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List of Acronyms and Short Names

AADT Average Annual Daily Traffic

DSDS Dynamic Speed Display Sign

EPDO EquivalentProperty Damage Only

FHWA Federal Highway Administration

FYA Flashing Yellow Arrow

HSIP Highway Safety Improvement Program

HSM Highway Safety Manual

ICWS Intersection Conflict Warning System

ITS Intelligent Transportation Systems

LPI Leading Pedestrian Interval

LRSP Local Road Safety Program

MUTCD Manual on Uniform Traffic Control Devig@909 Edition)
NDDOT North Dakota Department of Transportation

NHS National Highway System

PCE Passenger Car Equivalent

RCUT Restricted Crossg UTurn (intersection)

REF95 NDDOT internal database to catalog traffic operations requests
SDOT State Department of Transportation (acronym used by FHWA)
SHSP Strategic Highway Safety Plan

SRSP State Road Safety Program

TAADT Truck Average AnnuBlaily Traffic

TRB Transportation Research Board

TWSC Twaoway stop controlled (intersection)
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TRAFFIC OPERATIAN&ERVIEW

This manual describes typical NDDOT practice for traffic operations work. It is meant to be used as a guideline onlyeaad not
substitute for engineering judgment. This manual is not meant to replace or conflict with commonly accepted references such a
the MUTCD, Green Book, Highway Capacity Manual, Highway Safety Manual, Access Management Manuahetkli$ise
flowchartsand tableswere created to encourage a consistent decision making process.

Traffic operations studies provide recommendations for traffic control, need for turn lanes, lighting, signals, beacotfeand o
safety improvements.

NDDOT has adopted the 2009 Manual on Uniform Traffic Control Devisggaffic control analysis should determine whether
traffic control devices are needed along the project corridor and should ensure existing devices meet current MUTCD and
NDDOT standagd Traffic control devices include signs, markings, traffic signals, and flashing beacons.

A typical traffic study should describe the following items (some items may not apply to all studies):
1 Documentation and manual references, references to previtudies
1 Location (project limits, roadway name, reference points, name of€ity). A location map may be helpful to the
reader. Often NDDOT will put a location map on the cover of the traffic operations study document.
Project number/PCN (if applicable)
Description of the proposed work
Proposed construction year
Identify the study intersections
Length of study area
Assumptions
Summary of recommendations
Appendix materials and support documentation
Every page should have a 409 stamp

=4 =4 =4 -4 -4 -4 -4 4 -4
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In 1987, Congress determined that federal record keeping requirements were subjecting state transportation agencies
to inappropriate litigation and stifling the open discussion of safety issues. Congress enatteite23States Codes
(U.S.C.), Section 409, to remedy these problems

Railroad Coordination
Traffic operations studies should evaluate railroad crossings within the project area. If a railroad crossing is outeigeopddt
limits or where aailroad runs parallel to the study segment, the following statement from FHxplies:
Where arailroaecK A 3K gl @ 3INF RS ONR&AaAy3d Aa LKearAorftte 20 4GSR a)
recommends that the SDOT evaluate and deterrttiveadequacy of warning devices if one or both of the following
conditions exist:
1. A Grade Crossing Advance Warning Sign for the crossing is located within the project limits in accordance with the
Manual on Uniform Traffic Control Devices (MUTCD) P&&&jon 8B.06; and/or
2.y AYGSNBRSOGAZ2Y UGNITFTFAO O2yGNRE aAdylf gAGKAY GK$E LN
light signal and gate.

The following pages describe in further detail the items needed in the traffic studsndiépg on the element being studied.
These checklists can be used to write traffic studies for NDDOT projects. @fiftts are a combination of several of these
elements (such as a rural highway segment includes rural intersections and horiaowes).

References:
1. FHWA MemogRailroad Coordination on Fedewid Highway ProjecfsJuly 31 2015.

