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Purpose and Need

This equipment should enable maintenance supervisors to evaluate the weather conditions at various locations. Supervisors could dispatch snow
and ice removal equipment without sending an operator to check conditions on site. The Department of Transportation expects this system to
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Objective

The object of this experimental project was to install a road condition-weather monitoring system to provide data on pavement surface and
atmospheric conditions. This equipment should enable maintenance supervisors to evaluate the weather conditions at various locations.
Supervisors could dispatch snow and ice removal equipment without sending an operator to check conditions on site.

The Department of Transportation expects this system to reduce the incidence of ice related accidents occurring on the 1-94 Red River structure.
This would be accomplished by alerting maintenance forces to predicted icing conditions and by tracking and forecasting incoming weather systems.
The ultimate goal is to provide safer roads for the traveling public and reduce maintenance costs.

Scope

The Road Condition - Weather Monitoring System is located on Interstate 1-94 in the Fargo District and covers the area of the Red River
Structure. The accuracy of the forecast and accident reports was used to evaluate the project annually for 3 years.

Summary

The North Dakota Department of Transportation contracts with Surface Systems, Inc. (SSI) to receive weather forecasts twice a day at the Fargo
District during the winter months. The cost for six months of service during the winter of 1995/1996 was $2,750.00 or $458.50 a month. For the
winter of 1996/1997 the cost was $3,270.00.

The Fargo District uses the forecasts and the system to plan their daily activities along with a snow and ice control plan. The access to this data
improves the ability to plan the proper action. The Fargo District has experienced many SSI system breakdowns during the past year. The system
has not been very reliable at peak times. The system accuracy during the past winter was about 50%.The Fargo District pays for another service
that they find more useful than the SSI service. They do not plan on contracting with SSI in the upcoming winter season.

The SCAN system sensors are all located in the City of Fargo except for one, which is located west of town on Highway 38. The DOT receives
data from some city-installed sensors in the city limits. It is rather hard to track an incoming storm using only two sensor locations.

The Fargo District reports that the SCAN weather system has saved the Department of Transportation $10,000 to $15,000 over a five year
period. However, this is a tough figure to estimate. No one knows how many accidents were prevented or lives saved by using this system.

The cost of constructing and installing the SCAN weather system was $131,216.26.
Recommendation

We recommended that the DOT not contract with SSI for their forecast service. We refer to the ever-increasing cost for the weather forecasting
service and a decrease in system reliability. The DOT is using a less costly weather radar system that operators find easy to use and accurate.
This system, along with the data from the SCAN sensors, should be used for our forecasting/monitoring program.
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Disclaimer

The contents of this report reflect the views of the author or authors who are responsible for the
facts and the accuracy of the data presented herein. The contents do not reflect the official
views of the North Dakota Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard, specification, or regulation.
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Road Condition - Weather Monitor System
To Determine Pavement Surface and
Atmospheric Conditions
ProjectIR-094-8(102)352

Final Report

Objective

The object of this experimental project wasto install aroad condition-weather
monitoring systemto provide data on pavement surface and atmospheric conditions. This
equipmentshould enable maintenance supervisorsto evaluate the weather conditions at
various locations. Supervisors could dispatch snow andice removal equipment without
sending an operator to check conditions on site.

The Department of Transportation expects this systemto reduce the incidence ofice
related accidents occurring onthe I-94 Red River structure. Thiswould be accomplished by
alerting maintenance forcesto predicted icing conditions and by tracking and forecasting
incoming weather systems. The ultimate goal isto provide safer roads for the traveling public

and reduce maintenance costs.

Location
The Road Condition - Weather Monitoring Systemislocated on Interstate I-94 inthe

Fargo Districtand covers the area ofthe Red River Structure.

Remote processing units (RPUs) were installed attwo
locations. Site oneislocated on ND Highway 38 ten miles Project IR-094-8(102)352

north of the Buffalo Interchange. Sitetwoislocatedon i

Interstate 94 atthe Red River Bridge in Fargo. See Appendix
A.




Traffic

Year Cars Trucks Total ADT Rigid Pvmn'tESAL's
1997 41,610 3,770 45,380 5,055
2017 62,420 5,660 68,080 7,585

Thisis daily traffic for both directions

Design

The Scan (surface condition analyzer) Systemwas selected for this projectbased on
equipmentreliability, long-term stability of the provider, progressive technology, and qualified
expertise necessary to install, maintain and upgrade the system. The Fargo District Engineer
and a Surface Systems, Inc. (SSI) representative selected the RPU locations.

