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116" Street NE Interchange 2040 Analysis Update

1. PROJECT IDENTIFICATION

The initial analysis of the improvement for the 116™ Street NE at Interstate-5 interchange was
performed out to the year 2030. This report serves as a supplement to extend the analysis of the
interchange to the year 2040 and update the accident analysis.

2. METHODOLOGY

The analysis in this report has been performed for the year 2040 using the same set of
assumptions used in the original analysis of the interchange project. The analysis has been
performed without the Single Point Urban Interchange (SPUI) and Quil Ceda Boulevard
Extension and with these improvements.

The 2040 turning movements have been calculated by applying a 1% annually compounded
growth rate to the 2030 volumes included in the original analysis. The use of this growth rate is
consistent with the initial analysis of the interchange improvement. The 2040 volumes without
the SPUI and Quil Ceda Boulevard Extension are shown in Figure 1 and the 2040 volumes with
the SPUI and Quil Ceda Boulevard Extension are shown in Figure 2.

The analysis has been performed using the Synchro 6.0, Build 614 software. Congestion at
intersections is generally measured in terms of level of service (LOS). In accordance with the
2000 Highway Capacity Manual (HCM), road facilities and intersections are rated between LOS
A and LOS F, with LOS A being free flow and LOS F being forced flow or over-capacity
conditions. The level of service at signalized, roundabout and all-way stop-controlled
intersections is based on the average delay of all approaches. The level of service for two-way
stop-controlled intersections is based on average delays for the critical stopped approach.
Geometric characteristics and conflicting traffic movements are taken into consideration when
determining level of service values. A summary of the intersection level of service criteria is
included in Table 1.
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116" Street NE Interchange 2040 Analysis Update

Table 1: Level of Service Criteria for Intersections

Intersection Control Delay
Level of 1 Expected (Seconds per Vehicle)
Service Delay Unsignalized Signalized

Intersections Intersections
A Little/No Delay <10 <10
B Short Delays >10 and <15 >10 and <20
C Average Delays >15 and <25 >20 and <35
D Long Delays >25 and <35 >35 and <55
E Very Long Delays >35 and <50 >55 and <80
F Extreme Delays? >50 >80

The queue lengths at the intersections are based on the 95" Percentile queue lengths calculated
by the Synchro software.

1 Source: Highway Capacity Manual 2000.

LOS A: Free-flow traffic conditions, with minimal delay to stopped vehicles (no vehicle is delayed longer
than one cycle at signalized intersection).

LOS B: Generally stable traffic flow conditions.

LOS C: Occasional back-ups may develop, but delay to vehicles is short term and still tolerable.

LOS D: During short periods of the peak hour, delays to approaching vehicles may be substantial but are
tolerable during times of less demand (i.e. vehicles delayed one cycle or less at signal).

LOS E: Intersections operate at or near capacity, with long queues developing on all approaches and long
delays.

LOS F: Jammed conditions on all approaches with excessively long delays and vehicles unable to move at
times.

2 When demand volume exceeds the capacity of the lane, extreme delays will be encountered with queuing which
may cause severe congestion affecting other traffic movements in the intersection.

Gibson Traffic Consultants September 2009
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3. INTERCHANGE ANALYSIS

3.1 Level of Service Analysis

The 2040 No Build alternative is based on the same assumptions used for the previous 2009 No
Build and 2030 No Build analysis. The 2040 Build analysis includes the Quil Ceda Boulevard
Extension and the interchange improvements. The level of service results of the 2040 analysis is
summarized in Table 2.

