APPENDIX D

Capacity Analysis Outputs — Construction Assessment






HCS+: Unsignalized Intersections Rel ease 5.2

TWO- WAY STOP CONTROL SUMVARY.

Anal yst : M Raso

Agency/ Co. : Dur hant York Waste Study

Date Performed: 01/ 05/ 2009

Anal ysis Tine Period: AM

I ntersection: Courtice Rd. & Hwy 401 N Ranps

Juri sdiction:

Units: U S. Customary
Anal ysis Year:

Project |

East/Vest Street: Hwy 401 on-of f ranps
North/ South Street: Courtice Rd.
Intersection Orientation: NS

2012 (construction)

Study period (hrs): 0.25

Vehi cl e Vol unes and Adj ust nents

Maj or Street: Approach Nor t hbound Sout hbound
Movenent 1 2 3 | 4 5 [

L T R | L T R
Vol une 25 134 237 332
Peak- Hour Factor, PHF 0. 95 0. 95 0. 95 0.95
Hourly Flow Rate, HFR 26 141 249 349
Percent Heavy Vehicles -- -- --
Medi an Type/ St or age Lhdl Vi ded !
RT Channel i zed?
Lanes 0 1 1 0
Configuration LT TR
Upst ream Si gnal ? No No
Mnor Street: Approach Vést bound East bound

Movement 7 8 9 | 10 11

L T R | L T R
Vol une 61 222
Peak Hour Factor, PHF 0. 95 0.95
Hourly Flow Rate, HFR 64 233
Percent Heavy Vehicles 14 7
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage Yes 12 !
Lanes 0 0
Configuration LR

Del ay, Queue Length, and Level of Service

Approach NB SB Weést bound East bound
Movenent 1 4 | 7 8 9 | 10 11 12
Lane Config LT | LR |

v (vph) 26 297

o(m (vph) 896 1140

vic 0.03 0.26

95% queue | ength 0.09 1. 05

Control Delay 9.1 11. 4

LCs A B

Approach Del ay 11. 4

Approach LOS B

HCS+: Unsignalized Intersections Rel ease 5.2

Phone: Fax:
E-Mai | :

TWO- WAY STOP CONTROL(TWSC) ANALYSI S

Anal yst : M Raso

Agency/ Co. : Dur hanf York Waste Study

Dat e Performed: 01/ 05/ 2009

Anal ysis Tine Period: AM

I ntersection: Courtice Rd. & Hwy 401 N Ranps

Juri sdiction:

Units: U S. Customary
Anal ysi's Year:

Proj ect |D;

East/West Street: Hwy 401 on-of f ranps
North/ South Street: Courtice Rd.
Intersection Orientation: NS

2012 (construction)

Study period (hrs): 0.25

Vehi cl e Vol unes and Adj ust nents
1 2 3 4

Maj or Street Mvenents 6

L T R L T R
Vol une 25 134 237 332
Peak- Hour Factor, PHF 0.95 0.95 0. 95 0. 95
Peak-15 M nute Vol ume 7 35 62 87
Hourly Flow Rate, HFR 26 141 249 349
Percent Heavy Vehicles 20 -- -- -- --
Medi an Type/ St or age Undi vi ded !
RT Channel i zed?
Lanes 0 1 1 0
Configuration LT TR
Upst ream Si gnal ? No No
Mnor Street Mvenents 7 8 9 10 11 12

L T R L T R
Vol une 61 222
Peak Hour Factor, PHF 0.95 0. 95
Peak-15 M nute Vol ume 16 58
Hourly Flow Rate, HFR 64 233
Percent Heavy Vehicles 14 7
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage Yes 12 !
RT Channel i zed?
Lanes 0 0
Configuration LR
________ Pedestrian Vol umes and Adjustments__
Movenent s 13 14 15 16
Fl ow (ped/ hr) 0 0 0 0
Lane Wdth (ft 12.0 12.0 12.0 12.0
Wal ki ng Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Bl ockage 0 0 0 0

Upstream Si gnal Data

Prog. Sat Arrival Geen Cycle Prog. Di st ance
Fl ow Flow Type Ti me Length Speed to Signal
vph vph sec sec nph feet
S2 Left-Turn
Through
S5 Left-Turn
Thr ough

Wor ksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Moverent 2 Moverent 5
Shared I'n volune, major th vehicles: 141
Shared I n volune, major rt vehicles: 0
Sat flow rate, major th vehicles: 1700
Sat flow rate, mejor rt vehicles: 1700
Nunber of major street through |anes: 1

Wrksheet 4-Critical Gap and Followup Tine Cal cul ation

Critical Gap Calcul ation
1 4

Movenent 7 8 9 10 11 12
L L L T R L T R
t(c, base) 4.1 7.1 6.2
t(c, hv) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P( hv) 20 14 7
t(c,Qq) 0.20 0.20 0.10 0.20 0.20 0.10
G ade/ 100 0.00 0.00 0. 00 0. 00 0.00 0. 00
t(3,1t) 0. 00 0.70 0. 00
t(c,T): 1-stage 0.00 0.00 0.00 0.00 0. 00 0. 00 0. 00 0. 00
2-stage 0.00 0.00 1.00 1.00 0. 00 1.00 1.00 0. 00
t(c) 1-stage 4.3 6.5 6.3
2-stage
Follow Up Tine Cal cul ations
Movenent 4 7 8 9 10 11 12
L L T R L T R
t(f, base) 2.20 3.50 3.30
t(f, HV) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0. 90
P( HV) 20 14 7
t(f) 2.4 3.6 4

