CE 5212 Transportation System Analysis (Spring 2004)
Homework 4B

Transportation Network Development System Analysis
Due on: April 27, 2004

The main objectives of this assignment are to help student

e learn to draw implications of alternative policies on transportation network

e understand transportation network development process, the influencing
factors and players

e learn transportation planning model (modeling process)

e understand current transportation infrastructure investment decision making
process

e learn and practice the method of system analysis

Statewide transportation plan is one of the major products generated out of the
federally-mandated transportation planning process. The transportation plan is a long
range (at least 20 years), multi-model future vision for the mobility of goods and
people. The plan considers factors that may affect or be affected by local and regional
transportation investments. Minnesota Department of Transportation (MnDOT) is the
agency holding responsibility for administrating state transportation budget. Currently,
MnDOT is drafting the 2004 to 2024 Minnesota Statewide Transportation Plan. In
preparation for the statewide transportation plan, MnDOT is developing a 20-year
transportation management and financing strategy for the development of
transportation system.

You are a transportation planner/engineer working for a local transportation
consulting firm, which newly won a contract with MnDOT to perform a pilot study to
examine potential system impacts of statewide application of a transportation
management policy: High Occupancy Vehicle (HOV) lanes as opposed to the general
purpose lanes. The project team of your firm decides to phase this study into two
steps: (1) conduct a corridor level impact analysis on the case of 1394 HOV vs.
general purpose lanes; and (2) draw implications about the potential impacts of the
two transportation management alternatives on the statewide transportation network
systems.

Now imagine Phase I of the project was just finished and the project team in your firm
will meet with MnDOT’s Technical Advisory Panel (TAP) in two weeks to report the
major findings at this stage. You are a member of the project team, your supervisor
asks you to write up an analysis memo in two week based on the data and findings
from Phase I of the study and prepare her for the TAP meeting.

In particular, your memo should include the following six parts:

First, problem statement

Corresponding to two phases of the project, two problems need to be addressed:

(1) At corridor level, estimate current (2000) and future (2020) impacts of [-394 HOV
lanes vs. general purpose lanes (addressed in Phase I). In your memo, you should
analyze and summarize the data and findings from phase I to address problem one.



(2) Draw implications about potential impacts of the two policy options, as applied to
statewide network links (addressed in Phase II).

Problem two will be addressed in the next step of this project. However, in your
memo, you need to (a) provide preliminary discussion of the implications based on
findings from phase I; and (b) describe the approaches for addressing problem two in
Phase I1.

Second, methodology

For phase I, major work of the project was to forecast the impacts of opening HOV
lanes to the general traffic, in terms of traffic operations and mode split, using a
regional travel demand model maintained by the Metropolitan Council. The regional
travel demand model is a traditional four-step transportation model developed by the
Metropolitan Council and the Minnesota DOT in early 1990s based on Census data
and the Twin Cities Travel Behavior Inventory (TBI). In your memo, you should
explain the travel demand model and the underline rationale of the model as the
project methodology. Additional information about the regional travel demand model
can be found from this link:
http://www.dot.state.mn.us/information/hov/pdfs/appendix_b.pdf

Third, data input, output and findings

The data inputs into the model contain (1) node data, depicting characteristics of
origins and destinations including population, employment and other factors; and (2)
network data describing characteristics of highway and transit networks, such as,
travel time on link, average speed, capacity, direction, and transit headway. In this
project, the model is updated with both 2000 and 2020 (estimated) data. More
information is available on the first six pages of the document under the following
link: http://www.dot.state.mn.us/information/hov/pdfs/appendix_e.pdf .

The regional travel demand model outputs the following Measurements of
Effectiveness (MOEs):
e Estimated travel speed for HOV
Estimated vehicle volume at bottleneck locations (AM peak and PM peak)
Estimated person volume at bottleneck location
Volume capacity ratio at bottleneck location
Vehicle Mile Traveled
Vehicle Hour Traveled
Travel Time Reliability
Shift in total trip
Transit Usage of HOV lane (AM, PM peak period)

These data outputs are presented in the last section of this assignment sheet. You can
select information as needed for your analysis.

