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Table A-1 Accidents at Railroad Crossings

Intersection (nearest) ‘Accident Class Collision Type

1 STN. WACO Pedestrian

2 ND N. WICHITA Other vehicle Rear end
2NDN. WICHITA Other vehicle Rear end
3RDN. WICHITA Other vehicle Rear end
3RDN. WICHITA Railway train

3 RDN. WICHITA Other vehicle Angle
10 THN. WASHINGTON Other vehicle Angle
11 THN. WELLINGTON Other vehicle Rear end
13 THN. BARWISE Other vehicle Rear end
13 THN. ST. FRANCIS Other vehicle Rear end
13 THN. SANTA FE Other vehicle Head on
13 THN. BARWISE Other vehicle Rear end
13 THN. MARKET Other vehicle Angle
13 THN. MARKET Other vehicle Rear end
13 THN. MEAD Other vehicle
13 THN. MEAD Other vehicle Rear end
13 THN. MEAD Other vehicle Rear end
13 THN. ROOSEVELT Other vehicle Rear end
13 TH N. ROOSEVELT Other vehicle Angle
13 TH N. SANTA FE Fixed object Other post or pole
13 THN. SANTA FE Other vehicle Rear end
13 THN. WASHINGTON Other vehicle Rear end
13 THN. WESTLY Other vehicle Rear end
15 THN. SANTA FE Other vehicle Backed into
15 THN. WASHINGTON Other vehicle Angle
17 TH N. MEAD Other vehicle Rear end
17 THN. MEAD Other vehicle Rear end
17 THN. SANTA FE Other vehicle Rear end
17 THN. EMPORIA Fixed object RR crossing fixtures
17 TH N. MEAD Railway train
17 TH N. MEAD Railway train
18 TH N. SANTA FE Railway train
18 THN. MOSLEY Railway train
21 STN. BROADWAY Other vehicle Rear end
21 STN. MOSLEY Other vehicle Rear end
21 STN. MOSLEY Other vehicle Sideswipe-overtake
21 STN. MOSLEY Other vehicle Rear end
21 STN. BROADWAY Other vehicle Angle
21 ST N. BROADWAY Other vehicle Rear end
21 STN. MOSELY Other vehicle Rear end
21 ST N. MOSLEY Fixed object Other




Table A-1 Accidents at Railroad Crossings (continued)

Intersection (nearest) Accident Class Collision Type
21 STN. MOSLEY Fixed object RR crossing fixtures
21 STN. MOSLEY Other vehicle Sideswipe-overtake
21 STN. MOSLEY Other vehicle Rear end
21 ST N. MOSLEY Other vehicle Angle
21 STN. MOSLEY Other vehicle Rear end
21 STN. MOSLEY Other vehicle Rear end
21 STN. MOSLEY Other vehicle Angle
21 STN. MOSLEY Parked Vehicle
25 THN. BROADWAY Railway train
29 THN. BROADWAY Other vehicle Angle
29 TH N. BROADWAY Other vehicle Other
29 TH N. BROADWAY Fixed object Curb
29 THN. BROADWAY Other vehicle Angle
29 THN. BROADWAY Other vehicle Angle
29 TH N. BROADWAY Other vehicle Rear end
29 TH N. OHIO Railway train
29 TH N. ST. FRANCIS Other vehicle Rear end
33 RDN. BROADWAY Railway train
37 THN. HILLSIDE Other vehicle Angle
37 THN. OHIO Other vehicle Rear end
37 THN. PARKWOOD Fixed object RR crossing fixtures
37 TH N. BROADWAY Railway train
37 THN. HYDRAULIC Fixed object Other
45 THN. MAIZE Fixed object Culvert
53RDN. ARKANSAS Fixed object RR crossing fixtures
53 RDN. ARKANSAS Railway train
53 RDN. ARKANSAS Other vehicle Rear end
53 RDN. WICHITA Fixed object Fence
61 STN. ARMSTRONG Railway train
61 STN. SENECA Railway train
69 TH N. K-15 Railway train
69 TH N. WOODLAWN Railway train
69 TH N. MO08716 Overturned
69 TH N. WOODLAWN Fixed object Ditch
127 THE. 83 RD S. Fixed object Other post or pole
127 THE. K-254 Fixed object RR crossing fixtures
23 RD S. 311 THW. Fixed object Building
39 THS. K-15 Fixed object RR crossing fixtures
39 TH S. R2202 Other vehicle Rear end
39 TH S. WEST Railway train
47 TH S. K-15 Fixed object Other




Table A-1 Accidents at Railroad Crossings (continued)

~-Intersection (nearest) Accident Class Collision Type
47 THS. K-15 Fixed object Other
47 TH S. K-15 Fixed object Other
47 TH S. WATER Other vehicle Angle
55 TH S. US-81 Other vehicle Rear end
63 RD S. OLIVER Other vehicle Rear end
63 RD S. SOUTHEAST Other vehicle Angle
63 RD S. SOUTHEAST Other vehicle Rear end
71 ST S. K-15 Fixed object Guardrail
79 TH S. SENECA Railway train
79 TH S. SENECA Railway train
79 TH S. SENECA Railway train
87 THS. SENECA Railway train
95 TH S. MERIDIAN Railway train
111 TH S. GREENWICH Fixed object Other
77 THW. WOODLAWN Fixed object Ditch
77 THW. WOODLAWN Railway train
119 THW. KELLOGG Other vehicle Rear end
167 THW. KELLOGG Railway train
167 THW. KELLOGG Railway train
215THW. KELLOGG Railway train
231 ST W. KELLOGG Overturned
279 THW. " HARRY Railway train
ALBERT QUEEN Railway train
BAYLEY MARKET Railway train
BAYLEY MEAD Other vehicle Rear end
BLAKE MEAD Fixed object Other
BROADWAY 15 THN. Other vehicle Rear end
BROADWAY 15 THN. Railway train
BROADWAY 29 THN. Other vehicle Angle
BROADWAY 37 THN. Other vehicle Angle
BROADWAY 53 RDN. Other vehicle Rear end
BROADWAY BAYLEY Other vehicle Angle
BROADWAY BAYLEY Other vehicle Angle
BROADWAY ORME Other vehicle Angle
BROADWAY ORME Other vehicle Rear end
CENTRAL MEAD Other vehicle Sideswipe-overtake
CENTRAL MOSLEY Other vehicle Rear end
CENTRAL MOSLEY Other vehicle Rear end
CENTRAL MT. CARMEL Other vehicle Rear end
CENTRAL MT. CARMEL Other vehicle Head on
CENTRAL MT. CARMEL Other vehicle Angle




Table A-1 Accidents at Railroad Crossings (continued)

Intersection (nearest) - Accident Class Collision Type
CENTRAL MT. CARMEL Pedestrian
CENTRAL SANTA FE Fixed object RR crossing fixtures
CENTRAL SANTA FE Other vehicle Rear end
CENTRAL SANTA FE Other vehicle Angle
CENTRAL SANTA FE Other vehicle Rear end
CENTRAL SANTA FE Other vehicle Rear end
CENTRAL SANTA FE Other vehicle Rear end
CENTRAL ST. FRANCIS Other vehicle Rear end
CENTRAL ST. PAUL Other vehicle Rear end
CENTRAL WICHITA Other vehicle Rear end
CENTRAL WICHITA Railway train
CLIFTON 47 TH S. Fixed object Guardrail
DOUGLAS FERN Other vehicle Angle
DOUGLAS MILLWOOD Other vehicle Rear end
DOUGLAS VINE Fixed object Sign post
EMPORIA BAYLEY Other vehicle Angle
EMPORIA BAYLEY Other vehicle Angle
EMPORIA ORME Other vehicle Other
MERIDIAN 111 THS. Railway train
GREENWICH 13 THN. Railway train
71 ST S. RIDGE Railway train
F612 95 TH S. Railway train
GLENN BURTON Other vehicle Angle
GRAND MAIN Other vehicle Angle
GRAND MAIN Other vehicle Rear end
GRAND MAIN Other vehicle Rear end
GRAND MAIN Other vehicle Rear end
GRAND MAIN Other vehicle Sideswipe-overtake
GREEN MURDOCK Other vehicle Rear end
GREEN MURDOCK Other vehicle Head on
GROVE ELM Other vehicle Rear end
GROVE MURDOCK Other object
GROVE MURDOCK Other vehicle Sideswipe-overtake
GROVE MURDOCK Other vehicle Angle
HARRY HANDLE Fixed object Curb
HARRY K-42 Other vehicle Backed into
HARRY MEAD Non-collision
HARRY SANTA FE Other vehicle Rear end
HILLSIDE 9TH N Other vehicle Sideswipe-overtake
HILLSIDE COUNTRY CLUB Other vehicle Rear end
HYDRAULIC K-15 Fixed object Curb




Table A-1 Accidents at Railroad Crossings (continued)

Intersection (nearest) Accident Class Collision Type . .
HYDRAULIC SOUTHEAST Other vehicle Rear end
K-15 39 TH S. Other vehicle Rear end
K-15 39 TH S. Other vehicle Rear end
K-15 MAC ARTHUR Other vehicle Rear end
K-42 HARRY Other vehicle Angle
KECHI OLIVER Railway train
KINKAID MEAD Railway train
LINCOLN MEAD Other vehicle Rear end
LINCOLN MEAD Other vehicle Rear end
LINCOLN MEAD Railway train
LINCOLN SANTA FE Other vehicle Rear end
LINCOLN WASHINGTON
LINCOLN WASHINGTON Fixed object Other
MAC ARTHUR BROADWAY Other vehicle Rear end
MAC ARTHUR K-15 Other vehicle Rear end
MAC ARTHUR WEST Other vehicle Rear end
MADISON SENECA Fixed object Tree
MAIN BAYLEY Other vehicle Angle
MAIN ORME Fixed object Other
MAIN ORME Other vehicle Rear end
MAIN SANTA FE Railway train
MAIN ‘SANTA FE Railway train
MAIZE KELLOGG Fixed object Other post or pole
MARKET 13 THN. Other vehicle Rear end
MARKET BAYLEY Other vehicle Angle
MARKET ORME Other vehicle Angle
MARKET ORME Other vehicle Angle
MARKET ORME Other vehicle Angle
MC CORMICK EDWARDS Other vehicle Angle
MC CORMICK K-42 Fixed object Utility pole, devices
MC CORMICK K-42 Fixed object RR crossing fixtures
MC CORMICK K-42 Other vehicle Sideswipe-overtake
MCLEAN WALKER Other vehicle Angle
MCLEAN WALKER Other vehicle Rear end
MEAD BAYLEY Fixed object Other
MEAD KINKAID Fixed object Curb
MERIDIAN 77 THN. Fixed object Other
MERIDIAN ORIENT Other vehicle Angle
MERIDIAN ORIENT Other vehicle Rear end
MERIDIAN ST: LOUIS Other vehicle Angle
MERIDIAN ST. LOUIS Other vehicle Rear end




Table A-1 Accidents at Railroad Crossings (continued)

- Intersection (nearest) Accident Class Collision Type
MOSLEY MURDOCK Fixed object Other
MT. VERNON K-15 Other vehicle Angle
MT. VERNON MEAD Other vehicle Angle
MURDOCK MEAD Railway train
MURDOCK MEAD Railway train
MURDOCK SANTA FE Other vehicle Rear end
MURDOCK SANTA FE Other vehicle Rear end
MURDOCK WACO Railway train
MURDOCK WASHINGTON Other vehicle Sideswipe-overtake
MURDOCK WICHITA Railway train
MURDOCK WICHITA Other vehicle Angle
MURDOCK WICHITA Pedestrian
MURDOCK WICHITA Railway train
MURDOCK WICHITA Railway train
MURDOCK WICHITA Railway train
MURDOCK WICHITA Railway train
OLIVER 17 THN. Other vehicle Rear end
OLIVER 37 THN. Other vehicle Rear end
OLIVER 37 THN. Other vehicle Rear end
PALISADE 55 TH S. Other vehicle Angle
PAWNEE K-15 Other vehicle Rear end
PAWNEE MEAD Fixed object Other
PAWNEE MEAD Fixed object Utility pole, devices
PAWNEE MEAD Other vehicle Rear end
PAWNEE MEAD Other vehicle
PAWNEE MEAD Pedalcycle
PAWNEE SANTA FE Other vehicle Angle
PAWNEE SANTA FE Other vehicle Rear end
PAWNEE SANTA FE Other vehicle Angle
PAWNEE SOUTHEAST Other vehicle Rear end
PAWNEE SOUTHEAST Other vehicle Rear end
199 THW. SANTA FE Other vehicle Rear end
199 TH W. SANTA FE Railway train
R205 K-15 Other vehicle Rear end
63 RD S. K-15 Other vehicle Rear end
63 RD S. K-15 Railway train
R2194 M07812 Railway train
71 ST S. 87 TH S. Other object
71 ST S. 87 TH S. Other object
151 ST W. 53 RDN. Railway train
85 TH N. RIDGE Railway train