Wor ksheet 5-Effect of Upstream Signals

Conput ati on 1-Queue C earance Tine at Upstream Signal

vement 2 Movenent 5
V(t) V(I,prot) V(t) (I, prot)
V prog
Total Saturation Flow Rate, s (vph)
Arrival Type

Effective Green, g (sec)

Cycle Length, C (sec)

Rp (from Exhibit 16-11)

Proportion vehicles arriving on green P

g(ql)

9(q2)

g(a)

Conputation 2-Proportion of TWBC Intersection Tine blocked

Movenent 2 Mvenent 5
V(t) V(I,prot) V(t) V(I, prot)

al pha

beta

Travel tinme, t(a) (sec)

Snoot hi ng Factor, F

Proportion of conflicting flow, f
Max platooned flow, V(c,nmax)

M n pl at ooned flow, V(c, nin)
Duration of blocked period, t(p)

Proportion time bl ocked, p 0. 000 0. 000
Conput ation 3-Platoon Event Periods Resul t
(2 0. 000
p(5) 0. 000

( dof
p(subo)
Constrained or unconstrained?
Proportion
unbl ocked (1) 2) (3)
for minor Si ngl e- st age Two- St age Process
nmovenents, p(x) Process Stage | Stage |1
p(1)
p(4)
p(7)
p(8)
p(9)
p(10)
p(11)
p(12)
Conputation 4 and 5
Si ngl e- St age Process
Movenent 1 4 7 8 9 10 11 12

L L L T R L T R
V¢, x 598 617 141
s
Px
Voc,u,x
Cr,x
C plat, x
Two- St age Process
8 10 11
Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage2

V(c, x)
s 1500
P(x)
V(c, u, x)
qr, x)
C(pl at, x)
Wor ksheet 6-1 npedance and Capacity Equations
Step 1. RT fromMnor St. 9 12
Conflicting Flows 141
Potential Capacity 894
Pedestrian | npedance Fact or 1.00 1.00
Movenent Capaci t 894
Probability of Qjeue free St. 0.74 1. 00
Step 2: LT from Major St. 4 1
Conflicting Flows 598
Potential Capacity 896
Pedestrian | npedance Factor 1.00 1. 00
Movenent Capacity 896
Probability of Queue free St. 1.00 0.97
Maj L-Shared Prob Q free St. 0.97
Step 3: TH fromMnor St. 8 11
Conflicting Flows
Potential Capacity
Pedestrian | npedance Factor 1.00 1.00
Cap. Adj. factor due to Inpeding m/mt 0.97 0.97



Movenent Capacity

Probability of Queue free St. 1.00 1.00
Step 4. LT fromMnor St. 7 10
Conflicting Flows 617
Potential Capacity 435
Pedestrian | npedance Factor 1.00 1.00
Maj. L, Mn T Inpedance factor 0.97
Maj. L, Mn T Adj. Inp Factor. 0.98
Cap. Adj. factor due to Inpeding nvmt 0.97 0.72
Movenent Capacity 422

Wor ksheet 7-Conputation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Mnor St. 8

11

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Probability of Queue free St.

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor

Cap. j. factor due to Inpeding m/mt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor 1.00
Cap. Adj. factor due to Inpeding m/mt 0.97
Movenent Capacity

00
97

or

Result for 2 stage process:
a

Ct
Probability of Queue free St. 1.00

Step 4. LT fromMnor St. 7

10

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 2 - Second Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows 617
Potential Capacity 435
Pedestrian | npedance Factor 1.00
Maj . L, n T | npedance factor

Maj. L, Mn T Adj. Inp Factor.

Cap. Adj. factor due to Inpeding m/mt 0.97
Movenent Capacity 422

coor

Results for Two-stage process:
a

Y
Ct 422

Wor ksheet 8- Shared Lane Cal cul ations

Movenent 7 8 9 10
L T R L

Vol une (vph) 64
Movenent Capacity (vph) 422 894
Shared Lane Capacity (vph) 720

Wor ksheet 9- Conputation of Effect of Flared Mnor Street Approaches

Movenent 7 8 9 10
L T R L

11 12
T

C sep 422 894
Vol une 64

Del ay 15.0 10. 4
Q sep 0.27 0.68
Q sep +1 1.27 1.68
round (Qsep +1) 1 2

n max 2
C sh 720
SUM C sep 1140
n

C act 1140

Worksheet 10-Del ay, Queue Length, and Level of Service

Movenent 1 4 7 8 9 10
Lane Config LT LR

11 12

v (vph) 26

o(m (vph) 896 1140
vic 0.03 0.26
95% queue | ength 0.09 1. 05
Control Delay 9.1 11. 4
LCs A B
Approach Del ay 11. 4
Approach LOS B

Wor ksheet 11- Shared Major LT | npedance and Del ay

Movenent 2

Mvenent 5

Vol une for stream2 or 5 141
Vol une for stream3 or 6 0

Saturation flow rate for stream2 or 5 1700
Saturation flow rate for stream3 or 6 1700

wo<<T

MLT), Delay for stream1 or 4 9
Nunber of major street through | anes 1
(rank, 1) Delay for stream2 or 0

azay

1.00




HCS+: Unsignalized Intersections Rel ease 5.2

TWO- WAY STOP CONTROL SUMVARY.

