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Exhibit 34.  Benefit Cost Analysis for Existing IMAP Sites by NCDOT Division

Division
Benefits (B)

Costs (C) B / C Ratio Net Worth
(B-C)

5 $4,528,800 $436,900 10.4 $4,091,900

7 $3,454,300 $436,700  7.9 $3,017,600

9 $701,100 $610,600  1.1 $90,500

10 $12,382,000 $1,762,700  7.0 $10,619,300

12 $888,400 $379,000  2.3 $509,400

14 ** $285,700 ** ($285,700)

Statewide $21,955,000 $3,911,600 5.6 $18,043,400

** Denotes negligible values
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Exhibit 35.  Planning and Benefit Cost Analysis Results for Raleigh and Asheville

I-26 and I-40 Asheville
• 4-lane facility
• 15 miles in length
• 64000 ADT
• 303 crashes per year
• 4 FSP vehicles (estimated)
• 65th percentile ranking statewide
• B/C = 3.5 (Net worth $464K)

I-440 Raleigh
• 6-lane facility
• 12 miles in length
• 82000 ADT
• 712 crashes per year
• 3 FSP vehicles (estimated)
• 85th percentile ranking statewide
• B/C = 4.3 (Net worth= $461K)
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Exhibit 36.  Proposed Incident Data Collection Form.
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Exhibit 16.  Sample Rural Facility Delay Rate Models for Indicated Available % Capacities

15-min Incident Results for 4 Lane Rural Freeway
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Exhibit 17. FREEVAL Derived Models

Scenario
Area
Type

Number of
Lanes per
Direction

Duration of
Incident (min) Incident Severity Model Results

1 Urban 2 15 Shoulder 1.0057 e 1.9612x

2 Urban 2 15 1 Lane Blocked 1.4094 e 1.2185x

3 Urban 2 30 Shoulder 0.6229 e 2.6077x

4 Urban 2 30 1 Lane Blocked 2.6655 e 1.384 x

5 Urban 2 45 Shoulder 0.3926 e 3.2306x

6 Urban 2 45 1 Lane Blocked 15.354 x 2.4909

7 Urban 2 60 Shoulder 0.2675 e 3.7515x

8 Urban 2 60 1 Lane Blocked 24.248 x 2.7779

9 Urban 3 15 Shoulder 0.5044 e 2.4111x

10 Urban 3 15 1 Lane Blocked 0.3437 e 2.2839x

11 Urban 3 15 2 Lanes Blocked 3.209 e 0.4832x

12 Urban 3 30 Shoulder 0.3269 e 3.0136x

13 Urban 3 30 1 Lane Blocked 5.1729 x 3.9196

14 Urban 3 30 2 Lanes Blocked 12.287 e 0.4207x

15 Urban 3 45 Shoulder 0.2021 e 3.6812x

16 Urban 3 45 1 Lane Blocked 7.835 x 4.3996

17 Urban 3 45 2 Lanes Blocked 20.948 e 0.4932

18 Urban 3 60 Shoulder 0.1345 e 4.2429x

19 Urban 3 60 1 Lane Blocked 10.917 x 4.8819

20 Urban 3 60 2 Lanes Blocked 19.925 x 2.1499

21 Urban 4 15 Shoulder 0.2474 e 3.0174

22 Urban 4 15 1 Lane Blocked 0.0891 e 3.4091x

23 Urban 4 15 2 Lanes Blocked 1.6222 e 0.8647x

24 Urban 4 30 Shoulder 0.1778 e 3.4842x

25 Urban 4 30 1 Lane Blocked 3.9857 x 5.4076

26 Urban 4 30 2 Lanes Blocked 7.2621 e 0.709x

27 Urban 4 45 Shoulder 0.1199 e 4.0404x

28 Urban 4 45 1 Lane Blocked 5.257 x 6.361

29 Urban 4 45 2 Lanes Blocked 12.547 e 0.7931x

30 Urban 4 60 Shoulder 0.0813 e 4.5901x

31 Urban 4 60 1 Lane Blocked 6.643 x 7.1851

32 Urban 4 60 2 Lanes Blocked 19.537 x 2.5227

33 Urban 5 15 Shoulder 0.2643 e 2.9606x

34 Urban 5 15 1 Lane Blocked 0.0731 e 3.7605x

35 Urban 5 15 2 Lanes Blocked 0.4731 e 1.81x
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Scenario
Area
Type

Number of
Lanes per
Direction

Duration of
Incident (min)