Table 2: Intersection Level of Service Summary

. 2040 No Build 2040 Build
Intersection Traffic Dol i
Control elay elay
LOS | seciven) | OS5 | (seciven)
116" Street NE @ All-Way
27" Avenue NE Stop C 23.9 C 15.4
116" Street NE @ _
Quil Ceda Boulevard Signal F 179.3 D 47.6
116" Street NE @ _
34" Avenue NE Signal F 437.8
116" Street NE @ _
I-5 Southbound Ramp Signal F 390.8 5 s
116" Street NE @ Sianal . y557 :
I-5 Northbound Ramp g :
116" Street NE @ _
State Avenue Signal F 204.7 F 193.4
Two-Way
88‘: Street NE @ Stop F 114.8 F 131.5
t
27" Avenue NE All-Way £ 39.7 c e
Stop

88" Street NE @ _
Quil Ceda Boulevard Signal C 24.4 C 31.1
88" Street NE @ _
-5 Southbound Ramp Signal E 60.0 C 27.7
88" Street NE @ _
I-5 Northbound Ramp Signal F 145.1 F 85.0
88" Street NE @ _
36" Street NE Signal E 57.4 E 60.9
88" Street NE @ _
State Avenue Signal F 214.9 F 221.7

The level of service analysis calculations are included in the attachments.

Gibson Traffic Consultants September 2009
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116" Street NE Interchange 2040 Analysis Update

The construction of the SPUI and Quil Ceda Boulevard Extension will significantly reduce the
delay at the 116™ Street NE Interchange. A comparison of the delay experienced at the
interchange under the 2030 and 2040 No Build and 2040 Build conditions is summarized in
Table 3.

Table 3: Interchange Delay Comparison

I-5 Southbound | 1-5 Northbound Total Total
. Ramps Ramps Interchange Interchange
Scenario
LOS Delay LOS Delay LOS Delay Delay
(sec/veh) (sec/veh) (sec/veh) (hr)
2030 No Build F 137.0 F 115.3 F 252.3 260.1
2030 Build C 30.2 29.9
2040 No Build F 390.8 F 255.7 F 646.5 757.5
2040 Build D 54.7 60.5

The construction of the SPUI and Quil Ceda Boulevard Extension will reduce the total delay at
the intersection by nearly 230 under the 2030 conditions and nearly 700 hours under the 2040
conditions during the PM peak-hour. The delay calculations are included in the attachments.

3.2 Queuing Analysis

The queuing analysis concentrated on the 116" Street NE corridor between Quil Ceda Boulevard
and through the I-5 Interchange. The queuing analysis shows that the eastbound and westbound
queue lengths along 116™ Street NE from Quil Ceda Boulevard through the I-5 Interchange will
all exceed the available storage lengths if no improvements are made. The queue lengths are
anticipated to spillover into the adjacent intersections.

The SPUI and Quil Ceda Boulevard extension will significantly reduce the queue lengths along
116" Street NE from Quil Ceda Boulevard through the SPUI will not spillover onto the adjacent
intersections.

4. COLLISION ANALYSIS

4.1 Collision Rate

The Washington State Department of Transportation (WSDOT) has provided the latest three-
year collision history (January 2006 through December 2008) for the ramps and mainline
influence area of the 116" Street NE Interchange (Mile Post 201.81 to 203.12). The data shows
the ramps, and influence area of the ramps, recorded 107 collisions, which resulted in 61 injuries
involving 204 vehicles. The collision information is summarized in Table 4.

Gibson Traffic Consultants September 2009
GTC #09-074 6



116" Street NE Interchange 2040 Analysis Update

Table 4: 116™ Street NE Interchange Collision Summary

Year Ot_hgr I nj.u_ry Tc_)tgl
Collisions Collisions Collisions
2006 18 14 32
2007 22 12 34
2008 29 12 41
Total 69 38 107

Approximately 50% of these collisions were rear-end accidents, systemic with the congestion
associated with the existing interchange area. The rear-end collision rate for Washington State is
only 27%. In addition, collisions at the 116™ Street NE Interchange have increased an average
of 13% annually in the last three year reporting period (2006 - 32 collisions, 2007 - 34 collisions,
2008 - 41 collisions). In the latest 3-year reporting period for the entire site, Washington State
highways have experienced an annual average decrease of 3%. The comparison of the collision
history at the 116™ Street NE Interchange versus the Washington State collision history is shown
in Figure 3.