__________________________________________________________________________________________________________________________|
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https://www.fhwa.dot.gov/federalaid/150731.pdf
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RURAL SEGMESI(R-LANE)

S Interstate
—US HwyDivided)
— S Hwy
e State Hwy

County Paved Road

City Street

12 Major Cities

Rural Segment

A trafficstudyof a rural segmenon a2-lane highwaytypically contains the following:
Traffic datag average annual daily traffic (AADT), truck average annual daily traffic (TAA&SCribe how and when it
was collected, also indicate the projected-g@ar forecasted traffic volumes
Roadwayspeed limit(s) describe any speed zones, provide beginning and ending reference points (on state system)
Roadway geometry (number of lanes, presence of passing lanes, typical section, lane widths, shouldestaidths,
Highway performance classification
Functonal classification
Describe horizontal/vertical alignment
Presence of railroad crossings
Surrounding land use
Capacity analysissee chapter 4 of the HCM for two-lane highways analysis
Crashhistory andanalysis
Lighting warrantgrefer to table4 of Lighting Warrant Poli@y
Cross reference HS¢-heck SRSP or LRSP documents for recommended safety improvements of rural roadway
segments based on risk assessments
Summary of recommendations

References:
1. TRBA Il AIKgl & [ | | 3ixd Editidd xtbbgrd016
2. NDDOTeLighting Warrant Poligy March 2015.

]
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https://www.dot.nd.gov/divisions/programming/docs/lighting-warrant-policy.pdf

23 USC § 409 Documents
NDDOT TRAFFIC OPERNB MANUAL NDDOT Reserves All Objection MARCH2018

RURAL SEGMENTS.ANE)

Interstate

Z Rural Segmen(4-lane) ]

US HwyDivided)

US Hwy

State Hwy
County Paved Road

City Street

12 Major Cities

A traffic study of a rural segmenh a multdane highwaytypically contains the following:
Traffic datag average annual daily traffic (AADT), truck average annual daily traffic (TAA&SCribe how and when it
was collected, also indicate the projedt@0-year forecasted traffic volumes
Roadway speed limit(g)describe any speed zones, provide beginning and ending reference points (on state system)
Roadway geometry (number of lanes, typical section, lane widths, shoulder wadth)s,
Highway performace classification
Functional classification
Describe horizontal/vertical alignment
Presence of railroad crossings
Surrounding land use
Capacity analysissee chapter 2 of the HCM for multi-lane highways analysis
Crash history and analysis
Lighting warants (refer to table 4 ofighting Warrant Poli@y
Cross reference HS¢-heck SRSP or LRSP documents for recommended safety improvements of rural roadway
segments based on risk assessments
Summary of recommendations

References: .
1. TRBAI AFKSHLE OAG & al ydzOttdberRRME I K 9 RAGAZ2Y S €
2. NDDOTeLighting Warrant Poligy March 2015.

__________________________________________________________________________________________________________________________|
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https://www.dot.nd.gov/divisions/programming/docs/lighting-warrant-policy.pdf
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RURAL HORIZONTAL CURVES

Rural horizontal curve

S Interstate
—— - US HwyDivided)
— US Hwy
e State Hwy

County Paved Road

City Street

12 Major Cities

Curves are often a subset analysis of a larger traffic study foadway segment. ltems specific to the analysisasizontal
curves in a traffic study
Curve radiusind evaluation of signing based on the design mahual
Presence of intersection(s) alotitg curve
t NBaSyOS 2 T (wheredh® fing alzsight makes thddoadway appear to continue straight but the main
highway actually has a curve)
Cross reference HS¢Rheck SRSP or LRSP documents for recommended safety improvementstodnimoatal curves
based on risk assessments

RadialT
A radialT intersection project involves the removal of skewed intersection(s) on a curve. The curve is on the major roadway and
the reconstruction project brings the minor road into the curve at a 90° angle

Before: . r After: : e

Although this type of configuration is common in North Dakota, the traffic operations study should look at each location on a
caseby-case basis. All options should be analyzed when looking at a location for a potentiallrpdije.ct.

References:
1. NDDOT¢Design Manual August 2013. (Section-09.04)



https://www.dot.nd.gov/manuals/design/designmanual/chapter3/DM-3-09_tag.pdf
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RURAL INTERSECTIONS

S Interstate
—US HwyDivided)
— S Hwy
e State Hwy

County Paved Road

City Street

! Rural Intersection I

12 Major Cities

Rural intersections may be a subset of a latggffic study for a roadway segment or are sometimes their own study.
Intersections that should be studied astate highways, CMC routes, or paved county roétdms specific to the analysis of
rural intersections in a traffic study:
AADT and TAADT orfial | LILINB F OKS & @ I aldzNYyAy3 Y2@SYSyd RAFINIYE
turning movements is necessary
Existing type of intersection control (TWSC, AWSC, Signal, Roundztbjut,
Intersection capacity analysissee chapte20 of the HCM for TWSC, chapterlXor AWSC, chapterZfor roundabouts,
chapter D for signals
Intersection related crash history and analysis
Turn lanes (need to add left or right turn lanes, determine length of turn lanes)
Recovery Approaches (or need for them)
Sigral Warrants (only for high volumecationg
Lighting warrants (refer to tables 5 and 6 of the Lighting Warrant Pplicy
Intersectiors with existing overhead mounted flashing beasahouldbe recommended for removal (see page 18)
Cross reference HS¢Rheck SRSP or LRSP documents for recommended safety improvements of rural intersections
based on risk assessments
Alternative options for the configuration of the intersection (such as a raldigdee previous page
Summary of recommendations

NDDOT hasdmpted a policyon the installation of Do Not Enter and Wrong Way signs at stop controlled divided highway
intersections.