Anal yst : M Raso

Agency/ Co. : Dur hant York Waste Study

Date Performed: 01/ 05/ 2009

Anal ysis Tine Period: PM

I ntersection: Courtice Rd. & Hwy 401 N Ranps

Juri sdiction:

Units: U S. Customary

Anal ysi's Year:

Project ID: No Energy Park Scenario
East/\West Street: Hwy 401 E-N'S
North/ South Street: Courtice Rd.
Intersection Orientation: NS Study period (hrs): 1.00

Vehi cl e Vol unes and Adj ust nents

Maj or Street: Approach Nor t hbound Sout hbound
Movenent 1 2 3 | 4 5 [

L T R | L T R
Vol une 110 679 214 145
Peak- Hour Factor, PHF 1.00 1.00 1.00 1.00
Hourly Flow Rate, HFR 110 679 214 145
Percent Heavy Vehicles -- -- --
Medi an Type/ St or age Lhdl Vi ded !
RT Channel i zed?
Lanes 0 1 1 0
Configuration LT TR
Upst ream Si gnal ? No No
Mnor Street: Approach Vést bound East bound

Movement 7 8 9 | 10 11

L T R | L T R
Vol une 16 226
Peak Hour Factor, PHF 1.00 1.00
Hourly Flow Rate, HFR 16 226
Percent Heavy Vehicles 42 4
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage Yes 12 !
Lanes 0 0
Configuration LR

Del ay, Queue Length, and Level of Service

Approach NB SB Weést bound East bound
Movenent 1 4 | 7 8 9 | 10 11 12
Lane Config LT | LR |

v (vph) 110 242

o(m (vph) 1211 480

vic 0.09 0.50

95% queue | ength 0.30 2.98

Control Delay 8.3 21.8

LCs A [}

Approach Del ay 21.8

Approach LOS (%}

HCS+: Unsignalized Intersections Rel ease 5.2

Phone: Fax:
E-Mai | :

TWO- WAY STOP CONTROL(TWSC) ANALYSI S

Anal yst : M Raso

Agency/ Co. : Dur hanf York Waste Study

Dat e Performed: 01/ 05/ 2009

Anal ysis Tine Period: PM

I ntersection: Courtice Rd. & Hwy 401 N Ranps

Juri sdiction:

Units: U S. Customary

Anal ysi's Year: 2013

Project 1D No Energy Park Scenarlo
East/West Street Hay 4 E-NS
Nort h/ South Street: Courtlce Rd.

Intersection Orientation: NS Study period (hrs): 1.00

Vehi cl e Vol unes and Adj ust nents
1 2 3 4

Maj or Street Mvenents 6

L T R L T R
Vol une 110 679 214 145
Peak- Hour Factor, PHF 1.00 1.00 1.00 1.00
Peak-15 M nute Vol ume 28 170 54 36
Hourly Flow Rate, HFR 110 679 214 145
Percent Heavy Vehicles 0 -- -- -- --
Medi an Type/ St or age Undi vi ded !
RT Channel i zed?
Lanes 0 1 1 0
Configuration LT TR
Upst ream Si gnal ? No No
Mnor Street Mvenents 7 8 9 10 11 12

L T R L T R
Vol une 16 226
Peak Hour Factor, PHF 1.00 1.00
Peak-15 M nute Vol ume 4 56
Hourly Flow Rate, HFR 16 226
Percent Heavy Vehicles 42 4
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage Yes 12 !
RT Channel i zed?
Lanes 0 0
Configuration LR
________ Pedestrian Vol umes and Adjustments__
Movenent s 13 14 15 16
Fl ow (ped/ hr) 0 0 0 0
Lane Wdth (ft 12.0 12.0 12.0 12.0
Wal ki ng Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Bl ockage 0 0 0 0

Upstream Si gnal Data

Prog. Sat Arrival Geen Cycle Prog. Di st ance
Fl ow Flow Type Ti me Length Speed to Signal
vph vph sec sec nph feet
S2 Left-Turn
Through
S5 Left-Turn
Thr ough

Wor ksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Moverent 2 Moverent 5

Shared I'n volune, major th vehicles: 679
Shared I n volune, major rt vehicles: 0
Sat flow rate, major th vehicles: 1700
Sat flow rate, mejor rt vehicles: 1700
Nunber of major street through |anes: 1

Wrksheet 4-Critical Gap and Followup Tine Cal cul ation

Critical Gap Calcul ation
1 4

Movenent 7 8 9 10 11 12
L L L T R L T R
t(c, base) 4.1 7.1 6.2
t(c, hv) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P( hv) 0 42 4
t(c,Qq) 0.20 0.20 0.10 0.20 0.20 0.10
G ade/ 100 0.00 0.00 0. 00 0. 00 0.00 0. 00
t(3,1t) 0. 00 0.70 0. 00
t(c,T): 1-stage 0.00 0.00 0.00 0.00 0. 00 0. 00 0. 00 0. 00
2-stage 0.00 0.00 1.00 1.00 0. 00 1.00 1.00 0. 00
t(c) 1-stage 4.1 6.8 6.2
2-stage
Follow Up Tine Cal cul ations
Movenent 4 7 8 9 10 11 12
L L T R L T R
t(f, base) 2.20 3.50 3.30
t(f, HV) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0. 90
P( HV) 0 42 4
t(f) 2.2 3.9 3.3

Wor ksheet 5-Effect of Upstream Signals

Conput ati on 1-Queue C earance Tine at Upstream Signal

vement 2 Movenent 5
V(t) V(I,prot) V(t) (I, prot)
V prog
Total Saturation Flow Rate, s (vph)
Arrival Type

Effective Green, g (sec)

Cycle Length, C (sec)

Rp (from Exhibit 16-11)

Proportion vehicles arriving on green P

g(ql)

9(q2)

g(a)

Conputation 2-Proportion of TWBC Intersection Tine blocked

Movenent 2 Mvenent 5
V(t) V(I,prot) V(t) V(I, prot)

al pha

beta

Travel tinme, t(a) (sec)

Snoot hi ng Factor, F

Proportion of conflicting flow, f
Max platooned flow, V(c,nmax)