Fourth, evaluation and analysis

Based on the output MOEs, perform a system analysis and draw implications from
two policy alternatives: HOV lanes vs. general purpose lanes. To perform a system
analysis, the following parts must be addressed:

(1) Define the system

(2) Generate and assess alternatives available to management (policy scenarios)

(3) Choose alternatives and implementation (run the model)



(4) Compute and summarize MOEs from model output, and
(5) Evaluate and select the preferred policy scenario

Five, discuss implications of HOV vs. general purpose lanes on network system
Briefly discuss (a) the preliminary implications you can draw from Phase I study on
the system impacts of the two policy options; and (b) discuss further study,
methodology, and data needs for addressing this question thoroughly in Phase II.

Six, conclusions and recommendations

Draw conclusions from your findings. Make recommendations to assist decision
making at corridor level. Discuss implications of the two transportation policy options
on statewide network system.

Finally, your report should be no longer than 2500 words, 1.5 or double spaced, using
12-point Times New Roman font.

Data output from Phase I (I-394 HOV vs. General Purpose Lanes Impact Study)

Table E.1 Estimated Travel Speeds for the HOV Corridors from the Model

2000 2020

AL AL ALML P.M.

With HOWV: [-394 HOV Concurrent 56.0 58.1 54.5 50.3
[-394 General-Purpose Lanes 382 337 26.6 24.6

[-35W HOW Lanes 6249 61.4 57.4 52.7

[-35W General-Purpose Lanes 34.2 32.1 16.1 16.4

[-394 HOWV Barrier 56.4 55.9 56.6 55.7

Without HOWV: [-394 General-Purpose Lanes 3.6 30.5 31.4 28.4
[-394 Barrier 13.2 12.0 406 29.3

[-35W 12.8 1.3 20.9 20.9

Difference: [-394 HOWV Barrier -13.3 -13.9 -16.0 -16.5
[-394 Concurrent -12.4 -18.6 -23.1 -21.9

[-394 General-Purpose Lanes 5.4 5.8 b 3.9

[-35W HOV Facility =201 -20.1 -30.5 -31.8

[-35W General-Purpose B.6 9.2 4.8 4.5

Table E.2 Estimated Model Vehicle Volumes at Bottleneck Locations
(A.M. Peak Period)

AN Peak Period (6:00 to 8:00 A.M.)
2000 Model 2000 Model 2020 Model 2020 Model
With HOV Without HOV With HOV Without HOV

EB -394 at Penn Ave HOY Lanes 1,289 B R23 1 RB25 7712
General Lanes 11,007 7 366 12513 10,031
Total all lanes 12296 13,994 14,138 17 743
EB -394 at Louisiana Awve HO Lanes 1,033 3484 181 1618
General Lanes 7 B0 G OG5 9 01 9236
Total all lanes 8,923 10,452 11,112 13,854
B 35y at Minnesota River HOW Lanes 1497 4 037 1983 5011
General Lanes 8822 8174 10,033 10,023
Total all lanes 10319 12261 12021 15 034




Table E.3 Estimated Model Vehicle Volumes at Bottleneck Locations

(P.M. Peak Period)

PM Peak Period (3:00 to 6:00 P.M.)

