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Overall Purpose

Urban Maglev

Compare the capital and O&M costs of the
Urban Maglev technology to freeways, light
rail (including planned San Diego extensions),
and Automated People Mover (APM) Systems.
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Technical Approach

Urban Maglev

o Estimate cost for Urban Maglev using data
developed for the 6 ™ quarter FTA report.

« Use data for planned San Diego LRT and freeway
extensions.

» Use worldwide data available for LRT and APM
systems.

 Make comparisons normalized to freeway and
LRT peak throughput values.
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Urban Maglev

Comparison of Capital and O&M
Costs of Urban Maglev with LRT,
and APM Systems
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Comparison With Urban Maglev

Urban Maglev

System Capital Cost
$ M/mile
Urban Maglev — 3,000 pphpd* 56.3
Urban Maglev — 12,000 pphpd* 88.3
SD Trolley Mission Valley East — 9,600 pphpd 87.2 **
Las Vegas Monorall 89.0
World-Wide LRT (Average) *** 80.4
World-Wide LRT (Low)*** 23.0
World-Wide LRT (High)*** 177.0
World-Wide Average Urban Automated People Movers*** 103.2
World-Wide Average Airport Automated People Movers*  ** 118.8

* Maglev costs are for a complete double track, el  evated system, including stations, vehicles, power,
communication and signaling. No tunneling or unusu al civil structures assumed. Data from Low
Speed Maglev Technology Development Program, Final Report, March 2002.

** Based on SANDAG. System is 5.8 miles long, 51%  elevated, 36% at-grade, and 13% underground.

*** Automated People Mover Applications: A Worldwide Re  view, 1994, by Shen, Huang & Zhao (Escalated
from $1994 to $2001).
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Mission Valley East LRT Project
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Estimate for Urban Maglev on Mission Valley East Al  ignment
Urban Maglev

Estimate cost for a 9,600 pphpd Urban Maglev for the
Mission Valley East alignment.

» Cost for an elevated Urban Maglev, linearly extrapo lated
to 9,600 pphpd = $79.8 M/mile*

e At-grade cost is about $20M/mile less** = $59.8 M/m ile.
e Assume cut-and-cover, tunneling costs of $200M/mile

* 51% elevated, 36% at-grade, 13% underground.

The cost is then approximately:
0.51x79.8 + 0.36x59.8 + 0.13x200 = $88.2M/mile

This cost approach has uncertainties w.r. to tunnel ing and
unusual civil structures

* Cost = ($0.00356M/passenger) x (Throughput) + $45.6 2M

** Based on cost breakdown from 6 ™ Quarter Urban Maglev Report (November 30, 2001).
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Estimate for San Diego Trolley Mission Valley East
Urban Maglev

Estimate cost of Mission Valley East LRT project wi  thout the cost
of the SDSU tunnel, Grantville Station, and the Alv  arado bridge.

e Mission Valley East Total Cost = $506M

e SDSU Tunnel Cost = $100M

« Grantville Station = $12M

« Alvarado Bridge = $5M

e Net Cost of System w.o. the above = $389M

» Cost per mile for combination of elevated and at-gr  ade
alignment system = $389M/5.8miles = $67M/mile

* Urban Maglev Cost using same percentage of at-grade
and elevated alignment = ($79.8M/mi x 0.51 + $59.8M /mi x
0.36) / (0.51 + 0.36) = $71.5M/mi
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O&M Costs per Vehicle-Mile Compared to Other System  s*
Urban Maglev

Magnetic Levitation

GA Urban Maglev $3.67
Light Rail
San Diego Trolley $4.53
St. Louis BSDA $7.47
San Jose VTA $12.62
Pittsburgh PAT $14.86
Boston “T” $16.00
San Francisco Muni $19.07

People Mover

Miami $16.24
Detroit $17.27
Jacksonville $32.31

X |« GA O&M cost projections are from Urban Maglev 6 ™ quarter report;
maintenance costs include periodic replacement of m agnets, which is
conservative based on experience to date.