M n pl at ooned flow, V(c, nin)
Duration of blocked period, t(p)

Proportion time bl ocked, p 0. 000 0. 000
Conput ation 3-Platoon Event Periods Resul t
p(2) 0.000
p(5) 0. 000

( dof
p(subo)
Constrained or unconstrained?
Proportion
unbl ocked (1) 2) (3)
for minor Si ngl e- st age Two- Stage Process
novenents, p(x) Process Stage | Stage ||
p(1)
p(4)
p(7)
p(8)
p(9)
p(10)
p(11)
p(12)
Conputation 4 and 5
Si ngl e- St age Process
Movenent 1 4 7 8 9 10 11 12

L L L T R L T R
V¢, x 359 1185 679
s
Px
Voc,u,x
Cr,x
C plat, x
Two- St age Process
8 10 11
Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage2

V(c, x)
s 1500
P(x)
V(c, u, x)
qr, x)
C(pl at, x)
Wor ksheet 6-1 npedance and Capacity Equations
Step 1. RT fromMnor St. 9 12
Conflicting Flows 679
Potential Capacity 448
Pedestrian | npedance Fact or 1.00 1.00
Movenent Capaci t 448
Probability of Qjeue free St. 0.50 1. 00
Step 2: LT from Major St. 4 1
Conflicting Flows 359
Potential Capacity 1211
Pedestrian | npedance Factor 1.00 1. 00
Movenent Capacity 1211
Probability of Queue free St. 1.00 0.91
Maj L-Shared Prob Q free St. 0.85
Step 3: TH fromMnor St. 8 11
Conflicting Flows
Potential Capacity
Pedestrian | npedance Factor 1.00 1.00
Cap. Adj. factor due to Inpeding m/mt 0.85 0.85



Movenent Capacity

Probability of Queue free St. 1.00 1.00
Step 4. LT fromMnor St. 7 10
Conflicting Flows 1185

Potential Capacity 174

Pedestrian | npedance Factor 1.00 1.00
Maj. L, Mn T Inpedance factor 0.85
Maj. L, Mn T Adj. Inp Factor. 0.88
Cap. Adj. factor due to Inpeding nvmt 0.91 0.44
Movenent Capacity 158

Wor ksheet 7-Conputation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Mnor St. 8

11

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Probability of Queue free St.

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor

Cap. j. factor due to Inpeding m/mt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor 1.00
Cap. Adj. factor due to Inpeding m/mt 0. 85
Movenent Capacity

00
85

or

Result for 2 stage process:
a

Ct
Probability of Queue free St. 1.00

Step 4. LT fromMnor St. 7

10

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 2 - Second Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows 1185
Potential Capacity 174

Pedestrian | npedance Factor 1.00
Maj . L, n T | npedance factor

Maj. L, Mn T Adj. Inp Factor.

Cap. Adj. factor due to Inpeding m/mt 0.91
Movenent Capacity 158

coor

Results for Two-stage process:
a

Y
Ct 158

Wor ksheet 8- Shared Lane Cal cul ations

Movenent 7 8 9 10
L T R L

Vol une (vph) 16
Movenent Capacity (vph) 158 448
Shared Lane Capacity (vph) 400

Wor ksheet 9- Conputation of Effect of Flared Mnor Street Approaches

Movenent 7 8 9 10
L T R L

11 12
T

C sep 158 448
Vol une 16

Del ay 30.3 21.1
Q sep 0.13 1.33
Q sep +1 1.13 2.33
round (Qsep +1) 1 2

n max 2
C sh 400
SUM C sep 480
n 2

C act 480

Worksheet 10-Del ay, Queue Length, and Level of Service

Movenent 1 4 7 8 9 10
Lane Config LT LR

11 12

v (vph) 110 242
o(m (vph) 1211 480
vic 0.09 0.50
95% queue | ength 0.30 2.98
Control Delay 8.3 21.8
LCs A [}
Approach Del ay 21.8
Approach LOS C

Wor ksheet 11- Shared Major LT | npedance and Del ay

Movenent 2

Mvenent 5

0.91
Vol une for stream2 or 5 679
Vol une for stream3 or 6 0
Saturation flow rate for stream2 or 5 1700
Saturation flow rate for stream3 or 6 1700

wo<<T

MLT), Delay for stream1 or 4 8.3
Nunber of major street through | anes 1
(rank, 1) Delay for stream2 or 1

azay

1.00




HCS+:

Anal yst :

Agency/ Co. :

Date Performed:

Anal ysis Tine Period:
Intersection:

Juri sdiction:

Units: U S Metric
Anal ysis Year:

Project |

East/\Wst Street:
North/ South Street:
Intersection Orientati

Unsi gnal i zed Intersections Rel ease 5.2

TWO- WAY STOP CONTROL SUMVARY.

