roadside obstacle

situation of section L is shown in Figure 1. The generalized equation for determining the

hazard index is given in Equation 2.

in which

P(E)

P(C/E)

P(1/C)

H = V[P(E)] [P(C/E)] [P(1/C)] @)

hazard index; expected number of fatal plus nonfatal injury accidents per
year;

vehicle exposure; number of vehicles per year passing through section L;

probability that a vehicle will encroach on the roadside within section L;
encroachments per vehicle. This probability is a function of the length of
exposure, L, and other environmental variables such as the geometric
design of the roadway;

probability of a collision, given that an encroachment has occurred;
accidents per encroachment. This probability is a function of the angle of
encroachment, 6; the vehicle’s lateral displacement (measured from the
right-front corner of the vehicle), y; the lateral placement of the roadside
obstacle, s; and the size of the obstacle, / and w; and

probability of an injury (fatal or nonfatal) accident, given a collision; fatal
plus nonfatal injury accidents per total accidents.
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FIGURE 1. SCHEMATIC OF A ROADSIDE OBSTACLE SITUATION.
A more complex mathematical relationship was required to evaluate the hazard index

of a particular roadside situation. For an encroachment angle, 8,the more detailed equation

is given as Equation 3:

£+dc.s§o+
E.S oo l+dcscl oo wceot e- 3
g [ 0D [ | foraa e foyayax|
2 5 s+(x=1) l+dcscf  s+dcosf+
cosfsinf (x-1-dsecf)tané
in which
E; = encroachment frequency, number of encroachments per mile per year;

S = severity index [previously defined as P(7/C)], number of fatal and nonfatal
injury accidents per total accidents;

I = longitudinal length of the obstacle, feet;
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w = lateral width of the obstacle, feet;

s = lateral placement of the obstacle, feet;
d = width of the vehicle, feet;

0 = angle of encroachment, degrees;

x = longitudinal distance from the farthest downstream encroachment point to
the encroachment point of reference, feet; and

f(v) = percentile distribution of lateral displacements of encroaching vehicles.
To simplify the mathematical hazard model, two substitutions were made. The first

double integral in Equation 3 was reduced to the approximate single integral equivalent:

dcscl fy)dy 4)

cos @
2

5+

The second double integral was replaced by a single integral equivalent using a stepwise
analysis of longitudinal increments. To accomplish this simplification, the encroachment
length, w cot &, was divided into a number, n, of small increments, j=1, n, and the
contribution of each increment to the hazard index is calculated using the lateral
displacement for the midpoint of the subsection. Thus, the second double integfal in

Equation -3 was replaced by

wcot 0 E Ry)dy

n j= s
J l-.ﬂd cos 8*$

Since each of the three integrals of the simplified hazard model represents a

cumulative probability distribution, the equation can be written in a more understandable
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algebraic form. Using a 6 ft average vehicle width, the simplified hazard model for all

classes of highways is given as Equation 4 (24):

il Wwe @)
[P[y=s5]+6cscb P[y=s+3cos 0]+ ot 8 !: P y25+6m39+w(21 1)
5 280 R

where

Pfy=...]=  probability of a vehicle lateral displacement greater than some value.

n = number of analysis increments for the hazard associated with the obstacle
width. A reasonable subdivision is one increment for each 2.5 ft of width,
and

J = the number of the obstacle-width increment under consideration starting

consecutively with 1 at the lowest lateral placement.
This model estimates the hazard index for a particular roadside obstacle independent
of other contiguous roadside obstacles. To evaluate the effectiveness of a particular roadside

safety improvement, the difference in hazard index before and after improvement must be

calculated.
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6 "UPACE" METHODOLOGY
6.1 Introduction

In 1983, Zegeer and Parker developed a cost-effectiveness analysis procedure for the
selection of alternative treatments within the highway right-of-way, with the aim of reducing
utility pole accidents or reducing utility pole severity (32). The cost-effectiveness procedure
was intended for use by highway designers, traffic and safety engineers, and utility company
engineers and managers involved in utility pole placement and maintenance. The study
involved the collectitém and analysis of roadside and accident data to determine the accident
experience associated with various roadside and utility pole features.

A large data base was assembled which included roadway, traffic, utility pole, and
utility pole accident data for each of 1,534 roadway sections covering a total of 2,519.3 miles
in Michigan, North Carolina, Washington, and Colorado. The data was collected from
agency files, photologs, police accident records, and site visits. Statistical analyses were
performed on the data using comparative analyses and non-linear regression models to
predict utility pole accideﬁts for various combinations of utility pole and roadway features.
The results were used to determine accident reduction factors and accident benefits of
various combinations of pole relocation options and reductions in pole density.

Zegeer and Parker developed general guidelines for selecting countermeasures which
were likely to be cost-effective under a variety of traffic and roadway conditions. An
additional discussion on various countermeasures is included in Appendix D. A manual
procedure and computer program were developed as a method for determining the optimal
countermeasure based on the incremental benefit-to-cost fatio. The two procedures allow

the user to input the specific roadway, utility pole, and accident history of a specific site.
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The procedure could also be used if no utility pole accident experience was available.
Zegeer and Parker developed an accident predictive model or equation which computes the
expected before and after accident experience.

The computer program also can make adjustments for expected benefits due to
changes in traffic volume, occupant restraint systems (airbags and seat belts), and vehicle
downsizing. A brief discussion on seat belt effectiveness is included in Appendix E. One
additional feature of the computer program is that it can consider the increase in other fixed
object accidents which could occur after relocating utility poles or undergrounding utility
lines. An example of this would be the case of encroaching vehicles impacting trees or other

fixed objects which were previously behind the utility poles.

6.2 Methodology

Zegeer and Cynecki have presented two procedures, a manual method and a
computer method, for determining the cost-effectiveness of safety improvement alternatives
for utility poles or even luminaires.The manual procedure is a simplified version of the
computerized cost-effectiveness procedure. It does not allow for projected seat belt use or
vehicle downsizing in future years. The computer procedure performs a more detailed
analyses for the roadside adjustment factor, computation of future traffic volumes, projected
utility pole accident occurrence and severity, et cetera compared to the manual method.
6.2.1 Manual Method

The manual method consists of a series of 18 steps which are listed below. The forms
which are to be completed for each specific site are included in Appendix F.

1. Complete the Site Description Form (form A).



2. Complete the Countermeasure Description Form (form B).
3. Compute Average Traffic Volume Over Project Life (ADT,).
4. Determine the Number of Utility Pole Accidents Without Treatment (Ag).
5. Determine the Accident Reduction Factor (R,). -
6. Select the Roadside Adjustment Factor (Hg).
7. Compute the Number of Accidents Reduced (aA).
8. Select the Average Cost per Utility Pole Accident (C,).
9. Compute Accident Benefits Due to Reduced Accidents (B,).
10. Compute Accident Benefits Due to Reduced Accident Severity (Bg).
11.  Compute Total Accident Benefits (By).
12. Determine the Change in Maintenance Costs (Cy).
13. Determine Countermeasure Installation Costs (Cp).
14. Calculate Total Project Costs (Cr).
15. Calculate the Benefit-to-Cost Ratio (aB/aC).
16. Conduct Incremental Benefit-to-Cost Ratio Analysis (B/C).
17. Evaluate Available Funding and Other Constraints.
18.  Record Project Details..
An brief explanation of the 18 steps is provided in the following paragraphs. For a
more detailed explanation, see the report by Zegeer and Cynecki (18).
Step #1:
The characteristics of each site should be recorded on form A, which is shown in
Appendix F. The section should be relatively homogeneous in the following features: traffic

volume, pole offset from roadway, and pole spacings.
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While performing the site inspection, a value for the term "Roadside Coverage Factor
(Cr)" is to be calculated. The term was described in NCHRP 247 (33). This quantity was
developed to consider the combined effects of both point and conﬁnuous fixed objects.

The fixed object coverage factor, expressed as a percentage, corresponds to the
probability of striking a fixed object given that a vehicle runs a specified distance off the
road. For example, a coverage factor of 20% at 30 ft implies that a vehicle that runs at least
30 ft off the road has a probability of 0.20 of striking a fixed object within 30 ft of the road.

Step #2:

The proposed countermeasure description is recorded on form B (Appendix F).

Step #3:

The purpose of this step is to determine the average traffic volume (4DT ) over the
project life. This can be done by one of two methods: (A) by estimating a fixed growth rate
per year, such as 5% per year, or (B) by estimating the overall growth factor over the
project life, such as 20% over 20 years. Steps #3 through step #15 are recorded on form
C, as shown in Appendix F.

Step #4:

During this step, the number of utility pole or luminaire accidents per mile per year
(Ap) can be determined by two methods: (A) by nomogragh or equation, as presented in
Appendix G, or (B) by actual accident experience. The nomograph was developed by Zegeer
and Parker in the FHWA study on utility pofe accidents (32). This is based upon the
average traffic volume (4DT,) over the project life.

The best-fit regression model developed to predict utility pole accidents is given by

Equation 5.
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Acc/Mi/Yr = I:9.84.1:10"5(4‘1DT)+3.54;t'10'2 (Demity)] - 0.04 (5)

(Offset)*
where
Acc/Mi/Yr = number of predicted utility pole accidents per mile per year
ADT = annual average daily traffic volume
Density - number of utility poles per mile within 30 ft of the roadway
Offset = average lateral offset of the utility poles (ft) from the roadway
edge on the section
Step #5:

The "Accident Reduction Factor (R,)" is calculated by using the nomograph or
equation for predicting the expected utility pole accidents before and after the utility pole
countermeasure has been implemented.

The value of the accident reduction factor (R,) must be between 0.0 and 1.0.
Examples of various values for R, are presented as follows:

- Underground Utility Lines: R ,=1.0 (100% of the utility pole accidents will
be eliminated.)

- Relocate poles further from roadway: 0.0<R,<1.0
- Reduce the number of poles: 0.0<R,<1.0

- Install breakaway poles: R,=0.0 (The number of utility pole accidents will
remain unchanged.)

Step #6:
The "Roadside Adjustment Factor (Hy)" is used to account for the increase in other
run-off-road, fixed-object accidents that would likely have been utility pole accidents (i.e.

run-off-road vehicles hit trees that would have been screened by the line of utility poles).
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For example, when utility poles are removed, the out-of-control vehicles that would have
had a reported utility pole accident may instead have: (1) no collision at all (the vehicle may
recover), (2) hit some other fixed object, or (3) roll-over down the sideslope.

The roadside adjustment factor will vary between 0.0and 1.0. When Hzp=1.0, there
will be no increase in "other" run-off-road, fixed object accidents, since the road is level and
absent of other fixed-objects. When Hj is approximately equal to 0.0, it indicates a
hazardous roadside where only a small net reduction in total run-off-road accidents will
occur.

The roadside adjustment factor is computed based upon predominant roadside slope,
area type, pole offset, roadside coverage factor, and other factors. This factor was necessary
because the hazard index model developed by Glennon (23) was found to overestimate the
fatal and injury run-off-road accident rate by a factor ranging between 2 to 8, depending on
the magnitude of the sideslopes and the coverage of fixed objects (33).

The roadside adjustment factor is quite complex and involves computing the
probability of run-off-road accidents and utility pole accidents before and after a
countermeasure has been implemented. Zegeer and Parker developed a procedure which
uses combinations of 16 equations as the basis of the calculations, depending on specific
roadside conditions. The formulation of the roadside adjustment factor using the 16
equations is included in Appendix H.

Step #7:

This step involves computing the number of accidents reduced per mile per year

(aA) and is given by Equation 6.



ad = (Ap) (R) (Hp) (D) (6)

where
aA = The net number of utility pole accidents reduced per mile per year,
Ap =  accident reduction factor,
R, = roadside adjustment factor, and
L = ‘section length in miles.
Step #8:

The average cost per utility pole accident (C,) was calculated using the methodology
presented by Zegeer and Parker (32). Table 8 shows a summary of injuries by accident
severity for utility pole accidents from an analysis of 9,583 utility pole accidents. The
formula for figuring (C,) is given by Equation 7:

(% PDO acc.) X (Cost/PDO Acc.) _
(% Injury acc.) X (Cost/injury) X (Injuries/injury acc.) )]

(% Fatal acc.) X (Cost/fatality) X (Fatalities/fatal acc.)
(% Fatal acc.) X (Cost/injury) X (Injuries/fatal acc.)

Cu

+ 4+

The motor vehicle accident costs were obtained from the FHWA Technical Advisory
from June, 1988 (34). The costs per incident are given as follows:
Cost/fatality = $1,500,000
Cost/injury =  $11,000

Cost/PDO

$3,000



TABLE 8

Summary of Injuries by Accident Severity for Utility Pole Accidents

Number of | Number of Persons Persons
Accident Number of Percent Persons Persons Injured Per | Killed Per
Severity Accidents Accidents Injured Killed Accident Accident
PDO
Accidents 5,050 52.70 0 0 0 0
Injury
Accidents 4,434 46.27 . 5,796 0 131 0
Fatal
Accidents 9 1.03 69 107 0.70 1.08
Total 9,583 100.00 5,865 107 0.61 0.01

From the values given in Table 8 and the costs per incident, the value for (C,) was

calculated as follows:

Ca

T o B

Step #9:

(0.5270) x ($3,000)

(0.4627) x ($11,000) x (1.31)
(0.0103) x ($1,500,000) % (1.08)
(0.0103) X (11,000) x (0.7)
$1,581.00 + $6,667.51 + $16,686.00 + $79.31
325,013.82 per utility pole accident.

This step calculates the accident benefits due to a reduction in accident occurrence

(B,). This step is performed for the following types of countermeasures: undergrounding,

pole relocation, multiple pole use, or increasing pole spacing. For the breakaway pole

countermeasure, skip to step #10B.

Equation 8 shows how the value of (B,) is determined:

B, = (A4)X(C,) ®

where
B, = accident benefits per year based upon a net reduction in accident

occurrence,
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AA = net reduction in accidents, and
C, = average cost per utility pole accident.
Step #10:

This step calculates the accident benefits due to a reduction in accident severity (Bg).
For the countermeasures of undergrounding, increasing lateral pole offset, multiple pole use,
or increasing pole spacing go to sfep #10A. For the case of installing breakaway poles, go
to step #10B.

Step #10A: |

When Hp, is less than 1.0, a portion of the utility pole accidents eliminated will be
converted to other run-off-road accidents after the countermeasure installation. However,
Zegeer and Parker found that, since the severity of utility pole accidents is generally greater
than the severity of other run-off-road accidents, (except for roll-over accidents), benefits
due to a reduction in accident severity could be expected (32). If Hx=1.0, there would be
no increase in run-off-road accidents, and Bg would be equal to 0.0.

Depending on the area type (rural or urban), the posted speed limit, and the
predominate types of other fixed objects, Zegeer and Cynecki stated there was
approximately a 40% expected reduction in accident severity for non-utility pole run-off-road
accidents (18). This occurs in urban areas where posted speeds are less than 45 mph. From
the accident analysis performed by both Jones and Baum (9) and also by Zegeer and Parker
(32), the accident severities for utility pole and run-off-road accidents were found to be

47.3% and approximately 30%, respectively.
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TABLE 9

Change in Accident Costs (AC,) due to a Reduction in Accident Severity

Percent Accidents
Percent Reduction By Severity Accident .
: . Reduction In
ke, e PDO | I F Cost CO* | Accident Cost (AC,)

0 52.70 46.27 1.03 $ 25,014 $ 0

5 55.06 43.96 0.98 23,938 1,076
10 5743 41.64 093 22,861 2,153
15 59.79 3933 0.88 21,785 3,229
20 62.16 37.02 0.82 20,547 4,467
25 64.53 34.70 0.77 19,469 5,545
30 66.89 3239 0.72 18,394 6,620
35 69.25 30.08 0.67 17,318 7,696
40 71.62 271.76 0.62 16,241 8,773
45 T3.98 2545 057 15,165 9,849
50 76.34 23.14 0.52 14,089 10,925

* Based on the 1988 FHWA accident costs.

From Table 9, the difference in cost between utility pole accidents and other
run-off-road accidents (AC ) was determined to be approximately $8,773 in urban areas with
speeds less than 45 mph. This was based upon the 1988 FHWA costs. In rural areas, where

speeds are 45 mph or greater, Zegeer and Parker (32) found little evidence to suggest a

difference in accident severity between utility pole and other fixed-object accidents.

Example: 40% reduction in /+F

I (0.4627) - (0.40 x 0.4627) = 0.2776 or 27.76%
F:  (0.0103) - (0.40 x 0.0103) = 0.0062 or 0.62%
PDO:  100% - 28.38% = 71.62%

$16,240.56

o n 4+

AC,

$25,014 - $16,241 = $8.773
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(0.7162)($3,000) + (0.2776)($11,000)(1.31)
(0.0062)($1,500,000)(1.08) + (0.0062)($11,000)(0.7)
$2,148.60 + $4,00022 + $10,044.00 + $47.74




The equation for determining the benefit due to a reduction in severity (Bg) is given

in Equation 9.
B = (1-Hp) X(A p) X(R)X(AC) X (L) )
where
Bg = accident benefits due to a reduction in accident severity for utility pole

accidents converted to other run-off-road accidents
Hp = roadside adjustment factor
Ap = number of utility pole accidents per mile per year
R, = utility pole accident reduction factor

aC, = difference in cost between utility pole accidents and other run-off-road
accidents, and

L =  section length in miles.

Step #10B:

This step is only applicable for the use of breakaway poles. When breakaway poles
are used, there would not be any change in accident frequency (B,=0.0), but there would
be an expected reduction in the accident severity. The equation for. calculating the benefit

due to a reduction in accident severity is given as Equation 10.

B = (Ap)X(AC)X(L) (10)
where
Bg = accident benefits due to a reduction in accident severity from the use of
breakaway pole, ’
aC, = difference in accident cost from the use of breakaway devices, and
L =  section length in miles.



Table 10 provides various values for (AC,) which correspond to different levels of
percent reduction in injury and fatal accidents when using breakaway devices.

TABLE 10

Values of Cost Recution (AC,) due to Reductions in
Accident Severity from Breakaway Devices

Percent Percent Injury Average Differences
Reduction Plus Fatal Cost Per In Average

In Injury Plus Accidents Using Utility Pole Accident Cost

Fatal Accidents Breakaway Devices Accident (C,)* (AC))

0 473 $ 25014 $ 0

5 4494 23,938 1,076

10 4257 22,861 2,153

15 40.21 21,785 3,229

20 37.84 20,547 4,467

25 35.47 19,469 5,545

30 33.11 18,394 6,620

35 30.75 17,318 7,696

40 2838 16,241 8,773

45 26.02 15,165 9,849

50 23.66 14,089 10,925

55 21.28 12,849 12,165

60 18.92 1,773 13,241

65 16.55 10,696 14,318

70 14.11 9,620 15394

75 11.83 8,544 16,470

80 9.46 7,467 17,547

85 7.09 6,229 18,785

90 4.73 5,153 19,861

95 236 4,076 20,938

100 0.00 3,000 22,014

*Based on the 1988 FHWA accident costs.
Step #11:

The total benefits (B;) are now calculated, which are due to the reduced number of

accidents and reduced accident severity. Equation 11 gives the total accident benefit.
By = B +Bg (11)

where

By = total accident benefits per year
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B, = accident benefits due to reduced accident occurrences per year, and
Bg =  accident benefits due to reduced accident severity per year.
Step #12:
The change in maintenance costs (C,,) are now calculated on an annual basis over

the entire section length, as given by Equation 12.

Cy = (CygXL) - (Cyy XL) (12)
where
Cy = change in maintenance costs per year due to the countermeasure,
Cys = maintenance costs per mile per year before countermeasure installation,
C,4 = maintenance costs per mile per year after countermeasure installation, and
L =  section length in miles.

If the maintenance costs are uﬁknown, a value of $0 should be used for the change
in maintenance costs.

Step #13:

The countermeasure installation costs (C;) are now determined. This includes the cost
of removing an old line of poles, purchasing right-of-way (if applicable), and the
countermeasure costs of either undergrounding utility lines, increasing lateral pole offset,
increasing pole spacing, or eliminating one line of poles where two existed.

If the countermeasure costs are unknown, Zegeer and Parker developed various
tables for average countermeasure inséallation costs (32). Their cost information was
obtained from a survey of 12 telephone companies in 21 states and 31 electric companies

in 20 states across the United States in 1981. If available, current installation cost estimates
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should be used rather than the old cost values given by Zegeer and Parker. It is noted that
the cost tables developed by Zegeer and Parker do not include the costs of additional
right-of-way acquisition.

The average cost information for breakaway utility poles is limited due to only a
small number of installations currently in the field. For the available cost information, see
the literature review on breakaway utility poles in Appendix L

The installation costs should be given in dollars per year. A conversion must take
place, because the costs are typically given as either cost per mile (C;), cost per pole (Cp),
or lump a sum cost (Cg). Equations 13, 14, and 15 are used to convert the following costs

to an equivalent uniform annual cost.

C,; = (C))X(CRF'n)X(L) (13)
C; = (C,)X(P)X(CRF'n)x(L) (14)
C, = (Cg)X(CRF'n) (15)
where
C; = initial construction costs amortized over the entire project period (n years),
C, = initial construction costs per mile,
CRFn =  capital recovery factor at an interest rate i over the project life of n years,

L =  section length in miles,
Cp = initial construction costs per utility pole,
P; = number of utility pole per mile, and

Cg = total initial construction cost.
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The capital recovery factor is used to determine the amount of each future annuity
payment required to accumulate a given present value when the interest rate and number
of payments are known. It is also known as (4/P,i%,n) and given as Equation 16.

CRFin = 14" (16)
(1+)" -1
Step #14:
The total costs (Cy) are now calculated, which are due to the change in annual
maintenance cost and the equivalent uniform annual construction cost. Equation 17 gives

the total costs.

Cr = Cy*Cy - 17
where
Cy =  total project cost amortized over the project life,
Cy = change in maintenance costs per year due to the countermeasure, and
C; = initial construction costs amortized over the entire project period.
Step #15:
The benefit-to-cost ratio (B/C) for the countermeasure is the total benefits divided

by the total costs, as shown in Equation 18.

B
= _1 18
o (18)

0| &
~

where
B/C=  benefit-to-cost ratio for the countermeasure,

By = total accident benefits, and
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Cr= total countermeasure costs.

Step #16:

Once various countermeasures have been evaluated on the benefit-to-cost ratio basis,
a decision must be made whether or not implementation of a specific project is feasible. If
only one countermeasure is performed, usually a beneﬁt-tmt ratio greater than or equal
to 1.0 is acceptable. If more than one countermeasure is evaluated, a type of analysis which
will compare the countermeasures must be performed.

A method for performing this comparison is the incremental benefit-to-cost ratio
procedure (AB/AC), as shown on form D in Appendix F. The incremental benefit-to-cost
ratio method is used to select countermeasures based on whether extra increments of
expenditures (i.e., underground lines as opposed to pole relocation) are justified for a
particular location. It also could be used for considering improvements at two or more
locations when evaluating what projects should be funded. The method assumes that the
relative merit of a project is measured by its increased benefits (compared to the next lower
cost alternative) divided by its increased costs (compared to the next lower cost alternative).

To perform the incremental benefit-to-cost ratio, first eliminate the alternatives which
have B/C ratios less than or equal to 1.0 or some other minimum value. Next, rank the

remaining projects in the order from lowest cost to highest cost (C;), as shown in Table 11.

74



TABLE 11
Incremental Benefit-to-Cost Ratio (AB/AC) Procedure

Total Total | Incremental | Incremental Incremental
Alternative | Benefits | Costs | Change in Change in | Comparison Benefit-to-Cost
Ranking B Cyp Benefits Costs ; Ratio (AB/AC)
(AB) (a0
1* B, G - - .- .-
2 B, G B,- B, Gl 2-1 (B;-B;) / (C3- Cy)
3 B, Cs B,- B, Gi~C; 3-2 (Bs-B,) / (Cs- Cy)
i B, C, | Bi-B Cy- Cs 4-3 | (B,-By/(C,-Cy
- Bs €5 Bs- B, Cs-C, 5-4 (Bs-B,) /(Cs-C)
* Lowest Cost
® Highest Cost

Starting with alternative #2 (second lowest cost - Cy), compare the incremental cost
(C, - C;) with the incremental benefits (B, - B 1)- If the incremental benefits (B, - B;) are
greater than the incremental costs (C, - C;) or AB/AC is greater than 1.0, then alternative
#2 is justified, and alternative #1 should be eliminated from consideration. If the
incremental benefits (B, - B;) are less than the incremental costs (C, - C;) or AB/AC is less
than 1.0, then alternative #1 is justified, and alternative #2 should be eliminated from
consideration. The justified alternative, from either #1 or #2, should be compared to
alternative #3 by incremental benefit to incremental cost. The procedure is complete when
only one alternative remains.

Step #17:

Once an optimal countermeasure has been selected by an incremental benefit-to-cost
ratio analysis, the agency must determine whether available funding can be provided to
implement the project. If sufficient funds are not available or other contraints prohibit the
implementation of the project, then, the next highest rated countermeasure must be selected

and evaluated for available funding.
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Step #18:
The project details for the selected countermeasure should be documented for future

reference.

6.2.2 Computer Method

The cost-effectiveness methodology has also been adapted for the use of computers.
The original version of "UPACE" or Utility Pole Accident Countermeasure Evaluation
computer program was developed on a Amdahl 470/V8 computer system, and a version was
developed for use on a microcomputer operating under the UCSD P-System. Since most
highway engineers have access to an IBM-PC or IBM-compatible microcomputer, a version
of "UPACE" was converted to be run under a DOS operating system.
Since "UPACE" requires a great deal of data input, a user-friendly input processor,
known as "UPACEI", was developed to assist the user in creating or modifying data sets.
The data required by "UPACE" may be grouped into six categories which correspond
to the first six selections of the data file creation or modification menus in "UPACEI". The
six categories of data are listed as follows:
1. roadway section data
2. utility pole data
3. traffic data
4. accident/severity data
5. economic analysis data

6. countermeasure data
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The "UPACE" computer program is set up to have the user enter or modify the input
data in groups of similar items arranged on a series of screens. Once "UPACEI" is exited,
the data is stored and can be run with the "UPACE" program. The program performs six
basic steps which are detailed in the flowchart in Figure 2.

1. Read and check input data.

2. Estimate future traffic rates.

3. Predict future accidents and their severity, if no improvements are made.

4. Analyze each alternative countermeasure, determining the benefits and costs of
the improvements.

5. Compare the alternative countermeasures analyzed.

6. Generate output reports.
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FIGURE 2. FLOWCHART OF THE UPACE COMPUTER PROGRAM.
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7 "UPACE"FIELD SITE DESCRIPTIONS
Cost-effectiveness analyses were performed on seven field sites in Omaha, Lincoln,
and Wayne, Nebraska. The sites were selected by the Nebraska Department of Roads and
involved either utility or light poles. The use of these "real-world" sites validated the
computer study and also gave researchers a real feel for the problems confronting designers.
Although construction drawings were available for the field sites, it was felt that the best
way to understand the required computer inputs was to visit each location. The seven field

sites are discussed bélow.

7.1 Site #1: East "O"St.

Site #1 was an area of approximately 13,200 ft (2.5 mi.) along "O" St. from 27th St.
to 63rd St.,in Lincoln, Nebraska. The street is classified as a municipal state highway in the
Nebraska classification system; the roadway is known as Highway US 34, which is a two-way,
four-lane, curbed section. The posted speed limit was 40 mph.

The project at this site involved removing and relocating the existing luminaires or
light poles from an average lateral offset of 2.25 ft to the current standard of 6 ft. The actual
measured average lateral offset of the luminaires was found to be approximately 7.57ft. The
number of poles was reduced from 167 poles to 103 poles. After complétion of the project,
field visits determined that approximately 70 poles were now in clear areas which could be
impacted; other light poles had been relocated behind other fixed objects such as walls,
trees, fences, etc., as shown in Figure 3. The lulmjnaires or light poles were located on both

sides of the roadway.
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Photographs of the roadway section after the implementation of the project are
shown in Figures 3, 4, and 5. Evidently, the light poles had an average lateral offset greater
than 6 ft because they were placed at the outside edge of the sidewalk.

The actual costs of the project were as follows:

Construction Costs: $470,682.14
Total: - $625,882.62

The actual accident experience before the implementation of the project for the
existing light poles was 20 accidents over a period of 2.38 years or 8.40 accidents per year.
The accident severity was 11 PDO’s (55%), 9 injury accidents (45%), and O fatal accidents
(0%) over the period from January 1, 1984 to May 16, 1986.

The actual accident experience after the implementation of the project for the
relocated light poles was 4 accidents over a period of 1.64 years or 2.44 accidents per year.
The accident severity was 1 PDO (25%), 3 injury accidents (75%), and O fatal accidents
(0%) over the period May 13, 1987 to December 31, 1988.

The ADT before the project began was found to be approximately 30,035 (1982). The
current average ADT over the entire section length was approximately 35,622; this is an
average annual traffic growth of approximately 2.5%.The roadside coverage factor of the
fixed objects was found to be approximately 60.5% with an average lateral offset of 10.12
ft (Appendix J).

In performing the field work for the fixed object analysis, many situations were
encountered which were not addressed in the guidelines for determining the roadside
coverage factor. As evident in the lower photograph in Figure 5, vehicles may be located

adjacent to the roadway in a shopping mall parking lot. Since these vehicles were not
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FIGURE 3. PHOTOGRAPHS OF THE "0" ST. SAFETY IMPROVEMENT
PROJECT.
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FIGURE 4. PHOTOGRAPHS OF THE "0" ST. SAFETY IMPROVEMENT
PROJECT.
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FIGURE 5. PHOTOGRAPHS OF THE "O" ST. SAFETY IMPROVEMENT
PROJECT.
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present 24 hours a day, an estimate of 50% of the obstructed length was used to account for
the partial obstruction time. Auto dealers’ lots were treated as if they were a continuous

wall along the roadway section (see Figure 3).

7.2 Site #2: West 7th St.

Site #2 was located in the city of Wayne, Nebraska, along 7th St. from Sherman St.
to Main St., a length of approximately 2,000 ft (0.38 mi.). The street is classified as a
municipal state highway in the Nebraska classification system; the roadway is known as
Highway N 35, which is a two-way, two-lane, curbed section. At the time of the study, the
posted speed limit was 30 mph.

The project implemented along this roadway section relocated the existing luminaires
and utility poles from an average lateral offset of 2.44 ft to the current standard of 6 ft. The
actual measured average lateral offset of the poles was found to be approximately 9.67 ft.
Nine poles located on one side of the roadway section were relocated. Photographs of the
roadway section after the implementation of the project are shown in Figure 6.

The actual costs of the relocation project were as follows:

Construction Costs: $5.299.12
Total: $5,299.12

The actual accident experience revealed that only a small number of PDO accidents
occurred along the roadway section between the period of June 1, 1979 to May 31, 1984,
The ADT before the project began was approximately 5,480 (1982); the average annual
traffic growth was reported to be 2%. The roadside coverage factor of the fixed objects was

found to be approximately 59.3% with an average lateral offset of 9.39 ft (Appendix J).



FIGURE 6. PHOTOGRAPHS OF THE WEST 7TH ST. SAFETY
' IMPROVEMENT PROJECT.
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7.3 Site #3: East 7th St.

Site #3 was located in Wayne, Nebraska along 7th St. from Nebraska St. to Walnut
St.,a length of approximately 1,400 ft (0.28 mi.).Thé street is classified as a municipal state
highway in the Nebraska classification system. The roadway is known as Highway N 35,
which is a two-way, two-lane, curbed section. The posted speed limit at the time of the study
was 30 mph.

The project implemented along this roadway section relocated the existing the
existing luminaires and utility poles from an average lateral offset of 3.00 ft to the current
standard of 6 ft. The actual measured average lateral offset of the poles was found to be
approximately 10.25 ft. A total of 9 poles, located on both sides of the roadway, were
relocated. Photographs of the roadway section after the implementation of the project are
shown in Figure 7. The actual costs of the relocation project were as follows:

Construction Costs: $3.372.10
Total: $3,372.10

The actual accident experience revealed that only a small number of PDO accidents
occurred along the roadway section between the period of June 1, 1979 to May 31, 1984.
The ADT before the project began was found to be approximately 5,480 which was in 1982.
The average annual traffic growth was reported to be 2%. The roadside coverage factor of

the fixed objects was found to be approximately 58.0% with an average lateral offset of 8.91

ft (Appendix J).
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7.4 Site #4: Florence Blvd.

Site #4 was located in the city of Omaha, Nebraska, along Florence Blvd. from
Cuming St. to Lake St.,a length of approximately 4,900 ft (0.93 mi.). The street is classified
as a municipal street in the Nebraska classification system; the roadway is a one-way,
three-lane, curbed section, which also has one shoulder lane. The posted speed limit at the
time of the study was 35 mph.

The project implemented along this roadway section removed and relocated the
existing luminaires or light poles from an average of 3.39 ft to the current standard of 6 ft.
The actual measured average lateral offset was found to be approximately 8.25 ft. The
number of poles was increased from 49 poles to 59 poles. The luminaires or light poles were
located on both sides of the roadway.

Photographs of the roadway section after the implementation of the project are
shown in Figures 8 and 9. It was evident that the reason the light poles had an average
lateral offset greater than 6 ft was due to the light poles being placed at the outside edge
of the sidewalk.

The estimated relocation costs of the project were as follows:

Installation Costs: $47,200 (59 x $800)
Removal Costs: $15.925 (49 x $325)
Total: $63,125

Data on accident experience before the implementaﬁon of the project was limited;
accident data are kept for only the last five year period on the computer system in the City
of Omaha. Thus, only a small sample period was available for analysis. The analysis revealed

no street light pole accidents during the period January 1, 1984 to April 8, 1985.

88



FIGURE 8. PHOTOGRAPHS OF THE FLORENCE BLVD.
SAFETY IMPROVEMENT PROJECT.
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FIGURE 9. PHOTOGRAPHS OF THE FLORENCE BLVD.
SAFETY IMPROVEMENT PROJECT.
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The actual accident experience after the implementation. of the project for the
relocated light poles was one accident over a period of 3.64 years or 0.27 accident per year.
This occurred from June 6, 1986 to January 24, 1990. |

The ADT before the project began was found to be approximately 4,800 (1984). The
1988 average ADT over the entire section length was approximately 2,900 due to the
opening of another roadway. The expected average annual traffic growth after 1988 was 2%.

The roadside coverage factor of the fixed objects for the "before” site conditions was
found to be approximately 55.6% with an average lateral offset of 11.53 ft (Appendix J). The
roadside coverage factor of the fixed objects for the "after” site conditions was found to be

approximately 57.3% with an average lateral offset of 12.22 ft (Appendix J).

7.5 Site #5: 36th St.

Site #5 was located in the city of Omaha, Nebraska along 36th St. from Edward
Babe Gomez St.to "R"St.,a length of approximately 2,200 ft (0.42 mi.). The street is classi-
fied as a municipal street in the Nebraska classification system. The roadway is a two-way,
two-lane, curbed section, with a center turn-lane. The posted speed limit was 30 mph.

The project which was implemented along this roadway section involved the rerhoval
and relocation of the existing luminaires or light supports, and removal of the utility poles
from an average of 3.25 ft to the current standard of 6 ft. The utility lines were buried. The
actual measured average lateral offset was found to be approximately 9.31 ft. The number
of poles was reduced from 20 to 13 poles.. Before the project, the luminaires or light poles
were located on both sides of the roadway; the luminaires are now located on one side of

the roadway.
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Photographs of the roadway section after the implementation of the project are
shown in Figures 10 and 11. From the photographs it can be seen that the reason the light
poles have an average lateral offset greater than 6 ft is due to their being placed at the
outside edge of the sidewalk.

The estimated relocation costs of the project were as follows:

Construction Costs: $231,000 (275,000 per half mile)
Total: $231,000

The actual accident experience after the implementation of the project for the
relocated light poles was 0 accidents over a period of 4.23 years or 0 accidents per year. This
occurred from November 1, 1985 to Januvary 24, 1990,

The ADT before the project began was approximately 7,200 in 1985. The 1988
average ADT over the entire section length was found to be approximately 10,900. This
expected average annual traffic growth after 1988 was 2%.

The roadside coverage factor of the fixed objects for the "before"” site conditions was
found to be approximately 63.0% with an average latéral offset of 11.56ft (Appendix J). The
roadside coverage factor of the fixed objects for the "after” site conditions was found to be

approximately 56.0% with an average lateral offset of 15.04 ft (Appendix J).
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FIGURE 10. PHOTOGRAPHS OF THE 36th ST. SAFETY
IMPROVEMENT PRCJECT.
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FIGURE 11. PHOTOGRAPHS OF THE 36th ST. SAFETY
IMPROVEMENT PROJECT.
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7.6 Site #6: West "O"St. (to 211+00)

Site #6 was located in the city of Lincoln, Nebraska, along West "O"St. from Capitol
Beach Blvd. to Station 211400, a distance of approximately 3,400 ft (0.64 mi.). The street
is also classified as a municipal state highway in the Nebraska classification system. The
roadway is known as Highway US 6, which is currently a two-way, four-lane, non-curbed
section. The posted speed limit was 40 mph.

The project which is to be implemented at this site will remove and relocate the
existing luminaires or light supports from an average lateral offset of 8.00 ft to some future
offset which is greater than or equal to the current standard of 6 ft for curbed sections. The
current field conditions revealed that the luminaire's average lateral offset from the edge
of the traveled way was composed of 3 ft to 3.5 ft of shoulder and 4.5 ft to 5 ft of additional
offset beyond the shoulder. The actual measured average lateral offset of the luminaires was
calculated from the proposed project plans as 8.82 ft. The number of poles will be reduced
from 34 poles to 22 poles. The luminaires or light poles are currently located on both sides
of the roadway.

Photographs of the roadway section before the implementation of the project are
shown in Figures 12 and 13. The projected costs of improved and/or new roadway lighting

are as follows:

Installation Costs: $16,000 (20 x $800)
Installation Costs: $ 3,200 (2 x $1,600 est.) arm pole
Removal Costs: $11,050
Total: $30,250
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FIGURE 12. PHOTOGRAPHS OF THE WEST "o" ST,
SAFETY IMPROVEMENT PROJECT.
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FIGURE 13. PHOTOGRAPHS OF THE WEST "O" ST.
SAFETY IMPROVEMENT PROJECT.
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The actual accident experience before the implementation of the project for the
existing light poles was 5 accidents over a period of 8.33 years or 0.60 accidents per year.
The accident severity was 4 PDO’s (80%), 1 injury accident (20%), and O fatal accidents
(0%) from January 1, 1982 to April 30, 1990. The ADT before the project began was found
to be 22,900in 1989. The expected average annual traffic growth rate was 3%. The roadside
coverage factor of the fixed objects for the "before" site conditions was found to be

approximately 17.5% with an average lateral offset of 12.36 ft (Appendix J).

7.7 Site #7: West "O"St. (to 241+00)

Site #7 was located in the city of Lincoln, Nebraska, along West "O"St. from Station
211400 to Station 241400 (N. 3rd St.), a distance of approximately 3,000 ft (0.57 mi.). The
street is also classified as a municipal state highway in the Nebraska classification system.
The roadway is known as Highway US 6, which is currently a two-way, four-lane,
curbed-section. The posted speed limit was 40 mph.

The project which will be implemented at this site will remove and relocate the
existing luminaires or light supports from an average lateral offset of 7.52 ft to some future
offset which is greater than or equal to the current standard of 6 ft for curbed sections. The
actual measured average lateral offset of the luminaires was calculated from the project
plans to be 9.32 ft. The number of poles will be reduced from 23 to 22 poles, including 2
obstructed poles for both the "before" and "after” site conditions. The luminaires or light
poles are currently located on both sides of the roadway.

Photographs of the roadway section before the implementation of the project are

shown in Figure 14. The projected costs of the improved and/or new lighting are as follows:
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FIGURE 14. PHOTOGRAPHS OF THE WEST "O" ST.
SAFETY IMPROVEMENT PROJECT.
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Installation Costs:
Installation Costs:
Removal Costs:

Total:

$13,600 (17 x $800)

$ 8,000 (5 x $1,600) arm pole
$5.200 (1-6 x $325)

$26,800

The ADT in 1989 was 25,800; the expected average annual traffic growth rate was

3%. The roadside coverage factor of the fixed objects for the "before" site conditions was

approximately 21.7% with an average lateral offset of 5.54 ft (Appendix J).
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8 "UPACE"SITE ANALYSES

The seven previously described roadway sections were analyzed using the "UPACE"

computer model (18,20). The benefit-to-cost ratio analyses were performed with the

site-specific roadway section data for each of the seven field locations. The analysis for each

site involved varying the lateral offset of the poles in order to evaluate the minimum

acceptable lateral obstacle offset from the cost-effectiveness or benefit-to-cost ratio

standpoint.

8.1 Site #1: East "O"St.

The site-specific computer inputs for the computer model are as follows:

Roadway Width:

Speed Limit:

Roadway Cross-Section:
Area Type:

Roadside Coverage Factor:
Average Fixed Object Offset:
Pole Offset (before):

Pole Offset (after):

Pole Configuration:

Number of Poles:

Pole Type:
Base Year ADT:

Traffic Growth:

Actual Accident Experience:
Project Cost:

Project Life:

Interest Rate:

48 ft

40 mph

Two-Way, Four-Lanes, Curbed
Urban

60.5%

10.12 ft

2.25ft

7.57 ft

Both Sides

167 (before)

103 (after)

70 (able to be impacted)
Metal

30,035

2.5%

8.40 accidents per year
$625,882.62

15 years

10%

The actual accident data experience revealed that there were 8.40accidents per year

along the roadway section. The accident predictive model estimated that there would be

approximately 8.63 accidents per year. The actual accident data experience after



implementation of the project revealed that there were 2.44 accidents per year. The accident
predictive model suggested that there would be approximately 2.73 accidents per year at the
8 ft final lateral pole offset. Thus, the accident predictive model performed reasonably well.

The first step of the analysis of Site #1 was to run the scenario which was
implemented in the field, involving the reduction of light poles and the relocation of the
light poles from approximately 2 ft to 8 ft. The initial computer analysis also included runs
varying the increase of the lateral offset to the final positions of 3 ft through 10 ft in 1 ft
increments. The computer analysis was performed for both the actual accident data and
accident predictive model developed by Zegeer and Parker (32). The analysis showed a

close correlation between actual and predictive accident data:

Distance of Light Benefit-To-Cost Ratio
Poles from Curb

Accident Data
Before After Actual Predictive
2 ft 3ft 0.736 0.756
2 ft 4 ft 0.926 0.951
2 ft 51t 1.059 1.088
2 ft 6 ft 1.158 1.189
2 ft 7 ft 1.239 1.273
2 ft 8 ft* 1.304* 1.340*
2 ft 9 ft 1.360 1.397
2 ft 10 ft 1.406 1.444

* - actual case performed in field
These benefit-to-cost ratios indicate that it would have been cost-effective to relocate
the luminaires to a minimum 5 ft lateral offset from the curb, as shown in Figure 15. The
current standards for lateral offset for this situation are a minimum of 6 ft from the curb.
The actual field installation was located at an average lateral offset of 8 ft because of the

existence of a sidewalk.

102



€01

BENEFIT—TO—COST RATIO

1.3

1.4

1.3

1.2

1.1

0.9

U.B

0.7

a

BENEFIT TO—-COST RATIO ANALYSIS

FOR SITE #1 ($625,682.62)

i)
/
/ =
3 5 7 9
FINAL LATERAL OFFSET (FT.)
Actual Acc. Data + Predictive Model

FIGURE 15, GRAPH OF BENEFIT-TC-COST RATIO VS. FINAL LATERAL OFFSET FOR

SITE #1 ($625,882.62).



The benefit-to-cost ratios plotted in Figure 15 increase at a decreasing rate and begin
to level off at a final lateral offset of 10 ft and greater. Thus, there would be no significant
increase in benefit for any additional increase in the lateral offset beyond 10 ft; in addition,
it should also be noted that the benefit-to-cost ratio analysis did not provide for the
purchase of additional right-of-way which would further increase project costs.

The benefit-to-cost ratio analysis also considered the reduction in luminaires and the
number of relocated luminaires which were unobstructed (able to be struck). The average
cost per luminaire relocation could not be easily calculated from the total project cost of
$625,882.62because other construction work was performed along the sidewalks and under
the streets (for example, concrete replacement and removal, jacking of conduit under streets,
traffic signal modifications, temporary traffic signing and control, etc.). Usually only the
relocation of poles is necessary. The cost of relocation of metal light poles ranges from $500
to $800 per pole, and the cost for removing light poles is approximately $325. If the Site #1
project had consisted of removing and relocating light poles the estimated cost would have
been approximately $103,000. The computer analysis was performed using this estimated
cost figure for both the actual accident data and the accident predictive model; it was

evident that a good comparison resulted.
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The results of this analysis showed the following:

Distance of Light Benefit-To-Cost Ratio
Poles From Curb

Accident Data
Before After Actual Predictive
2 ft 3ft 4.473 4.594
2 ft 4 ft 5.628 5.781
2 ft 5 ft 6.437 6.612
2ft 6ft 7.037 7.228
2ft T8 7.531 7.736
2 ft 8 ft* 7.927* 8.142*
2 ft 9 ft 8.264 8.488
2ft - 10 ft " 541 8.773

* - actual case performed in field

These benefit-to-cost ratios indicate that any one of the relocation countermeasures
would have been cost-effective. Under these circumstances, it would be difﬁcuit to evaluate
the current lateral obstacle clearance policies since all of the benefit-to-cost ratios are
greater than 1.0, as shown in Figure 16.

The results plotted in Figure 16 show that the benefit-to-cost ratios increased at a
decreasing rate, indicating that at some point the increase in benefit would be negligible for
any increase in the final lateral offset position. This occurred at a distance of 10 ft and
greater. It should also be noted that the benefit-to-cost ratio analysis did not provide for the
purchase of additional right-of-way, which would further increase projéct costs.

The pole density was 41.2 poles per mile based on 103 luminaires, and 28.4 poles per
mile based upon 70 unobstructed luminaires. The calculations were based on actual field
measurements. If additional computer runs would be needed at various ADT’s, the
predictive model would be able to properly estimate the new expected accidents for the

various ADT’s.
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8.2 Site #2: West 7th St.

The site-specific computer inputs for the computer model are as follows:

Roadway Width: 30 ft
Speed Limit: 30 mph
Roadway Cross-Section: Two-Way, Two-Lanes, Curbed
Area Type: Urban
Roadside Coverage Factor: 59.3%
Average Fixed Object Offset: 9.39ft
Pole Offset (before): 2441t
Pole Offset (after): 9.67 ft
Pole Configuration: One Side
Number of Poles: 9 (before)
9 (after)
Pole Type: Wood
Base Year ADT: 5,480
Traffic Growth: - 2.0%
Actual Accident Experience: Minimal (Use Predictive Model)
Project Cost: $5,299.12
Project Life: 20 years
Interest Rate: 8%

The first step of the analysis of Site #2 was to run the scenario which was
implemented in the field involving the relocation of both utility and light poles from
approximately 2 ft to 10 ft. The initial computer analysis also included runs varying the
increase of the lateral offset to the final positions of 3 ft through 10 ft in 1 ft increments.
The computer analysis was performed using the accident predictive model developed by
Zegeer and Parker (32).

Only a few PDO accidents had occurred before the project was implemented, raising

the question of whether the pole relocations were necessary from a safety point of view.
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The results of the analysis revealed the following:

Distance of Poles Benefit-To-Cost Ratio
From Curb
Accident Data
Before After Predictive
2 ft 3ft ~2.605
2 ft 4 ft 4.623
2 ft 51t 5.961
2 ft 6 ft 6.907
2 ft 7 ft 7.649
2 ft 8 ft 8.226
2 ft 9 ft 8.699
2 ft 10 ft* 8.764%*

* - actual case performed in field

From the benefit-to-cost ratios presented above, it is evident that a relocation of the
utility and light poles would have been very effective with respect to the costs required to
complete the project. All of the relocation countermeasures had benefit-to-cost ratios
greater than 1.0,as shown in Figure 17. Under these circumstances it would be difficult to
evaluate the current lateral obstacle clearance policies.

If a situation such as this were to occur (i.e.,all relocation countermeasures produce
high benefit-to-cost ratios combined with a low actual accident experience), would a
relocation of any lateral distance be required? It does not seem practical to relocate poles
from 2 ft to 3 ft even though it would be very cost-effective. Thus, the current pole locations
may be adequate in this instance; however, if highway construction crews make other
roadway improvements or modifications at this site in the future, it would seem reasonable

to move the poles at the that time.
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The results plotted in Figure 17 show that the benefit-to-cost ratios increased at a
decreasing rate, indicating that at some point the increase in benefit would be negligible for
any increase in the final lateral offset position. This occurred at a distance of 10 ft and
greater. It should also be noted that the benefit-to-cost ratio analysis did not provide for the
purchase of any additional right-of-way, which would further increase project costs.