2000 Model 2000 Model 2020 Model 2020 Model

With HOV Without HOV With HOV Without HOVW
WE |-334 at Penn Ave HOY Lanes 2F20 10599 3572 12 421
General Lanes 164512 11,893 19,795 16,326
Total all lanzs 19132 22 492 23,367 28747
WE 334 at Wvinnetka A HOY Lanes 2420 B 372 3757 8,244
General Lanes 14 142 12,743 17 581 16 489
Total all lanas 16 562 19,115 21,338 24 733
SB35V at Minnesota River HO Lanes 2519 5870 3573 7 581
Ceneral Lanes 13,287 11,741 15525 15,161
Total all lanas 15 808 17 B11 19098 22742

Table E.4 Estimated Person Volumes at Bottleneck Locations for 2000

With Without
S0V & HOV  Transit Total SOV & HOV  Transit Total Change “Change
EB 204 at Pann Ave HOm 2007 2HE3 5570 7o 1,105 137 2467 A4.%
Goraral 11002 0 11,009 7784 1223 o007 -2.002 -18%
Tatal 13,716 25983 16,679 14316 2328 17 144 465 3%
EB 294 at Louisiana Ave HOH 2180 1603 3763 AE74 420 4053 an A%
Ganeral 7 B3 0 7 493 7347 B0 8167 24 1%
Tatal 14073 1 603 11 B76 110 1,260 12,280 E04 2%
ME 25V ot Minhesota River HOW ERET eI 4130 405 258 4516 6 R
Ganeral iR vl 0 BAZZ G515 BT 9,052 210 2%
Total 11 8965 235 12 9452 12773 7a 13 547 F96 5%
AWE -394 at Penn A HCm 5502 3077 BA79 11412 g2 12,334 355 44 %
Gereral 15521 0 16,521 12,752 1031 13,783 273 17%
Tatal 22023 3077 25,100 24,164 1353 &7 1My 4%
WYH -394 at Vidnnetks Aue Hi 4 02 1 BER 5350 5B a5 726 GG 1%
Geraral 14 162 0 14,152 13541 7an 14 431 ] 2%
Total 13 244 1865 21,112 20,461 1,185 21 47 535 3%
5B FI5YY st Minnesota River  HOW h.250 1031 B G237 278 G455 134 2%
General 13 2685 0 13,239 12473 436 12,305 360 -3
Tatal 189579 1,031 18,610 16710 E54 13,364 245 -1%

Table E.5 Estimated Person Volumes at Bottleneck Locations for 2020

With Without
SOV & HOW  Transit Total S0W & HOW  Transit Tuotal Change "Change
EB F394 at Penn Awve HOW ERAE 4356 T.7/68 B.475 1133 9468 1700 22%
Genaral 12 541 1] 12 541 10,E26 1,432 12,158 -3E2 -3%
Total 15 953 4388 A.:m 18,50 2738 21 52E 1318 E%
EB K394 a1 Louisianza &= HOW 3173 2356 4,530 4 ARS 491 5,381 -149 -3%
Genaral 9.E01 1] 9.E01 BFTY 953 10782 1.161 12%
Total 12,774 2 3RE 15,131 14 F6B 1474 16,142 1012 7%
MNE F358\W a1 Minnasota River  HOY 4,175 1445 5,624 5220 302 5523 02 2%
Genaral 10,034 1] 10,034 10,441 (510 11045 1011 10%
Tatal 14 200 1,445 16 655 15,561 aoy 1B 6B 310 A%
WYE -394 5t Penn dve HOW 7201 4523 12,024 13423 g9 14412 2387 20%
General 19 816 I 19 816 17 HI5 1.2497 18302 G174 5%
Tatal Erpcir 4523 31,840 31,028 2,298 eklelli] 1473 a%
WYE 304 st Winnetka dve H 7Ea0 2046 MEH BA5S 462 a3\ -1, 318 -12%
General 17 BE1 1] 17 BE1 17,710 925 18835 1054 %
Tatal 2h i 2746 217 26 566 1,987 27 353 264 1%
SB FI5W at Minnesota River  HOW 7 E03 151E 9019 B/5B 255 8,313 706 8%
Generzl 15,569 1] 15,569 16,116 510 16R27 10# 7
Total 25 0%2 1516 24 BOG 24174 TEG 24 340 332 1%