Incident Severity Model Form

36 Urban 5 30 Shoulder 0.2166 e 3.2508x

37 Urban 5 30 1 Lane Blocked 0.023 e 5.2249x

38 Urban 5 30 2 Lanes Blocked 6.1435 x 2.9175

39 Urban 5 45 Shoulder 0.1685 e 3.6167x

40 Urban 5 45 1 Lane Blocked 0.0098 e 6.3267x

41 Urban 5 45 2 Lanes Blocked 11.765 x 2.9978

42 Urban 5 60 Shoulder 0.1282 e 4.0148x

43 Urban 5 60 1 Lane Blocked 0.0048 e 7.2413x

44 Urban 5 60 2 Lanes Blocked 18.61 x 3.269

45 Rural 2 15 Shoulder 0.2241 e 3.3497x

46 Rural 2 15 1 Lane Blocked 0.8273 e 1.4213x

47 Rural 2 30 Shoulder 0.1338 e 4.0456x

48 Rural 2 30 1 Lane Blocked 7.6142 x 2.39

49 Rural 2 45 Shoulder 0.0874 e 4.6202x

50 Rural 2 45 1 Lane Blocked 14.421 x 2.5209

51 Rural 2 60 Shoulder 0.0615 e 5.0878x

52 Rural 2 60 1 Lane Blocked 23.904 x 2.7703

53 Rural 3 15 Shoulder 0.0977 e 4.0555x

54 Rural 3 15 1 Lane Blocked 0.1484 e 2.7794x

55 Rural 3 15 2 Lanes Blocked 2.5949 e 0.5141x

56 Rural 3 30 Shoulder 0.0656 e 4.6082x

57 Rural 3 30 1 Lane Blocked 4.324 x 4.2185

58 Rural 3 30 2 Lanes Blocked 13.167 e 0.3841x

59 Rural 3 45 Shoulder 0.041 e 5.2607x

60 Rural 3 45 1 Lane Blocked 6.9167 x 4.5917

61 Rural 3 45 2 Lanes Blocked 19.767 e 0.4882x

62 Rural 3 60 Shoulder 0.0285 e 5.7633x

63 Rural 3 60 1 Lane Blocked 10.036 x 5.0181

64 Rural 3 60 2 Lanes Blocked 20.683 x 2.0521

65 Rural 4 15 Shoulder 0.0414 e 4.8981x

66 Rural 4 15 1 Lane Blocked 0.0233 e 4.3598x

67 Rural 4 15 2 Lanes Blocked 1.2976 e 0.9163x

68 Rural 4 30 Shoulder 0.031 e 5.3075x

69 Rural 4 30 1 Lane Blocked 2.8649 x 6.4143

70 Rural 4 30 2 Lanes Blocked 7.6089 e 0.6761x

71 Rural 4 45 Shoulder 0.0212 e 5.8451x

72 Rural 4 45 1 Lane Blocked 3.9051 x 7.2473

Exhibit 17. FREEVAL Derived Models (continued)
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Scenario Area
Type

Number of Lanes
per Direction

Duration of
Incident (min)