Review of the computer input data for this site suggested that the total project cost
for relocating the utility and light poles was atypically low, probably because the project was
located in a small midwestern town where most items could be purchased inexpensively. The
average cost was $589/pole. The pole density also was very low at only 23.76 poles per mile.
This may-explain why all of the benefit-to-cost ratios were greater than 1.0.

Since the average cost per pole relocation seemed atypically low, a more detailed
analysis was performed using relocation cost values from two local utility companies. The
average cost for relocating luminaires and basic distribution power poles in Nebraska was
found to be approximately $650 and $1,650, respectively. Using these more typical average
cost values, the estimated cost was calculated at approximately $12,850. The computer

analysis was then performed using this estimate, with the following results:

Distance of Poles Benefit-To-Cost Ratio
From Curb
Accident Data
Before After Predictive
2 ft 3ft 1.074
2 ft 4 ft 1.906
2 ft 58 2.458
2ft 6 ft 2.848
2 ft 7 ft 3.154
2 ft 8 ft 3.392
2 ft 9 ft 3.587
2 ft 10 ft* 3.614*

* - actual case performed in field
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These benefit-to-cost ratios indicate that any of the relocation countermeasures would
have been effective. Under these circumstances, it would be difficult to evaluate the current
lateral obstacle clearance policies since all of the benefit-to-cost ratios were greater than 1.0,
as shown in Figure 18.

The results plotted in Figure 18 show that the benefit-to-cost ratios increased at a
decreasing rate, indicating that at some point the increase in benefit would be negligible for
any increase in the final lateral offset position. This occurred at a distance of 10 ft and
greater. It should also be noted that the benefit-to-cost ratio analysis did not provide for the

purchase of additional right-of-way, which would further increase project costs.

8.3 Site #3: East 7th St.

The site-specific computer inputs for the computer model are as follows:

Roadway Width: 30 ft
Speed Limit: 30 mph
Roadway Cross-Section: Two-Way, Two-Lanes, Curbed
Area Type: Urban
Roadside Coverage Factor: 58.0%
Average Fixed Object Offset: 8.91ft
Pole Offset (before): 3.00 ft
Pole Offset (after): 10.25 ft
Pole Configuration: Both Sides
Number of Poles: 9 (before)
9 (after)
Pole Type: Wood
Base Year ADT: 5,480
Traffic Growth: 2.0%
Actual Accident Experience: Minimal (Use Predictive Model)
Project Cost: - $3,372.10
Project Life: 20 years

Interest Rate: 8%

111



ekl

BENEFIT—TO-COST RATIO

BENEFIT-TO—-COST RATIO ANALYSIS

FOR SITE #2 ($12,850)

e

FIGURE 18.

s 7 9
FINAL LATERAL OFFSET (FT.)
o Predictive Model

GRAPH OF BENEFIT-TO-COST RATIO VS. FINAL LATERAL OFFSET FOR
SITE #2 ($12,850).




The first step of the analysis of Site #3 was to run the scenario for this project,
involving the relocation of utility and light poles from approximately 3 ft to 10 ft. The initial
analysis also included runs varying the increase of the lateral offset to the final positions of
4 ft through 10 ft in 1 ft increments. The computer analysis. was performed using the
accident predictive model developed by Zegeer and Parker (32).

Only a few PDO accidents had occurred before the project was implemented, raising
the question of whether the pole relocations were necessary from a safety point of view.

The results of the analysis revealed the following:

Distance of Poles Benefit-To-Cost Ratio
From Curb
Accident Data
Before After Predictive
3ft 4 ft 0.955
3ft 5ft 2.971
3ft 6 ft 4.338
3ft 7ft 5.473
3ft 8 ft 6.322
3ft 9 ft 7.023
3ft 10 ft* 7.241*

* - actual case performed in field
The benefit-to-cost ratios indicate that it would have been cost-effective to relocate
the utility and light poles to a minimum 5 ft lateral offset from the curb, as shown in
Figure 19. The results plotted in Figure 19 show that the benefit-to-cost ratios increased at
a decreasing rate, indicating that at some point the increase in benefit would be negligible
for any increase in the final lateral offset position. This point occurred at a disiance of 10
ft and greater. It should also be noted that the benefit-to-cost ratio analysis did not provide

for the purchase of additional right-of-way which would further increase project costs.
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With the exception of the first relocation countermeasure at Site #3, the
benefit-to-cost ratios at Sites #2 and #3 were all greater than 1.0.This first countermeasure
involved relocating from a distance of 3 ft from the curb to 4 ft. One possible explanation
for a benefit-to-cost ratio of below 1.0is that the relocation was only 1 ft, and the original
offset was 3 ft rather than 2 ft as in Site #2.

Review of the computer input data for this site suggested that the total project cost
for relocating the utility and light poles was atypically low, probably because the project was
located in a small midwestern town where most items could be purchased inexpensively. The
average cost per pole was $375/pole, and the pole density was very low at only 33.94 poles
per mile. These factors may explain why almost all of the benefit-to-cost ratios were
significantly greater than 1.0.

Since the average cost per pole relocation seemed atypically low, a more detailed
analysis was performed using more typical relocation cost values from two local utility
companies. The average cost for relocating luminaires and .basic distribution power poles
in Nebraska was found to be approximately $650 and $1,650, respectively. Using more
typical average cost values, the estimated cost would have been approximately $11,850.The

computer analysis was then performed using this estimate, with the following results:

Distance of Poles Benefit-To-Cost Ratio
From Curb
Accident Data
Before After Predictive
3ft 4 ft ; 0.272
3ft 5ft 0.845
3ft 6 ft 1.234
3ft 7ft 1.557
3ft 8 ft 1.799
3ft 9 ft 1.998
3ft 10 ft* 2.061*

* - actual case performed in field
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These benefit-to-cost ratios indicate that it would have been cost-effective to relocate
the utility and light poles to a minimum 6 ft lateral offset from the curb, as shown in
Figure 20. The current standards for lateral offset for this situation are a minimum of 6 ft
from the curb; the actual field installation was located at an average lateral offset of 10 ft.

The results plotted in Figure 20 show that the benefit-to-cost ratios increased at a
decreasing rate, indicating that at some point the increase in benefit would become
_ negligible for any increase in the final lateral offset position. This point occurred at a
distance of 10 ft and greater. It should also be noted that the benefit-to-cost ratio analysis
did not provide for the purchase of additional right-of-way which would further increase

project costs.
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8.4 Site #4: Florence Blvd.
The site-specific computer inputs for the computer model are as follows:

Roadway Width: 39 ft

Speed Limit: 35 mph
Roadway Cross-Section: One-Way, Three-Lanes, One Shoulder
Lane, Curbed
Area Type: Urban
Roadside Coverage Factor: 55.6% (before)
: 57.3% (after)
Average Fixed Object Offset: 11.53 ft (before)
12.22 ft (after)
Pole Offset (before): 3.39ft
Pole Offset (after): 8.25ft
Pole Configuration: Both Sides
Number of Poles: 49 (before)
59 (after)
Pole Type: Metal
Base Year ADT: 4,800 (1984)
3,000 (1986)
2,900 (1988)
Traffic Growth: 2%
Actual Accident Experience: (Use Predictive Model)
Project Cost: $63,125
Project Life: 20 years
Interest Rate: 8%

The actual accident experience revealed no accidents before the implementation of
the project. One reason for this may be the small sampling period available in the computer
system accident records, another may be the lower traffic volume (ADT) carried by the
roadway. The actual accident experience revealed 0.27 accidents per year after the
implementation of the project. Because of the inadequate actual accident experience, the
accident predictive model was used for the analysis.

The first step of the analysis of Site #4 was to run the scenario which was
implemented in the field, involving an increase of 20% in the density of light poles and the

relocation of the light poles from approximately 3 ft to 8 ft. The initial computer analysis
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also included runs varying the increase of the lateral offset to the final positions of 4 ft
through 13 ft in 1 ft increments. The computer analysis was performed using the accident

predictive model developed by Zegeer and Parker (32). The results of this analysis revealed

the following:
Distance of Light Benefit-To-Cost Ratio
Poles From Curb
Accident Data
Before After Predictive
3ft 4 ft 0.016
3 ft 51t 0.342
3 ft 6 ft 0.575
3ft T8 1.158
3 ft 8 ft* 1.376*
3ft 9 ft 1.554
3ft 10 ft 1.702
3ft 11 ft 1.829
3ft 12 ft 1.939
3ft 13 ft 2.035

* - actual case performed in the field

From the benefit-to-cost ratios presented above, it was evident that it would have
been cost effective to relocate the luminaires to a minimum 7 ft lateral offset from the curb,
as shown in Figure 21. The current standards for lateral offset fbr this situation are a
minimum of 6 ft from the curb. The actual field installation was located at an average
lateral offset of 8 ft due to the existence of a sidewalk.

The benefit-to-cost ratios plotted in Figure 21 increased at a decreasing rate and
began to level off at a final lateral offset of 12 ft and greater. This indicates there would be
no significant increase in benefit for any additional increase in lateral offset beyond 12 ft.
It should also be noted that the benefit-to-cost ratio analysis did not provide for the

purchase of additional right-of-way which would further increase project costs.
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The estimated relocation and installation costs of the light poles were determined by

examining the original site survey plans to count the number of poles which were to be

removed. The number and location of the new light poles was determined from our field

visit after implementation of the project. Using the costs described above in the Site #1

analysis, the relocation and installation costs would be approximately $63,125.

8.5 Site #5: 36th St.

The site-specific computer inputs for the computer model are as follows:

Roadway Width:
Speed Limit:

Roadway Cross Section:

Area Type:

Roadside Coverage Factor:
Average Fixed Object Offset:

Pole Offset (before):

Pole Offset (after):
Pole Configuration:

Number of Poles:

Pole Type:
Base Year ADT:

Traffic Growth:

Actual Accident Experience:

Project Cost:
Project Life:
Interest Rate:

37 ft

30 mph

Two-Way, Two-Lanes, One
Turn-Lane, Curbed
Urban

63.0% (before)
56.0% (after)

11.56 ft (before)
15.04 ft (after)
3251t

9.31ft

Both Sides (before)
One Side (after)
20 (before)

13 (after)

Metal

7,200

2%

(Use Predictive Model)
$231,000

20 years

8%

Center

The actual accident experience showed no accidents before the implementation of

the project. One reason for this may be the small sampling period available in the computer

system accident records, another may be the lower traffic volume (ADT) carried by the

roadway. The actual accident experience revealed no accidents after the implementation of



the project. Because of the inadequate actual accident experience, the accident predictive
model was used for the analysis.

The first step of the analysis of Site #5 was to run the scenario which was
implemented in the field, involving a 35% reduction in the density of light and utility poles
by undergrounding the utility lines and relocating the light poles from approximately 3 ft to
13 ft. The initial computer analysis also included runs varying the increase of the lateral
offset to the final positions of 4 ft through 13 ft in 1 ft increments. The computer analysis
was performed using the accident predictive model developed by Zegeer and Parker (32).

The results of this analysis revealed the following:

Distance of Poles Benefit-To-Cost Ratio
From Curb
Accident Data
Before After Predictive
3ft 4 ft 0.204
3ft 5 ft 0.249
3ft 6 ft 0.281
3ft 7 ft 0.306
3ft 8 ft 0.326
3ft 9 ft* 0.342*
3ft 10 ft 0.356
3ft 11 ft 0.367
3ft 12 ft 0.377
3ft 13 ft 0.386

* - actual case performed in the field
These benefit-to-cost ratios indicate that it would not have been cost-effective to
relocate the light poles to any increased lateral offset with the undergrounding of the utility
lines, as shown in Figure 22. The current standards for lateral offset for this situation are
a minimum of 6 ft from the curb. The actual field installation (new luminaires or light poles)

was located at an average lateral offset of 9 ft due to the existence of a sidewalk.
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One reason that these ratios are so low is that there was no severe accident problem
for which a significant safety benefit could be achieved through the use of cost-effective
countermeasures. In this specific case, the potential -for a safety benefit due to a reduction
in accidents could not exceed the enormous costs for undergrounding the utility lines. The
estimated costs for the undergrounding of the utility lines and the installation of the
luminaires or light poles was approximately $275,000 per half mile or $231,000 for the 0.42
mile length.

The second countermeasure which was implemented relocated the utility lines above
ground and relocated the luminaires or light poles. The estimated costs for this
countermeasures were approximately $50,000 per half mile or $42,000 for the 0.42 mile
length.

The computer analysis was performed using the estimated costs for the relocation-
only countermeasure since it was evident that the benefit-to-cost ratios were more desirable.

The results of this analysis revealed the following:

Distance of Poles Benefit-To-Cost Ratio
From Curb
Accident Data

Before After Predictive

3ft 4 ft 0.490

3ft 5ft 0.817

3ft 6 ft 1.053

3ft 7 ft 1.233

3ft 8 ft 1.376

3ft 9 ft 1.493

3ft 10 ft 1.591

3 ft 11 ft 1.675

3ft 12 ft 1.747

3ft 13 ft 1.810
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These benefit-to-cost ratios indicate that it would have been cost-effective to relocate
the luminaires to a minimum 6 ft lateral offset from the curb, as shown in Figure 22. The
current standards for lateral offset for this situation are a minimum of 6 ft from the curb.

The benefit-to-cost ratios plotted in Figure 22 increased at a decreasing rate and
began to level off at a final lateral offset of 10 ft and greater, indicating that there would
be no significant increase in benefit for any additional increase in lateral offset beyond 10
ft. The incremental increase of benefit was less than 0.10 beyond the 10 ft lateral offset.
It should also be noted that the benefit-to-cost ratio analysis did not provide for the
purchase of additional right-of-way which would further increase project costs.

Despite the negative benefit-to-cost ratio, the undergrounding option was selected
for implementation in the field. Mike Daniels of the Omaha Public Power District stated
in a telephone conversation that three considerations influenced the selection of this option:

(1) When utility lines are being relocated, there is always concern for the problems
which may arise in moving the aerial facilities to a new location. Also, buildings often
are positioned where the newly relocated poles should be relocated.

(2) Even when utility facilities are located on public right-of-way, utility companies must
seriously consider the wishes of the property owner. Political pressures may lead to
decisions which are not economical from a benefit-to-cost perspective.

(3) When roadway projects involving utilities are being planned, the underground
countermeasure of utility lines is always a viable alternative for consideration.
Despite the higher implementation costs than relocation-only options,

undergrounding does have a higher potential for reducing accidents.
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8.6 Site #6: West "O"St. (to 211+00)

The site-specific computer inputs for the computer model are as follows:

Roadway Width:
Speed Limit:
Roadway Cross-Section:

Area Type:

Roadside Coverage Factor:
Average Fixed Object Offset:
Pole Offset (before):

Pole Offset (after):

Pole Configuration:

Number of Poles:

Pole Type:

Base Year ADT:

Traffic Growth:

Actual Accident Experience:
Project Cost:

Project Life:

Interest Rate:

55 ft

40 mph

Two-Way, Four-Lanes,
(before), Curbed (after)
Urban

17.5%

12.36 ft

8.00 ft

8.82ft

Both Sides

34 (before)

22 (after)

Metal

22,900

3%

0.60 accidents per year
$30,250

20 years

8%

Non-Curbed

The actual accident experience revealed that there were 0.60accidents per year along

the roadway section. The accident predictive model estimated that there would be

approximately 0.73 accidents per year. Thus, the accident predictive model was assumed to

be an adequate indicator of the accident experience after the project was to be

implemented.

The first step of the analysis of Site #6 was to run the scenario which is to be

implemented in the field, involving a 35% reduction in the density of light poles and the

relocation of the light poles from approximately 8 ft to 9 ft. The initial computer analysis

also included runs varying the increase of the lateral offset from 9 ft to 18 ft in 1 ft

increments. The computer analysis was performed for both the actual accident data and

accident predictive model developed by Zegeer and Parker (32). It was evident that an



adequate comparison resulted. The results of this analysis revealed the following:

Distance of Light Benefit-To-Cost Ratio
Poles From Road
Accident Data

Before* After Actual Predictive
8 ft 9 ft* 1.088* 0.890*
8 ft 10 ft 1.378 1.127
8 ft 11 ft 1.634 1.337
8 ft 12 ft 1.870 1.530
8 ft 13 ft 2.054 1.680
8 ft 14 ft 2.217 1.814
8 ft 15 ft 2.364 1.934
8 ft 16 ft 2.496 2.042
8 ft 17 ft 2.615 2.139
8 ft 18 ft 2.724 2.228

* - measured from edge of driving lane
* - actual case calculated from proposed project plans

Beneﬁt;to-cost ratios for the actual accident data indicate that it would have been
cost-effective to relocate the luminaires to a minimum 9 ft lateral offset from the edge of
the traveled way, as shown in Figure 23. The current standards for lateral offset for this
uncurbed, "before” case, situation would vary from 10 ft to 15 ft, depending on whether the
roadway was classified as (1) New or Reconstructed Municipal State Highways or (2)
Resurfacing, Restoration, and Rehabilitation (3R) Projects on Non-Interstate Municipal
State Highways.

Since the "after” case situation is proposed to be a curbed section, only lateral offset
options which were 9 ft greater were evaluated in the computer analysis; however, the
standards for the curbed "after” case situation require a minimum offset of only 6 ft from

back of curb or behind the sidewalk, if applicable.
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Since the poles at Site #6 were already located 8 ft from the edge of the traveled
way, it did not seem reasonable to run the computer model for an lateral offset alternative
of less than 8 ft (since such an alternative would produce a negative safety benefit).

The benefit-to-cost ratios plotted in Figure 23 increased at a decreasing rate and
began to level off at a final lateral offset of 15 ft and greater. However, the benefit-to-cost
ratios did not level off as rapidly as the previous sites; one major reason for this may be the
lower-than-average roadside coverage factor (the probability of striking a fixed object
(obstacle) given that a vehicle runs a specified distance off the road).

Although the benefit-to-cost ratios were greater than 1.0after a lateral offset of 9 ft,
only a small number of accidents had occurred during the "before" case situation.
Consequently, it does not seem reasonable to relocate the light poles much farther than the
present location. It should also be noted that the benefit-to-cost ratio analysis did not
provide for the purchase of additional right-of-way, which would further increase project
costs.

The estimated relocation and installation costs of the light poles were determined by
examining the original site survey plans to count the number of poles which were to be
removed. The number and location of the new light poles was determined from our field
visit aftcr-implementation of the project. Using the costs described in the Site #1 analysis,

the relocation and installation costs would be approximately $30,250.
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8.7 Site #7: West "O"St. (to 241+00)

The site-specific computer inputs for the computer model are as follows:

Roadway Width: 64 ft

Speed Limit: 40 mph

Roadway Cross-Section: Two-Way, Four-Lanes, Curbed

Area Type: Urban

Roadside Coverage Factor: 21.7%

Average Fixed Object Offset: 5.54 ft

Pole Offset (before): 7.52 ft

Pole Offset (after): 9.32 ft

Pole Configuration: Both Sides

Number of Poles: 21 unobstructed (before)
20 unobstructed (after)

Pole Type: Metal

Base Year ADT: 25,800

Traffic Growth: 3%

Actual Accident Experience: 0.36 accidents per year

Project Cost: $26,800

Project Life: 20 years

Interest Rate 8%

The actual accident experience revealed that there were 0.36accidents per year along
the roadway section. The accident predictive model estimated that there would be
approximately 0.60accidents per year. Thus, the accident predictive model was assumed to
be a conservative indicator of the accident experience after the project was to be
implemented.

The first step of the analysis of Site #7 was to run the scenario which is to be
implemented in the field, involving the relocation of the light poles from approximately 8
ft to 9 ft. The initial computer analysis also included runs varying the lateral offset from 9
ft to 18 ft in 1 ft increments. The computer analysis was performed for both the actual
accident data and accident predictive model developed by Zegeer and Parker (32). It was

evident that the predictive model would give conservative results.
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The results of this analysis revealed the following:

Distance of Light Benefit-To-Cost Ratio
Poles From Curb
Accident Data

Before After Actual Predictive
8ft 9 fi* 0.221* 0.369*
8 ft 10 ft 0.394 0.658
8ft 11 ft 0.543 0.908
8 ft 12 ft 0.674 1.127
8 ft 13 ft 0.788 1.317
8 ft 14 ft 0.889 1.486
8 ft 15 ft 0.980 1.638
8ft . 16 ft 1.061 1.773

- 8ft 17 ft 1.135 1.896
8 ft 18 ft 1.202 2.008

* - actual case calculated from proposed project plans

Benefit-to-cost ratios for the actual accident data indicate that it would have been
cost-effective to relocate the luminaires to a 16 ft lateral offset from the curb, as shown in
Figure 24. Although the current standards for lateral offset for this situation are a minimum
of 6 ft from the curb, the actual field installation was located at an average lateral offset of
8 ft because of the presence of a sidewalk.

The computer analysis only evaluates lateral offset options which are 9 ft or greater;
however, standards for the curbed "after” case situation required a minimum offset of only
6 ft from back of curb or behind the sidewalk, if applicable. Since the poles were already
located 8 ft from the curb, it did not seem reasonable to run the computer model for a
lateral offset alternative which was less than 8 ft (since such an alternative would produce

a negative safety benefit).
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The benefit-to-cost ratios plotted in Figure 24 increased at a decreasing rate and
began to level off at a final lateral offset of 14 ft and greater. However, the benefit-to-cost
ratios do not level off as rapidly as the previous sites. One reason they do not may be the
lower-than-average roadside coverage factor (the probability of striking a fixed object
(obstacle) given that a vehicle runs a specified distance off the road).

Although the benefit-to-cost ratios were greater than 1.0 after a lateral offset of 16
ft, only a small number of accidents occurred during the "before" case situation.
Consequently, it does not seem reasonable to relocate the light poles much farther than
their present location. It should also be noted that the benefit-to-cost ratio analysis did not
provide for the purchase of additional right-of-way which would further increase project
costs.

The benefit-to-cost ratio analysis also considered the number of relocated luminaires
which were able to be struck (unobstructed). The estimated relocation and installation costs
of the light poles was determined from examining the original site survey plans to count the
number of poles which were to be removed. The number and location of the new light poles
was determined from our field visit after implementation of the project. Using the costs
described in the Site #1 analysis, the relocation and installation costs would be

approximately $26,800.

8.8 Summary and Conclusions of "UPACE"Site Analyses:
The results of the analyses performed for most of the seven field locations indicate
that the current standards for curbed sections along new and reconstructed municipal state

highways are satisfactory. The 6 ft minimum lateral obstacle clearance was adequate in most
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of the seven field sites; Sites #4, #6, and #7 are exceptions. The site-specific results are
presented in Table 12.
TABLE 12.

Summary of "UPACE" Site-Specific Analyses

Field Pole Offset - Lateral Minimum Req. Maximum
Location _ Obstacle State Offset Effect. Offset
Initial (ft) | Final (ft) Standard (ft) (ft) (ft)
Site #1 2 8 6 5 10*
($625,882.62)
Site #1 ($103,000) 2 8 6 NA 10*
Site #2 ($5,299.12) 2 10 6 NA 10
Site #2 ($12,850) 2 10 6 NA 10
Site #3 ($3,372.10) 3 10 6 5 10
Site #3 ($11,850) 3 10 6 6 10
Site #4 ($63,125) 3 8 6 7 12
Site #5 ($231,000) 3 9 6 NE -
(underground)
Site #5 ($42,000) 3 9 6 6 10
(relocation only)
Site #6 ($30,250) 8 9 6 9 15
Site #7 ($26,800) 8 9 6 16 16

NA - Not Available (All of the offset distances produced benefit-to-cost ratios greater than 1.0)
NE - Non Existent (All of the offset distances produced benefit-to-cost ratios less than 1.0)

From the summary presented in Table 12, it is apparent that the 6 ft lateral obstacle
offset standard was generally adequate while producing benefit-to-cost ratios of greater than
1.0 for most of the sites. If only minimal or no additional cost would arise from the
acquisition of additional right-of-way, the data from these seven sites suggest that it would

be advantageous to have a 10 ft minimum lateral obstacle clearance policy.
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In many respects, five of the seven field locations were very similar. The various site
specific values for the fixed-object coverage factor, fixed-object lateral offset, and the initial
and final pole lateral offsets are shown in Table 13. |

TABLE 13.

Summary of "UPACE" Site-Specific Field Conditions

Fixed Object Initial Pole Final Pole
Site Coverage Lateral Offset Lateral Offset Lateral Offset
No. Factor (ft) (ft) (ft)
1 60.5% 10.12 2.25 7.57
2 59.3% 9.39 2.44 9.67
3 58.0% 8.91 3.00 10.25
B 55.6% 11.53 3.39 8.25
§ 63.0% 11.56 3.25 9.31
Average (1-5) 59.3% 10.30 2.87 9.01
6 17.5% 12.36 8.00 8.82
7 21.7% 5.54 7.52 9.32
Average (1-7) 47.9% 9.92 4.26 - 9.03

The average site-specific values, as shown in Table 13, were determined by using the
data from sites 1 through 5 only. The reason for this is that some the site-specific data for
sites 6 and 7 varied greatly from sites 1 through 5, as shown in Table 13. The average

site-specific values were determined to be as follows:

Fixed Object Average Coverage Factor =  59.3%
Fixed Object Average Lateral Offset =  10.30ft
Initial Pole Average Lateral Offset = 2.87 1t
Final Pole Average Lateral Offset = 9.01ft
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Using these average values for site-specific field data and the typical costs for
relocations provided in Appendix K, recommended guidelines could be generated to aid in
the evaluation of the current lateral obstacle clearance policies for a new or reconstructed

municipal state highway, curbed section.
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9 "UPACE" GENERAL SITE ANALYSES

9.1 Introduction

Based on the individual site analyses it was concluded that the 6 ft minimum lateral
obstacle offset for a curbed, new or reconstructed Municipal State Highway was an effective
and adequate minimum standard. This conclusion, however, was based on analysis of only
three specific sites. The next step was to consider a typical site containing many of the
average values obtained from the site analyses. These values were used for computer inputs
and also to simplify ﬁe general site analysis. The average values for the following quantities

were held as constants:

- Fixed Object Coverage Factor = 60%
- Fixed Object Lateral Offset = 9 ft
- Initial Pole Lateral Offset = 2 ft

These values were selected because very little variance occurred between the thrge field
locations.

Site-specific analyses had been performed only for the actual utility-installation type
which had been or was planned to be implemented. As a result of those analyses, questions
arose about the effect of various types of utility installations on the benefit-to-cost ratios.
It was determined that the effect might be large if plans called for relocation of a larger
utility line installation, since the relocation costs of utility installations increase significantly
as thé function of the utility line changes. Relocation costs provided by local utility

companies confirmed this judgement (Appendix K).
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9.2 Objective

Since the effects of the utility installation type were evident, the Civil Engineering
Department, in consultation with the Nebraska Department of Roads, decided that the
analysis should incorporate various typical utility installation types. A summary of these
typical utility installation types is presented in Appendix K. The relocation cost information
was obtained from two local utility companies and the street lighting division at the
Nebraska Department of Roads (NDOR).

The objectives of the analyses were to identify which of the basic utility installation
types would be cost-effective to implement, and, in addition, to determine an adequate
minimum standard for lateral offset. The utility installation types were analyzed using the

same general field scenario.

9.3 Scope
Seven different utility installation scenarios for the same general field location and
roadway section were used for the general site analyses. The computer data inputs consisted

of the following constant quantities:

- Section Length = 2 mi. (10,560 ft)
- Urban Location

- Four or Two Lane Roadway

- Two-Way Traffic

- Curbed Section

- Speed Limit = 40 mph

- Pole Configuration = one side

- Pole Type = see analyses
- Pole Spacing - see analyses
- Fixed Object Coverage Factor = 0.60 (60%)
- Fixed Object Lateral Offset = 9 ft

- Initial Pole Lateral Offset = 2 ft

- Traffic Growth Rate - 2%

- Fatal Accidents = 1%
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- Injury Accidents - 46.3%

- PDO’s = 52.7%

- Cost/Fatality = $1,500,000
- Cost/Injury E $11,000

- Cost/PDO = $3,000

- Project Life - 20 years

- Interest Rate - 8%

The seven utility installation scenarios were as follows:
(1) Relocate Street Light Poles
(2) Modify Existing Street Light Poles to be Breakaway
(3) Relocate Local or Large Power Distribution Poles
(4) Modify Existing Local or Large Power Distribution Poles to be Breakaway
(5) Relocate Large (Heavy 3-phase) Power Distribution Poles
(6) Relocate Wood Power Transmission Poles
(7) Relocate Steel Power Transmission Poles
The results of the analysis are discussed in the following section.
9.3.1 Relocate Street Light Poles
Relocation of basic street lighting was the first utility installation type to be analyzed.
Seventy-two metal, light poles were relocated from an initial offset of 2 ft to an
undetermined final offset. The number of poles along the section was calculated using a
typical 150 ft pole spacing. The light pole relocation cost was estimated $650/pole
(Appendix K). The total project cost would be $46,800, resulting in an equivalent uniform
annual cost (EUAC) of $4,767.
A benefit-to-cost ratio analysis was performed for the relocation of the light poles for
a range of 3 ft to 12 ft in increments of 1 ft, and for the following ADT’s: 500, 1250, 2500,

5000, 10000, 20000, 30000, and 40000. An example computer printout for the pole relocation
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analysis for 40000 ADT is provided in Appendix L. The results of the analysis are presented
in Figure 25. It was evident that all of the relocation distances would be cost-effective since
they all had benefit-to-cost ratios greater than 1.0. l;"or ADT's as low as 500, the relocation
of the poles would even be cost-effective. All of the benefit-to-cost ratios were much greater
than 1.0; thus it was difficult to determine an adequate minimum lateral offset for relocating
light poles.

The benefit-to-cost ratios reached their maximum point at approximately the 9 ft final
lateral offset position, at which point the amount of benefit leveled off while cost remained
constant. The purchase of additional right-of-way was not considered in the analysis.
Another reason the ratios leveled off at 9 ft may have been the location of the fixed object
lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%.

9.3.2 Modify Existing Street Light Poles to be Breakaway

Since the relocation of light poles was cost-effective in all aspects, the option for
modifying the poles to be breakaway was analyzed. The analysis involved the conversion of
72 poles to breakaway poles at the original 2 ft lateral offset. Two different costs were used
for converting metal light poles: $300/pole and $750/pole, for a total project cost of $21,600
and $54,000, respectively; and an equivalent uniform annual cost of $2,200 and $5,500,
respectively. The cost of $300/pole was a more realistic cost figure, while the $750/pole cost
could be used for situations in which high unexpected costs would be considered.

The analysis involved the use of the computer model at the following ADT’s: 500,
1000, 2500, 5000, 10000, 20000, 30000, and 40000. An example computer printout for the
breakaway analysis for an ADT of 500 is provided in Appendix L. The other significant

variable was the percent reduction in severity for injury plus fatal accidents; 50% and 70%

L4
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reductions in severity were considered. The results of the analysis are presented in Figure
26. It was evident that the breakaway light pole modification would be a cost-effective
countermeasure at all of the given ADT’s. Even when the higher cost and lower reduction
in severity are considered, the breakaway light pole is shown to be a promising solution.
Both the relocation of light poles and the conversion to a breakaway system are
shown to be cost-effective countermeasures, producing benefit-to-cost ratios greater than 1.0.
Thus, it was appropriate to compare the two different types of installations.
9.3.3 Relocation Vs. Breakaway (Light Poles)
A comparison was performed for each of the relocation countermeasures and all of

the breakaway countermeasures, for an ADT of 10,000.

ADT = 10000

Countermeasure EUAC EUAB B/C
1. 2ftto 3 ft $4,767 $15,552 3.263
2. 2ftto 4 ft 4,767 24,504 5.141
3. 2ftto5 ft 4,757 30,458 6.390
4. 2ftto 6 ft 4,757 34,765 7.293
5. 2ftto 7 ft 4,757 38,056 7.984
6. 2ftto 8 ft 4,757 40,671 8.532
7. 2ftto 9 ft 4,757 42,809 8.981
8. 2ftto 10 ft 4,757 43,055 9.032
9, 2ftto 11 ft 4,757 43,182 9.059
10. 2 ft to 12 ft 4,757 42,878 8.995
11. $750/pole, 50% reduc. 5,500 33,403 6.073
12. $750/pole, 70% reduc. 5,500 46,765 8.503
13. $300/pole, 50% reduc. 2,200 33,403 15.183
14. $300/pole, 70% reduc. 2,200 46,765 21.257
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An incremental benefit-to-cost ratio analysis showed that the least cost-effective
breakaway countermeasure ($750/pole, 50% reduction) would be more cost-effective only
for pole relocations up to S ft; while pole relocation would be more cost-effective for
relocations of 6 ft or more.

Comparison of the breakaway countermeasure of $300/pole and 50% reduction with
pole relocation showed that the breakaway poles would be more cost-effective for distances
up to 6 ft; pole relocation would be more cost-effective for distances of 7 ft or more. The
remaining two breakaway countermeasures, considering a 70% reduction, would provide the
greatest benefit over pole relocations from an incremental benefit-to-cost ratio perspective.
9.3.4 Relocate Local or Large Power Distribution Poles

The analysis involved the relocation of 107 wood utility poles from an initial offset
of 2 ft to an undetermined final offset. The number of poles along the section was calculated
using a typical 100 ft pole spacing. The utility pole relocation cost was estimated to be
$1,700/pole, as shown in Appendix K. The total project cost would be $181,900 resulting in
an equivalent uniform annual cost of $18,527.

A benefit-to-cost ratio analysis was performed for the relocation of the utility poles
for a range of 3 ft to 12 ft in increments of 1 ft, and for the following ADT’s: 500, 5000,
10000, 20000, 30000, and 40000. The results of the analysis are presented in Figure 27. For
ADT's greater than 500, it was evident that it would be cost-effective to relocate the utility

poles to a final lateral offset of 4 ft or greater.
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The benefit-to-cost ratios reached their maximum at approximately the 9 ft final
lateral offset position; benefit leveled off at this point while cost remained constant. The
purchase of additional right-of-way was not considered in the analysis. Another reason the

ratios leveled off at 9 ft may have been the location of the fixed object lateral offset of 9

ft, combined with a fixed-object coverage factor of 60%.

The countermeasure for modifying the local or large power distribution poles was
analyzed. The analysis involved the conversion of 107 poles to breakaway poles at the
original 2 ft lateral offset. The implementation cost per pole was $2,675 for a total project
cost of $286,225, and resulting in an equivalent uniform annual cost of $29,158.

A benefit-to-cost ratio analysis was performed for the modification of the existing
poles to be breakaway. The analysis involved the use of the computer model at the following
ADTs: 500, 5000, 10000, 20000, 30000, and 40000.

The other significant variable was the percent reduction in severity for injury plus
fatal accidents; 70% and 90% reductions in severity were used. Zegeer, Cynecki, and Parker
had suggested values between 30% and 60% (18,32); later, Ivey and Morgan reported values
between 91% and 97% (43). The 70% and 90% reduction values were selected.

T‘hc analysis indicated that the breakaway utility pole modification would be a
cost-effective countermeasure at all of the given ADT's (Figure 28). Even for the lower
reduction in severity, the breakaway utility pole are shown to be a promising solution. Both
the relocation of the local or large distribution utility poles and the conversion to a
breakaway system are cost-effective. Both modifications produced benefit-to-cost ratios

greater than 1.0. Thus, it was appropriate to compare the two different types of installations.
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9.3.6 Relocation Vs, Breakaway (Utility Poles)

A comparison was performed for each of the relocation countermeasures and all of

the breakaway countermeasures, at an ADT of 10000.

ADT = 10000

Countermeasure EUAC EUAB B/C
1. 2fttod 0t $18,527 $19,432 1.049
2. 2ftto 4 ft 18,527 30,617 1.653
3. 2ftto5ft 18,527 38,057 2.054
4, 2ftto 6 ft ‘ 18,527 43,438 2.345
5. 2ftto 7 ft 18,527 47,550 2.567
6. 2ftto 8 ft 18,527 50,817 2.743
7. 2ftto 9 ft 18,527 53,489 2.887
8. 2ftto 10 ft 18,527 53,796 2.904
9, 2ftto 11 ft 18,527 53,954 2912
10. 2ftto 12 ft 18,527 53,575 2.892
11. $2,675/pole, 70% reduc. 29,153 58,743 2.015
12. $2,675/pole, 90% reduc. 29,153 75,506 2.590

An incremental benefit-to-cost ratio analysis showed that the least cost-effective
breakaway countermeasure (70% reduction) would be more cost-effective than pole
relocations only up to 7 ft, while pole relocation would be more cost-effective for relocations
of 8 ft or more. The breakaway countermeasure of a 90% reduction in severity was found
to be more cost-effective than any of the pole relocations considered.

9.3.7 Relocate Large (Heavy 3-phase) Power Distribution Poles

The analysis involved the relocation of 107 wood utility poles from an initial offset
of 2 ft to an undetermined final offset. The number of poles along the section was calculated
using a typical pole spacing distance of 100 ft. The utility pole relocation cost was
$3,500/pole, as shown in Appendix K. The total project cost was $374,500 resulting in an

equivalent uniform annual cost of $38,144.
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A benefit-to-cost ratio analysis was performed for the relocation of the utility poles
for the range of 3 ft to 12 ft in increments of 1 ft, and for the following ADT’s: 5000, 10000,
20000, 30000, and 40000. The results of the analysis are presented in Figure 29. For ADT’s
greater than 5000, it was evident that it would be cost-effective to relocate the utility poles
to a final lateral offset of 7 ft or greater. However, if a larger ADT was present, then, it
would be cost-effective to relocate the utility poles to a lateral offset of 5 ft to 6 ft.

The benefit-to-cost ratios reached their maximum point at approximately the 9 ft final
lateral offset position; at this point the amount of benefit leveled off while cost remained
constant. The purchase of additional right-of-way was not considered in the analysis.
Another reason the ratios leveled off at 9 ft may have been the location of the fixed object
lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%.

9.3.8 Relocate Wood Power Transmission Poles

The analysis involved the relocation of 37 wood utility poles from an initial offset of
2 ft to an undetermined final offset. The number of poles along the section was calculated
using a typical 300 ft pole spacing. The utility pole relocation cost was $8,350/pole

(Appendix K). The total project cost was $308,950, for an EUAC of $31,467.
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The benefit-to-cost ratio analysis was performed for the relocation of the utility poles
for the range of 3 ft to 12 ft in increments of 1 ft, and for the following ADTs: 5000, 10000,
20000, 30000, and 40000. The results of the analysm are presented in Figure 30. A lateral
obstacle offset of 6 ft would only be cost-effective in situations in which the ADT was
greater than approximately 14000. A smaller minimum lateral offset such as 5 ft would
require an ADT of greater than 20000. Relocation of the utility poles in locations where low
ADT’s such as 500 to 5000 exist would not be cost-effective.

The benefit-to-cost ratios reached their maximum at approximately the 9 ft final
lateral offset position, at which point the amount of benefit leveled off while cost remained
constant. The purchase of additional right-of-way was not considered in the analysis.
Another reason the ratios leveled off at 9 ft may have been the location of the fixed object
lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%.

9.3.9 Relocate Steel Power Transmission Poles

The analysis involved the relocation of 37 steel utility poles from an initial offset of
2 ft to an undetermined final offset. The number of poles along the section was calculated
us@g a typical 300 ft pole spacing. The utility pole relocation cost was $13,850/pole, as
shown in Appendix K. The total project cost was $512,450 resulting in an EUAC of $52,193.

A benefit-to-cost ratio analysis was performed for the relocation of utility poles for
the range of 3 ft to 12 ft in 1 ft increments, and for ADT’s of 5000, 10000, 20000, 30000, and
40000. The results are presented in Figure 31. The current lateral obstacle offset standard
of 6 ft would be cost-effective only if the ADT was greater than approximately 27000. A
smaller mmmmm lateral offset such as 5 ft would require an ADT of greater than 30000.

Relocation would not be cost-effective when the ADT ranges from 500 to 20000.
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The benefit-to-cost ratios reached their maximum at approximately the 9 ft final
lateral offset position, at which point the amount of benefit leveled off while cost remained
constant. The purchase of additional right-of-way was not considered in the analysis.
Another reason the ratios leveled off at 9 ft may have been the location of the fixed object
lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%.

9.3.10 Relocate Steel Power Transmission Poles (115-161 KV)

The analysis involved the relocation of 37 steel utility poles from an initial offset of
2 ft to an undetermined final offset. The poles were categorized as a 115-161 KV power
line. The number of poles along the section was calculated using a typical 300 ft pole
spacing. The utility pole relocation cost was $27,100/pole, as shown in Appendix K. The
total project cost was $1,002,700 resulting in an equivalent uniform annual cost of $102,127.

The benefit-to-cost ratio analysis was performed for the relocation of the utility poles
for the range of 3 ft to 12 ft in 1 ft increments, and for the following ADT’s: 5000, 10000,
20000, 30000, and 40000. The results are presented in Figure 32. The current sfandard
lateral obstacle offset of 6 ft would not be cost-effective for situations where the ADT’s
varied up to 40000; indeed, it would not be cost-effective to relocate the utility poles to any
lateral offset for locations where the ADT’s range from 500 to 40000.

The benefit-to-cost ratios reached their maximum at approximately the 9 ft final
lateral offset position, at which point the amount of benefit leveled off while cost remained
constant. The purchase of additional right-of-way was not considered in the analysis.
Another reason the ratios leveled off at 9 ft may have been the location of the ﬁxed_ object

lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%.
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The analysis involved the relocation of 37 wood utility poles from an initial offset of
2 ft to an undetermined final offset. The number of poles along the section was calculated
using a typical 300 ft pole spacing. The utility pole relocation cost was $15,850/pole, as
shown in Appendix K. The total project cost was $586,450 resulting in an equivalent uniform
annual cost of $59,731.

A benefit-to-cost ratio analysis was performed for the relocation of the utility poles
for the range of 3 ft to 12 ft in 1 ft increments, and for the following ADT’s: 5000, 10000,
20000, 20090, and 40000. The results of the analysis are presented in Figure 33. The current
standard lateral obstacle offset of 6 ft would bnly be cost-effective in situations where the
ADT was grehter than approximately 30000; an ADT of greater than 36,000 would be
required in order for a smaller minimum lateral offset, such as 5 ft, to be used. For locations
where the ADT ranges from 500 to 24000, it would not be cost-effective to relocate the
utility poles.

The benefit-to-cost ratios reached their maximum at approximately the 9 ft final
lateral offset position, at which point the amount of benefit leveled off while cost remained
constant. The purchase of additional right-of-way was not considered in the analysis.
Another reason the ratios leveled off at 9 ft may have been the location of the fixed object

lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%.
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9.3.12 Relocate Steel Power Transmission and Distribution Poles

The analysis involved the relocation of 37 steel utility poles from an mmal offset of
2 ft to an undetermined final offset. The number of poles along the section was calculated
using a typical spacing distance of 300 ft. The utility pole relocation cost was $30,600/pole,
as shown in Appendix K. The total project cost was $1,132,000 resulting in an equivalent
uniform annual cost of $115,297.

A benefit-to-cost ratio analysis was performed for the relocation of the utility poles
for the range of 3 ft to 12 ft in 1 ft increments, and for the following ADT’s: 5000, 10000,
20000, 30000, and 40000. The results of the analysis are presented in Figure 34. The current
standard lateral obstacle offset of 6 ft would not be cost-effective for situations where the
ADTs varied up to 40000; in locations where the ADT’s range from 500 to 40000, it would
not be cost effective to relocate the utility poles to any lateral offset.

The benefit-to-cost ratios reached their maximum at approximately the 9 ft final
lateral offset position, at which point the amount of benefit leveled off while cost remained
constant. The purchase of additional right-of-way was not considered in the analysis.
Another reason the ratios leveled off at 9 ft may have been the location of the fixed object

lateral offset of 9 ft, combined with a fixed-object coverage factor of 60%.

9.4 Summary and Conclusions for General Site Analyses
The analyses of the utility installgtions may be summarized as follows:
(1) Relocation of Street Lighting:
- Relocation of poles to any final lateral-offset for ADT’s between 500 to 40000

would be cost-effective; however,
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- there would be no increase in benefit beyond the 9 ft lateral-offset position.
(2) Breakaway Street Lighting:
- Conversion of the existing light poles to be breakaway would be cost-effective;
indeed,
- even with high installation costs and a lower reduction in severity, the
breakaway light pole was shown to be cost-effective.
(3) Relocation versus Breakaway (Light Poles):
- For the 50% reduction in severity cases, breakaway poles were more
cost-effective than pole relocations up to approximately 6 ft; likewise,
- for the 70% reduction in severity cases, breakaway poles were more
cost-effective than pole relocations for all the lateral-offsets analyzed.
(4) Relocation of Local or Large Distribution:
- Relocation of poles to a final lateral-offset of 4 ft or greater for ADT's
between 500 to 40000 would be cost-effective; however,
- there would be no increase in benefit beyond the 9 ft lateral-offset position.
(5) Breakaway Local or Large Distribution:
- Conversion of the existing utility poles to be breakaway would be
cost-effective; indeed,
- even with a lower reduction in severity, the breakaway utility pole was shown
to be cost-effective.
(6) Relocation Vs. Breakaway (Utility Poles):
- For the 70% reduction in severity cases, breakaway poles were more

cost-effective than pole relocations up to 7 ft; similarly,
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- for the 90% reduction in severity cases, breakaway poles were more
cost-effective than all the pole relocations analyzed.
(7) Relocation of Large (Heavy 3-phase) Distribution:
- Relocation of poles to a final lateral offset of 7 ft or greater would be cost-
effective for ADT’s greater than 5000;
- for larger ADT’s, such as 15000 to 40000, it would be cost-effective to relocate
poles to a minimum final lateral offset of 5 ft to 6 ft; however,
- there would be no increase in benefit beyond the 9 ft lateral-offset position.
(8) Relocation of Wood Transmission Poles:
- At the current standard of the 6 ft minimum lateral offset, an ADT of 14000
or greater would be required for a cost-effective relocation;
- for ADTs less than 10000, it would not be cost-effective to relocate the utility
poles; likewise,
- there would be no increase in benefit beyond the 9 ft lateral-offset position.
(9) Relocation of Steel Transmission Poles:
- At the current standard of the 6 ft minimum lateral offset, an ADT of 27000
or greater would be required for a cost-effective relocation;
- for ADT's less than 20000, it would not be cost-effective to relocate the utility
poles; and similarly,
- there would be no increase in benefit after the 9 ft lateral-offset position.
(10) Relocation of Large Steel Transmission Poles:
- At the current standard of the 6 ft minimum lateral offset, pole relocations

would not be cost-effective where the ADT’s ranged from 500 to 40000;
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- likewise, there would be no increase in benefit after the 9 ft lateral-offset
position.
(11) Relocation of Wood Power Transmission Poles Plus Distribution Underbuilt
- At the current standard of the 6 ft minimum lateral offset, an ADT of 30000
or greater would be required for a cost-effective relocation;
- for ADTs less than 24000, it would not be cost-effective to relocate the utility
poles; and similarly,
- there would be no increase in benefit after the 9 ft lateral-offset position.
(12) Relocation of Steel Power Transmission Poles Plus Distribution Underbuilt
- At the current standard of the 6 ft minimum lateral offset, it would not be
cost-effective for pole relocations where the ADT’s ranged from 500 to 40000;
- there would be no increase in benefit after the 9 ft lateral-offset position.
It should be noted that the "UPACE" general site analyses were performed for
various typical installation types. Many of the major computer inputs were based upon field
investigations for the site specific analyses. These inputs were used because they were found
to be representative of the selected sites for urban areas in Nebraska.
The conclusions for both the specific site and the general analyses may be used as
a guide for determining whether a utility or light pole countermeasure for a curbed section
along a new or reconstructed municipal state highway should be imple-mented. However,
tﬁese conclusions cannot replace actual field observation. If a project is a serious candidate
for implementation, field visits are recommended to obtain data and necessary computer
inputs since variables such as the fixed object lateral offset and fixed object coverage factor

can significantly affect the results.
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10 "ROADSIDE" METHODOLOGY
10.1 Introduction

In order to assist highway design engineers in evaluating the cost of a proposed
roadside improvement versus the expected benefit, an update to the 1977 AASHTO Barrier
Guide Methodology was developed and presented in the AASHTO Roadside Design Guide
(19). This update was a computer program called "ROADSIDE"; the program has been
written in Quick Basic 4 and can be used by IBM and IBM-compatible personal computers.