Table E.6  Volume to Capacity Ratios for Bottleneck Locations from Model

A 2000 2020
Location With HOY Without HOVY With HOV Without HOY
EHB 1-5334 at Penn Ave HO Lanes 0.23 0.83 0.2s9 .98
Seneral Lanes 0.94 0.63 1.07 a3e
Total all lanes 071 0.71 0.82 0.90
EB 1-394 at Louisiana Awe HOM Lanes a.37 n.89 0.5 118
Generzl Lanes 1.01 0.89 1.23 118
Total all lanes 054 0.59 1.08 1.18
KB -38W at Minnesota River  HOW Lanes 0.53 1.08 0.71 1.28
Generzl Lanes 1.13 1.09 1.29 1.28
Total all lanes 097 1.05 1.13 1.28
it 2000 2020
Lacation Yith HOW Witheut HOW With HOW Witheut HOW
WEB -384 at Penn Awve HOW Lanes 031 0.8s8 043 1.04
General Lanes 0.94 0.58 1.13 0.93
Total all lanes a4 0.76 0.90 .97
WB -394 at Winnetka Awe HOY Lanes 0.54 1.09 0.a9 1.41
General Lanes 1.21 1.09 1.80 1.41
Total all lanes 1.04 1.08 1.34 1.41
5B I-39W at Minnesota River  HOW Lanes 0.60 1.00 0.8s 1.30
General Lanes 1.14 1.00 1.33 1.30
Total all lanes 099 1.00 1.20 1.30

Table E.7 Vehicle Miles Traveled and Vehicle Hours Traveled for Autos from
the Travel Demand Model by Corridor

With HOV withomt HOV
-3 I-35W 1394 -394

MeasineYear Comeurrent  [-9940F HOV  [-55W 0P Bawiey  BEemainder Tatal 1= GF T-35W OGP Bander  Remainder Total
Vehiele Mikes of Travel

@on 2005 223,73 ater | 123,965 11,030 HLAEA 10T F09TEIGT 2433 177 EaE 51,598 HLIEE,ET] FLREEET

man 25187 22 EF 44,4953 288,251 1467 a0,7ee B £l 39FE 296,243 el b [ 0,646,423 415235
Vehiele Hours of Travel

jaslily] e ] ] X 4026 1537 1076,448 1,mvme ] 4,743 LEN A7 11034574

man 437 F,366 /22 16,435 2% TAED, TR 2436,13% 10,0 18,161 1,201 TAM,2T2 ZA3ETE0

Table E.8  Travel Time Reliability from IDAS (for Freeways Only)

With HOV Without HOV Change
Year 50V HOV Teotal 50V HOW Total Value Pexcent
2000 ] 30 813 fac ] 30 il 14 5%
2020 2323 100 2423 2097 105 2202 221 %




Table E.9

Shift in Total Trips

Year

50V

HOWV

Tranzit

200

A M Peak Period
PM. Peak Period

2020

Taotal

A Peak Period
P FPeak Period

Total

2807
2620
0427

2035
2639
4675

=954
-100%
1943

05
1a6
2E1

=46
-1501
-2347

-2173
-2988
-Bla0

Table E10 Morning Peak Period Transit Routes Using HOV Lanes

(6:00 am to 8:00 am)

Aveg.

Bus Headway Cycle

Apency Route From To Trips (mmin) {muin)

1-35W MNorthbounc

MVT A 431 H2ned 3 31 al
460 Downtown 26 =] 2
a4 Drowvntowm 3 30 105
190 Downtown 2 30 120

Metro 7 Downtown 10 2 110
= [ 95th Downtown 4 25 a0

Total Trips 48

I-35W Southbound

MVT A 460 Entire entire 2 30 2

Southwest Metro a8l Dovwntown Hwy 62 3 42 90

Metro 7 Downtown 98th 4 19 -
551 Dovwntown asth 2 85 -

Total Trips 11

1-394 Eastbound

Plymouth 77O Entire Entire 1 20 100
T2 Co Rd 73 Diowmtowi 5 25 S
70 Hwy 169 Drowvntowm 7 18 =0

