September 4, 2009

The following information has been excerpted from the Metropolitan
Transportation Commission (MTC) study entitled, Bay Area High
Occupancy Toll (HOT) Network Study, December 2008 Update

Additional information can be found at: http://www.mtc.ca.qov/
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Appendix 3: Cost Analysis

Because it is a first-order analysis, this study takes a conservative approach to estimating costs
and revenues. The following steps are taken to ensure conservative cost estimates:
+ Low, medium, and high unit costs were applied to estimate HOT lane capital costs. The
low cost was applied in very few locations
e Capital cost estimates include a large contingency ranging from 40% where low unit
costs were applied to 60% high unit costs were applied.
» Capital cost factors were checked against the cost for the 95% design of the 1-680 Sunol
HOT lane.

Because of the large contingencies, the analysis did not make the additional, explicit
assumption that construction costs would grow faster than inflation, as has been the case in the

past few years.

Cost Estimating Assumptions

HOT lane costs are estimated based on previous work conducted by Caltrans, ACCMA, and
VTA as weil as commonly accepted unit costs. All cost figures are in 2006 dollars. Design
assumptions influencing the capital cost estimates are listed below. (See the Task 4 paper for
this study for a more detailed discussion of HOT lane design features and tolling equipment.)

e HOT lanes would be separated from the adjacent general-purpose lanes by painted double
yellow lines and four-foot buffer.

* Where right-of-way permits, HOT lanes would be a standard 12-foot lane width and existing
lanes wouid not be narrowed to accommodate the HOT fane. A 14-foot median shoulder
would be provided, though this width could be used to accommodate enforcement zones
and weave lanes at spot locations if needed.

» Widening may be needed in spot locations to accommodate electronic toll pricing gantries,
CHP enforcement areas and weaving lanes at ingress and egress locations; these costs are
captured in the contingency for this initial assessment.

» The average distance between ingress locations, and, thus, toll tag readers and variable
message signs wouid be four miles. Readers would be located immediately downstream of
each entrance on same sign pedestal as a variable message sign posting the price and
travel time in the opposite direction, thus there are two such installations in each direction
for access openings in each direction. At each ingress location there are one variable
message sign installation advertising the price and travel time and two redundant readers

and enforcement cameras.

e Communication along the freeway is not assumed to be shared with any existing fiber
telecommunications ITS infrastructure that may already exist. This assumption will be
revisited when more corridor detail is developed.

Capital Costs

The regional HOT network has two major capital cost components: (1) The cost to convert HOV
lanes to HOT lanes or is funded; (2) The cost to add new HOT lanes where no HOV lane exists.
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Cost to Convert HOV Lanes to HOT Lanes

The extent of facility modifications required to convert an HOV lane to a HOT lane differs from
corridor to corridor and within a given corridor depending on the age of the freeway, number of
structures and paved right-of-way. Thus, high, medium and low unit costs were developed to
reflect the range of modifications likely to be required®:

» Low Range — No widening needed; no structures to be replaced; 40% contingency; $1.6
million per lane-mile

¢ Mid Range — Some widening needed; 1.5 bridges per lane mile to be modified; 50%
contingency; $2.7 million per lane-mite

¢ High Range — More widening needed; 2.5 bridges per lane mile to be modified; 60%
contingency; $4.4 million per lane-mile

Where a Caltrans project study report (PSR) documented corridor-specific engineering features
or constraints, this information was used to evaluate whether the cost to convert that corridor
would fall in the low-, mid- or high-range unit cost. Where no PSR was available, the unit cost
ranges were selected based on an engineer's inspection of Google™ Earth photos and, in some
cases, review with local agencies. Where no project study report was available, the unit costs
above were considered for the HOT lane corridors and applied based on engineers’ inspection
of Google™ Earth photos and, in some cases, review with local agencies. Segments with
sufficient right-of-way and very few structures were costed at the low level. Depending on right-
of-way availability, extent of structures, and other factors, higher unit costs were applied in other

segments.
Cost to Add New HOT Lanes

Where the cost of HOV widening has aiready been estimated in PSR, that cost estimate is
reflected in the HOT network cost. Where no cost estimate exists, the cost to add a new travel
lane is estimated to be $8 miliion per lane mile. This cost for the additional travel lane is added
to the unit costs for HOT lane elements described above. It is likely that developing the HOV
and HOT elements simultaneously will lead to cost savings. At this early stage, accounting for
both costs with no assumption of economies or savings results in a conservative capital cost

assumption.