The computer program permits the designer to approximate the total annualized
costs of alternative measures. These total costs include initial construction, repair and
maintenance costs, salvage value, and user costs. "Roadside" relates the number of accidents
to the number of predicted encroachments and the probabilities of these encroachments
resulting in an impact with the described hazard.

Unlike the "Barrier Guide" Methodology, the "ROADSIDE" model includes the
effects of roadway grade and curvature, including the effects of opposite-direction
encroachments on undivided two-way roadways. The model also relates the lateral extent
of encroachment as well as accident severity to the design speed of the roadway. Finally, the
model calculates the traffic growth over the given project life and incorporates this factor

into the economic analysis.

10.2 Computer Method
Although the calculations can be made manually, the computer program is much
more efficient. Program output (i.e., annualized costs) can be manipulated by the design

engineer in order to predict the total costs associated with specific traffic and roadway
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conditions. The design engineer can then select the most appropriate design from among

the alternative options.

10.3 Data Requirements
The following sets of variables used in the computer model for conducting the
cost-effectiveness analysis are as follows:
(1) Basic Input Data
(2) Specific Roadway and Roadside Characteristics
(3) Global Values

10.4 Basic Input Data

10.4.1 Traffic Volume
The design year traffic (4DT,) is a function of the initial traffic volume (ADT),

estimated traffic growth rate (TGR), and the assigned project life (PL). The relationship is

shown below:

FL
ADT, = 4pT, [1.29R
100

where ADT,, TGR, and PL are input variables and ADT is a computed value. For two-way
divided and undivided roadways, the traffic volume is assumed to be equally distributed
between adjacent and opposing traffic. |
10.4.2 Project Life and Discount Rate

The project life (PL) defines the useful life of the project; it is also the period of time
over which the cost-effective analysis is performed. The discount rate is used to calculate

the economic factors used to determine present worth and annual costs.
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10.4.3 Highway Agency Costs

Highway agency costs consist of installation costs, maintenance and repair costs, and
salvage value:

Installation Costs

The installation cost is the total cost to the highway agency of installing a safety
feature or modifying or removing an existing hazard. The installation cost for the original
or do-nothing case would be zero.

Mainman

The annual cost of maintaining either an existing condition or an appurtenance
proposed for installation.

ir Cost,

The estimated cost to repair or replace an appurtenance which is damaged as a result
of an accident.

Salvage Value

The estimated value of the materials used for the project at the end of the project

life. In most cases the value is negligible.

10.5 Specific Roadway and Roadside Characteristics

10.5.1 Roadway Type
The program addresses three types of highways: divided, undivided, and one-way. On
a two-way undivided roadway, encroachments by both adjacent and opposite-direction traffic

are calculated. Figure 35 illustrates the encroachments by roadway type (19).
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A. ONE-WAY STREET OR RAMP

C. DIVIDED HIGHWAY

FIGURE 35. ENCROACHMENTS BY ROADWAY TYPE.
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10.5.2 Number of Width

These input values are used to calculate encroachments from adjacent traffic if there
is more than one lane, and encroachments from opposite flowing traffic if the highway is
undivided.

10.5.3 Curvature and Grade Factors

The number of baseline encroachments calculated by the computer model assumes
a straight and level roadway. The model allows for adjustment by the use of a curvature
factor (K,) or a grade factor (K,), whichever may apply. These factors are expressed
graphically in Figure 36 (19).

10.5.4 User Factor

If the encroachment rate is influenced by any other conditions other than grade or
curvature, the designer may use a subjective. factor to modify the number of baseline
encroachments accordingly.

10.5.5 Design Speed

The computer model will accept design speeds of 40 mph, 50 mph, 60 mph, and 70
mph and round all other values to the next higher speed. The design speed is needed to
select the proper probability curve, as shown in Figure 37 (19).

10.5.6 Hazard Definition

A hazard is defined by the model as being any object along the roadside including
a traffic barrier installed to shield a fixed object. The hazard is represented by a rectangle
with a length (L) parallel to the roadway, a width (W), and an offset (4) from the edge of

the adjacent lane. The methodology employs hazard model theory, as shown in Figure 38.
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PROBABILITY

LATERAL EXTENT OF ENCROACHMENT
SPEED 30, 40, 50, 60 and 70 mi/h
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FIGURE 37. LATERAL EXTENT OF ENCROACHMENT PROBABILITY CURVES.
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10.5.7 Accident Costs

The accident costs used in the model to determine the costs of accidents of various

severities are as follows:

2 $ 1,500,000
Severe Pesonal IREY. olix  ssews swees 5 29ss & e 90w $ 110,000
Moderate Personal Injury . ..........c.oocvvneennnnnnnn $ 11,000
Slight PersonalI0MLY ..co.s » seoh & bisits » ssns 5 5oisls 8 Soose $ 3,000
Property Dan;lage Only (Level2) . ..coovvoes v ness aee $ 3,000
Property Damage Only (Level 1) .............cc0vun.. $ 500

10.5.8 Severity Index

The purpose of the severity index (SI) is to convert the accident data into cost
data. This conversion is accomplished by assigning values to different areas of the
hazard, more specifically, the upstream and downstream sides, upstream and
downstream corners, and the face. |

Suggested values for the severity index for rigid objects are shown in Table 14
(44); the values vary according to the design speed. The selection of a severidy index
(SI) is relatively subjective and represents an average severity. The value can be
based upon local data if any is available. Figure 39 shows the relationship between

accident cost and severity indices.

10.6 Global Values

The global values should remain constant for the study and are entered

separately.
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TABLE 14

Severity Indices
FACE 40 MPH 50 MPH 60 MPH 70 MPH
TYPE OF HAZARD SIDE
BOTH | RANGE | AVG. | RANGE | AVG. | RANGE | AVG. | RANGE | AVG.
RIGID OBJECTS
Rigid (nonfrangible) Both | 26-50 | 38 | 32-60| 46 [38-72| 55 | 44-86| 65
Frangible or Breakaway Both | 04-26 | 15 | 06-32| 19 |o08-38| 23 | 10-44| 27
Variable Height
Height < 4" Both | 06-10 | 08 | 10-18| 14 | 14-24| 19 | 18-30 | 24
Height = 4"-10" Both | 1.0-26 | 18 | 18-32| 25 | 24-36| 30 | 30-44 | 37
Height > 10" Both | 26-50 | 38 | 32-60| 46 |38-72| 55 | 44-86| 65
Edge Drop-Off
Height < 4" Both | 04-10| 07 | 06-14| 1.0 | 08-18 13 | 1.0-22 | 1.6
Height = 4"-10" Both | 1.0-16 | 13 | 14-22| 18 | 18-28| 23 | 22-36 | 28

FACTORS THAT EFFECT SEVERITY RANGE

Low Range:
Object on fill slope (uphill) non-frangible diameter is small, proper design/ placement and mainte-nance of frangible object, top of
base flush with ground, no erosion around base.

High Range:
Object on 6:1 or steeper slope (non-recoverable), non-frangible diameter is large, improper placement/ design of post, base
located at hinge, erosion around base improper maintenance of sign support and breakaway device.

10.6.1 Fatality, Injury, and Damage Costs

These costs were described in an earlier section.

10.6.2 Encroachment Rate

The basic encroachment rate used by the computer model is a linear function of

traffic volume. Suggested encroachment rates are shown in Table 15 (28).

10.6.3 Encroachment Angle
The encroachment angles have been generalized for the use in "ROADSIDE" and

are classified according to the design speed.
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10.6.4 Limiting Traffic Volume/Lane
The model uses 10,000 vehicles per lane; as traffic volumes increase above this level

the model assumes that operating speeds, the number of encroachments, and the level of
service decrease.
10.6.5 Swath Width

The width is known as the effective width of the vehicle; it is based on the length and

width of a full size passenger car and the assumed yaw angle.

TABLE 15

Vehicle Encroachment Rate as a Function of
Highway Classification and Traffic Volume

Nebraska Encroachment Rate for
Highway Design Highway Both Direction of Travel
Number Classification (encroachments/mile /year)
DR 1 Rural Interstate and Expressway 0.000900 ADT
DR 2 Rural Multilane 0.000590 ADT
DR 3 Divided Highway 0.000590 ADT
DR 4 Wide Rural 0.000742 ADT
DR 5 Two-Lane Highway 0.000742 ADT
DR 6 (Roadbed > 36 ft) 0.000742 ADT
DR 7 Narrow Rural Two-Lane Highway (Roadbed < 36 ft) 0.001210 ADT
DR 10 Urban Interstate 0.000900 ADT
DM 20 0.000900 ADT
DM 30 Urban Multilane 0.000900 ADT
DM 40 Divided Highway ' 0.000900 ADT
DM 50 Urban Major Arterial 0.001330 ADT
DM 60 Street 0.001330 ADT
ADT = Average Daily Traffic
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11 "ROADSIDE" GENERAL SITE ANALYSES

11.1 Introduction

The general site analysis approach was used in combination with one specific site
analysis to perform the benefit-to-cost analysis using the "ROADSIDE" computer model.
The general site represents a typical urban location in Nebraska. The specific site analysis
was located in Wayne, Nebraska and will be discussed in further detail in Chapter 12.

In contrast with the specific site analysis, which is an example of a single installation,
the general site analyses were assumed single installations. They were not treated as a line
of utility installations but as individual roadside hazards. The shapes of particular

installations were approximated in order to comply with the roadside hazard model.

11.2 Objective

Since the effects of relocation, removal, and breakaway conversion were not evident,
the objective was to discover the effects using a benefit-to-cost analysis. The analysis
involved using a typical or general site representing urban Nebraska. The benéﬁt-to-cost
analysis was based upon the "ROADSIDE" computer model which computes annualized
costs, such as installation, repair, maintenance, and accident costs. After analyzing these
costs, a benefit-to-cost ratio could be calculated which could aid in determining a minimum
lateral obstacle clear zone for utility installations. At the same time, an evaluation would
be made analyzing the economics of the relocation, removal, and breakaway scenarios.

The major objective was to determine the most cost-effective roadside appurtenance
lateral offset, and at the same time gain experience and knowledge working with the

"ROADSIDE" computer model.
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After determining the benefit-to-cost ratios for a given countermeasure, the results
were expressed graphically. Such graphic representation is helpful in selecting the optimum
location to locate a single utility installation; that is, the safe location of a luminaire, utility

pole, fire hydrant, or breakaway appurtenance of previously mentioned installations.

11.3 Scope
The general site analyses were performed with seven different utility installation
scenarios for the same general field location. The seven utility installations were as follows:
(1) Basic Light Poles
(2) Type 1 Power Poles
(3) Type 2 Power Poles
(4) Type 3 Power Poles
(5) Type 4 Power Poles
(6) Type 5 Power Poles
(7) Basic Fire Hydrants
The power poles were identified by "Type" for calculation purposes during the computer
analyses; the types were based upon various installation costs (Table 16). The basic scenario

was the relocation of the existing utility installation. For utility installations 1, 2, and 7, the

breakaway conversion was also incorporated into the evaluation.
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TABLE 16
Typical Installation, Maintenance, and Repair Costs

for Utility and Light Poles
Installation Costs ($)
Type Installation | Maintenance Salvage Repair
Basic Light Pole
(a) Rigid 650 10 0 1,000
(b) Breakaway 750 10 0 350
Type 1 Power Pole
(a) Rigid 1,700 0 0 0
(b) Breakaway 2,675 0 0 1,338
Type 2 Power Pole 3,500 0 0 0
Type 3 Power Pole 8,350 0 0 0
Type 4 Power Pole 14,850 0 0 0
Type 5 Power Pole 28,850 0 0 0

The description of the power pole types is as follows:

(1) Type 1 Power Distribution Pole
(a) Local and Large Distribution

(b) 1-3 Phase
(c¢) Wood Pole

(2) Type 2 Power Distribution Pole
(a) Large Distribution
(b) Heavy 3 Phase
(c) 4-13.8 KV
(d) Wood Pole

(3) Type 3 Power Transmission Pole
(a) 35-69 KV (Wood)

(4) Type 4 Power Transmission Pole
(a) 35-69 KV (Steel)
(b) 35 KV (Wood) Plus Distribution Underbuilt

(5) Type 5 Power Transmission Pole
(a) 115-161 KV (Steel)
(b) 115 KV (Steel) Plus Distribution Underbuilt
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The global values for every installation remained constant throughout the entire
evaluation. The global values are listed below:

Global Values

FRIY . onipdie i omumi semiein oidie s Saisiie saeis wacka $ 1,500,000
Severe Personal Imjury  ..........covivniiniennnan. $ 110,000
Moderate Personal Injury .......cci0eveceveccnsens $ 11,000
Stight Perstmal By .« .'s cova v sana v sina s polbie seasia $ 3,000
Property Damage Only (Level2) ............coc0vnnn $ 3,000
Property Damage Only (Level 1) .........cc000vuunn $ 500
Encroachment Rate ...........coiiiiinnnnnnnnns $ 0.00133
(encroachments/mile /year/vpd)
Encroachment Angle at40mph .................... 17.2 degrees
Limiting Traffic Volume/Lane ..................... 10,000 vpd
STHEIIWIRR: oo s cones sarers seara soane s sae 12 feet

The variable data inputs that remain constant are as follows:

Lane WM .60c0m0s saaiawes sites siei s brean 15 feet
Roadway COIvahis: .o vuses seves away sos:es susses 0 degrees
Roadway Grade ............c.cciiiiunnnnnnennnnn 0 degrees
User Adjustment Factor'™ 25 sedde dvwan s Ve vaeee 1.0
EOBBIGRY SDOBE.  ocensioenon 3owonim s HilnieroIs AN SNSRI 40 mph
PIOJRCt JAE savucinasisevng nawas saness imes sases 20 years
Digscoant RBt®: ... « covw s o B0 w0 cadiod o Sus caale 8%
Traffic Growth Rate (TGR) ............c0ivvnnnn. 2%
SulvEgE VRIS s o sivraim 5 5 wionws @ oeisis wayeled 5 s0olies s B $0

The computer test matrix is shown in Table 17. For each of the single utility
installation types, a computer run was made for the following ADT’s: 5000, 10000,
20000, 30000, and 40000 for both a two-lane and four-lane roadway. The relocation
countermeasures were conducted with the original installation located at a lateral
offset of 2 ft and then relocated to a final offset ranging from 3 ft to 10 ft in

increments of 1 ft. An analysis was also performed for the do-nothing alternative.
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TABLE 17

"ROADSIDE" Computer Runs Matrix

—
ADT (vpd)
Type of Hazand 5000 10000 20000 30000 40000 | Breakaway Total
2-Lane 4-Lane 2-Lane 4-Lane 2-Lane 4-Lane 2-Lane 4-Lane 2-Lane 4-Lane 2-Lane 4-Lane 2nd & 4th Lane

Light Poles 9 9 9 9 9 9 - 9 - 9 5 5 82
1. Power District Poles 9 9 9 9 9 9 - 9 - 9 5 5 82

1-3 Phase 4-13.8 KV (wood) :
2. Power District Poles . 9 9 9 9 9 9 - 9 B 9 B - T2 |

F Heavy 3-Phase 4-13.8 KV (wood)

3. Power Transmission Poles 9 9 9 9 9 9 - 9 - 9 - - T2

36-69 KV (wood)
4. Power Trans. 36-59 KV (steel) + 9 9 9 9 9 9 - 9 - 9 - - T2

Power Trans. Dist. 35 KV (wood)
5. Power Trans. 115-161 KV (steel) 9 9 9 9 9 9 - 9 - 9 - . 72

Power Trans + Dist. 115 KV

(steel) I
Fire Hydrant 9 9 9 - 9 9 9 - 9 - 9 5 5 82 H

TOTAL RUNS 534 ﬂ
———— ——
Note:

1. Relocation: # Runs = Original 2 ft offset plus relocation from 3 ft to 10 ft with 1 ft increments = 9 runs.

2. Breakaway: # Runs = Conversion to a breakaway with each of the experimental ADT’s = 5 runs.



The computer runs for two-lane roadways having ADT’s equal to 30000 and 40000
were the same as for runs having an ADT equal to 20000 since the global limiting traffic
volume per lane variable was set at 10,000 vehicles/lane. This value was selected because
a traffic volume greater than 10,000 vehicles/lane will most likely cause traffic speeds to
decrease; encroachments will most likely decrease as well. The analyses of the seven

different utility installation scenarios are discussed below.

11.4 Test Results

The basic scenarios were the same for all seven installations using the general site
analysis. The first scenario included relocating the original installation from the lateral offset
of 2 ft to the final lateral offset of 10 ft in 1 ft increments. This process was performed with
the following ADT’s (5000, 10000, 20000, 30000, 40000) on two-lane undivided and four-lane
divided roadways. The second scenario consisted of the conversion of light poles, type 1
power poles, and fire hydrants to breakaway installations using the 2 ft offset and varying
the following ADT’s (5000, 10000, 20000, 30000, 40000).

Example computer runs are provided in Appendices M and N. The example in
Appendix M shows relocation alternatives using an ADT of 5000 on a two-lane, undivided
roadway. An example of a breakaway conversion using the original 2 ft lateral offset with
ADT's of 5000, 10000, 20000, 30000, and 40000 is shown in Appendix N. Finally, Appendix
O provides two examples of benefit-to-cost ratio calculations using the output from these

two computer runs.
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11.5 Street Lighting

The first utility installation type analyzed with the general site analysis was the light
pole relocation. The results presented in Figures 40, 41, and 42 represent two-lane and four-
lane roadways.

11.5.1 Relocation (two-lane undivided)

Any of the relocation distances would be cost-effective since the benefit-to-cost ratios
were greater than 1.0 (Figure 40). The values for the benefit-to-cost ratios at an ADT of
20000, 30000, and 40000 were equal because of the effect of the traffic volume limit of
10,000 vehicles per lane. Since all the benefit-to-cost ratios were greater than 1.0, it was
difficult to determine an adequate minimum lateral offset.

11.5.2 Relocation (four-lane divided)

The results presented in Figure 41 indicate that all relocation distances would be
cost-effective on four-lane roadways. The leveling off of the curves for a lateral offset of 8 ft
and ADT’s of 5000 and 10000 shows the effect of the benefit reaching its maximum and the
cost remaining constant. The benefit-to-cost ratios continue to increase for the larger ADT's.
1153 Breakaway Street Lighting

As in the previous c#se, since the benefit-to-cost ratios were all greater than 1.0 it
would be .cost-effcctive to convert the street light pole to become breakaway at any of the
analyzed ADT’s (Figure 42). The benefit-to-cost ratios become constant after an ADT of
20000 for the two-lane roadway; once again, this was due to the effect of the traffic volume

limit of 10000 vehicles per lane.
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11.5.4 Relocation Vs, Breakaway (Light Poles)

In order to determine if there was a location at which a relocation countermeasure
was more cost-effective than the breakaway conversion countermeasure, or vice versa, a
comparison was performed for each of the countermeasures. ADT’s of 10000 and 40000 on
a four-lane divided roadway were used for the comparison. The procedure, known as
incremental benefit-to-cost ratio analysis, is shown below.

ADT = 10000 (4-lane, divided)

Incremental

Countermeasure EUAC EUAB B/C B/C
1. 2ftto 3 ft 64 134 2.09

Breakaway @ 2 ft 68 1,227 18.04 2732
2. 2ftto 4 ft 63 253 4.02

Breakaway @ 2 ft 68 1,227 18.04 94.8
3. 2ftto 5 ft 62 354 571

Breakaway @ 2 ft 68 1,227 18.04 145.5
4. 2ftto 6 ft 60 446 7.43

Breakaway @ 2 ft 68 1,227 18.04 97.6
5. 2ftto 7 ft 59 526 8.92

Breakaway @ 2 ft 68 1,227 18.04 77.9
6. 2ftto8ft 58 598 10.31

Breakaway @ 2 ft 68 1,227 18.04 . 62.9
7. 2ftto 9 ft 57 663 11.63

Breakaway @ 2 ft 68 1,227 18.04 513
8. 2ftto 10 ft 57 721 12.65

Breakaway @ 2 ft 68 1,227 18.04 46.0
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ADT = 40000 (4-lane, divided)

Incremental

Countermeasure EUAC EUAB B/C B/C
1. Breakaway @ 2 ft 44 4,908 111.54

2ftto3ft 59 538 9.12 -291.3
2. Breakaway @ 2 ft 44 4,908 111.54

2 ftto 4 ft 52 1,014 19.50 -486.8
3. Breakaway @ 2 ft 4 4,908 111.54

2ftto 5 ft 47 1,419 30.19 -1,163.0
4. 2 ftto 6 ft 42 1,784 4247

Breakaway @ 2 ft 44 4,908 111.54 1,562.0
5.2ftto 7 ft 38 2,104 55.36

Breakaway @ 2 ft e 4,908 111.54 467.3
6. 2 ftto 8 ft 34 2,395 70.44

Breakaway @ 2 ft 44 4,908 111.54 2513
7. 2ftto 9 ft 31 2,651 85.51

Breakaway @ 2 ft 44 4,908 111.54 173.6
8. 2 ft to 10 ft 28 2,885 103.03

Breakaway @ 2 ft 4 4,908 111.54 126.4

The incremental benefit-to-cost ratio analysis contrasted the relocation and
breakaway countermeasures. The lowest cost alternative served as the basis for the
comparison. If the countermeasure being compared to the base had a benefit-to-cost ratio
greater than or equal to 1.0, then the countermeasure with the higher cost was selected.

The first analysis compared relocation to breakaway at an ADT of 10000. All the
relocation countermeasures had an EUAC less than the breakaway countermeasure;
therefore, the relocation alternatives were selected as the base alternatives. When comparing
the higher cost alternative (breakaway) to the base option, the benefit-to-cost ratios were
all greater than 1.0. The best alternative was thﬁs the breakaway alternative.

The second analysis compared relocation to breakaway at an ADT of 40000. It was
evident that the base alternative was not the same throughout the analysis, and therefore

the method of comparison changed throughout the analysis. For relocations up to S ft, the
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lower cost alternative was the breakaway option. After a relocation of 6 ft, the relocation
option was the lower cost alternative (base option). Although the base option changed, the

final outcome remained the same: the best alternative was the breakaway option.

11.6 Type 1 Power Pole

The general site analysis was also used to analyze a second utility installation, the
Type 1 Power Pole. The results presented in Figures 43, 44, and 45 represent two-lane and
four-lane roadways. The costs for the alternatives are shown in Table 16.

11.6.1 Relocation (two-lane undivided)

The results presented in Figure 43 show that a pole relocation of any distance would
be cost-effective when the ADT is 10000 or larger. When analyzing the 6 ft minimum
standard, a minimum ADT of approximately 3000 would be required for the relocation to
be cost-effective.

The benefit-to-cost ratios are not as high for power poles as for street light poles
because of the higher costs of the former. The benefit-to-cost ratios do continue to increase,
however, but at a decreasing rate. There was also no strong indication of an optimum
minimum lateral offset distance.

11.6.2 Relocation (four-lane divided)

The results presented in Figure 44 show that a pole relocation of any distance would
be cost-effective when an ADT of 13000 or greater exists. When analyzing the 6 ft minimum
standard, a minimum ADT of approximately 4000 would be required for the relocation to

be cost-effective.
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The benefit-to-cost ratios begin to level off for the ADT’s of 5000 and 10000 for
relocation distances up to 10 ft. For the ADT'’s greater than 10000, the benefit-to-cost
ratios continue to increase at a decreasing rate.

11.63 Breakaway Type 1 Power Poles (two-lane and four-lane)

The results presented in Figure 45 show that it would be cost-effective to convert
Type 1 power poles to be breakaway for all ADT’s from 5000 to 40000. The benefit-to-cost
ratios become constant after an ADT of 20000 for the two-lane roadway. Once again, this
was due to the effect of the traffic volume limit of 10000 vehicles per lane.

11.6.4 Relocation Vs. Breakaway (Type 1 Power Poles)

The incremental benefit-to-cost ratio analysis procedure was used to compare
location and breakaway alternatives for ADT’s of 10000 and 40000 on a four-lane divided
roadway. The analysis is shown below.

ADT = 40000 10000 (4-lane, divided)

Incremental

Countermeasure EUAC EUAB B/C B/C
1. 2ft to 3 ft 173 134 0.77

Breakaway @ 2 ft 307 1,227 3.99 8.2
2. 2ftto4 ft 173 253 1.46

Breakaway @ 2 ft 307 1,227 3.99 73
3.2fttoS5ft 173 354 2.04

Breakaway @ 2 ft 307 1,227 3.99 6.5
4 2ftto6 ft 173 446 2.58

Breakaway @ 2 ft 307 1,227 3.99 58
5.2ftto7 ft 173 526 3.04

Breakaway @ 2 ft 307 1,227 3.99 52
6. 2 ft to 8 ft 173 598 345

Breakaway @ 2 ft 307 1,227 3.99 4.7
7. 2ftto 9 ft 173 663 3.83

Breakaway @ 2 ft 307 1,227 3.99 42
8 2ftto 10 ft 173 721 4.16

Breakaway @ 2 ft 307 1,227 3.99 38
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ADT = 40000 (4-lane, divided)

Incremental

Countermeasure EUAC EUAB B/C B/C
1. 2ftto3 ft 173 538 3.12

Breakaway @ 2 ft 414 4,908 _ 11.86 18.1
2.2ftto4 ft 173 1,014 1.46

Breakaway @ 2 ft 414 4,908 11.86 16.2
3.2fttoSft 173 1,419 2.04

Breakaway @ 2 ft 414 4,908 11.86 14.5
4. 2ftto6 ft 173 1,784 2.58

Breakaway @ 2 ft 414 4,908 11.86 13.0
S5.2ftto 7 ft 173 2,104 3.04

Breakaway @ 2 ft 414 4,908 11.86 11.6
6. 2 ft to 8 ft 173 2,395 3.45

Breakaway @ 2 ft 414 4,908 11.86 10.4
7. 2ftto 9 ft 173 2,651 3.83

Breakaway @ 2 ft 414 4,908 11.86 9.4
8. 2ftto 10 ft 173 2,885 4.16

Breakaway @ 2 ft 414 4,908 11.86 8.4

The incremental benefit-to-cost ratio analysis contrasted the relocation and
breakaway countermeasures. The lowest cost alternative was the basis for the comparison.
If the countermeasure which was being compared to the base had a benefit-to-cost ratio
greater than or equal to 1.0, then the countermeasure with the higher cost was selected.

The first analysis compared relocation to breakaway at an ADT of 10000. All the
relocation countermeasures had an EUAC less than the breakaway countermeasure;
therefore, the relocation countermeasures were selected as the base alternatives. When
comparing the higher cost alternative (breakaway) to the base option, the benefit-to-cost
ratios were all greater than 1.0. The best altern-ative was thus the breakaway alternative.

The second analysis compared relocation to breakaway at an ADT of 40000. It was
evident that the relocation option was the base alternative. The analysis indicated that the

breakaway option was the better alternative when compared to relocation of various offsets.
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11.7 Type 2 Power Poles

The third utility installation which was analyzed using the general site analysis was
the Type 2 Power pole. The results presented in Figures 46 and 47 represent twé-lane and
four-lane roadways. The costs for the alternatives are shown in Table 16.

11.7.1 Relocation (two-lane undivided)

The results of the benefit-to-cost ratio analysis are presented in Figure 46. For a cost-
effective countermeasure with ADT’s from 5000 to 40000, it was evident that a relocation
of 8 ft or greater would have to be implemented. When analyzing the 6 ft minimum
standard, a minimum ADT of approximately 6000 would be required for the relocation to
be cost-effective. The curves increase at a decreasing rate, and the benefit-to-cost ratios
begin to level off only at a low .ADT, such as 5000 or less. Therefore, no optimum lateral
obstacle offset distance was indicated.

11.7.2 Relocation (four-lane divided)

The results of the benefit-to-cost ratio analysis are presented in Figure 47. For a cost-
effective countermeasure with ADT’s from 5000 to 40000, it was evident that a relocation
of 10 ft or greater would have to be implemented. When analyzing the 6 ft minimum
standard, a minimum ADT of approximately 8000 would be required for the relocation to
be cost-effective. The curves increase at a decreasing rate and the benefit-to-cost ratios
begin to level off only at a low ADT, such as 5000 to 10000. Thus, the maximum effective

lateral offset distance would be approximately 10 ft.

195



961

[BENEFIT—TO-COST RATIO

BENEFIT-TO-COST RATIO ANALYSES

TYPE 2 POWER POLES (2—-LANE UNDMVIDED)

000, 30000

FINAL LATERAL OFFSET (ft)

FIGURE 46. GRAPH OF BENEFIT-TO-COST RATIO VS.FINAL LATERAL
OFFSET FOR TYPE 2 POWER POLES (2-LANE).



L61

BENEFIT—-TO—COST RATIO

BENEFIT-TO-COST RATIO ANALYSES

TYPE 2 POWER POLES (4—LANE DMVIDED)

ADT = 403000

ADT = 30,000

/ - ADT = 20,J000
__...F-'
4~ ADT = 10,]000 &
S S R s ey g
. ADT = 5,000
; T 54
: S5 . 7 9

FINAL LATERN. OFFSET (ft)

FIGURE 47. GRAPH OF BENEFIT-TO-COST RATIO VS. FINAL LATERAL
OFFSET FOR TYPE 2 POWER POLES (4-LANE).



11.8 Type 3 Power Poles

The fourth utility installation which was analyzed was the Type 3 Power Pole. The
results presented in Figures 48 and 49 represent two;lane and four-lane roadways. The costs
for the alternatives are shown in Table 16.

11.8.1 Relocation (two-lane undivided)

The results of the benefit-to-cost ratio analysis are- presented in Figure 48. When
analyzing the 6 ft mu:umum standard, a minimum ADT of approximately 15000 would be
required for the relocation to be cost-effective. It was evident for relocations of 10 ft that
an ADT of approximately 9000 or greater would be required. Thus, low ADT’s do not
provide good conditions necessary for a cost-effective relocation. One should note that the
benefit-to-cost ratios increase at a decreasing rate, but only the lower ADT's, such as 10000,
show that a maximum effective lateral offset exists at approximately 10 ft.

11.8.2 Relocation (four-lane divided)

The results of the benefit-to-cost ratio analysis are presented in Figure 49. When
analyzing the 6 ft minimum standard, a minimum ADT of approximately 20000 would be
required for the relocation to be cost-effective. It was evident for relocations of 10 ft that
an ADT of approximately 12000 or greater would be required. Thus, low ADT’s do not
provide good conditions necessary for a cost-effective relocation. One should note that the
benefit-to-cost ratios increase at a decreasing rate, but only the lower ADT's show a

significant leveling off as the lateral offset distance increases.
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11.9 Type 4 Power Poles

The fifth utility installation which was analyzed was the Type 4 Power Pole. The
results presented in Figures 50 and 51 represent two-lane and four-lane roadways. The costs
for the alternatives are shown in Table 16.

11.9.1 Relocation (two-lane undivided)

The results of the benefit-to-cost ratio analysis are presented in Figure 50. When
analyzing the 6 ft minimum standard, it would not be cost-effective to relocate the power
pole for any of the ADT’s (5000, 10000, 20000, 30000, or 40000). It was evident for
relocations of 10 ft that an ADT of approximately 16000 or greater would be required. Once
again, the low ADT’s do not provide good conditions necessary for a cost-effective
relocation. The benefit-to-cost ratios continue to increase at a decreasing rate.

11.9.2 Relocation (four-lane divided)

The results of the benefit-to-cost ratio analysis are presented in Figure 51. When
analyzing the 6 ft minimum standard, a minimum ADT of approximately 34000 would be
required for the relocation to be cost-effective. It was evident for relocations of 10 ft that
an ADT of approximately 21000 or greater would be required. Thus, low ADT’s do not
provide good conditions necessary for a cost-effective relocation. The benefit-to-cost ratios
continue fo increase at a decreasing rate. The curves also show the benefit-to-cost ratios

leveling off at approximately 10 ft.
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11.10 Type S Power Poles

The sixth and final utility pole installation analyzed was the Type 5 Power Pole. The
results presented in Figures 52 and 53 represent two-lane and four-lane roadways. The costs
for the alternatives are shown in Table 16.
11.10.1 Relocation (two-lane undivided)

The results of the benefit-to-cost ratio analysis are presemed in Figure 52. It would
not be cost-effective to relocate the power pole for any of the ADT’s (5000, 10000, 20000,
30000, or 40000) for the 6 ft minimum standard. It would not be cost-effective to relocate
the power pole to any location up to 10 ft for any of the ADT’s previously listed.
11.10.2 Relocation (four-lane divided)

The results of the benefit-to-cost ratio analysis are presented in Figure 53. It would
not be cost-effective to relocate the power pole for any of the ADT’s (5000, 10000, 20000,
30000, or 40000) for the 6 ft minimum standard. It would not be cost-effective to relocate

the power pole to any location up to 10 ft for any of the ADT’s previously listed.

11.11 Fire Hydrants
The last utility installation under investigation using the general site analysis was the
fire hydrants. The installation and repair costs both rigid and breakaway fire hydrants was

$2,000. The results of the investigation are presented in Figures 54, 55, and 56.



S0

BENEFIT—TO—-COST RATIO

0.7

0.6

0.5

0.4

0,3

BENEFIT-TO-COST RATIO ANALYSES

TYPE 5 POWER POLES (2—LANE UNDMDED)

000, 30000

FIGURE 52,

FINAL LATERAL OFFSET (ft)

GRAPH OF BENEFIT-TO-COST RATIO VS. FINAL LATERAL
OFFSET FOR TYPE 5 POWER POLES (2-LANE).



90¢

BENEFIT—-TO—COST RATIO

0.9

0.7

BENEFIT-TO—COST RATIO ANALYSES

TYPE 3 POWER POLES (4—LANE DIVIDED)

0,000

]
J S

ADT

. 40,000

FIGURE 53.

FINAL LATERAL OFFSET (ft)

GRAPH OF BENEFIT-TO-COST RATIO VS. FINAL LATERAL
OFFSET FOR TYPE 5 POWER POLES (4-LANE).




L0T

TBENEFIT-=TO-COST RATIO

B e R e p—"
O =2 N W »+»2 O

O -, N W e OO0 N O O

BENEFIT-TO-COST RATIO ANALYSES

FIRE HYDRANTS (2-LANE UNDMDED)

00,30000,k0000 = °

FINAL LATERAL OFFSET (ft)

FIGURE 54. GRAPH OF BENEFIT-TO-COST RATIO VS.
OFFSET FOR FIRE HYDRANTS (2-LANE),

FINAL LATERAL



80T

BENEFIT-TO—-COST RATIO

34
32
30
28
26
24
22
20
18
16
14
12
10

o N & OO

BENEFIT-TO—-COST RATIO ANALYSES

FIRE HYDRANTS (4—LANE DMVDED)

40,000

]

J/f)r‘{/," 1! i ADT

i
-
o
o
o
o

ADT -

4?_

g
1
j“ 1 ——r— ' 1

. 7 9
FINAL LATERAL OFFSET (ft)

FIGURE 55. GRAPH OF BENEFIT-TO-COST RATIO VS. FINAL LATERAL
OFFSET FOR FIRE HYDRANTS (4-LANE).



602

BENEFIT—-TO—COST RATIO

2%
24
23
22
21
20
19
18
17
16
13
14
13

12~

1

b
“dO00~wO OO

BENEFIT-TO-COST RATIO ANALYSES

BREAKAWAY FIRE HYDRANTS

“LANE D{VIDED |
y.a = —
Ao
S Pl ¥
//
w, i
P
Z
18 ; 25 i 35
: (Thousands) '
ADT(vpd)

FIGURE 56. GRAPH OF BENEFIT-TO-COST RATIO FOR BREAKAWAY
FIRE HYDRANTS.



11.11.1 Relocation (two-lane undivided)
The results of the benefit-to-cost ratio analysis are presented in Figure 54. From an

analysis of the 6 ft minimum standard, it would be cost-effective to relocate the fire hydrant
for ADT’s greater than or equal to 3000. For low ADT’s, such as 5000, it would only be
cost-effective to relocate the fire hydrant to a lateral offset distance of S ft or greater. The
benefit-to-cost ratio curves increase at a constant rate aﬁd did not indicate a adequate
minimum lateral offset distance.

11.11.2 Relocation (four-lane divided)

The results of the benefit-to-cost ratio analysis are presented in Figure 55. From an
analysis of the 6 ft minimum standard, it would be cost-effective to relocate the fire hydrant
for ADT’s greater than or equal to 5000. For low ADT’s, such as 5000 and 10000, the
benefit-to-cost ratios reach a maximum at approximately 10 ft. Thus, the increase in benefit
was negligible for the increase in lateral offset distance. For high ADT’s, such as 20000,
30000, and 40000, the benefit-to-cost ratios continued to increase at a increésing rate.
11.11.3 Breakaway Fire Hydrants (two-lane and four-lane)

The results of the benefit-to-cost ratio analysi are presented in Figure 56. For both
two-lane and four-lane roadways, it was evident that it would be cost-effective to convert a
rigid fire hydrant to become breakaway for ADT’s of 5000, 10000, 20000, 30000, and 40000.
11.11.4 Relocation Vs. Br

The incremental benefit-to-cost ratio analysis procedure was used to compare the
relocation alternatives to the breakaway alternative. This analysis was necessary because
both of the countermeasures proved to be cost-effective. The procedure was used to

determine the location at which breakaway would be more cost-effective than relocation and
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vice versa. The comparison was performed using ADT’s of 10000 and 40000 on a four-lane
divided roadway. The analysis shown below indicates that it would be more cost-effective
to convert the existing fire hydrants to a breakaway installation rather than to relocate an
existing installation.

ADT = 10000 (4-lane, divided)

Incremental

Countermeasure EUAC EUAB B/C B/C
1. 2ftto 3 ft 199 134 0.67

Breakaway @ 2 ft 204 1,227 6.02 218.6
2. 2ftto 4 ft 194 253 1.31

Breakaway @ 2 ft 204 1,227 6.02 97.4
3. 2ftto S ft 190 354 1.86

Breakaway @ 2 ft 204 1,227 6.02 62.4
4. 2 ftto 6 ft 186 446 2.39

Breakaway @ 2 ft 204 1,227 6.02 434
5.2ftto 7 ft 182 526 2.89

Breakaway @ 2 ft 204 1,227 6.02 31.9
6. 2 ft to 8 ft 180 598 3.32

Breakaway @ 2 ft 204 1,227 6.02 26.2
7. 2ftto 9 ft 177 663 3.74

Breakaway @ 2 ft 204 1,227 6.02 209
8. 2ftto 10 ft 174 721 4.14

Breakaway @ 2 ft 204 1,227 6.02 16.9
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Countermeasure

.2ftto3 ft
Breakaway @ 2 ft
. 2ftto4ft
Breakaway @ 2 ft
.2ftto5 ft
Breakaway @ 2 ft
. 2ftto6 ft
Breakaway @ 2 ft
.2ftto 7 ft
Breakaway @ 2 ft
.2ftto 8 ft
Breakaway @ 2 ft
.2ftto 9 ft
Breakaway @ 2 ft
. 2ftto 10 ft
Breakaway @ 2 ft

ADT = 40000 (4-lane, divided)
EUAC EUAB B/C

182
204
163
204
146
204
131
204
118
204
106
204

96
204

86
204

538
4,908
1,014
4,908
1,419
4,908
1,784
4,908
2,104
4,908
2,395
4,908
2,651
4,908
2,885
4,908
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295
24.05

6.22
24.05

9.72
24.05
13.62
24.05
17.83
24.05
22.59
24.05
27.62
24.05
33.55
24.05

hdemental
B/C
198.6
95.0
60.2
42.8
32.6
25.6
20.9

17.1



12 "ROADSIDE" SPECIFIC SITE ANALYSES

The one exception to the general site analysis approach was the analysis of the
Wayne gas installation located in Wayne, Nebraska. The installation was located along the
section of municipal highway at Site #2 which was analyzed in the multiple utility
installation analysis using "UPACE".

The Wayne gas installation was used in this study, because it was an example of a
single utility installation. The Nebraska Department of Roads (NDOR) requested that the
safety improvement project implemented on the gas installation be analyzed from a cost-
effectiveness point of view. The methodology used to evaluate the installation was the
"ROADSIDE" computer model.

Before the safety improvement was implemented, the NDOR suggested various
options which could be implemented. The suggested options, along with six other
alternatives, were analyzed in a similar manner to the general site analysis.

One of the two options NDOR suggested was implemented in the field; the seven
other alternatives and the actual safety improvements, were analyzed with a benefit-to-cost
ratio analysis. The actual safety improvement and the other alternatives are described in the
following section. The results of the analyses are also provided. Photographs of the original
"before" and actual "final" installations are shown in Figure 57.

12.1 Wayne Gas Installation
12.1.1 Description of Countermeasures
The safety improvement options which were used in the evaluation process are as

follows:
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FIGURE 57. PHOTOGRAPHS OF THE WAYNE GAS INSTALLATION.
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(1) Reinforcement of the existing barrier

(2) Construction of a new barrier using the 6 ft lateral offset
(3) Relocation of original gas installation to 7 ft offset

(4) Relocation of original gas installation to 8 ft offset

(5) Relocation of original gas installation to 9 ft offset

(6) Relocation of original gas installation to 10 ft offset

(7) Relocation of original gas installation to 30 ft offset

(8) Relocation of original gas installation to 50 ft offset

Options 1 and 2 were proposed by Peoples Natural Gas Company. The NDOR
suggested that option 2 be implemented so that the 6 ft lateral offset distance could be
maintained. Ultimately, option 1 was implemented in the field. These two options were
viewed more feasible by Peoples Natural Gas Company due to the high costs necessary to
remove and relocate the entire gas installation and barrier.

Options 3 through 6 were evaluated for comparison of relocating the installation to
various increased lateral offsets. Options 7 and 8 were evaluated for the purpose of
determining the effects of the gas installation being removed and relocated to a distant area.
12.1.2 "ROADSIDE" Computer Model Inputs

The first step of the analysis was to run the original case or do-nothing alternative

in order to provide a base option against which to compare the new alternatives. The global

values and the variable input values for this scenario are shown below:

Global Values
FatElY ovais soen v sigem ¢ sons soing s €698 5090 & does & aes ¢ 8 $1,500,000
Severe PErsopil BIY" o «owies womn swmo sehs wrme # waes e S $110,000
Moderate Personal InUry. oo cvis saes sons saws s iwns s s o $11,000
Slight Personal Bjury o soou s s sves pvien smeen & saers o anreo § 5 $3,000
Property Damage Only (Level 2) .........c.coivniiiinnnnnnnnn. $3,000
Property Damiage Only (Level 1) oo vonw sasin swen saoen s voeis o & $500
Encroachment Rate  ........... ... ... iiiiiiiinnnennnn. 0.00133

(encroachments/mile /year/vpd)

Encroachment Angle at 0 mPH («s ceiien mowin sioviv aimitetoim  uibistn s 17.2 degrees
Limiting Traffic Volome/Lane ... . oous ooins sens sevus saes & 10,000 vpd
OWREE WABEE  ooie socemon wmmen » mive e s st SRS HEEEIN ¥ SISO HE 12 feet



The variable data inputs that remain constant are as follows:

TIRIBC VORIIE: .o s vomau smipn gipamn samse oietgions s & wwese o 5,480
Roadway Type ...........ccuvn... b B @inid N B 88 Lindivided, Two-Lane
Lane Width . .o womn seomes swpu e v avies & s sewsa 15 feet
Roadway Curvature .........coieeunnnnnnsnnnnsoonnsonnes 0 degrees
Ro(dwWaY Grade oo oo ovinns s woiin §loed ey £5as s e o geeis » 0 degrees
User Adjustment Factor .......cecvcessseeccsensscspassss 1.0
Deglpgn SpEed:  .uwn v vewe s snes b ovier s s & Baey 2 e * 40 mph
Hazard Offset From Curb .........civviininiinnnnnnennnnn 5 feet
Hazerd LROBIN v vy somws sams & sums saie oaies § swen § v 5 feet
HIzard Willth | oo » sieimin simioum s soimis s wposes s sieee « sesres sipsls s 8 feet
Severity Index: '

B . 6oty mrnsy i s e Kesen womwaplisemera bt Real o 3.8

COMDEIE oo s vonss awies & oeies ¥ 400 § Foa's VEWE & 4162008 ¥ S0 38

BROR. _ . s nomminis, sisimmse v st goapsyons sz ssmmed sibsbin mosiwin » 3.8
PIOJCCL LML  ; cinvon s wnies ooam § 5% saes s seas Q@[ s e & seim § 20 years
EORGIRE IO, o mparalihren et iimedtosmeoes el enthvame cofbine 8%
Traffic Growth Rate (TGR) .« s saiaw s snvs swas soaes o svoisis s 2%
Sabre VORI ool oo corior P o s T e i B B e $0

Only a small number of inputs were to be varied to analyze the eight
countermeasures. The description of the roadside hazard (hazard offset distance, hazard
length, and hazard width) and installation costs would change for the different

countermeasures. The variable inputs are listed below:

Offset Hazard Hazard Installation

Distance Length Width Cost

Countermeasure (ft) (ft) (ft) (3)
1* 4 7% 9* 4,268*
2 6 5 9 4,268
3 7 5 9 30,000
4 8 5 9 30,000
5 9 5 9 30,000
6 10 5 9 30,000
7 30 5 9 30,000
8 5 9 30,000

50
* - actual case implemented in the field
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The costs for relocation and construction of the installations were obtained from
Peoples Natural Gas Company. The dimensions of the existing safety improvement were
obtained from a field site visit, while the original installation dimensions were obtained from
the NDOR.

12.1.3 Results of the Computer Analyses

The option which showed the least desirable results was option 1, as shown in Figure
58. This option was implemented in the field. The negative results are not surprising, since
the installation was moved closer to the roadway while at the same time the hazard size
increased because of a larger protection barrier. This was why the benefit-to-cost ratio was
calculated to be negative.

One benefit that was not considered in the analysis was the prevention of a possible
hazardous situation due to an disastrous encroachment into the gas installation. The stronger
system may be able to prevent an explosion or severe gas leak more than the original
weaker system.

Option 2 was the relocation of the barrier to comply with the 6 ft minimum standard.
It was evident that this option would not have been cost-effective. Option 3, 4, 5, and 6 also
show to be poor alternatives from a cost-effectiveness perspective. They represent a
relocatibn to a final lateral offset of 7 ft, 8 ft, 9 ft, and 10 ft, respectively.

Options 7 and 8 represent the relocation of the gas installation to 30 ft and 50 ft
offsets, respectively. It was evident that both of these options produced benefit-to-cost ratios

greater than 1.0.
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This may suggest that either one of these options would be desireble. However, the
model did not consider the possibility of striking a fixed object, such as a house, when the
gas installation would be relocated to some large lateral offset, i.e., in an alley or in the next
block perpendicular from the roadway. Since moving the installation 30 ft or 50 ft from the
roadway does not seem reasonable, a evaluation should be made using the logical
alternatives. These included a relocation of the original appurtenance to a lateral offset
between 6 ft and 10 ft at 1 ft increments.

When revie;aring the 5 relocation alternatives (6 ft - 10 ft), the best alternative would
be the relocation of the installation to 10 ft, even though the benefit-to-cost ratio is less than
1.0. Following the increasing trend shown in Figure 57, it was evident that at approximately
12 ft the benefit-to-cost ratio would be 1.0 or greater. Since the use of a breakaway type
barrier would be very unrealistic in this situation, a relocation of any distance would be a

safety improvement.
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13 CONCLUSIONS AND RECOMMENDATIONS

It should be noted that the general site analyses were performed to reflect the
possible safety improvements in an urban location in Nebraska. Three types of single utility
installations, light poles, power poles, and fire hydrants, were analyzed to determine cost-
effective safety improvements which consist of relocation or a breakaway conversion.

Many of the major computer inputs were based upon information supplied from
various utility companies. This includes the typical locations (lateral offsets), relocation costs,
maintenance costs, repair costs, and breakaway conversion costs.

The specific site analysis was performed to evaluate an actual case which was
implemented in the field. It can be used as valuable resource information when making
future decisions on safety improvements. If any information was gained from the site specific
analysis, it was that it would be necessary to perform a cost-effectiveness analysis when
considering improving such an installation.