Southwest Metro 683 Hwy 169 Downtown 1 - 130
680 oy 169 Drowvntowi 2 a9 130
682 Hwy 169 Downtown 1 30 100
a8 oy 169 Downtown o 15 130
a85 Hwy 169 Drowntown 1 25 100
a8 oy 169 Drowvntowi 1 — 130
[ Hwy 169 Drowvntowm =} 14 =0
a9l oy 169 Downtown 1 - 130
a9z Hwy 169 Drowvntowm ! 130

Metro 52M Plymouth Downtown 2 84
588 Fwwry 100 Downtown Il 63
587 Hwy 100 Downtown 3 91
[aTae Louisiana Diowwntowi (&) a3
ae7 Hwy 169 Drowntown 10 al
[STats oy 169 Downtown 3 =
a7l Plymouth Drowvntowm ! 72
a7z Entire Entire B! 120
a7d Entire Entire 3 —
av3 Co Rd 73 Downtown 10 45
o75 Start to Plymouth General Mills to downtown [ 180
av6e Entire entire 2 150
ory Entire Entire o -
74 Hwy 100 Drowntown 1 -
7a5 Fwwry 100 Drowvntowi Il 20 -
58 Hwwry 100 Drowmntown 3 30

Laidlaw [SISE I Ty 1OO Downtown Il 30
a5 Hwy 169 Drowvntowm 3 30
a7 Hwy 169 Downtown 3 30

Total Trips 1Z0




Table E.11

(3:00 A.M. TO 6:00 P.M.)

Afternoon Peak Period Transit Routes Using HOV Lanes

Ave,
Bus Headway Cycle
Agency Route From To Trips (min) (min)
I-35W Southbound
MVTA 431 H2nd Huwy 13 3 30 all
460 Entire Entire 27 &l &0
464 Entire Entire 3 30 120
490 Entire Entire 2 30 120
Southwest Metro 681 Downlown Hwy 62 1 - 90
696 Downlown Hwy 62 1 - a0
Metro 47 Downtown Ogth 10 13 -
44 Downtown Ogth 3 1 B0
Total Trips 50
1-35W Northbound
MVTA 460 Entire Entire 2 a0 B0
Southwest Metro 681 Hwy 62 Downtown 5 a7 90
Metro 17 G8th Downtown 4 44 -
551 G8th Downtown 2 120 -
Total Trips 13
1-394 Westbound
Plymouth 776 Entire Entire 5 31 100
772 Downlown CoRd 73 5 33 90
790 Downlown Huwy 169 8 18 a0
Southwest Metro 680 Downlown Huwy 169 2 29 130
682 Downlown Huwy 169 2 27 100
684 Downtown Hwy 169 3 33 130
685 Downtown Hwy 169 4 30 100
689 Downtown Hwy 169 2 113 100
690 Downtown Hwy 169 5 20 90
692 Downlown Huwy 169 b 33 130
Metro 52M  Downtown Plymouth 3 cn! -
587 Downlown Huwy 100 5 27 &l
588 Downtown Huwy 100 3 52 -
663 Downtown Louisiana 9 14 60
667 Downtown Huwy 169 8 22 &0
668 Downtown Huwy 169 3 30 -
671 Downtown FPlymouth 3 29 -
672 Entire Entire 1 39 120
674 Entire Entire 1 27 -
673 Downlown CoRd73 10 18 45
675 Downtown to General Mills  Plymouth to end 7 31 180
676 Entire Entire 4 50 160
077 Entire Entire 3 30 -
764 Downlown Hwy 100 3 31 -
765 Downtlown Huwy 100 5 26 -
58 Downtown Huwy 100 3 31 6l
Laidlaw 664 Downtown Hwy 100 5 30 52
665 Downlown Huwvy 169 3 30 52
70 Downtown Hwy 169 3 30 69
Total Trips 128