M Raso
Dur hant York Waste Study
01/ 05/ 2009

AM
Courtice Rd. & Hwy 401 S Ranps

2012 (construction)

Hw 401 WN S

Courtice Rd.

on: NS Study period (hrs): 0.25

Vehi cl e Vol unes and Adj ust nents

Maj or Street: Approach Nor t hbound Sout hbound

Movenent 1 2 | 4 5 [

L T R | L T R

Vol une 4 2 19 118 14 168
Peak- Hour Factor, PHF 0. 95 0.95 0.95 0. 95 0. 95 0.95
Hourly Flow Rate, HFR 4 2 20 124 14 176
Percent Heavy Vehicles 0 -- -- 8 -- --
Medi an Type/ St or age Undi vi ded !
RT Channel i zed?
Lanes 0 1 0 0 1 1
Configuration LTR LT
Upst ream Si gnal ? No No
Mnor Street: Approach Vést bound East bound

Movement 7 8 9 | 10 11 2

L T R | L T R

Vol une 3 11 3 130 144 12
Peak Hour Factor, PHF 0.95 0.95 0.95 0.95 0. 95 0.95
Hourly Flow Rate, HFR 3 11 3 136 151 12
Percent Heavy Vehicles 17 0 0 8 0
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage ! No !
Lanes 0 1 1 0 2 0
Configuration LT R LT TR

Del ay, Queue Length, and Level of Service
NB SB Ve

Approach st bound East bound
Movenent 1 8 9 | 10 12
Lane Config LTR LT | LT R | LT TR
vV _(vph) 7 124 14 3 211 87
o(m (vph) 1396 1555 435 1074 588 609
vic 0.00 0.08 0.03 0. 00 0.36 0.14
95% queue | ength 0.01 0.26 0.10 0.01 1.62 0.50
Control Delay 7.6 7.5 13.6 8.4 14.5 11.9
LCs A A B A B B
Approach Del ay 12.6 13.7
Approach LOS B B

HCS+: Unsignalized Intersections Rel ease 5.2
Phone: Fax:
E-Mai | :

TWO- VAY STOP CONTROL( TWSC) ANALYSI S

Anal yst : M Raso
Agency/ Co. : Dur hanf York Waste Study

Dat e Performed:

Anal ysis Tine Period:
Intersection:

Juri sdiction:

Units: U S Metric
Anal ysi's Year:

Proj ect |D;

East/West Street:

01/ 05/ 2009
AM
Courtice Rd. & Hwy 401 S Ranps

2012 (construction)
Hw 401 WN S

North/ South Street: Courtice Rd.
Intersection Orientation: NS Study period (hrs): 0.25
________ Vehicle Volunes and Adjustnments___
Maj or Street Mvenents 1 2 3 4 6
T R L T R

Vol une 4 2 19 118 14 168
Peak- Hour Factor, PHF 0.95 0.95 0. 95 0. 95 0. 95 0. 95
Peak-15 M nute Vol ume 1 1 5 31 4 44
Hourly Flow Rate, HFR 4 2 20 124 14 176
Percent Heavy Vehicles 0 -- -- -- --
Medi an Type/ St or age Undi vi ded !
RT Channel i zed? No
Lanes 0 1 0 0 1 1
Configuration LTR LT R
Upst ream Si gnal ? No No
Mnor Street Movements 7 8 9 10 11 12

L T R L T R
Vol une 3 130 144 12
Peak Hour Factor, PHF 0.95 0.95 0. 95 0. 95 0. 95 0. 95
Peak-15 M nute Vol une 3 1 34 38
Hourly Flow Rate, HFR 3 11 3 136 151 12
Percent Heavy Vehicles 17 0 0 8 0 0
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage ! No !
RT Channel i zed Yes
Lanes 0 1 1 0o 2 0
Configuration LT R LT TR

Movenent s

Pedestrian Vol umes and Adj ustnents
3 4 5 6

Fl ow (ped/ hr)

Lane Wdth

Wal ki ng Speed (nfsec)
Percent Bl ockage

orwol
No
orwol
No
orwol
No
orwol
No

Upstream Si gnal Data

Sat Arrival Geen Cycle Prog. Di st ance
Flow Type Ti me Length Speed to Signal
vph sec sec kph neters

Prog.
Fl ow
vph
S2 Left-Turn
Through
S5 Left-Turn
Thr ough

Wor ksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Moverent 2 Moverent 5
Shared I'n volune, major th vehicles: 2 14
Shared I n volune, major rt vehicles: 20 0
Sat flow rate, major th vehicles: 1700 1700
Sat flow rate, mejor rt vehicles: 1700 1700
Nunber of major street through |anes: 1 1

Wrksheet 4-Critical Gap and Followup Tine Cal cul ation

Critical Gap Calcul ation
1 4

Movenent 7 8 9 10 11 12
L L L T R L T R
t(c, base) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
t(c, hv) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P( hv) 0 8 17 0 0 8 0 0
t(c,Qq) 0.20 0.20 0.10 0.20 0.20 0.10
G ade/ 100 0.00 0.00 0. 00 0. 00 0.00 0. 00
t(3,1t) 0.00 0.00 0.00 0.00 0. 00 0. 00 0.00 0. 00
t(c,T): 1-stage 0.00 0.00 0.00 0.00 0. 00 0. 00 0. 00 0. 00
2-stage 0.00 0.00 1.00 1.00 0. 00 1.00 1.00 0. 00
t(c) 1-stage 4.1 4.2 7.3 6.5 6.2 7.2 6.5 6.2
2-stage
Follow Up Tine Cal cul ations
Movenent 4 7 8 9 10 11 12
L L L T R L T R
t(f, base) 2.20 2.20 3.50 4.00 3.30 3.50 4.00 3.30
t(f, HV) 0.90 0.90 0.90 0.90 0.90 0. 90 0.90 0. 90
P( HV) 0 8 17 0 0 8 0 0
t(f) 2.2 2.3 3.7 4.0 3.3 3.6 4.0 3.3

Wor ksheet 5-Effect of Upstream Signals

Conput ati on 1-Queue C earance Tine at Upstream Signal
vement 2 Movenent 5
V(t) V(I,prot) V(t) (I, prot)

V prog

Total Saturation Flow Rate, s (vph)
Arrival Type

Effective Green, g (sec)

Cycle Length, C (sec)

Rp (from Exhibit 16-11)

Proportion vehicles arriving on green P

g(ql)

9(q2)

g(a)

Conputation 2-Proportion of TWBC Intersection Tine blocked

Movenent 2 Mvenent 5
V(t) V(I,prot) V(t) V(I, prot)

al pha

beta

Travel tinme, t(a) (sec)

Snoot hi ng Factor, F

Proportion of conflicting flow, f

Max platooned flow, V(c,nmax)

M n pl at ooned flow, V(c, nin)

Duration of blocked period, t(p)

Proportion time bl ocked, p 0. 000 0. 000

Conput ation 3-Platoon Event Periods Resul t

p(2) 0. 000
p(5) 0. 000

p(subo)
Constrained or unconstrained?

