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Introduction 
In March and April of 2009, SMART’s Program Management Consultant (PMC) Team conducted 
a review of the Preliminary Engineering (PE) documents which provided a basis for completing 
SMART’s Environmental Impact Report (EIR) and Supplemental Environmental Impact Report 
(SEIR), including plans, studies and reports. This deliverable consolidates and presents the 
results of this review effort, in accordance with SMART Program Management Consultant Task 
Authorization 1.4A, Preliminary Engineering Design Review. 

Work Products Reviewed 

The following major work products were reviewed: 

¶ Volume 1 - Final Working Paper No. 5, Detailed Project Design Options (October 2003), 
referred hereon as WP 5; 

¶ Volume 2 – Preliminary Engineering Drawings (Larkspur to Cloverdale). 
 
A listing of all the documents reviewed is included in Appendix A ς Listing of PE Documents 

Reviewed.  

Objectives and Approach 
Primary objectives of the review were as follows: 

1. To confirm our understanding of the basic program elements established during PE, 
including track, civil, systems, structures, stations and maintenance facility, and to 
assess the validity and consistency of underlying assumptions;  

2. To assess the current level of design completion (percentage complete), and thus 
provide a basis for suitable cost and schedule contingencies of major project elements; 

3. To formally identify major project components that have substantially changed since PE 
was completed; 

4. To provide recommendations for development of final design standards and criteria; 
and,  

5. To help guide input for development of the Final Design Scope of Work. 
 
The review was focused on adding perspective to elements that, without further definition 
could have a relatively major impact on capital project costs. Consideration was given as well to 
costs to operate and maintain the built system. As such, a high degree of professional judgment 
and staff experience on prior similar projects was applied.  
 
The level of review varies with the project component, i.e. some components warrant a higher 
level of review and some less. Accordingly, each section in the narrative that follows 
corresponds to a major discipline (i.e. Trackway, Systems, etc.). Civil Engineering is broken 
down into Trackway, Pathway and Hydraulics/Hydrology. The review for each discipline is 
presented in this general sequence: 

(1) Summary of Review Effort 
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(2) Review Methodology 
(3) Estimated Level of Design Completion 
(4) Major Risk Factors  
(5) Recommended Next Steps 

 
The main narrative is followed by a “Conclusions” section which summarizes and consolidates 
the major findings of the review, and outlines suggested next steps for advancing significant 
project components into Final Design. 
 
Detailed review comments were developed by each discipline review leader and are not 
included in this report. These detailed comments are specific in nature versus the 
programmatic considerations raised herein. However, these comments were referred to in 
developing the more generalized recommendations that follow. 
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Preliminary Engineering Review and Assessment 

Trackway Engineering  

Summary of Review 

The PE civil, track and pathway drawings are comprised of track plan and profile drawings (PP-
004 through PP-257), which utilize low-resolution aerial photography as underlying base 
mapping. The track alignment and profile closely follows the existing track horizontal alignment 
(approximate center of the right-of-way) and vertical profile. Existing utilities are not 
addressed.  
 
Federal Railroad Administration (FRA) Track Safety Standards establish minimum standards for 
construction and maintenance of tracks used for freight and commuter operations. SMART 
proposes to operate passenger trains at up to 80 mph, which will require the tracks to be 
maintained to at least FRA Class 4 standards. 
 
To supplement the track condition assessment conducted in 2003 for Working Paper 5, an 
updated track inspection was conducted by On-Call Engineering Consultant HDR, Inc. on April 6-
9, 2009. Results of the inspection are included in the SMART Corridor Condition Report Update, 
June 16, 2009 (Final). 

Review Methodology 

The PE documents were reviewed for horizontal and vertical alignment in accordance with 
SMART’s Common Standards and Design Guidelines. The aerial mapping used is appropriate for 
conceptual engineering. In general, it was found that the major elements of the alignment 
conformed to the stated criteria. Drawings are at a level of design consistent with the 
conceptual engineering needed to support an EIS/EIR, however the level of detail for some 
elements (such as the pathway) is relatively schematic, and thus some impacts (and the 
corresponding mitigation measures) may be overstated. 
 