» San Diego Trolley O&M costs are from recent publish  ed SANDAG data.
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Urban Maglev

Comparison of Urban Maglev With
Planned Freeway Extensions
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Basic Data Used for Freeway Comparisons:
Urban Maglev

* An equivalent Freeway, “Free-Flows at 60 mph with 1~ 600 vehicles per hour
per lane”. [Parsons, also “* Comparison of Maglev to Freeway ", April 2003]

* Assuming ~1.7 passengers per vehicle, freeways requ ire 8 lanes (4 lanes
In each direction) for a 60 mph capacity of ~10,608  passengers per hour
per direction.

* Freeway construction costs average ~$ 11 M perlan  e-mile. Costs for

planned SD projects vary fromalowof $3Mtoah ighof$ 84 M per lane-
mile.
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Freeway Cost Comparison ($M per mile)
Urban Maglev

Parameters Maglev Freeway
Double Track @ 30 mph 8-Lanes @ 60 mph
3-Car Trains 4 Lanes each Direction
(10,608 pphrd) (10,608 pphrd)
Eligible Federal Cost 75.4 89.6
Vehicles/Cars 7.9 5.3
Total 83.3 94.9

* The freeway capacity for 4 lanes is ~10,608 passeng ers/hour/direction (pphpd).
» The cost for freeways is $11.2M/lane-mile x 8 lanes = $89.6M.

* Maglev cost is based on a 10,608 pphpd system, based  on the linear scaling:
Cost/mile = ($0.00356M/passenger) x (Throughput) + $ 45.62M, and includes the
vehicles, and stations.

» The vehicles/cars cost for freeways is scaled based on throughput from previous high
speed maglev presentation © Comparison of Maglev to Freeway ", April 2003.
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Urban Maglev

Additional Maglev Benefits
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Maglev Emits Far Fewer Pollutants

(Data normalized to 1.6 billion passenger miles per
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Conclusions

Urban Maglev

Maglev can be lower in cost than planned freeway ex  tensions for
comparable throughput.

Maglev is more expensive than LRT systems on a per unit length
basis (10% or more).

Maglev offers the potential to be significantly low er in cost on
alignments which require tunneling for noise abatem ent (cost
savings of 50% or more depending on the alignment).

Maglev O&M costs are expected to be lower than exis  ting LRT and
APM systems.

Maglev offers additional benefits compared with fre eways in
reducing air pollution, and providing safe, quiet s ervice.
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Urban Maglev

Appendix

Data from SANDAG and Transnhet Sources

Urban Maglev Cost Breakdown
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Relevant Sources of Data

Urban Maglev

1. Urban Maglev 6 t quarter report, and 6 ™ Technical Interchange Meeting
presentation, December 2001.

2. “2020 Regional Transportation Plan” , SANDAG, April 2000
3. “Mobility 2030 — The Transportation Plan forthe S  an Diego Region” , April 2003
4.  “Comparison of Maglev to Freeway ", April 2003, GA presentation

5. Websites containing sources 2 and 3 and much addi  tional data:

http://www.dot.ca.gov/dist11/projectinfo/index.htm
(Caltrans freeway data )

http://www.sandag.org/index.asp?projectid=195&fusea ction=projects.detail
(TransNet information )

http://www.sdcommute.com/agencies/mts/mtdb/index.as p
(Transit fact sheets)

http://www.sandag.org/index.asp?subclassid=9&fuseac tion=home.subclasshome
(SANDAG Public Transit Home Page)

http://www.sdcommute.com/agencies/MTS/MTDB/PDFs/sdt  regionalplanfact.pdf
(Construction dollars by segment )
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Urban Maglev

San Diego Trolley Route Data
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Motivation for TransNet

Urban Maglev

To implement the facilities and programs in the Plan over the next 20 years, the region
would need an additional $12.0 billion (in excess of the $17.98 billion assumed under the
Revenue-Constrained Transportation Plan). The primary sources identified in the RTP for
additional tunding include new state and federal funding, an extension of the TransNet
program, and increased user fees. User fees include higher transit fares, the use of tolls to
subsidize highway improvements and transit operations, and higher gasoline taxes. *