References:
1. TRBAl AJKglt & /LI OAG& Catbbgrd016.5 { AEGK 9RAGAZY S
2. NDDOT¢Lighting Warrant Poligy March 2015.
3. NDDOTdinstallation of Do Not Enter and g Way signs at Stop Controlled Divided Highway Interseétidquly 2011

__________________________________________________________________________________________________________________________|
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https://www.dot.nd.gov/divisions/programming/docs/lighting-warrant-policy.pdf
http://www.dot.nd.gov/divisions/programming/docs/wrongwaysigns.pdf
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URBAN INTERSECTIONS

S Interstate
—US HwyDivided)
— S Hwy
e State Hwy

County Paved Road

City Street

Urban Intersection

12 Major Cities

Items specific to the analysis of urban intersections in a traffic study:
Existing type of intersection control (TWSC, AWSC, Signal, Roundztbgut,

l15¢ FYyR ¢!15¢ 2y |ff | LLNRIOKSa® I aGdzNYyAYy3 Y2@BSYSy(

turning movements is necessary
If the intersection is being evaluatedrfsignal warrants, a turning movement count at the intersection for a minimum

of 12 hours is required. Typically, NDDOT collectstaoil turning movement count that begins at 6:00am and ends at
10:00pm. This timeframe will capture the eight highestfimfolume hours at most intersections that is needed for the
MUTCD traffic volume warrants.

Intersection capacity analysissee chapter 19 of the HCNbr TWSC, chapter 20 for AWSC, chapter 21 for roundabouts,

chapter 18 for signals

Intersection relatectrash history and analysis

Turn lanes (need to add left or right turn lanes, determine length of turn lanes)

Signal Warrantéwhere necessary)

Lighting warrants (refer to tables 5 and 6 of the Lighting Warrant Pplicy

Cross reference HStRheck LRS#ocumentfor recommended safety improvements ofbanintersections based on
risk assessments

Summary of recommendations

References:
1. TRBAI|I AIKgl & /I LI OAd @& Omtbbgrd016.x { AEGK 9RAGAZ2Y S
2. NDDOT¢Lighting Warrant Poligy March 2015.

__________________________________________________________________________________________________________________________|
8



https://www.dot.nd.gov/divisions/programming/docs/lighting-warrant-policy.pdf
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OTHER TYPES OF TRAFFIC STUDIES

Speed Studies
Speed studies collect and record vehicle speeds at a particular site. This datadza SR 2 RSGSNXAYS (KS L

posted speed limit should be within 5 mph of theé"ggercentile speed of free flowing traffic. If the posted speed is set lower

than the 88" percentile speed, it shall not be set less than th& pércentile speed*¢ Dynamic speed display signs are installed
toprovidearealil A YS ReylFYAO RAALIX I & 2F I RNAOSNDaA OSKAOdzZ F NJ aLISSR
and documented to be a safety problém

Traffic impact studies forew developments

Special traffic studies are needed when there is a development proposed adjacent to or near the state highway Sygieaily
these studies include many of the items listed above but also require a calculation of the trip generafigyeriEniation

numbers are added to existing traffic volumes and the impact of the proposed development to the system is analyzed in these
studies.

Temporary Traffic Control

I Ge2N)] 12yS &¢ TISYiRf @ ¥y Ra YRHAdzZAK 20 SO R2 YISNEH2NO (& A Gy AGAY0E VRIS LB
exceeds an estimated $3,000,000 in cost and is on the urban regional system that either goes through a Metropolitan Planning
Organization (MPO) boundary or city over 25,000 in population. Traffic operatitirenalyze the existing level of service of the

facility and compare that with the level of service under work zone traffic control. The traffic control plan is accdfitable i

level of service is no less than two grades lower than the existing affit tlalays are less than 15 minutes.