¢

Table A-1 Accidents at Railroad Crossings (continued)

Intersection (nearest) - Accident Class Collision Type
RIDGE 29 THN. Other vehicle Head on
ROCK 13 THN. Railway train
ROCK ROCKHILL Fixed object Utility pole, devices
ROCK ROCKHILL Other vehicle Rear end
ROCK ROCKHILL Railway train
SENECA WALKER Other vehicle Rear end
SENECA WALKER Other vehicle Angle
SENECA WALKER Other vehicle Angle
SENECA WALKER Other vehicle Rear end
SOUTHEAST PAWNEE Other vehicle Angle
SOUTHEAST PAWNEE Other vehicle Angle
ST. PAUL NEWELL Other vehicle Rear end
TOPEKA BAYLEY Other vehicle Angle
TURNPIKE K-15 Other vehicle Angle
TYLER 37 THN. Railway train
TYLER 37 THN. Railway train
TYLER 71 ST S. Railway train
TYLER 71 ST S. Railway train
TYLER KELLOGG Fixed object Tree
WALKER OSAGE Other vehicle Angle
WASHINGTON MURDOCK Other vehicle Sideswipe-overtake
WASHINGTON ZIMMERLY Fixed object Curb
WASHINGTON ZIMMERLY Other vehicle Angle
WASSAL SOUTHEAST Other vehicle Rear end
WEBB 13 TH N. Fixed object Guardrail
WEST 11 THN. Other vehicle Rear end
WEST 29 TH S. Other vehicle Rear end
WEST KELLOGG Other vehicle Rear end
WEST PAWNEE Other vehicle Rear end
WEST PAWNEE Overturned
WEST 200 Other vehicle Rear end
WEST 200 Other vehicle Other
WESTDALE Z00 Other vehicle Angle
WOODLAWN 17 THN. Fixed object Curb
WOODLAWN 17 THN. Overturned
WOODLAWN 17 THN. Other vehicle Rear end
WOODLAWN 39 TH N. Railway train
WOODLAWN FARMVIEW Other vehicle Rear end
WOODLAWN Other vehicle Rear end

FARMVIEW




APPENDIX B

AGENCIES INTERVIEWED FOR
WICHITA METROPOLITAN AREA ITS EARLY DEPLOYMENT STUDY



Table B-1 Agencies Interviewed for ITS Early Deployment Study

Agency or Organization Contact(s) Date

City of Wichita Dept. of Public Scott Canfield January 27, 1998

Works

Sedgwick County Emergency John Coslett January 27, 1998

Communications and Diane Gage

Management

Wichita Fire Department Chief Larry Garcia January 27, 1998

Sedgwick County Planning Dave Spears January 27, 1998

Metropolitan Transit Authority Stan Zienkowitz January 27, 1998

State Highway Patrol Lt. John Gaunt January 28, 1998
Lt. John Walters

KDOT-Wichita Benny Tarverdi January 28, 1998

City of Wichita Maintenance Larry Henry January 28, 1998

City of Wichita Police Chief Mike Watson January 28, 1998

Kansas Turnpike Authority Jon Potter February 17, 1998

Metropolitan Area Plaﬁning Bill Stockwell January 28, 1998

Department (MAPD)




APPENDIX C

AGENCY RANKINGS OF ITS USER SERVICES



‘Table C-1 Agency Rankings of ITS User Services

TS USER SERVICES Wichita City DPW | Sedgwick Co. Emergency Wichita Firc Scdgwick County MTA SHP KDOT City Maintenance — City Police MAPD KTA
: Communications Department Planning
Priority | Implementation| Priority | Implementation | Priority | Implementation{ Priority | Implementation| Pricrity| Implementation| Priority | Implementation] Priority | Implementation| Priority | Implementati Prionity | Implementation| Priority | Implementation§ Priority |Implementatior]

En-Route Driver Information Medium| Short High Short Medium| _ Medium l-'i'i_gh Long Low Medium High Short Medium| Medium [Medium{ Medium Low Long Medium| Medium |Medium| Medium
Route Guidance Low Long Low Long None None Low Loag Medium Short Medium| Medium |Medium{ Medium |[Medium|  Long High Short Medium| Medium |Medium| Medium
‘Traveler Services Information Low Short Low Short Medium{ Medium Low Long Low Long Medium| Medium [Medium| Medium High Short None None Low Long Medium| Medium
 Traffic Control High Short High Short _High Short High Medium High Short High Short High Short High Short High Short High Short Low Medium
[ncident Management High Medium |Medium Medium Medium{ Medium High Short High Short High Short High Short High Short Low Long High Short Low Medium
‘Emissions Testing and Mitigation None Long Low Long None None Low Long Low Long Low Long Low Long Medium{ Medium None None Low Long None None
Demand Management and Operations None Long Low Long High Short Low Long Medi Short Medium| Medium |Medium| Medium [Medium{ Medium None None Low Medium None None
Pre-Trip Travel Information Low Medium Medium Medium Medium{ Medium |[Medium| Medium [Medi Short Medium| Medium |Medium| Medium |[Medium{ Medium None None Low Long None None
Ride Matching and Reservation Low Medium Medium Medium High Short Low Long High Short Medium| Medium Low Long Medium{  Medium None None Low Short None None
Highway Rail Intersection High Short High Shert High Short High Short edi Short High Short Low Long High Short Low Long High Short None None
Public Transportation Management Medr Short Medium Short Low Long Medium| Medium High Short Medium| Medium |Medium| Medium |Medium{ Medium None None Low Medium Low None
En-Route Transit Information Loa Short Medium Short Low Long Medium|  Medium High Short Medium| Medium |[Medium| Medium Low Long None None Low Long Medium{ Medium
"Personalized Public Transit Medi Medium _High Medium Medium| Long Medium| Long Higl: Short Medium| Medium Low Long Medium{ Medium None None Low Long Medium Long
Public Travel Security None None _ None None None None None None High Short Medium| Medium |Medium| Medium |Medium{ Medium Low Long Low Long High Short
Electronic Payment Services Medium| Tow Low Long Low Long Low Long High Short Mecdium| Medium |Medium| Medium |Medium| Medium None None Medium|  Medium Low Long
ICcmmercia.l Vehicle Electronic Clearance Low None None None Low Long Low Long Low Long High Short Low Long Low Long None None Low Long Medium{ Medium
“Automated Roadside Safety Inspection Low Low Low Long None None Low Long Low Long High Short Medium| Medium Low Long None None Low Long Medium| Medium
On-Board Safety Monitoring Low Low Low Long Low Long Low Long Low Long High Short Medium| Medium [Medium| Medium None None Low Long Medium| Medium
Commercial Vehicle Administrative Precesses | Low None -| None None Low Long Low Long Low Long High Short Low Long Low Long None None Low Long Medium|  Medium
Hazardous Material Incident Response Medium| Short High Short High Short High Medium [Medium| Medium High Short High Short High Short Medium Medium High Short High Short
Freight Mobility Low Short High Short Medium{ Medium Low Long Low Long High Short Medium| Medium [Medium| Medium None None Low Long Medium{ Medium
Emergency Notification and Personal Security [Medi Long High Long High Short Medi Long High ~ Short High Short Medium| Medium High Short HNone None Medium Medium Medium{ Medium
JEmergency Vehicle Management High Short High Short High Short Medi Medium High Short High Short High Short High Short Short Short H.iEh Short Medium Medium
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GLOSSARY OF ITS USER SERVICES

Twenty-nine ITS user services have been identified by the Federal Highway Administration
(FHWA). The 30 user services have been grouped into six “bundles”, each of which represent
the application of advanced technology to a specific transportation function. The six bundles of
user services are:

Travel and Transportation Management.
Public Transportation Management.
Electronic Payment.

Commercial Vehicle Operations.
Emergency Management.

Advanced Vehicle Safety Systems.

Following is a brief description of each user service:

TRAVEL AND TRANSPORTATION MANAGEMENT

En-Route Driver Information: Provides driver advisories and in-vehicle signing for
convenience and safety.

Route Guidance: Provides travelers with simple instructions on how to best reach
their destinations.

Traveler Services Information: Provides a business directory, or “yellow pages” of
service information.

Traffic Control: Manages the movement of traffic on streets and highways.
Incident Management: Helps public and private organizations quickly identify
incidents and implement a response to minimize their effects on traffic.

Emissions Testing and Mitigation: Provides information for monitoring air quality
and developing air quality improvement strategies.

Demand Management and Operations: Supports policies and regulations designed
to mitigate the environmental and social impacts of traffic congestion.

Pre-Trip Travel Information: Provides information for selecting the best
transportation mode, departure time, and route.

Ride Matching and Reservations: Makes ride sharing easier and more convenient.
Highway-Rail Intersection: Mitigates highway/railway conflicts

PUBLIC TRANSPORTATION MANAGEMENT

Public Transportation Management:  Automates operations, planning, and
management functions of public transit system.

En-Route Transit Information: Provides information to travelers using public
transportation after they begin their trips.

Personalized Public Transit: Provides flexibly-routed transit vehicles to offer more
convenient customer service.

Public Travel Security: Creates a more secure environment for public transit
patrons and operators.



ELECTRONIC PAYMENT

Electronic Payment Services: Allows travelers to pay for transportation services
electronically.

COMMERCIAL VEHICLE OPERATIONS

Commercial Vehicle Electronic Clearance: Facilitates domestic and international
border clearance, minimizing stops.

Automated Roadside Safety Inspection: Facilitates roadside inspections.
On-Board Safety Monitoring: Senses the safety status of a commercial vehicle,
cargo, and driver.

Commercial Vehicle Administration Processes: Provides automatic collection and
recording of travel distance, fuel purchased, and trip and vehicle data by jurisdiction.
Hazardous Materials Incident Response: Provides immediate description of
hazardous materials to emergency responders.

Freight Mobility: Provides communications between drivers, dispatchers, and
intermodal transportation providers.

EMERGENCY MANAGEMENT

Emergency Notification and Personal Security: Provides immediate notification
of an incident and an immediate request for assistance.

Emergency Vehicle Management: Reduces the time it takes for emergency
vehicles to respond to an incident.

ADVANCED VEHICLE SAFETY SYSTEMS

Longitudinal Collision Avoidance: Helps prevent head-on, rear-end, or backing
collisions between vehicles or between vehicles and other objects or pedestrians.
Lateral Collision Avoidance: Helps prevent collisions when vehicles leave their
lane of travel.

Intersection Collision Avoidance: Helps prevent collisions at intersections.

Vision Enhancement for Collision Avoidance: Improves the driver’s ability to see
the roadway and objects that are on or along the roadway.

Safety Readiness: Provides warnings about the condition of the driver, the vehicle,
and the roadway.

Pre-Collision Restraint Deployment: Anticipates an imminent collision and
activates passenger safety systems before the collision occurs, or much earlier in the
crash event than is currently feasible.

Automated Highway Systems: Provides a fully automated, “hands off”, operating
environment.

The technologies necessary for the user services in the Advanced Vehicle Safety Systems bundle
are currently being researched at the national level and are not considered appropriate for
implementation by local agencies during the planning horizon considered in the study.