* %2020 Regional Transportation Plan” , San Diego Association of

Governments, April 2000, pg.14

0:0 GENERAL ATOMICS



Blue and Orange Are Existing Lines

Urban Maglev
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LRT Data: Planned SD Trolley Extensions
Urban Maglev

Mid-Coast Segment - $ 49.7 M/mile
South Bay LRT Extensions - $ 33.6 M/mile
Mission Valley East LRT - $ 87.2 M/mile

Mission Valley West LRT - $ 36.6 M/mile
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Urban Maglev

Current SANDAG estimates indicate that the cost othis segment is $87.2M. The system is
51% elevated, 36% underground, and 13% at-grade.




Urban Maglev



SANDAG Response to Questions

Urban

Sam and Bob,

Thank you for your tour yesterday. It was great to see you again. Jim Hecht has gone through and answered your questions. We are looking to see if we can get
the 60 page cost estimate electronically. If not, I will make a photo copy for you and mail it to you next week.

1) Whatis the current estimated cost, and what items are included (e.g. vehicles, commissioning, right-of-way, etc.)?
Current total project cost is $506M. This includes everything, including vehicles, start-up, right-of-way, fare machines, administration, design, planning,
environmental, etc.

2) What is the peak capacity in terms of passengers per hour per direction?

The signaling and traction power systems were designed for 5 minute headways, our stations are designed to accommodate 4-car trains, and our cars are rated
for a 200-person crush load. So, 12 trains/hour x 4 cars/train x 200 people/car = 9600 people/hour.

3) What percentage of the alignment is elevated, at-grade, and underground?

51% of the project is elevated, 36% is at-grade (mostly supported by retaining walls or on top of a box culvert), and 13% is underground.

4) What is the typical per-mile cost of dual track, elevated guideway, excluding everything else, such as stations, vehicles, ROW?

Our engineer's estimate and construction contracts are split into hundreds of bid items and included in multiple contracts, so it is not easy to answer your
question. To come up with a rough estimate, I'll look at the per-mile cost of a typical bridge--the Alvarado Bridge that is 2047 feet long. Structure Excavation
(Bridge) 599m3 x $85 = $50,915; Structure Excavation (Pier Column) 101m3 x $300 = $30,300; Structure Backfill (Bridge) 640m3 x $80 = $51,200; 2.13m
CIDH Concrete Piling 73m x $1400 = $102,200; 2.13 Conc. Piling (Rock Socket) 4m x $5000 = $20,000; Prestressing Cast-in-Place

Concrete 106,281kg x $1.90 = $201,933; Structural Concrete, Bridge Footing 105m3 x $500 = $52,500; Structural Concrete, Bridge 3900m3 x $647 =
$2,523,300; Minor Concrete (Curb) 1124m x $380 = $427,120; PTFE Spherical Bearings 12 x $4900 = $58,800; Architectural Treatment (Type A) 44m2 x $112
= $4928; Sound wall (Masonry Block on Bridge) 170m2 x $115 = $19,550; Joint Seal Assembly (MR60mm) 10m x $90 = $900; Joint Seal Assembly (MR90mm)
10m x $140 = $1400 Joint Seal Assembly (MR101-160mm) 29m x $225 = $6525; Bar Reinforcing Steel (Bridge) 587,300kg x $1 = $587,300 Miscellaneous
Metal (Bridge) 4,200kg x $8.5 = $35,700; Metal Railing 1123m x $86 = $96,578; Cable Railing 31m x $25 = $775; Isolation Casing 2800kg x $19 = $53,200;
Plinth Concrete 1248tm x $254 = $316,992; Direct Fixation Track 1248tm x $410 = $511,680; Total $5,153,796. Per foot this equates to $2,517.73 and per mile
this equates to $13.3million for just this one out of the five LRT bridges. Note that this does not include the overhead catenary, traction power, or signaling.

5) What is the projected O&M cost?

From table 5-9 of the FEIS, the added annual operation and maintenance cost in 2015 dollars is $4,455,623.