Highway Safety Improvement Program

Infrastructurerelated highway safety improvements are developed through the Highway Safety Improvement Program (HSIP).
¢KS LINPAINFYQa 3I2Ff A& (G2 NBRdzOS FLadFtAGASE YR &aSNIh2XWass Ay
cities counties and tribal government$otential HSIP projectmay require special traffic studies to evaluate the proposed

safety improvementsProjects can be created to address crash problems on a particular roadway or at intersgetamtive)

Projech Yl & | fa2 0SS RSOSt2LISR 2y || aaedaiSYaAoOé¢ olara ogKSNB ||
(proactive)

References:
1. NDDOTa { LISSR [ A Y ASéptebnbei R15f Ay Saé
2. NDDOT¢NDDOT Guidelines for the Use of Dynamic Speed Display Signs on the State HighwgyNsysterier 2010.
3. NDDOTa DdzA #S& F2NJ bSg 5S@St2LISyd ! RelLdepdi2.d2 GKS b5 {GFaGS 1 A3
4. NDDOT@Work zoneSafety & Mobilitg Eebruary 2007.

__________________________________________________________________________________________________________________________|
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http://www.dot.nd.gov/divisions/programming/docs/SpeedLimitGuidelines.pdf
http://www.dot.nd.gov/divisions/programming/docs/dynamicspeedsigns.pdf
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CAPACITY ANALYSIS

Capacity analysis should follow theoceduresof the Highway Capacity Mandal'he author should note any software program
used during the capacity analysis. NDDOT uses HCS &yuchreSimtraffic. However, NDDOT does not adoptecommend
any specifisoftware for capacity analysis.

For study intersections with turning movement data, NDDOT uses the four highest consectriiveut® periods as the peak
hour.

Typical items fronthe capacity analysis:
1 Determine the number of traffic lanes needed, including the need for any turning lanes (see turn lane section) or
passing lanes.
1 Recommend the type of intersection traffic control (tway stop, alway stop, signal, roundabougtc.)
1 Establish signal phasing, timing, and coordination needs (if applicable, see traffic signals section)
1 Identify operational problems (provide guidance to relocate or close driveways near intersections, consolidate
driveways or other access poingic.)
f 9adGlrofAak GKS afS@St 2F aSNWBAOSE o[ h{0 F2NJ SI Or Ay (i SNE
roadway segment

NDDOT Guidance on LOS
Thecapacity analysis mnefactor to determinethe recommended geometric desigithe NDDOguidanceis to meetor
exceedan overallLOS under 20Gyear projectedautomobiletraffic.

Further guidance on LOS can be found fibable 20 2 F G KS D NXB S yrhe.re2aininanded 2aiies @& $hal&reed Book
NS NB3IFNRSR o0& Cctz2! +a 3FdzARFyOS 2yf e oé

b2NXIFffe (GKS NBLR2NI RAaOdzaasSa GKS aiddzRée Ay idSNBRRDIrajeyd Q 2 LI
volumes. Some studies may require analysis of both existing and proposed lane geometry. If an intersection does not currently
meet signal warrants, but is likely to with the future volumes, a signalized capacity analysis (on proposed geometry)-of the 20
year projected volumes should be included in the study. This does not mean a signal has to be a recommendation in the study,
but this will inform the reader that the proposed geometry (turn lanes) will be adequate for future conditions. Ifaayetop

control intersection is calculated at LOS F for the minor street approaches, and the likelihood of meeting signal wahiants wi
20years is low, it is not necessary to determine trezessary geometry to meet NDDOT LOS guidance.

Projected traffic volumes are based on a yearly growth factor that may be obtained from the NDDOT Roadway Data Section. In
urban MPO areas, traffic volumesy be obtained from citywide traffic models.

For rural areas, a 2pear volume projection can be used for capacity analysis. Note thawayostop controlled rural
expressway intersections tend to experience safety issues long before they experienestort.

References
1. TRBAl AIKglt & /[ LI OAG& Catbbgrd016.5 { AEGK 9RAGAZY S
2. TRBEANCHRP Report 650: Median Intersection Design for RuraBdegd DivideHlighways, 2010. (page 149)
3. FHWAMemog [ S@St 2F { SNWAOS 2y May% 2016.iA2yltf | AIKgl e {eaidsSvys

__________________________________________________________________________________________________________________________|
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http://www.fhwa.dot.gov/design/standards/160506.cfm
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. |
CRASHNALYSIS

The evaluation of crash history may help to identify existing problems. The crash analysis section of the study may identify
alternatives to help reduce potential crashes. Recommendations such as installing rumble strips, adding or modifying
signing/stripng, changing horizontal/vertical alignment are examples of possible countermeasures. Safety improvements must
consider all road users (pedestrians, bicyos,).