SSlof St. Louis, Missouri supplied and guided the installation of the system. The
systemincludes RPUs with associated sensors for monitoring remote roadway conditions.
EachRPUisamicroprocessor based weather station powered by commercial 110 VAC
(Volts Alternating Current). See Appendix B for plan details and drawings. Afullcomplement
ofatmospheric sensors are mounted ateach RPU for collection of environmental weather data

(see AppendixC).

Construction

Constructionwork began onthe projectduring the fallof 1991 and resumed inthe 1992
constructionseason. The entire eastand westbound lanes were reconstructed from Highway
81toMinnesota 75. Mostofthe SCAN equipmentwasinstalled by state personnel. The DOT
contracted the conduittrenching, base work, concrete foundation, and other necessary work to
readythe sites for tower erection.

The central monitoring equipmentis located at the Fargo Districtand includes the Data
Handler. The brain ofthe Data Handleristhe SCAN Plus Central Processing Unit (CPU). Itis
microprocessor based and used for collection, storage and presentation of all sensor data. All

wiring and hookups took place during the construction phase.
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The RPUsreceive datafromthe pavement sensors by way of cables inside conduitin
the pavement. The RPUs send data to the CPUs by utilizing radio waves. Data collected from
these stationsinclude pavementand air temperature, wind speed, dew point, visibility,
chemicalconcentration, and whether the pavementiswetordry. Sensorsinthe roadway can
detectthe presence ofice, snow or frost.

Cost
The costofthe SCAN Weather Systemwas $131,216.26. Thisincluded all

constructionand installation costs. A price breakdownis shown below.

1. SCANequipment system and services $98,224.00
2. WIVIS sensorupgrade 7,773.00
3. NDDOT radio services 10,148.00
4. Allstate Tower Services, Inc. 710.00
5. Traffic counter shop services 1,561.26
6. (contracted) Tower foundation, conduit, and power supply

(eachtower$6,400.00) x (2) 12,800.00
Evaluation

The DOT contracts with SSI to receive forecasts twice aday atthe Fargo District. This
service is obtained for the winter months only. Itusually coversfrom October 15to April 15. The
last contractwas for $3,270.00. Forecasts are received at 3:00 AM and updated at 3:30 PM.
The departmentresponds to these forecasts inamanner that will provide the safestdriving
conditions for the public.

SSinotifiesthe Fargo District of any severe incoming weather that develops between
regularreportingtimes. Asnow andice control planis developed fromthe data storedinthe
CPU. The mainforecastconditions amanager looks atare wind speed, airand pavement
temperature,dew point, and visibility. Ittakes afew winter seasons to become fully

comfortable inrelying onthe SCAN weather forecasts.



The Fargo Districthas used the SSI systemtotrack the winds inthe Red River Valley.
Theywantedto use this datato see ifthey should have employees start sanding the roads early
inthe morning. The SSliforecast predictions include when snow will occur, time and speed of
the wind, and the pavementtemperature onthe Red River Bridge. The Fargo Districtreports

the following accuracy ofthe items mentioned above.

FORECASTACCURACY

YEAR | SNOW | WIND PAVEMENT TEMPERATURE ONRED RIVER BRIDGE

95/96 55% 65% 70%

96/97 35% 40% 60%

These percentages are estimates by the Fargo Districtand notbased onrecorded

data. Photo 1 shows a surface sensor onthe Red River Bridge.

Appendix A Project location----weather sites

The Precipitation and Pavement Condition Forecast forthe Red River Bridge was not




always ontrack. Theriver plays abig partinthe ever changing conditions onthe bridge. Two
things come into play here. Oneisthatthe sensorisonabridge and second, thereis usually
openwater underthe bridge. Temperature inversionand changing air currents under the
bridge cause changes inrelative humidity,airtemperature,and due points. These can cause
rapid changesinthe surface condition of the bridge.

Mostweather comesinto the Fargo area fromthe west or northwest. With only one
remote processing unitto the west of Fargo, the Fargo Districtand SSI find it difficult to forecast
and track a storm coming infromthe west. Additional sensors scattered to the westof Fargo
would provide atime reference thatwould increase forecastaccuracy. Althoughthe NDDOT
has installed RPUsin other districts, the Fargo Districtis too far away from other districts
weather sensorsto be very useful.