6) What is the estimated cost of each station, in particular the elevated station near Mission Gorge Rd. and Highway 8?

We don't have a cost estimate for the stations by themselves. Someone would have to go through the same exercise that | went through above for the bridges to calculate all of
the earthwork, concrete, steel, asphalt, etc. that is in each station. It would be much more difficult because the quantities may not all be separated out like they were for the
bridges. Our rough understanding of the cost is that the elevated station at Grantville probably cost somewhere between $10 and $15 million, and the at-grade stations are
probably somewhere between $2 and $3 million.

Kathy Donnelly, P.E.
Senior Planner
SANDAG

401 B Street, Suite 800
San Diego, CA 92101
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<« | $49.7 M/mile
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29.8 miles total

Urban Maglev

$ 33.6 M/mile




$36.6 M/mile
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MTS Statistics for the San Diego Metropolitan Area (FY 2000)
Urban Maglev



San Diego Trolley O&M Financials
Urban Maglev

____—"| $4.53 per Vehicle-Mile
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Freeways Data



Average Number of Passengers per Car

Urban Maglev

About 14% of cars are carpool. If average number o
Is 3, the average number of people per car is (0.86

f passengers in carpool
*1+0.14*3) = 1.28




Urban Maglev

Average cost is $11M/lane-mile, with a low of $3M a
The average is calculated using the total cost / th

nd a high of $84M/lane-mile.
e total added lane-miles.
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Urban Maglev Costing Breakdown



Primary Alignment Deployment
Urban Maglev

Site-Specific /

Commissioning Detail Engineering

10000 Site-Specific / Detail Engineering 6%
20000 Construction 91%
30000 Commissioning 3%

Construction



Site-Specific/Detall Engineering
Urban Maglev

Magnet / Levitation
Systems

Maintenance Yard /
Equipment
Energy Supply Systems

Vehicle

Project Integration

Right-of-Way /
Corridor

/( 12000 Magnet/ Levitation Systems 2%
Givil Structures 13000 Maintenance Yard / Equipment 2%
14000 Energy Supply Systems 13%

15000 Operation/ Command / Control S 36%

Guidew ay Structure 16000 Guideway Structure 14%
17000 Civil Structures 5%

_ 18000 Right-of-Way / Corridor 15%

Operation / Command / 19000 Project Integration 12%

Control Sys



Construction
Urban Maglev

Right-of-Way /

Corridor
Civl Structures
Systems
Guideway Structure
_ 21000 Vehicle 19%
Operation / Command 22000 Magnet / Levitation Systems 22%
/ Control Sys 23000 Maintenance Yard / Equipment 1%

Project Integration

Vehicle

Magnet / Lewvtation

24000 Energy Supply Systems 16%
Energy Supply 25000 Operation/ Command / Control Sy 5%
- 26000 Guideway Structure 21%

Maintenance Yard /
Systems Eauioment 27000 Civil Structures 10%
quip 28000 Right-of-Way / Corridor 4%

29000 Project Integration 2%



Project Integration

Energy

Training

Commissioning

Safety Planning

System Acceptance
Test

FMEA
ﬁ[Test Planning
Acceptance Test

Urban Maglev

Component

31000 Safety Planning

32000 FMEA

33000 Test Planning

34000 Component Acceptance Test
35000 System Acceptance Test
36000 Training

37000 Energy

38000 Project Integration

4%
4%
5%
16%
18%
20%
13%
20%



O & M Costs

Urban Maglev

e Annual O & M Cost per Vehicle-Mile for Primary Alig  nment: $3.67

Maintenance - Other
Maintenance -

Comm & Cont
Maintenance &
Electrical
Operating Expense -
Non-Labor
Maintenance -

Guideway Ma?ntenance - Vehicle
Maintenance - Guideway

Maintenance - Electrical

Maintenance - Comm & Cont

) Maintenance - Other

Vehicle : Operating Expense - Labor

Operating Expense - Non-Labor

Operating Expense - Utilities

Operating Expense -
Labor

Maintenance -

Operating Expense -
Utilities

24%
4%
7%
4%
9%

29%
7%

16%