Traffic operations studies require the collection of crash data. For local governmeataliag and consultants this data will be
provided by NDDOT using the email request format shown below:

| am requesting crash data for the past X years for X Avenue from X Street to X Gtreet
and all links in between (see attached map).

| recognize this crash data is considered teekempted from diglosure

pursuant to 23 USC § 409, and can be used only with the understanding that
the City of X or its agents will not release or transfer it, nor will it be used for
anything other than théntended purpose as a part of a safety study or safety
improvement project.

This data will be used by our staff with the City of X, and/or acting as its agent,
in the development of a study.

Several crash analysis items that are discussed in a ts#difily:
1 Beginning and ending dates of crash data gathered (Use 5 years for rural locations and a minimum of 3 years for urban

locations)

Total number of crashes

Breakdown of the common crash types (how many anglereeds, etc.)

Describe crash patternsleging to weather, roadway conditions, light vs. dark, etc.

Crash summary sheets, statistics, intersection crash diagrams (usually included as an appendix)

Possible countermeasures

Note if the study area is listed on any NDDOT crash listingsl intersection high crash list arrban intersection high

crash list,

1 Indicate severity of the segment(s) referenced from the latest state highway segment crash map. This map shows the
weighted crashes per mile in one of four categoried (01025, 2540, 40-265).

1 Highway Safety Manuagxpected number of crashes (optional)

=A =4 =4 =4 -8 -4

Crash severity (from HSiMage 34):

K Fatalc (one or more persons died within 30 days)
A Incapacitating Injury

B Nortrincapacitating Injury

C Possible Injury

O or PDO No Injury /Property Damage Only

References:
1. AASHTQOHighway Safety Manual2010.
I
11
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LIGHTING

The traffic study should indicate need for new lighting or upgrades to existing ligRtifigr to NDDOT Lighting Warrant Pdlicy
to determine where lighting is needed.

Lighting design is based on AASHTO guidélines

Guidelines for the Installation of Banners on Light Standards

il
il
il

References:

Banners cannot interfere with any official traffic contdavices.

Banners must not look like a traffic control device.

Under the Highway Beautification Act of 1965, it is illegal for any private or commercial business to advertise
on highway rightof-way. The banners can not contain any form of advertisingofivate or commercial
business.

There are no specified mounting height requirements for banners on light standards at thisAidistance of
10 feet from the bottom of the banner to allow for pedestrians and vehicles to pass under is
recommended.Mounting brackets should be hinged and allow for rotation if the banner is struck.

The maintenance of the banners and mounting hardware would be the responsibility of the local road
authority. The NDDOT will not be responsible for any banners.

The manufactureor the owner of the light standard/utility pole must verify that the pole is structurally sound
to support the banner.

Recommend that they only be installed wittdity limits and in a reduced speed zone.

1. NDDOT¢Lighting Warrant Poligy March 2015.
2. AASHTGiRoadway Lighting &ign Guid&é October 2005.

12
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LEFT TURN LANE

In designing an intersection, letirning traffic should be removed from the through lanes, whenever praéticaft turn lanes
should be considered at the planning and preliminary design stages of angigiealized intersectichHowever, it is not cost
effective to install a left turn lane at every roadway intersectidhe flowchart below may be used to determine whether a left
turn lane should be recommended in the traffic studie flowchart is primaly based on the NDDOT guidelifies

Type of Project

Turn lane warrants based on:

New/Reconstruction
Major Rehabilitation
Structural Improvement
Minor rehabilitation
Preventive Maintenance

No project planned (REF95 request)

New Development

Left Turn Lane

i| Traffic signal controlled? |

Free flow approach and speed
limit2 50 MPH?

Projected 26year traffic
Projected 26year traffic
Projected 20@year traffic
Current traffic
Current traffic
Current traffic

Projected traffic for opening year of development

Yes

Yes Y
—I Volume Criteria (1.A) met?
No

A
| Crash Criteria (1.B) met?

Yes

Yy A

Typical Questions for “engineering judgment”

Has there been a crash susceptible to correction by a
left tumn lane within the last 5 years?

Left tumn volume during peak hour 2 100 vehicles??
Capacity analysis shows a need for a left turn lane?

Other factors apply?

Left turn lane based on

Left turn lane recommended

e
4

of left turn lane offsets:
Is the intersection on a divided highway?
History of left turn crashes?