The total capital cost of the Bay Area HOT network is estimated to be $4.8 billion. This includes
$1.4 billion to convert HOV lanes to HOT lanes and $3.4 billion to add new HOT-equipped travel
lanes, where HOV lanes do not currently exist or are not otherwise funded. Attachment A
includes a more detailed breakdown of the unit costs. Attachments B through D present the
capital cost estimate for each corridor: those that can be developed by converting HOV lanes

and those that require widening.

Operating and Maintenance Cost

Operations and maintenance (O&M) costs are estimated at $70,000 per lane-mile per year. This
estimate is based on planning by ACCMA for the I-680 HOT lane. It includes the following costs

® These unit cost are higher than those used in Phase 1 and documented in the Task 3 report. Unit costs were
increased by 20% following further review of the 95% design capital cost for the I1-680 Sunol HOT lane to allow for
greater contingency.
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proportional to corridor distance: a) maintenance of toll equipment; b) supplies; ¢) utilities; d)
lease of communications system; and, e) enforcement. Enforcement unit costs for the system,
however, may differ from those for a single corridor. Administrative costs and a 25%
contingency are added to these items resulting in the $70,000 operations and maintenance cost
per iane-mile. This estimate cost does not include the cost of roadway maintenance.

The annual operations and maintenance cost for the entire Bay Area HOT network is about $55
million per year (in 2006 doliars).

Centralized Costs

Centralized system costs are a factor of HOT lane usage and are not proportional to corridor
length. These include: the cost to BATA for processing a tolling transaction, estimated to be
$0.16 per transaction; 2.2% of transaction costs for bank or financial institution processing fees;
and $18 each for purchase and replacement of a transponder. In addition, the centralized
system costs include a one time start up cost of $1 million to expand BATA operations from the
current scale, designed to handle traffic on the seven state-owned toll bridges, to one capable of
handling traffic on a regional HOT lane network.

Over 20 years (2015 — 2035}, the total operating and maintenance cost and centralized system
cost for the phased plan described in the final report (and shown in Attachment E) is $1.6 billion.

Roadway Maintenance Costs

At Caltrans' request, this study enumerates the cost of roadway maintenance for the Bay Area
HOT network. Under current policy, the state of California covers roadway maintenance costs
for all portions of state-owned roadways, including all HOV lanes, the existing HOT lanes in San
Diego (30 miles) and the Orange County toli roads (51 mites). The SR 91 HOT lane does pay
for pavement maintenance under the terms by which the state acquired the HOT iane from the

private owner.

Caltrans provided a statewide average unit cost for roadway maintenance of $93,700 per lane
mile per year. This cost includes maintenance of pavement, signs, barriers, guardrails and other
design features. At this rate, the annual cost to maintain the region’s existing HOV system (350
lane miles) is approximately $33 million per year. The roadway maintenance cost for the full Bay
Area HOT network (approximately 800 lane miles) would be approximately $74 million per year.

The estimated 20-year cost {2015 — 2035) to maintain the HOT network roadway, based on the
phased plan described in the final report is $1.2 billion. Because the phased plan calls for
converting existing HOV lanes to HOT lanes before closing gaps and extending the system, the
bulk of this ($800 million) is the cost of roadway maintenance for HOT lanes associated with
existing HOV lanes that Caltrans currently maintains. This estimate does not include the cost to
bring current pavement up to standards, which would likely be desirable before converting an
existing HOV lane to a HOT lane.

A refined estimate of roadway maintenance cost would reflect the average cost in the Bay Area,
which might differ from the statewide average. It also would useful to understand whether the
unit cost for HOV/HOT lanes would be lower than the average unit cost due to less vehicle
usage and exclusion of heavy trucks. And further whether full-time HOT lanes might have a less
robust cross section, resulting in lower capital costs.