1
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ANALYSIS TECHNIQUES AND ASSUMPTIONS

An analysis was conducted to assess the benefit to cost ratios for the various ITS
implementations. These costs are itemized in the following text and in Tables E-1 through E-29.
Based on other recent studies, it was assumed for this analysis that the travel time delay will be
reduced by 25 percent. It was also assumed that the average fuel efficiency is 15 miles per
gallon for speeds under 35 mph, the cost of fuel is $1.20 per gallon, and that the average speed
during the delay period is 10 mph without ITS implementation.

The average speed is a function of vehicle volumes. Volume is inversely proportional to speed.
For example, when volume increases, speed decreases. A representative average queue length of
2 miles is used for this analysis. During times of congestion, the average queue length is
assumed to be the same, however the flow rates differ.

The benefits in the short term are based on 1996 ADT and accident values as documented by
KDOT. The long term benefits are based on projected 2020 ADT volumes provided by the
MAPD and KDOT. The medium term benefits are based on volumes extrapolated from the 1996
and the projected 2020 volumes. In order to best estimate the benefits of the system in future
conditions, the number of accidents is assumed to grow at the same rate as the ADT’s over the
time frames.

It is assumed that 40 percent of the ADT encounters 30 percent of the total accidents as posted
for the 1996 calendar year in incident sensitive areas (Figure 2-12). 1t is also assumed that 10
percent of the ADT will encounter 10 percent of the total accidents in the non-sensitive areas.

The following sections describe detailed analysis techniques used in calculating the benefits
derived from implementing an incident detection and traffic management system as a whole
using mainline detectors, video surveillance, and various modes of information dissemination
(VMS, HAR, public broadcast, etc.).

Travel Delay Time Savings

Assuming the average queue length of 2 miles, the existing travel delay time can be estimated by
using the following equation:

Travel Delay Time = (average queue length/average delay velocity) x 60
= (2 miles/10 mph) x 60 min/hour = 12 minutes

Using a 25 percent reduction in travel time delay with ITS implementation, the travel delay time
is:

Travel Delay Time = 12 minutes x (1-.25) = 9 minutes

Using the assumptions listed above, the travel delay time benefits can be determined by the
following equations:
Annual Travel Delay Time (hrs) (without ITS implementation)

= (ADT x 0.4 (0.1 in non-sensitive segments) x 12 minutes x (#
of accidents) x 0.3 (0.1 in non-sensitive segments))/60 min/hr
Annual Travel Delay Time (hrs) (with ITS implementation)

' = (ADT x 0.4 (0.1 in non-sensitive segments) x 9 minutes x (# of
accidents) x 0.3 (0.1 in non-sensitive segments))/60 min/hr

or



Annual Travel Delay Time (hrs) (with ITS implementation)
= Annual Travel Delay Time (hrs) (without ITS implementation)
x (1-0.25)

Benefits and savings can be calculated by taking the difference of the two results. To quantify
the dollar amounts of the travel delay time, a rate of $10.00 per hour is used in determining the
loss of productivity for incident congestion.

Fuel Usage
The fuel used during delay periods can be calculated using the following formula:

Fuel Usage (without ITS implementation) = (Fuel Consumption Rate x Total Delay Time) +
(Fuel Consumption per Start/Stop x Number of
Stops)"

Where:

Fuel Consumption Rate = 0.72 gal/hr' (assuming 2 mile queue length and average 10 mph
queue speed)

Total Delay Time = As calculated under “Travel Delay Time Savings”
Fuel Consumption per Start/Stop = 0.019 gal/stop' between 10 and 60 MPH
= 0.0016 gal/stop' between 0 and 10 MPH

Number of Stops = Assume 10 stops (1 from 60 MPH to 10 MPH and back, then 9 from 10
MPH to 0 MPH and back)

Based on USDOT’s “Intelligent Transportation Infrastructure Benefits: Expected and
Experienced”, a 25% reduction in fuel usage can be assumed for the Wichita metropolitan area
with ITS implementation.

The savings in fuel cost can be calculated by multiplying the fuel cost per gallon ($1.20) by the
number of gallons used annually.

Emissions Reduction

Vehicle exhaust emissions can be reduced due to the reduction of incident related congestion.
Using the emission rates extrapolated from Figure 7-10 and the annual travel delay time savings
calculated previously, the reduction in emissions of CO, HC, and NOy can be calculated as

follows:
Reduction in CO = (Travel Delay Savings x (0.94 g CO/sec / 453.6 g/1b) x 3600 sec/hr)/2000

Ib/ton
Reduction in HC = (Travel Delay Savings x (0.01 g CO/sec / 453.6 g/lb) x 3600 sec/hr)/2000

Ib/ton

Reduction in NOy = (Travel Delay Savings x (0.0085 g CO/sec / 453.6 g/1b) x 3600
sec/hr)/2000 Ib/ton

' “Traffic Control Systems Handbook”, USDOT/FHWA, January 1996, Tables 3-37 and 3-38.



000°L12°C8 000222 000°599 000°L88 TVIOL
8TS°SSTS £65°6T 859°9/ 112201 L 0S1°6S PSTA/SEIT 963 LOI N TN 9°0
POL'LTS OLLl 11€s 180°L 09 0S5 1°6$ 963 LOf N 1 9°0 96M/SE 11
12H°09% o' 9T1°81 6919 61 080°¢9 96M/SE11 ISit
859°1€¢€$ 991°¢g L6V'66 £99C¢1 <L 0v6°9L 1S1e A0ardg dNg
[AANAARES YITLLI £P9°ISE LS8°89% 1§74 06L°LL 40ardd aNa 1Hardd Niodg
6F9°6LES $96°LE S68°¢11 098°151 124 OvbsL A0ARG NIDId | OD0TIaNvSV/SEl
SONIAVS AVTIA [(SUH) SONIAVS AVTHA | (SUH) (AOYdWIM) AL | (SUED) C.LSIXA) NLL AVEIA [ SINAAIDOV | (Lav) 0l WOY
TVANNY TVI0L HALL TVANNY AVTAd TIAVYEL TVOANNY TIAVIL TYNNNV J0 JIGWAN [TNNTOA INTANDIS AVAUYOY

UL [, 110YS - SSUIAES J50)) pue duwil [, Ae[a(] PABLL, SET-[ [-F 2[qEL




000T61$ 000°091% 000°6LYS 000°6£9% TV.LOL
RL0°TTS 86£°81 $61°6S 265°€L L 0S1°6S PSTV/SETT 96 LOf NN 9°0
0Es1$ SLT v8'e 660°S 09 0516 963 LOININ 90 96M/SETT
0TTS$ 0SE'y 1S0°¢l A 261 080°€9 96N/SE11 IS1¢
€€9'8TS 6L8°€T 8€9°1L L1SS6 4 0¥6°9L 1S1t I00rdg ANd
€LT101$ v6E b8 £81°€ST LLSLES 1SC 06L'LL 0ardd aNg A0ardd NIoag
T08°7ES see'Le ¥00°C8 6££°601 3 ObY'SL d0and NIDdd D0 TTANYSN/SEN
SONIAVS "EINE - [ ("1VD) SONIAVS AN [ (VD) CAOUIWIUM) 1SN | CIVD) CASIXAD 418N SINIAoy | (Lav) oL NOY
TYOANNY TV.LOL TYNNNY TV.LOL JHOJ IVANNY IVLOL | TI0d TVANNY TV.LOL | 40 YF9NAN INNTTOA LNIWDIS AVAMAVOY

WLID [, 1IOYS - SSUIAES }S0D) puB as() [Ny S¢-] -4 2qe]




8y L 08'8 107228 TV.LOL

98°0 10'1 7E°56 PSTA/SETT 963 1IN TN 9°0

90°0 L0°0 099 963 LOI N TN 970 96M/SE 11

0T'0 yZ'0 ¥$'2T 96M/SE 11 RE F

Tt AN 1L°€TH 181z 400149 AN

S6'¢ S9'p ETLEY IOANIE aNd IOandd NIDIg

871 151 29111 A00Nd NIDIE | OO0 1AM YSN/SEl
(SNO1) SONIAVS (SNOL) SONIAVS (SNO.L) SONIAVS oL WO

SNOISSHAT *ON "TV.LOL | SNOISSUAE OH TVIOL | SNOISSINT 0D TV.LOL INAWDAS AVAAVOY

LB |, 1I0YS - SUOINpaYy uoIssiwy Sei-1 ¢€-4 Aqel




000°1S+$ 000°S¥ 000°S€1 000°081 TV.LOL

€S8°¢81S $8¢'81 961°6¢ 1v$°eL 8¢ 006°¢S LS LSIM OLLNOOAQIN dN6€°0

86£°87T$ 08z 0Z5‘89 6SE°16 8Y 0L8°TS | DLLNODAIN W6E°0 | D1 ADAT/INOIAIN

1€£°8€9 ££8°C 66v°11 TEESI 01 0657y | D1 ADANI/ILNODAIN JATALIIN VO
SONIAVS AV | (SUH) SONIAVS AV'EA | (SYH) CAOYINTM) AWIL | (SUH) (XD ANLL AVTIA | SINTQIDDVY | (Lav) OL WO
TVANNY TVIOL JNWLL TYNNNY AVTAA TIAVIL NNV TIAVYEL TVANNY JO AFFNWAN ITNNTOA AINFNDIS AVAAVYOY

WL, JI0YS - SSUIAES 3500 pus dwi ] Ae[d(] [PABLY, S-S $-7 dIqe.l




000°6€$ 000°TE 000°L6 000°0¢1 TVLOL
$88°G1% LETEL ZIL'6€ 0$6°CS 8¢ 006°€S IS 1Sam JLLNODAIN FN6E0
PEL61S Syr91 veeiey 6LLSY 17 0L8°CS | DLLNODAIN JN6E0 | D1 3DANR/LNODGIN
TIe'es 09L°T 082°8 6£0°11 0l 06S°Ty | OI IDANY/LNODAIN YITAL AN #0
SONIAVS TN [ ("TVD) SONIAVS TN [ (1vD) CAOYINIAY) ASA | (VD) CLSIXA) ASN | SINAAIDOV | (Lavy) 0l WO
TVANNY TV.IOL TYANNY TV.LOL TN TYANNY TV.LOL {TANd TYANNY TV.LOL |10 YFgWNAN [9NNTOA JINTADIS AVAAVOY

WLI3 [, 110YS - SBUIAES }S0D) pUE 3s() [N bS-S(1 S~ 2IqEL




751 6L 1 L0891 TVIOL
90 £L°0 86°89 LS 1sam JLLNODJAIN TN6£0
LLO 160 07's8 OLLNODAIN aW6E°0 | D1 3DATY/INODAIN
£1°0 S1°0 0€ b1 JLI0AN/LNODAIN | HATAL T IN b0
(SNOL) SONIAVS (SNO.L) SONIAVS {SNOL) SONIAVS Ol WOY.!
SNOISSING XON TV.LOL | SNOISSINE OH TV.LOL | SNOISSING 00 TVIOL INFNODIS AVMAVOY

W2 [, 110§ - SUOINPIY UOISSIWIY pS-S() 9~ IqEL




000°006°2$ | 000°0£Z$ 000029°c$ | (pPapunou) §v10L
- - - vSZ-M
000'067% 000'6€$ 000°Gv$ vS-Sn
- - - 96-M
- - - GeT-|
000°60¥'2$ | 000'Z6L$ 00021223 Gel-|
SONIAVS SONIAVS
Iv1iol 11502 13Nnd [ALIALLONAOYd AVMHODIH