Sight distance issue for left turning traffic?

left turn is 300 PCE or more?

Signalized intersection with permissive-only or
protected-permissive left tum phasing?

The study should indicate any need for positive
offset. Typical questions to determine feasibility

Is it an unsignalized intersection where the mainline

Based on NDDOT Guidelines®

I

engineering judgment?

No

Y

( Left turn lane not recommended )

Dual left turn lanes should be considered if the left turn volumeseed 300 vehicles per hduDualreceivinglanesare

necessary and need toe at least 15 feet widerheredual left turn lanes are used.

References:
1. AASHTQ3! LJ2f AOQe
2. TRBa b/ Iw&LJ2 NIi

3. b 5 5 h Guideliaes for the Installation of Turn Lanes along State HigtEvéys Wdkzt &

2y DS2YS{ONRXO 15 S aSedigh 9DF

HT @Y

I AIKgl éa

Ly dSNBSOGA 2Novembdel 1988. $page 8) G A 2 y

HAOM

I
5

Yy R
Sani

{ GNB S
3y Ddzi

13
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https://www.dot.nd.gov/divisions/programming/docs/turn-lane-guidelines.pdf
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RIGHT TURN LANE

The flowchart below may be used to determine the whether a right turn lane should be recommended in the traffic study. The
flowchart is primarily based on the NDDOT guidefines

Type of Project Turn lane warrants based on:
New/Reconstruction Projected 2@year traffic

Major Rehabilitation Projected 2@year traffic

Structural Improvement Projected 26year traffic

Minor rehabilitation Current traffic

Preventive Maintenance Current traffic

No project planned (REF#&quest) Current traffic

New Development Projected traffic for opening year of development

Right Turn Lane

________________________________________

Typical Questions for “engineering judgment”
Free flow approach and speed | No

limit=2 50 MPH? i Has there been a crash susceptible to correction by a
i | right turn lane within the last 5 years?
Yes |
i Capacity analysis shows a need for a right turn lane?
Yes . :
Volume Criteria (1.A) met? ' Other factors apply?
No
v E
Crash Criteria (1.B) met? No |
Yes E

Yes | Right turn lane based on

< Right turn lane recommended \‘

/‘ engineering judgment?
No
The study should indicate any need for offset right v
turn. Typical questions to determine feasibility of a .
right turn lane offset: Right turn lane not recommended

Crash trends identified that are susceptible to correction
by an offset right turn lane?

Large volume of truck turning traffic?

Sight distance issues?

Based on NDDOT Guidelines'

_________________________________________________________________________________

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
! A \ 4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

References:
1. b 55 h Guideliges for the Installation of Turanes along State Highway€ Wdzf € HAamn @

__________________________________________________________________________________________________________________________|
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________________________________________________________________________________________________________________|
TURNLANE LENGTH

Locations where turn lane warrants are met:

If the turn lane warrants are met at a location where a turn lane does not exist, then recommend a new turn lane be built.

If there are existing turn lanes at the same location that do not meet design standards, and do meet turn lane warrants, then
recommend to extend these turn lanes to meet design standards.

If there is a turn lane at this same location that does not ntestign standards and does not meet turn lane warrants, then do
not recommend to extend.

Locations where turn lane warrants are not met:

If there are existing turn lanes at a location that do not meet design standards and/or do not meet turn lane gatrantdo
not recommend the turn lanes to be extended.

If there are conditions where engineering judgment may need to be exercised, then the engineer may make a recommendation
to build new or extend existing turn lanes as long as proper justificatioradse.

Uncontrolled Approach

An uncontrolled turn lane is defined as any turn lane in which no traffic signals or signs are used to control traffic moveme
within the turn lané. Details on the design of the turn lane geometry can be found in the NDDOT Design Manual Section Il|
03.05.01. The storage distanfied)is the most important value that is needed by readers of the traffic operations sftidy.
storage length procedure is described belo@ther turn lane design elements (L1, L2, L3, L5 from the NDDOT DesigniManual
may be necessary in the development of a traffic study.

Rght turn lane at uncontrolled approach
L4 = 0 feet; This applieso most cases, the traffic operations study should describe reasoning if a longer storage length
is recommended.

Left turn lane at uncontrolled approach
L4 =the highestof the following:
1 The95" percentilequeue distance ofurning vehicles (based on the capacity analysis)
9 100 feet
The study should indicate if a left turn lanes are to be designed with a positive offset and if right turn lanes are to be
designed with an offset (these items relate to providing proper sight distance).