{$ 900Z) s1v10q H00Z L) MR SISO (1Y 9ION

¥ Wwawpey

‘sajew1se 1809 efuet ybi puv wWnipaw ‘mo| 2 Jog Jelp SUORAWINGSE alBlM SWAY 1509 SINNPU] SMOJ PIPBYS 110N

$06'90F'F  $ 781269'7 $ £99'200°)  § 9301 pURID)
LI L ] [STFEL TS
fousBuluod (|RIsAs 10} %0Z PAPPY| ¥BEPEL lBJan0 J0) %0Z POPPY| L6L'8hY IFR18A0 10} %,0Z PBPPY| L126'242
1901 O %0Z BWINSEY 195'488 19101 J0 %02 Swnsey £€6°19¢ 1910} J0 %02 nsEY 268’122 LapongsLeg puk uliseg
101 J0 %S auunsey 268'ar| B0} 0 %y AUnssY 18€'2L 1B)C} 10 %E BUNSSY ¥8Z'EE jusLLaBaueyy sl
906'2¢6'C  § 00'999°608°L  § 09r'e0L’'L  § [N |
Juslucor|dar
aUNMDNNS pUB LUCHSINDIB MOY| OLP'EER § %O0E swnssy | 0O'S10'LLY  § %02 BWNSEY| 0L6'¥8L  § fouabuguog
L Auiepeoun sajeaud Kousiuguol %o
SLL'06) 0§5'9Z 050'r9 %01 UOREIGON
—
092°L08'L $ 009°692°L $ 009°0ve $ [narqng)
00000 § 00'000°00E 6o0'00s & swaws(3 SLI|
syu aue Jod Jusweoeida: %0L| 000'9BE & paunssy aSz_ - $ pansty suoN|( - $ UORE3ipO IFe punog|
2SI Do o 100} 0O} BlLINSER “alninisqns 1_
00} SWNSSE ‘ANKNAEGNS J UOTPPS 0)f 000'008  $ | 5 uopppe o anp ¥ bsroggs| 209 700¢ $ PaLINSSY UoN| - $ UOROLINON Monng
anp bs/005$ ‘ayjw auet Jed seBpuq §'Z ‘ol o8] Jod 20pUG G §
000°'0% $ 00008 $ 00052 $ | sousmolly ucneaoRy Amn|
‘¢a 000’051 @ sew oue pied Zf GOO'GL  § N $ Ploose s SWAS
et o 000'05) B s aus| y sod Z 000'05}) @ S o) psad | ]
[T Aana
SO OF AIGK0 LOH B8 10 VOIS LW E 0022 S| | 1 e o O | 00522 1 Lonweosmmsoodg| 00522 | soumony ueis spig
. FETTTT) R BmEg )
ioiueg uspaw uo paised sufls |wus| goo'ol $ ug|paw uo pajsod sublis fews ooool s uB|palu Uo paysad sulbls lBwg 000°01 $ sauemally ubts um_s__
soue’] Dupsapn 3 uewaaiajue pepims| 052 98 S [ROOC OF, $ pallNssy aUON| - $ galy Juswaoiius|
000'sE $ 000'S} $ 000'S1 $ Buidg sue 16GH
] , , saum|
000’ $ 000 $ 000'¢ 5| 1 oH 100 aBupeyy sgesy
000'2 3 o002 [ ono'L 3 Budinsg Jusueutag
000'e $ 000'e $ 000'€ 3 Buidg Aesodwa
= - e[
a : 4 . ;
ajjw sad wewedeyd jo s 5°0| 000'SE $ | et Jed Jusweomd 1o 3w g'0| 000'GH $|  adusuiecerd jo spw gzg| 09528 $ ife+- Amiodusa)y
00002 $ 000'0Z $ 600'02 § | 1spincyg -s1amu0y JBYdsy|
000°'8L s 0o0'ss $ 000'8Z g uofansuoesas sepinoyg|
spw sue| 1ed 4,02 2wday | 000'0s §| smwauk ad 50z 30eidey| 000'0S $| snwsue sed %07 soeiday| 0o'os $ Jalueg 8jarou0)
s sue) tad %gz sosdey | DoO'ZY $| enwsue sed %62 axiday| 000z $| e e sad %5z sosidey| goo'zy 3| Gunempmng weag W]
; . JapInous ! opmous| .
1ap|noys Buoje aje sucfieAmpol 12Ul | 0OD'S9 $| Buoje 010 suogeoypoww jayu| 900'98 1 buote s10 suoieowpou 1epu| 20059 § suoneapoy sBeueiq
000"+ $ 000'L¥ $ 000’ LY 3 8januo) Jeydsy|
000'F $ 000'% S 000'% $ apeibgng|
00007 $ 000°02 $ 000’02 $ eseg ajebailty
000°5Z $ 00052 $ 00052 $ sugaq IneH
000'05 s 000'05 $ 000'05 S UOMIOLLAG 1UBWaned
SUDNILINSSY/S|UBWILGG | 1507 S|y Bua suondwnssyysiuawwon| 1803 sy sueq suopdwnssyysivawwo) [ 1500 ey euen wiay)
“Buvy WbIH sBivy Wnipeyy »BuRE Ao