Proportion
unbl ocked (1) 2) (3)
for minor Si ngl e- st age Two- St age Process
nmovenents, p(x) Process Stage | Stage |1

p(1)
p(4)

Conputation 4 and 5
Si ngl e- St age Process

Movenent 1 4 7 8 9 10 11 12
L L L T R T R
c, X 190 22 452 458 12 288 292 14

B3
lat, x

-~

2 0o <po<
8 o

=

x

- Stage Process

8 10 11
Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage2

V(c, x)
s 1500 1500 1500 1500

P(x)
V(c, u, x)

qr,x)
C(pl at, x)

Wor ksheet 6-1 npedance and Capacity Equations

Step 1. RT fromMnor St. 9 12
Conflicting Flows 12 14
Potential Capacity 1074 1072
Pedestrian | npedance Fact or 1.00 1.00
Movenent Capaci t 1074 1072
Probability of Qjeue free St. 1.00 0.99
Step 2: LT from Major St. 4 1
Conflicting Flows 22 190
Potential Capacity 1555 1396
Pedestrian | npedance Factor 1.00 1. 00
Movenent Capacity 1555 1396
Probability of Queue free St. 0.92 1. 00
Maj L-Shared Prob Q free St. 0.92 1.00
Step 3: TH fromMnor St. 8 11
Conflicting Flows 458 292
Potential Capacity 502 622
Pedestrian | npedance Factor 1.00 1.00

Cap. Adj. factor due to Inpeding m/mt 0.92 0.92



Movenent Capacity 460 570
Probability of Queue free St. 0.98 0.74
Step 4. LT fromMnor St. 7 10
Conflicting Flows 452 288
Potential Capacity 493 652
Pedestrian | npedance Factor 1.00 1.00
Maj. L, Mn T Inpedance factor 0.67 0.89
M. L, Mn T Adj. Inp Factor. 0.75 0.92
Cap. Adj. factor due to Inpeding nvmt 0.74 0.92
Movenent Capacity 364 598

Wor ksheet 7-Conputation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Mnor St. 8

11

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Probability of Queue free St.

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor

Cap. j. factor due to Inpeding m/mt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding m/mt
Movenent Capacity

Result for 2 stage process:
a

460

Ct
Probability of Queue free St. 0.98

570
0.74

Step 4. LT fromMnor St. 7

10

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 2 - Second Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor

Maj . L, n T | npedance factor

Maj. L, Mn T Adj. Inp Factor.

Cap. Adj. factor due to Inpeding m/mt
Movenent Capacity

Results for Two-stage process:
a

Y
Ct 364

598

Wor ksheet 8- Shared Lane Cal cul ations

Movenent 7 8 9 10
L T R L

11 12

11 3 136
364 460 1074 598
435 588

Vol une (vph) 3
Movenent Capacity (vph)
Shared Lane Capacity (vph)

151 12
570 1072
609

Wor ksheet 9- Conputation of Effect of

Flared M nor Street Approaches

Movenent 7 8 9 10
L T R L

11 12
T

598
136

C sep

Vol une

Del ay

Q sep

Q sep +1

round (Qsep +1)

364 460 1074
3 11 3

570

1072
151 12

n max

C sh 435 588
SUM C sep

n

C act

609

Worksheet 10-Del ay, Queue Length, and Level of Service

8 9 10

Movenent 1 4 7
LTR LT LT R LT

Lane Config

11 12

4 124 14
o(m (vph) 1396 1555
vic 0.00 0.08
95% queue | ength 0.01 0. 26
Control Delay 7.6 7.5
LCs A A B A
Approach Del ay 12.6
Approach LOS B

v (vph)

Wor ksheet 11- Shared Major LT | npedance and Del ay

Movenent 2

Vol une for stream2 or 5
Vol une for stream3 or 6 20
Saturation flow rate for stream2 or 5
Saturation flow rate for stream3 or 6

wo<<T

MLT), Delay for stream1 or 4
Nunber of major street through | anes
(rank, 1) Delay for stream2 or

azay




HCS+:

Anal yst :

Agency/ Co. :

Date Performed:

Anal ysis Tine Period:
Intersection:

Juri sdiction:

Units: U S Metric
Anal ysis Year:

Project |

East/\Wst Street:
North/ South Street:
Intersection Orientati

Unsi gnal i zed Intersections Rel ease 5.2

TWO- WAY STOP CONTROL SUMVARY.