The conclusions from the general site and specific site analyses could be used as a
guide for determining whether a single utility countermeasure of the above mentioned
installations should be implemented. The results provided information on cost-effective
countermeasures, i.e., relocation and breakaway, to various types of single utility
installations. If an actual project was seriously being considered for implementation, it would
be recommended that actual field data be used in the computer analysis. It should be noted
that there was no inclusion in the benefit-to-cost ratio analyses for the purchase of

additional right-of-way.
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14 REIMBURSEMENT POLICIES TO UTILITIES

14.1 Objective

The purpose of this task was to get a better understanding for other States’ laws and
policies covering reimbursement to utilities invoived in highway construction. A
reimbursement literature review is included for reference in Appendix P.
14.2 Scope

In order to obtain the reimbursement policies of other states, a letter was sent to
each of the State Highway Departments requesting them to complete the questionnaire
which accompanied the letter. A copy of the cover letter and questionnaire are included in
Appendix Q.
14.3 Questionnaire Summary

The second questionnaire, referred to as QUESTIONNAIRE #2, was entitled,
"UTILITY REIMBURSEMENT POLICY FOR HIGHWAY CONSTRUCTION
LOCATIONS." The results of the responses for this questionnaire are presented in Table
18. A summary of the responses inciuded in Table 18 are provided in Table 19 and Table
20. Fifty of 51 receipients responded to the questionnaire. A discussion of the questions and
the States’ responses to the questions is provided at this time. Please refer to Appendix Q

for a review of the questions.
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Questionnaire #2 Responses

TABLE 18

AK

AR

DE

GA

HI

ID

IL

IN

Is there a state reimbursement policy?

Is the reimbursement policy
set by:

(1) State Law

(2) Local Ordinances

(3) Franchise Agreement
(4) Other

O]

“)

@

1)

O]

1)

(13)

O]

O]

O]

@

m

1)

O]

1)

1)

m

Does the state use FHPM 6-6-3-1 to
determine eligible costs?

. Are Federal Funds used for utility relo-

cations?

a) Annual Percentage
(1) >80%

(2) 60-80%

(3) 40-60%

(4) 2040%

(5) <20%

1)

&)

3

@

@

@

@

@

®)

(€)

(0]

)

1)

0

m

b) Is cost a criteria for the use of
federal funds?

(b)(1) If yes, at what cost range are
federal funds pursued?

Does the state use alternate procedures
as outlined in FHPM 6-6-3-17

Acre utility relocation costs reimbursable
to utilities for relocations required on
public R.O.W.?

Does your stale issue permits
to occupy public R.O.W.?

Does your state grant easements to
utilities on public R.O.W.?

Does your state grant franchise rights to
utilities on public R.O.W.?
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AR

DE

GA

HI

Does your state charge a fee to provide
the services described in questions 7, 8
or 97

11.

Does the state’s reimbursement policy
differ for various types of utilities (i.c.,

electric power, ielephone, pipeline or
cable tv)?

12.

Does your state allow utilities 1o occupy
your public R.O.W.?

13.

Does your reimbursement policy vary
for different roadway classifications?

14.

Has your state encountered an uncoop-
erative utility (eg., refused to relocate
facilities)?

15.

Is your state required to provide advance
notice of projects to utilities?

16.

Does your state allow concurrent reloca-
tion construction by utilities during high-
way construction?

17.

Does your state have a state-wide 1-Call
System for the location of utilities?

Does your state require contractors to
use the 1-Call System?

19.

Does your state participate the 1-Call
System?




97¢

ME MD MA MI MN MS MO MT NE NV NH NI NM NY NC ND OH
1. Is there a state reimbursement policy? Y Y ¥ Y Y Y Y ) 4 ¥ Y b ¢ Y Y Y Y Y Y
2. Is the reimbursement policy set by: ()] m (¢)) (&)} (1 m | aa | @ m 1) (O] m 1) Q)] m ()] (n
(1) State Law
(2) Local Ordinances
(3) Franchise Agreement
(4) Other
3. Does the state use FHPM 6-6-3-1 to deter- Y ¥ Y Y Y Y Y Y Y Y S § Y Y Y Y Y Y
mine eligible costs?
4. Are Federal Funds used for utility relocations? Y Y h Y Y Y Y Y Y Y 4 Y b f Y Y Y Y
a) Annual Percentage ) @ m (1)) @ (&)] @ @ @ @ (1 m @) (V)] @ ) @
(1) >80%
(2) 60-80%
() 40-60%
(4) 20-40%
(5) <20%
b) Is cost a criteria for the use of federal N Y N N N N Y N x N N N N N N N N
funds?
(b)(1) If yes, at what cost range are federal - 100,000 - — - - 50,000 - 100,000 - 5 - - - - = -
funds pursued?
5. Does the state use alternate procedures as out- N Y N - N N Y N N Y N Y b § Y Y Y Y
lined in FHPM 6-6-3-17
6. Are utility relocation costs reimbursable to 50/50 N Y N N N N Y N Y 50/50 Y N N N N N
utilities for relocations required on public
R.OW.?
7. Does your state jssue permits to occupy public Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
R.OW.? !
.l. Does your state grant easements to utilities on Y N N Y N N N N N N N N N N N N N
public R.O.W.?
9. Does your state grant franchise rights to utili- ¥ N N N N N N N N N N N ¥ 4 N N N N
tiés on public R.O.W.?
10. Does your state charge a fee to provide the N N N Y N N N N N Y N Y N Y N Y N
services described in questions 7, 8 or 97
11. Does the state’s reimbursement policy differ N N N N N N N N N N Y N N N N N N
for various types of utilities (i.c., electric
power, telephone, pipeline or cable tv)?
12. Does your state allow utilities to occupy your ¥ Y Y Y Y i 4 Y Y Y b £ Y Y Y Y Y Y Y
public R.O.W.?
13. Does your reimbursement policy vary for dif- Y Y Y N Y N N N N N Y N Y Y N N N

ferent roadway classifications?
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14. Has your state encountered an uncooperstive N Y N N N N N Y N N 4 Y N
utility (eg., refused to relocate facilities)?

15. Is your state required to provide advance Y N N Y N N N N N N Y Y. Y
notice of projects to utilities?

16. Does your state allow concurrent relocation ¥ ¥ ¥ Y Y Y Y Y Y Y j £ Y Y
construction by utilities during highway con-
struction?

17. Does your state have a state-wide 1-Call Sys- N Y X Y Y Y ¥ N Y Y Y b 4 Y
tem for the location of wtilities?

18. Does your stale require contractors to use the N X Y b ¢ Y N N N Y Y Y Y b §
I-Call System?

19. Does your state participate in the 1-Call Sys- N N ) § N Y N N N N Y Y Y N

tem?
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OK OR PA RI sC sD TN X uT vT VA WA wv WI wYy PR
1. Is there a state reimbursement policy? Y Y X Y Y Y Y Y Y Y Y Y 4 Y Y Y
2. Is the reimbursement policy set by: m n n (1) m ()] (n ()] (4)] m ) (4] (1] [4)) (1) (4]
(1) State Law
(2) Local Ordinances
(3) Franchise Agreement
(4) Other
PB. Does the state use FHPM 6-6-3-1 to determine eli- Y Y Y Y Y Y Y Y Y Y Y Y Y Y 50/50 | Y
gible costs?
4. Are Federal Funds used for utility relocations? Y Y ¥ Y Y 50/50 Y Y Y Y Y Y Y Y Y Y
) Annual Percentage O} @ @) (&) @ (&) @ @ m 6] @ (&) (O] &)] & |
(1) >80%
(2) 60-80%
(3) 40-60%
(4) 20-40%
(5) <20%
b) In cost a criteria for the use of federal funds? Y N N N N N N N N N Y N N N Y N
(b)(1) If yes, at what cost range are federal funds | 300,000 - - - - - - - - - 25,000 - - - |500,000] -
pursued?
5. Does the stale use alternate procedures as outlined Y N Y - N N N Y N N N N Y N N Y
in FHPM 6-6-3-17
Are utility relocation costs reimbursable to utilities N N N Y N N - Y ) 4 N N N 50/50 N 50/50 | Y
for relocations required on public R.O.W.?
7. Does your state issue permits to occupy public Y Y Y Y N ¥ Y ¥ Y Y Y Y Y Y Y Y
R.O.W.? .
[B. Does your state grant easements to utilities on pub- N N N Y Y Y N N ¥ N N Y N N 50/50 | N
lic R.O.W.?
P. Does your state grant franchise rights to utilities on| N N N N N - N N Y N N Y N N N Y
public R.O.W.?
|10. Does your state charge a fee to provide the services Y N Y Y N N N N ;' N b § Y N N N N
described in questions 7, 8 or 97
J11. Does the state’s reimbursement policy differ for N N N N N N N N Y N Y N Y N 5050 | Y
various types of utilities (i.e., electric power, tele-
phone, pipeline or cable tv)?
|12. Does your state allow utilities to occupy your public Y Y Y Y Y Y Y Y Y Y Y Y i ¢ ¥ Y X
R.O.W.?
13. Does your reimbursement policy policy vary for Y N N N N N Y Y Y Y Y N b '¢ N X N

different roadway classifications?
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|14. Has your state encountered an uncooperative utility N Y N N Y N N Y
(eg., refused to relocate facilities)?

|15. Is your state required to provide advance notice of Y Y N b 4 Y N N 50/50
projects to utilities?

16. Does your state allow concurrent relocation con- N Y Y Y Y Y Y Y
struction by utilities during highway construction?

|17. Does your state have a state-wide 1-Call System for Y Y Y N Y Y Y N
the location of utilities?

|18. Does your state require contractors to use the 1-Call Y Y N N Y b § Y 50/50
System?

[19. Does your state participate in the 1-Call System? Y Y N N Y N Y Y




TABLE 19

Summary of Questionnaire #2 Responses

QUESTION RESPONSES

s YES NO SUBTOTAL BLANK TOTAL

1 50(100%) 0(0%) 50 0 50

21 o = i = =

3 49.5(99%) 0.5(1%) 50 0 50

4 49.5(99%) 0.5(1%) 50 0 50

4(a)" - — — — —

4(b) 7(14%) 43(86%) 50 0 50

4mb)(1)! — — - - -

5 23(48.9%) 24(51.1%) 47 3 50

6 17.5(35.7%) 31.5(64.3%) 49 1 50

7 49(98%) 12%) 50 0 50

N 8.5(17%) 41.5(83%) 50 0 50

9 10(20.4 %) 39(79.6%) 49 1 50

10 20(40%) 30(60%) 50 0 50

11 8.5(17%) 41.5(83%) 50 0 50

12 50(0%) 0(0%) 50 0 50

13 20(40.8%) 29(59.2%) 49 1 50

14 16(32%) 34(68 %) 50 0 50

15 24.5(49%) 25.5(51%) 50 0 50

16 46(92%) 48%) 50 0 50

17 35(71.4%) 14(28.6%) 49 1 50

18 26.5(54.1%) 22.5(45.9%) 49 1 50

19 17(34.7%) 32(65.3%) 49 1 50

! - see Table 20
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TABLE 20

Summary of Questionnaire #2 Responses (Continued)

QUESTION
No -

RESPONSES

2

4(a)

4(b)(1)

State Law 47

Local Ordinance 0

Franchise Agreement 1

Other 4 (Case Law, Court Ruling and
Administrative Rule, Federal

Requirements,
Highway Commission)
<20% 9 (18%)
20-40% 5(10%)
40-60 % 6(12%)
60-80% 18 (36 %)
>80% 12 (24 %)
$500,000 2 states
$100,000 3 states
$50,000 1 state
$25,000 1 state

Average Cost Range = $196,429

tion #1:

The purpose of this question was to determine how many states currently have a
policy for reimbursement of relocation costs to utilities during highway construction. Of the

50 states which responded to this question, all 50 (100%) states replied that they currently

have a specific reimbursement policy as given in Table 19.

Question #2:

This question was asked to determine how these reimbursement policies were
developed and enforced. The questionnaire provided the following choices: (1) State Law,
(2) Local Ordinance, or (3) Franchise Agreement. Of the 50 returned questionnaires, State

Law was checked by 47 states, Local Ordinance by no states, Franchise Agreement by 1
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state, and 4 states listed some other reason. These answers are presented in Table 20 next
to "Other."
Question #3:

This question sought to determine how many states follow the FHWA policy which
is included in the Federal-Aid Highway Program Manual (FHPM) 6-6-3-1 for determining
eligible costs. From Table 19, it was evident that 49.5 (99%) of the 50 states which
responded to the question use FHWA policy in FHPM 6-6-3-1. A copy of this policy was
included in Appendix R.

Question #4:

This question was asked for the purpose of verifying whether other states use Federal
Funds for utility relocations. From Table 19, it was shown that all 50 (100%) of the states
which responded to the questionnaire use Federal Funds.

uestion #4

Each state was asked to specify the approximate percentage of reimbursable utility
costs for which their state uses Federal Funds. From Table 20, it was evident that the
majority of the states use Federal Funds for reimbursable utility costs. That is, 30 (60%) of
the 50 states which responded use Federal Funds on over 60% of the annual reimbursable
utility costs, and 12 (24%) of tht_a 50 states which responded use Federal Funds on over 80%
of the annual reimbursable utility costs.

ion #4

Each state was then asked to state whether cost was a criteria for requesting the use

of Federal Funds. From Table 19, only 7 (14%) of the 50 states which responded use cost

as a criteria for obtaining Federal Funds.

232



tion #4(b)(1):

This question was asked to determine what dollar amount states set when cost was
a criteria used for pursuing Federal Funds. From Tgble 20, it was evident that a large range
of responses, varying from $25,000 to $500,000, were given. The average cost range was
$196,429 from the responses of the 7 states which responded "YES"to question #4(b).
Question #5:

This question was included for the purpose of determining how many states use the
alternate procedures in FHPM 6-6-3-1 which simplify the processing of utility relocations
or adjustments. From Table 19, the responses were evenly distributed with 23 (48.9%) of
the 47 states which responded use the alternate procedures, while 24 (51.1%) of the 45
states do not use the alternate procedures.

Under the alternate procedure, the State Highway Agency (SHA) is to act in the
relative position of the FHWA Division Administrator for reviewing and approving the
arrangement, fees, estimates, plans, agreements, and other related matters required by this
directive as prerequisites for authorizing the utility to proceed with and complete the work.
Question #6:

This question was asked to determine how many states reimburse utilities for
relocation costs when the utility facilities are located on public right-of-way. From Table 19,
it was found that 17.5(35.7%) of the 49 states which responded reimburse utilities located
on public right-of-way.

In the absence of statute, the courts have consistently held that a utility must pay the
costs of relocation when they are required to relocate their facilities while on public right-of-

way due to highway construction or improvements.
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Question #7:

This question, along with questions #8 and #9, was asked to determine by what
means a state allows a utility to locate it facilities in public right-of-way. The method
addressed by this question was through the issuing of a permit. From Table 19, it was
evident that 49 (98%) of the 50 states issue permits to utilities.

This question, related to questions #7 and #9, asked whether a state grants
easements to utilities on public right-of-way. From Table 19, it was evident that only 8.5
(17%) of the 50 states grant m@mmm to utilities.

An "easement" is defined as an interest in land owned by another that entitles its
holder to a specific limited use or enjoyment. It is also referred to as private right-of-way.
The courts have consistently held that where the utility’s facilities are located on private
property, the highway agency may not compel them to be relocated without paying just
compensation.

Question #9:

This question, related to questions #7 and #8, asked whether a state grants franchise
rights to utilities on public right-of-way. From Table 19, it was evident that only 10 (20.4%)
of the 49 states grant franchise rights to utilities. A "franchise" is defined as a special
privilege conferred by a state on an individual or corporation to do that which a citizen
cannot do by common right. A franchise usually does not create an interest in the land;

although, it requires the occupancy of land.
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Question #10:

This question was asked to determine if a state charges a fee to provide the services
described in questions #7, #8, and #9. From Table 19, only 20 (40%) of the 50 states stated
they charge a fee. Of the states that charge a fee, many responded that it was a minimal fee
for handling and processing the paperwork.

Question #11:

This question asked whether a state’s reiinbursement policy differed for various types
of utilities (i.e. electric power, telephone, pipeline, or cable tv). From Table 19, it was
evident that only 8.5(17%) of the 50 states had differences in their policies. As stated in the
reimbursement policy literature review by Thomas (45), a government may not discriminate
unfairly among utilities, and any distinction between utilities involving relocation cost or
reimbursement must have a reasonable, rational basis.

Question #12:

This question asked whether a state allows a utility to occupy public right-of-way. As
given in Table 19, all 50 (100%) of the states which responded allow the utilities to occupy
public right-of-way.

Question #13:

This question was asked to determine whether a state’s reimbursement policy varies
for different roadway classifications. From Table 19, it was evident that 20 (40.8%) of the
49 states which responded to the question have differences in the reimbursement policy for

specific roadway classifications.
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ion #14:

Each state was asked whether their state had ever encountered an uncooperative
utility (e.g. which refused to relocate). From Table 19, there were 16 (32%) of the 50 states
which indicated they had encountered an uncooperative utility.

uestion #15:

This question asked each state whether they were required to provide advance notice
of highway construction or improvement projects to utilities. From Table 19, only 24.5(49%)
of the 50 states indicated they are required to provide advance notification. Although less
than 50% of the states are required to provide advance notice to utilities, many of the other
states indicated that they do provide advance notice of projects because it is just good policy
to do so.

This question was asked to determine if states allow the utilities to relocate their
facilities while the highway construction or improvement project was taking place. As given
in Table 19,46 (92%) of the 50 states indicated they allow concurrent utility relocation and
highway construction or improvements.

uestion #17:

Each state was then asked whether their state had a state-wide 1-Call system for the
location of utilities, From Table 19,35 (71.4%) of the 49 states indicated they currently have
such a system. It should be noted that, although only 35 states have a state-wide system,
other states may have a 1-Call system even though it isn’t state-wide.

A 1-Call system 1is usually provided by a private company which offers their service

for a fee. When a call is placed to this company, they will come to the site in question and
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inform the caller of all the currently placed utilities in the area. Both utilities and the state
can participate in the system by paying the fee.
Question #18:

This question asked whether each state requires contractors to use the 1-Call system.
As given in Table 19, 26.5 (54.1%) of the 49 states require contractors to use it.

The final question was directed toward each state’s participation in the 1-Call system.
Each state was asked whether they participate in it and subsequently support it financially.

In Table 19, only 17 (34.7%) of the 49 states participate in the 1-Call system.
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LATERALOBSTACLE CLEAR ZONE POLICIES FOR FIXED
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June 13, 1989

The University of Nebraska-Lincoln is currently conducting a research study for the
Nebraska Department of Roads (NDOR), entitled "Economic and Safety Considerations
for Establishing Minimum Lateral Obstacle Clearance Policies for Utility Facilities in Urban
Areas." While the emphasis will be on urban roads, the study will also include rural roads.

One of the research tasks is to conduct a review of other states’ lateral obstacle clear zone
policies for utilities. To accomplish this task, I would greatly appreciate a copy of your
state’s Minimum Design Standards for all roadway functional classifications (rural and
urban). Two examples (Figures 1 and 2) from a Nebraska document, "New and
Reconstructed Municipal State Highways" and "Municipal Streets”, are enclosed.

Please indicate the references for any Cost-Effectiveness or Benefit-Cost computer models
used in establishing any of the minimum design standards in your state. The FHWA (IP-
86-14) computer model, entitled "Utility Pole Accident Countermeasures Evaluation
(UPACE)" will be used to assist in reviewing policies in Nebraska.

One area of concern in Nebraska is establishing clear zone policies on Municipal Streets
where fixed objects such as trees are present. To gain further insight into the issue of fixed
objects along municipal streets, I would also greatly appreciate your completing the enclosed
"Questionnaire”. '

I would like to take this opportunity to thank you in advance for your assistance and time
in addressing a critical safety problem.

Respectfully,

Edward R. Post, Ph.D., P.E.
Professor

c.c. Mr. Fred Gunderson
NDOR Project Manager

enclosures (3)



LATERAL OBSTACLE CLEAR ZONE POLICIES
FOR FIXED OBJECTS
LOCATED ON MUNICIPAL STREETS

Nebraska Department of Roads
University of Nebraska-Lincoln
June 13, 1989

'QUESTIONNAIRE

State Agency

Name of Respondent Title

Address

Phone

1. Does your state have a lateral clear zone policy for fixed objects such as trees

located along a curbed municipal street?

feet)

Yes (Clear zone from back of curb

No

Does your state have a lateral clear zone policy for fixed objects such as trees
located along a non-curbed municipal street?

Yes ____ (Clear zone from edge of driving lane feet)

No

If you answered yes to either question #1 or #2, does enforcement of your state’s
lateral clear zone policy for fixed objects such as trees depend on whether a
concurrent safety improvement project for streets is planned for a given roadway
section?

Yes

No




Would a line of utility poles or luminaires located in a clear zone, and partially
shielded by trees, be considered for relocation by your state?

Yes [answer parts (a) and (b)]

No

(a) Would your state consiider using the FHWA "UPACE" computer model to assist
in your decision?

Yes

No

(b) Describe and/or draw a sk- illustrate the boundary conditions (limits) in
which a utility pole would be shiciv.. “v a tree(s). (Optional)



Chapter 2 — Procedures for Standards (Continued)

001.10_MINIMUM DESIGN STANDARDS — NEW AND RECONSTRUCTED BRIDGES ON MUNICIPAL STATE HIGHWAYS

National State Type of
Functional Functional Roadway
Clamsification Classification Section
Interstate Interstats N/A
Artariel Expressway or Curbed
Major Arterial
Non-Curbed
Collector Major Arterial Curbed
Non-Curbed

(1

1"

NEBRASKA
Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS

(1
RECONSTRUCTED BRIDGES

NEW BRIDGES BRIDGES TO REMAIN IN PLACE

Minimum Minimum Minimum

Roadway Vertical Roadway Inventory Rating Vertical Roadway Inventory Rating Vertical

Width Design  Clearance Width Cilesarance Width Clearancs
Feet Loading (Feet) {Feet) Desirable  Minimum {Fest) (Feet) Desirable  Minimum (Fest)
42° HS20t 16.5 42° HS20t HS20t 16.0 30°tt HS201 HS20t 16.0
2y HS20 16.5 L HS20 H16%%** 145 Lok HS20 H16%*** 1456
"t HS20 16.6 "e HS20 Hi15**** 14.5 28 HS20 H15*%*** 145
' HS20 146 o HS20 H15**** 1456 L HS20 Hi6**** 1456
="e HS20 1456 aen HS20 HiG®*** 145 28 HS20 Hi16*%*** 1456

Reconstructed bridges shall mean existing structures to be widened or remodeled.

Divided roadways, 2-lane sach side.

For New Jerssy type bridge curb, the clear roadway width of bridge shall be one foot wider than the gutter line 10 gutter line width of the approach rosdway. For other types of bridge curbs, the
clear roadway width of bridge shall be two feet wider than the gutier line to gutter line width of the approach roadway. The gutter line is defined as being one foot inside the back of the approach
roadway curb, If the spproach roadway on one end of the bridge is curbed snd the other end is non-curbed, then the minimum bridge width shall be that which applies to the curbed approach.

Bridge roadway width to be same as that required by Board of Public Roads Classifications and Standards ‘*Section 001.01 Minimum Design Standards - New and Reconstructed Bridges on Rural
Suate Highways.” |f the approach roadway on one end of the bridge is curbed and the other end is non-curbed, then the minimum bridge width shall be the curb-to-curb width.

Capacity is adequate if rating analysis does not require load posting. (FHWA exception required for less than HS16).

HS20 or Alternate Military Losding.

FHWA exception required for less than 42 feet.

FIGURE 1



NEBRASKA

Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS

Chapter

2 — Procedures for Standards (Continued)

001.15 MINIMUM DESIGN STANDARDS — MUNICIPAL STREETS

(1)
(2)
3)

(L)} 2) (£ Width of Latera
. Dasign Design Design Max. Max. Number Lans Median Sh Should Obstacl Bridge
Roadway Year Hour Speed Curve Grade of Width Width Width Surfacing (=] Acce Deslgn
Classification ADT DHV (MPH) (Deg.) %) Lanes (Feet) (Feet) (Feat) (Feat) (Fest) Control Lighting Loading
Other Arterial * = 30 15 ] 2 11 0-As 8 N/A L] None Full H-20
o Required
Collector » . 25 20 10 2 11 None 6 N/A Lo None Desirable H-20
Local - - 25 30+ 10 2 11 None N/A LA i None Desirable H-20
Note:

The 1965 editlon of AASHO *A Policy on Geometric Design of Rural Highways,” the 1969 edition of AASHO “Geometric Design Standards for Highways Other than Freeways," the 1973

edition of AASHO *"A Policy on Design of Urban Highways and Arterial Streets," and the June 20, 1967 revised AASHO publication A Policy on Design Standards, Interstate Systems' should
be used for other design criteria.

“Daesign Year™ shall be year of Initial construction plus 20 years.

0.08 feet per oot maximum supereievation rate,

Lane widths shall be based on measurements taken from the Innermost extremity of curb configuration. Shoulder width shall be measured from back of curb.
Design shall be based on éso-soo V.P.H. per lane in design ysar where cross and turning traffic Is sufficiently great to require signal control.

Local street radil can be reduced to 100 fest If compatible with overall development,

Minimum lateral obstacie clearance for curbed section shall be 2 fest as measured from back face of curb to front face of obstaclie. Minimum lateral obstacle clearance for non-curbed section shall

be 8 feet as measured from edge of driving lane and to front face of obstacle. Traffic control devices that conform with the standards of Nebraska Manual of Uniform Trafflic Control Devices will
be allowed In the lateral obstacle clearance zone, any other object will be considered an obstacle. -

These design standards are values for new construction.

Minimum design policy for all classifications shall include seeding or sodding or reestablishment of vegetation of all disturbed areas.

Alley Improvements may be made to meet local requirements.

Curb Ramps for the Handicapped shall be Included on all New construction and Reconstruction of Curbs in Municipalities, Residential Developments and Sanitary and Improvement Districts beyond the
Zoning Jurlsdiction of the Municipalities. (See Section 001.23).

FIGURE 2
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Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS
Chapter 2 — Procedures for Standards (Continued)

001.01  MINIMUM DESIGN STANDARDS — NEW AND RECONSTRUCTED RURAL STATE HIGHWAYS
@ ol b 2. W

(L] _Mational _ Stats [£]] Design ‘: Maximum Numnr Lane Median Shoutder Shoulder Point Obelacke ROW
Design  F Design Vear s Horizontel Curve Degree g i, Width  Widih Width Surtacing Ciesrance  Widih Acoses
Mumbe Cissifcelon  Clseaicalion  _Trwme .  Tommin  MPW  Ossvabie Memmum  Peccent _Laws (Fssl] _lfest)  fesn)  iresti®  trenr ifen Coniri.
DAY it Ak ke pladg NIA Al 70 3 3 3 4 Dw 12 38 BLL12A 4L 10 30 Sttt 300 Full
ﬂ? Nﬁ:ﬂ Expreasway of Over 750 DHV Lavel T0 3 3 3 4 Dw. 12 36 5LL 10 AL JLLehf 0 0 200 n
Magor Ariednad C Rothng 60 as 475 4 4 Dw. 12 36 SLL, 10 JLeaf ] 0 200 BCCON0BNCe
with NDOR
DRI Aol Exprossway of 330 - 750 DHV Level 70 3 3 3 2* 12 None 10 L] X 0 120 Controlied
” - Mayor Artenal * Ralling as 475 L] 2** 12 ¥ 10 L] ] 0 120 Access
o Colscux Expressway of 2 Lavel 60 as 475 5 * 12 . 10 tt 0 0 120 Polcy
3 » Mayor Artenal r Roling 55 as L] 6.5" > 12 .- 10 1t 0 k] 120 o the
State
DR Anenal Mayor Arweral 1700 - 3000 ADT Lovel T0 3 3 3 2 12 None L1g 1t 0 i) 120 Highway
. » o n Roliing 60 as 475 4 2 12 - at 1 30 30 120 Sysiem
. Cokacior " » Lavel 60 as 475 5 2 12 - et 11 0 0 120 *
* . o " Folling 55 35 ] 85" 2 12 . at L1 0 30 120 b
DAS Anenal Magor Anenal 850 - 1700 ADT Level 70 3 3 3 2 12 None 6t tt 20 2 120 ”
* . - - Rolling 60 s 4.75 4 2 12 r L1} 1" 20 a 120 o
Collacior » * Level 60 as 475 8 2 12 . 61 1t 20 2 120 -
. - " = Rolling 55 a5 ] 65" 2 12 . L1} 1t 20 2 120 .
Dhs Arierial Magor Anenal 400 - 850 ADT Level 70 3 3 3 2 12 Nona L1} 1t 12 2 100 ?
¢ ' . Roillng 60 45 475 4 2 12 . L1 g tt 12 F -4 100 4
= Colactor ’ o Level 55 45 L] 55" 2 12 . L1} " 12 n 100 o
- . . = Roling 55 45 L] a5 2 12 . 61 1t 12 n 100 »
DAT Lo Mayor Arterad Under 400 ADT Level 70 3 3 kJ 2 12 None at 2 12 20 80 2
. . . Rollng 60 475 475 4 2 12 . 4t t 12 20 80 .
e Conecior - . Level 55 6 L] 55" 2 12 e at "t 12 20 80 .
. s = » Rolling 55 ] L] 65" 2 12 - at tt 12 ] .
Nole The 1984 sdbon of AASHTO *A Polcy on G Dasign ol Hig ¥ amsuull‘lruMJuuzoIleh-uldMSHOMMcm'APd-qrmbnmmmm&wmnmumwcmuu
i All intarsiates in the State Functional Classdicabon Sysiem are ncluded n Design Number DR1 and Major Anenals over 750 Iuluu Dl-N' n the SIIII Functional Clasaiication System are included in Design Number
DR2 Al Expresaways and Major Arerials 8! of balow 750 future DHV in the State Funcllow cmlllmlnon Srmm are included n Design K DR3 h DA7.
121 The Duecir-Stas Enginesr of the Depanment of Roads shall the K F c Map in a continually current slalus.
13 “Design Yoar* shall be year of wnibal consruchon plus 20 years.
4 008 loet pav fool mawmum suparslevabion rale lor entire siale.
(L] Tne Dwecior-Siale Enginesr of the Depanmaen! of Roads shall tha h Priority C i System Map.
16} Measured rom e edge of e diving lane. Road i within this o will be 6:1 of Nater
n Measurea rom the edge of the drving lane Any ouuclu within this area mus! ba d, rel d, or ba by & talhe blmet unless a cosl-efecive analysis shows that a lesser or Iunmml is warranted. Thirty-six inch
o smaller Nared and sectons will nol be Utility g within these d shall be rek with the NDOR “Palicy for Accommodating Ut on State Highway Rights-ol-Way*
18) Wldﬂwuﬂlﬂmﬂmﬂhwmmwuhmmﬂmmmwwmmwwmu
] Maumum grade shown may ba one percent steeper lor short lengths lesa than 500 leet
i 4 lanes aliowed by special study.
« 1 10 feet d on Pnomy Commaercial Sysiem.
1" B lesd ff on Priorty Commaencial System.
11 30 lest when posisd speed i 55 mies per hour.
Minimum design policy lor all claswhcabons shall include g o ol veg of all di areas.
Cumﬂa-;\up‘ezl:tluﬂmwshmhmkmmllmf and A of Curbs in Mumcip Residential Dave and Sanitary and | I Disiricts Day the Zoning Jurisds ol ihe Municip [See

FIGURE B—1. MINIMUM DESIGN STANDARDS FOR NEW AND RECONSTRUCTED RURAL
STATE HIGHWAYS.



Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS Section 001.03 Standards do not apply

Chapter

to Curbed Urban Highways or Reduced
2 — Procedures for Standards (Continued) Speed Zone Highways

00103 MINIMUM DESIGN STANDARDS — RESURFACING, RESTORATION AND

BEHABILITATION (3R) PROJECTS ON NON- INTERSTATE RURAL STATE HIGHWAYS

Minimum {3) (5)
(1) (2) Surlace Minimum Width of Flued Bridges 1o
Dasign Maximum Masimum Numbat Lane Shoulder Should: o Stopping Passing (4) Remain in Place
Dasign Year Spoed Curve Grade ol Widih Widin Surfacing C Sight Sight Fill Rosdway Widih
Tiatic MPH _Degres Parcan! Lanss (Feel) (Foel) (Foet) Fea! Distance Dintance Slopes Feal
Crvee 3000 ADT 55 5 Exisung 2 12 9 8 30 = Existing Existing 4ary
1700 - 3000 ADT 55 5 Existing 2 12 ] Exisling 20 Existing Existing 4011t
400 - 1700 ADT 58 12.25 Exisung 2 12 3 Existing 12 t Existing Existing 3611t
Under 400 ADT 55 1225 Existing 2 1M 2 Existing 12 t Exsting Existing aztit
] Excepl as noled n thess

12|

008 test per ool maximum superslevaton rale Hodizontal curves nol providing 55 mile per hour design speed shall have adwisory curve and spesd reduclion signs

13 The dislance shown is the dislance kom the adge of the diwing lane. Any cbstacle within Ihis area musl be removed, relocaled or guard railed, 1o mesl minimum AASHTO gudalines. Utlity laciilies existng within these distances shall
ba relocaled i accordance with tha NDOR *Poiicy for Accommodating Utlibes on State Highway Fighis-ol-Way * Thirty-si inch llared end sectons or less will nol be considered as obstacles unless they wre encroaching on tha existng
BNOulder wath
(4} Fill siopes wil be used in place Fil siopas under 10 fesl in heght wil not require guard rail protechon. Fill slopes 21 or flater, 10 1o 20 fesl in hewght and 250 feel or less in langih, will not require guard rail protecton. Siope and
il comtunabons exceeding ihese valves may be guard rasked | warranied by & cosl-efective analysis
15} Bnoges can raman in placl Il hey wre equal 10 of grealsr nan he widin [surt tana widih plus Iolal shoulder width} Il bridge 1s widonad than the Board ol Pubic Roads Classil and St “Secnon
00102 Minmum Design Standaids — New and Reconsiiucied Buugu an Aural State H-nnnn' are 10 be used Specal sludy may allow brdges to remain in place Il within 4 leel of required bDridge widih
il & 4-lane civided lacidy swsis, the mMnimum nside ahoulder width s 3 leal with 2 leal suraced
g An average ol one verbcal curve par mie will be allowad beiow 55 mile per hour AASHTO g sight h . no sag varhcal less Ihan 40 mile par hour and cresl vertical below 48 mile per hour will be allowsd
s An average of wo verucal curves per mile will be allowed balow 55 mile par howr minimum AASHTO siopping sight no sag venical less than 35 mile par hour and crest verical below 40 mie per hour will be sliowsd.
1] 40 mile per hour lor cres! verbcal curves and exsting condibons lor sag verical curves
" 30 feet wide lor 4-lane divided.
Tt 44 loet 1 on Pnorty Commarcial Sysiam
Mirumum design pobcy shall inciude g o g o of vag of al bed areas
Cuitt Ramps lor tha F shall ba d on all New C and ol Curbs in A D and 5. y and Imp Distncts bayond the Zoning Jurisd ol tha M. . [See
Secuon 00123 )
The above mimmum siandards do nol apply 1o an inlanm type surace repar perormed on @ highway seg prog for ion. Inlenm repais {a o g only] moy be y o p s

10 T vaveling public pnor 0 tha scheduled rOCONSIUCHON

FIGURE B-2. MINIMUM DESIGN STANDARDS FOR RESURFACING, RESTORATION, AND
REHABILITATION (3R) PROJECTS ON RURAL STATE HIGHWAYS.



Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS Sectlion 001.04 Standards may be

used only for Approved Functionally
Chapter 2 — Procedures for Standards (Continued) Classified Scenic - Recreation Roads

00104 MINIMUM DESIGN STANDARDS — SCENIC - RECREATION - RURAL STATE HIGHWAYS

13) (4)
(1)

(2) Widih of Lateral Normal
Dasign Yaear Design axi '] Numib Lans Median Shoulder Shoulder Obsiacie Denign
Tratic Denign Speed Curve Grade of Widih Width Width Suriscing Clearance ROW Width Accesn
Maor Arterial Number MPH Degros Pearcent Lanes (Feoat) (Feat) [Feat) {Feal) (Feat) (Feet) Control
Desirabie Minimum
Ovei 750 DHV DR3 65 a5 a4 |Special 12 36 Uluimal 6 LL 10 A 4L, 8 30 12 200 (4 Lane] in accordance
Study| il Required 10 on 2 Lane 8 on 2 Lane 120 (2 Lana) with NDOR Con-
2 Minimum wolled Accass
Pohcy 1o the
Stale Highway
750 - 400 DHV DR4 65 as a4 2 12 None 10 HNone 30 12 120 System
400 - 200 DHY DRs 80° a5 4 2 12 Nona -] Nane 20 10 120 »
1700 - 850 ADT DR6 55° 45 45" 2 12 None ] Hone 12 L] 100 o
Unger 850 ADT DR? 50 70 i 2 e None 4 Naona 2 L] 80 -
Note 1984 eamon ol AASHTO *A Poicy on G Design ol Highways and Sueels® should be used for oihar design crtena
(L] *Dasgn Year" shall ba year of sl construchon plus 20 years
12 008 leet per lpod Maxmum superslevalion rale
1 Measuied cloarances are Irom the edge of The d y be 1o the lateral © hi il 15 not leasible to meel the lataral Tramc may be prolecied

hum obsiacies wilh guard rad whan desiable, bul guard (&l may bo duleled consmrod more hazardous than the obstacle Signs. hght standards and similar objects may be provided wilh Dreakaway bases and may then be placed
nsde of Ihe Minimum laleral cClearance

14 FRignt-ol-Way wsoih shouid nol b less than Ihat required lor all slemenis ol the cross seclon and appropnele border areas.
Design speea 65 mie per Nour sxcept in rolling terran.

The maximum grades may be | percent steepes in shon sechons less than 500 leel in langih, or one-way downgrades For exberme cases, al some underpass and brdge approaches. sleeper grades for relalively shon lengthe may
be TFU ¥s wih design o DRS and DRE, highway grades may be 2 parceni sieeper |

Skt 12 leal lane wicth desirable.

A mmmum 5 leet Nal borom aich may be used when consid warrant Bach may be varned lo Il conditions
Mummum design policy lor all classihicanons snall inciude g or bl of of all distrubed areas
Manmum oesgn slandards within Ine recreabonal area shall be with the blished speed limis (f it has been reduced from 55 miles per hour] and the lopography and use of the facility Design may be 1o enher urban or rural standards

depending upon e 1Bfain condons

Speed imis esiabusned for INese roules shall be Inose as gh an eng 9 lysis of the area by Ihe Depanment of Roads
EMon snai be made lo pr ine natural o ihe axiani p ley without v Q the salety ol those vsing the laciity, af the speed limis thal apply
Cutt Ramps lor Ine Hanoicapped shall be ncluded on all New C. and R of Curbs in Municipal Residantal Develo 15 and Sanitary and Improvement Distncis bayond tha Zoming Junsdiction of the Municipalibes. (See

Secton 00123 ) P

FIGURE B-3. MINIMUM DESIGN STANDARDS FOR SCENIC — RECREATION - RURAL STATE
HIGHWAYS.



Tile 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS
Chapter 2 — Procedures for Standards (Conlinued)

00112 MINIMUM DESIGN STANDARDS — NEW AND RECONSTRUCTED MUNICIPAL STATE HIGHWAYS

) m ) = Width of
National Siale Typs of Design Design '] Horl '] Numb Lane Shouldar Shoulder
Funclional Functional Roadwsy Your Speed Grade Curve of Width Median Width Surtacing
Classificalion Claasificalion Ssclion Traftic MPH Parcant Deg Lanwes (Feat) Widih {Feat) Feat
inte: state intersiate N A " 50 - 70 3-5 3-675 4 12 Variable 6L, 12 AL 4L, 10R""
Anerial E‘:;“:;:": Curbea : 40.- 60" 5.7 475-18 2 1. q2m Variable N/A NIA
Non-Curbed ¥ 40 - 60" 5-7 475-18 2 1M-12 Varnable 4-8t e
Colecios Mayor Anenal Curbed » 40 - 60** 7-1 675-18 2 1112 [ N/A N/A
Non-Curbed = 40 - 80** 7-1 675-18 2 1m-12 /] 4 -8Bt [ oo
Note  The 1984 edibon of AASHTO *A Policy on Geomeinc Design ol Highways and S!fu!n‘ lnd lhn June 20, 1967, revised AASHO publicahon "A Polcy on Design Standard: System® should be used lo determing
which valuas within the ranges lisied above are Suldable for the P projects. These two publications should also be used lor other design crilena not iisted.

1] The upper imis of Ihess values should only be used n unusual crcumslances The lower imits ol Ihese values should be regarded as dasirabie
12 The actual number ol lanes o design shall be based on a capaciy analysis using design year rafic and Ihe salected level ol service lo be oblained,
2 Use design houtly volume (DHV] projected 10 20 years lrom year ol niial construchion.
o FHWA excepton required lor 1835 than 40 mile per how The design speed must be equal to or grealer than the posied speed hmil
These values do nol include width of curb or curb offsel
"t i on Pnority Commercial System.
1 10 lest ! on Prionty Commarcial System.

M lateral o { for tale shall be 30 leet from adge o dnving lane. Minimum lateral obslacle clearance for curbed Anenals and Colleclors shall be 6 feel from back ol curb. Minim.m lateral obstacle clearance
for non-curbed Anenals and Colleciors with posted speeds ol 45 miles per hour or lower shall be 15 lest kom  edge of driving lane M, lateral obstac) es lor non-curbed Arenals and Collectors wilh posted spaeds
of 50 mies per hour or greater shall be those limted in the Board of Pubhc Roads Classi and St 001.01 M Design Standards — New and Reconstructed Rural State Highways." Any obstacla within
inese ciear areas musl be ot be shieided by a traMc barrier, uniess a cosl-effeclive analysis shows thal a lesser or no Meatmenl 5 warranted Thirty-six inch or smaller flared end sections will not be considered
obstacles Unity lachites existing within these dllllnm shall be relocated in accordance wilh the NDOR "Policy lor Accommodating Utlibes on State Highway Righis-ol-Way”

The Deector-Siale Engineer of the Departmeni ol Roads shall the N F | Classification Map in a conlinually curren! status,

Minimum design policy lor all classiicatons shall include ding o blish ol vegetation of all disturbed areas.

Curb Ramps for the Hana d shall be on all New Construchon and Reconslruction ol Curbs in M ipali Resid | Develog and Sanitary and Imp il Disincis bayond the Zoming Jurisdiction of the
Municip |See S 001.23)

FIGURE B—4 . MINIMUM DESIGN STANDARDS FOR NEW AND RECONSTRUCTED MUNICIPAL STATE
HIGHWAYS.



Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS
Chapter 2 — Procedures for Standards (Continued)

001.14 MINIMUM DESIGN STANDARDS — RESURFACING, RESTORATION AND
REHABILITATION (3R) PROJECTS ON NON-INTERSTATE MUNICIPAL STATE HIGHWAYS

(2) (3)
(§1] Width of Fined Obstacle Clearance Bridges to
Design Type of Maximum Number Lane sh Should (Feat) Remain In Place
Year Roadway Dasign Horlzontal Maximum Width Width Surfscing Posted Speed Posied Speed Roadway Width
Trattic Section Spesd Curve Grade Lanss (Fest) (Feet) (Fest) 45 MPH & Below 50 MPH & Above (Feet)
Owver 3000 ADT Curbed Existing Posied Speed * Existing 2" 10 N/A N/A 2t 2t 20
Non-Curbed ' . » 3l 12 ] 8 10t¢ ttt ttt
1700 - 3000 ADT Curbed . ’ - 2 10" N/A N/A 2t 2t 20
Non-Curbed ] u . 2 12 5 Existing**** 101t Tttt Tt
Undes 1700 ADT Curbed » . 4 2 10 N/A N/A 2t 2t 20
Non-Curbed . ' ¢ . 2 " 2 Existing 10t ttt ttt
(L] “Design Year" shall ba year ol nial construction plus 20 years.
12) Any obstacle wilhin this ares must be d, rel or be shieided by a tralic barmier, uniess a cost-elective analysis shows thal a lessar of no treatment u warranied. Thirty-six inch or smaller lared end sections
will not be conadered obalacles unisss thay are ch g on the ] width. Utility lacilihes existing within thesa d shall be rel with the NDOR "Policy for Accommodating
Utiiies on Stsle Highway Fights-of-Way*
13 For curbed sechons, the clear roadway width of bridge shall nol be less than the width of the drving lanes on lhe approach roadway.
. That which will prowide the posied speed. (Exsting night angle turns in tha central business district or al slop sign or signal controlled nter are P )
.- Subject 10 Capacity Analy
bl 11 feet s the deswable minimum.
=t A minimum of 4 leel surlaced shoul is required il the seg 15 on the Priority Commercial System.
1 Measured om back of curb
11t Measured from the edge ol the dnving lane.
t1t  Reler 1o Board ol Public Roads Cilassil and Stand "Section 00103 M Design Standards — Resurlacing, R » and Ashabilitation (3R) Projects on Non-inlerstale Rural Slale Highways*
Minmum design policy shall include seeding or sodding of ol veg of all disturbed areas.
Curbﬂamplbls.ﬂ;aﬂmwmnhlmhmuﬂﬂlmf‘ truction and R truction of Curbs in Municipalies, R | Develop and S y and Impi t Districts beyond the Zoning Junsdiction of the
| S 001.23)
The above minimum standards do nol apply 1o an interim lype surface repair performed on a highway seg progH d for ion. Interim repairs (a minimal thich of riacing only) may be necessary 1o provide
conunued ser y 1o Ihe @ public pnor o the scheduled reconsiruction,

FIGURE B-5, MINIMUM DESIGN STANDARDS FOR RESURFACING, RESTORATION, AND REHABILITATION
(3R) PROJECTS ON NON-INTERSTATE MUNICIPAL STATE HIGHWAYS.



Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS

Chapter 2 — Procedures for Standards (Continued)

001.15 MINIMUM DESIGN STANDARDS — MUNICIPAL STREETS

n

(2)

(3) Width of Lateral

Daugn Design Design Max. Max. Number Lane Median Shouider Shoulder Obstacle Bridge

Roadway Yoar Hour Speed Curve Grade of Width Width Width Surfacing Clearance Access Design
Classihication ADT DHV (MPH) (Deg.) (%) Lanes (Feet) (Feet) (Feel) (Feet) (Feet) Control Lighting Loading

Other Arterial L b 30 15 | 2 11 0 - As a MN/A LS MNone Full H-20

Reguired

Coliector L i 25 20 10 2 11 None 6 N/A oo b None Desirable H-20

Local - ® 25 30 10 2 11 None 6 MNJA wan None Desirable H-20
MNote: Tne 1965 2aition of AASHO “A Policy on Geometric Design of Rural Highways," the 1969 edition of AASHO "Gcometnic Design Standards for Highways Other than Freeways," the 1973

edition of AASHO "A Policy on Design of Urpan Highways and Arterial Streets,' and the June 20, 1967 revised AASHO publication “A Policy on Design Standaras, Interstate Systems" should
be used lor other design criteria.

1) “Design Year' shall be year of initial construction pius 20 years,
12) 0.06 feet per foot maximum superelevation rate.
(3) Lane widing snall be based on measurements taken from the innermost extremity of curb configuration. Shoulder width shall be measured from back of curb.

Local streel radn can be reduced to 100 lect 1f compatibie with overall development.

Desiyn shall pe pased on 250-500 V.P.H, per lane in design year where cross and turming traffic is sufficiently great Lo reguire signal control,

Minymum iateral obstacie clearance lor curbed section shall be 2 leel as measured Irom back face of curb tou front face of obstacie, Minimum lateral obslacie ciearance for non-curbed section shall
be 8 feel 4% measured from edge of dryving lane and to front face of obslacle. Traffic control devices thal conform with the standards of Nebraska Manual of Uniform Traffic Control Devices will
Do allowed in (he |laléral obslacle clearance Zzone, any other object will be considered an obslacie.

Thnese design standards are values for new construction.

Mimimum design policy for all classifications shall include serding ar sodding or reestablishment of vegetation of all disturbed areas.

Alley improvements may be made Lo meet local requirements.

Curp Ramps for the Handicapped shall D8 included on all New consiruzlion and Reconstruction of Curbs in Municipalities, Residential Developments and Sanitary and Improvemnent Districts beyond the
Zoning Jurnisdiction of the Municipalities. (Ses Section 001.23).

FIGURE B-6., MINIMUM DESIGN STANDARDS FOR MUNICIPAL STREETS.



Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS

Chapter 2 — Procedures for Standards (Continued)

001.16 _MINIMUM DESIGN STANDARDS - RURAL ROADS

New and New and Bridges to
(4) Reconstructed Reconstructed Remain in
(2) (3 ) Lateral Bridges Bridges Place
[45] Design Max. Max. Number Lane Shoulder Obstacle Roadway Width Roadway th ocadway Width Bridge Surfacing
Roadway Design Current Speea Curve Grade of Width Width Clearance (100" & Under (Over 100" (100" & Under Design Type
Classification Number ADT {MPH} (Deg.) (%) Lanes {Feaot) (Feet) (Feet) In Length) in Length) in Length) - Loading Minimum
Other Arterial RCA1 750401 50 7.5 7 2 12 6 12 30" 28" 24" H-20 Agg.
ROA2 400-251 50 7.5 7 2 11 4 10 3o 28" 22" H-20 Agg.
ROA3 250-51 50 7.5 F) 2 10 4 10 28’ 28’ 20° H-20 Agy.
ROA4 50-0 40 8.0 8 2 10 3 9 26* 26" 20" H-15 Agg.
Collector RC1* 400-251 50 7.5 ¥ 2 11 4 10 30" 28' 22" H-20 Agg.
RC2 250-51 50 7.5 7 2 10 4 10 28" 28 20" H-15% Agg.
RC3 50-0 40 10.0 9 2 10 3 Shid. +2 24" 24" 20* H-15 Agg.
Local ALL® 400-251 50 7.5 7 2 1l 4 Shid, +2 26" 26" 22 H-20 Agg.
AL2 250-51 50 7.5 7 2 10 4 Shid, +2 24 24" 20 H-15 Aagg.
AL3es 50-0 30 23.0 10 2 10 ;| Shid, +2 20 20° 20' H-15 Aagg.

Minimum Maintenance: MNo standards in effect. All proposed construction or reconstruction shall be submitted to the Board for review In accordance with the rules and regulations for relaxation of

stanaards.

Nota: Tha October 26, 1969, edition of the American Association of State Highway Officlals (AASHO) ""Geometric Design Guide for Local Roads and Streets - Part 1 - Rural" should be used for othar

design criteria,

(4] Low waler stream crossings may be constructed on very low volume county roads functionally classified as Local or Minimum Maintenance, provided a relaxation of standards has besn grantea by
the Board, New low waler stream crossings shall not be consiructed on counly roads functionally classifiea as Other Arterial and Collector.

2) 0.08 fest per foot maxi wuper lon rate, g

(3] Maximum grades may be exceeded by 2 percent for tangent distance of up to 500 feat In rough terrain.

(4) Minimum lateral obstacie clearance for curbed section shall be 2 feet as measured from back face of curb to Iront face af obstacle. Minimum lateral obstacie clearance for non-curbed section shall be
8 teet as measured from edge of driving lane and to front face of obstacle. Traffic control devices that conform with the standards of Nebraska Manual of Uniform Trattic Control Davices will ba
dlilowed in the |ateral obstacle ciearance zone, any other object will be considered an obstacle, ¢

- Minimum design criterla lor ADT volumes over 400 In the **Collector® and **Local* classifications shall conform ta the minimum standards set forth In the “Other Arterial" classification.

ok Certain roads falling in the *Yocal' classitication, 50-0 A.D.T,, require hard surfacing because of the light, granular nature of the solls Involved (“Sandhlll'* soils). In these cases, It shall be parmissible
to hard surface one 12 feet lane on the minimum section specified for Lhis calegory,

Minimum design pollcy for all classifications shall Inclug ding or tablish 1 of vegetation of all disturbed areas.

Curb Ramps lor the Handicapped shall be Included on all New Construction and Reconstruction of Curbs In Municipalities, Residential Developments and Sanitary and Improvement Districts beyond the
Zoning Junisdiction of the Municipalities |(See Section 001,23).

FIGURE B-7. MINIMUM DESIGN STANDARDS FOR RURAL ROADS.



Title 428 — BOARD OF PUBLIC ROADS CLASSIFICATIONS AND STANDARDS Section 001.17 Standards may be used only for Approved

Functionally Classified Scenic - Recreation Roads
Chapter 2 — Procedures for Standards (Continued)

001.17 MINIMUM DESIGN STANDARDS - SCENIC-RECREATION-RURAL ROADS

New and New snd Bridges to
3 Reaconstrucied Reconstrucied Remain in
iy 121 [E)] Lateral Bridges Brigges - Pacs
Deugn Man, Max. Number Lane Shoul o Roadway Width R y Width Roadway Widih Bridg Surfacing
Roadway Desngn Current Speed Curve Grade of width Width Clearance (100" & Under (Over 100° (100" & Under Design Type
Cuassibication Number ADT {MPH) {Deq.) %) Lanes (Fest) (Feel) (Feet) in L in Length) In Langth) Loading

Oinar Artenial ROAZ2 750 - 40} 50 1.5 7 2 11 4 10 o’ 28" 22" H-20 Agg.
ROAJ 400 - 251 50 75 7 2 10 4 10 28' 28' 20 H-20 Agg.
ROA4 250-0 40 8.0 L] 2 10 3 9 26' 26' 20' H-15 Agg.
* Collector RC2 400 - 251 50 7.5 7 2 10 4 10 28" 28' 20° H-15 Agg.
RC3 250-0 40 10.0 9 2 10 3 Shid. +2 24 24" 20° H-15 Agy.
* Locail RL2 400 - 251 50 7.5 7 2 10 4 Shia, +2 24° 24" 20" H-15 Agg.
RL3** 250 -0 30 23.0 10 2 10 3 Shid, +2 20" 20" 20" H-15 Agg.

Nols: Tne October 26, 1969, ed:i:on of the American Association of Slate Highway Ofticials (AASHO) “*Geometric Design Guide lor Local Roads and Streets - Part 1 - Rural* should be used for olher
aengn crilens.

(£} 0.08 feet per foot m super ion rale.

2) Maximum grades may De exceeded by 2 percent for tangent distance ol up (o 500 feet in rough lerrain,

13 M lateral obstacle € for curbead sechion shall be 2 feel as measured lrom back face of curt to front face of obstacie. Minj lateral clearance for non-curbed section shall
pe 8 leel ay measured from sdge of driving lane and to Tront of obstacie. Trallic control devices (hat contorm with the stanu . ds = Nebraska Manual of Uniform Traffic Conirol Devices will be
allowed in Lhe jateral obslacie claarance zone, any olher object wiil e ¢ dered an obstacle,

- Minimurm design criteria for ADT volumes over 400 in the "Collecior' and “Locai' classihications shall conform to the minimun ss set forth in the “Other Arterial' classification.
L Certain roads falling in the "local® classification, 50 - 0 A,D.T., require hard surlacing because of the light, granular nature of the soue wivalved {""Sandhill® soils). In thesa cases, it shall be permissibie

1o nard surface one 12 feel lane on the minimum section specified for this category,
A mimimum 5 fest flat bottom ditch may be used when environmental conditions warrant, Backsiopes may be varied to lit conditions,

Minimum gesign policy for all classilications snall include ding or reeslablish i of vegetalion of all disturbed areas.

Minimum design slandaras within the recreational area shall be consistent with the established speed limits, the topography and use of the facility, Design may be to sither urban or rural standarads
g on terrain M design speed permissibie 20 mph.

Speed Limits estaplisned for these roules shall be those as delermined through an engineering analysis of the area by the county or counties having jurisdictional responsibility.

Eftort shall be made Lo preserve the natural environmaen! Lo the extant p withoul ¢ 2] ising the safely of those using the facilily al the speed limits that apply.

Curth Ramps for the Handicapped shall be included on all New Construction and Reconsiruction of Curbs In Municipalities, R ial Develop and y and Impr t Districts beyond the
Zoning Jurisgiclion of the Municipalities. (See Section 001.23).

FIGURE B-8, MINIMUM DESICGN STANDARDS FOR SCENIC - RECREATION - RURAL ROADS.
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U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL HIGHWAY ADMINISTRATION

FEDERAL-AID HIGHWAY PROGRAM MANUAL

VOLUME 6 ENGINEERING AND TRAFFIC OPERATIONS
CHAPTER 6 RAILROADS AND UTILITIES
SECTION 3 UTILITIES
SUBSECTION 2 . ACCOMMODATION OF UTILITIES
Transmittal 426
November 11, 1988
HNG-12
Par. 1. Purpose
' 2. Authority
3. Applicability-
4. Policy
5. Definitions
6. General Requirements
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1. PURPOSE. *To prescribe policies and procedures for
accommodating utility facilities and private lines
on the right-of-way of Federal-aid or direct Federal
highway projects.

2. AUTHORITY. 23 vu.S.C. 109, 111, 116, 123 and 315;
23 CFR 1.23 and 1.27; 49 CFR 1.48(b); Executive
Order'IIBPO, 42 FR 26961 (May 24, 15977).

3. APPLICABILITY. This directive applies to:

a@. new utility installations within the right-of-way
of Federal-ald or direct Federal highway projects,:

* Italicized material is published in 23 CFR 645B.



Federal-Aid Highway Program Manual ~ Vol. 6, Ch. 6

Transmittal 426, November 11, 1988

existing utility facilities which are to be
retained, relocated, or adjusted within the
wight-of-way of active projects under
development or construction when Federal- aid’

or direct Federal highway funds are either .
being or have been used on the involved highway
facility.* When existing utility installations -~
are to remain in place without adjustments on

1

‘'such projects the highway agency and utility
‘are to enter inio an appropriate agreement as

discussed in paragraph 8,
existing utility facilities which are to be

.adjusted or relocated under the provisions of

paragraph 6k, and

private lines which may be permitted to cross the
right-of-way of a Federal-aid or direct Federal
highway project pursuvant to State law and regula-
tions and the provisions of this directive.
Longitudinal use of such right-of-way by private
lines is to be handled under the provisions of.
23 CFR 1. ZJfCJ i

POLICY

Pursuant to the provisions of 23 CFR 1.23, it 1is
in the public interest for utility facilities to
be accommodated on the right-of-way of a Federal-
aid or direct Federal highway project when such
use and occupancy of the highway right-of-way do
not adversely affect highway or traffic safety,
or otherwise impair the highway or its aesthetic :
quality, and do not conflict with the provisions
of Federal, State or loczl laws or regulations.

Since by tradition and practice highway and Utility'v

facilities frequently coexist within common right-
of-way or along the same transportation corridors,
it is essential in such situations that these
public service faciliti:. be compatibly designed
and operated. In the design of new highway

facilities consideration should be given to utility
service needs of the area traversed if such service

is to be provided from utility facilities on or
near the highway. Similarly the potential iImpact

Sec. 3, Subsec.
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on. the highway and it users should be considered in
the design and location of utility facilities on or
along highway right-of-way. Efficient, effective
and safe joint highway and utility development of
transportation corridors iIs important along high-
speed and high-volume roads, such as major arterials
and freeways, particularly those approaching
metropolitan areas where space is increasingly
limited. Joint highway and utility planning and
development efforts are encouraged on Federal-aid
highway projects.

The manner in which vutilities cross or otherwise
occupy the right-of-way of a direct Federal or
Federal-aid highway project can materially affect
the highway, its safe operation, aesthetic quality,
and maintenance. Therefore, it is necessary that
such use and occupancy, where authorized, be
regulated by highway agencies in a manner which
preserves the operational safety and the

functional and aesthetic quality of the highway
facility. This directive shall not be construed to
alter the basic legal authority of utilities to
install their facilities on public highways pursuant
to law or franchise and reasonable regulation by
highway agencies with respect to location and manner
of installation.

When vutilities cross or otherwise occupy the
right-of-way of a direct Federal or Federal-aid highway
project on Federal lands, and when the right-of-way
grant iIs for highway purposes only, the utility must
also obtain and comply with the terms of a right-of-way
or other occupancy permit from the Federal agency having
Jurisdiction over the underlying land.

5. DEFINITIONS. For the purpose of this directive, the

(]

owling definitions shall apply:

Aesthetic gualitF - those desirable characteristics in

e appearance of the highway and its environment, such
as harmony between or blending of natural and
manufactured objects in the environment, continuity of
visual form without distracting interruptions, and
simplicity of designs which are desirably functional in
shape but without clutter.
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b.

c-

Clear Recovery Area - that portion of the roadside,
n the highway right-of-way as established by the

highway agency, free of nontraversable hazards and fixed
‘objects. The purpose of such areas is to provide
drivers of errant vehicles which leave the traveled
portion of the roadway a reasonable opportunity to stop
safely or otherwise regain control of the vehicle. The
clear recovery area may vary with the type of highway,
terrain traversed, and road geometric and operating
conditions. The American Association of State Highway
<and Transportation Officials (AASHTO), "Guide for

electing, Locating, and Designing Traffic Barriers,"

977, should be used as a guide for establishing clear
Fecovery areas for various types of highways and
operating conditions.

Clear Roadside Policy - that policy employed by a
“highway agency to provide a clear recovery area in order
to increase safety, improve traffic operations, and
‘enhance the aesthetic quality of highways by designing,
constructing and maintaining highway roadsides as wide,
‘flat, and rounded as practical and as free as practical
‘from natural or manfactured hazards such as trees,

‘drainage structures, nonyielding sign supports, highway

lighting supports, and utility poles and other ground-
mounted structures.® The policy should address the
removal of roadside obstacles which are likely to be
associated with accident or injury to the highway user,
or when such obstacles are essential, the policy should
provide for appropriate counter-measures to reduce
hazards. Countermeasures include placing utility
facilities at locations which protect out-of-control
vehicles, using breakaway features, using impact
attenuation devices, or shielding. In all cases full
consideration shall be given to sound engineering
principles and economic factors.

Direct Federal Highway Projects - those active or
completed highway projects such as projects under the
Federal Lands Highways Program which are under the
direct administration of the Federal Highway
Administration (FHWA).

Federal-Aid Highway Projects - those active or completed
highway projects administered by or through a State
highway agency which involve or have involved the use of
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Federal-aid highway funds for the development,
acquisition of right-of-way, construction or Improvement
of the highway or related facilities, including highway
beautification projects under 23 U.S.C. 319, Landscaping
and Scenic Enhancement.

f. Freeway - a divided arterial highway with full control
“of access.:

g. Highway Agency - that department, agency, commission,
EEgrd, or official of any State or political subdivision
thereof, charged by its law with the responsibility for
highway administration.

h. Highway - any public way for vehicular travel, including
e entire area within the right-of-way and related
facilities constructed or improved in whole or in part
with Federal-aid or direct Federal highway funds.

i. Private Lines - privately owned facilities which convey
or transmit the commodities outlined in paragraph 5m,
but devoted exclusively to private use.

Jj- Right-of-Way - real property, or interests therein,
“acquired, dedicated or reserved for the construction,
‘operation, and maintenance of a highway in which

Federal-aid or direct Federal highway funds are or have
been involved in any stage of development. Lands
acquired under 23 U.S.C. 319, shall be considered to be
highway right-of-way.

k. State Highway Agency - the highway agency of one of the
50 States, the District of Columbia, or Puerto Rico.

l. Use and Occupancy Agreement - the document (written
agreement or permit) by which the highway agency
approves the use and occupancy of highway right-of-way
by utility facilities or private lines.

m. Utility facility - privately, publicly or cooperatively
“owned ilne, facility, or system for producing,
"transmitting, or distributing communications, cable
“television, power, electricity, light, heat, gas, oil,
‘crude products, water, steam, waste, storm water not

connected with highway drainage, or any other .similar
commodity, including any fire or police signal system or
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street lighting system, which directly or indirectly
serves the public. The term utility shall also mean the
utility company inclusive of any substantially owned or
controlled subsidiary. For the purposes of this
section, the term includes those utility-type facilities
which are owned or leased by a governmental agency for
its own use, or otherwise dedicated solely to
governmental use. The term utility includes those
facilities used solely by the utility which are a part
of its operating plant.

6. GENERAL REQUIREMENTS

Safety. Highway safety and traffic safety are of
paramount, but not of sole, importance when
raccommodating utility facilities within highway right-
of-way. Utilities provide an essential public service
to the general public. Traditionally, as a matter of
sound economic public policy and law, utilities have
used public road right-of-way for transmitting and
distributing their services. However, due to the nature
and volume of highway traffic, the effect of such joint
use on the traveling public must be carefully considered
by highway agencies before approval of utility use of
the right-of-way of Federal-aid or direct Federal
highway projects is given. Adjustments in the operating
characteristics of the utility or the highway or other
special efforts may be necessary to increase the
compatibility of utility-highway Jjoint use. The
possibility of this joint use should be a consideration
in establishing right-of-way requirements for highway
projects. In any event, the design, location, and
manner in which utilities use and occupy the right-of-
way of Federal-aid or direct Federal highway projects
must conform to the clear roadside policies for the
highway involved and otherwise provide for a safe
traveling environment as required by

23 U.S.C. 109(2)(1).

New Above Ground Installations. On Federal-aid or
rec edera ghway projects, new above ground
utility installations, where permitted, shall be
located as far from the traveled way as possible,
preferably along the right-of-way line. No new
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above ground utility installations are to be
allowed within the established clear recovery of
the highway unless a determination has been made

by the highway agency that placement underground is
not technically feasible or is unreasonably costly
and there are no feasible alternate locations. 1In
exceptional situations when it is essential to
locate such above ground vtility facilities within

‘the established clear recovery area of the highway,

appropriate countermeasures to reduce hazards shall
be used. Countermeasures include placing utility
facilities at locations which protect or

minimize exposure to out-of-control vehicles, using
breakaway features, using impact attenuation devices,
using delineation, or shielding.

Installations Within Freeways

(1) Each State highway agency shall submit an
accommodation plan in accordance with
paragraph 7 and paragraph 9 which addresses
how the State highway agency will consider
applications for longitudinal utility
installations within the access control lines
of a freeway. This includes utility
installations within interchange areas which
must be constructed or serviced by direct

access from the main lanes or ramps. If a State

highway agency elects to permit such use, the
plan must address how the State highway agency
will oversee such use consistent with this
subsection, Title 23, U.S5.C., and the safe and
efficient use of the highways.

(2) Any accommodation plan shall assure that
installations satisfy the following criteria:

(a) The effects utility installations will
have on highway and traffic safety will
be ascertained, since in no case shall
any use be permitted which would
adversely affect safety.

(b) The direct and indirect environmental
and economic effects of any loss of
productive agricultural land or any
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(3)

(c)

(d)
(e)
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productivity of any agricultural land
which would result from the disapproval
of the use of such right-of-way for ...
accommodation of such utility facility
will be evaluated.

These environmental and economic effects
together with any interference with or
impairment of the use of the highway in
such right-of-way which would result from
the use of such right-of-way for the
accommodation of such utility facility
will be considered.

[Reserved]

A utility strip will be established along
the outer edge of the right-of-way by
locating a utility access control line
between the proposed utility installation
and the through roadway and ramps.- Existing
fences should be retained and, except along
sections of freeways having frontage roads,
planned fences should be located at the
freeway right-of-way line. The State or
political subdivision is to retain control
of the utility strip right-of-way including
its use by utility facilities. Service
connections to adjacent properties shall not
be permitted from within the utility strip.

Nothing in this directive shall be construed as
prohibiting a highway agency from adopting

a more restrictive policy than that contained
herein with regard to longitudinal utility
installations along freeway right-of-way and
access for constructing and/or for servicing
such installations.

Uniform Policies and Procedures. For a highway agency

to fulfill its responsibilities to control utility use
of Federal-aid highway right-of-way within the State
and its political subdivisions, it must exercise or
cause to be exercised, adequate regulation over such use
and occupancy through the establishment and enforcement
of reasonably wuniform policies and procedures for
utility accommodation.
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Private Lines. Because there are circumstances when
private lines may be allowed to cross or otherwise
occupy the right-of-way of Federal-aid projects, highway
agencies shall establish uniform policies for properly
controlling such permitted use. When permitted, private
lines must conform to the provisions of this directive
and the provisions of 23 CFR 1.23(c) for longitudinal
installations.

Direct Federal Highway Projects. On direct Federal
highway projects, the FHWA w apply, or cause to be
applied, utility and private line accommodation policies
similar to those required on Federal-aid highway
projects. When appropriate, agreements will be entered
into between the FHWA and the highway agency or other
government agencies to ensure adequate control and
regulation of use by utilities and private lines of the
right-of-way on direct Federal highway projects.

Projects Where State Lacks Authority. On Federal-aid
highway projects where the State highway agency does
not have legal authority to regulate highway use by
utilities and private lines, the State highway agency
must enter into formal agreements with those local
officials who have such authority. The agreements must
provide for a degree of protection to the highway at
least equal to the protection provided by the State
highway agency's utility accommodation policy approved
under the provisions of paragraph 9b. The project
agreement between the State highway agency and the FHWA
on all such Federal-aid highway projects shall contain a
special provision incorporating the formal agreements
with the responsible local officials.

Scenic Areas. New utility installations, including
those needed for highway purposes, such as for highway
lighting or to serve a weigh station, rest area or
recreation area, are not permitted on highway right-of-
way or other lands which are acquired or improved with
Federal-aid or direct Federal highway funds and are
located within or adjacent to areas of scenic
enhancement and natural beauty. Such areas include
public park and recreational lands, wildlife and
waterfowl refuges, historic sites as described in

23 U.S.C. 138, scenic strips, overlooks, rest areas and
landscaped areas. The State highway agency may permit
exceptions provided the following conditions are met:
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(1) New underground or aerial installations may be
permitted only when they do not require extensive
removal or alteration of trees or terrain features
visible to the highway user or impair the aesthetic
quality of the lands being traversed.

(2) Aerial installations may be permitted only when:

(a) other locations are not available or are
usually difficult and costly, or are less
desirable from the standpoint of aesthetic
quality,

(b) placement underground is not technically
feasible or is unreasonably costly, and

(c) the proposed installation will be made at
a location, and will employ suitable design
and materials, which give the greatest weight
to the aesthetic qualities of the area being
traversed. Suitable designs include, but are
not limited to, self-supporting armless,
single-pole construction with. vertical
configuration of conductors and cable.

(3) For new utility installations within freeways, the
provisions of paragraph é6c must also be satisfied.

i. Joint Use Agreements. When the utility has a
compensable interest in the land occupied by its
facilities and such land is to be jointly occupied and
used for highway and utility purposes, the highway
agency and utility shall agree in writing as to the
obligations and responsibilities of each party. Such
joint-use agreements shall incorporate the conditions of
occupancy for each party, including the rights vested in
the highway agency and the rights and privileges
retained by the utility. 1In any event, the interest to
be acquired by or vested in the highway agency in any
portion of the right-of-way of a Federal-aid or direct
Federal highway project to be vacated, used or occupied
by utilities or private lines, shall be adequate for the
construction, safe operation, and maintenance of the
highway project.
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Traffic Control Plan. Whenever a utility installation,
adjustment or maintenance activity will affect the
movement of traffic or traffic safety, the utility shall
implement a traffic control plan and utilize traffic
control devices as necessary to ensure the safe and
expeditious movement of traffic around the work site and
the safety of the utility work force in accordance with
procedures established by the highway agency. The
traffic control plan and the application of traffic
control devices shall conform to the standards set forth
in the Manual on Uniform Traffic Control Devices (MUTCD)
and Federal-Aid Highway Program Manual (FHPM) 6-4-2-12,
Traffic Safety in Highway and Street Work Zones.

Corrective Measures. When the highway agency determines
that existing utility facilities are likely to be
associated with injury or accident to the highway user,
as indicated by accident history or safety studies, the
highway agency shall initiate or cause to be initiated
in consultation with the affected utilities, corrective
measures to provide for a safer traffic environment.

The corrective measures may include changes to utility
or highway facilities and should be prioritized to
maximize safety benefits in the most cost-effective
manner. The scheduling of utility safety improvements
should take into consideration planned utility
replacement or upgrading schedules, accident potential,
end the availability of resources. It 1Is expected that
the requirements of this paragraph will result in an
orderly and positive process to address the identified
utility hazard problems in a timely and reasonable
manner with due regard to the effect of the corrective
measures on both the utility consumer and the road user.
The type of corrective measures are not prescribed. Any
requests received involving Federal participation in the
cost of adjusting or relocating utility facilities
pursuant to this paragraph shall be subject to the
provisions of FHPM 6-6-3-1, Utility Relocations,
Adjustments and Reimbursement, and FHPM 8-2-3, Highway
Safety Improvement Program.

Wetlands. The installation of privately owned lines or
conduits on the right-of-way of Federal-aid or direct
Federal highway projects for the purpose of draining
adjacent wetlands onto the highway right-of-way is
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considered to be inconsistent with Executive Order
11990, Protection of Wetlands, dated May 24, 1977, and
shall be prohibited.

7. STATE HIGHWAY AGENCY ACCOMMODATION POLICIES. The FHWA shall
use the AASHID publications, "A Gulde for Accommodating
Utilities wWithin Highway Right-of-Way", 1981, and "Guide for
Selecting, Locating and Designing Traffic Barriers", 1977,
“to assist In the evaluation of adequacy of State highway
agency utility accommodation policies. As a minimum, such -
policies shall make adequate provisions with respect to the
following:

a. Utilities must be accommodated and maintained in a
manner which will not impair the highway or adversely
affect highway or traffic safety. Uniform procedures
controlling the manner, nature and extent of such
utility use shall be established.

b. Consideration shall be given to the effect of
utility installations in regard to safety, aesthetic
quality, and the costs or difficulty of highway and
utility construction and maintenance.

c. The State highway agency's standards for regulating the
use and occupancy of highway right-of-way by utilities
must include, but are not limited to, the following:

(1) The horizontal and vertical location requirements
and clearances for the various types of utilities
must be clearly stated. These must be adequate to
ensure compliance with the clear roadside policies
for the particular highway involved.

(2) The applicable provisions of government or industry
codes required by law or regulation must be set
forth or appropriately referenced, including
highway design standards or other measures which
the State highway agency deems necessary to provide
adequate protection to the highway, its safe
operation, aesthetic quality, and maintenance.

(3) Specifications for and methods of installation;
requirements for preservation and restoration of
highway facilities, appurtenances, and natural
features and vegetation on the right-of-way; and
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limitations on the utility's activities within
areas set forth by paragraph 6h should be
prescribed as necessary to protect highway
interests.

(4) Measures necessary to protect traffic and its safe
operation during and after installation of
facilities, including control-of-access
restrictions, provisions for rerouting or detouring
traffic, traffic control measures to be employed,
procedures for utility traffic control plans,
limitation on vehicle parking and materials
storage, protection of open excavations, and the
like must be provided.

(5) A State highway agency may deny a utility's request
to occupy highway right-of-way based on State law,
regulation, or ordinances or the State highway
agency's policy. However, in any case where the
provisions of this directive are to be cited as the
basis for disapproving a utility's request to use
and occupy highway right-of-way, measures must be
provided to evaluate the direct and indirect
environmental and economic effects of any loss of
productive agricultural land or any impairment of
the productivity of any agricultural land that
would result from the disapproval. The
environmental and economic effects on productive
agricultural land together with the possible
interference with or impairment of the use of the
highway and the effect on highway safety must be
considered in the decision to disapprove any
proposal by a utility to use such highway
right-of-way.

Compliance with applicable State laws and approved State
highway agency utility accommodation policies must be
assured. The responsible State highway agency's file
must contain evidence of the written arrangements which
set forth the terms under which utility facilities are
to cross or otherwise occupy highway right-of-way. All
utility installations made on highway right-of-way shall
be subject to written approval by the State highway
agency. However, such approval will not be required
where so provided in the use and occupancy agreement
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f.

agency. However, such approval will not be required
where so provided in the use and occupancy agreement
for such matters as utility facility maintenance,
installation of service connections on highways other
than freeways, or emergency operations. OMB Control
Numbers 2125-0522 and 2125-0514]

The State highway agency shall set forth in its utility
accommodation plan detailed procedures, criteria, and
standards it will use to evaluate and approve individual
applications of utilities on freeways under the
provisions of paragraph é6c of this section. The State
highway agency also may develop such procedures,
criteria and standards by class of utility. In defining
utility classes, consideration may be given to distin-
guishing utility services by type, nature or function
and their potential impact on the highway and its user.

The means and authority for enforcing the control of
access restrictions applicable to utility use of
controlled access highway facilities should be clearly
set forth in the State highway agency plan.

USE _AND OCCUPANCY AGREEMENTS (PERMITS). [OMB Control Number
2125-0522] The written arrangements, generally in the form
of use and occupancy agreements setting forth the terms
under which the utility is to cross or otherwise occupy the
highway right-of-way, must include or incorporate by
reference: :

The highway ayerncy standards for accommodating
utilities. Since all of the standards will not be
applicable to each individual utility installation, the
use and occupancy agreement must, as a minimum, describe
the requirements for location, construction, protection
of traffic, maintenance, access restriction, and any
special conditions applicable to each installation.

A general description of the size, type, nature, and
extent of the utility facilities being located within
the highway right-of-way.

Adequate drawings or sketches showing the existing
and/or proposed location of the utility facilities
within the highway right-of-way with respect to the
existing and/or planned highway improvements, the
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The extent of liability and responsibilities associated
with future adjustment of the utilities to accommodate
highway improvements.

The action to be taken in case of noncompliance with the
highway agency's requirements.

Other provisions as deemed necessary to comply with
laws and regulations.

APPROVALS

Each State highway agency shall submit a statement to
the FHWA on the authority of utilities to use and occupy
the right-of-way of State highways, the State highway
agency's power to regulate such use, and the policies
the State highway agency employs or proposes to employ
for accommodating utilities within the right-of-way of
Federal-aid highways under its jurisdiction. Statements
previously submitted and approved by the FHWA need not
be resubmitted provided the statement adequately
addresses the requirements of this directive. When
revisions are deemed necessary, the changes to the
previously approved statement may be submitted
separately to the FHWA for approval. The State highway
agency shall include similar information on use and
occupancy of such highways by private lines where
permitted. The State shall identify those areas, if
any, of the Federal-aid highway systems within its
burcders where the State highway agency is without legal
suthority to regulate use by utilities. The statement
shall address the nature of formal agreements with local
officials required by paragraph 6g. It is expected that
the statements required by this directive or necessary
revisions to previously submitted and approved
statements will be submitted to FHWA within 1 year of
the effective date of this directive. [OMB Control
Number 2125-0514]

Upon determination by the FHWA that a State highway
agency's policies satisfy the provisions of 23 U.S.C.
109, 111, and 116, and 23 CFR 1.23 and 1.27, and meet
the requirements of this directive, the FHWA will
approve their use on Federal-aid highway projects in
that State.
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Any changes, additions or deletions the State highway
agency proposes to the approved policies are subject
to FHWA approval.

When a utility files a notice or makes an individual
application or request to a State highway agency to

use or occupy the right-of-way of a Federal-aid highway
project, the State highway agency is not required to
submit the matter to the FHWA for prior concurrence,
except under the following circumstances:

(1) The proposed installation is not in accordance with

this directive or the State highway agency's
utility accommodation policy approved by the FHWA
for use on Federal-aid projects.

(2) Longitudinal installations of private lines.
The State highway agency's practices under the policies

or agreements approved under paragraph 9b shall be
periodically reviewed by the FHWA.

®U.§5. Governmen: Printing Office ! 1PEE - 617-514/00584
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279



A number of researchers have focused on possible countermeasures or options for
relocating utility and/or light poles. This section provides a composite summary of the
recommendations based on their work. |

In 1980, Jones studied a major pole relocation project implemented along a four-lane
major arterial in Knoxville, Tennessee in 1974 (35). Before the pole relocation, the roadway
had a relatively high incidence of personal injuries and fatalitics. Jones found that the
number of personal injixries and fatalities was essentially eliminated along the 3.25kilometer
section as a result of (1) increasing the lateral offset of utility poles from the back of the
curb to approximately 6 feet, or to the back of the sidewalk; (2) locating poles on one side
of the street; and (3) increasing pole spacing to 150 feet. From 1963 to 1979, the ADT
varied from approximately 20,000 to 32,000. .

Fox, Good, and Joubert performed a benefit-cost analysis to evaluate a series of
countermeasures and concluded that new luminaire installations should be made either
breakaway or wrap-around (6). Using the statistical concept of "relative riskfthey argued
that poles at the curb line are over 3 times more likely to be involved in an accident than
those more than 3 meters away. If poles are required, they should be offset at least 3 meters
from the road edge and should not be located on the outside of curves or near curve entry
and exit points. They also emphasized the importance of pavement skid resistance.

A study performed by the American Public Works Association (APWA) found that
the joint use of utility poles by two or more types of utilities is widely incorporated to reduce
costs and minimize street clutter (36). The utilities which commonly are involved with joint
use of utility poles are power, telephone, telegraph, and cable TV. Although joint treﬁching

or undergrounding was not as widespread, one of the more common combinations was
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electric and telephone lines in the same trench, in various combinations with telegraph,
cable TV, and other signal cables where no interference conditions exist.

Zegeer and Cynecki listed a number of possible roadway treatments or
countermeasures for reducing the frequency or severity of utility poles accidents (18). The
potential countermeasures include the following:

Locating Utility Lines Underground: This countermeasure involves removing the
utility poles and burying the utility lines underground.

Increasing the Lateral Offset of Poles: This countermeasure is aimed at reducing

utility pole accidents by increasing the distance of the poles from the roadway edge.
Reducing the Number of Poles: This countermeasure can be achieved by a number

of treatments such as multiple use of poles by different utilities, placing poles on only one
side of the street, and increasing pole spacings..

Utilizing Breakaway Poles: This countermeasure is directed at reducing utility pole
accident severity, not accident frequency.

Protective Devices: This countermeasure involves the use of guardrail or impact
attenuators near utility poles to protect the motorist and reduce the severity of the accident.

Other Countermeasures: The use of occupant restraints (seat belts and shoulder
harnesses) would reduce the utility pole accident severity. Combinations of countermeasures
could also be implemented such as increasing the lateral offset of poles and reducing the

number of poles.
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APPENDIX E

SEAT BELT EFFECTIVENESS
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Safety belts have been found to reduce the number of serious injuries by 50% and
the number of fatalities by 60 to 70% (37). When an automobile is impacted in the rear,
front, or side, the percent of reduction in injury is 50%, 55%, or 60%, respectively. In the
ability to reduce death or injury, the lap belt is 30% effective, while the lap and shoulder

belt combination is 60% effective.

284



APPENDIX F

MANUAL METHOD COST-EFFECTIVENESS PROCEDURE FORMS
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS
FORM A: SITE DESCRIPTION

Road Name or Route Identification:

Beginning Milepoint: Ending: Length: (Miles)

Area Type (Urban or Rural) - Curb (Yes or No)

Right-of-Way Width: Shoulder Width: Feet
Current Daily Traffic Volume (ADT(): Speed Limit: mph .
Expected Future Change in ADT = _ percent/yr.. or ___ percent in __ yrs.

Utility Pole Location (one side or two):

No. of Poles Pole Spacing Poles/Mile Avg. Pole Offset

Side 1: ft. ft.
Side 2: ft. ft.
Total: ft.

Type of Utility Poles and Lines:

Side 1 Side 2 (if applicable)

Wood telephone poles

Wood power poles carrying <69 KV lines
Non-wood poles

Heavy wood distribution and transmission poles
Steel transmission poles

Utility Pole Accident Data: [:] Available [:] Not Available

Utility Pole Accidents = (total) for years.

Utility Pole Accidents/Mile/Year (Ac) = No. of Utility Pole Accidents
(Sec. Length) x (Yrs. of Data)

Ac = Utility Pole Accidents per mile per year
Percent injury & fatal Utility Pole Accidents = %

Total Injuries: Total Fatalities:

querage of other heavy fixed objects within 30 feet of roadway. Refer to
Figures 10 to 15 to determine coverage factor (Cp) to use (check one):

10% Roadside Coverage (See Figure 10)
20% Roadside Coverage (See Figure 11)
30% Roadside Coverage (See Figure 12)
40% Roadside Coverage (See Figure 13
60% Roadside Coverage (See Figure 14}

80% Roadside Coverage (See Figure 15)
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS

FORM B: COUNTERMEASURE DESCRIPTION
(Complete Form B for Each Countermeasure)

Countermeasure Number of

Countermeasure to be Evaluated (Check One):

Placement of Utility Lines Underground (Check One)

Telephone lines

ilectric distribution lines <69 KV, direct bury, one phase
Electric distribution lines <69 KV, direct bury, three phase
Electric distribution lines <69 KV, conduit

Electric transmission lines >69 KV

Other:
Pole Relocation from feet to feet from the edge of the
pavement
Increase Pole Spacing from to feet. Thus the total number
of poles on the section will be which translates
to poles per mile of roadway section.
Pole Relocation from _feet to feet from the edge of the
roadway and Increase Poie Spacing to feet which translates
to poles per mile of roadway section.
Add Breakaway Pole Feature to percent of poles.
Expected reduction in injury and fatal accidents = %

Multiple Pole Use (for a section with utility poles on both
sides of the roadway) by removing utility lines from the line
of poles closest to the roadway. The average offset of the

remaining 1ine of utility pole is feet from the edge of
the roadway. The number of poles on the section would be
translating to poles per mile of section.

Expected change in annual maintenance cost (total section):

No change
Increase of $ per year
Decrease of $ per year

Unknown (assume $0 change if unknown)

Expected initial project costs (Specify):

$ Per Mile:
$ Per Pole:
$ Total:
Expected countermeasure service life = years (assume 20 years if unknown)

Interest rate = percent per year (assume 12 percent if unknown)
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS
FORM C: WORK FORM

(Complete Form C for Each Countermeasure: See Coding Instructions)

STEP 1 - Complete the Site Inventory Form (Form A).

STEP 2 - Complete the Countermeasure Description Form (Form B). One
Countermeasure Description Form should be completed for each
countermeasure.

Countermeasure No.:

Countermeasure Description:

STEP 3 - Compute Average Traffic Volume over the Project Life (ADTp)
Current ADT = = ADT¢
e Method 3-A - Annual Growth Rate (g)

Annual Traffic Growth Rate (g) = percent
Adjustment Factor = = Fp (From Table 11)
ADTA = (ADTC) x Fp = X =

e Method 3-B - Overall Growth Rate (G)
Overall Growth Rate (G)

____percent

ADTp = ADTc (2 + G/100) (2 + /100) =
) 2

STEP 4 - Determine Utility Pole Accidents Without Treatment (Ag)

e Method 4-A - Accident Predictive Model - Nomograph
ADTp = (Step 3)

Existing Pole Density poles/mile (Form A)

feet (Form A)

Existing Pole Offset

Ag = Accidents per mile per year (Nomograph, Figure 8)

Note: If Method 4-A is used, Ay = Ag.
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS
FORM C: WORK FORM

(Complete Form C for Each Countermeasure: See Coding Instructions)

® Method 4-B - Existing Accident Data

"Ac = accidents Rer mile per year based on existing accident
experience (Form A)

Adjustment Factor to Convert Utility Pole Accident Experience From Ac to Ag

A1 (From Nomograph, Figure 8) =

ADT¢ = (Form A)
Existing Pole Density
Existing Pole Offset

poles/mile (Form A)
feet (Form A)

A (From Nomograph, Figure 8) =

ADTp = (Step 3)
Existing Pole Density = poles/mile (Form A)
Existing Pole Offset = feet (Form A)
Ag = (Ac) x (A2/A1) = x( [/ )= Accidents per mile per yeér

STEP 5 - Determine the Accident Reduction Factor (RA) for utility pole accidents

Ag (from Nomograph, Figure 8) = Accidents per mile per year .
ADTA = (Step 3)
Proposed Pole Density = poles/mile (Form B)
Proposed Pole Offset = feet (Form B)
Ay = Accidents per mile per year (Step 4)
Rpo = A2 - Af = - =
A2
RA = % Reduction in Utility Pole Accident Freguency

For the Breakaway Pole Countermeasure, Skip Steps 6 and 7, go to Step 8.
STEP 6 - Select the Roadside Adjustment Factor (Hg)

Skip for the Breakaway Pole Countermeasure

Coverage Factor (Cf) = (Form A)

HR = (0 to 1.0) from Tables 3, 4, 5 or 6.
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS
FORM C: WORK FORM

(Complete Form C for Each Countermeasure: See Coding Instructions)

STEP 7 - Compute the Number of Accidents Reduced (AA)

AA = (Ag) x (Ra) x (HR) x (L)
AR = X X X = Accidents per year

STEP 8 - Select the Average Cost Per Utility Pole Accident (Ca)

Cp = $7,007 based on 1981 NSC costs or $ based on

agency costs.

For the breakaway pole countermeasure, skip Step 9 and go to Step 10B

STEP 9 - Compute Accident Benefits Due to Reduced Accident Occurrences (Bp)
(AA) x (Cp) |
By = x$ =% per year.

n

Ba

STEP 10 - Compute Accident Benefits Due to a Reduction in Accident Severity (Bg)

e Step 10-A - For all countermeasures except breakaway devices. Only for
sections having speeds less than 45 mph.

Bs

(Ag) x (1 - HR) x (RA) x (ACaA) x (L) [For ACp, See Table 12]
Bg = x (1 - ) x x$ X =3 per year

e Step 10-B - For the breakaway pole countermeasure only .

Bs = (Ag) x (A Ca) x (L) [For ACa, See Table 13]

n
o

Bg = x $ X per year

STEP 11 - Compute Total Accident Benefits (By)

n

BT = BA + BS

$ +$

"
o

Br per year
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COST=EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS
FORM C: WORK FORM
(Complete Form C for Each Countermeasure: See Coding Instructions)
STEP 12 - Determine the Change in Maintenance Costs (Cp)
Cy=$ per year. Use $0 if unknown
STEP 13 - Determine Countermeasure Installation Costs (Cy)

e Method 13-A - Cost Per Mile (C)

Cr = (CL ) x (CRFip) x (L)
Ci =¢§ X X =$ per year
® Method 13-B - Cost Per Utility Pole (Cp)
C1 = (Cp) x (PL) x (CRF;) x (L)
Cp =% X X X =9 per year

® Method 13-C - Total Project Cost (Cg)

Cr = (Cs) x (CRF:;) $ X
Cr =% per year
STEP 14 - Calculate Total Project Cost (Ct)

Cr=cCM+ (]

Cr=$ + 3 =9 per year.
STEP 15 - Calculate the Benefit-To-Cost Ratio (B/C)

B/C =’iél =

T



COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS
FORM D: COMPARISON -OF COUNTERMEASURE

(Use This Form Only if 2 or More Countermeasures Are
Being Considered at the Same Location)

STEP 16 - Conduct Incremental Benefit-to-Cost Ratio Analysis (AB/AC).

Rank

Lowest Cost (Ct )
2nd Lowest Cost

3rd Lowest Cost

List tne Countermeasures in Order by Cost (C1) from Lowest to Highest for those with a B/C
ratio greater than 1.0 (or other acceptable minimum value).

Total Total Incremental Incremental
Counter-  Annual Annaul Incremental  Change [n  Benefit/Cost
measure Cost Benefits 8/C Change In Benefits Ratio
Number (C1) (B1) Ratio Compare Costs (AC) (AB) . AB/AC

4th Lowest Cost

Highest Cost

STEP 17 -

STEP 18 -

Evaluate Available Funding and Other Agency Constraints

Select the remaining countermeasure with the highest incremental benefits to highest incremental
costs.

Countermeasure No. and Description:

Countermeasure Cost: $ per year

Is funding available to complete project (Yes or No)
Do any other agency constraints prohibit implementation (Yes or No)

If yes, Describe:

If the project is unacceptable, select the countermeasure with the next highest incremental
benefits to incremental costs wntil project is selected.

Countermeasure No. and Description:

Lountermeasure Cost: § per year

Record Project Details

Selected Project:

Project Cost: § per year

Total Project Cost: § Change in Annual Maintenance Costs: §

Annual Accident Benefits: $

Utility Pole Accidents Reduced per year:

B/C Ratio =

* U, S. GOVERNMENT PRINTING OFFICE 1937; 181-763/40197
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Note:
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1 pole/mile = 0.6 poles/km i
1 accident/mile/year = 0.6 accidents/km/year

FIGURE G-1, NOMOGRAPH FOR PREDICTING ACCIDENT FREQUENCY.
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APPENDIX H.

FORMULATION OF ROADSIDE ADJUSTMENT
FACTOR USING 16 EQUATIONS
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As discussed in the text, the effectiveness of the utility pole countermeasure is greatly
affected by the general characteristics of the roadside. Since most roadside situations involve
other fixed objects, curbs, or sideslopes, the net reduction in roadside accidents will be less
than the reduction in utility pole accidents.

For any given roadside configuration, Glennon’s hazard model can be used to
estimate roadside adjustment factors (23). The adjustment factors can theoretically transform
predicted accident reductions for utility pole countermeasures into net roadside accident
reductions. The roadside adjustment factor formulation which is included in the following
section was taken from the FHWA report by Zegeer and Cynecki (18).

Background

Glennon’s hazard index model can be simplified for a noncontiguous roadside

obstacle (with a constant side slope and with no fixed objects) to:

H=E; XS XP[Yzs] XL

where
H = hazard index, number of fatal and nonfatal injury accidents per year,
E, = frequency of encroachments, number of encroachments per mile per year,
§ = severity index, number of fatal and nonfatal injury accidents per total
accidents
P[Y>=s5] = probability that the lateral encroachment (Y) of a vehicle equals or exceeds

the lateral distance (s) of the obstacle from the roadway edge, accidents per
encroachment, and

L = one mile section length.
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Graham and Hardwood indicate that this formulation over-predicts the roadside
hazard by factors ranging from 2 to 8 depending on the magnitude of slopes and the
coverage of fixed objects (33). In studying the NCHRP 247 results, Zegeer and Parker found
some apparent flaws in the NCHRP 148 formulation. For example, not every vehicle that
encounters a 6:1 fill-slope will have an accident (reported or otherwise), yet the formulation
assumes that every encounter guarantees an accident. Thus, a more appropriate formulation
of the simplified model would be as follows:

H =E;xSxR; x P[Y=5]
where
R; = reporting level of roadside encounters with the obstacle, reported accidents
per accident.

In order to estimate adjustment factors that will transform the predicted utility pole
accident reductions into net roadside accident reductions, it is more appropriate to look at
conditional probability that any accident (including PDO’s) will occur, given that a roadside
encroachment has occurred. This conditional probability, P, is given in its general form as:

P; = R; x P[Y>3s]
Encroachment frequency is not included in the conditional probability equation.

The application of the upgraded model to specific roadside configurations and utility
pole accident countermeasures is much more complex than the general application described
above. Thus, the model has 16 basic forms depending on the order in which each of the five
roadside features are encountered. These features includc utility poles, other fixed objects,
curbs, sideslopes, and what is called the nonclear zone. The nonclear zone is that area from

about 20 to 30 feet from the roadway where there is some increased level of hazard
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presented by steeper sideslopes, nonclear trees and foliage, rocks, fences, walls, etc.