SIIN 2ueT Jed £1500 aBuey yBIH pue ‘wnpew ‘Mo - YHOMLIN 3NV LOH HOJ NOSINYJINOD LSO LINN ‘Y INIWHOVYLLY

saaipuaddy Loday 18Ul4 APMIS HOMIN LOH Bary Aeg



Regional HOT Lanes Network Feasibility Study

Phase 2, Task 10.1 - COMPARISON OF CAPITAL
AND OPERATING & MAINTENANCE
COST ESTIMATES FOR 1-680

Prepared for:
Metropolitan Transportation Commission
and

California Department of Transportation

Prepared by:
PB
with
ECONorthwest

September, 2007



Introduction

PB compared capital cost estimates for the 1-680 HOT lane (14.2 miles southbound
from Calaveras to SR 84 in Alameda County) prepared by the ACCMA consultant team
and those developed by PB using the same method as used for the overall network in
Phase 1. ACCMA'’s estimates are based on greater project detail and greater depth of
engineering than applied in the Phase 1 regional network review. The method used in
Phase 1 involved consideration of corridor characteristics based on either a Project
Study Report (where available) or an engineer’s review of a corridor using GoogleEarth
aerial photography and low, medium, or high costs depending on presence of structures
needing to be modified and other factors.

In Phase 1, PB used ACCMA’s capital cost estimates for the 1-680 southbound HOT
Lane based on ACCMA'’s greater level of engineering at that stage. For this Phase 2
review, the key capital cost questions are whether the regional capital costing approach
produces results similar to those of ACCMA and, to the extent there are differences,
what characterizes them.

In this review, PB considered [-680 capital costs developed by ACCMA’s consulting
team through June 14, 2007. These costs are listed in Table 1 alongside estimates
made by the PB team.

PB reviewed the corridor using GoogleEarth as was done for other corridors in Phase 1.
This review took into account cost estimates developed for other corridors (including |-
680 northbound) and considered the same factors as included in Phase 1. The capital
cost estimate for the southbound lanes of 1-680 from Calaveras to SR84 was developed
using the mid-range unit cost based on the inspection of Google Earth photos. This
unit cost includes 30% contingencies and structure widening.

The resulting costs in 2006 $s were compared side by side with the ACCMA cost
estimate as shown in table 1. ACCMA'’s escalation costs were not included for the
capital costs, support costs or electronic toll system so that all costs could be kept in
2006 $s. In addition the risk contingency and the funds for first year operating reserve
were deducted from the electronic toll system costs in ACCMA'’s estimate.

As shown in tables 2 and 3, a further adjustment was the reclassification of $2.53 million
in ACCMA-estimated costs for centralized tolling services, essentially functions
associated with BATA. These centralized tolling services costs include:

ETS software




Documentation

Test bench simulator

ETS contract project management
Contingency associated with these costs

Clearly, such investments will be needed. However, to keep the capital cost basis
similar to Phase 1 costing, these items are assumed to be spread across all corridors
and are not considered to be “capital costs.” The centralized services costs were
estimated in Phase 1 to include: 1) $1 million in BATA start-up for HOT lane tolling; 2)
the cost to BATA for processing a tolling transaction, estimated to be $0.16 per
transaction; (i.e., charging a toll); 3) 2.2% of transaction costs for bank or financial
institution processing fees; and, 4) $18 each for purchase and replacement of a
transponder. These costs are included later in this working paper under the section on
centralized services costs.

Based on these assumptions, the total capital cost estimates from the two approaches
are similar ($26.3 million for the regional network approach and $24.0 million for the
ACCMA project estimate).

Roadway costs are very similar under the two approaches ($12.1 million for the regional
approach and $12.9 for ACCMA).

The regional network approach leads to higher structures modification costs than did
ACCMA’s assessment ($4.2 million vs. $1.9 million). This difference represents the
preliminary estimates used in the regional approach compared with the greater depth of
engineering applied by ACCMA which reflects a more detailed understanding of corridor
conditions.