M Raso
Dur hant York Waste Study
06/ 25/ 2007

PM
Courtice Rd. & Hwy 401 S Ranps

2012 (construction)

Hw 401 WN S

Courtice Rd.

on: NS Study period (hrs): 0.25

Vehi cl e Vol unes and Adj ust nents

Maj or Street: Approach Nor t hbound Sout hbound
Movenent 1 2 | 4 5 [
L T R | L T R
Vol une 4 12 4 32 14 184
Peak- Hour Factor, PHF 0. 95 0.95 0.95 0. 95 0. 95 0.95
Hourly Flow Rate, HFR 4 12 4 33 14 193
Percent Heavy Vehicles 0 -- -- 7 -- --
Medi an Type/ St or age Undi vi ded !
RT Channel i zed?
Lanes 0 1 0 0 1 1
Configuration LTR LT
Upst ream Si gnal ? No No
Mnor Street: Approach Vést bound East bound
Movement 7 8 9 | 10 11 12
L T R | L T R
Vol une 1 27 132 644 3 7
Peak Hour Factor, PHF 0.95 0.95 0.95 0.95 0. 95 0.95
Hourly Flow Rate, HFR 1 28 138 677 35 7
Percent Heavy Vehicles 25 0 0 3 0 0
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage ! No !
Lanes 0 1 1 1 1 0
Configuration LT R L TR
_________ Del ay, Queue Length, and Level of Service_
Approach NB SB Weést bound East bound
Movenent 1 8 9 10 2
Lane Config LTR LT | LT R | L TR
vV _(vph) 7 33 29 138 677 47
o(m (vph) 1376 1569 606 1072 708 809
vic 0.00 0.02 0. 05 0.13 0. 96 0. 05
95% queue | ength 0.01 0.06 0.15 0.44 14.11 0.16
Control Delay 7.6 7.3 11.2 8.9 48.0 9.7
LCs A A B A E A
Approach Del ay 9.3 45.8
Approach LOS A E
HCS+: Unsignalized Intersections Rel ease 5.2
Phone: Fax:
E-Mai | :
TWO- VAY STOP CONTROL( TWSC) ANALYSI S
Anal yst : M Raso
Agency/ Co. : Dur hant York Waste Study
Dat e Performed: 06/ 25/ 2007
Anal ysis Tine Period: PM
I ntersection: Courtice Rd. & Hwy 401 S Ranps
Juri sdiction:
Units: U S Metric
Anal ysi's Year: 2012 (construction)
Proj ect |D;
East/West Street: Hwy 401 WN'S
North/ South Street: Courtice Rd.
Intersection Orientation: NS Study period (hrs): 0.25
________ Vehicle Volunes and Adjustnments___
Maj or Street Mvenents 1 2 3 4 6
T R L T R
Vol une 4 12 4 32 14 184
Peak- Hour Factor, PHF 0.95 0.95 0. 95 0. 95 0. 95 0. 95
Peak-15 M nute Vol ume 1 3 1 8 4 48
Hourly Flow Rate, HFR 4 12 4 33 14 193
Percent Heavy Vehicles 0 -- -- 7 -- --
Medi an Type/ St or age Undi vi ded !
RT Channel i zed? No
Lanes 0 1 0 0 1 1
Configuration LTR LT R
Upst ream Si gnal ? No No
Mnor Street Movements 7 8 9 10 11 12
L T R L T R
Vol une 1 27 132 644 34 7
Peak Hour Factor, PHF 0.95 0.95 0. 95 0. 95 0. 95 0. 95
Peak-15 M nute Vol une 0 7 35 169 9 2
Hourly Flow Rate, HFR 1 28 138 677 35 7
Percent Heavy Vehicles 25 0 0 3 0 0
Percent Grade (% 0 0
Fl ared Approach: Exists?/ Storage ! No !
RT Channel i zed Yes
Lanes 0 1 1 1 1 0
Configuration LT R L TR

Movenent s

Pedestrian Vol umes and Adj ustnents
3 4 5 6

Fl ow (ped/ hr)

Lane Wdth

Wal ki ng Speed (nfsec)
Percent Bl ockage

orwol
No

orwol
No

orwol
No

Upstream Si gnal Data

Sat Arrival Geen Cycle Prog. Di st ance
Flow Type Ti me Length Speed to Signal
vph sec sec kph neters

Prog.
Fl ow
vph
S2 Left-Turn
Through
S5 Left-Turn
Thr ough

Wor ksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Moverent 2 Moverent 5
Shared I'n volune, major th vehicles: 12 14
Shared I n volune, major rt vehicles: 4 0
Sat flow rate, major th vehicles: 1900 1900
Sat flow rate, mejor rt vehicles: 1700 1900
Nunber of major street through |anes: 1 1

Wrksheet 4-Critical Gap and Followup Tine Cal cul ation

Critical Gap Calcul ation
1 4

Movenent 7 8 9 10 11 12
L L L T R L T R
t(c, base) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
t(c, hv) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P( hv) 0 7 25 0 0 3 0 0
t(c,Qq) 0.20 0.20 0.10 0.20 0.20 0.10
G ade/ 100 0.00 0.00 0. 00 0. 00 0.00 0. 00
t(3,1t) 0.00 0.00 0.00 0.00 0. 00 0. 00 0.00 0. 00
t(c,T): 1-stage 0.00 0.00 0.00 0.00 0. 00 0. 00 0. 00 0. 00
2-stage 0.00 0.00 1.00 1.00 0. 00 1.00 1.00 0. 00
t(c) 1-stage 4.1 4.2 7.3 6.5 6.2 7.1 6.5 6.2
2-stage
Follow Up Tine Cal cul ations
Movenent 4 7 8 9 10 11 12
L L L T R L T R
t(f, base) 2.20 2.20 3.50 4.00 3.30 3.50 4.00 3.30
t(f, HV) 0.90 0.90 0.90 0.90 0.90 0. 90 0.90 0. 90
P( HV) 0 7 25 0 0 3 0 0
t(f) 2.2 2.3 3.7 4.0 3.3 3.5 4.0 3.3

Wor ksheet 5-Effect of Upstream Signals

Conput ati on 1-Queue C earance Tine at Upstream Signal
vement 2 Movenent 5
V(t) V(I,prot) V(t) (I, prot)