The basic form of the model requires one other consideration- to account for the
additive contributions of various roadside fw.tures.- The coverage factors for both utility
poles and other fixed objects must be known. The 16 different roadside cases are as follows:

Roadside Feature Order
(from edge of road outward)

Roadside Cases st 2nd 3rd 4th
1 U.P. F.O. Slope NCZ
2 U.P. Slope F.O. NCZ
3 U.P. Slope NCZ -
4 F.O. U.P. Slope NCZ
5 F.O. Slope U.P. NCZ
6 F.O. Slope NCZ U.P.
7 Slope U.P. F.O. NCZ
8 Slope F.O. U.P. NCZ
9 Slope U.P. NCZ ---
10 Slope F.O. NCZ -
11 Slope NCZ U.P. -
12 Curb U.P. F.O. NCZ
13 Curb F.O. U.P. NCZ
14 Curb U.P. NCZ ---
15 Curb F.O. NCZ -
16 Curb NCZ U.P. -—-
where

U.P. = Utility Pole
F.O. = Fixed Object
Slope = Side Slope
NCZ = Nonclear Zone
The equaﬁons for each of the 16 different cases are given below, where C is the
coverage factor, R is the reporting level, L is the lateral placement in feet, U is the subscript

for utility pole, F is the subscript for fixed object, § is the subscript for side slope, N is the
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subscript for nonclear zone, and K is the subscript for curb. The reporting level is the

estimated percent of fixed object accidents which are reported, since not all collisions are

reportable.
CASE 1
P, = (Cp Ry P[Y=Ly] +(Cp (1-Cp) (Rp) P[Y=Lg]
+(1-Cp (1-Cp) (R9 P[Lg=<Y=<L)]
+(1-Cp) (1-Cp) (Ry) P[Y>L,]
CASE 2
P, = (Cy) Ry P[Y=Ly] +(1-Cp) (Ry) P[Lg=<Y=< L]
+(1-Cp) (Cp) (Rp P[Y=L[]
+(1-Cp) (1-CP (Ry) P[Lp<Y=<L,]
+(1-Cp) (1-C (K P[Y=Ly)
CASE 3
P = (Cy) Ry P[Y=Ly] +(1-Cp) (RYPILg=<Y=<L ]
+(1-Cp) (Ry) P[Y>Ly]
CASE 4
P = (Cp) (Rp) P[Y=L ] +(1-Cp) (Cp) (Rp) P[Y=Ly]
+(1-Cp) (1-Cp) (Ry) PI[Lg<Y=<L,]
+(1-Cp (1-Cp) Ry P[Y>L,]
CASE 5

P, = (Cp Rp PIY=Lg]+(1-Cp) R PILg<Y<L ]
+(1-Cp) (Cp) Ry) PIY=Ly)]
+(1-Cp (1-Cy) (Rg) PILy<¥Y<L,)]
+(1-Cp (1-Cy) (Ryy) PI¥>Ly)
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CASE 7

P, = (Cp (Rp P[Y=L;]+(1-Cp) (R P[Lg<Y<L,]
+(1-Cp) (Ry) P[Y>Ly)

P, = (Rg) PILg<Y<Ly] +(Cp) (Ry) P[Y=L ]
+(1-Cp) (R PILy<Y<Lj;)
+(1-Cy) (Cp) (Ry) PIY>Ly)
+(1-Cp) (1-Cp) Ry P[Lp< Y<Ly]
+(1-Cp) (1-Cp) (Ry) P[Y=L,)

P, = Ry P[Lg=Y=<Lg]+ (Cp (Rp) P[Y=L,]
+(1-Cp) (Ry P[Lp= Y<L,]
+(1-Cp) (Cp) (Ry) P[Y=L vl
+(1-Cp) (1-Cp) (Ry P[Ly<Y<L N
+(1-Cp) (1-Cyp) (Ry) P[Y>L,]

P, = (RY) PIL<Y<Ly] +(Cyp) (Ry) P[Y=L,]
+(1-Cyp) Ry P[Ly<Y<Ly)
+(1-Cp) (Ry) P[Y>Ly)

P, = (Ry) P[Lg<Y<L.]+(Cp (Rp) P[Y>L;]
+(1-Cp) (Rg) PILp< Y<L,)
+(1-Cp) (Ry) PIY>Ly)

300



CASE 14

P, = (R P[Lg<Y<L,] +(RyP[Y>L,]

P, = (Rp) PIY<Ly] +(Cp) Ry) P[Y2Ly)]
+(1-Cp) (Rp) P[Ly<Y<L;]
+(1-Cp) (Cp) (Rp) P[Y2Lg]
+(1-Cp) (1-Cp) (Ry) PILp<Y<L,)
+(1-Cp) (1-Cp) (Ry) PIY>Ly)

P, = (Rp) PIY<LZ +(Cp (Rp) P[Y=L;]
+(1-Cp) (Ry) PILy< Y<L,)
+(1-Cp) (Cp) Ry) PIY2Ly)
+(1-Cp) (1-Cp) (R) PILy<Y<L ,]
+(1-Cp (1-Cy) (R P[Y>Ly)

P, = (Rp PIY<Ly +(Cy) (Ry) P[Y=Ly}
+(1-Cp) (Ry) PILy<Y<L,]
+(1-Cp) (Ry) P[Y>Ly)

P, = (R PIY<LZ +(Cp) Rp) P[Y=L ]
+(1-Cp) (Ry) PIL<Y<Ly)
+(1-Cp) (Ry) P[Y>Ly]

P, = (Rp) PIY<L,) +(R,) P[Y>L,]
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In calculating the value for conditional probability (P;), an important variable is the
utility pole coverage factor (Cy). It is calculated using Glennon’s model which calculates the
roadway shadow length for each object.

Assuming that a single fixed-object such as a pole has a 0.5-ft square dimension, the
equation for shadow length is then given as follows:

Shadow length = 0.5 + 6¢scd + 0.5cor

where
6 = average encroachment angle
11 deg. - rural
7 deg. - urban

Thus, the shadow length in urban and rural areas is 53.81 ft/pole and 34.52 ft/pole,

respectively. The utility pole coverage factor (Cyp) is given by the following expression:

_ SLXPD
U 5280 £
mile
where
Cy = utility pole coverage factor,
SL = shadow length in feet per pole, and
PD = pole density in poles per mile.

The 16 basic equations have many different variables which must be input into the
expressions. To determine some of these variables, several assumptions, simplifications,

classifications, and parameter values were applied.



Zegeer and Cynecki have listed many example values for these variables which are
shown in Table H-1 '(18). The values for the probability of an encroachment equaling or
exceeding a lateral distance for urban and rural areas are presented in Figures H-1 and H-2,
which were taken from the study by Glennon and Wilton (24). Zegeer and Cynecki also
obtained the reporting level factors from NCHRP 247 through the process of subjective
estimation.

lati f ide Adjustment F

A step—by—steﬁ procedure was presented by Zegeer and Cynecki for the calculation
of the "Roadside Adjustment Factor (Hg)". It is summarized in the following section.

Step #1:

For the existing roadside condition, list the values of the following variables:

L, = average lateral offset of the utility poles

Ly = average lateral offset of fixed objects

Ls = distance of break in slope for rural areas

Ly = lateral distance at which the nonclear zone begins

Step #2:

Repeat step #1 for the condition expected after the countermeasure isimplemented.

Step #3:

For both the before and after situations, the appropriate equation must be chosen
from the 16 available cases. This is based on the order of the obstacles from the roadway

edge.
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TABLE H-1

Example Values Used in the Roadside Hazard Adjustment Model

Coverage Factor Classes for Utility Poles (Cy;) and Fixed Objects (Cp,
Cy 0.065,0.130,0.195,0.260
Cg 0.10,0.35,0.65,0.90

Lateral Placement of Roadside Hinge Point Ly (in Feet)

Ly =10
Lateral Placements of Utility Poles (Ly;) and Fixed Objacts (Lp) in Feet
Rural Ly =5,10,15,20
Ly =5,10,15,20
Urban Ly = 2,5,10,15
L =2,5,10,15
Lateral Placement of Non-Clear Zone (L) in Feet
Rural Ly =30
Urban Ly=20

Exceedance Probabilities for Lateral Displacement of Encroaching Vehicles

ural Urban
Lateral Lateral
Displacement Displacement
(Feet) Probability (Feet) babili
5 0.96 2 0.92
10 0.87 5 0.77
15 0.70 10 0.57
20 0.58 15 0.40
30 0.30 20 0.27

Fixed Objects Ry = 0.90
Utility Poles Ry = 0.90

Curbs Rg = 0.10

Nonclear Zone Ry = 0.50

Slopes
Fill Slope Cut Slope Rg
10:1 6:1 0.05
6:1 4:1 0.20
4:1 3:1 0.30
351 2:1 0.60

Note: 1 foot = 0.3 m
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PERCENT OF ENCROACHMENTS EQUALING
OR EXCEEDING GIVEN LATERAL MOVEMENT

100
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FIGURE H-1, PROBABILITY OF AN ENCROACHMENT EQUALING OR
EXCEEDING A LATERAL DISTANCE FOR URBAN AREAS.
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PERCENT OF ENCROACHMENT EQUALING
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FIGURE H-2. PROBABILITY OF AN ENCROACHMENT EQUALING OR
' EXCEEDING A LATERAL DISTANCE FOR RURAL AREAS.
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Determine the values for the following variables in the before and after situations:

R, = reporting level for utility pole accidents,
Ry = reporting level for fixed-object accidents,
R; = reporting level for slope accidents,
Ry = reporting level for nonclear zone accidents,
Ry = reporting level for curb accidents, and
P[Y>L,] = nprobability of equaling or exceeding the nonclear zone lateral distance.

Step #5:

The probability of a utility pole accident (P,) must now be computed for both the
before and after cases, as shown in the following expression. It is done independently of
other roadside conditions.

Py = (Cy) x (Ry) x P[Y=Ly]

Step #6:

The expected change in the probability of a utility pole accident (aPy) is calculated
by the following expression:

APy = Py, - Py,
where
Py = change in the utility pole accident probability after a c: isure has
been implemented,
Py, = probability of a utility pole accident in the before condition, and
Py, = probability of a utility pole accident after the countermeasure has been

implemented.
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Step #7:

The probability of any roadside accident (P,) occurring for both the before and after
conditions must now be calculated. This is performed by using one of the 16 equations for
both the before and after situations.

Step #8:

The expected change in the probability of any roadside accident (aP)) is calculated

by the following expression:

aPp =Py -Pp
where
aP, = change in any roadside accident probability after countermeasure has been
implemented,
AP, = probability of a roadside accident in the before condition, and
aP;, = probability of a roadside accident in the after condition.
Step #9:
The roadside adjustment factor (Hg) can now be calculated by the following
equation:

Hy = AP/ Py
Step #10:
With the hazard reduction factor known, the net reduction in total roadside object
accidents due to a utility pole countermeasure can be calculated by multiplying Hy by the

expected reduction in utility pole accidents.
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mpl ion
The calculation of the "Roadside Adjustment Factor (Hg)" can be shown through the
use of the following field example, as shown in Figure H-3.
Given: (Urban Location)
Before:

Pole Density = 40 poles/mile

Pole Average Lateral Offset = 2 ft from curb

Fixed Object Coverage = 3 trees/200 ‘ft

Fixed Object Average Lateral Offset = 7 ft from curb
Nonclear Zone = 20 ft from curb

After:

Pole Density = 40 poles/mile

Pole Average Lateral Offset = 10 ft from curb

Fixed Object Coverage = 3 trees/200 ft

Fixed Object Average Lateral Offset = 7 ft from curb
Nonclear Zone = 20 ft from curb

Cy = (SL x PD) / (5280 ft/mile)
Cy = (53.81 ft/pole x 40 poles/mile) / (5280 ft/mile)
Cy, = 0.408

Cr = 0.50 (18)

Step #1:

LU = 2’

LF =7

Ls = 0’ (urban)

Ly =20’

Step #2:

LU — 10'

Ly =7

Lg = 0’ (urban)

LN = 20‘
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Step #3:
Before: Use Case 12

After: Use Case 13

Step #4:
Before:
Ry = 0.90
Ry = 0.90
Rg = 0 (urban)
Ry = 0.50
Ry = 0.10
P[Y>L)] = 0.275
After:
Ry = 0.90
Ry =0.90
Rg = 0 (urban)
Ry = 0.50
Ry = 0.10
P[Y>Ly = 0.275
Step #5:

Py = (Cy) x (Ry) x P[Y>Ly]

Before: Py, = (0.408)(0.90)(0.89) = 0.327
After: Py, = (0.408)(0.90)(0.565) = 0.207

Step #6:
Py = Py; - Py, = 0.327- 0.207 = 0.120
Step #7:
Before: (Case 12)
P, = (0.10)(0.11) + (0.408)(0.90)(0.89)
+ (0.592)(0.10)(0.215)
+ (0.592)(0.50)(0.90)(0.675)

+ (0.592)(0.50)(0.10)(0.40)
+ (0.592)(0.50)(0.50)(0.275)
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= 0.011 + 0.3268
+ 0.0127
+ 0.1798
+ 0.0118
+ 0.0407
= 0.5828

After: (Case 13)

P; = (0.10)(0.325) + (0.50)(0.90)(0.675)
+ (0.50)(0.10)(0.11)
+ (0.50)(0.408)(0.90)(0.565)
+ (0.50)(0.592)(0.10)(0.29)
+ (0.50)(0.592)(0.50)(0.275)

= 0.0325 + 0.3038
+ 0.0055
+ 0.1038
+ 0.0086
+ 0.0407
= 0.4949

Step #8:
API=PH_PIZ =0.0879
Step #9:

aHp = aP/aPy = 0.0879/0.120 = 0,7325

Compare: 0.75 (Tables developed by Zegeer and Cynecki) (18)
0.749 (UPACE Computer Program) (20)
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LITERATUREREVIEW ON BREAKAWAYUTILITY POLES
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BREAKAW EPT

The breakaway concept for utility poles is considered a realistic alternative for
improving the hazards of a dangerous roadside object at a reasonable cost. The breakaway
concept must be designed so that the wooden utility poles can be easily and economically
modified in the field.

Most of the research and development for breakaway mechanisms pertaining to utility
poles has taken place in the 1970’s and 1980’sa1though the concept for luminaires and sign
structures was developed in the 1960’s. The major breakaway designs are described in the
following section. The discussion focuses on (1) the Breakaway Concept; (2) the Breakaway
Stub Concept; (3) the Slipbase Concept; and (4) the Hawkins Breakaway Concept (HBS).
Breakaway Concept

Early development of the breakaway concept for wooden utility poles was conducted
at Southwest Research Institute (SwRI) in 1973 (38). Later, this concept became what was
called the "RETROFIX" concept. The objective was to determine the feasibility of modifying
wooden utility poles so that they would break away when struck by out-of-control vehicles
causing only minor injuries to the occupants. The modified breakaway utility pole still had
to maintain its structural integrity in order to sustain service loads under environmental

conditions.

The method used to effect the weakened zone in the poles was to drill and cut a
pattern of holes and grooves at two different heights, as shown in Figure I-1. The idea of
exposing parts of the inner pole to the elements was a concern. But, it was determined that

a field application of preservatives would offer protection. Another concern was that under
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high winds or icing, failure may occur at one or both weakened sections; although, design
calculations showed that the modified pole would withstand the environmental loading

conditions.

FIGURE I-1.

SCHEMATIC OF BREAKAWAY CONCEPT

It was concluded that the probability of a severe injury or fatality was almost certain
for an unmodified utility pole accident for unrestrained occupants even at speeds as low as

15 mph. The possible hazard due to a detached pole from the breakaway concept was

determined to be problematical.

Breakaway Stub Concept
The breakaway stub concept was developed at the University of Nebraska in 1979

(7). The design consisted of retrofitting existing poles to yield when struck by an errant

315



vehicle at low speeds.

The stub concept worked in a similar manner to the design developed by SwRI. The
stub portion between the lower and upper breakaway joints, as shown in Figure I-2, would
release when struck by an errant vehicle, thereby allowing the vehicle to decelerate at a rate
which was tolerable to its occupants. The breakaway joints were made by drilling a
horizontal row of 1-in. diameter holes, as shown in Detail A of Figure I-2.

After the vehicle knocked out the breakaway stub, the upper portion of the pole
would fall and be supported in an upright vertical position by the power lines. The final
upright position of the pole required that (a) the wires stay attached to the insulators, and
(b) the wires would have enough sag to allow the pole to fall without snapping the wires.

The impact severities computed for non-breakaway versus breakaway utility poles
showed that:

1. Breakaway utility poles are effective in reducing injury accidents.

2. Standard size vehicle impacts are less severe than subcompact vehicle impacts.

3. A standard size vehicle colliding with a non-breakaway utility pole was equal in

severity to a subcompact size vehicle colliding with a breakaway utility pole.
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The breakaway concept was shown to be very cost effective, particularly for utility
poles located within 10 feet of the street. The concept appeared to be more cost-effective
in the case of the 4,500 Ib. vehicle, although there Was over a 95% probability in the case
of the 2,250 Ib. vehicle that a reduction in injury accidents would occur from modifying
utility poles within 20 feet from the street.

In 1979 it was estimated that it would cost an avmgé of $15 to retrofit a utility pole
to make it breakaway. At a pole spacing of 150 feet, it would cost approximately $540 per
mile per one side of street. Using a 15 year life, 7% interest rate, and zero salvage value,
the annualized cost of retrofitting was approximately $60 per year per mile.

Slipbase Concept

In the early 1980’s, at SwRI, Bronstad designed the triangular, three-bolt,
multidirectional slipbase which Labra, Kimball, and McDevitt used with timber utility poles
(39). This appears to be an adaptation of a slipbase for luminaires developed by Edwards
in the 1960’s (40).

The slipbase concept consists of retrofitting in situ timber poles with a slipbase. This
method involves segmenting the timber pole near ground level and installing an 18-in. long
cylindrical sleeve on the exposed end of the stub as well as the end of the upper timber
segment, as shown in Figure I-3. The empty region between the pole and the steel sleeve
is then filled with a high compressive strength mortar compound. The upper and lower
sleeves are connected by pretensioned slip bolts. A keeper plate is installed to prevent the
bolts from working loose. A crossarm release mechanism (CRM) was implemented to
reduce the chance of service line rupture due to the crossarm snagging on potential lower

crossarms.
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The breakaway slipbase for wooden utility poles has been shown to considerably
reduce the severity of impact for an errant vehicle and its occupants (8). The utlhty industry
should also be pleased with the fact that modifying existing poles with a slipbase design
should not significantly affect the pole’s ability to perform properly under severe wind or ice
loads.

FIGURE I-3.

DETAIL OF SLIPBASE 'CONCEPT

10 PIPE ILOWER)
12 MIPE WUPPER|

Catran
STIFFENERS TYP
LOWER

Favraaam
STIFFENERS TYP
UPPER

The costs associated with implementing the slipbase have not been estimated (39).

The cost for materials for the steel slipbase unit was estimated at $200.
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Hawkins Breakaway System (HBS)

The Hawkins Breakaway System (HBS) was developed at TTI in 1985 in an effort
to build on the conventional slipbase technology (41). This system was named after D.L.
Hawkins who was the first to suggest slip bases on roadside structures and was influential
in their early development (42).

The HBS consists of a lower connection or slipbase, an upper connection or hinge
mechanism, and structural support cables, as shown in Figures I-4 and I-5 (41). The slipbase
and hinge mechanism activate upon impact and are intended to reduce the inertial effects
of the pole on the errant vehicle while minimizing the impact on utility service.

The slipbase was designed to withstand the overturning moments imposed by service
wind loads and at the same time slip when struck by an errant vehicle. The upper hinge
mechanism is sized so as to adequately transmit service loads while hinging during a
collision to allow the bottom segment of the pole to rotate out of the way. The upper
connection reduces the effective inertia of the pole and minimizes the effect of any variation
in hardware attached to the upper portion of the pole during a collision.

The overhead guys (one above the upper connection and one below the neutral
conductor) are intended to stabilize the upper portion of the pole during a collision and to
insure proper behavior of the upper portion.

It was estimated that the initial cost of a new HBS installation for a single pole unit
would be $1675 (including $800 for the slipbaSe, upper mechanism, overhead guys, and
miscellaneous hardware; $570 for equipment and labor; and $125 for a new pole). After a
collision in which the HBS was fully activated, repair costs are estimated at $1000 (including

labor, equipment, a new pole, and replacement of some of the breakaway hardware).
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A number of major conclusions were obtained from the results of crash tests
conducted on the HBS (43). In collisions at speeds between 20 to 60 mph with vehicles
between 1800 and 4300 Ib. gross vehicle weight, the average probability of severe injury
[abbreviated injury scale (AIS) > 3] had been reduced by 91%. In collisions at speeds
between 40 to 60 mph, the probability of severe injury has been reduced by 97%. These
reductions are far in excess of what most researchers considered probable. Zeeger and
Cynecki used example values of 30 and 60% reduction in injm_'y and fatal accidents in their
benefit-to-cost studies for the FHWA (18).

Although the 60% value may not be unreasonable if AIS injuries of 1 are considered,
it appears that injuries would be considerably biased toward the minor and moderate injury
levels (AIS levels 1 and 2) (43). It was still thought that Zegeer’s and Cynecki’s use of the
60% overall injury and total accident reduction may still be too low when accident costs
were determined for the HBS. Thus, the HBS would be cost-effective in a wider variety of

situations than was originally predicted.
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A

WAYNE, NEBRASKA, ALONG SEVENTH ST. FROM NEBRASKA TO WALNUT ™
SIDE ™1 SIDE “z
(South  Side ) (Nerdh Side)
Segment | Point_objects [Continuug Obyts|Coverage |Rint Objects | i Ob; | Coverage. | COVERAGE
Lenath 3 | Ave. Offset Le.;?&. Ave. Oftset]| Factor F | Ave. Offset | Lenath | Ave. O set| Factor
(S (5 ) | (8 . G L GEY | Gty
o —200| 3 2.33 S0/ | | /7. 00 12%
200—460 | 2| 14.50 35% | 8 6.50 /60 %o
wo-600 | 2. | 8.00 35% |6 | 10.33 89%
4oo-g00 |4 | 8.50 4% |5 | 8zo 77%__20.._5%_
00— (000] | | 4,00 19% |8 7. 60 160 %o 59.85 7o
oo —j200| 3 | /0.00 50% | 3 7,00 50% ﬁyt
>00-1400] Z. | 12.00 35% | @ 8. 50 89 % ,
z 17 | 164.99 [S) (@) 37y 2929% 1 _© (@)
ve.= 2.7/ X= 9.7/ Ave,= G.11 _IX=8.1l
== Y | N
Avernfe =|—FIFELL— _ 19"
BIECII_CO : | S8.0%

T ESTENT
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E'DataCom/ .

in HLS.A,

Florence B,

_ (AFTER)
ed Aimit= 35"'"‘\ (Ohe.-\\fna Rﬂdwdb) 6/}3/70
3-bane.: 30" U-r)
| =Shoulder Lane:
Star+: Cumirg_&h_h_ma +.
IDE *1 SIDE %*Z
(Fast _Side) | (West Side ) | TOTAL
Sudmu.n'i: Peint_objects |Continuoug Objects|Coverage |Rint Objects  |Cordinuus Objects | Coverage COVERAGE
Lenath 3 | Ave. Offset |Len Ave. Oftset]| Factor # | Ave, Offset. | Length | Ave. Offset| Factor FACTOR
s (HD GEY | (84D G L GEY | (5D
I lo-=200 | 4| /025 1146 [ p.00 | /00% |2 | /0.5 127 | 13,467 | /007 | J00%
2 |200-400| 3 4,600 1112 [ 3.0 | j00% |3 2,06 125 1 19.60
35&;,@0 3| 860 [120 |19.60 [j06% |3 | 5.67 |00 |20.00
4 [coo-30! 2 | 4.00 5% |3 | /6,33
5(3e0-1000] 2 | A58 357% 70 | |3.00
G [jepo=1200] 2 | /3.0 35% |— 146 | 12.50
7|izoo-po0| 2 | 12.00 [ 26 | j2.60 | 76% |5 | 12,40
Z |40~ )00 — 11727 1 9.60 | /100%
7 /0D~ (800 — /B8 | .60 |,00% |/ /[, 60
‘;? /360-2000| 2 4.5}3 — : / 2,00
Zoon~2200 7 Ul /6070  |—
12 [2200~2400) 132 11.60 | 87% |3 | /.00
13 [2dco=z4t0 | .00 [/l] 112.60 | Joo% |2 | /3.00
M 20028000 2 /14,601 4 1)z.60 2 [ )6.50
)Slzgeo-20 2 | )3, 00197 |)2.60 % 131 /l.67 |25 |].60
1b|3000-3200 2. 2.50 35% |41 /)5,60
17|3200-3d ) | Z6.600 17 %
18 (3400-3400 | //. OO0 - (2% |3 | /4.33
19 |3%p0-3321] 7 2,00 | /9% ] 2 00 40 | )Z.60
20{38e0—4000 23 | 3.60 [35% |2 | )4.50 | &7 |12.60
21 rn-42000 T )/ 3e) /7% |9 1. 78
2244200~ 4400 ) /4.00 /27 |4 | 13,00
2314004400 3 /3,00 S0% 12 | /%.00




 DataCom /

24
25

Made in USA, ]
B 67:39?0 —

’:b!:}-. . (AFTER)
SID IDhE %

(Bast s;gej (et SdeS ToTAL
‘Seame.nt Point Continuous Objerts | Coverage &n‘_‘tﬂaig&tﬁ ; Coverage. COVERAGE
Lenath 4k Ave. Offset | Len Ave. Offset| Factor # | Ave. Offset | Length | Ave. Offset| Factor |- FACTOR
(S @y oy | sy ) e Lty | (5
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#Datacom /

mn L. 3A+h )
7/1z[90
. KF
Edward Bale Gomez St 4o "R" s4” BEFORE
SIDE *1 SIDE *Z
(WEST STDE) TOTAL
Segment [ Point Objects |Continuus Objects |Coverage |Rint Cordinupys Obiects | Covera COVERAGE
Lenath 3k | Ave, Offset Le.;?lh Ave. Offset] Faclor # | Ave. Offset kength | Ave. Offset. Factor FACTOR
i @y | ey | sy 6ey Lty | ey |
! o -2e0 l 20.0 o A
2 |zo0— 400 4 .25 42. | /.5 72.0
3 oo — (00 xlel Numbey 40 /3.0 &}22
4 (@00 - 30D C Wi %__f._._{g’? S0 7
fE‘iw Tye vak To A - )00
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B DataCom /
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= o St. 4o 'R'st AFTER
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(eAsT STDE) : TOTAL

Sefjme.nt | Point : Continuoug Objects Coverage Pint. Objects Corhinuays Objects | Cov!rase, COVERAGE

Lenath 3 | Ave. Offset |Len Ave. Offset] Factor # | Ave, Offset kenath | Ave. Offset Factor FACTOR

(€% (&) () (£4) (4D () (.Y
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® DataCom / .

m USA,
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WEST "O" &T.—— CAPITOL BLVLS. 70 STATION ZI+30
foF
SIDE *1 SIDE *Z
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® Datacom /

Made in U.S.A, i
WEST "O" 87. — STATION ZII+00 70 ST7AL. 2370 24+ 00 8 %
(J\S S*¥SL ) RF

SIDE %1 E
( SOL&IH SI NE - ( MOH SI DE) TOTAL

Segment | Paint_objechs [Continyus Objeets|Coverage |fint Objects [Condinus Objects | Coverage [ COVERAGE

Lenath 3k | Ave, Offget Le.;?l. Ave. Offset] Factor Pt | Ave. OFfset | Lenath | Ave. Offset| Factor FACTOR
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/0 Oy
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Once the initial computer analyses had been completed on the individual sites, it was
determined that the relocation costs were not typical. Thus, two local public utility
companies, Lincoln Electric System (LES) and Omaha Public Power District (OPPD), and
the Nebraska Department of Roads (NDOR) were consulted to obtain typical relocation
costs for various pole installation types.

Since the relocation costs of the utilities was very much dependent upon the type of
utility installation, it was necessary to try to categorize the different types of pole
installations with the typical associated relocation costs. The utility installation type consisted
of four major categories. They are as follows:

1. Basic Street Light Circuitry

2. Power Distribution

3. Power Transmission

4. Transmission Plus Distribution Underbuilt
These four categories were also broken down into more detail when necessary, as shown in
Table K-1.

Photographs have been presented in Figures K-1 through K-6 to give a better
understanding for some of the various typical utility and light pole installations located along
roadways. They could be used as a guidance tool when making a initial field site visit for

estimating initial relocation costs.
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TABLE K-1.

Typical Relocation Costs for Various Utility Installations

Typical Average
Utility Installation Type Spacing Relocation
(ft) Cost Per Pole
1. Basic Street Light Circuitry 150’ $650
2. Power Distribution
(a) Local (Residential) . 100’ $1,650
1-phase
4-13.8KV
Wood Poles
(b) Large Distribution 100’ $1,700
3-phase
4-13.8KV
Wood Poles
(c) Large Distribution (Feeder) 100’ '$3,500
Heavy 3-phase
4-13.8KV
Wood Poles
3. Power Transmission
(a) 35-69KV 300’ )
Wood Poles $8,350
Steel Poles $13,850
(b) 115-161KV 300’ $27,100
Steel Poles
4. Transmission Plus Distribution Underbuilt
(a) 35KV 300° $15,850
Wood Poles
(b) 115KV
Steel Poles 300’ $30,600
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FIGURE K-1. PHOTOGRAPHS OF BASIC STREET LIGHT CIRCUITRY.
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FIGURE K-2. PHOTOGRAPHS OF POWER DISTRIBUTION (12KV).

353



FIGURE K-3. PHOTOGRAPHS OF POWER TRANSMISSION (35KV, TOP)
AND POWER DISTRIBUTION (12KV, BOTTOM).
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FIGURE K-4. PHOTOGRAPHS OF POWER TRANSMISSION (35KV, TOP)
AND POWER DISTRIBUTION (12KV, BOTTOM) WITH
ATTACHED CABLE TV.
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FIGURE K-5. PHOTOGRAPHS OF POWER TRANSMISSION (115KV, TOP)
AND POWER DISTRIBUTION (12KV, BOTTOM).
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FIGURE K-6. PHOTOGRAPHS OF POWER TRANSMISSION (161KV).
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UPACE =- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 1
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

SECTION CHARACTERISTICS . \
W&sic_ﬁﬂgt%hﬁntaw)
?650 X 7Z=__#;‘Mr8 16,560 = 704 =~ 7{5"'“:

/60!

SEGMENT s ,&S
BEG. MILEPOST: .00 END HILéEOST: 2.00
LENGTH (MILES): 2.00
ROADWAY
ROAD ALIGNMENT: TANGENT SHOULDER TYPE: CURBED
NUMBER OF LANES: 4 RIGHT-OF~-WAY WIDTH: 60 FT
ROAD WIDTH: 48.0 FT TRAFFIC FLOW: TWO-WAY
TERRRAIN: FLAT AREA TYPE: URBAN
PAVEMENT: CONCRETE ROADSIDE COVERAGE: .60
SIDE SLOPE: FILL 10:1 OBJECTS LINE: 9 PFT
HINGE LINE: 20 FT OBSTRUCTED ZONE: 20 FT
UTILITY POLES
POLE CONFIGURATION: ONE SIDE POLE TYPE: METAL
NUMBER OF POLES: 72 POLE USE:
POLE OFFSET: 2 FT LINE TYPE: 69KV 1 PHASE
TRAFFIC
SPEED LIMIT: 40. MPH GROWTH FACTOR CODE: 1
BASE YEAR ADT: 40000. VEH GROWTH RATE (%) : 2.00
UTILITY POLE ACCIDENTS PER YEAR
TOTAL ACCIDENTS: 6.80 FATAL ACCIDENTS: .07( 1.0%)
INJURY ACCIDENTS: 3.15( 46.3%) PROPERTY DAMAGE: 3.58( 52.7%)
FATALITIES: .07 FATALITIES/FATAL ACC: 1.08
INJURIES: 4.17 INJURIES/FATAL ACC: .70

INJURIES/INJURY ACC: 1.31




UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 2
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

DATA PROJECTIONS SUMMARY FOR SECTION

YEAR ADT SEVERITY ACCIDENTS PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 40000. 1.00 6.795 .068 3.146 3.581 .073 4.169
2 40800. 1.00 6.899 .069 3.194 3.636 .075 4.233
3 41616. 1.00 7.005 .070 3.243 3.692 .076 4.298
4 4244s. 1.00 7:113 .071 3.293 3.749 .077 4.364
5 43297. 1.00 7.223 .072 3.344 3.807 .078 4.432
6 44163. 1.00 7.336 .073 3.396 3.866 .079 4.501
7 45046. 1.00 7.450  .075 3.450 3.926 .080 4.571
8 45947. 1.00 7.5867 .076 3.504 3.988 .082 4.643
9 46866. 1.00 7.687 .077 3.559 4.051 .083 4.716
10 47804. 1.00 7.808 .078 3.615 4.115 .084 4.791
11 48760. 1.00 7.933 .079 3.673 4.180 .086 4.867
12 49735. 1.00 8.059 .081 3.731 4.247 .087 4.945
13 50730. 1.00 g.188 .082 3.791 4.315 .088 5.024
14 51744. 1.00 8.320 .083 3.852 4.385 .090 5.105
15 52779. 1.00 8.454 .085 3.914 4.455 .091 5.187
16 53835. 1.00 8.591 .086 3.978 4.528 .093 5.271
17 54911. 1.00 8.731 .087 4.043 4.601 .094 5.357
18 56010. 1.00 8.874 .089 4.109 4.677 .096. 5.444
19 57130. 1.00 9.019 .090 4.176 4.753 .097 5.534
20 58272. 1.00 9.168 .082 4.245 4.831 .099 5.625
TOTALS 158.222 1.582 73.257 83.383 1.709 97.074



UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 3
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 1 -- Increase offset from 2 to 3 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 3 FEET
POLE COVERAGE FACTOR .37 «37
ROADSIDE COVERAGE FACTOR .60 .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 4
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
3 1.00 5.310 .053 2.459 2.799 .057 3.258
2 1.00 5.392 .054 2.496 2.842 .058 3.308
3 1.00 5.475 .055 2:.535 2.885 .059 3.359
4 1.00 5.560 .056 2.574 2.930 .060 3.411
5 1.00 5.646 .056 2.614 2.976 .061 3.464
6 1.00 5.734 .057 2.655 3.022 .062 3.518
7 1.00 5.824 .058 2.697 3.069 .063 3,573
8 1.00 5.916 .059 2.739 3.118 .064 3.630
9 1.00 6.009 .060 2.782 3.167 . .065 3.687
10 1.00 €.105 .061 2.827 3.217 .066 3.746
11 1.00 6.202 .062 2.872 3.269 .067 3.805
12 1.00 6.302 .063 2.918 3.321 .068 3.866
13 1.00 6.403 .064 2.964 3.374 .069 3.928
14 1.00 6.506 .065 3.012 3.429 .070 3.992
15 1.00 6.611 .066 3.061 3.484 .071 4.056
16 1.00 6.719 .067 k # 1s a6 3.541 2073 4.122
17 1.00 6.828 .068 3.162 3.599 .074 4.189
i8 1.00 6.940 .069 3.213 3.658 .075 4.258
19 1.00 7.054 .071 3.266 3.718 .076 4.328
20 1.00 7.171 .072 3.320 3,179 .077 4.399
TOTALS 123.709 1.237 57.277 65.185 1.336 75.899
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.



UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004

PAGE: 5

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 1 -- Increase offset from 2 to 3 ft.

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $1500000.
COST/INJURY: $ 11000.
COST/PDO ACC: s 3000.
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00
ACCIDENT REDUCTION DATA
ROADSIDE ADJUSTMENT FACTOR: .889
TOTAL ROADSIDE ACCIDENTS REDUCED: 30.68
NET PDO ACCIDENTS REDUCED: 15.44
NET FATALITIES PREVENTED: .35
NET INJURIES PREVENTED: 19.34
TOTAL ACCIDENT SAVINGS: 368768.80
COUNTERMEASURE DATA
ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1l total costs INITIAL COST 0 20 46800.00
ECONOMIC ANALYSIS RESULTS
EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 37559.90
BENEFIT-COST RATIO: 7.880




UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 6
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89
ALTERNATIVE 2 -- Increase offset from 2 to 4 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 4 FEET
POLE COVERAGE FACTOR w37 .37
ROADSIDE COVERAGE FACTOR .60 ' .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 7
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 895

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS ° PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED

1 1.00 4.456 .045 2.063 2.348 .048 2.734
2 1.00 4.524 .045 2.095 2.384 .049 2.776
3 1.00 4.594 .046 2.127 2.421 .050 2.819
4 1.00 4.666 .047 2.160 2.459 -050 2.863
5 1.00 4.738 .047 2.194 2.497 .051 2.907
6 1.00 4.813 .048 2.228 '2.536 .052 2.953
7 1.00 4.888 .049 2.263 2.576 .053 2.999
8 1.00 4.965 .050 2.299 2.617 .054 3.046
9 1.00 5.044 .050 2:335 2.658 .054 3.095
10 1.00 5.124 .051 2:373 2.701 .055 3.144
11 1.00 5.206 .052 2.411 2.744 .056 3.194
12 1.00 5.290 .053 2.449 2.788 .057 3.245
13 1.00 5.375 .054 2.489 2.833 .058 3.298
14 1.00 5.462 .055 2.529 2.878 .058 3.351
15 1.00 5.551 .056 2.570 2.925 .060 3.405
16 1.00 5.641 .056 2.612 2.973 .061 3.461
17 1.00 5.733 .057 2.655 3.021 .062 3.518
18 1.00 5.827 .058 2.698 3.071 .063 3.575
19 1.00 5.923 .059 2.742 3.122 .064 3.634
20 1.00 6.021 .060 2.788 3.173 .065 3.694
TOTALS 103.843 1.038 48.079 54.725 1.122 63.711

NOTE:
1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 8
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 2 -- Increase offset from 2 to 4 ft.

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $1500000.
COST/INJURY: S 11000.
COST/PDO ACC: S 3000.
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR: .889
TOTAL ROADSIDE ACCIDENTS REDUCED: 48.34
NET PDO ACCIDENTS REDUCED: 24.33
NET FATALITIES PREVENTED: +55
NET INJURIES PREVENTED: 30.47
TOTAL ACCIDENT SAVINGS: 581030.30

COUNTERMEASURE DATA

ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 total costs INITIAL COST 0 20 46800.00

ECONOMIC ANALYSIS RESULTS

EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT Ul *~2RM ANNUAL BENEFIT: 59179.21
BENEFIT-COST KAT1O: 12.415




UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 9
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 3 -- Increase offset from 2 to 5 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 5 FEET
POLE COVERAGE FACTOR 37 37
ROADSIDE COVERAGE FACTOR .60 . .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 10
SECTION: General Example
LOCATION: U.S.A. :
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 3.888 .039 1.800 2.049 .042 2.385
2 1.00 3.947 .038 1.828 2.080 .043 2.422
3 1.00 4.009 .040 1.856 2.113 .043 2.459
4 1.00 4.071 .041 1.885 2.145 .044 2.498
5 1.00 4.135 .041 1.914 2.179 .045 2.537
6 1.00 4.199 .042 1.944 " 2.213 .045 2.576
7 1.00 4.266 .043 1.975 2.248 .046 2.617
8 1.00 4.333 .043 2.006 2.284 .047 2.659
9 1.00 4.402 .044 2.038 2.320 .048 2.701
10 1.00 4.472 .045 2.071 2.357 : .048 2.744
11 1.00 4.544 .045 2.104 2.395 .049 2.788
12 1.00 4.617 .046 2.138 2.433 .050 2.833
i3 1.00 4.691 . 047 2.172 2.472 .051 2.878
14 1.00 4.767 .048 2.207 2.512 .051 2.925
15 1.00 4.845 .048 2.243 2.553 .052 2.973
16 1.00 4.924 .049 2.280 2.595 .053 3.021
17 1.00 5.005 .050 2.317 2.638 .054 3.071
18 1.00 5.087 .051 2.355 2.681 .055 3.121
19 1.00 5.171 .052 2.394 2.725 .056 3.173
20 1.00 5.257 .053 2.434 2.770 .057 3.225
TOTALS 90.630 .906 41.962 47.762 .979 55.604
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 3 -- Increase offset from 2 to 5 ft.

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: B.00 %
COST/FATALITY: $1500000.
COST/INJURY: $ 11000.
COST/PDO ACC: S 3000. -
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR: .889
TOTAL ROADSIDE ACCIDENTS REDUCED: 60.08
NET PDO ACCIDENTS REDUCED: 30.24
NET FATALITIES PREVENTED: .68
NET INJURIES PREVENTED: 37.87
TOTAL ACCIDENT SAVINGS: 722210.80

COUNTERMEASURE DATA

ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 total costs INITIAL COST 0 20 46800.00

ECONOMIC ANALYSIS RESULTS

EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 73558.75
BENEFIT-COST RATIO: 15.432




UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 4 -- Increase offset from 2 to 6 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 6 FEET
POLE COVERAGE FACTOR .37 .37
ROADSIDE COVERAGE FACTOR .60 .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 B89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS' : PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 3.476 .035 1.610 1832 .038 2.133
2 1.00 3.530 .035 1.634 1.860 .038 2.166
3 1.00 3.585 .036 1.660 1.889 .039 2.199
4 1.00 3.641 .036 1.686 1.919 .039 2.234
5 1.00 3.698 .037 1.712  1.949 .040 2.269
6 1.00 3.756 .038 1.739 1.979 .041 2.304
7 1.00 3.815 .038 1.767 2.011 .041 2.341
8 1.00 3.876 .03% 1.795 2.043 .042 2.378
9 1.00 3.938 .039 1.823 2.075 .043 2.416
10 1.00 4.001 .040 1.852 2.108 .043 2.454
11 1.00 4.065 . 041 1.882 2.142 .044 2.494
12 1.00 4.130 .041 1.912 2177 .045 2.534
13 1.00 4.197 .042 1.943 2.212 .045 2.575
14 1.00 4.265 .043 1.975 2.248 .046 2.617
15 1.00 4.335 .043 2.007 2.284 .047 2.659
16 1.00 4.406 .044 2.040 2.322 .048 2703
17 1.00 4.478 .045 2.073 2.360 .048 2.747
18 1.00 4.552 .046 2.107 2.399 .049 2.793
19 1.00 4.627 .0486 2.142 2.438 .050 2.839
20 1.00 4.704 .047 2.178 2.479 +051 2.886
TOTALS 81.073 .811 37.537 42.725 .876 49.741
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89
ALTERNATIVE 4 -- Increase offset from 2 to 6 ft.

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $1500000.
COST/INJURY: $ 11000.
COST/PDO ACC: S 3000.
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR: .889
TOTAL ROADSIDE ACCIDENTS REDUCED: 68.58
NET PDO ACCIDENTS REDUCED: 34.52
NET FATALITIES PREVENTED: .78
NET INJURIES PREVENTED: 43.23
TOTAL ACCIDENT SAVINGS: 824327.00

COUNTERMEASURE DATA

ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1l total costs INITIAL COST 0 20 46800.00

ECONOMIC ANALYSIS RESULTS

EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 83959.51
BENEFIT-COST RATIO: 17.614




UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004

PAGE: 15

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 5 -- Increase offset from 2 to 7 ft.

SUMMARY OF CHANGES

POLE DENSITY
POLE OFFSET
POLE COVERAGE FACTOR

ROADSIDE COVERAGE FACTOR

SIDE SLOPE
OBSTRUCTED ZONE
OBJECTS LINE
HINGE LINE

POLE TYPE

FILL 10:1

BEFORE AFTER
36 .36 POLES/MILE
2 7 FEET
.37 .37
.60 .60
FILL 10:1
20 20 FEET
9 9 FEET
20 20 FEET
2 2
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SECTION: General Example
LOCATION: U.S.A. 2
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS - PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 3.162 .032 1.464 1.666 .034 1.940
2 1.00 3.211 .032 1.487 1.692 .035 1.970
3 1.00 3.261 .033 1.510 1.719 .035 2.001
4 1.00 3.312 .033 1.534 1.745 .036 2.032
5 1.00 3.364 .034 1.558 1773 .036 2.064
6 1.00 3.417 .034 1.582 "~ 1.801 .037 2.097
7 1.00 3.471 .035 1.607 1.829 .037 2.130
8 1.00 3.526 .035 1.633 1.858 .038 2.164
9 1.00 3.583 .036 1.659 1.888 .039 2.198
10 1.00 3.640 .036 1.685 1.918 ' .039 2.233
b i | 1.00 3.699 .037 1.712 1.949 .040 2.269
12 1.00 3.758 .038 1.740 1.981 .041 2.306
13 1.00 3.819 .038 1.768 2.013 .041 2.343
14 1.00 3.881 .039 1.797 2.045 .042 2.381
15 1.00 3.945 .038 1.826 2.079 .043 2.420
16 1.00 4.009 .040 1.856 2.113 .043 '2.460
17 1.00 4.075 .041 1.887 2.14s8 .044 2.500
18 1.00 4.142 .041 1.918 2.183 .045 2.542
19 1.00 4.211 .042 1.950 2.219 .045 2.584
20 1.00 4.281 .043 1.982 2.256 .046 2.627
TOTALS 73.770 .738 34.155 38.877 .797 45.260
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004
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RUN BY: Ronald K. Faller
AGENCY: University of Nebraska

DATE: 11 21 89
ALTERNATIVE 5 -- Increase offset from 2 to 7 ft.
ANALYSIS PARAMETERS
PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $1500000.
COST/INJURY: 11000.
COST/PDO ACC: 3000.
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00
ACCIDENT REDUCTION DATA
ROADSIDE ADJUSTMENT FACTOR: .B89
TOTAL ROADSIDE ACCIDENTS REDUCED: 75.07
NET PDO ACCIDENTS REDUCED: 37.79
NET FATALITIES PREVENTED: .85
NET INJURIES PREVENTED: 47.32
TOTAL ACCIDENT SAVINGS: 902363.50
COUNTERMEASURE DATA
ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 total costs INITIAL COST 0 20 46800.00
ECONOMIC ANALYSIS RESULTS
EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 91907.70
BENEFIT-COST RATIO: 19.281
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 6 -- Increase offset from 2 to 8 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 8 FEET
POLE COVERAGE FACTOR ' w37 .37
ROADSIDE COVERAGE FACTOR .60 .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS - _ PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 2.913 .029 1.349 1.535 .031 1.787
2 1.00 2.958 -030 1.369 1.559 .032 1.815
3 1.00 3.004 .030 1.391 1.583 .032 1.843
4 1.00 3.051 .031 1.413 1.608 .033 1.872
5 1.00 3.099 .031 1.435 1.633 .033 1.901
6 1.00 3.148 .031 1.457 "1.659 .034 1.931
7 1.00 3.198 .032 1.481 1.685 .035 1.962
8 1.00 3.249 .032 1.504 1.712 .035 1.993
9 1.00 3.301 .033 1.528 1739 .036 2.025
10 1.00 3.354 .034 1.553 1.767 .036 2.058
11 1.00 3.408 .034 1.578 1.796 .037 2.091
12 1.00 3.463 .035 1.603 1.825 .037 2.125
13 1.00 3.518% .035 1.629 1.855 .038 2.159
14 1.00 3.576 .036 1.656 1.885 .039 2.194
15 1.00 3.635 .036 1.683 1.916 .039 2.230
16 1.00 3.694 .037 1.711 1.947 .040 2.267
17 1.00 3.755 -038 1.739 1.979 .041 2.304
18 1.00 3.817 .038 1.767 2.012 .041 2.342
19 1.00 3.881 .039 1.797 2.045 .042 2.381
20 1.00 3.945 .039 1.827 2.079 .043 2.421
TOTALS 67.967 .680 31.469 35.818 .734 41.700
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89
ALTERNATIVE 6 -- Increase offset from 2 to 8 ft.

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $1500000.
COST/INJURY: $ 11000.
COST/PDO ACC: s 300¢C.
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR: .889
TOTAL ROADSIDE ACCIDENTS REDUCED: 80.23
NET PDO ACCIDENTS REDUCED: 40.38
NET FATALITIES PREVENTED: .91
NET INJURIES PREVENTED: 50.57
TOTAL ACCIDENT SAVINGS: 964367.60

COUNTERMEASURE DATA

ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 total costs INITIAL COST 0 20 46800.00

ECONOMIC ANALYSIS RESULTS

EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 98222.95
BENEFIT-COST RATIO: 20.606
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SECTION: General Example
LOCATION: U.S.A. :
SECTION ID: 0004 RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
" DATE: 11 21 89
ALTERNATIVE 7 -- Increase offset from 2 to 9 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 9 FEET
POLE COVERAGE FACTOR <37 .37
ROADSIDE COVERAGE FACTOR .60 : .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS PERSONS
FACTOR TOTAL FATAL INJURY FPDO KILLED INJURED
1 1.00 2.708 .027 1.254 1.427 .029 1.662
2 1.00 2.751 .028 1.273 1.450 .030 1.688
3 1.00 2.794 .028 1.293 1.472 .030 1.714
4 1.00 2.837 .028 1.314 1.495 .031 1.741
5 1.00 2.882 .029 1.334 1.519 .031 1.768
6 1.00 2.928 .029 1.355 ~1.543 .032 1.796
7 1.00 2.974 .030 1.377 1.567 .032 1.825
8 1.00 3.022 .030 1.399 1.592 .033 1.854
9 1.00 3.070 .031 1.421 1.618 . .033 1.884
10 1.00 3.119 .031 1.444 1.644 .034 1.914
11 1.00 3.170 .032 1.468 1.670 .034 1.945
12 1.00 3.221 .032 1.491 1.697 .035 1.976
13 1.00 3.273 .033 1.516 1.725 .035 2.008
14 1.00 3.327 .033 1.540 1.753 .036 2.041
15 1.00 3.381 .034 1.566 1.782 .037 2.075
16 1.00 3.437 .034 1.591 1.811 .037 2.109
17 1.00 3.49%4 .035 1.618 1.841 .038 2.143
18 1.00 3551 .036 1.644 1.872 .038 2.178
19 1.00 3.610 .036 1.672 1.903 .039 2.215
20 1.00 3.671 .037 1.700 1.934 .040 2.252
TOTALS 63.220 .632 29.271 33.317 .683 38.787
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 7 -- Increase offset from 2 to 9 ft.