ULIJ ], JI0YS - SILJOUdY [BI0 |,

L= 91981




000°68€°LS 000°6€L 000°L1Z°T 000°956°C B TVIOL
6$9°979% 99979 866°L81 £99°06¢ stl 6v°e8 PSTN/SEN 963 LI N IW 90
86TVOLS 0Ev9tE 06Z°601 6lLSHI $3 61S°1L 96 LI N IN 9°0 96M/SE L
10 18€°1$ OF1°8¢1 0T vy 19¢°Zss 062 TEe6L 963M/SE11 1siz
0£STHSS €6THS 65LT91 210012 66 0iv'16 LSiz ADANY dNF
029°¢S6‘1$ 29¢'561 980985 8t 18L 0S¢ 180°€6 40Ardg dNg ADardd NIDdg
LEV'965$ vr9°6S 1€6°8L1 SLS'8ET €11 $7E°88 OArIG NIDId | OO0 TTIINFSA/SET
£18°8L8°1$ 188°L81 ¥¥9°€9¢ STSUISL 0% 988°LL [ DOOTTIAAYPSN/SENT FINM VI
06¥°S¥$ 6¥S‘y LY9°El 96181 1€l 125°69 JINMY SIM/SEN
SONIAVS AVIAA | (SUH) SONIAVS AVEIA [ (SYH) CAOUdNIAM) INILL | (SYHD CLSIXA) JALL AV 1ad SINIUDOV | (Law) 0L WO
TYNANNY TV.LOL ANLL TYNNNY AVTIA TIAVYL TYNNNY TAAVIEL TVIINNY A0 AFFNNN |INATOA LNAWODIS AVAAVOY

ULI3 [, WNIPIA] - SBUIAES 1500 pue sl |, Ae[d(] [PARLL SEI-T 8- dIqEL




000°8£9$ 000°TES 000°965°1 000°8¢1°C TY.LOL
TARZES 611°6H 85¢'sEl 8LY'081 <4 6v°€8 PSTI/SEL 96 LOf N IW 90
SLY'1€S 62T°9T 889°8L 816P01 <8 615 1L 96 LOf N TN 90 96M/SE 11
€5E6118 19¥°66 €8€°86C PP8°L6E 062 TEE6L 963/5€ 11 LSIT
SLY9PS 790°6¢ LRILLT 6¥T951 66 01¥16 ISIZ Joand aNnd
€6L'891% 199°0%1 86 1T £59°79¢ 0S¢ 180°¢6 A0andd aNd IADANE NiD3ad
A3 1S V6T 0£8°821 BLL'TLI €11 vTe8s A0ARg NIDFd | DD0TTANPSN/SELL
6TE°T91$ SLTSET ¥Z8°S0b 860° 1S 4014 988°LL | DOOTIAAYPSO/SEN FINMVI
0£6°€S SLT'E 978°6 101°¢1 £l 12569 HANMV SIM/SELL
SONIAVS TN | ("TYD) SONIAVS TaNd [(TVD) CAOUdWI/M) ASN| (T1VD) CLSEXA) AST | SLNAAOY | (LadY) 0L WOV
TYANNY TVLOL]  TVYNNNY TV.LOL AN TVANNY TVLOL T4 TYANNY TV.LOL | 10 YIgNNN |9NNTOA LNIFWDIS AVAAVOY

ULI3 [, WNIPIJA] - SBUIARS 10D PUB s} [P0y SCT-] 6-7 dIqEL




o've [A%Y4 1€°95L°C “IVLOL

11e 6v'C SLeeT pPSTA/SELL 9671 LOI N IN 90

€Tl Pl 68°S¢El 96N LOINIWN 90 96M/SEl]

9% R4S 8CSIS 962/SEll LSIT

€81 sI'e LET0T LS1C 40dr4g aNdg

659 SLL £L8CL d0andd NI ADAE NIDdg

10¢ Le'e 8¥°CCT d0ANE NIDIE | DDOTIANPSVSELL

¥E'9 'L £8°00L DOOTTAAYSN/SELL FANMYI

s1°0 81°0 L1691 JANMVI SI/SEl
(SNO1) SONIAVS (SNOL) SDNIAVS (SNOJ) SONIAVS OL WO.I

SNOISSINH *ON TV.LOL | SNOISSIANA Dt IV.LOL | SNOISSING 0D TVI0L LNINDIS AVMAAVOY

W13 [, WRIPIA] - SUOHINPIY UOISSIWY SET-T (-7 d[qe




000°TILTS

000°1LT

000718 0007801 IVIOL
686'11$ 6611 L68°€ 96LF 23 £€09°67 100 96N/bSN
192'L$ 97L 8LIT P06'C 9¢ 168'97 96N/bSN ¥ HOTMNATED
9€6$ ¥6 18¢ pLS y 861°1€ | Q¥ HOIMNIHUO IN(eRt7als
01b'T$ e €Tl ¥96 4 18L°9¢ Aty T/ e
€01°01$ 0101 1€0' 1H0'p Ty wLo'Ts /ATy THAIATY
PYLLES PLL'S €Tl 860°1 811 6v9°Th TH/AIA T ad MO0y
YrL'68$ vL6'S £26'9C 868°s< 82T 8p°TS ¥ M00Y AOOWIDAT
$9T'06$ 920%6 6L0°LT $01°9¢ 20z 08565 FOOWIDAT NO.LAITO
9L1°SE$ 816 £55°01 L0 8L 0€1°09 NOLAITD AN
ZsTS1$ $Ts'1 9LS'Y 101°9 9¢ 06595 199 N DOOTTANPS/SE I
0T8°TS$ 8Ts b1 87117 Pl 8LL'19 | ODOTIANPSA/SEIT | NOLONIHSVM
S1L00VS 1L0‘0b p1T0TI " 982091 Ls TH'SL NOLONIHSVA VNAJOL T INI0
bT0'9bS 209°'% LOBET 01¥'81 89 €PT06 | VIJOLHA TN 10 NIVIA
968°17$ 061°C 6959 85L'S 43 £€T16 NIVIA TAOWVIAS
SI8'LTVS T8L°TY SPE'STI 9ZI‘IL 09 STT6L TIOWVIAS NVIQRIGN 3 IINS0
SLY'36HS L98“6¥ 209°6¥1 0LY661 ) 956°9L | NVIQIIW g NS0 WS
T16°PErS 16v°ch LY OS] $96°CLI bs 88163 WS LS 1Sam
62L912$ £L9°1C 610'59 26998 8¢ [L£'€9 LS 1STM JLLNODQIA TW6E0
L19°99T$ 29992 $86°6L Ly9°901 8¥ LIL19 | OLLNODAIA FW6E0 | O IDANY/LNOJAIN
0L1SPS LIS 155°€1 890°81 01 681°05 | DI ADANI/INODAIA |  ¥TTALY LA #0
SONIAVS AVTIQ | (SUH) SONIAVS AVTIQ [(SUH) CAOUdWI/AM) TINLL [ (SIH) (X3 AWIL AVIAA | SLNIAIDOY | (Lay) oL WOdd
TVANNYV TV.LOL SALL TYNNNY AVI3d TIAVEL NNV THAVIL TVONNY | 40 ¥FFNNN | TNNTOA INFWDIS AVAGYOY

ULId |, WNIPIJA] - SSUIAES JS0D) pue dwl |, Aejd( [9ABLY, S-S [ -7 2qel,




Q00T 000°561 000°98¢ 000°18L VIOL
9Cn 1S €98 06S°C £5¥°¢ ¥S €09'6¢ T0D9 96M/+$N
L29% €cs 895 160°C 9¢ 1689 96M/¥SN R HDIMNATED
18§ L9 202 0LT 4 861°1¢€ (A HDIMNTID AL /1
S0TH vLi S 69 Tl 18L°9¢ eiZats WAty
€L8$ Lt 81°C 016°C e L0TE T THIAICT T
19C°¢S 81L'T £51°8 0L8°01 811 6¥9°CTH /AT (1 OO0
vSL LS 29t°9 $8¢°61 9+8°ST 87T 78Y°TS 4 00 AYOOWINAT
(6L LS 6649 L6V61 966°ST 702 085°6$ MOOWIDAT NOLAITD
6E0°'ES £€$°T 86S°L 1€1°01 8L €109 NO.LITTO YN
R1L1S 8601 S6T'¢ £6E°Y 9¢ 0698 JIYI N DOO TN YSO/SEL
+95 v €08°¢C 6011 IS vl 8LL19 | DOOTTIIAYPSN/SELT NOLDONIHSVM
TT9rEs 168°92 #6598 90vS1 1 LS 4873 NOLONIHSVM VNAJOL T INTO
9L6°CS vles 1766 §STel 89 £vT°06 VNAJOL I TN 1°0 NIVIN
68°1% LLS 0ELY 90£°9 43 £€2°16 NIVIN TIOWVIAS
€96°9¢$ £08°0¢ 30v°C6 1z'eel 09 STT6L TAOWVIAS NVIGRIIN 3 INS 0
980°¢y$ S06°s¢ YIL'LO1 819°¢H1 L 9S6°9L | NVIGIIIW T INS0 4211290
9L5°LES PICTIE 1v6°€6 $STSTI s 88163 140 li298 LS LSaMm
STL'8IS Y09°¢1 €189t 8129 8¢ 1L£°€9 1S LSam DILNODUIN FW6€0
9£0°€TS 961°61 685°LS 98L°9L 8y L1L°19 | DLLNODAIN FN6E0 | O ADATY/LNODAIN
£06°€S$ Tsee LSL'6 600°€1 0l 681°0S | D1 FIDANI/LNODAIN AATAL TN 0
SONIAVS "EIN: [ ("IVD) SONIAVS EINA CTVD) CAOUdAIAY ASN | CTIVD) CLSIX:D US| SINHADDY ] (1.av) Ol WO
TVONNY TVLOLL  TTVANNY TVLOL JH04 TYANNY TV.LOJ [ T304 TYONNY TV.LOL [0 YFGANN [TanT0A LNIADIS AVAAVOU

ULID |, WNIPJA| - SBUIARS 150D pue as() [dnyg S-S ZI-q dIqel




S16 9L°01 TAION TVLOL

v0'0 00 LY’y TOD 964/SN

200 €00 1Lc 963/vSN Q¥ HOIMNERIO

000 000 €0 QAU HOITMNATID AT/ T8

10°0 10°0 060 a1y oA Ty

£€0°0 v0'0 LL'e /Ty TH/AICH Ty

€ro 10 8071 IP/AIATY (A HO0Y

0£°0 9€°0 8v€e ay o0y YOOWHOAH

0€°0 9€°0 L9'€E JOOWHDAT NOLJITO

zro P10 el NOLAITO AN

$0°0 90°0 69°S IRH N ODOTIAN PS/SEN

810 120 0L°61 ODOTTANYSYSELL | NOLDNIHSVM

S 65°1 . Ly6vl NOLONIHSY M VIO T IN10

91°0 81°0 L1 Lt VAIJOL I IN 10 NIVIA

L0°0 60°0 L1'8 NIVIA THOWVIAS

vyl 0L1 857681 TYONVIAS NVICIIN 3 INS 0

89' 86'I 10°981 NVIAQRITN 9 INS'0 4212490

Lyl €Ll €2°291 413290 1S LSIM

£L°0 98°0 ¥8°08 LS ISam OILLNODAIA TW6E'0

06°0 901 §b'66 OLLNODAIN FW6E°0 | D1 4DAIY/INODAIN

S0 81°0 §8'91 O IDAR/INODAIN | YITAL T 1N 40
(SNOL) SDNIAVS (SNOL) SONIAVS (SNO.L) SDNIAVS oL WO

SNOISSING *ON "TV.LOL

SNOISSING OH TV.LO.L

SNOISSTNT 0D "IVILOL

INIWDIS AVAAVOY

ULIDJ, WRIPIJA - SUOLINPAY UOISSIWY pS-S11 €£1-F dqE.L




000°0L6°0TS | 000°0L8S 000°001°01$ | (papunou) STVLOL
- - - yST-N
000°9%6C$ |  000°V€T$ 000°TILT$ ¥S-SN
- - - 96~
- - - SET-
000°£20°8$ | 000°8£9$ 000°68€°L$ SEIT
SONIAVS SONIAVS
AV.LOL  11SOD 14N | ALIALLONAONd AYMHDIH