15
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Qontrolled Approach
For a turn lane on an approach that is controlled by a stop sign, yield sign or traffic signal, the traffic operatiomslistudy
AYRAOIFGS GKS MBRIKY $\OKIR KET &Fft 6KS GdzNy 1 yS
Traffic Signal
The full-width length recommendatioris typicallythe highestof the following:
1 The95" percentilequeuedistanceof turning vehicles (based on the capacity analysiginded up to the
nearest 25 ft
1 Theaveragequeue distance of thadjacentthrough lane(based on the capacity analysisunded up to
the nearest 25 ft
1 Approach speed
25 mph 100 ft
30 mph 150 ft
35 mph 225 ft
40 mph 300 ft
45 mph 375 ft
50 mph 450 ft
55 mph 525 ft

Stop Sign or yield sign
The fulkwidth length recommendatios typicallythe highestof the following:
T 100 feet
1 95" percentile queue distance of turning vehicles (based on the capacity analysis)
Most turn lanes ard.00 feetfull-width length at stop or yield controlled approaches. If the capacity analysis is LOS F, the
95" percentile length may be much longer and is not a practical recommendation. If it is likely that a traffic signal would

be warranted within 20 years, the recommended fwitith lengthmay be determinedising the signalized approach
method.

References:
1. NDDOT¢Design Manua Klay 5, 2015(Section 1103.05.01)
2. These distances adapted from Exhibit1I® Transportation Research Board\ccess Management ManuahdEditioné 2014.
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https://www.dot.nd.gov/manuals/design/designmanual/chapter3/DM-3-03_tag.pdf
http://www.trb.org/Main/Blurbs/171852.aspx

NDDOT TRAFFIC OPEHRNB MANUAL

23 USC § 409 Documents
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ISSUES TO CONSIDER WITH TURN LANE RECOMMENDATIONS

MARCH018

TheNDDOTpractice is to discourage accesses within the functional area of the turn |@waeexamples are showbelow.

YES

A
_ . <«
_>_
< Functional Aca——>
A
_ . <«
_>_ - _ - T
< Functional Area———»

Functional Area———»

LIS[T]

YES

Functional Area

Y

LS[T]

‘X‘ NO

P ——

P enl——
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|
ACCELERATION LANES

An acceleration lane is an auxiliary or sp@bdinge lane that allows vehicles to accelerate to highway speeds before entering
the throughtraffic lanes of a highway

NDDOT will ausider installation of anedian acceleration lane (MA&) intersections on divided highwayshere all of the
following criteri& are met:

1. There is a significant history of reand or sideswipe crashes

2. Intersection sight distance is inadequate for {eftning traffic entering the divided highway

3. There is a high volume of leftirning trucks (75 or more per day) entering the divided highway.

Acceleration lanes are generally not installed in urban areas orinterstate roadways. The NDDOT has fotimdugh past
history that they are ineffective because motorists generally choose not to use’them

References:
1. TRBANCHRP Report 58®lume 5: A Guide for Addressing Unsignalized Intersection Cadlig1608. (page 123)
2. TRBENCHRP Report 650: Median Intersection Design for RuraSgegd DivideHlighways, 2010. (page 107)
3. NDDOT@Memorandum: ! @S {2 | LnMB 4, OU05.

__________________________________________________________________________________________________________________________|
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http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_500v5.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_650.pdf
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OVERHEAD FLASHING BEACON

Recent information obtained from NDDOT engineering and safety partners is leading the department away from the use of
overhead flashing beacons. Review of existing information indicates no proven crash reduction after installation of titese dev
Other muntermeasures are available to reduce intersection crashes that have the potential to be more effective.

The overhead flashing beacon removal process is as follows:

1. Existing overhead flashing beacons are identified by District Engineers and Traffitiése
2. Traffic operationsdentifiesintersectiontreatmentsafter the beacon is removed. Typically the base treatments include
the following items:

Destination ligh{NDDOT Lighting warrant 6C is met)
Stop bar
G{¢ht 1 1915¢ LIGBSYSYyid YINJAy3ITa