ITS elements (electronic toll collection and related elements) under the regional
approach are estimated to be lower than the more detailed ACCMA assessment (when
the centralized services costs are excluded). The regional approach yields an estimate
of $4.2 million whereas the ACCMA estimate is $6.1 million.

Contingency and supplemental work shown for the regional network approach is about
twice the level estimated for the ACCMA assessment. This reflects a greater
contingency considered in the regional network approach.




Estimates of support costs (right-of-way engineering, PS&E, and construction
engineering) differ with the regional network estimate at $5.1 million (or approximately
20% of the capital costs) and ACCMA'’s estimate at $7.9 million (or approximately 30%
of the capital costs).

Considered together, the contingency plus supplemental work and the support costs are
similar under the two approaches ($10.9 million for the regional network approach and
$10.8 million for the ACCMA approach).

With centralized services costs removed from the ACCMA capital cost estimates, the
regional approach capital cost estimate and the ACCMA capital cost estimate are within
2% of each other. With ACCMA’s (adjusted) capital cost very close to the regional
approach estimate, this suggests that the regional approach is producing estimates that
are reasonable. While having a greater contingency allowance in the regional estimates
would be preferable, the comparison suggests that the regional estimates are
acceptable for this stage of the analysis.

ACCMA'’s consultants advised MTC and PB on June 14, 2007 that they believed their
contingency estimate could be reduced given the advanced stage of engineering. If that
were to be done, the ACCMA (adjusted) capital costs would be lower than shown
above, thus suggesting that the regional approach is providing a comparable capital
cost and building in a slight contingency representing a measure of conservativeness in
the regional estimates.

However, this overall review suggested to the PB team that the MTC unit costs should
be increased by 10% to provide for greater contingency. With Caltrans’ concurrence
and request for an additional 10% increase, the Phase 1 unit costs were increased by
20% for the Phase 2 working papers.




Table 1: Unit Cost Comparison-Southbound |-680 HOT Lane in Alameda County (In 2006 $s)

Regional HOT Lane Feasibility Project

Estimates (Based on Medium Range Cost

Assumption)

ACCMA 1-680 SB Cost Estimate
(Source: ACCMA 1-680 cost estimates)

Item Total Cost Comments Total Cost Comments

Roadway Costs 12,102,112 12,876,827 | Northem — Segment ~ Roadway,
Southern Segment Roadway

Structure Modification 4,200,000 1,851,360 Northern Segment Structures
System Integrator, Systems
Engineering (not including escalation

ITS Elements 4,200,000 6,067,688 or risk contingency and not including
centralized system costs -- see
tables 2 and 3 below)
: Northern Segment Contingency and
Contingency & 5,846,610 30% 2,892,831 | Supplemental  Work,  Southern
Supplemental Work :
Segment Contingency

: : included in . :

Right of Way Capital - contingencies 352,800 Right of Way Capital

Total Capital Costs 26,348,722 24,041,506

Total Support Costs PS&E and CE for Smart Share of

RWE, PS&E, CE 0 HOV PS&E; Scoping, PE/ENV,

5,067,062 20% of total 7,915,942 PS&E, CE, and Contingency for HOT

Lane PS&E

Grand Total 31,415,784 31,957,448




Table 2: ACCMA ITS Costs Likely Associated with

BATA Centralized System
ETS Software
Documentation

Test Bench Simulator

ETS Contract Project
Management

Subtotal

25% Contingency
Total

$ 1,440,000
200,000

37,500

$ 350,000
$ 2,027,500
$ 506,875
$ 2,534,375

Table 3: Adjustment of ACCMA ITS Costs to
Remove Centralized System Costs

ACCMA ITS Costs

Less centralized system
(BATA-type) costs

ITS costs apportionable
to corridor (and entered
in "ITS Elements" costs
above)

$ 8,602,063
$ (2,534,375)
$ 6,067,688




Operations and Maintenance Costs

The PB team considered the O&M costs developed by ACCMA and concluded
that with greater depth of review having been completed by ACCMA, it would be
appropriate to adapt that project’'s O&M estimate for the regional assessment.
The team rounded the per mile cost to $70,000 per lane mile per year.

Operations and ACCMA Estimated Cost O&M Estimate Used for

Maintenance Elements Per Lane Mile MTC HOT Lane
Assessment

Administration and $28,520

marketing

Oversight and reporting $ 5,280
Violation enforcement by | $16,900

CHP

Toll equipment $15,490

maintenance

Total $66,190 $70,000