The Fargo Districtreports thatthe SSI system forecasts are notalways reliable and
updated. Inreferringto the "forecastaccuracy"table onthe previous page, one can seethatthe
accuracyhasdropped significantly. The Fargo Districtalso reportsthatthe SCAN Weather

System failed many times and was notuseable. Some system failures are shown below.

SCANWEATHER SYSTEMFAILURES
Date Remarks
January 16,1997 COMFAILURE----------=----- systemfailedat4:00 AM
January 21,1997 COMFAILURE-------- systemfailedagainat3:00 PM
January 22,1997 COMFAILURE-------- systemfailed againat 7:00 AM
February 13,1997 COMFAILURE failedagain
February 14,1997 COMFAILURE still fail
March 27,1997 COMFAILURE system failed
April6,1997 COM FAILURE-----Highway 38 --- Buffalo site failed
May 21,1997 COMFAILURE systemfailed
July 7,1997 COMFAILURE---------- systemfailed half of the time




A"comfailure"is whentwo or more computers can not make the connection. This
connectionwas from SSlin Saint Louis, Missourito Fargo, or the Fargo office tothe 1-94 or
Buffalo site.

The Fargo Districtdoes not plan on obtaining services from SS1in 1998. They state
costandreliability as reasons for their decision. Anotherless costly systemwill be used along
withthe present SCAN weather and roadway sensors.

Accidentdatawas obtained from the department's traffic safety records. Computer
records begininJanuary of 1989 and end in March of 1997. The data covers[-94 from mile
349.000t0352.000. Seethetable below.

Vehicle Accidents ----- 1-94 Mile 349 to 352
Red River Bridge

Date Total Accidents
1990-1991 52
1992-1996 40
1996-1997 62

Afterthe reconstruction of the roadwayin 1992, the accidentnumbers decreased. In
one year, March 1996 to March 1997, the accidentnumberincreased from40to62. Thisis
mostlikely due tothe severe winterwe hadin 1996/1997. The"ACCIDENT DATA"table onthe
next page shows the influencing factors that caused or have contributed to the accidents. It
shows 61% ofthe collisions were vehicles intransport. The weatherwas clear only 30% ofthe
time thataccidents occurred. Ice/snowwas presentat51% ofthe accidents. Ofthe vehicles
involvedinan accident, 33% were driving too fast for conditions. Thisrelatestothe surface
conditions ofthe roadway. Visibility and road conditions, along with excess speed for

conditions, are the reasons for the jump inaccidentnumbersfor 1996/1997 winter season.



ACCIDENT DATA--1-94 MILE 349.0000 TO 352.0000
COVERAG TYPEOF LIGHT | WEATHER SURFACE CONTRIBUTING FACTOR
EPERIOD COLLISION CONDITION
Jan 89 39% 70% 60% 52% 50% no clear contributing factor
to rearend dayligh clear dry 23% speed --driving to fast
March 96 t
March 96 61% 62% 30% 22% dry 33%-- speedtoo fast for conditions
to non collision dayligh clear 51% 24% --no clear contributing factor
March97 (veh-in-trnsprt) t Ice/Snow

The SCAN weather system contributes to reducing the chance ofan accident

occurring. Justhow greata partthis weather system playsinreducing accidents is difficult to

determine. Many other variables come into play from the roadway improvements. Afeware:

The roadway was completely reconstructed

More lanesto carry traffic after construction

Better sightdistance and lighting

Better skid resistant surface

Betterturnlanes and off/onramps

Anotherthing to keep in mindis thattrafficincreases eachyear. This creates more

situations foraccidentsto happen. Speed plays apartinthisalso. People tendto drive faster

onimprovedroads. The SCANweather systemisjustatoolto helpin planning maintenance

activitiesandis notaguarantee toreduce the number of accidents.

Summary

The North Dakota Department of Transportation contracts with Surface Systems, Inc.

(SSI) toreceive weather forecasts twice a day at the Fargo District during the winter months.
The costfor sixmonths of service during the winter of 1995/1996 was $2,750.00 or $458.50 a
month. Forthe winter of 1996/1997 the costwas $3,270.00.




The Fargo District usesthe forecasts and the systemto plantheir daily activities along
withasnowandice control plan. The accessto this dataimproves the ability to plan the proper
action. The Fargo Districthas experienced many SSI system breakdowns during the past
year. The system has notbeenveryreliable atpeaktimes. The systemaccuracy during the
pastwinterwas about50%.The Fargo District pays for another service that they find more
usefulthanthe SSlservice. They do not plan on contracting with SSlinthe upcoming winter
season.

