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LEVEL OF SERVICE (LOS) DESCRIPTION
SIGNALIZED INTERSECTIONS

The capacity of an urban street is related primarily to the signal timing and the geometric

 characteristics of the facility as well as to the composition of traffic on the facility. Geometrics are a

fixed characteristic of a facility. Thus, while traffic composition may vary somewhat over time, the
capacity of a facility is generally a stable value that can be significantly improved only by initiating
gcometric improvements. A. traffic signal essentially allocates time among conflicting traffic
movements that seek to use the same space. The way in which time is allocated significantly affects
the operation and the capacity of the intersection and its approaches.

The methodology for signalized intersection is designed to consider individual intersection
approaches and individual lane groups within approaches. A lane group consists of one or more
lanes on an intersection approach. The outputs from application of the method described in the
HCM 2000 are reported on the basis of each lane. For a given lane group at a signalized
intersection, three indications are displayed: green, yellow and red. The red indication may include
a short period during which all indications are red, referred to as an all-red interval and the yellow
indication forms the change and clearance interval between two green phases. -

The methodology for analyzing the capacity and level of service must consider a wide variety of
prevailing conditions, including the amount and distribution of traffic movements, fraffic
composition, geometric characteristics, and details of intersection signalization. The methodology
addresses the capacity, LOS, and other performance measutes for lane groups and the intersection

~ approaches and the LOS for the intersection as a whole.

Capacity is evaluated in terms of the ratio of demand flow rate to capacity (v/c ratio), whereas LOS
is evaluated on the basis of control delay per vehicle (in seconds per vehicle). The methodology
does not take into account the potential impact of downstream congestion on intersection operation,
nor does the methodology detect and adjust for the impacts of turn-pocket overflows on through
traffic and intersection operation. '

LEVEL OF SERVICE (LOS) CRITERIA FOR SIGNALIZED INTERSECTIONS
(Reference Highway Capacity Manual 2000)

Level of Service Countrol Delay (seconds / vehicle)

A <18

>10-20
>20 - 35
>35-55
>55- 80
>80
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LEVEL OF SERVICE (LOS) DESCRIPTION
UNSIGNALIZED INTERSECTIONS WITH TWO-WAY STOP CONTROL (TWSC)

TWSC intersections are widely used and stop signs are used to control vehicle movements at such

intersections. At TWSC intersections, the stop-controlled approaches are referred to as the minor
street approaches; they can be either public streets or private driveways. The intersection

: approaches that. are not controlled by stop signs are referred to as the major street approaches. A

three-leg intersection is considered to be a standard type of TWSC intersection if the single minor
street approach (i.e. the stem of the T configuration) is controlled by a stop sign. Three-leg

intersections where two of the three approaches are controlled by stop signs are a special form of
unsignalized interseetion control.

- At TWSC intersections, drivers on the controlled approaches are required to select gaps in the major
street flow through which to execute crossing ot turning maneuvers on the basis of judgement. In

the presence of a queue, each driver on the controlled approach must use some time to move into
the front-of-queue position and prepare to evaluate gaps in the major street flow. Capacity analysis

" at TWSC intersections depends on a clear description and understanding of the interaction of

drivers on the minor or stop-controlled approach with drivers on the major street. Both gap
acceptance and empirical models have been developed to describe this interaction.

" Thus, the capacity of the controlled legs is based on three factors:

. the distribution of gaps in the major street traffic stream,;
. driver judgement in selecting gaps through which to execute the desired maneuvers; and
« - the follow-up time required by each driver in a queue.

The delay experienced by a motorist is made up of a number of factors that relate to control,

geometrics, traffic and incidents. Total delay is the difference between the travel time actually
expetienced: and the reference travel time that would result during base conditions, in the absence of
incident, control, traffic or geometric delay. Average control delay for any particular minor

_movement is a function of the capacity of the approach and the degree of saturation and referred to

as level of service.

LEVEL OF SERVICE (LOS) CRITERIA FORTWSC INTERSECTIONS
(Reference Highway Capacity Manual 2000)

Level of Service Control Delay (seconds / vehicle)

A 9-10

>10- 15
>15-25
>25-35
>35-50
>50
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APPENDIX

LEVEL OF SERVICE (LOS) DESCRIPTION
OP CONTROL (AWSC)

. UNSIGNALIZED INTERSECTIONS WITH ALL-WAY ST

AWSC intersections require every vehicle to stop at +he intersection before proceeding. Since each
driver must stop, the judgement a5 0 whether to proceed into the intersection is a function of traffic
onditions on the other approaches. While giving priority to the driver on the right is a recognized
rule in some areas, it is not a good descriptor of actual intersection operations. What happens is the:
dévelopment of a consensus of right-of-way that alternates between the drivers on the intersection
‘approaches, a consensus that depends primarily on the intersection geometry and the arrival patterns

;at, {:Iie:'stop line..

proceed immediately after the stop is
a driver proceeds only after

*determining that there are 10 vehicles currently in the intersection and that it is the driver’s turn fo

e - _gfoceed. Since no traffic signal controls the stream movement or allocates the right-of-way to each
- conflicting stream, the rate of departure is controlled by the interaction between the traffic streams

- themselves.