V prog

Total Saturation Flow Rate, s (vph)
Arrival Type

Effective Green, g (sec)

Cycle Length, C (sec)

Rp (from Exhibit 16-11)

Proportion vehicles arriving on green P

g(ql)

9(q2)

g(a)

Conputation 2-Proportion of TWBC Intersection Tine blocked

Movenent 2 Mvenent 5
V(t) V(I,prot) V(t) V(I, prot)

al pha

beta

Travel tinme, t(a) (sec)

Snoot hi ng Factor, F

Proportion of conflicting flow, f

Max platooned flow, V(c,nmax)

M n pl at ooned flow, V(c, nin)

Duration of blocked period, t(p)

Proportion time bl ocked, p 0. 000 0. 000

Conput ation 3-Platoon Event Periods Resul t

p(2) 0. 000
p(5) 0. 000

p(subo)
Constrained or unconstrained?

Proportion
unbl ocked (1) 2) (3)
for minor Si ngl e- st age Two- St age Process
nmovenents, p(x) Process Stage | Stage |1

p(1)
p(4)

Conputation 4 and 5
Si ngl e- St age Process

Movenent 1 4 7 8 9 10 11 12
L L L T R T R
c, X 207 16 220 295 14 116 104 14

B3
lat, x

-~

2 0o <po<
8 o

=

x

- Stage Process

8 10 11
Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage2

V(c, x)
s 1500 1500 1500 1500

P(x)
V(c, u, x)

qr,x)
C(pl at, x)

Wor ksheet 6-1 npedance and Capacity Equations

Step 1. RT fromMnor St. 9 12
Conflicting Flows 14 14
Potential Capacity 1072 1072
Pedestrian | npedance Fact or 1.00 1.00
Movenent Capaci t 1072 1072
Probability of Qjeue free St. 0.87 0.99
Step 2: LT from Major St. 4 1
Conflicting Flows 16 207
Potential Capacity 1569 1376
Pedestrian | npedance Factor 1.00 1. 00
Movenent Capacity 1569 1376
Probability of Queue free St. 0.98 1. 00
Maj L-Shared Prob Q free St. 0.98 1.00
Step 3: TH fromMnor St. 8 11
Conflicting Flows 295 104
Potential Capacity 620 790
Pedestrian | npedance Factor 1.00 1.00

Cap. Adj. factor due to Inpeding m/mt 0.98 0.98



Movenent Capacity 605 771
Probability of Queue free St. 0.95 0.95
Step 4. LT fromMnor St. 7 10
Conflicting Flows 220 116
Potential Capacity 690 858
Pedestrian | npedance Factor 1.00 1.00
Maj. L, Mn T Inpedance factor 0.93 0.93
M. L, Mn T Adj. Inp Factor. 0. 95 0. 95
Cap. Adj. factor due to Inpeding nvmt 0.94 0.83
Movenent Capacity 650 708

Wor ksheet 7-Conputation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Mnor St. 8

11

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Probability of Queue free St.

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian | npedance Factor

Cap. j. factor due to Inpeding m/mt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows 295
Potential Capacity 620
Pedestrian | npedance Factor 1.00
Cap. Adj. factor due to Inpeding m/mt 0.98
Movenent Capacity 605

Result for 2 stage process:
a

Ct 605
Probability of Queue free St. 0.95

771
0.95

Step 4. LT fromMnor St. 7

10

Part 1 - First Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 2 - Second Stage

Conflicting Fl ows

Potential Capacity

Pedestrian | npedance Factor

Cap. Adj. factor due to Inpeding nvmt
Movenent Capacity

Part 3 - Single Stage

Conflicting Flows 220
Potential Capacity 690
Pedestrian | npedance Factor 1.00
Maj. L, Mn T Inpedance factor 0.93
Maj. L, Mn T Adj. Inp Factor. 0.95
Cap. Adj. factor due to Inpeding m/mt 0.94
Movenent Capacity 650

Results for Two-stage process:
a

Y
Ct 650

708

Wor ksheet 8- Shared Lane Cal cul ations

Movenent 7 8 9 10
L T R L

11

Vol une (vph) 1 28 138 677
Movenent Capacity (vph) 650 605 1072 708
Shared Lane Capacity (vph) 606

35
771

7
1072
809

Wor ksheet 9- Conputation of Effect of Flared Mnor Street Approaches

Movenent 7 8 9 10
L T R L

11
T

12

C sep 650 605 1072 708
Vol une 1 28 138 677
Del ay

Q sep

Q sep +1

round (Qsep +1)

771
35

1072
7

n max

C sh 606
SUM C sep

n

C act

809

Worksheet 10-Del ay, Queue Length, and Level of Service

Movenent 1 4 7 8 9 10
Lane Config LTR LT LT R

11

12
TR

vV _(vph) 7 33 29 138 677
o(m (vph) 1376 1569 606 1072 708
vic 0.00 0.02 0. 05 0.13 0. 96
95% queue | ength 0.01 0.06 0.15 0.44 14.11
Control Delay 7.6 7.3 11.2 8.9 48.0
LCs A A B E
Approach Del ay 9.3

Approach LOS A

42
809

0.16
9.7

Wor ksheet 11- Shared Major LT | npedance and Del ay

Movenent 2

Mvenent 5

Vol une for stream2 or 5 12
Vol une for stream3 or 6 4
Saturation flow rate for stream2 or 5 1900
Saturation flow rate for stream3 or 6 1700

wo<<T

MLT), Delay for stream1 or 4 7.6
Nunber of major street through | anes 1
(rank, 1) Delay for stream2 or 5 0.0

azay