WL I, WPIA] - SIYOUIY [B)0], H[-7 IqEL




000°TIZTIS 000°18¢°1 000°v¥8°C 000°scI‘s IV.LOL
vLSCIS L8€°1 91°y 0SS's L8 v88 1€ VLIHOIM gVNIN ST N €1
LLL'YLYS $LY LY X5 aradl 116°681 18 00T°L6 PSTI NN €1 ALID AV 108
vLELYTS LEL'YI 21Ty 6¥6'8S ¢ 80689 ALID MUV 108 yST/SETT
TO6'PSIIS 06F'S 11 1LY 9pE 196°19% 6L1 F€3°L01 PSTI/SETT 96 LOr N IW 9°0
11€°¢5$S 1€g'ss £66'591 §TEITT 011 888°¢8 96 LOrNIWN 90 | 96M/SE 1
€8E°0ETTS 6£0°€TT 911699 yS1°C68 68¢ ¥85°56 963/5€ 11 Isie
vL1008S L10°08 TS0°0¥C 0L0°0TE 91 088°601 IStz JOandg aNg
0Ty'916°C$ TH9° 162 9T6'vLY 8969911 524 TLER01 TOANRIE AN HOARIE NIDHY
LPFLS8S StL¢8 veT'LST 6L6°THE Iyl 80101 AOANI NIDIE [ DOOTTIIANYSN/SEN
TOLTIRTS 6LT18T LESEVS JARNYAN 9i¢ T6L06 | DDOTIANYSN/SEN] TANMVI
68¢°CT8S 6£2°C8 L1L9YT $S6'8Z¢ 891 TE18 AINMV SIN/SEIT
£25°¢$ Ts¢ LSO1 60v°1 0t p11°9¢ SIN/SEI IITNVIAAH
88€°9% 6£9 L161 Sqarg 184 01t 1€ JITNVIAAH SETl/SEIL
LEETIS vETl 10L°€ SE6'p 99 0TS'LE SETI/SETT HLLY 18N/SETT
785°6$ 86¢S SLY‘I PECT LS 09561 HLLY 180/SE1] VIN/SEH
SONIAVS AV | (SUH) SONIAVS AVTIA | (SUH) CAOUINIM) FALL | (SUFD CLSIXA) ANLL AV 1Id SLNAQIDOV ] (Lav) Ol WO
TYNNNY TV.LOL FALL TYNINNY AVTIQ TIAVIL TYNNNY THAVYEL TVANNY 40 JHIWNN [FNNTOA INFADIS AVAAVOA

ULIDJ, SUOT] - SBUIARS JSO)) puk owil], AB[a(] [PABK]L, SCT-1 ST-1 dqel




000°L0L 1S 000°T26 000°L9L°C 000°069°¢ TV.LOL
661°1% 666 L66°T 966°¢€ L8 ¥88°1¢ VLIHDIM gVNN ST NIW €1
120°19% ¥81°p¢ 785201 9€L9¢1 18 00Z°'L6 PSTAI NN €1 ALID MYV 108
€CL'TIS 11901 £€8°1¢ aa ey 9¢ 80689 ALID YVd 108 PET/SEIT
F8L°66$ €51°¢8 6SY°6¥T T19°Tee 6L1 PERLOI PSTA/SETT 96 LI N TN 9°0
908°L¥$ 8£8°6¢ SIS'611 ySE6S1 011 888°¢8 963 LOf NIN'9'0 | 964/5¢11
S0L'T61S 885091 €OL 18% 1S€TH9 68€ 78556 96/SE Il ISIT
SE1°69% £19°LS 8€8°TLI 08t°0€T 9TI1 088501 IStz I0ANg AN
6L6°1STS 786°60T LY6'6T9 6T6°6€8 6t TLE'ROI I0ardd aNd A0Ardd NiDdg
€80YLS 9€L 19 607581 SH69bT 1§ 802101 A0ARd NIDId | ODOTIINYSN/SEN
STO'EPTS 125°20C £95°L09 ¥80°018 91¢ T6L06 | ODOTTANYSIV/SEL TIANMY I
YSO1LS 21T6S 9£9°LLI $YR9LT 891 eV TJINMVYA SIM/SET
OIS vseT 192 S10°1 0T pI19¢ SIM/SETT JNINVIAAH
7Ss$ 09% 08¢l ors’l 184 01p 1€ JITNVIAJAH SETI/SEIL
990°1$ 888 €997 £ec'e 99 0TSLE SETl/Sell HLLY 180V/SETT
£8v% 0v 9021 809°1 LS 095°61 HLLP 180/SEH VIN/SEIN
("IVO) SONIAVS TN [("TYD) SONIAVS "IN [CTvD) CAOUTALA) 9801 | CTVD) CLSIXD IS0 SLNAADOV | (1.av) Ol WO
TVANNY TV.LOL TVINNY TV.LOL JI0d TVANNY TV.LOL | TINd TYNNNY TV.LOL {10 YHENNN | TNNTOA LNAWDIS AVAAVOY

UL |, SUOT - S3UIABS }50)) pue 3s() [N SCT-T 91~ dIqeL




1°¢y ¥8°0¢ 96°8LL Y TVIOL
S0°0 90°0 81°¢ V.LIHDIM g9VNN PSTINW €1
09'1 88°1 0l'LLT ST NI €°1 ALID MUV 10S
0S°0 850 L6¥S ALID YIVd 108 yST/SEN
06'¢ 8S't 08°0¢Y PSTA/SELT 963 LOI NI 9°0
L8] 0T 6£'90C 96N LOI N TN 90 _96M/SETT
L $8'8 L61€8 9631/5€11 181¢
0L 8I'¢ 81°86¢ 1LSiz A0AN T ANA
¥8°6 LS11 LYL80°1 ANANIET AN A0Ards NIDJg
68°C 0F'¢ v8'61¢ IOARIE NIDFD | ODOTTIIANYSIV/SETT
6v'6 9111 TT6H0°1 DOOTTANAYSN/SEL TANM VI
LLT 9z'¢ 9L'90¢ TINMVI SEy/sell
10°0 100 el SIN/SENT IIINVIUAH
200 £0°0 8¢C UINVIAAH SETlSell
v0°0 $0°0 09y SETI/SEILL HLLP 18/SE T
200 00 80°C HLLLY 180V/SETT V.IN/SET
(SNO.L) SONIAVS (SNO.L) SDNIAVS (SNOL) SONIAVS 0l WO
SNOISSINE *ON TV.1.0.L | SNOISSING OH TV.LOL | SNOISSINTG 0D TV.LOL INAWDIS AVAAVOYU

ULI3 ], BUOT - SUOLINPAY UOISSIW SE[-] LI-7 AIqEL




000°¢61$ 00561 009°8S 007°8L j TV10L
6SS°SS 96¢ 899°| $TT'C 17 vLY]SE YSTI/SEL AVMAVOYY
8TH'LS £hL 87T 1L6C a4 161y AVAQVOYd 96M/SETI
194°9% 99 8€6°1 ¥8S°C 1€ Z01°8T 96 /ST AATE 007 NWT'E
12€61% €61 96L°S 8TLL 29 906°LE | AATH 00Z NINT'€ QAT 00Z
601°89% 118 €EV0T vreiLe S0z 0L vb aA1e 007 vSO/SETI
909'0¢$ 190°¢ 281°6 (4744 96 ST ySN/SET 1A ONOD 944
00L11S 0L11 01s¢ 089t LE STy | 1dT9 ONOD 039 TE/SETI
166°9¢% €69°¢ S80°11 08LV1 1€1 [A2WAS WIS MINNNHLIVON
1££°6$ £€6 66L°T TEL'E %4 v66'87 | QU YNHLIVOW SETl/sell
(SUH) SONIAVS AVIHA [(SUH) SONIAVS AVTIA | (SUHD) CAOUINIA) TNLL (SMH) (XH) AWIL AVTIA | SINAAIDDY | Lay) [oX} NOY.I
TVANNY TV.I0L TYANNY TV.IOL AVTIA AVUL NNV TAAVEL TVOANNY 40 YIGWNN [FNNTOA INIWDIS AVAAVOY

UL ], 3U0 - s3ulAeS 150 pue urlf, Ae[d(] [9ABLL SET-T 8I-H 2IqEL,




006°91$ 001'%1 00Ty 00£°9$ _TVIOL
08t 00% 10T°1 1091 1T vL8°SE PSTA/SET AVAQYOEY
9% ses S09°1 6€1°C ¥z Z16'1Y AVAAVONY 96M/5€T
86¢% S9% 96¢°1 198°1 £ 201°82 96M/S€TI AATH 00Z NWT'€
699°1% 16€°1 VAR §96°S 89 906°LE | AATE OOZ NINT'€ UJA1g 007
$88°CS Y06y TIL'YI 91961 114 0LE Py dA1d 007 $SN/SETI
p9°CS v0T'T 1199 sig‘s 96 STy $SN/SET 1439 DNOD O34
110°1$ 8 LTST 0LE's LE TTSTY | 1d9Y DNOD DA [4:2; 41 X4
€61°¢$ 099°C 186°L w90l 1€1 TrsiLE TYA/SET QA INHLYVOW
908$ TL9 910°C L89°C 1N ¥66'8C | Q¥ YNHLIVOW SETI/SEI
SONIAVS 1404 |("TvD) SONIAVS TN [(1VD) CAOYIANA) SN[ C1VD) CLSIXD) A4S | SINAAIDOV | (Lay) Ol WO
TYANNY TVLOL]  TVANNV TVLOL TA0d TVANNY TVILOL [ T304 TYONNY TV.LOL | 10 IgWNNN [TNNTOA INAINOIS AVMAVOY

UL, 3u0] - suIAeg 350D pue as() (dnyf S¢Z-1 61-d 21qeL




99°0 8L°0 16°2L TVLOL
200 200 L0T YSTA/SETT AVAAVOUE
£0°0 £0°0 LLT AVMAVOUd 96M/S €T
20°0 £0°0 19T 96M/SET UATE 00Z NINT'€
L00 8070 1T°L JATE 00Z NWT'€ dA1d 007
€20 LT0 1v°sT aa1d 00z YSN/SETl
010 o el rSN/SET “1d3d ONOD D3d
v0°0 $0°0 9¢y “1d99 DNOD D34 PN/SET
zro S10 8L €l A 1194 @I YNHLAYIW
£0°0 070 8v'¢ T ANHLAVIW SETI/SEI]
(SNO.L) SONIAVS (SNOJ) SONIAVS (SNO1) SONIAVS 0l WO
SNOISSINE *ON TV.LOJ. | SNOISSING DOH TV.LOL | SNOISSIANH 00 TV.LOL INGWDIS AVAAYOY

ULID J, 3UOT - SUOI}INPAY uoISSIWY SE7-1 0Z-H dIqel,




000°SLS 00S°L 00¥°CT 006°62 B VIO
66€1S ot 0Tl 6SL°1 0¢ 89€°61 DIV HLEI |
860°vS 0Ly 6TC'1 6£9°1 14 T€5°92 HLET IS1z |
L161$ 261 SLS L9L ¢l 887°61 ISIT V.LIHDIM TOH |
ARRAS (884 PET1 SH9°l €T PTS'ET |VLIHOIM gvnT10d| ad ggdm |
€TL01S TLOT LITE 687 1s 796°LT ay ggam ad D0
106°9% 069 0L0C 09L°T €T pLY OV ayd M1Oov NAVIAOOM
TLS°81% LS8°] 1L8°S 6CPL S TL]'SY NAVYTAOOM JAAITO0
165%1$ 651 LLE Y LE8'S 17 vE6'LY YIAITO JAISTIH
L8Y'68 6¥6 9p8°T S6LE [43 ¥66°8¢€ FAISTIH 9634/S€11
(SUH) SONIAVS AVTAA [(SUH) SONIAVS AV | (SUH) CAOYdNI/M) L [(SUH) (XA ANLL AVTAd | SLNAAIDDY (Lav) 0l NOYI
TVNNNY TV.LOL TYNANNY TV.LOL AVTIA TIAVIL NNV TIAVIL TVANNY 40 AFINAN |AWNTOA LINIFWDIS AVAAVOY