Incident Severity Model Form

73 Rural 4 45 2 Lanes Blocked 13.749 e 0.7397x

74 Rural 4 60 Shoulder 0.0146 e 6.3674x

75 Rural 4 60 1 Lane Blocked 4.9955 x 8.0031

76 Rural 4 60 2 Lanes Blocked 24.686 x 2.2331

77 Rural 5 15 Shoulder 0.0443 e 4.9055x

78 Rural 5 15 1 Lane Blocked 0.0148 e 5.0173x

79 Rural 5 15 2 Lanes Blocked 0.2984 e 2.0305x

80 Rural 5 30 Shoulder 0.0374 e 5.1516x

81 Rural 5 30 1 Lane Blocked 0.0049 e 6.4393x

82 Rural 5 30 2 Lanes Blocked 5.8554 x 2.9402

83 Rural 5 45 Shoulder 0.0301 e 5.4684x

84 Rural 5 45 1 Lane Blocked 4.6166 x 7.798

85 Rural 5 45 2 Lanes Blocked 11.964 x 2.9056

86 Rural 5 60 Shoulder 0.0234 e 5.8313x

87 Rural 5 60 1 Lane Blocked 5.7617 x 8.7629

88 Rural 5 60 2 Lanes Blocked 19.208 x 3.1466

Exhibit 17. FREEVAL Derived Models (continued)
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Exhibit 18.  Fleet Size Estimation: Regression Model

Number of Vehicles vs  AADT and Centerline 
Length of Coverage by NCDOT Division
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Exhibit 19.  Annual Reported IMAP Expenditures by NCDOT Division

Division Driver Salary
(# of Drivers)

Supervisor
Salaries

Vehicle Cost w/o Fuel
(# of Vehicles)

Equipment
Costs

Miscellaneous
Costs Total Costs

5 $210,700 (7) $73,900 $140,100 (7) $7,400 $4,800 $436,900

7 $240,800 (8) $15,700 $156,000 (5) $8,600 $15,600 $436,700
9 $235,300 (8) $60,500 $299,500 (9) $11,300 $4,000 $610,600
10  $788,000 (21) $149,900 $816,700 (10) $4,800 $3,300 $1,762,700
12 $173,600 (6) $37,200 $149,800 (4) $7,600 $10,800 $379,000
14 $131,300 (4) $52,400 $78,000 (2) $16,900 $7,100 $285,700

Total $1,779,700 (52) $389,600 $1,640,100 (37) $56,600 $45,600 $3,911,600

Notes:  (1) Cost data given as provided by NCDOT.
                  (2) Driver salary figures do not include any overhead factor.
                  (3) Number of supervisors may vary by division and may include part time supervisors.
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Exhibit 20.  Annual IMAP Implementation Cost/ Route Mile by NCDOT Division

Division
Length of Route
(Centerline Miles)

Total Annual Cost Total Annual Cost
per Route Mile

5 43 $436,900 $10,200

7 81 $436,700 $5,400

9 75 $610,600 $8,100

10 108 $1,762,700 $16,300

12 57 $379,000 $6,600

14 20 $285,700 $14,300

Average Cost $10,200

Note:   Cost data as provided by NCDOT.
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Exhibit 21.  Annual Cost per Operating Hour per Week by NCDOT Division

Division
Total Hours

Patrolled Weekly
Total Annual Cost Total Annual Cost per

Operating Hour per Week

5 70 $436,900 $6,200

7 85 $436,700 $5,100

9 80 $610,600 $7,600

10 96 $1,762,700 $18,400

12 80 $379,000 $4,700

14 168 $285,700 $1,700

Average Cost $7,300

 Note:   (1) Cost data as provided by NCDOT.
(2) Number of weeks patrolled per year may vary by location.
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Exhibit 22.  IMAP Hourly Costs by NCDOT Division

Division Total Annual
Cost

Total Hours
Patrolled
Annually

Total Trucks Hourly Cost
per Truck per

Hour

5 $436,900 3600 7 $17.30

7 $436,700 3840 8 $14.20

9 $610,600 3600 8 $21.20

10 $1,762,700 4608 21 $18.20

12 $379,000 4608 6 $13.70

14 $285,700 8640 4 $8.30

Average Hourly
Cost per Truck

$15.50

Weighted
Average Costa $16.70

a Averages are weighted by multiplying the hourly costs times the total
trucks for each division, summing the values for all divisions, and
dividing by the total number of vehicles