: :-_I_ff_tflo traffic is present on the other approaches, a driver can
‘made. If there is traffic on one Or more of the other approaches,

L "Fof.AWSC_ intersections, the average control delay (in seconds per vehicle) is used as the primary
. measure of performance. Control delay is the increased time of travel for 2 vehicle approaching and
© . passing through an AWSC intersection, compared with a free-flow vehicle if it were not required to

slow down or stop at the intersection.

-~ The criteria for AWSC intersections have different threshold values than do those for signalized
- intersections, primarily because drivers expect different levels of performance from different kinds
o cof traffic control devices (i. traffic signals, two way stop of all way stop, etc.). The expectation is
" "“that a signalized intersection is designed to carry higher traffic volumes than an AWSC intersection
- - and a higher level of controt delay is acceptable at 2 signalized intersection for the same LOS.

.....

* For AWSC analysis using the HCM 2000 method, the 1OS shown reflects the weighted average of

 the delay on each of the approaches.

' LEVELOF SERVICE (LOS) CRITERIA FOR AWSC INTERSECTIONS
T (Reference Highway Capacity Manual 2000)

Control Delay (seconds / vehicle)
0-10

Level of Service

A

>10- 15
>15-25
>25-35
>35 - 50
>50

m |0 |R
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HCM Unsignalized Intersection Capacity Analysis Existing - Oct 2007
1. Park & Monterey Avenue 3/7/2008

Analy5|s Period {min)
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HCM Unsignalized Intersection Capacity Analysis Existing - Oct 2007
2: Capitola Avenue & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Existing - Oct 2007
3: Capitola Avenue & Stockton Avenue 3/712008
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HCM Unsignalized Intersection Capacity Analysis Existing - Oct 2007
5: Riverview Drive & Capitola Avenue 3/7/2008

Analysis Period {min)
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HCM Unsignalized Intersection Capacity Analysis Existing - Oct 2007
7: Capitola Avenue & Bay Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Existing - Summer
1: Park & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Existing - Summer
2: Capitola Avenue & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Existing - Summer
3: Capitola Avenue & Stockton Avenue 3/7/2008

= ‘»_J o ) Y )

H:\Pdata\701001 17\Traffic\Capitola 1 way\summen\Existing\Capitola Extmin22.sy7 Synchro 6 Report
RBF Consulting Page 3




HCM Unsignaiized Intersection Capacity Analysis Existing - Summer
4. Cliff Drive & Esplanade 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Existing - Summer
5: Riverview Drive & Capitola Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Existing - Summer
7. Capitola Avenue & Bay Avenue 3/7/2008
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HCM Signalized Intersection Capacity Analysis Existing - Mitigated Summer
3: Capitola Avenue & Stockion Ave 3/7/2008

Lane Group Flow (vph) G 165 0 0 451 0 0 247 178 0 48 0

c Cnt;cal Lane Group
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Oct 2007
1: Park & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Oct 2007
2: Capitola Avenue & Monterey Avenue 3/7/2008

E.ane Conflgurations
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Oct 2007
3: Capitola Avenue & Stockton Ave 3/7/2008
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HCM Unsignalized intersection Capacity Analysis Clockwise - Oct 2007
4: Cliff Drive & Esplanade 3/7/2008

edian storage veh)

signab ity

upmiglocked

H:\Pdata\70100117\Traffic\Capitola 1 way\Oct counts\Capitola clocktmin.sy7? Synchro 6 Report
RBF Consuiting Page 4




HCM Unsignalized Intersection Capacity Anaiysis Clockwise - Oct 2007
5: Riverview Drive & Capitola Avenue 3/7/12008

Analysns Period (mln)
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Oct 2007
6: Montery Avenue & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Oct 2007
7: Bay Avenue & Capitola Avenue 3/7/2008

H”o*ur*ayﬂiawwrate (vph) o1 252 175 48 225 38 142 110 7 35

515 576

Anatys:s Perlodk(mm)
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Summer
1: Park & Monterey Avenue 3/7/2008
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5:00 pm Baseline Synchro 6 Report
RBF Consulting Page 1




HCM Unsignalized Intersection Capacity Analysis Clockwise - Summer
2: Capitola Avenue & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Summer
3: Capitola Avenue & Stockton Ave 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Summer
4: Cliff Drive & Esplanade 3/7/2008

Kmﬁalysis Period (min)

5:00 pm Baseline Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Summer
5: Riverview Drive & Capitola Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Clockwise - Summer
6: Montery Avenue & Monterey Avenue 3/7/2008

PR V.