The SCAN system sensors are alllocated inthe City of Fargo exceptforone, whichis
located west oftown on Highway 38. The DOT receives datafrom some city installed sensors
inthe city limits. Itis rather hardto track anincoming storm using only two sensor locations.

The Fargo Districtreports thatthe SCAN weather system has saved the Department of
Transportation$10,000to $15,000 over afive year period. However, thisisatoughfigureto
estimate. No one knows how many accidents were prevented or lives saved by using this
system.

The cost of constructing andinstalling the SCAN weather systemwas $131,216.26.

The subsurface sensors may be atool used to help determine whenload restrictions
should be applied. Thisuse of soiltemperature willincrease in value as more sensors are
installed inthe state roadway system.

The North Dakota Department of Transportation continues to use the technologies
available inthis and other weather systemsto help accomplish the objective of achieving a
timely and effective method for snow andice control. And also provide the safestdriving

conditions tothe public.

Recommendations

We recommended thatthe DOT not contract with SSIfor their forecast service. We
refertothe everincreasing costfor the weather forecasting service and adecrease in system
reliability. The DOT isusing aless costly weather radar systemthat operatorsfind easytouse
and accurate. Thissystem, alongwiththe datafromthe SCAN sensors, should be used for our

forecasting/monitoring program.
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‘Typical nghway Remote Processing Unit (RPU)

Showmg Radio Communications -

wind Speed/Direction Sensor

Precipitation Sensor

Rain Gauge

= Alr Temperature/
=3 Relative Humldltg
_ Sensor

?,, re

Radip Antenna

Freestanding Aluminum Tower
Avarlable in 10, 20 and 30 feet - rRP1

Enclosure

Main Disconnect.

Ground Level -

ConoerClad — — : Copper Cled __
Ground ;3003“‘"" goncrete Foundation *—'Ground Qods

c-1




SCAN SYSTEMS

Atmospheric Sensors

* Air Temperature ¢ Precipitation >_,....~<.

* Dew Point * Wind direction and speed o—

* Rejative humidity * And others... A
-

Surface Sensor
Monitors surface conditions:
* Temperature
* Presence of ice, frost, water

and chemicals

Water Level And

Rain Gauge Sensors
Monitor levels in streams,
rivers and sewers:
» Alert you to rapidty rlsmg lavels
s Provide flood stage alarms
s Indicate rainfall rates

Remote Processing Unit
Coilects and transmits sensor data

a.s

REAL TIME lNFGRMATIGN

a
1.a

1.5
G

2.

".0

s TH
4.5 -

FI‘F‘PPF‘PPF‘F PF‘F‘
a 12 6

TAILOR MODELS

SURFACE TEMP
ZA-HAUR 77N
PROIECTIONS?

WATER LEVEL
24-HOUR

PRQJECTION

(SIMULATIONS])

SSI surface systems, inc.

Access Weather Information From 5605 s, haniey rC.

Nationwide Computer Data Base

* Snow and ice warnings st. louis, rrissouri 3144
* Severe storm warnings [314] 781-5320
* Weather maps [BOC) 325-7226

¢ Public and plltalvaather




Data Handler with
~ Central Processing Unit

Open CPU Cabinet

=
Service
Door Shown Open-» | /// Monitor
| 2
Auto-Dial = 7
Phone Line
N Cantral Procassing Unit (CPU)
_— SCANP/us
m RN
Auto-Answer
Phn‘nvavLina —_—
R
Keyboard
-

Cable entrance/exit at rear of Cabinet




Wenﬂlexj identifiéer and VISibility
Sensor (WIV1S)

® Type of prec:pltatmn detection '. e
e Intensity of precipitation (ram and snow)

® Measurement of prempltatlon N

=gt

SCAN *Road Weather Information System (RWIS) Features

» Automatic identification of precipitation types:
Rain, Snow, Drizzie, and Mixture (Rain/Snow)
= Measures true dynamic precipitation rate range =~
» Fast resclution rate, even in fight precipitation -
* Highly accurate for all Intensities of precipltation
+ Positive Indentification Of Precipitation State (Yes/No)
- Measures snowfall intensity
« Insensitive to background light, evaporation & splash
« Completely automatic/tunattended operation
- Rugged modular design and very reliable
» No maving part - all solid state - long life -
« Eye safe long life LED source

e

® Measurement of visibility~ -+~ - e

Available To Surface 'Ii'ansportahon Agencies ONLY From
SURFACE SYSTEMS, INC. (SSI)
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