Note:   (1) Cost data provided by NCDOT.
            (2) Number of weeks patrolled per year may vary by location.
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Exhibit 23.  Single-Incident Decision Flowchart
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Exhibit 24 Decision Support Tool Introductory Screen
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Exhibit 25.  Decision-Support Tool Primary Data Entry Screen
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Exhibit 26.  Planning Level Assessment Screen
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Exhibit 27. Single-Incident Input Assessment Screen
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Exhibit 28. Single Incident Analysis Results Screen
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Exhibit 29.  Cost Estimation Input Screen
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Exhibit 30. Fleet Size Estimation Screen
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Exhibit 31.  Operational Analysis Results Screen



78

Exhibit 32.  Planning Analysis Results for Existing IMAP Sites- All Sites

Division Location Crashes per 100
Million Vehicle

Miles (% rank for
all sites)

Crashes per Mile
per Year (% rank

for all sites)

AADT per Lane
(% rank for all

sites)

5 I-40 Triangle 70 80 90
5 I-85 Triangle 70 75 95
7 I-40 Greensboro 75 85 95
7 I-85 Greensboro 70 75 65
7 I-40 and I-85 Greensboro 55 75 75
9 US 52 Winston-Salem 75 75 80
9 US 421 Winston-Salem 65 70 80
9 I-40 Winston-Salem 50 65 75
9 I-40 Bus. Winston-Salem 75 75 90

10 I-85 Charlotte 65 75 85
10 I-77 Charlotte 70 85 95
10 I-277 Charlotte 85 85 80
10 I-485 Charlotte ** ** **
12 I-40 Statesville 55 60 80
12 I-77 Statesville 50 60 80
14 I-40 Haywood 45 35 15

** Denotes No Data
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Exhibit 33.  Planning and Operational Analysis Data for Existing IMAP Sites

Division Location Operating Hours Length
(Miles) AADT

No. Lanes Crashes per
Year

5 I-40 Triangle 6 am to 8:30 pm M-F 28 89000 6 971
5 I-85 Triangle 6 am to 8:30 pm M-F 16 70800 4 402
7 I-40 Greensboro 5 am to 10 pm M-F 14 87000 4 534
7 I-85 Greensboro 5 am to 10 pm M-F 5 58000 6 103
7 I-40 and I-85 Greensboro 5 am to 10 pm M-F 39 87000 8 880
9 US 52 Winston-Salem 5:30 am to 9 pm M-F 18 47000 4 394
9 US 421 Winston-Salem 5:30 am to 9 pm M-F 3 49000 4 50
9 I-40 Winston-Salem 5:30 am to 9 pm M-F 23 65000 6 317
9 I-40 Business Winston-Salem 5:30 am to 9 pm M-F 10 56000 4 239

10 I-85 Charlotte
5:30 am to 9:30 pm M-F and 10 am
to 6 pm Sat and Sun 55 80000 6 1361

10 I-77 Charlotte
5:30 am to 9:30 pm M-F and 10 am
to 6 pm Sat and Sun 30 100000 6 1159

10 I-277 Charlotte
5:30 am to 9:30 pm M-F and 10 am
to 6 pm Sat and Sun

5 72000 6 250

10 I-485 Charlotte
5:30 am to 9:30 pm M-F and 10 am
to 6 pm Sat and Sun ** ** ** **

12 I-40 Statesville 5:30 am to 9 pm M-F 33 48000 4 400
12 I-77 Statesville 5:30 am to 9 pm M-F 24 48000 4 272
14 I-40 Haywood County 24 hours a day, 7 days a week 20 24000 2 100

** Denotes No Data