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $§1500000.
COST/INJURY: $ 11000.
COST/PDO ACC: S 3000."
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR: -889
TOTAL ROADSIDE ACCIDENTS REDUCED: 84.45
NET PDO ACCIDENTS REDUCED: 42.51
NET FATALITIES PREVENTED: .96
NET INJURIES PREVENTED: 53.23
TOTAL ACCIDENT SAVINGS: 1015084.00

COUNTERMEASURE DATA

ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 total costs INITIAL COST 0 20 46800.00

ECONOMIC ANALYSIS RESULTS

EQUIVALENT UNIFORM ANNUAL COST: 4766 .68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 103388.50
BENEFIT-COST RATIO: 21.690
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 B9
ALTERNATIVE 8 -- Increase offset from 2 to 10 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 10 FEET
POLE COVERAGE FACTOR .37 «37
ROADSIDE COVERAGE FACTOR .60 = .60
.SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS" _ PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 2.538 .025 1.175 1.337 .027 1..557
2 1.00 2.577 .026 1.193 1.358 .028 1.581
3 1.00 2.617 .026 1.212 1:379 .028 1.606
4 1.00 2.659 .027 1.231 1.401 .029 1.631
5 1.00 2.701 .027 1.250 1.423 .029 1.657
6 1.00 2.743 .027 1.270 ~ 1.446 -030 1.683
7 1.00 2.787 .028 1.290 1.469 .030 1.710
8 1.00 2.832 -028 1.311 1.492 .031 1.737
9 1.00 2.877 .029 1.332 1.516 .031 1.765
10 1.00 2.923 .029 1.354 1.541 .032 1.794
11 1.00 2.971 .030 1.375 1.566 .032 1.823
12 1.00 3.019 .030 1.398 1.591 .033 1.852
13 1.00 3.068 .031 1.420 1.617 .033 1.882
14 1.00 3.118 .031 1.444 1.643 .034 1.913
15 1.00 3.169 .032 1.467 1.670 .034 1.944
16 1.00 3.221 .032 1.482 1.698 .035 1.976
17 1.00 3.275 .033 1.516 1.726 .035 2.009
18 1.00 3.329 .033 1.541 1.754 .036 2.042
19 1.00 3.384 .034 1.567 1.784 .037 2.076
20 1.00 3.441 -034 1.593 1.813 .037 2.111
TOTALS 59.249 .592 27.432 31.224 .640 36.351
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.



UPA
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004

PAGE: 26

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE B8 -- Increase offset from 2 to 10 ft.

ANALYSIS PARAMETERS

PROJECT LIFE:
INTEREST RATE:
COST/FATALITY:
COST/INJURY:
COST/PDO ACC:

FATAL ACC. REDUCTION FACTOR:
INJURY ACC. REDUCTION FACTOR:
PDO ACC. REDUCTION FACTOR:

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR:

20 YEARS
8.00 %

$1500000.
$ 11000.

3000.
1.00
1.00
1.00

TOTAL ROADSIDE ACCIDENTS REDUCED: 83.45

NET PDO ACCIDENTS REDUCED: 41.04
NET FATALITIES PREVENTED: -97
NET INJURIES PREVENTED: 53.29
TOTAL ACCIDENT SAVINGS: 1020903.00
COUNTERMEASURE DATA
ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1l total costs INITIAL COST 0 20 46800.00
ECONOMIC ANALYSIS RESULTS
EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 103981.20
BENEFIT-COST RATIO: 21.814
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SECTION: General Example
LOCATION: ViS.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 9 =-- Increase offset from 2 to 11 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 11 FEET
POLE COVERAGE FACTOR .37 .37
ROADSIDE COVERAGE FACTOR .60 .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
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SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS ' PERSONS
FACTOR TOTAL FATAL INJURY PDO EILLED INJURED
1 1.00 2.392 .024 1.108 1.261 .026 1.468
2 1.00 2.429 .024 1.125 1.280 .026 1.491
3 1.00 2.468 .025 1.142 1.300 .027 1.514
4 1.00 2.506 .025 1.160 1.321 .027 1.538
5 1.00 2.546 .025 1.179 1.342 .027 1.562
6 1.00 2.586 .026 1.198 ~ 1.363 .028 1.587
7 1.00 2.628 .026 1.217 1.385 .028 1.612
8 1.00 2.670 .027 1.236 1.407 .029 1.638
9 1.00 2.713 .027 1.256 1.430 . .029 1.664
10 1.00 2.756 .028 1.276 1.453 .030 1.691
11 1.00 2.801 .028 1.297 1.476 .030 1.719
12 1.00 2.847 .028 1.318 1.500 .031 1.746
13 1.00 2.893 .029 1.339 1.525 .031 1.715
14 1.00 2.940 .029 1.361 1.550 .032 1.804
15 1.00 2.989 .030 1.384 1.575 .032 1.834
16 1.00 3.038 .030 1.407 1.601 .033 1.864
17 1.00 3.088 .031 1.430 1.628 .033 1.895
18 1.00 3.140 .031 1.454 1.655 .034 1.926
19 1.00 3.192 .032 1.478 1.682 .034 1.958
20 1.00 3.245 .032 1.503 1.710 .035 1.991
TOTALS 55.867 .559 25.866 29.442 .603 34.276
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.



UPA

C E =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004

PAGE: 28

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 9 -- Increase offset from 2 to 11 ft.

ANALYSIS PARAMETERS

PROJECT LIFE:
INTEREST RATE:
COST/FATALITY:
COST/INJURY:
COST/PDO ACC:

FATAL ACC. REDUCTION FACTOR:
INJURY ACC. REDUCTION FACTOR:
PDO ACC. REDUCTION FACTOR:

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTHMENT FACTOR:

20 YEARS
8.00 %

$1500000.
$ 11000.

3000.
1.00
1.00
1.00

.805

TOTAL ROADSIDE ACCIDENTS REDUCED: 82.36

NET PDO ACCIDENTS REDUCED: 39.62
NET FATALITIES PREVENTED: .98
NET INJURIES PREVENTED: 53.23
TOTAL ACCIDENT SAVINGS: 1023908.00
COUNTERMEASURE DATA
ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 total costs INITIAL COST 0 20 46800.00
ECONOMIC ANALYSIS RESULTS
EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 104287.30
BENEFIT-COST RATIO: 21.878




UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 30
SECTION: General Example
LOCATION: V.S5.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 21 89
ALTERNATIVE 10 -- Increase offset from 2 to 12 ft.

SUMMARY OF CHANGES

BEFORE AFTER
POLE DENSITY 36 36 POLES/MILE
POLE OFFSET 2 12 FEET
POLE COVERAGE FACTOR «37 37
ROADSIDE COVERAGE FACTOR .60 .60
SIDE SLOPE FILL 10:1 FILL 10:1
OBSTRUCTED ZONE 20 20 FEET
OBJECTS LINE 9 9 FEET
HINGE LINE 20 20 FEET

POLE TYPE 2 2



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 31
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS' PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 2.266 .023 1.049 1.194 .024 1.390
2 1.00 2.302 -023 1.066 1.213 .025 1.412
3 1.00 2.338 .023 1.082 1.232 .025 1.434
- 1.00 2.375 .024 1.100 1.252 .026 1.457
5 1.00 2.412 .024 1.117 1.271 .026 1.480
& 1.00 2.451 .025 1.135 1.292 .026 1.504
7 1.00 2.490 .025 1:153 1.312 .027 1.528
8 1.00 2.530 .025 1.171 1.333 .027 1.552
9 1.00 2.571 .026 1.1%0 1.355 .028 1.577
10 1.00 2.612 .026 1.209 1371 .028 1.603
11 1.00 2.655 .027 1.229 1.399 .029 1.629
12 1.00 2.698 .027 1.249 1.422 .029 1.655
13 1.00 2.742 .027 1.269 1.445 .030 1.682
14 1.00 2.787 .028 1.290 1.469 .030 1.710
15 1.00 2.833 .028 1.311 1.493 .031 1.738
16 1.00 2.879 .029 1.333 1.517 .031 1.767
17 1.00 2.927 .029 1.355 1.543 .032 1.796
18 1.00 2.976 .030 1.378 1.568 .032 1.826
19 1.00 3.025 .030 1.401 1.594 .033 1.856
20 1.00 3.076 .031 1.424 1.621 .033 1.887
TOTALS 52.944 .529 24.513 27.901 .572 32.483
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.



A CE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

UP
PAGE: 32
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89

ALTERNATIVE 10 -- Increase offset from 2 to 12 ft.

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $1500000.
COST/INJURY: S 11000.
COST/PDO ACC: S 3000.
FATAL ACC. REDUCTION FACTOR: 1.00
INJURY ACC. REDUCTION FACTOR: 1.00
PDO ACC. REDUCTION FACTOR: 1.00

ACCIDENI REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR: .762
TOTAL ROADSIDF ACCIDENTS REDUCED: 80.21
NET PDO ACCIDENT: REDUCED: 37.53
NET FATALITIES FREVENTED: «97
NET INJURIES PREVENTED: 52.59
TOTAL ACCIDENT SAVINGS: 1016715.00

COUNTERMEASURE DATA

ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 total costs INITIAL COST 0] 20 46800.00

ECONOMIC ANALYSIS RESULTS

EQUIVALENT UNIFORM ANNUAL COST: 4766.68
EQUIVALENT UNIFORM ANNUAL BENEFIT: 103554.60
BENEFIT-COST RATIO: 21.725




UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 33
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 21 89 :

COMPARATIVE ECONOMIC ANALYSIS RESULTS

SUMMARY OF ALTERNATIVES

# DESCRIPTION

0 DO NOTHING

Increase offset from 2 to 3 ft

2 Increase offset from 2 to 4 ft.
3 Increase offset from 2 to 5 ft.
4 Increase offset from 2 to 6 ft.
5 Increase offset from 2 to 7 ft

6 Increase offset from 2 to 8 ft

7 Increase offset from 2 to 9 ft.
8 Increase offset from 2 to 10 ft.
9 Increase offset from 2 to 11 ft.
10 Increase offset from 2 to 12 ft.

INCREMENTAL BENEFIT-COST ANALYSIS RESULTS

CAPITAL EUAC EUAB B/C COMPARED INCREMENTAL

ALTERNATIVE cosT RATIO ALTS B/C RATIO

0 0. 0. 0. 1.000
1=0 7.880

1 46800. 4767. 37560. 7.880
' 2 = & 21619.300

2 46800. 4767. 59179. 12.415
) 3 -2 14379.540

3 46800. 4767. 73559. 15.432
4 -3 10400.760

4 46800. 4767. 83960. 17.614
5 -4 7948.188

) 46800. 4767. 91908. 19.281
6 - 5 6315.250

6 46800. 4767. 98223. 20.606
7-6 5165.531

7 46800. 4767. 103388. 21.690
8 - 7 592.750

8 46800. 4767. 103981. 21.814
9 - 8 306.063

9 46800. 4767.  104287. 21.878

10 - 9 -732.656



10 46800. 4767. 103555. 21.725

*xxx* NORMAL PROGRAM END #x%x=



.UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM
PAGE: 1
SECTION: General Example
LOCATION: U.S.A.

SECTION ID: 0004

SECTION CHARACTERISTICS

72 les x $3C/pole =
:ﬂes;cjgunayxﬂe =

HENT

BEG. MILEPOST:
LENGTH (MILES):

ROADWAY

ROAD ALIGNMENT:
NUMBER OF LANES:
ROAD WIDTH:
TERRRAIN:
PAVEMENT:

SIDE SLOPE:
HINGE LINE:

UTILITY POLES
POLE CONFIGURATION:
NUMBER OF POLES:
POLE OFFSET:
TRAFFIC

SPEED LIMIT:
BASE YEAR ADT:

TANGENT

4

48.0 FT
FLAT
CONCRETE
FILL 10:1
20 FT

ONE SIDE
72
2 FT

40. MPH
500. VEH

UTILITY POLE ACCIDENTS PER YEAR

TOTAL ACCIDENTS:
INJURY ACCIDENTS:
FATALITIES:
INJURIES:

INJURIES/INJURY ACC:

1.67

.77( 46.3%)

.02
1.02
1.31

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 24 8%

Use both “60% and 70% r

in sev rr}-j for m\}ur’y plus -leqf

acciden
END MILEPOST: 2.00
SHOULDER TYPE: CURBED
RIGHT-OF-WAY WIDTH: 60 FT
TRAFFIC FLOW: TWO-WAY
AREA TYPE: URBAN
ROADSIDE COVERAGE: .60
OBJECTS LINE: 9 FT
OBSTRUCTED ZONE: 20 FT
POLE TYPE: METAL
POLE USE:
LINE TYPE: 69KV 1 PHASE
GROWTH FACTOR CODE: 1
GROWTH RATE (%) : 2.00
FATAL ACCIDENTS: .02( 1.0%)
PROPERTY DAMAGE: .88( 52.7%)
FATALITIES/FATAL ACC: 1.08
INJURIES/FATAL ACC: .70




UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 2
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 24 89

DATA PROJECTIONS SUMMARY FOR SECTION

YEAR ADT SEVERITY ACCIDENTS PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 500. 1.00 1.667 .017 By 5 .B78 .018 1.022
2 510 . 1.00 1.668 .017 Y A 1 .879 .018 1.023
3 520. 1.00 1.6€9 .017 i o .B80 .018 1.024
4 531 1.00 1.670 .017 7113 .880 .018 1.025
5 541. 1.00 1.672 .017 774 .B81 .018 1.026
6 552. 1.00 1.673 .017 <775 .882 .018 1.027
7 563. 1.00: 1.675 . 017 115 .883 .018 3.027
8 574. 1.00 1.676 .017 .776 .883 .018 1.028
9 586. 1.00 1.678 .017 JTTT .884 .018 1.029
10 598. 1.00 1.679 .017 <177 .B85 .018 1.030 .
b {fp 609. 1.00 1.681 .017 -778 .886 .018 1.031
12 622. 1.00 1.682 .017 779 .887 .018 1.032
13 634. 1.00 1.684 .017 .780 .887 .018 1.033
14 647. 1.00 1.686 .017 .780 .888 .018 1.034
15 660. 1.00 1.687 .017 .781 .889 .018 1.035
16 673. 1.00 1.689 .017 .782 -.890 .018 1.036
17 686. 1.00 1.691 .017 .783 .891 .018 1.037
18 700. 1.00 1.692 <017 .784 .892 .018 1.038
19 T714. 1.00 1.694 .017 .784 .B93 .018 1.040
20 728. 1.00 1.696 .017 .785 .894 .018 1.041
TOTALS 33.609 .336 15.561 17.712 .363 20.620
O.336C + /5.5 °
éDO) = 47.3 A
33. 609

. b _ 8
(o) 22336 — 1%

YA | °
‘oo —_———— 4{,.
( ) 33.609 2 /o'



WARNING: ROADSIDE ADJUSTMENT FACTOR SET TO 1.00



.UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004

ALTERNATIVE 1 -- Breakaway Poles

PAGE: 3

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 24 89

(50% reduction in severity)

SUMMARY OF CHANGES

POLE DENSITY

POLE OFFSET

POLE COVERAGE FACTOR
ROADSIDE COVERAGE FACTOR
SIDE SLOPE

OBSTRUCTED ZONE

OBJECTS LINE

HINGE LINE

POLE TYPE

BEFORE AFTER

36 36 POLES/MILE
2 2 FEET

w37 <

.60 .60

FILL 10:1 FILL 10:1

20 20 FEET
9 9 FEET

20 20 FEET
2 2



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 4
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

~ AGENCY: University of Nebraska
DATE: 11 24 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS ~ PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 1.667 .008 .386 1.272 .009 .511
2 1.00 1.668 .008 .386 1.273 .009 .512
3 1.00 1.669 .008 .386 1.274 .009 .512
4 1.00 1.670 .008 .387 1.275 .009 .512
5 1.00 1.672 .008 .387 1.276 .009 o
6 1.00 1.673 .008 «3B7 "1.278 .009 .513
7 1.00 1.675 .oos .388 1.279 .009 .514
8 1.00 1.676 .008 .388 1.280 .008 .514
9 1.00 1.678 .008 .388 1.281 .009 <515
10 1.00 1.679 .008 .389 1.282 .008 <515
11 1.00 1.681 .008 .389 1.283 .009 .516
12 1.00 1.682 .008 .389 1.284 .009 .516
13 1.00 1.684 .008 .390 1.286 .009 .517
14 1.00 1.686 .008 .390 1.287 .009 + 517
15 1.00 1.687 .o008 .391 1.288 .009 .518
16 1.00 1.689 .008 .391 1.290 .008 .518
17 1.00 1.691 .008 .391 1.293 .008 .519
18 1.00 1.692 .008 .392 1.292 .00¢ + 519
19 1.00 1.694 .008 .392 1.294 .009 .520
20 1.00 1.696 .008 .383 1.295 .008% .520
TOTALS 33.609 .168 7.780 25.660 .181 10.310
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.

(460) ©:168 + 2.780 _ 2 5% (50 % r'ecluf—'}‘io"b

32.609

(’°°)—.:,‘%%%—= O..S' % (.5‘0% reducnl?oh)

(o)) 228 < z3.)6 % (50% reduchion)

('oo) —%@f—;—- /45'/ increaSe in PbO's



UPACE =-- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 5
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 24 89

ALTERNATIVE 1 -- Breakaway Poles (50% reduction in severity)

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $1500000.
COST/INJURY: $ 11000.
COST/PDO ACC: s 3000.-
FATAL ACC. REDUCTION FACTOR: .50
INJURY ACC. REDUCTION FACTOR: .50
PDO ACC. REDUCTION FACTOR: 1.00

ACCIDENT REDUCTION DATA

ROADSIDE ADJUSTMENT FACTOR: 1.000
TOTAL ROADSIDE ACCIDENTS REDUCED: .00
NET PDO ACCIDENTS REDUCED: -7.95
NET FATALITIES PREVENTED: .18
NET INJURIES PREVENTED: 10.31
TOTAL ACCIDENT SAVINGS: 177207.70

COUNTERMEASURE DATA

ITEM DESCRIPTION TYPE START END AMOUNT
YEAR YEAR
1 breakaway costs INITIAL COST 0 20 21600.00

ECONOMIC ANALYSIS RESULTS

EQUIVALENT UNIFORM ANNUAL COST: 2200.01
EQUIVALENT UNIFORM ANNUAL BENEFIT: 18048.99
BENEFIT-COST RATIO: 8.204




WARNING: ROADSIDE ADJUSTMENT FACTOR SET TO 1.00



UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004

ALTERNATIVE 2 -- Breakaway Poles (75

PAGE: 6

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 24 89

% reduction in severity)

SUMMARY OF CHANGES

POLE DENSITY

POLE OFFSET

POLE COVERAGE FACTOR
ROADSIDE COVERAGE FACTOR
_.SIDE SLOPE

OBSTRUCTED ZONE

OBJECTS 'LINE

HINGE LINE

POLE TYPE

BEFOR

36

2

e i)

.60

FILL 10:1
20

9

20

2

E AFTER

36 POLES/MILE
2 FEET

+37

.60

FILL 10:1

20 FEET
9 FEET

20 FEET
2



~UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 7
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
‘DATE: 11 24 89

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT

YEAR SEVERITY ACCIDENTS PERSONS
FACTOR TOTAL FATAL INJURY PDO KILLED INJURED
1 1.00 1.667 .005 .231 1.430 .005 .307
2 1.00 1.668 .005 .232 1.431 .005 .307
3 1.00 1.669 .005 .232 1.432 .005 .307
4 1.00 1.670 .005 .232 1.433 .005 .307
5 1.00 1.672 .005 .232 1.435 .005 .308
6 1.00 1.673 .005 .232° 1.436 .005 .308
7 1.00 1.675 .005 .233 1.437 .005 .308
8 1.00 1.676 .005 233 1.438 .005 .309
g 1.00 1.678 .005 .233 1.440 .005 .309
10 1.00 1.679 .005 .233 1.441 .005 .309
11 1.00 1.681 .005 .233 1.442 .005 .309
12 1.00 1.682 .005 .234 1.444 .005 .310
13 1.00 1.684 .005 .234 1.445 .005 .310
14 1.00 1.686 .005 .234 1.446 .005 .310
15 1.00 1.687 .005 .234 1.448 .005 .311
16 1.00 1.689 .005 .235 1.449 .005 -311
17 1.00 1.691 .005 .235 1.451 .005 .311
18 1.00 1.692 .005 .235 1.452 .005 .312
19 1.00 1.694 .005 .235 1.454 .005 312
20 1.00 1.696 .005 .236 1.455 .005 «312
TOTALS 33.609 .101 4.668 28.840 .108 6.186
NOTE:

1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR ROADSIDE FEATURES.
2. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FOR URBAN AREA EFFECTS.

(00) 2:L0L+ 4668 _ 44 )9 ) (70% reJux:-/-ian)

p—

33,669
Ge0) _:3'1%; = 0.3% (70% reduc;k'oh)
(1e0) 3 ; 'zﬁf = 13.83% (7°% "“J“@4"°.">

(100)'12—78‘;—7%‘—‘ /63 Y% increase in PDOis



,.UPACE -- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004

ALTERNATIVE 2 -- Breakaway Poles

PAGE: g

RUN BY: Ronald K. Faller
AGENCY: University of Nebraska
DATE: 11 24 89

(75% reduction in severity)

ANALYSIS PARAMETERS

PROJECT LIFE: 20 YEARS
INTEREST RATE: 8.00 %
COST/FATALITY: $£1500000.
COST/INJURY: $ 11000.
COST/PDO ACC: s 3000.
FATAL ACC. REDUCTION FACTOR: .30
INJURY ACC. REDUCTION FACTOR: .30
PDO ACC. REDUCTION FACTOR: 1.00
ACCIDENT REDUCTION DATA
ROADSIDE ADJUSTMENT FACTOR: 1.000
TOTAL ROADSIDE ACCIDENTS REDUCED: .00
NET PDO ACCIDENTS REDUZED: =11.23
NET FATALITIES PREVENTED: o
NET INJURIES PREVENTED: 14.43
TOTAL ACCIDENT SAVINGS: 248090.80
COUNTERMEASURE DATA
ITEM DESCRIPTION TYFE START END AMOUNT
YEAR YEAR
1l breakaway costs INITIAL COST 0 20 21600.00
ECONOMIC ANALYSIS RESULTS
EQUIVALENT UNIFORM ANNUAL COST: 2200.01
EQUIVALENT UNIFORM ANNUAL BENEFIT: 25268.59
BENEFIT-COST RATIO: 11.486




..UPACE =- UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM

PAGE: 9
SECTION: General Example
LOCATION: U.S.A.
SECTION ID: 0004 RUN BY: Ronald K. Faller

AGENCY: University of Nebraska
DATE: 11 24 89

COMPARATIVE ECONOMIC ANALYSIS RESULTS

SUMMARY OF ALTERNATIVES

# DESCRIPTION

0 DO NOTHING

1 Breakaway Poles (50% reduction in severity)
2 Breakaway Poles (75% reduction in severity)

INCREMENTAL BENEFIT-COST ANALYSIS RESULTS

CAPITAL EUAC EUAB B/C COMPARED INCREMENTAL
ALTERNATIVE COST RATIO ALTS B/C RATIO
0 0. 0. 0. 1.000
1=0 8.204
1 21600. 2200. 18049. 8.204

& == 1 7219.598
2 21600. 2200. 25269. 11.4¢€6

xxx%+ NORMAL PROGRAM END *=x%x=xx



APPENDIX M

"ROADSIDE"COMPUTER RUN
(RELOCATION EXAMPLE)

405



ROADSIDE - Version 4.1 07-14-1990 21:38:27 PAGE NUMBER 1

£S 5-2,5-10
GLOBAL PARAMETERS LIGUT PokES

2 LANE ROADuUw;

1. FATALITY COST = $ 1,500,000

2. SEVERE INJURY COST =S 110,000

3. MODERATE INJURY COST = § 11,000

4. SLIGHT INJURY COST =83 3,000

5. PDO LEVEL 2 COST = 8§ 3,000

6. PDO LEVEL 1 COST =S 500

7. ENCROACHMENT RATE MODEL = 0.001330 * (ADTeff ~ 1.000000 )

ENCROACHMENTS PER MILE PER YEAR

8. ENCROACHMENT ANGLE AT 40 MPH = 17.2 DEGREES

9. ENCROACHMENT ANGLE AT 50 MPH = 15.2 DEGREES
10. ENCROACHMENT ANGLE AT 60 MPH = 13.0 DEGREES
11. ENCROACHMENT ANGLE AT 70 MPH = 11.6 DEGREES

12. LIMTING TRAFFIC VOLUME PER LANE = 10,000 VEHICLES PER DAY
13. SWATH WIDTH = 12 FT. ;

SEVERITY INDEX COST
0
500
1,517
3,560
20,720
55,820
$137,060
$296,980
$486,440
$781,910
$%1,145,570
$%1,500,000

W n

O00O00O0O0ODO0OO0OOWMO

.«

oW~k WNHFOO

[



RUAUDLIUE — version 4..1
1. TITLE: LIGHT POLE 5-2
2. INITIAL TRAFFIC VOLUME =

4.

5.

10.
11
12.

13,
14.

15.

TRAFFIC GROWTH RATE

0/-14-1990

LIMITING TRAFFIC VOLUME PER LANE

21:38:28

5,000 VEHICLES PER DAY
2.0 % PER YEAR

DESIGN YEAR ADT =
10,000

PAGE NUMBER

2

7,430

UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT.
CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
INI.JAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff -~ 1.000000)

TRAFFIC BASELINE CURVATURE GRADE USER TOTAL

VOLUME ENC. FACTOR FACTOR FACTOR  ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
LATERAL PLACEMENT (A) = 2. FL,
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = 1. FD.

ZONE1 ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
INITIAL COLLISION FREQUENCY = 0.015 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.363
ADJACENT CFT= 0.0114 CFl1 = 0.0004 CF2 = 0.0105 CF3 = 0.0004
OPPOSING CFT= 0.0034 CF4 = 0.0001 CF5 = 0.0032 CF6 = 0.0001
SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = § 48,800 § 48,800 § 48,800 S 48,800 S 48,800
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 20
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = §$ 7
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 512
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = $ 155
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = § 27
TOTAL INITIAL ACCIDENT COST = $ 722,

PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466
COST OF INSTALLATION =S 0.
COST OF REPAIR § SU= 650 SD= 650 CU= 650 CD= 650 F= 650
MAINTENANCE COST PER YEAR =8 10.
SALVAGE VALUE =S 0.
TOTAL PRESENT WORTH = $ 8,482. ANNUALIZED $ 864.
HIGHWAY DEPARTMENT COST =3 208. ANNUALIZED $ 21.
INSTALLATION COST = $ 0. ANNUALIZED $ 0.
REPAIR COST = S 110. ANNUALIZED $ 21.
MAINTENANCE COST = S 98. ANNUALIZED $ 10.
SALVAGE VALUE = $ 0. ANNUALIZED $ 0.
ACCIDENT COST = S 8,274. ANNUALIZED $ 843.



100
1l.
12.

13.
14.

15.

. TITLE:

LIGHT POLE 5-3

INITIAL TRAFFIC VOLUME =

-—— s w e

5,000 VEHICLES PER DAY

T I LA T T T ey

TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7,430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 F
CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (Tveff -~ 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL
VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
LATERAL PLACEMENT (A) - 3. PT,
LONGITUDINAL LENGTH (L) = 1 ET:
WIDTH OF OBSTACLE = 1 ET;
ZONE1l ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
INITIAL COLLISION FREQUENCY = 0.013 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.326
ADJACENT CFT= 0.0102 CFl1 = 0.0004 CF2 = 0.0094 CF3 = 0.0004
OPPOSING CFT= 0.0031 CF4 = 0.0001 CF5 = 0.0029 CF6 = 0.0001
SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = § 48,800 S 48,800 S 48,800 S 48,800 S 48,800
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 19
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 6
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 459
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = § 141
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = § 24
TOTAL INITIAL ACCIDENT COST = § 649.
PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 RJ = 0.215 CRF = 0.102 KC = 11.466
COST OF INSTALLATION =S 650.
COST OF REPAIR § SU= 650 SD= 650 CU= 650 CD= 650 F= 65v
MAINTENANCE COST PER YEAR =S 10.
SALVAGE VALUE =3 0.
TOTAL PRESENT WORTH =S 8,288. ANNUALIZED §$ 844.
HIGHWAY DEPARTMENT COST =8 847. ANNUALIZED S 86.
INSTALLATION COST = S 650. ANNUALIZED S 66.
REPAIR COST = S 99, ANNUALIZED § 10.
MAINTENANCE COST = S 98. ANNUALIZED $ 10.
SALVAGE VALUE = S 0. ANNUALIZED § 0.
ACCIDENT COST = S 7,441. ANNUALIZED $ 758.



ROADSIDE - Version 4.1 07-14-1990 21:44:51 PAGE NUMBER 4

1. TITLE: LIGHT POLE 5-5
2. INITIAL TRAFFIC VOLUME = 5,000 VEHICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7,430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 F..
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff - 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL

VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0

7. LATERAL PLACEMENT (A) = S. FT.
LONGITUDINAL LENGTH (L) = 1. FT;
WIDTH OF OBSTACLE = 1. FT.
ZONE1 ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
8. INITIAL COLLISION FREQUENCY = 0.011 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.266
ADJACENT CFT= 0.0082 CFl1 = 0.0003 CF2 = 0.0076 CF3 = 0.0003
OPPOSING CFT= 0.0026 CF4 = 0.0001 CF5 = 0.0024 CF6 = 0.0001
9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = § 48,800 S 48,800 S 48,800 S 48,800 S 48,80
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 1S
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 5
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = §$ 372
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = § 117
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = § 19
TOTAL INITIAL ACCIDENT COST = $ 528.
10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466
11. COST OF INSTALLATION =S 650.
12. COST OF REPAIR § SU= 650 SD= 650 CuU= 650 CD= 650 F= 650
13. MAINTENANCE COST PER YEAR = S 10.
14. SALVAGE VALUE = S 0s
15. TOTAL PRESENT WORTH =8 6,886. ANNUALIZED $ 701.
HIGHWAY DEPARTMENT COST =8 829. ANNUALIZED $ 84.
INSTALLATION COST = S 650. ANNUALIZED S 66.
REPAIR COST = $ 81, ANNUALIZED $ 8.
MAINTENANCE COST = S 98. ANNUALIZED $ 10.
SALVAGE VALUE = S 0. ANNUALIZED § 0.
ACCIDENT COST = S 6,057. ANNUALIZED $ 617.
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1. TITLE: LIGHT POLE 5-4
2. INITIAL TRAFFIC VOLUME = 5,000 v ICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER Y: R DESIGN YEAR ADT = 7,430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT.
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVveff -~ 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL
VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
#. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
7. LATERAL PLACEMENT (A) = 4. FT.
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = 1. FT.
ZONE1 ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
8. INITIAL COLLISION FREQUENCY = 0.012 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.294 _
ADJACENT CFT= 0.0091 CFl1 = 0.0003 CF2 = 0.0084 CF3 = 0.0003
OPPOSING CFT= 0.0028 CF4 = 0.0001 CF5 = 0.0026 CF6 = 0.0001
9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
LZCIDENT COST = §$ 48,800 $ 48,800 S 48,800 S 48,800 S 48,800
"NITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 17
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 5
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 412
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = § 128
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 22
TOTAL INITIAL ACCIDENT COST = $ 584.
10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466

11. COST OF INSTALLATION =S 650.

12. COST OF REPAIR § SU= 650 SD= 650 CU= 650 CD= 650 F= 650

13. MAINTENANCE COST PER YEAR = S 10.

14. SALYAGE VALUE =S - 0.

15. TOTAL PRESENT WORTH =S 7,535. ANNUALIZED § 767 .
HIGHWAY DEPARTMENT COST = 8§ 837. ANNUALIZED $ 85.
INSTALLATION COST = S 650. ANNUALIZED $ 66.
REPAIR COST = S 89. BANNUALIZED $ 9.
MAINTENANCE COST = s 98. **"HUALIZED $ 10.
SALVAGE VALUE = S 0. ""UALIZED § 0.
ACCIDENT COST = S 6,698. ~ UJALIZED $ 682.
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1. TITLE: LIGHT POLE 5-6
2. INITIAL TRAFFIC VOLUME = 5,000 VEHICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7,430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT.
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (Tveff = 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL
VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
7. LATERAL PLACEMENT (A) = 6. FT.
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = ie BT
ZONE1 ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
8. INITIAL COLLISION FREQUENCY = 0.010 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.240
ADJACENT CFT= 0.0074 CFl1l = 0.0003 CF2 = 0.0069 CF3 = 0.0003
OPPOSING CFT= 0.0023 CF4 = 0.0001 CF5 = 0.0022 CF6 = 0.0001
9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = $ 48,800 S 48,800 § 48,800 S 48,800 S 48,800
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 14
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 4
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 336
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = $ 106
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = § 17
TOTAL INITIAL ACCIDENT COST = § 478.
10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 RJ = 0.215 CRF = 0.102 RC = 11.466

11. COST OF INSTALLATION - 650.

12. COST OF REPAIR § SU= 650 SD= 650 CU= 650 CD= 650 F= 650

13. MAINTENANCE COST PER YEAR =8 10.

14. SALVAGE VALUE = $ 0.

15. TOTAL PRESENT WORTH =8 6,298. ANNUALIZED §$ 641.
HIGHWAY DEPARTMENT COST =S 821. ANNUALIZED $ 84.
INSTALLATION COST = S 650. ANNUALIZED §$ 66.
REPAIR COST = $ T35 ANNUALIZED $ T
MAINTENANCE COST = S 98. ANNUALIZED S 10.
SALVAGE VALUE = S 0. ANNUALIZED $ 0.
ACCIDENT COST = $ 5,477. ANNUALIZED $ 558.
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1. TITLE: LIGHT POLE 5-7
2. INITIAL TRAFFIC VOLUME = 5,000 VEHICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7.430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 F .
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff = 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL
VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
7. LATERAL PLACEMENT (RA) = 1: BT,
LONGITUDINAL LENGTH (L) = 1L PT.
WIDTH OF OBSTACLE = 1. FT,
ZONE1 ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
8. INITIAL COLLISION FREQUENCY = 0.009 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.218
ADJACENT CFT= 0.0067 CFl1l = 0.0003 CF2 = 0.0062 CF3 = 0.0002
OPPOSING CFT= 0.0021 CF4 = 0.0001 CF5 = 0.0020 CF6 = 0.0001
9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = $ 48,800 S 48,800 §$ 48,800 $ 48,800 S 48,80°
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 13
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD S “
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 304
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = §$ 96
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = § 16
TOTAL INITIAL ACCIDENT COST = § 433.
10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 RJ = 0.215 CRF = 0.102 RC = 11.466

11. COST OF INSTALLATION =8 650. ,

12. COST OF REPAIR §$ SU= 650 SD= 650 CU= 650 CD= 650 F= 65u

13. MAINTENANCE COST PER YEAR =S 10

14. SALVAGE VALUE =S 0.

15. TOTAL PRESENT WORTH =S 5,779 ANNUALIZED S 589.
HIGHWAY DEPARTMENT COST =S 8l4. ANNUALIZED $ 83.
INSTALLATION COST = S 650. ANNUALIZED $ 66.
REPAIR COST = S 66. ANNUALIZED S T
MAINTENANCE COST = S 98. ANNUALIZED $ 10.
SALVAGE VALUE = S (5 8 ANNUALIZED $ 0.
ACCIDENT COST = S 4,964. ANNUALIZED $ 506.
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TITLE: LIGHT POLE 5-8

INITIAL TRAFFIC VOLUME =

-~ e o N

Lk s R D ravo NUrl

5,000 VEHICLES PER DAY

DL

TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7,430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT.
CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (Tveff = 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL
VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
LATERAL PLACEMENT (&) = 8. FT.
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = 1. ET
ZONE1l ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
INITIAL COLLISION FREQUENCY = 0.008 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.197
ADJACENT CFT= 0.0061 CFl = 0.0002 CF2 = 0.0056 CF3 = 0.0002
OPPOSING CFT= 0.0019 CF4 = 0.0001 CF5 = 0.0018 CF6 = 0.0001
SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = § 48,800 S 48,800 S 48,800 S 48,800 S 48,800
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 12
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 4
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = §$ 276
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = § 87
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = § 14
TOTAL INITIAL ACCIDENT COST = § 392.
PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 RJ = 0.215 CRF = 0.102 RC = 11.466
COST OF INSTALLATION =8 650.
COST OF REPAIR § SU= 650 SD= 650 CU= 650 CD= 650 F= 650
MAINTENANCE COST PER YEAR =S 10.
SALVAGE VALUE =S 0.
TOTAL PRESENT WORTH =S 5,306. ANNUALIZED $ 540.
HIGHWAY DEPARTMENT COST =S 808, ANNUALIZED §$ 82.
INSTALLATION COST = S 650. ANNUALIZED $ 66.
REPAIR COST = S 60. ANNUALIZED $ 6.
MAINTENANCE COST = S 98. ANNUALIZED §$ 10.
SALVAGE VALUE = S 0. ANNUALIZED § 0.
= S 4,498. ANNUALIZED $ 458.

ACCIDENT COST



1. TITLE: LIGHT POLE 5-9

2. INITIAL TRAFFIC VOLUME = 5,000 VEHICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7,430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 F .
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff = 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL

VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 33250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0

9. FT,

7. LATERAL PLACEMENT (A) =
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = s [P i 4
ZONE1 ZONE2 ZONE3 }
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
8. INITIAL COLLISION FREQUENCY = 0.007 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.179
ADJACENT CFT= 0.0055 CFl1 = 0.0002 CF2 = 0.0051 CF3 = 0.0002
OPPOSING CFT= 0.0018 CF4 = 0.0001 CF5 = 0.0016 CF6 = 0.0001
9. SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE

ACCIDENT COST = § 48,800 S 48,800 s 48,800 S 48,800 S 48,800
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = S 10
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 3
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = $ 250
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = §$ 79
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 13

TOTAL INITIAL ACCIDENT COST = § 356.

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %

KT = 9.818 RJ = 0.215 CRF = 0.102 KC = 11.466

11. COST OF INSTALLATION =S 650.

12. COST OF REPAIR § SU= 650 SsD= 650 CU= 650 CD= 650 F= 6

13. MAINTENANCE COST PER YEAR =8 10.

14. SALVAGE VALUE =8 0.

15. TOTAL PRESENT WORTH =S 4,886. ANNUALIZED $§ 498.
HIGHWAY DEPARTMENT COST = $ 803. ANNUALIZED $ 82.
INSTALLATION COST = S 650. ANNUALIZED $ 66.
REPAIR COST = S 54. ANNUALIZED $ 6.
MAINTENANCE COST = S 98. ANNUALIZED §$ 10.
SALVAGE VALUE - $ 0. ANNUALIZED $ 0.
ACCIDENT COST = S 4,083. ANNUALIZED $ 416.
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TITLE: LIGHT POLE 5-10

INITIAL TRAFFIC VOLUME =

5,000 VEHICLES PER DAY

TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7.430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT.
CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE}_= 0.0
INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff ~ 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL
VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
DESIGN SPEED = 40 MPH ENCRbACHHENT ANGLE = 17.2 SWATH WIDTH = 12.0
LATERAL PLACEMENT (A) = 10. FT..
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = 1. FT:
ZONE1 ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.00086 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
INITIAL COLLISION FREQUENCY = 0.007 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.162
ADJACENT CFT= 0.0050 CFl1 = 0.0002 CF2 = 0.0047 CF3 = 0.0002
OPPOSING CFT= 0.0016 CF4 = 0.0001 CF5 = 0.0015 CF6 = 0.0001
SEVERITY INDEX = 3.80 3.80 3.80 3.80 3.80
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE

ACCIDENT COST = $ 48,800 S 48,800 $§ 48,800 S 48,800 S 48,800
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 10
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 3
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 227
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = §$ 72
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = § 12

TOTAL INITIAL ACCIDENT COST = § 323
PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466
COST OF INSTALLATION = 650.
COST OF REPAIR § SU= 650 sD= 650 CuU= 650 CD= 650 F= 650
MAINTENANCE COST PER YEAR =8 10.
SALVAGE VALUE =3 0.
TOTAL PRESENT WORTH = 8§ 4,502. ANNUALIZED $ 459.
HIGHWAY DEPARTMENT COST =8 798. ANNUALIZED $ 81.
INSTALLATION COST = S 650. ANNUALIZED $ 66.
REPAIR COST ) = S 49. ANNUALIZED §$ 5.
MAINTENANCE COST = S 98. ANNUALIZED S 10.
SALVAGE VALUE = S 0. ANNUALIZED $ 0.
ACCIDENT COST = S 3,704. ANNUALIZED $ 377.
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"ROADSIDE"COMPUTER RUN
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ROADSIDE - Version 4.1
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TITLE: LIGHT POLE (B/A)-5

INITIAL TRAFFIC VOLUME =

5.0

00 VEHICLES PER DAY

PAGE NUMBER 52 [V

TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 7,430
LIMITING TRAFFIC VOLUME PER LANE = 10,000
UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 F..
CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff ~ 1.000000)

TRAFFIC BASELINE CURVATURE GRADE USER TOTAL

VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 2,500 3.3250 1.00 1.00 1.0 3.3250
OPPOSING 2,500 3.3250 1.00 1.00 1.0 3.3250
DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
LATERAL PLACEMENT (A) = 2. FT.
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = 1. FT.

ZONE1 ZONE2 ZONE3
ADJACENT 0.0020 0.0256 0.0006 ENCROACHMENTS/YEAR
OPPOSING 0.0020 0.0256 0.0006 ENCROACHMENTS /YEAR
INITIAL COLLISION FREQUENCY = 0.015 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 0.363
ADJACENT CFT= 0.0114 CFl1 = 0.0004 CF2 = 0.0105 CF3 = 0.0004
OPPOSING CFT= 0.0034 CF4 = 0.0001 CF5 = 0.0032 CF6 = 0.0001
SEVERITY INDEX = 150 1.50 1.50 1.50 1.50
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = § 2,538 § 2,538 5 2,538 § 2,538 2,53
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = §$ 1
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 0
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = §$ 27
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = $ 8
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 1
TOTAL INITIAL ACCIDENT COST = $ 38.

PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 RJ = 0.215 CRF = 0.102 KC = 11.466
COST OF INSTALLATION = $ 750.
COST OF REPAIR § SU= 350 SD= 350 Cu= 350 CbD= 350 F= 350
MAINTENANCE COST PER YEAR = $ 10.
SALVAGE VALUE =8 0.
TOTAL PRESENT WORTH =S 1,338, ANNUALIZED $ 136.
HIGHWAY DEPARTMENT COST = $ 908. ANNUALIZED $ 92.
INSTALLATION COST = S 750. ANNUALIZED S 76.
REPAIR COST - S 59. ANNUALIZED S 6.
MAINTENANCE COST = S 98. ANNUALIZED $ 10.
SALVAGE VALUE = S 0. ANNUALIZED $ 0.
ACCIDENT COST = S 430. ANNUALIZED § 44.
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PAGE'NUMBER 53

1. TITLE: LIGHT POLE (B/A)-10
2. INITIAL TRAFFIC VOLUME = 10,000 VEHICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 14,859
LIMITING TRAFFIC VOLUME PER LANE = 10,000
3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE ﬁIDTH =
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0
5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff = 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER. TOTAL
VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 5,000 6.6500 1.00 1.00 1.0 6.6500
OPPOSING 5,000 6.6500 1.00 1.00 1.0 6.6500
6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH =
7. LATERAL PLACEMENT (A) = 2. FT,
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = Ls BT
ZONE1 ZONE2 ZONE3
ADJACENT 0.0041 0.0511 0.0013 ENCROACHMENTS/YE
OPPOSING 0.0041 0.0511 0.0013 ENCROACHMENTS/YE
8. INITIAL COLLISION FREQUENCY = 0.030 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PRCJECT LIFE = 0.726
ADJACENT CFT= 0.0227 CFl1 = 0.0008 CF2 = 0.0210 CF3 = 0.00
OPPOSING CFT= 0.0069 CF4 = 0.0003 CF5 = 0.0064 CF6 = 0.00
9. SEVERITY INDEX = 1.50 1.50 1.50 1.50
SIDEUP SIDEDOWN UP CORNER DOWN CORNER
ACCIDENT COST = § 2,538 2,538 & 2,538 S 2,538 $
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = §
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = §
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = §
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = §
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = §
TOTAL INITIAL ACCIDENT COST = $§

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %

KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466

11. COST OF INSTALLATION = $ 750.

12. COST OF REPAIR §$ SU= 350 SD= 350 CuU= 350 CbD= 350

13. MAINTENANCE COST PER YEAR =8 10.

14. SALVAGE VALUE = $ 0.

15. TOTAL PRESENT WORTH =85 1,828. ANNUALIZED §$ 1
HIGHWAY DEPARTMENT COST =S 967. ANNUALIZED $
INSTALLATION COST = S 750. ANNUALIZED $
REPAIR COST o S 119. ANNUALIZED $
MAINTENANCE COST = S 98. ANNUALIZED $
SALVAGE VALUE = S 0. ANNUALIZED $
ACCIDENT COST - = S 861. ANNUALIZED $
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1. TITLE: LIGHT POLE (B/A)-20
2. INITIAL TRAFFIC VOLUME = 20,000 VEHICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 29,719
LIMITING TRAFFIC VOLUME PER LANE = 10,000
3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 F
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (Tveff ~ 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL

VOLUME ENC. FACTOR FACTOR FACTOR ENC.
ADJACENT 10,000 13.3000 1.00 1.00 1.0 13.3000
OPPOSING 10,000 13.3000 1.00 1.00 1.0 13.3000

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0

7. LATERAL PLACEMENT (A) = 2. FTs
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE - s FT.
ZONE1 ZONE2 ZONE3
ADJACENT 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR
OPPOSING 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR
8. INITIAL COLLISION FREQUENCY = 0.059 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 1.4851
ADJACENT CFT= 0.0454 CFl1 = 0.0017 CF2 = 0.0420 CF3 = 0.0018
OPPOSING CFT= 0.0137 CF4 = 0.0005 CF5 = 0.0127 CFé6 = 0.0005
9. SEVERITY INDEX = 1.50 1.50 1.50 1.50 1.50
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = $ 2,538 § 2,538 S 2,538 8 2,538 S 2,53
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = § 4
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 5
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 107
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = § 32
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = §$ 6
TOTAL INITIAL ACCIDENT COST = § 150.
10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 RJ = 0.215 CRF = 0.102 KC = 11.466

11. COST OF INSTALLATION = S 750.

12. COST OF REPAIR § SU= 350 SD= 350 CU= 350 CD= 350 F= 350

13. MAINTENANCE COST PER YEAR =S 10.

14. SALVAGE VALUE = $ 0.

15. TOTAL PRESENT WORTH = S 2,807. ANNUALIZED $ 286.
HIGHWAY DEPARTMENT COST S 1,086. ANNUALIZED $ 111.
INSTALLATION COST = S 750. ANNUALIZED $ 76.
REPAIR COST = S 237. ANNUALIZED $ 24.
MAINTENANCE COST = S 98. ANNUALIZED § 10.
SALVAGE VALUE = S 0. ANNUALIZED $ 0.
ACCIDENT COST = S 1,721. ANNUALIZED $§ 175
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TITLE: LIGHT POLE (B/A)-30

INITIAL TRAFFIC VOLUME = 30,000 VEHICLES PER DAY

TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 44,578
LIMITING TRAFFIC VOLUME PER LANE = 10,000

UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT.
CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0

INITIAL ENCROACHMENT FREQUENCY = (.0013300 * (TVeff -~ 1.000000)

TRAFFIC BASELINE CURVATURE GRADE USER TOTAL

VOLUME ENC. FACTOR FACTOR FACTOR  ENC.
ADJACENT 15,000 13.3000 1.00 1.00 1.0 13.3000
OPPOSING 15,000 13.3000 1.00 1.00 120 13.3000
DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0
LATERAL PLACEMENT (A) = 2. ¥T. '
LONGITUDINAL LENGTH (L) = 1. FT.
WIDTH OF OBSTACLE = 1. PT.

ZONE1 ZONE2 ZONE3
ADJACENT 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR
OPPOSING 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR
INITIAL COLLISION FREQUENCY = 0.059 IMPACTS PER YEAFW
EXPECTED IMPACTS OVER PROJECT LIFE = 1.451 -
ADJACENT CFT= 0.0454 CFl1l = 0.0017 CF2 = 0.0420 CiZ - 0.0018
OPPOSING CFT= 0.0137 CF4 = 0.0005 CF5 = 0.0127 CF6 = 0.0005
SEVERITY INDEX = 1.50 1.50 1.50 1.50 1.50
SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = § 2,538 § 2,538 S 2,538 § 2,538 S 2,538
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = $ 4
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 1
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = § 107
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = §$ 32
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = $ 6
TOTAL INITIAL ACCIDENT COST = §$ 150.

PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 RJ = 0.215 CRF = 0.102 RC = 11.466
COST OF INSTALLATION = $ 750.
COST OF REPAIR § SU= 350 SD= 350 CU= 350 CD= 350 F= 350
MAINTENANCE COST PER YEAR =S 10.
SALVAGE VALUE =8 0.
TOTAL PRESENT WORTH = § 2,807. ANNUALIZED § 286.
HIGHWAY DEPARTMENT COST = § 1,086. ANNUALIZED $ 111.
INSTALLATION COST = S 750. ANNUALIZED $ 76.
REPAIR COST = $ 237. ANNUALIZED § 24.
MAINTENANCE COST = S 98. ANNUALIZED $ 10.
SALVAGE VALUE = S 0. ANNUALIZED $ 0.
ACCIDENT COST = S 1,721. ANNUALIZED $ 175.
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1. TITLE: LIGHT POLE (B/A)-40

2. INITIAL TRAFFIC VOLUME = 40,000 VEHICLES PER DAY
TRAFFIC GROWTH RATE = 2.0 % PER YEAR DESIGN YEAR ADT = 59,438
LIMITING TRAFFIC VOLUME PER LANE = 10,000

3. UNDIVIDED HIGHWAY LANE(S) OF ADJACENT TRAFFIC = 1. LANE WIDTH = 12.0 FT.
4. CURVATURE = 0.0 DEGREES GRADE (PERCENTAGE) = 0.0

5. INITIAL ENCROACHMENT FREQUENCY = 0.0013300 * (TVeff ~ 1.000000)
TRAFFIC BASELINE CURVATURE GRADE USER TOTAL

VOLUME ENC. . FACTOR FACTOR FACTOR ENC.

ADJACENT 20,000 13.3000 1.00 1.00 1.0 13.3000
OPPOSING 20,000 13.3000 1.00 1.00 1.0 13.3000

6. DESIGN SPEED = 40 MPH ENCROACHMENT ANGLE = 17.2 SWATH WIDTH = 12.0

7. LATERAL PLACEMENT (A) = 2. FT.
LONGITUDINAL LENGTH (L) = i: FT.
WIDTH OF OBSTACLE = 1. FY.

ZONE1 ZONE2 ZONE3

ADJACENT 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR
OPPOSING 0.0081 0.1022 0.0025 ENCROACHMENTS/YEAR

8. INITIAL COLLISION FREQUENCY = 0.059 IMPACTS PER YEAR
EXPECTED IMPACTS OVER PROJECT LIFE = 1.451
ADJACENT CFT= 0.0454 CFl1 = 0.0017 CF2 = 0.0420 CF3 = 0.0018
OPPOSING CFT= 0.0137 CF4 = 0.0005 CF5 = 0.0127 CF6é = 0.0005

9. SEVERITY INDEX = 1.50 1.50 1.50 1.50 150

SIDEUP SIDEDOWN UP CORNER DOWN CORNER FACE
ACCIDENT COST = §$ 2,538 8 2,538 § 2,538 § 2,538 S 2,536
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD = S 4
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD = § 2
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD = §$ 107
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD = § 32
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD = S 6
TOTAL INITIAL ACCIDENT COST = $ 150,

10. PROJECT LIFE = 20 YEARS DISCOUNT RATE = 8.0 %
KT = 9.818 KJ = 0.215 CRF = 0.102 KC = 11.466

11. COST OF INSTALLATION = 8 750.

12. COST OF REPAIR § SU= 350 SD= 350 Cu= 350 CbD= 350 F= 3¢

13. MAINTENANCE COST PER YEAR =8 10.

14. SALVAGE VALUE = $ 0.

15. TOTAL PRESENT WORTH = $ 2,807. ANNUALIZED $ 286.
HIGHWAY DEPARTMENT COST =S 1,086. ANNUALIZED $ 111.
INSTALLATION COST = S 750. ANNUALIZED $ 76.
REPAIR COST = $ 237, ANNUALIZED §$ 24.
MAINTENANCE COST = $ 98. ANNUALIZED $ 10.
SALVAGE VALUE = $ 0. ANNUALIZED $ 0.
ACCIDENT COST = $ 1,721 ANNUALIZED $ 175,
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APPENDIX P

REIMBURSEMENT LITERATURE REVIEW
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MB E RA VIEW

Relocation of public utilities located in the highway right-of-way has been an
important issue for many years. The following section includes a detailed summary of this
issue taken from the publication entitled, "Selected Studies in Highway Law--Vol. 2," by
Larry W. Thomas (45). It includes a discussion on the payments to public utilities for the
relocation of their facilities in highway right-of-way.
INTRODUCTION

Two basic issues were addressed: the first was the extent to which either the State
or the utility should pay the cost of relocation when the utility is required to move its
facilities due to highway construction or improvements; the second was the reimbursement
of States for payments to utilities pursuant to Title 23, Section 123 of the United States
Code (U.S.C.).The first situation is strictly a matter between the utility and the State,
county, or city, or an agency of one of those levels of government. When utility facilities are
relocated, the utility may claim that the government which required the relocation must pay
for the relocation expenses. Unless there is a specific statutory authority for such payments,
the utility usually will have to bear the costs. The second situation is concerned with the
reimbursement of States by the Federal Highway Administration (FHWA) where the States
are paying the cost of utility relocation from the highway right-of-way as part of the highway
construction project.

The term "utilities" as used by Thomas (45) means a business or service that is
engaged in regularly providing the public with a commodity that it requires, such as
electricity, gas, water, transportation, telephone, or telegraph service. The federal regulations

for Title 23, Section 123 of the U.S.C.define the term as follows:
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Utility shall mean and include all privately, publicly, or cooperatively owned lines,
facilities, and systems for producing, transmitting or distributing communications,
power, electricity, light, heat, gas, oil, crude products, water, steam, waste, storm
water not connected with highway drainage, and other similar commodities, including
publicly owned fire and police signal systems and street lighting systems, which
directly or indirectly serve the public or any part thereof. The term "utility"shall also
mean the utility company, inclusive of any wholly owned or controlled subsidiary.

Although a few State statutes may distinguish between public and private utilities, the
type of ownership does not appear to be a significant factor on the legal issues with payment
of relocation costs.

The term "reimbursement” is somewhat misleading in that its application is more
precise in the discussion of reimbursement of States by the FHWA. Where the State,
pursuant to Title 23, Section 123 of the U.S.C.,pays the cost of relocation of utility facilities,
the States are reimbursed pro-rata for their expense in the same proportion as the
percentage of Federal funds participating in the project.

The term "relocation" means a utility, located in the highway proper or in the highway
right-of-way, has had to adjust, move, or relocate its facilities in order for the highway
agency to complete the highway project.

At the time, Thomas found that reimbursement of relocation cost of utilities was
sanctioned for Interstate Highway projects in fifteen States. Such payments were authorized
on all Federal-aid highway projects in six States. Seven States paid utility relocation cost on

certain types of State highways. However, no statutory authority existed for paying such cost

in eleven States.
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OMPENSATION FOR TAKIN R DA F ITY EASEMENT OR
PROPERTY

ajority View

Utility facilities may be located in the highway right-of-way pursuant to statute or
written permission such as a ﬁcehsc, franchise, or permit. The method by which a utility is
able to locate its facilities within highway right-of-way is important in determining whether
a utility must be paid for relocating.

When a utility is located entirely on its own private right-of-way or easement, the
courts have been consistent in requiring the highway agency to either purchase or condemn
the utility’s property interest before compelling the relocation of facilities. The case which
set the precedent came from Commonwealth vs. Means & Russell Iron Co., (299 Ky. 465,
185 S.W. 2d 960 1945). It stated:

"The rule is now as it was then, when the government requires the relocation of a

perpetual easement for the public convenience its owner is entitled to compensation

in the form of damages, which may be determined by the actual cost of relocation."

Minority View

A utility cannot be required to relocate its facilities which are located on its own
property by the State’s police power. However, there have been cases which awarded
compensation for the taking of a utility’s property, when the utility’s interest did not rise to
the level of a fee or an easement. The cases occurred when the utility was compelled to
remove its facilities to a new location outside of the highway right-of-way. It was stated that
this complete abrogation of the privilege to be located in the highway ﬂgﬁt—of—way

constituted a taking.
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Damages

It seems there have been few court decisions which have elaborated on the issue of
what constitutes "justcompensation”. But, it appears to be the value of any real estate taken
plus the cost of relocating the facilities.

The courts have held consistently that where the utility’s facilities are located on
pn'vatc' property, the highway agency may not compel them to be relocated without paying

just compensation.

RELOCATION _WITHO PAYMENT P ANT E I WER
WHERE E ITY HAS NO PROPER it
’s Authorit ire_Relocation iliti

In most situations which involve relocation of utilities, the facilities will not be
located on private property, instead, they will be located in the highway right-of-way, usually
by permission of a statute, franchise, license, or permit.

The authority of the State to regulate its streets and highways is well established. The
utilities located along the streets and highways are also included within the scope of this
authority. This includes the right to require the utility to relocate its facilities when required
by highway construction or improvements. When utilities are located in highways or highway
right—of—w-ay by virtue of a statute or franchise, they require no vested right to any specific
location in the right-of-way.

There are limitations on the State’s requmng relocation of facilities pursuant to the
doctrine of the police power. One such limitation is that the State must be acting
reasonably. The key to the scope of police power is reasonableness, because the Constitution

does not require compensation where there is an appropriate exercise of power. It does
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define a taking in eminent domain as compensable. In addition to being reasonable, the
action of the public authority that is requiring relocation must be "governmental in nature";
that is, it must be for a governmental purpose. Generally, the decision to relocate utility
facilities in order to accommodate highway construction is considered a recognizable,
traditional, governmental function.

Another limitation on the government’s right to compel relocation is that it may not
discriminate unfairly among utilities, and any distinction between utilities involving
relocation cost or reimbursement must have a reasonable, rational basis.

Finally, it appears to be a general rule, that, unless a statute authority authorizes
payment of relocation cost, a State, county, or municipal agency may not enter into a
contract that intends to bind the agency to paying such cost.

No Liabili r tion i n f

In the absence of statute, the courts have consistently held, that, if utility facilities are
required to be relocated due to highway construction or improvements, the utility, and not
the State or highway agency, must bear the cost incurred in relocating.

One reason for this common law rule is that, because utilities occupy the highways
free of cost, they should not be entitled to compensation when they are required to relocate
their facilities in order to accommodate highway improvements.

Another reason is the courts believe that the utilities have an implied obligation to
relocate their property at their own expense when a governmental use of the streets renders

the relocation necessary.
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Eff fF i r Oth n

The fact that the utility has been allowed by virtue of a franchise or an agreement
to occupy a highway right-of-way does not create any property right that must be
compensated when the utility is required to relocate its facilities. Even though the utility
may have a franchise, license, or permit, the general rule is that the utility must relocate its
facilities at its own expense when the changes resulted frqm public necessity.

A "franchise" is defined as a special privilege ¢onferred by the State on an individual
or corporation to dc; that which a citizen cannot do by common right. Unlike a license, a
franchise usually does not create an interest in land, even though the use of the franchise
requires the occupancy of land.

Effect of Municipal Ownership

It is generally known that in the absence of State practice or statute, municipally
owned utilities must bear the cost to relocate their facilities in the right-of-way when they
are required to do so by State highway construction. There are several reasons for this
general conclusion. First, the State has jurisdiction over the highways even though the "fee"
title to the street or highway may be vested in the municipality. I-Ipweve.r, in a few cases, the
municipality has been reimbursed or compensated on the basis that ‘it holds title to its
streets. Second, in the absence of State practice or statute, no compensation is required to
be paid to a municipally owned utility, because it is considered by the courts to be exercising
a "proprietary” function when it goes into the utility business. A proprietary service is one
conducted for a fee or charge for the benefit of the community. When performing a
proprietary service, the municipality is considered to have the rights and obligations of a

private corporation.
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Effect of Location on

When a utility is located in or along a toll road, the toll road is a "public highway"
for the purpose of determining that the utility must pay the cost of relocation. Unless a
provision for the toll road authority exists, the utility may be required to relocate its facilities

at its own expense.

REIMBURSEMENT  OF R RELOCATION PAYMENTS MADE T

As stated earlier, the general rule is that a state or highway agency is not required,
in the absence of statute, to pay a utility its cost to relocate its facilities located in the
highway or highway right-of-way due to highway construction or improvements. In 1956, the
Congress authorized the FHWA to reimburse the States for utility relocation cost in the
same proportion that Federal funds were expanded on the project.

Eligibility for Reimbursement

On Federal-aid primary or secondary systems or the Interstate system, the States may
be reimbursed for the cost of relocating utility facilities when part of the highway
construction project in the same proportion as the amount of Federal funds spent on the
project. The reimbursement may be made whether the utility facilities are publicly, privately,
or cooperatively owned.

Reim m Where Utili Righ

First, reimbursement may occur on a pro-rata basis if the utility has the right to
occupy the site. The regulations authorize reimbursement

"where the utility has the right of occupancy in its existing location by reason of

holding fee, an easement, or other real property interest, the damaging or taking of
which is compensable in eminent domain."
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A "fee"is equivalent to "fee simple” or "fee simple absolute” which is the largest estate in
terms of ownership. An "easement" is the right to use the land of another for a special
purpose.

eimbursement Where Payment I r i Law

Second, the State may be reimbursed for utility relocation costs

"where the utility occupies either publicly or privately owned land or public right-of-
way,and the State’s payment of the costs of relocation is made pursuant to State law,
and does not violate a legal contract between' the utility and the State, provided an
affirmative finding has been made by FHWA that such a law forms a suitable basis
for Federal-aid fund participation under the provisions of 23 U.S.C. 123."

The third category for reimbursement is

"where the utility which occupies publicly owned lands or public right-of-way is owned
by an agency or political subdivision is not required by law or agreement to relocate
its facilities at its own expense, provided the State has furnished a statement to
FHWA establishing and/or citing its legal authority or obligation to make such

payments, and an affirmative finding has been made by FHWA that such a statement
forms a suitable basis for Federal-aid participation under the provisions of 23 U.S.C."

SUMMARY AND CONCLUSIONS (by Thomas)

When utilities located in or along State highways or right-of-way must be relocated,
the interest held by the utility must be analyzed in order to determine whether the State or
the utility must bear the cost.

In the case where utilities are located on property that the utility has acquired, such
as an easement or right-of-way, the rule is that the State must pay the relocation cost. This
corresponds to highway construction or improvement which requires the utilities to relocate.
The reason is that the agency’s action constitutes a taking or damaging of private property

for public use.
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A utility is more likely to locate its facilities with accordance to a franchise, permit,
license, or other agreement. Unless there is statutory authority for paying relocation cost,
the general rule is that the utility must bear its own cost when required to relocate or
remove its facilities due to highway improvements.

Most State statutes regarding reimbursement were enacted in order to take advantage
of Title 23 U.S.C. Section 123, which allows the FHWA to reimburse States on a pro-rata
basis for utility relocation cost as part of the highway construction contract.

FINAL MMENTS

The Federal Highway Administration has a policy which deals with utility relocation
and reimbursement. It is part of the Federal-Aid Highway Program Manual FHPM 6-6-3-1,
as shown in Appendix R. The subsection entitled, "Utility Relocations, Adjustments, and

Reimbursement,” was included for the purpose of reference material.
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APPENDIX Q.

REIMBURSEMENT POLICIES TO UTILITIES
(QUESTIONNAIRE #2)
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University of oy Department of
ivil Engineering -

N_ebraSKa W348 Nebraska Hall

Lincoln Lincoln, NE 68588-0531

August 16, 1989

Dear Mr. :

The University of Nebraska is currently conducting a research study for the Nebraska
Department of Roads (NDOR), entitled "Economic and Safety Considerations for
Establishing Minimum Lateral Obstacle Clearance Policies for Utility Facilities in Urban
Areas." While the emphasis will be on urban roads, the study will also include rural roads.

One of the research tasks is to conduct a review of other states’ utility reimbursement
policies for highway construction relocations. This review includes such utilities such as
electric power, telephone, pipeline, cable tv, etc. The enclosed Questionnaire addresses a
number of issues concerning utility reimbursement policies.

We would greatly appreciate a response by September 6. 1989. If you do not intend to
participate, will you please inform us of this so that we can complete the summary of this
questionnaire as soon as possible.

I would like to take this opportunity to thank you in advance for your assistance and time
in addressing a critical safety issue.

Respectfully,

Dr. Edward R. Post, Ph.D., P.E.
Professor

ERP/wge

el Mr. Fred Gunderson
NDOR Project Manager

enclosures (1)

University of- Nebraska—Lincoln University of Nebraska at Omaha University of Nebraska Medical Center



QUESTIONNAIRE

UTILITY REIMBURSEMENT POLICY
FOR HIGHWAY CONSTRUCTION LOCATIONS

Nebraska Department of Roads
University of Nebraska-Lincoln

August 11, 1989

State Agency

Name of Respondent

Address

Phone

1. Does your state have a specific policy regarding reimbursement to utilities for highway
construction related relocations?

Yes No

2. Is your policy set by:

State Law
Local Ordinances
Franchise Agreement

|

3. Does your state follow FHPM 6-6-3-1 in determining eligible costs?

Yes No

4. Do you use Federal Funds for utility relocations?

Yes _ No

a) On an annual basis, what approximate percentage of reimbursable utility costs do
you utilize from Federal Funds?

1) Less that 20%
2) 20% to 40%

3) 40% to 60%

4) 60% to 80%

5) More than 80%

1]



10.

11,

12.

13,

14,

b) Is cost a criteria for use of Federal Funds?
Yes No

1) If the answer to b) was yes, at what cost range do you pursue Federal Funds?

Does your state use the alternate procedures as outlined in FHPM 6-6-3-1?

Yes No

Are utility relocation costs reimbursable to utilities for relocations required on public
R.O.W.?

Yes No

Does your state issue permits to occupy public R.O.W.?

Yes No

Does your state grant easements to utilities on public R.O.W.?

Yes No

Does your state grant franchise rights to utilities on public R.O.W.?

Yes No

Does your state charge a fee to provide the services described in questions 7, 8 or 9?
Yes No

Does the state’s reimbursement policy differ for various types of utilities (i.e. electric
power, telephone, pipeline, or cable tv)?

Yes No

Does your state allow utilities to occupy your public R.O.W.?

Yes No

Does your reimbursement policy vary for different roadway classifications?

Yes __ No

Has your state encountered an uncooperative utility (eg. which refused to relocate)?

Yes No



15,

16.

17.

18.

19,

Is your state required to provide advance notice of projects to utilities?

Yes ' No

Does your state allow concurrent relocation construction by utilities during highway
construction?

Yes No

Does your state have a state-wide 1-Call System for the location of utilities?

Yes No

Does your state require contractors to use the 1-Call System?

Yes No

Does your state participate in the 1-Call System?

Yes No

RETURN COMPLETED QUESTIONNAIRE TO:

Edward R. Post, Ph.D., P.E.
Professor of Civil Engineering
University of Nebraska-Lincoln
W348 NH

Lincoln, NE 68588-0531
Telephone No. 402-472-5017
Fax No. 402-472-2410



442



APPENDIX R.

FEDERAL-AID HIGHWAY PROGRAM MANUAL FHPM 6-6-3-1
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FEDERAL-AID HIGHWAY PROGRAM MANUAL

U. S. DEPARTMENT OF TRANSPORTATION

VOLUME 6 ENGINEERING AND TRAFFIC OPERATIONS

CHAPTER 6 | RAILROADS AND UTILITIES '

SECTION 3 UTILITIES

UTILITY RELOCATIONS, ADJUSTMENTS AND

SUBSECTION REIMBURSEMENT
Transmittal 426
November 11, 1988
HNG-12

Par. Purpose
Authority

Applicability

Definitions

Eligibility

Preliminary Engineering
Right-of-Way

Agreements and Authorizations
Construction

Cost Development and Reimbursement
Alternate Procedure

—
= OWO~NOV & WM —
- -

PURPOSE. *To prescribe the policies, procedures,
and reimbursement provisions for the adjustment and
relocation of utility facilities on Federal-aid or
direct Federal projects.

AUTHURITY. 23 v.Ss.C. 101, 109, 111, 116, 123, and 315;
23 CFR 1.23 and 1.27; 49 CFR 1.48(b); and Executive
Order 11990, 42 FR 26961 (May 24, 15977).

APPLICABILITY

a. The provisions of this regulation apply to reimbursement
claimed by a State highway agency (SHA) for costs
incurred under an approved and properly executed highway
agency (HA)/utility agreement and for payment of costs
incurred under all Federal Highway Administration
(FHWA)/utility agreements.

Italicized material is published in 23 CFR 645A.
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b.

Procedures on the accommodation of utilities are set
forth in Federal-Aid Highway Program Manual {FHPM)
6-6-3- 2, Accommodation of Utilities.

When the lines ar facilities to be relocated or adjusted
due tg, highway construction are privately owned, located
on the owner's land, devoted exclusively to private use
and not directly or indirectly serving the public, the
provisions of the FHWA's right-of-way procedures in FHPM
Volume 7, Right-of-Way and Environment, apply. When
applicable, under the foregoing conditions, the
provisions of .this regulation may be used as a guide to
establish a cost-to-cure.

The FHWA's reimbursement to the SHA will be governed by
State law (or State regulation) or the provisions of
this regulation, whichever is more restrictive. When
State law or regulation differs from this regulation, a
determination shall be made by the SHA subject to the
concurrence of the FHWA Division Administrator as to
which standards will govern, and the record documentead
accordingly, for each relocation encountered..

For direct Federal proj=scts, all references herein to
the SHA or HA are inapplicable, and it is intended that
the FHWA be considered in the relative position of the
SHA or HA.

DEFINITIUNS. For the purposes of this directive, the

following definitions shall apply:

a.

Authorization - for Federal-aid projects authorization
to the SHA by the FHWA Division Administrator or for
direct Federal projects authorization to the utility by
the FHWA Division Engineer to procesc wit! any phase of
a project. The date of authorization establishes the
date of eligibility for Federal funds to participate in
the costs incurred on that phase of work.

Betterment - any upgrading of the facility being
relocated that is not attributable to the highway

‘construction and is made solely for the benefit of

&and at the election of the utility.

Cost of Relocation - the entire amount paid by or on
behalf of the utility properly attributable to the
relocation after deducting from that amount any
increase in value of the new facility, and any salvage
derived from the old facility.
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d.

Cost of Removal - the amount expended to remove utility
property including the cost of demolishing, dismantling,
removing, transporting, or otherwise disposing of utility
property and of cleaning up to leave the site in a neat
and presentable condition.

Cost of Salvage - the amount expended to restore salvaged
utility property to usable condition after its removal.

Direct Federal Projects - highway projects such as
projects under the Federal Lands Highways Program which
are under the direct administration of the FHWA.

Highway Agency (HA) - that department, commission,
board, or official of any State or political subdivison
thereof, charged by its law with the responsibility for
highway administration.

Indirect or Overhead Costs - those costs which are not
readily identifiable with one specific task, job, or
worx order. Such costs may include indirect labor,
social security taxes, insurance, stores expense, and
general office expenses. Costs of this nature generally
are distributed or allocated to the applicable job or
work orders, other accounts and other functions to which
they relate. Distribution and allocation is made on a
uniform basis which is reasonable, equitable, and in
accordance with generally accepted cost accounting
practices.

Relocation - the adjustment of utility facilities
required by the highway project. It includes removing
and reinstalling the facility, including necessary
temporary facilities, acquiring necessary right-of-way
on the new location, moving, rearranging or changing the
type of existing facilities and taking any necessary
safety and protective measures. It shall also mean
constructing a replacement facility that is both
functionally equivalent to the existing facility and
necessary for continuous operation of the utility
service, the project economy, or sequence of highway
construction.

Salvage Value - the amount received from the sale of
utility property that has been removed or the amount
at which the recovered material is charged to the
utility's accounts, if retained for reuse.
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State Highway Agency - the highway agency of one of the
50 States, the District of Columbia, or Puerto Rico.

Use and Occupancy Agreement - the document (written
agreement or permit) by which the HA approves the use
and occupancy of highway right-of-way by utility
facilities or private lines.

Utilit¥ - a privately, publicly, or cooperatively owned
ine, facility or system for producing, transmitting,
or distributing communications, cable television,
power, electricity, light, heat, 'gas, o0il, crude pro-
ducts, water, steam, waste, storm water not connected
with highway drainage, or any other similar commodity,
including any fire or police signal system or street
lighting system, which directly or indirectly serves
the public. The term utility shall also mean the
utility company inclusive of any wholly owned or
controlled subsidiary.

Work Order System - a procedure for accumulating and
recording into separate accounts of a utility all costs
to the utility in connection with any change in its
system or plant.

5. ELIGIBILITY

a.

When requested by the SHA, Federal funds may
participate, subject to the provisions of paragraph 3d
of this section and at the pro rata share applicable,
in an amount actually paid by an HA for the costs of
utility relocations. Federal funds may participate in
safety corrective measures made under the provisions
of paragraph 5k of this section. Federal funds may
also participate for relocations necessitated by the
actual construction of a highway project and under one
or more of the following conditions when:

(1) the SHA certifies that the utility has the right
of occupancy in its existing location because it
holds the fee, an easement, or other real pro-
perty interest, the damaging or taking of which
is compensable in eminent domain,

(2) the utility occupies privately or publicly owned
land, including public road or street right-of-way,
and the SHA certifies that the payment by the HA is
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made pursuant to a law authorizing such payment in
conformance with the provisions of 23 U.S.C. 123,
and/or

(3) the utility occupies publicly owned land, including
public road and street right-of-way, and is owned by
a public agency or political subdivision of the
State, and is not required by law or agreement to
move at its own expense, and the SHA certifies that
the HA has the legal authority or obligation to make
such payments.

On projects which the SHA has the authority to
participate in project costs, Federal funds may not
participate in payments made by a political subdivision
for relocation of utility facilities, other than those
proposed under the provisions of paragraph 5k of this
section, when State law prohibits the SHA from making
payment for relocation of utility facilities.

On projects which the SHA does not have the authority to
participate in project costs, Federal funds may
participate in payments made by a political subdivision
for relocation of utility facilities necessitated by the
actual construction of a highway project when the SHA
certifies that such payment is based upon the provisions
of paragraph 5a of this section and does not violate the
terms of a use and occupancy agreement, or legal
contract, between the utility and the HA or for utility
safety corrective measures under the provisions of
paragraph 5k of this section.

Federal funds are not eligible to participate in any costs
for which the utility contributes or repays the HA, except
for utilities owned by the political subdivision on pro-
Jjects which qualify under the provisions of paragraph 5c
of this section in which case the costs of the utility are
considered to be costs of the HA.

The FHWA may deny Federal fund participation in any
payments made by a HA for the relocation of utility
facilities when such payments do not constitute a
suitable basis for Federal fund participation under
the provisions of Title 23, U.S.C.
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r

The rights of any public agency or political subdivision
of a State under contract, franchise, or other instru-
ment or agreement with the utility, pertaining to the
utility's use and occupancy of publicly owned land,
including public road and street right-of-way, shall be
considered the rights of the SHA in the absence of State
law to the contrary.

In lieu of the individual certifications required by

paragraphs 5a and c, the SHA may file a statement with
the FHWA Division Administrator setting forth the con-
ditions under which the SHA will make payments for the

_relocation of utility facilities. The FHWA Division

Administrator may approve Federal fund participation
in utility relocations proposed by the SHA under the
conditions of the statement when the FHWA Regional
Administrator has made an affirmative finding that
such statement and conditions form a suitable basis
for Federal fund participation under the provisions
of 23 U.S5.C. 123. [OMB Control Number 2125-0515]

Federal funds may not participate in the cost of
relocations of utility facilities made solely for the
benefit or convenience of a utility, its contractor,
or a highway contractor.

When the advance installation of new utility facilities
crossing or otherwise occupying the proposed right-of-
way of a planned highway project is underway, or
scheduled to be underway, prior to the time such
right-of-way is purchased by or under control of the HA,
arrangements should be made for such facilities to be
installed in a manner that will meet the requirements of
the planned highway project. Federal funds are eligible
to participate in the additional cost incurred by the
utility that are attributable to, and in accommodation
of, the highway project provided such costs are incurred
subsequent to authorization of the work by the FHWA
Division Administrator. Subject to the other provisions
of this directive, Federal participation may be approved
under the foregoing circumstances when it is demonstrated
that the action taken is necessary to protect the public
interest and the adjustment of the facility is necessary
by reason of the actual construction of the highway
project.
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Federal funds are eligible to participate in the costs
of preliminary engineering and allied services for
utilities, the acquisition of replacement right-of-way
for utilities, and the physical construction work
associated with utility relocations. Such costs must be
incurred by or on behalf of a utility after the date the
work is included in an approved program and after the
FHWA Division Administrator has authorized the SHA to
proceed in accordance with FHPM 6-3-2-2, Federal-Aid
Programs Approval and Project Authorization. '

Federal funds may participate in projects solely for the
purpose of implementing safety corrective measures to
reduce the roadside hazards of utility facilities to the
highway user. Safety corrective measures should be
developed in accordance with the provisions of

FHPM 6-6-3-2, paragraph 6k.

6. PRELIMINARY ENGINEERING

a.

As mutually agreed to by the HA and utility, and subject
to the provisions of paragraph (6b) of this section,
preliminary engineering activities associated with
utility relocation work may be done by:

(1) the HA's or utility's engineering forces;

(2) an engineering consultant selected by the HA, after
consultation with the utility, the contract to be
administered by the HA; or,

(3) an engineering consultant selected by the utility,
with the approval of the HA, the contract to be
administered by the utility.

When a utility is not adequately staffed to pursue the
necessary preliminary engineering and related work for
the utility relocation, Federal funds may participate in
the amount paid to engineers, architects, and others for
required engineering and allied services provided such
amounts are not based on a percentage of the cost of
relocation. When Federal participation is requested by
the SHA in the cost of such services, the utility and
its consultant shall agree in writing as to the services
to be provided and the fees and arrangements for the
services. Federal funds may participate in the cost of
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such services performed under existing written
continuing contracts when it is demonstrated that
such work is performed regularly for the utility
in its own work and that the costs are reasonable.
Prior approval by the FHWA Division Administrator
of consulting services is necessary, except the
FHWA Division Administrator may forgo preaward .
review and/or approval of any proposed consultant

"contract which 1s not expected to exceed $10,000.

The procedures In FHPM 1-7-2, Aﬁministration of
Negotiated Contracts, may be used as a guide for
reviewing proposed consultant contracts.

7. RIGHT-OF-WAY

a.

Federal participation may be approved for the cost of
replacement right-of-way proviged:

(1) the utility has the right of occupancy in its
existing location because it holds the fee, an
easement, or another real property interest, the
damaging or taking of which is compensable in
eminent domain, or the acquisition is made in the
interest of project economy or is necessary to
meet the requirements of the highway project, and

(2) There will be no charge to the project for that
portion of the utility's existing right-of-way
being transferred to the HA for highway purposes.

The utility shall determine and make a written
valuation of the replacement right-of-way that it
acquires in order to justify amounts paid for such
right-of-way. This written valuation shall be
accomplished prior to negotiation for acquisition.

Acquisition of replacement right-of-way by the HA on
behalf of a utility or acquisition of nonoperating
real property from a utility shall be in accordance

‘with the Uniform Relocation Assistance and Real

Property Acquisition Policies Act of 1970

(42 U.S.C. 4601 et seg.) and applicable right-of-way
procedures in FHPM Volume 7, Right-of-Way and
Environment.
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8.

d.

When the utility has the right-of-occupancy in its
existing location because it holds the fee, an easement,
or another real property interest, and it is not neces-
sary by reason of the highway construction to adjust or
replace the facilities located thereon, the taking of
and damage to the utility's real property, including
the disposal or removal of such facilities, may be con-
sidered a right-of-way transaction in accordance with
provisions of the applicable right-of-way procedures in
FHPM Volume 7, Right-of-Way and Environment.

AGREEMENTS AND AUTHORIZATIONS

a.‘

On Federal-aid and direct Federal projects inmvolving

utility relocations, the utility and the HA shall

agree in writing on their separate responsibilities

for finanecing and accomplishing the relocation work.
When Federal participation is requested, the agree-

ment shall incorporate this directive by reference

and designate the method to be used for performing

the work (by contract or force account) and for

developing relocation costs. The method proposed by
the utility for developing relocation costs must be
acceptable to both the HA and the FHWA Division
Administrator. The preferred method for the develop-

ment of relocation costs by a utility is on the basis
of actual direct and related indirect costs accumulated
in accordance with a work order accounting procedure

gr;scribed by the applicable Federal or State regulatory
ody. -

When applicable, the written agreement shall specify the
terms and amounts of any contribution or repayments made
or to be made by the utility to the HA in connection
with payments by the HA to the utility under the
provisions of paragraph 5.

The agreement shall be supported by plans,
specifications when required, and itemized cost esti-
mates of the work agreed upon, including appropriate
credits to the projeet, and shall be sufficiently infor-
mative and complete to provide the HA and the FHWA Divi-
sion Administrator with a clear description of the work
required.
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d.. When the relocation involves both work to be done at
the HA's expense and work to be done at the expense of
the utility, the written agreement shall state the
share to be borne by each party.

e, In the event there are changes in the scope of work,
extra work or major changes im the planned work covered
by the approved agreement, plans, and estimates, Federal
participation shall be limited to costs covered by a
modification of the agreement, a written change, or extra
work order approved by the HA and the FHWA Division
Administrator.

f+ When the estimated cost to the HA of proposed utility
relocation work on a project for a specific utility
company 18 $25,000 or less, the FHWA Division Admin-
istrator may approve an agreement between the HA and the
utility for a lump-sum payment without later confirmation
by audit of actual costs. Lump-sum agreements in excess
of 825,000 may be approved when the FHWA Regional Admin-
istrator finds that this method of developing costs would
be in the best interest of the public.

g. Exzcept as otherwise provided by paragraph 8(h),
authorization by the FHWA Division Administrator
tv the SHA to proceed with the physical relocation
of a utility's facilities may be given after:

(1) the utility relocation work, or the right-of-way,
or physical construction phase of the highway con-
struction work is included in an approved program,

(2) the appropriate environmental evaluation and public
hearing procedures required by 23 CFR 771,
Environmental Impact and Related Procedures, have
been satisfied, and

(3) the FHWA Division Administrator has reviewed and
approved the plans, estimates, and proposed or
executed agreements for the utility work and s
furnished a schedule for accomplishing the work.

h. The FHWA Division Administrator may authorize the physical
relocation of utility facilities before the requirements
of paragraph 8g(2) are satisfied when the relocation or
adjustment of utility facilities meets the requirements of
paragraph 5.
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Whenever the FHWA Regional Administrator has authorized
right-of-way acquisition under the hardship and protec-
tive buying provisions of FHPM Volume 7, Chapter 2, The
Acquisition Function, the FHWA Division Administrator
may authorize the physical relocation of utility

facilities located in whole or in part on such

right-of-way.

When all efforts by the HA and utility fail to bring
about written agreement of their separate responsibil-
ities under the provisions of this directive, the SHA
shall submit 1its proposal and a full report of the
circumstances to the FHWA., Conditional authorizations
for the relocation work to proceed may be given by the
FHWA Division Administrator to the SHA with the under-
standing that Federal funds will not be paid for work
done by the utility until the SHA proposal has been
approved by the FHWA Washington Headquarters Office.

The FHWA Division Administrator will consider for
approval any special procedure under State law, or
appropriate administrative or judicial order, or under
blanket master agreements with the utilities, that will
fully accomplish all of the foregoing objectives and
accelerate the advancement of the construction and
completion of projects.

9. CONSTRUCTION

a.

The FHPM 6-4-1-14, Contract and Force Account,
(Justification Required for Force Account Work), states
that it is cost-effective for certain utility adjust-
ments to be performed by a utility with its own forces
and equipment, provided the utility is qualified to
perform the work inm a satisfactory manner. This
cost-effectiveness finding covers minor work on the
utility's existing facilities routinely performed by
the utility with its own forces. When the utility

18 not adequately staffed and equipped to perform such
work with its own forces and equipment at a time con-
venient to and in coordination with the associated
highway construction, such work may be done by:

(1) a contract awarded by the HA or utility to the
lowest qualified bidder based on appropriate
solieitation,
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(2) inclusion as part of the HA's highway construction
contract let by the HA as agreed to by the
utility,

10.

(b)

(c)

(3) an existing continuing contract, provided the
costs are reasonable, or

(4) a contract for low-cost incidental work, such as
tree trimming and the like, awarded by the HA or
utility without competitive bidding, provided the
costs are reasonable.

When it has been determined under FHPM 6-4-1-14 that
the force account method is not the most cost-effective
means for accomplishing the utility adjustment, such
work is to be done under competitive bid contracts as
described in paragraphs 9(a)(1) and (2) or under an
existing continuing contract provided it can be
demonstrated this is the most cost-effective method.

Costs for labor, materials, ec:ipment, and other
services furnished by th: y 8hall be billed by the
utility directly to the 44. .xc special provisions of
contracts let by the utility or the HA shall be explicit
in this respect. The costs of force account work per-
formed for the utility under a contract let by the HA
shall be reported separately from the costs of other
force account and contract items on the highway project.

COST DEVELOPMENT AND REIMBURSEMENT

a.

[OMB Control Number 2125-0519]

Developing and Recording Costs

(1) All utility relocation costs shall be recorded by
means of work orders in accordance with an
approved work order system except when another
method of developing and recording costs, such as
Lump-sum agreement, has been approved by the HA
and the FHWA. Except for work done under con-
tracts, the individual and total costs properly
reported and recorded in the utility's accounts 1in
accordance with the approved method for developing
such costs, or the lump-sum agreement, shall con-
stitute the maximum amount on which Federal
participation may be based.
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(2)

Each utility shall keep its work order system or
other approved accounting procedure in such a
manner as to show the nature of each addition to

or retirement from a faciity, the total costs
thereof, and the source or sources of cost.
Separate work orders may be issued for additions
and retirements. Retirements, however, may be in-
cluded with the construction work order provided
that all items relating to retirements shall be

kept separately from those relating to construction.

Direct Labor Costs

Salaries and wages, at actual or average rates, and
related expenses paid by the utility to individuals
for the time worked on the project are reimbursable
when supported by adequate records. This includes
labor associated with preliminary engineering, con-
struction engineering, right-of-way, and force
account construction.

Salaries and expenses paid to individuals who are
normally part of the overhead organization of the
utility may be reimbursed for the time worked
directly on the project when supported by adequate
records and when the work performed by such indivi-
duals s essential to the project and could not have
been accomplished as economically by employees
outside the overhead organization.

Amounts paid to engineers, architects and others for
services directly related to projects may be

(1)
(2)
(3)

reimbursed.
Labor Surcharges
(1.}

Labor surcharges include worker compensation
insurance, publie liability and property damage
insurance, and such fringe benefits as the utility
has established for the benefit of its employees.
The cost of labor surcharges will be reimbursed at
actual costs to the utility, or, at the option of
the utility, average rates which are representative
of actual costs may be used in lieu of actual costs
1f approved by the SHA and the FHWA Division
Administrator. Tkese average rates should be
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(2)

adjusted at least once annually to take into account
known anticipated changes and correction for any
over or under applied costs for the preceding
pertod.

When the utility is a self-insurer, there may be
reimbursement at experience rates properly developed
from actual costs. The rates cannot: exceed the
rates of a regular insurance company for the class
of employment covered.

d. Overhead and Indirect Construction Costs

(1)

(2)

(3)

Overhead and indirect construction costs not c¢iarged
directly to work order or construction accounts may

" be allocated to the relocation provided the alloca-

tion is made on an equitable basis. All costs
included in the allocation shall be eligible for
Federal reimbursement, reasonable, and actually
incurred by the utility.

Costs not eligible for Federal reimbursement
include, but are not limited to, the costs
associated with advertising, sales promotion,
interest on borrowings, the issuance of stock,
bad debts, uncollectible accounts receivable,
contributions, donations, entertainment, fines,
penalties, lobbying, and research programs.

The records supporting the entries for overhead and
indireet construction costs shall show the total
amount, rate, and allocation basis for each addi-
tive, and are subject to audit by representatives of
the S. '+ and Federal Government.

e. Materials and Supply Costs

(1)

Materials and supplies, if available, are to be
furnished from company stock except that they

may be obtained from other sources nmear the project
site when avatilable at a lower cost. When not
availakle from company stock, they may be purchased
etther urder competitive bids or existing continuing
econtracts under which the lowest available prices
are developed. Minor quantities of materials and
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(2)

supplies and proprietary products routinely used
in the utility's operation and essential for the
maintenance of system compatibility may be
excluded from these requirements., The utility
shall not be required to change its existing
standards for materials used in permanent changes
to ite facilities. Costs shall be determined as
follows:

(a)

(b)

(c)

(d)

Materials and supplies furnished from company
stock shall be billed at the current stock
prices for such new or used materials at time
of issue. -

Materials and supplies nmot furnished from
company stock shall be billed at actual
costs to the utility delivered to the
project site.

A reasonable cost for plant inspection and
testing may be included in the costs of
materials and supplies when such expense has
been incurred. The computation of actual
costs of -materials and supplies shall include
the deduction of all offered discounts,
rebates, and allowances.

The cost of rehabilitating rather than
replacing existing utility facilities
to meet the requirements of a project
18 reimbursable, provided this cost
does not exceed replacement costs.

Materials recovered from temporary use and
accepted for reuse by the utility shall be
credited to the project at prices charged
to the job, less a consideration for loss
in service life at 10 percent. Materials
recovered from the permanent facility of

the utility that are accepted by the utility
for return to stock shall be credited to the
project at the current stock prices of such
used materials. Materials recovered and not
accepted for reuse by the utility, if deter-
mined to have a net sale value, shall be sold
to the highest bidder by the HA or utility
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(3)

(4)

following an opportunity for HA inspection and
appropriate golicitation for bids. If the
utility practices a system of periodic disposal
by sale, credit to the project shall be at the
going prices supported by records of the utility.

Federal participation may be approved for the
total cost of removal when either such removal
18 required by the highway construction or the
existing facilities cannot be abandoned in
place for aesthetic or safety reasons. When

the utility facilities can be abandoned in place
but the utility or highway constructor elects to
remove and recover the materials, Federal funds
shall not participate in removal costs which
exceed the value of the materials recovered.

The actual and direct costs of handling and
loading materials and supplies at company stores
or materials yards, and of unloading and handling
recovered materials accepted by the utility at

its gtores or material yards are reimbursable.

In lieu of actual costs, average rates which are
representative of actual costs may be used if _
approved by the SHA and the FHWA Division Admin- (
istrator. These average rates should be adjusted
at least once annually to take into account known
anticipated changes and correction for any over

or under applied costs for the preceding period.
At the option of the utility, 5§ percent of the
amounts billed for the materials and supplies
issued from company stores and material yards

or the value of recovered materials will be
retmbursed in lieu of actual or average costs for
handling.

Equipment Costs. The average or actual costs of

operation, minor maintenance, and depreciation of
utility-owned equipment may be reimbursed. Reimburse-
ment for utility-owned vehicles may be made at average
or actual costs. When utility-owned equipment is not
avatlable, reimbursement will be limited to the amount
of rental paid (1) to the lowest qualified bidder, (2)

-under existing continuing contracts at reasonable costs,

or (3) as an exception by negotiation when (1) and (2)
are impractical due to project location or schedule.
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Transportation Costs

(1)

(2)

(1)

{2) -

(3)

The utility's cost, consistent with its overall
policy, of necessary employee transportation and
subsistence directly attributable to the project 1is
reimbursable.

Reasonable cost for the movement of matertials,
supplies, and equipment to the project and necessary
return to storage including the associated cost of
loading and unloading equipment is reimbursable.

Credits

Credit to the highway project will be required for
the cost of any betterments to the facility being
replaced or adjusted, and for the salvage value of
the materials removed.

Credit to the highway project will be required

for the accrued depreciation of a utility facility
being replaced, such as a building, pumping station,
filtration plant, power plant, substation, or any
other similar operational unit. Such accrued
depreciation ts that amount based on the ratio
between the period of actual length of service and
total life expectancy applied to the original cost.
Credit for accrued depreciation shall not be
required for a segment of the utility's service,
distribution, or transmission lines.

No betterment credit ts required for additions or
improvements which are:

(a) required by the highway progject,

(b) replacement devices or materials that are of
equivalent standards although not identical,

(e¢) replacement of devices or materials no longer
regularly manufactured with next highest grade
or size, .

(d) required by law under governmental and
appropriate regulatory commission code, or
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(4)

(5)

(e) required by current design practices
regularly followed by the company in its
own work, and there i1s a direct benefit
to the highway progject.

When the facilities, including equipment and
operating facilities, described in paragraph
10(h)(2) are not being replaced, but are being
rehabilitated and/or moved, as necessitated by
the highway project, no credit for accrued
depreciation 18 needed.

In no event will the total of all credits required
under the provisions of this directive exceed the
total costs of adjustment exclusive of the cost of
additions or improvements necessitated by the
highway construction.

Billings

(1)

(2)

(3)

(4)

After the executed HA/utility agreement has been
approved by the FHWA Division Administrator, the
utility may be reimbursed through the SHA by
progress billings for costs incurred. Cost for
materials stockpiled at the project site or spe-
eifically purchased and delivered to the utility
for use on the project may also be reimbursed on
progress billings following approval of the
executed HA/utility agreement.

The utility shall provide one final and complete
billing of all costs incurred, or of the agreed-to
lump-sum, at the earliest practicable date. The
final billing to the FHWA shall include a certifi-
cation by the SHA that the work is complete,
acceptable, and in accordance with the terms of
the agreement.

All utility cost records and accounts relating to
the project are subject to audit by representa-
tives of the State and Federal Government for a
period of 3 years from the date final payment has
been recetved by the utility.

Reimbursement for a final utility billing shall
not be approved until the HA furnishes evidence
that it has paid the utility from ite own funds.
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ALTERNATE PROCEDURE

a..

This alternate procedure is provided to simplify the
processing of utility relocations or adjustments under
the provisions of this directive. Under this procedure,
except as otherwise provided in paragraph 11(b), the SHA
18 to act in the relative position of the FHWA Division
Administrator for reviewing and approving the arrange-
ments, fees, estimates, plans, agreements, and other
related matters required by this directive as prerequi-
sites for authorizing the utility to proceed with and
complete the work.

The scope of the SHA's approval authority under the
alternate procedure includes all actions necessary to
advance and complete all types of uttizty work under the
provisions of thts directive except in the followzng
instances:

(1) Utility relocations and adjustments involving
major transfer, production, and storage facil-
1ties such as generating plants, power feed
stations, pumping stations and reservoirs.

(2) Utility relocations falling within the scope of
paragraphs 8(h), (i), and (j) and 5(%).

Each SHA is encouraged to adopt the alternate procedure
and file a formal application for approval by the FHWA
Regional Administrator. The application must include
the following:

(1) The SHA's written policies and procedures for
administering and processing Federal-atid utility
adjustments. Those policies and procedures must
make adequate provisions with respect to the
following:

(a) Compliance with the requirements of this
directive, except as otherwise provided by
paragraph 11b and the provisions of FHPM
6-6-3-2, Accommodation of Utilities.
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(t) Advance utility liaison, planning, and
coordination measures for providing adequate
lead time and early scheduling of utility
relocation to minimize interference with the
planned highway construction.’

(¢c) Appropriate administrative, legal, and
engineering review and coordination pro-
cedures as needed to establish the legal
basis of the HA's payment; the extent of
eligibility of the work under State and
Federal laws and regulations; the more
restrictive payment standards under para-
graph 3(d); the necessity of the proposed
utility work and its compatibility with pro-
posed highway improvements; and the uniform
treatment of all utility matters and actions,
consistent with sound management practices.

(d) Documentation of actions taken in compltiance
with the SHA policies and the provisions of
this directive, shall be retained by the SHA.

(2) A statement signed by the chief administrative
officer of the SHA certifying that:

(a) Federal-aid utility relocations will be
processed in accordance with the applzcable
provisions of this directive, and the SHA's
utility policies and procedures submitted
under paragraph 11(c)(1).

(b) Reimbursement will be requested only for
those costs properly attributable to the pro-
posed highway construction and eligible for
participation under the provisions of this
directive.

The SHA's application and any changes to it will be
submitted to the FHWA for review and approval by the
FHWA Regional Administrator.

After the alternate procedure has been approved, the
FHWA Division Administrator may authorize the SHA to
proceed with utility relocation on a project in
accordance with the certification, subject to the
following conditions:
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(1) The utility work must be included in an approved
program.

(2) The SHA must submit a request in writing for such
authorization., The request shall include a list
of the utility relocations to be processed under
the alternate procedure, along with the best
available estimate of the total costs involved.

The FHEWA Regional Administrator may suspend approval of
the alternate procedure when any FHWA review discloses
noncompliance with the certification, Federal funds
will not participate in relocation costs incurred that
do not comply with the requirements under

paragraph 11(c)(1). [OMB Control Number 2125-0533)