WL [, 3U0T - s3uiAkS 350D pue dun |, Ae[a(] [PARL], 96-3] 1Z-1 dlqel



00598 00%tS 00291 0051 ) 1VLOL
08¢€$ L1 056 L9T' 0¢ 89¢°61 PIKAR H.LET
pSes $6¢C 688 . 0811 1T T€59T HLEI LSIT
991% 8¢l 1ats zss €l 88761 1S1¢ V.LIHOIM 103
s¢es 96 688 S8 €T vTS'ET | VLIHDIM 9VN1DT | O 9939Mm
976% TLL 91¢C 880°¢ 16 T96°LT ad adam ay YooY
9653 L6 1641 L86°1 € vLY O ad Mooy NAVYITOOM

091§ LEET 110y 6¥E°S S TL8'SY NAYTIAOOM AIAALTO
192°1% 150°1 st 0Ty 8% vE6'LY YIAITO AAISTIH
078% £89 6¥0°T TELT 43 $66°8€ AAISTH 964/SE 11

(IVD) SONIAVS TN TC1VD) SDNIAVS TN [ C1VD) CAOTdINIA) A4S0 CIvO) CISIXE 4SN [SINAADIV | av) oL WO
TYNNNY TV.LOL TVANNY TV.LOL 50 TYONNY TVLOL 7130 TVANNY TV.LOL | 40 YIIWNNN |ZINNTOA LNIWOIS AVAMAVOYU

UL |, U0 - SBUIAES 1S0)) put 3s() [ON] 96-3 7T-A 91qeL




§T0 0g0 06°LC TVIOL
10°0 200 ¥9°l DI'V.LA HLET
10°0 <00 ¢Sl HLET LSic
10°0 10°0 Lo LS1¢ V.LIHOIM T1O4
10°0 00 €Sl VLIHOIM dVVIOd ) QY 99dm
¥0°0 00 00y G ggam ad AD0d
00 £0°0 LS'C QY AD0Y NMVIAOOM
90°0 L0°0 €6'9 NMVYTIAOOM AAITO
€00 90°0 1229 YIAITO AdISTIH
€00 ¥0°0 yS'E JdISTHH 962/SET
(SNOL) SONIAVS (SNO1) SONIAVYS (SNOL) SONIAVS Ol WNOYA
SNOISSIAEG *ON "1V.LOL | SNOISSIWE OH "TV.LOL | SNOISSHAT 00 TV.IO.L ININDHS AVAUAYOY

ULID |, U0 - SUOIIINPIY UoISSIWy 96-M €7-1 2qeL




000°€STtS 000°sTr 000°9LZ°1 000°10L TVILOL
6£9°'11$ P9p°1 6€Y 968°S ¥S 9t1°9¢ TOOH 964/¥SN
0€6°LY €6L 6LET TLI'E 9¢ TLE6T 96M/tsN I HDIMNTTYD
rELIg el 1123 PSSt 4 96L°LE A HOIMNATYD AIATY/ TP
065°T$ 65T LLL 9¢0°1 A T8L°8T iZats /AT
906°11% 1611 TLse 9Ly iy 96L°LE /ATy WA
£€86°9%$ 869y S60Y1 £6L°81 811 880°¢S /AT A MO0
CRTOIIS 87011 $80°€E 120N 27 8TC oY v9 ad 300d JOOWIDA
10Z2°801% 07801 09%°C¢ 182°¢y 0T 0P 1L YOOWHIDHAT NOLAIT)
[8L°1+$ 8L pES Tl [ATA] 8L 0T 1L NOLAITD AN
890°91% LO9°1 078t LTY9 9¢ 0156 ANIA N ODOTTIAYS/SEN
7$8°9¢$ $89°¢ 960°L1 THLTT 128 96199 | DOOTIANYSN/SELL NOLONIHSY M
BEN2%) 1S6vY £S8°PE1 ¥08°6L1 LS $T9°'L8 NO.LONIHSV M - VAJOL T INTO
9¢0'v19% 9019 LTSI £29°6¥C 89 9€€£°001 VYNIJOL AN 1°0 NIVIA
0L9°Y6TS L9t'6T 10°88 898°L11 43 91€£201 NIVIN TAOWVIAS
r1eiC8ys 1658t 123434 90T v61 09 016'68 NIOWVIAS NVIARIIN 3 TINS0
016°TLSS 16T°LS €L8°1L1 ¥91°62¢ L TIP'88 | NVIAITGW T INSQ TY/PSN
TEV'8PSS IR NS 6TSv91 €LE6IT ¥S 98Tl [4:2:1298! LS LSIMm
TH9°CTSTS v97°ST €6L°SL LSO‘101 8¢ TLYEL IS 1SHm DLLNODQIN TN6E0
9¢8°40¢€S v8v0¢ 1$¥°16 SE6'ITI 137 v9S°0L | DLINODAIW FW6E0 | D1 AT/ LNODAIN
SP1°€ss sig's PP6°S1 85T°IC 01 05065 | D1 1DANI/LNODAIN AATALIIN $0
T06°9¢1$ 069°S | 1LO'LY 19L°29 (0172 ¥8s ¢t ATTAL T TA #°0 A FZIVN FTINS 0
1122018 122°01 £99°0¢ ¥38°0F 82 095°0Y QY AZIVIA TNS 0 QY AZIVIN
SONIAVS AV'EIC | (SUH) SONIAVS AV IHA | (SUH) CAOYdAT/M) TINIL | (SUID (XD HNLL AVEIA | SENFaov | (Lay) 0L WO
TVANNY TV.LOL TAALL TVNNNY AVTIA TIAVIL NNV TIAVIL TVNINNY A0 YJIGNNN [TFNNTOA INTFNDIS AVAAVO

UL L, U0 - SSuIARS 1500 pue dwiL], Ae[d(] [9ARL], bS-S(1 bZ-1 dqe




000°L9€% 000°90¢ 000°616 000°sTT°1 TVI0L
S9Z°1% +C0°1 91t 91 ¥< 9 1°9¢ TODH 96N/FSN
€89% LS 1Lt v8Z°T 9¢ TLEGT 963/vSN (Y HOTMNEYD
86% 8 SYeT L€ b 96L°LE Ay HOIMNATUD Al 1Y
+Tc$ L8] 09¢ 9L Tl T8L'ST A/ iv T/
6TOLS LSS TLST 6TH'E 44 96L°LE T/’ T/ AIA T
6S0°F$ £8¢°¢ 87101 1£s€l 811 880°¢S T/AIQTE Gy Moo
6TS 6% 1+6°L TT8°¢T 9L 1E 87T Povy9 T4 JO0U AYOOWIDAT
6PE6% 16L°L TLEET T9t°1¢ 0 0THiL AOOWIDAL NO.LAI'TD
019¢$ 800°¢C §20°6 €E0°TI 8L 0Ty 1L NOLJTD ARA N
88¢€°1$ L1 1L¥°€ 879y 9¢ 01565 AT N DOOTEIMX PS/SET]
TI6'pS Po0‘t 18C°C1 FLE9L vl 96v°99 | DOOTTINYSN/SELI NOLONIHSVM
8£8°8¢$ §9¢°CE ¥60°L6 65t°6T1 LS ¥T9°L8 NOLONIHS VM VNAdOL T INT0
rSO°€sS Ity 9¢9°C¢l 8v8°9L1 89 9¢£°001 VAIdOL I TN 170 NIVIN
09P°STS$ 91 1T 6v9°€9 G983 A3 91€201 NIVIA TIOWVIAS
8+6° 1% LS6YE 1L8P01 878651 09 01668 TIONVIAS NVIGRIEIW 9 TNS0
667°61S 0ST'1Y 6YLETI 866491 L 2188 | NVIGRITIN 9 TINS0 TYYSN
S8C LS L8V 6€ 199°811 8v6°LS1 S 98Tl (42 \l3298! 1S 1sam
8T8°1TS 06181 1L8%S 19L°TL 8¢ TLRCL LS 1Sam DILNODUIN TN6E°0
8EC9TS V61T §H8°c9 €6L°L8 117 Y9S0L | DLLNODUIN TW6E0 | D1 ADATY/INODAIN
65v$ 978°¢ 6LV 90€°G1 0l 0S0°6S | DI ADANY/LNODAIN YATALIIN PO
965 c1s L6T1T 168°¢¢ 881°GH 0172 v85ey YATALTIN 0 QY ZIVIN TNS 0
1€8'8$ 6SE°L 8L0°CC LEY'6T 8T 095°0¥ Ay IZIVIN NS0 aQy 9ZIVIN
SONIAVS T30 | ("TVD) SONIAVS TNt [(TYD) CAOUIAM) ASN | CTVD) CLSIXD) ASN | SLNAAIDDY (1av) 0l WO
TIVONNY IV.LOLI  TTVANNY TVIOL TINT TYONNY TV.LOL [ T304 TYANNY TV.LOL {10 YIGNNN [TNNTOA LININDIS AVMAVYOU

ULI3J, U0 - SSUIARS }S0)) PUB 3s() [9n] S-S ST-T 2IqEL




SEPl 8891 1$°98¢] TVIOL

SO0 90°0 9p'¢ TOOH 96/pPEN

€00 €00 96'C 962/bEN Y HOIMNIIID

00°0 00°0 o CRETIDTMNGTD AATE/ TP

1070 1070 LOO A’y v T/

¥0°0 €00 1274 Y /A’y AT

91°0 610 £SLIT T AIQTY T 2100Y

LED i24Y AN I AD0Y AOOWIDA

9¢°0 £vo 9eov AOOWIDAH NO.LJAITO

P10 L0 86°¢1 NO.LATO AN

00 90°0 66°'S AREE N DOOTTIAN PSS

61°0 €C0 Icie DOOTILAYSN/SEL NO.LONIHSV M

(45! 8L°1 LY°L91 NO.LONIHSV M VAIJIOL JINT0

L0T T s06¢c VAIJOL I IN 170 "NIVIN

660 L1t ¢6'601 NIVIN TJIOWVOAS

9l €61 01181 TIJOWVIAS NVIARIHW T INS0

£6'l LCT 0L°€1T NVIATITW T TINS0 CFA/PEN

e8°1 8l°C LS¥0T [42: 142981 LS LSaMm

$8°0 001 veyo LS LSIM JLLNOOAIN TN6£0

€0l Il ILell OLLNOODAIA dW6£°0 | D1 ADAN/INODAIN

310 120 861 O ADARI/LNOOAIN YATALIIN V0

£5°0 90 £5°8¢ YATAL T IN ¥°0 QA IZIVIN IS0

ye0 |§:4Y) ¢1°8¢ Ay HZIVIN NS0 Qd JZIVIA

(SNO.L) SDNIAVS (SNO.L) SONIAVS (SNOL) SONIAVS Ol WO

SNOISSINEG *ON TV.LOL | SNOISSINT JFH TTV.LOL | SNOISSING 00 TV.LOL LNIWDIAS AVAAVOY

WId |, SUOT - SUOLJINPAY UOISSIW $S-S() 97-T qel




005°¢$ 00¢ 009°1 00T°C TV.IOL

yLS'TS LST LL 0€0°1 T TLYST TUAIATY | VLIHOIM TTOH

¥06°C$ 06C 1.8 91°1 1c 90881 | V.LIHOIM 1D | 96M/SETI/SEL
(SUID SONIAVS AVTHA [ (SYH) SONIAVS AVTHA | (SAH) CAOUdNI/M) FALL | (SUH) XD HINLL AVTEA [ SINIAIDOV | (1L.av) oL WOYA
TVANNVY TV.LOL TVANNVY TV.LOL AVTHA TIAVIL 'NNVY THAVYL TYONNY 40 MILENAN JFNNTOA INZINDIS AVMAVOY