Figure 3: Collision History - 116™ Street NE Interchange versus Washington State

11Gth Street NE Year
2006 2007 2008
135,000 : : 42
41
134,000 + 134,510 L 40
§ 133,000 + 132,349 §
7 - 388
§ 132,000 + 3
1 38
$ 131,000 1 34 E
E 130,000 + T 345
F
128.000 + 128,888 T 32+
a2
128,000 : : a0
2005 2006 2007
Statewlcle Year

=ii— Statewlde Collislons —o—118th Strast NE Interchangs

WSDOT is constructing center median barriers on I-5 due to the severity of some of these
collisions, but these barriers will not change the collision frequency on the 116™ Street NE
Interchange ramps and bridge. These barriers will only change the collisions along the I-5
mainline. A straight-line extrapolation of collision history to 2012 (the proposed opening year of

Gibson Traffic Consultants September 2009
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116" Street NE Interchange 2040 Analysis Update

a new 116" Street NE Interchange) indicates 60 collisions a year (or 1 every 6 days). With the
new 116" Street NE Interchange, congestion related rear-end collisions are anticipated to return
to pre-2000 levels, and be consistent with Washington State averages. The collisions in the year
2012 are projected to drop 50% to 60% with the SPUI and Quil Ceda Boulevard Extension, half
of which would be injury related accidents that are now avoided. The projection of collisions at
the 116™ Street NE Interchange is shown in Figure 4.

Figure 4: 116" Street NE Interchange Collision Projection

60 +

80 1

45 1

Collisions

38T

30 } } } } } }
2008 2007 2008 2008 2010 2011 2012
Year

== Colllslons —— Projected

The new 116™ Street NE Interchange would also significantly alter current and future scenarios
for ramp traffic backing-up onto I-5 mainline. The existing 116™ Street NE Interchange ramps
provide over a 1,000 feet of storage, but vehicles frequently back-up during the PM peak-hour
into I-5 northbound lanes. Back-ups carry through adjacent signals on either side of the
interchange and create severe bottlenecks, causing increased driver frustration and collision
potential on I-5 and on the local arterial system. These back-ups block driveways and increase
red light violations.  The forecasted peak queuing analysis without the interchange
improvements exceeds the link distances of the ramps, and indicates queues would back-up into
the adjacent arterial nearly 2,000 feet to the west and over 1,000 feet to the east.

This back-up onto the I-5 mainline is also concerning as it is the main truck route for commerce
on the West Coast. Over 46 million tons of freight moves daily through this section of I-5.
There is a large truck stop service business at the 116™ Street NE Interchange attracting higher
levels of truck exits than those simply dictated by local deliveries. The higher percentage of
trucks (8-10%) moving through the interchange can cause collisions to be more frequent as off-

Gibson Traffic Consultants September 2009
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ramp spillover queues extend to the mainline and trucks have more difficulty avoiding collisions.
This results in collisions that are more sever and cause longer delays for incident control.

4.2 Collision Costs

The collision cost savings with the SPUI and Quil Ceda Boulevard Extension were calculated
using data from the United States Office of the Secretary of Transportation. The cost savings of
reducing 1 fatality accident is $6,000,000 and the average cost savings of reducing 1 injury
accident is $345,000.

The improved 116™ Street NE Interchange is anticipated to reduce the number of collisions by
30, half of which are injury related accidents. This reduction of approximately 15 injury
accidents per year is a cost savings of $5,175,000. Over the 28 year lifespan (2012 to 2040) of
the improved 116" Street NE Interchange will result in a total collision cost savings of
$144,900,000. This savings does not account for the additional cost savings of fatality accidents
that would be avoided with the improved 116™ Street NE Interchange.