Tﬁbé”ak Hour Factor 095 095 095 095 095 0.95

W orage veh)
Uﬁsfream signali(fy = &

5:00 pm Baseline Syncihro 6 Report
RBF Consulting Page 6




HCM Unsignalized Intersection Capacity Analysis Clockwise - Summer
7: Bay Avenue & Capitola Avenue 3/7/2008

5:00 pm Baseline Synchro 6 Report
RBF Consulting Page 7




HCM Unsignalized Intersection Capacity Analysis Clockwise - Mitigated Oct 2007
1: Park & Monterey Avenue 3/7/2008
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HCM Signalized Intersection Capacity Analysis Clockwise - Mitigated Oct 2007
3: Capitola Avenue & Stockton Ave 3/7/2008

1450 1593 1676
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Confl Blke #lhr)

Actuated Cycle Length (s) - 84.0 Sum of lost time (s) 8.0
i : e

An ysis Period (min)
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HCM Signalized intersection Capacity Analysis Clockwise - Mitigated Summer
3. Capitola Avenue & Stockton Ave 3/7/2008
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INTERSECTION LEVEL OF SERVICE CALCULATIONS
COUNTER-CLOCKWISE CIRCULATION




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - October 2007
1: Park & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - October 2007
2. Capitola Avenue & Monterey Avenue 3/7/2008

Volume Total (vph)
%fr%ﬁe L Evph

Anaiysss Period (min)

H:A\Pdata\70100117\Traffic\Capitola 1 way\Oct counts\Capitola antimin.sy7 Synchro 6 Report
RBF Consulting Page 2




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - October 2007
3: Capitola Avenue & Stockton Ave 3/7/2008

I R

Inter: r=Capacity | :
Analysxs Period (min) 15

H:\APdata\ 7010011 7\Traffic\Capitola 1 way\Oct counts\Capitola antimin.sy7 Synchro 6 Report
RBF Consutting Page 3




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - October 2007
4: Cliff Drive & Esplanade 3/7/2008

p0 queue free % 91 100 100

Analy5|s Period (mir

H:\Pdata\701001 1 7\Traffic\Capitola 1 way\Oct counts\Capitola antimin.sy7 Synchro 6 Report
RBF Consulting Page 4




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - October 2007
5: Riverview Drive & Capitola Avenue 3/7/2008

095 095 055 095

H:\Pdata\70100117\Traffic\Capitola 1 way\Oct counts\Capitola antimin.sy7 Synchro 6 Report
RBF Consulting Page 5




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - October 2007
6: Montery Avenue & Monterey Avenue 3/7/2008

095 095 095 095 095
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HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - October 2007
7: Bay Avenue & Capitola Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Summer
1: Park & Monterey Avenue 3/7/2008
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5:00 pm Baseline Synchro 6 Report
RBF Consulting Page 1




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Summer
2: Capitola Avenue & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Summer
3: Capitola Avenue & Stockion Ave 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Summer
4: Cliff Drive & Esplanade 3/7/2008

)0 090 090 0.90 090 090

5:00 pm Baseline Synchro 6 Report
RBF Consulting Page 4




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Summer
5: Riverview Drive & Capitola Avenue 3/7/2008

Analysis Period (min) 15

5:.00 pm Baseline Synchro 6 Report
RBF Consulting Page 5




HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Summer
6: Montery Avenue & Monterey Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Summer
7: Bay Avenue & Capitola Avenue 3/7/2008
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HCM Signalized Intersection Capacity Analysis Counter-Clockwise - Mitigated Oct 2007
3: Capitola Avenue & Stockton Ave 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Counter-Clockwise - Mitigated Oct 2007
5: Riverview Drive & Capitola Avenue 3/7/2008
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HCM Unsignalized Intersection Capacity Analysis Counter«C!ockwnse Mitigated Summer
5: Riverview Drive & Capitola Avenue 3/7/2008
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HCM Signalized Intersection Capacity Analysis Counter-Clockwise - Mitigated Summer
3: Capitola Avenue & Stockion Ave 3/7/2008
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APPENDIX E
SIGNAL WARRANT WORKSHEETS




3/10/2008

Minor Street-Higher Volume Approach (VPH}

EXISTING CONDITIONS PEAK HOUR VOLUME WARRANT
URBAN CONDITIONS

Peak Hour: PM

Major Street: Stockton (NS) Minor Street: Capitola (EW)

Total of Both Approaches (VPH): 801 Higher Volume Approach (VPH): 778
Number of Approach Lanes: 1 Number of Approach Lanes: 1

SIGNAL WARRANT SATISFIED

Figure 4C-3. Peak Hour Warrant {(Urban)
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—— 1 Lane Major & 1 Lane Minor
=12 or More Lanes Major & 1 Lane Minor
—r—2 or More Lanes Major & 2 or More Lanes Minor
= = = Major Street
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* Note:

150 vph Applies as the Lower Threshold Velume for a Miner Street Approach with Two or More Lanes and 100 vph Applies as the
Lower Threshold Volume for a Minor Street Approach with One Lane.

Source: MUTCD 2004 California Suppfement

Existing Conditions
Peak Hour Volume Warrant
Stockion Ave. / Capitola Ave.
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