UL ], U0 - SSulABS JS0)) pug dwl ], Ae[d(q [PACLL $ST-M LZ-7 dlqeL




00s$ ooy 0001 0091 TV.LOL

[AAAS S8l 9¢¢ IvL 44 TL9'S1 TUAIQW | VLIHOIM 103

1628 60¢C LT9 9¢8 iz 908'81 | VLIHOIM TTOH | 96M/SETY/SENT
SONIAVS T | CTVD) SONIAVS TaNd [ (1VD) CAOUINI/M) ASN | C1vD) CLSIXAD) SN {SINIAIDOV | (LaV) O.L NWOYd
IVAONNY TV.LOL TVANNY TV.LOL JHOA TVANNY TVLOL | TN TVANNY TV.LOL | JO YFENNN [TNNTOA LNIHWDHES AVAAVOY

UL ], U0 - S3UIARS }S0)) pue 3s() [any] $S7-M §7-1 2IqeL




<00 <0 y0'C HARIOND
10°0 10°0 96°0 T/AIATY | VLIHOIM 104
00 1070 801 VLIHOIM 1O | 96M/S€Cl/SELT
(SNO.L) SONIAVS (SNO.L) SHONIAVS (SNOL) SONIAVS Ol WO
SNOISSIAET *ON “TV.LO.L | SNOISSING DH TV.LOL SNOISSTNY 0D "IVIOL LNIWDES AVAUVYOY

W13 |, U0 - SUOINPIY UOISSIWUY $ST-Y 67-H AqEL




APPENDIX F

ESTIMATE OF PROBABLE COST CALCULATIONS



CALCULATION OF ALTERNATE SYSTEMS’ ANNUAL COSTS

The dollar costs to implement, operate, and maintain each of the three alternate architectures
were calculated for each of the time-frames/level of deployment under consideration: short-
term, medium-term, and long-term. These costs are itemized in the following text and in Tables
F-1 through F-9. It should be noted that for evaluation purposes, a uniform equivalent annual
cash flow (Capnualizea) Was calculated for the hybrid design alternative, the recommended
alternative for the Wichita traffic management system. As formulated below, this consisted of
the capital costs (Ceapital) annualized over a time period of fifteen years and an assumed interest
rate of 6%, and then added to the estimated annual operating costs (Coperating) and estimated
annual maintenance costs (Crmaintenance)-

Cannualized = (Ccapital X CRFIS.G%) + Coperan’ng + Cmaintenance
Where, CRFs 65, = 0.103.2
Estimated Capital Costs

The Estimated Capital Costs per item remain the same regardless of the system architecture
(centralized, distributed, or hybrid).

Roadway Surveillance Equipment

CCTV:$40,000 per site:
Short-Term = 12 sites; Medium-term = 16 sites; Long-term = 20 sites
48 total sites

Detection: $10,000 per mile;
Short-Term = 7 miles; Medium-term = 16 miles; Long-term = 30 miles
53 total miles of coverage

Variable Message Signs (VMS)

Full matrix LED (3 rows, 18 characters/row, 18” character capability): $200,000/sign
As shown in Figure 6-2:

Short-Term = 14 VMS; Medium-Term = 3 VMS; Long-Term =2 VMS
18 total VMS

Communications

$20/ft ($105,600/mi.) including fiber optic cable, installation, and termination (conduit and
pullboxes to be installed by others) for short term. $45/ft (3237,600/mi.) for medium term and
$30/1t ($158,400) for long term.

Short-Term = 15 miles; Medium-Term = 19 miles; Long-Term = 30 miles
64 total communication coverage

2 Ciwvil Engineering Reference Manual, Sixth Edition, Michael R Lindeburg, P.E , 1992



Highway Advisory Radio (HAR)

Permanent AM Radio installations: $35,000 per installation
Short-Term = 5 sites

Sign installation: $7,000 per sign, 32 signs total

Central Hardware and Software

For Centralized:
$1,602,000: includes $300,000 for video displays, $90,000 for central computer, $12,000 for 3
workstations, $100,000 for control equipment, $1,000,000 for software, and $100,000 for
miscellaneous items.

For Distributed

$1,388,000: includes $150,000 for video displays, $160,000 for 4 central servers (1 per agency),
$28,000 for 7 workstations, $200,000 for control equipment, $750,000 for software, and
$100,000 for miscellaneous items.

For Hybrid:

$1,467,000: includes $225,000 for video displays, $80,000 for 2 central servers (1 for transit, 1
for KDOT/ECC/DPW), $12,000 for 3 workstations, $200,000 for control equipment, $850,000
for software, and $100,000 for miscellaneous items.

Operations Center

All alternate designs are for a new facility to be built on public owned property. All building
sizes assume enough space to accommodate the long-term system (53 miles of freeway coverage
plus the arterial signal control system).

For Centralized.
Centralized facility with room for traffic operations, emergency management, and transit

operators: 10,000 sq. ft. facility at $150/sq. ft.

For Distributed.
Distributed facility to handle traffic operations only: 2,000 sq. ft. facility at $150/sq. ft.

For Hybrid:
Hybrid facility with room for traffic operations and emergency personnel: 2,000 sq. ft. facility at
$150/sq. ft. (space and cost sharing with the construction of a new Emergency Communications

Center).

Estimated Annual Operating Costs
Additional Motorist Assistance Patrols: 2 at $200,000/yr

\



Staffing
For Centralized

Short and medium term : 1 manager, | signal system operator, 1 TMS operator, and 1 incident
management/transit management system operator = $206,960

Long term: 1 manager, 1 assistant manager, 1 signal system operator, 2 traffic management system
operators, 2 incident management/transit management system operators, 1 part time
secretary = $362,360

For Distributed.

Short and Medium term: 1 operator for the traffic signal system; 1 manager and | TMS/Incident
management system operator for freeway management; 1 manager and |
TMS/Incident management system operator for emergency management
=$337,520

Long term: 1 operator for the traffic signal system; 1 manager, 1 Incident management system
operator and 1 TMS operator for freeway management; 1 manager, | Incident
management system operator and 1 TMS operator for emergency management; 1 part-
time secretary = $357,600

For Hybrid:

Short and medium term: 1 manager, 1 signal system operator, 1 TMS/incident management
operator = $160,160
Long term: | manager, 1 assistant manager, 1 signal system operator, 3 TMS/incident management
operators, 1 part time secretary = $303,760
Estimated Annual Maintenance Costs

Maintenance Personnel

For each alternative design, annual maintenance personnel costs were estimated to be $33,000
per year per maintainer. Assuming adequate field maintainers and control center maintainers for
one shift, the total number of maintainers estimated to be needed for each alternative and for
each time frame are:

For Centralized-

Short term = 3 maintainers; Medium term = 4 maintainers; Long term = 5 maintainers
For Distributed.

Short-term = 2 maintainers; Medium-term = 2 maintainers; Long-term = 3 maintainers
For Hybrid

Short-term = 3 maintainers; Medium-term = 3 maintainers; Long-term = 4 maintainers

Factory Repair and Spare Equipment
For each alternative design, the annual costs for factory repair and spare equipment were
assumed to be approximately 5% and 3%, respectively, of hardware costs.




Table F-1

Short Term Implementation - Centralized System

Capital Costs

[tem Quantity Unit Cost Total
CCTV 12 ea. $ 40,000 /ea. $ 480,000
Variable Message Signs 14 ea. $ 200,000 /ea $ 2,800,000
Highway Advisory Radio 5 ea. $ 35,000 /ea. 3 175,000
HAR Signs 32 ea. $ 7,000 fea. $ 224,000
Fiber Optic Communication 15 mi. $ 20 /ft. h) 1,584,000
Incident Detection * 7 mi. $ 10,000 /mi 3 70,000
Traffic Operations Center ** 10,000 sq. ft. | $ 150 /sq. ft. 3 1,500,000
Central Hardware and Software L.S. $ 1,602,000
Subtotal $ 8,435,000
Contingency 10% $ 843,500
Design and Implementation 10% $ 843,500
Total Capital Cost S 10,122,000
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) S 1,040,000
Annual Operating and Maintenance Costs
Item Quantity Annual Cost Total
Motorist Assistance Patrol 2 patrols| $ 200,000 /yr. $ 400,000
(in addition to existing)
Leased T-1 Phone Lines 3lines |$ 15,000 /yr. 3 45,000
Dial-up Phone Lines 13 lines | $ 900 /yr. 3 11,700
Staffing
TMC Manager 1 person| § 66,560 /yr h) 66,560
Signal System Operator I person| $ 46,800 /yr. $ 46,800
TMS Operator | person| § 46,800 /yr. $ 46,800
Incident Management/Transit 1 personi § 46,800 /yr 3 46,800
System Operator
Maintenance Personnel 3 people| § 32,000 /yr $ 96,000
Maintenance
Factory Repairs (5% of equip $) S 134,770
Spare Parts (3% of equip. $) $ 80,862
Total Annual Operating and Maintenance Costs (Rounded) S 980,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) S 2,020,000

Fiber optic communications to cameras and incident detection along I-135 between K-96 and
Kellogg (US-54) T-1 lines to outlying cameras and dial up lines to VMS's and incident

detection at Ridge Road.

Leased lines -

I line to 2 cameras at [-235/[-135 interchange
I line to 2 cameras at [-235/US 54 interchange
I line to camera at Ridge Rd/US 54 interchange

* Assumes two (2) detector stations per mile.

1

** This assumes that the Traffic operations Center will be housed in the same space as the new
Emergency Communications Center If the Traffic Operations Center is to be a stand alone
center, approximately 5,000 sq ft will be required.




Table F-2
Medium Term Implementation - Centralized System

Capital Costs
Item Quantity Unit Cost Total
CCTV 16 ea. § 40,000 /ea. $ 640,000
Variable Message Signs 3 ea. § 200,000 /ea. $ 600,000
Fiber Optic Communication 19 mi. $ 45 /ft. § 4,514,400
Incident Detection 16 mi. $ 10,000 /mi $ 160,000
Subtotal $ 5,914,400
Contingency 10% § 591,440
Design and Implementation 10% $ 591,440
Total Capital Cost $ 7,097,280
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) S 730,000
Annual Operating and Maintenance Costs
Item Quantity Annual Cost Total

Motorist Assistance Patrol 2 patrols | § 200,000 /yr. $ 400,000
Staffing

TMC Manager l person | § 66,560 /yr. $ 66,560

Signal System Operator 1 person | $ 46,800 /yr. $ 46,800

TMS Operator | person | $ 46,800 /yr. $ 46,800

Incident Management/Transit ] person | § 46,800 /yr. $ 46,800

System Operator

Maintenance Personnel 4 people | $ 32,000 /yr. $ 128,000
Maintenance

Factory Repairs (5% of equip $) $ 175,570

Spare Parts (3% of equip. $) $ 105,342
Total Annual Operating and Maintenance Costs (Rounded) S 1,020,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) $ 1,750,000

Leased telephone lines will be replaced with fiber optic trunk communication lines in this

phase




Table F-3

Long Term Implementation - Centralized System

Capital Costs
Item Quantity Unit Cost Total
CCTV 20 ea. h) 40,000 /ea. $ 800,000
Variable Message Signs 2 ea. § 200,000 /ea. $ 400,000
Fiber Optic Communication 30 mi. $ 30 /ft. $ 4,752,000
Incident Detection 30 mi. $ 10,000 /mi $ 300,000
Subtetal $ 6,252,000
Contingency 10% $ 625,200
Design and Implementation 10% $ 625,200
Total Capital Cost $ 7,502,400
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) h) 770,000
Annual Operating and Maintenance Costs
[tem Quantity Annual Cost Total

Motorist Assistance Patrol 2 patrols| $ 200,000 /yr. $ 400,000
Staffing

TMC Manager 1 person | $§ 66,560 /yr. $ 66,560

Assistant TMC Manager 1 person | $ 53,800 /yr. $ 53,800

Signal System Operator 1 person | $ 46,800 /yr. $ 46,800

TMS Operator 2 person | $ 46,800 /yr. $ 93,600

Inc. Mgt. System Operator 1 person | § 46,800 /yr. $ 46,800

Transit Mgt.System Operator 1 person | $ 46,800 /yr. $ 46,800

Secretarial/Clerical 0.5 person | $ 32,000 /yr. $ 16,000

Maintenance Personnel 4 people | $ 32,000 /yr. $ 128,000
Maintenance

Factory Repairs (5% of equip $) $ 188,370

Spare Parts (3% of equip. $) $ 113,022
Total Annual Operating and Maintenance Costs (Rounded) S 1,200,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) § 1,970,000