Gibson Traffic Consultants September 2009
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HCM Unsignalized Intersection Capacity Analysis

1: 116th Street NE & 27th Ave NE 2040 No Build
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations Ts iy b ul

Sign Control Stop Stop Stop

Volume (vph) 265 22 481 199 28 0

Peak Hour Factor 098 098 098 098 098 0.98

Hourly flow rate (vph) 270 22 491 203 29 0

Direction, Lane # EB1 WB1 NB1 NB2

Volume Total (vph) 293 694 29 0

Volume Left (vph) 0 491 29 0

Volume Right (vph) 22 0 0 0

Hadj (s) 0.02 0.19 0.53 0.00

Departure Headway (s) 4.8 4.5 7.3 6.7

Degree Utilization, x 0.39 0.87 0.06 0.00

Capacity (veh/h) 734 788 469 516

Control Delay (s) 10.8 30.0 9.5 8.5

Approach Delay (s) 10.8 30.0 9.5

Approach LOS B D A

Intersection Summary

Delay 23.9

HCM Level of Service C

Intersection Capacity Utilization 65.7% ICU Level of Service

Analysis Period (min) 15

116th Street NE Interchange - 2040 Analysis Update

Gibson Traffic Consultants, Inc. [BJL]

PM Peak-Hour
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HCM Unsignalized Intersection Capacity Analysis

7. 88th St NE & 27th Ave NE 2040 No Build
v St o2
Movement WBL WBR NBT NBR SBL SBT
Lane Configurations % ul Ts iy
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 232 155 254 376 188 210
Peak Hour Factor 0.97 097 097 097 097 0.97

Hourly flow rate (vph) 239 160
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None
Median storage veh)

Upstream signal (ft)

pX, platoon unblocked

262 388 194 216

vC, conflicting volume 1060 456 649
vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1060 456 649
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)

tF (s) 35 3.3 2.2
p0 queue free % 0 74 79
cM capacity (veh/h) 197 605 937
Direction, Lane # WB1 WB2 NB1 SB1
Volume Total 239 160 649 410
Volume Left 239 0 0 194
Volume Right 0 160 388 0

cSH 197 605 1700 937
Volume to Capacity 121 026 0.38 0.21

Queue Length 95th (ft) 312 26 0 19
Control Delay (s) 182.7 131 0.0 5.9

Lane LOS F B A
Approach Delay (s) 114.8 0.0 5.9
Approach LOS F

Intersection Summary

Average Delay 33.0

Intersection Capacity Utilization 80.7% ICU Level of Service
Analysis Period (min) 15

116th Street NE Interchange - 2040 Analysis Update

Gibson Traffic Consultants, Inc. [BJL]

PM Peak-Hour



HCM Unsignalized Intersection Capacity Analysis

7: 88th St NE & 27th Ave NE 2040 No Build
'O B IR

Movement WBL WBR NBT NBR SBL SBT

Lane Configurations % ul Ts iy

Sign Control Stop Stop Stop

Volume (vph) 232 155 254 376 188 210

Peak Hour Factor 0.97 097 097 097 097 0.97

Hourly flow rate (vph) 239 160 262 388 194 216

Direction, Lane # WB1 WB2 NB1 SB1

Volume Total (vph) 239 160 649 410

Volume Left (vph) 239 0 0 194

Volume Right (vph) 0 160 388 0

Hadj (s) 0.53 -0.67 -0.32 0.13

Departure Headway (s) 7.8 6.6 5.7 6.3

Degree Utilization, x 052 029 1.02 0.72

Capacity (veh/h) 453 533 639 557

Control Delay (s) 176 111 648 24.0

Approach Delay (s) 15.0 64.8 24.0

Approach LOS C F C

Intersection Summary

Delay 39.7

HCM Level of Service E

Intersection Capacity Utilization 80.7% ICU Level of Service

Analysis Period (min) 15

116th Street NE Interchange - 2040 Analysis Update

Gibson Traffic Consultants, Inc. [BJL]

PM Peak-Hour
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2040 Build Level of Service Calculations