Larger stopsignd o ¢ ¢ E o owith hghed rétrorédlE:B/&ldheeting
Stopahead sign (WA4)
Intersection rumble strips
Double arrow sign (for-intersections only)
3. LT GKS AYGSNERSOGAZ2Y Ada RSIUSNNAYSR (2 KL &SAY
2" tier treatmentsmay beconsidered in addition to the base treatments:
a. Flashing beacon stop sign or flashing LED stop sign
b. Intersection warning sigB) on the major roacd; such as W2, W22
4. If the district engineer agrees with the proposedatments the intersection improvements will be programmed into
the STIP either through a standalone HSIP project, or integrated into other programmed projects.
5. Where traffic operations and the districhgineer agree that more substantial improvements are needed (beyond the
1stand 29tier treatments) a traffic operations study should be done to loolotiier countermeasures (ICWSTdrn,
Roundabout, etg.

eresooe

[+I§
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(0p)
=2
&
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|
[
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- |
TRAFFIC SIGNWWARRANTS

The decision on whether or not to do a signal warrant analysis at a study intersection should be based on engineerind. judgmen
Intersections where the product of the highest major road AADT times the highest minor road AADT is greater than 20,000,000,
AG A& LlRaairoftsS GKFG a!¢/5 gFNNXyda YlFIe 6S YSid ¢KAAa a&NHzZ S
to recommend signal installation.

Any recommendation for installation of a traffic signal should have documentation on what MUTCD warrants are met. The
NDDOT form SFN 7924ouldbe used to document a signal warrant analysis. This form may be supplementepgrimtouts

from any software or spreadsheet programs used to analyze the warrants. Meeting signal warrants does not in itself require th
installation of a traffic signallraffic signals in rural areas are discouraged for several reasons includingpriofadriver

expectations and difficulty in servicing and maintaining signals in remote lochtibas intersection does not meet signal

warrants based on current traffic but is close, it is helpful to decision makers if the author identifies theiapgteoyear a signal
may be needed.

When performing a traffic signal warrant analysis, engineering judgment should be used to determine what portion of minor
street rightturning traffic to include. Volume modifications should be documented and explamthe warrant analysisf the
minor-street approach has an existing exclusive right turn lane and-tighing traffic is able to turn onto the majestreet with
minimal conflict, then the right turn volume is excluded from the warrant analysis. $omts to consider when determining if
traffic is able to turn with minimal conflict include, but are not limited to:

Unsignalized capacity analysis results

Intersection sight distance

Crash history

Truck volumes

Pedestrian conflicts

=A =4 =4 -4 =

If the minokstreetapproach does not have an exclusive right turn lane, then the right turn volume is typically included in the
warrant analysis. However, if it is feasible to install an exclusive right turn lane andurigimty traffic is able to turn onto the
major-street with minimal conflict, then the righturn volume is excluded from the warrant analysis.

References:
1. TRBANCHRP Report 650: Median Intersection DesigRural HigFSpeed Divided Highway2010 (page 1)
_________________________________________________________________________________________________________________________________|
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. _______________________________________________________________________________________________________|
TRAFFIC SIGNANALYSIS

Traffic studies that examine existing signalized intersections or where a traffic signal is recommended typically supply the
following information:

1 Existing signal timing (cydiength, split times, yellow timing, aleéd timing, pedestrian crossing timing and coordination
settings such as offset, etc.)
Analysis of optimized timings for current traffic and future traffic on the proposed roadway geametry
Recommended signal timgnplan(s)
Timeof-day plans, timespace diagrams, and coordination timings for coordinated signals.
Recommended left turn type (permissive, protecteermissive, potected, or variabl@.
Need fornew cantroller or detection equipment

=A =4 =4 -4 =

When determining splits for coordination timings and tisigace diagrams, the splits consist of the green, yellow, anéall
time. Splits are programmed into the controller as whole numbers only, no decimals.

NDDOT phase number convention
Where themajor road runs eastvest: Where the major road runs northouth:

o1 € (2= |36 |04 1 o1 9 (02 | |43 £ |04 =
5 J |06« |67 |08 | o5 G (96 | |67 J (08 =

Note: On major nortksouth roads in the City of Minot, use phase 1 for SBL, phase 2 for NB, phase 5 for NBL, phase 6 for SB.

Left turn phases
The flowcharton the following page may be used to determihe left turn phasing typeThe flowchart is based cexhibit 416

of the Signal Timinjlanuat. The minimum split for left turn phases should be 13 secongsotected-permissive left turn
phasing is usedhe protected portion may be omitted duringff-peaktimes(such asvhen the left turn volumes do not satisfy
the criteria for protectedpermissive left turn phasingLeft turn flashing yellow arrow heads should be recommended for new
signals except wherthere is limited sight distance or no exclusive left turn lane.

References:

1. FHWAgSIignal Timing Manual, 2nd Editir#015.
I
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LEFT TURN PHASING TYPE
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