Table F-4
Short Term Implementation - Distributed System

Capital Costs

[tem Quantity Unit Cost Total
CCTV 12 ea. $ 40,000 /ea. $ 480,000
Variable Message Signs 14 ea. $ 200,000 /ea. h) 2,800,000
Highway Advisory Radio 5 ea. $ 35,000 /ea. $ 175,000
HAR Signs 32 ea. § 7,000 /ea. $ 224,000
Fiber Optic Communication 15 mi. $ 20 /i $ 1,584,000
Incident Detection * 7 mi. $ 10,000 /mi $ 70,000
Traffic Operations Center ** 2,000 sq. ft. | $ 150 /sq. ft. 3 300,000
Central Hardware and Software L.S. $ 1,388,000
Subtotal $ 7,021,000
Contingency 10% $ 702,100
Design and Implementation 10% 3 702,100
Total Capital Cost $ 8,425,200

- [[Capital Recovery Factor (15 yrs, 6%) 0.103

- lAnnualized Capital Cost (Rounded) S 870,000
Annual Operating and Maintenance Costs '
Item Quantity Annual Cost Total
Motorist Assistance Patrol 2 patrols| $ 200,000 /yr. $ 400,000
(in addition to existing)
Leased T-1 Phone Lines 3lines |$ 15,000 /yr. $ 45,000
Dial-up Phone Lines 13 lines $ 900 /yr. $ 11,700
Staffing
City Signals
System Operator [ person| $§ 46,800 /yr. $ 46,800
Freeway Management
Manager ‘ l person| $ 66,560 /yr. $ 66,560
Incident Mgt. System Operator/ I person{ § 46,800 /yr. $ 46,800
TMS Operator
Emergency Management
Manager I person| $ 66,560 /yr $ 66,560
Manager 1 person| $§ 46,800 /yr. $ 46,800
Incident Mgt. System Operator/

TMS Operator 2 people| § 32,000 /yr. h) 64,000
Maintenance Personnel 2 people| § 32,000 /yr. $ 64,000
Maintenance

Factory Repairs (5% of equip $) $ 124,070
Spare Parts (3% of equip. $) $ 74,442
Total Annual Operating and Maintenance Costs (Rounded) S 1,060,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) $ 1,930,000

Fiber optic communications to cameras and incident detection along [-135 between K-96 and
Kellogg (US-54) T-1 lines to outlying cameras and dial up lines to VMS's and incident
detection at Ridge Road.

Leased lines -
I line to 2 cameras at I-235/1-135 interchange
I line to 2 cameras at [+235/US 54 interchange
I line to camera at Ridge Rd/US 54 interchange

* Assumes two (2) detector stations per mile.

** This assumes that the Traffic operations Center will be housed in the same space as the new
Emergency Communications Center. If the Traffic Operations Center is to be a stand alone
center, approximately 5,000 sq.ft. will be required.



Table F-5
Medium Term Implementation - Distributed System

Capital Costs

Item Quantity Unit Cost Total
CCTV 16 ea. § 40,000 /ea. $ 640,000
Variable Message Signs 3 ea. $ 200,000 /ea. $ 600,000
Fiber Optic Communication 19 mi. $ 45 /ft. $ 4,514,400
Incident Detection 16 mi. $ 10,000 /mi $ 160,000
Subtotal $ 5,914,400
Contingency 10% § 591,440
Design and Implementation 10% $ 591,440
Total Capital Cost $ 7,097,280
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) _ b 730,000
Annual Operating and Maintenance Costs
Item Quantity Annual Cost Total
Motorist Assistance Patrol 2 patrols | § 200,000 /yr. $ 400,000
Staffing
City Signals
System Operator 1 person | $ 46,800 /yr. $ 46,800
Freeway Management
Manager 1 person | $ 66,560 /yr. $ 66,560
Incident Mgt. System Operator/ 1 person | § 46,800 /fyr. $ 46,800
TMS Operator
Emergency Management
Manager 1 person | $ 66,560 /yr. $ 66,560
Manager I person | § 46,800 /yr. $ 46,800
Incident Mgt. System Operator/
TMS Operator 2 people | § 32,000 /yr. $ 64,000
Maintenance Personnel 2 people | $ 32,000 /yr. h) 64,000
Maintenance
Factory Repairs (5% of equip $) $ 164,870
Spare Parts (3% of equip. $) $ 98,922
Total Annual Operating and Maintenance Costs (Rounded) S 1,070,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) $ 1,800,000

Leased telephone lines will be replaced with fiber optic trunk communication lines in this

phase




Table F-6
Long Term Implementation - Distributed System

Capital Costs
[tem Quantity Unit Cost Total
CCTV 20 ea. $ 40,000 /ea. $ 800,000
Variable Message Signs 2 ea. § 200,000 /ea. $ 400,000
Fiber Optic Communication 30 mi. $ 30 /ft. $ 4,752,000
Incident Detection 30 mi. $ 10,000 /mi $ 300,000
Subtotal $ 6,252,000
Contingency 10% $ 625,200
Design and Implementation 10% $ 625,200
Total Capital Cost $ 7,502,400
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) $ 770,000
Annual Operating and Maintenance Costs
Item Quantity Annual Cost Total
Motorist Assistance Patrol 2 patrols | § 200,000 /yr. $ 400,000
Staffing
City Signals
System Operator 1 person | $ 46,800 /yr. $ 46,800
Freeway Management
Manager 1 person | $ 53,800 /yr. $ 53,800
TMS Operator I person | $ 46,800 /yr. $ 46,800
Incident Mgt. System Operator 1 person | § 46,800 /yr. $ 46,800
Secretary/Clerical 0.5 person | $ 32,000 /yr. $ 16,000
Emergency Management
Manager 1 person | $ 53,800 /yr. $ 53,800
TMS Operator 1 person | $ 46,800 /yr. $ 46,800
Incident Mgt. System Operator I person | § 46,800 /yr. $ 46,800
Secretary/Clerical 0.5 person | $ 32,000 /yr. $ 16,000
Maintenance Personnel 3 people | $ 32,000 /yr. $ 96,000
Maintenance
Factory Repairs (5% of equip $) $ 218.470
Spare Parts (3% of equip. $) $ 131,082
Total Annual Operating and Maintenance Costs (Rounded) $ 1,220,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) § 1,990,000




Short Term Implementation - Hybrid System

Table F-7

Capital Costs
Item Quantity Unit Cost Total
CCTV 12 ea. § 40,000 /ea. $ 480,000
Variable Message Signs 14 ea. $ 200,000 /ea. 3 2,800,000
Highway Advisory Radio 5 ea. $ 35,000 /ea. $ 175,000
HAR Signs 32 ea. $ 7,000 /ea. $ 224,000
Fiber Optic Communication 15 mi. $ 20 /ft. $ 1,584,000
Incident Detection * 7 mi. $ 10,000 /mi h) 70,000
Traffic Operations Center ** 2,000 sq.ft. | $ 150 /sq. ft. $ 300,000
Central Hardware and Software L.S. $ 1,467,000
Subtotal $ 7,100,000
Contingency 10% $ 710,000
Design and Implementation 10% 3 710,000
Total Capital Cost $ 8,520,000
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) 3 880,000
Annual Operating and Maintenance Costs
Item Quantity Annual Cost Total

Motorist Assistance Patrol 2 patrols| $ 200,000 /yr. i) 400,000

(in addition to existing)
Leased T-1 Phone Lines 3 lines | § 15,000 /yr. $ 45,000
Dial-up Phone Lines 13 lines | $ 900 /yr. $ 11,700
Staffing

TMC Manager I person{ $ 66,560 /yr. $ 66,560

Signal System Operator 1 person|{ $ 46,800 /yr. $ 46,800

Incident Mgt. System Operator/ I person| $ 46,800 /yr. $ 46,800

TMS Operator

Maintenance Personnel 3 people| $ 32,000 /yr. 3 96,000
Maintenance

Factory Repairs (5% of equip $) $ 128,020

Spare Parts (3% of equip. $) 5 76,812
Total Annual Operating and Maintenance Costs (Rounded) ;) 920,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) $ 1,800,000

Fiber optic communications to cameras and incident detection along I-135 between K-96 and
Kellogg (US-54) T-1 lines to outlying cameras and dial up lines to VMS's and incident

detection at Ridge Road.

Leased lines -

1 line to 2 cameras at [-235/1-135 interchange

1 line to 2 cameras at [-235/US 54 in
I line to camera at Ridge Rd/US 54 i

* Assumes two (2) detector stations p

terchange
nterchange

er mile.

** This assumes that the Traffic operations Center will be housed in the same space as the new
Emergency Communications Center. If the Traffic Operations Center is to be a stand alone
center, approximately 5,000 sq.ft. will be required.



Table F-8
Medium Term Implementation - Hybrid System

Capital Costs

Item Quantity Unit Cost Total
CCTV 16 ea. $ 40,000 /ea. $ 640,000
Variable Message Signs 3 ea. $ 200,000 /ea. $ 600,000
Fiber Optic Communication 19 mi. $ 45 /ft. § 4,514,400
Incident Detection 16 mi. $ 10,000 /mi $ 160,000
Subtotal $ 5,914,400
Contingency 10% $ 591,440
Design and Implementation 10% $ 591,440
Total Capital Cost $ 7,097,280
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) S 730,000
Annual Operating and Maintenance Costs
Item Quantity Annual Cost Total

Motorist Assistance Patrol 2 patrols | § 200,000 /yr. § 400,000
Staffing

TMC Manager I person | $ 66,560 /yr. $ 66,560

Signal System Operator 1 person | $ 46,800 /yr. $ 46,800

Incident Mgt. System Operator/ 1 person | $ 46,800 /yr. $ 46,800

TMS Operator

Maintenance Personnel 3 people | $ 32,000 /yr. $ 96,000
Maintenance

Factory Repairs (5% of equip $) $ 168,820

Spare Parts (3% of équip. $) $ 101,292
Total Annual Operating and Maintenance Costs (Rounded) S 930,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) $ 1,660,000

Leased telephone lines will be replaced with fiber optic trunk communication lines in this

phase



Table F-9
Long Term Implementation - Hybrid System

Capital Costs

[tem Quantity Unit Cost Total
CCTV 20 ea. $ 40,000 /ea. $ 800,000
Variable Message Signs 2 ea. § 200,000 /ea. $ 400,000
Fiber Optic Communication 30 mi. $ 30 /ft. § 4,752,000
Incident Detection 30 mi. $ 10,000 /mi $ 300,000
Subtotal $ 6,252,000
Contingency 10% $ 625,200
Design and Implementation 10% $ 625,200
Total Capital Cost S . .7,502,400
Capital Recovery Factor (15 yrs, 6%) 0.103
Annualized Capital Cost (Rounded) S 770,000
Annual Operating and Maintenance Costs
[tem Quantity Annual Cost Total

Motorist Assistance Patrol 2 patrols | $ 200,000 /yr. $ 400,000
Staffing

TMC Manager 1 person | $ 66,560 /yr. $ 66,560

Assistant TMC Manager 1 person | $ 53,800 /yr. $ 53,800

Signal System Operator 1 person | § 46,800 /yr. $ 46,800

Incident Mgt. System Operator/ 3 people | § 46,800 /yr. § 140,400

TMS Operator

Secretary/Clerical 0.5 person | $ 32,000 /yr. $ 16,000

Maintenance Personnel 4 people | $ 32,000 /yr. $ 128,000
Maintenance '

Factory Repairs (5% of equip $) $ 222,420

Spare Parts (3% of equip. $) , $ 133,452
Total Annual Operating and Maintenance Costs (Rounded) S 1,210,000
Total Annual Capital, Operating and Maintenance Costs (Rounded) S 1,980,000
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