HCM Unsignalized Intersection Capacity Analysis

1: 116th Street NE & 27th Ave NE 2040 Build
— N ¢ T N

Movement EBT EBR WBL WBT NBL NBR

Lane Configurations Ts % 4 b

Sign Control Stop Stop Stop

Volume (vph) 226 22 492 204 28 0

Peak Hour Factor 0.97 097 097 097 097 0.97

Hourly flow rate (vph) 233 23 507 210 29 0

Direction, Lane # EB1 WB1 WB2 NB1

Volume Total (vph) 256 507 210 29

Volume Left (vph) 0 507 0 29

Volume Right (vph) 23 0 0 0

Hadj (s) -0.02 053 0.03 0.23

Departure Headway (s) 4.7 53 4.8 6.1

Degree Utilization, x 0.34 0.75 0.28 0.05

Capacity (veh/h) 745 670 737 540

Control Delay (s) 10.1 21.3 8.5 9.5

Approach Delay (s) 10.1 175 9.5

Approach LOS B C A

Intersection Summary

Delay 15.4

HCM Level of Service C

Intersection Capacity Utilization 53.8% ICU Level of Service

Analysis Period (min) 15

116th Street NE Interchange - 2040 Analysis Update

Gibson Traffic Consultants, Inc. [BJL]

PM Peak Hour
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HCM Unsignalized Intersection Capacity Analysis

5: 88th St NE & 27th Ave NE 2040 Build
v St o2
Movement WBL WBR NBT NBR SBL SBT
Lane Configurations % ul Ts b 4
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 243 155 254 376 188 210
Peak Hour Factor 0.97 097 097 097 097 0.97

Hourly flow rate (vph) 251 160
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None
Median storage veh)

Upstream signal (ft)

pX, platoon unblocked

262 388 194 216

vC, conflicting volume 1060 456 649
vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 1060 456 649
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)

tF (s) 35 3.3 2.2
p0 queue free % 0 73 79
cM capacity (veh/h) 196 603 932
Direction, Lane # WB1 WB2 NB1 SB1 SB2
Volume Total 251 160 649 194 216
Volume Left 251 0 0 194 0
Volume Right 0 160 388 0 0
cSH 196 603 1700 932 1700
Volume to Capacity 128 0.27 0.38 0.21 0.13
Queue Length 95th (ft) 343 27 0 20 0
Control Delay (s) 207.0 131 0.0 9.9 0.0
Lane LOS F B A
Approach Delay (s) 1315 0.0 4.7
Approach LOS F

Intersection Summary

Average Delay 38.0

Intersection Capacity Utilization 70.3% ICU Level of Service
Analysis Period (min) 15

116th Street NE Interchange - 2040 Analysis Update

Gibson Traffic Consultants, Inc. [BJL]

PM Peak Hour



HCM Unsignalized Intersection Capacity Analysis

5: 88th St NE & 27th Ave NE 2040 Build
v St o2

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations % ul Ts b 4
Sign Control Stop Stop Stop
Volume (vph) 243 155 254 376 188 210
Peak Hour Factor 097 097 097 097 097 0.97
Hourly flow rate (vph) 251 160 262 388 194 216
Direction, Lane # WB1 WB2 NB1 SB1 SB?2
Volume Total (vph) 251 160 649 194 216
Volume Left (vph) 251 0 0 194 0
Volume Right (vph) 0 160 388 0 0

Hadj (s) 0.55 -0.65 -0.31 0.55 0.05

Departure Headway (s) 7.7 6.5
Degree Utilization, x 0.54 0.29

6.0 7.3 6.8
1.08 0.39 041

Capacity (veh/h) 458 540 602 483 518

Control Delay (s) 18.1 109 84.7 138 132

Approach Delay (s) 15.3 84.7 135

Approach LOS C F B

Intersection Summary

Delay 45.5

HCM Level of Service E

Intersection Capacity Utilization 70.3% ICU Level of Service
Analysis Period (min) 15

116th Street NE Interchange - 2040 Analysis Update

Gibson Traffic Consultants, Inc. [BJL]

PM Peak Hour
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Interchange Delay Calcualtions - 2040 Build

SPUI - Both Ramps

NB Left SB Left
Vol | Delay | Total | Vol [ Delay | Total
823 | 72.1 | 59338 243 39 9477
EB Left EB Through
Vol | Delay | Total | Vol [ Delay | Total
585 | 46.5 | 27203 | 1187 | 46.1 | 54721
WB Left WB Through
Vol | Delay | Total | Vol [ Delay | Total
569 82.3 | 46829 | 574 | 35.3 | 20262
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Total | Delay
Vol (hr)
3981 | 60.51




Collision Data
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