Certain “fixed” locations more or less dictate track location, i.e. grade crossings which will be 
rebuilt at approximately their same horizontal and vertical location (in order to avoid rebuilding 
adjacent roadway sections). Maintaining the current horizontal and vertical alignment is of 
somewhat less of a concern between grade crossings (i.e. long sections of open track), and in 
these locations the alignment can be better optimized for SMART as well as freight operations. 
Design of the bicycle/pedestrian pathway is addressed in a separate section due to the unique 
design considerations of this facility. 

Estimated Level of Design Completion 

Conceptual level ~5% - 10% 
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Major Risk Factors 

1. The final track profile and the amount of new ballast/fill required are the major risks 
associated with the trackway construction and cost. The profile, in part, will be set 
according to the final established Hydrologic Criteria.  The corridor passes through some 
flood plains, thus determining where to apply the 100-year storm criteria will require 
careful analysis. See also “Hydrology and Hydraulic Studies” below. 

2. Project aerial mapping performed for PE was not controlled by survey adequate for Final 
Design. Per discussions with HDR, there are suspected discrepancies in the vertical 
control by up to several feet, which presents design uncertainties particularly in areas of 
narrow right-of-way, due to the unknown impacts of slope easements on adjoining 
properties. Retaining walls have been included in some locations, however these areas 
will have to be checked with the updated topographic survey obtained by SMART in 
early 2009. 

3. Though the April 2008 cost estimate was not reviewed in detail, it appears track 
rehabilitation unit costs were based on assuming minor rehabilitation in most locations, 
i.e. surface and lining with a 2” to 4” lift added to the existing trackbed. This strategy is 
commonly employed by private operating railroads, which attempt to minimize capital 
construction cost and instead rely on annual Maintenance of Way budgets. In addition, 
the rail line has been inactive since 2001 and has thus suffered from deferred 
maintenance, most evident in the field by the uniformly fouled ballast section. 

4. Typically, public transit agencies will front-load rail construction costs to minimize cost 
of ongoing maintenance. The aforementioned “SMART Corridor Condition Report 
Update” recognizes that the current ballast condition is unacceptable for a railroad 
transit operation. Complete track rehabilitation will entail excavation to track subgrade 
level, and replacement with a new subballast/ballast section. This cost was not included 
during PE or subsequent updates. 

 
Other major risk factors identified based on items not addressed during Preliminary Engineering 
are: 

5. Additional track siding locations have been identified since the EIR was completed, 
which may involve additional environmental review and preliminary engineering  

6. It is possible that SMART may need to be built under freight operating conditions, an 
added cost which was not addressed during PE. 

Recommended Next Steps 

The focus should be on advancing design to a level adequate to further define major cost and 
schedule risks identified herein. The most effective means of doing this would be to advance 
the preliminary engineering to a higher level of detail, as follows: 
 
1. Develop Track Rehabilitation Standards, (balancing cost of initial construction with ongoing 

maintenance). 
2. Perform Advanced Conceptual Engineering (to approximately the 20% design level), 

incorporating: 
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a) New project mapping with a minimum 1 foot contour interval. Perform ground surveys 
at critical locations (this is in process as part of the recently completed LiDAR mapping 
effort and grade crossing advance design work). 

b) A comprehensive hydrology study. The track profile in many instances will be governed 
by the flood levels (see also “Hydrology and Hydraulic Studies” below). The effort would 
include performing detailed hydraulic modeling to size crossing drainage culverts and 
structures. 

c) Mapping of location of existing utilities, and coordination with third party utilities. 
d) Developing mathematized track alignment and profile. 
e) Typical sections, and project cross sections at ~200-foot intervals. 

3. Develop Final Design Criteria and Standards 
a) Expanded Design Criteria to include: Stations, Hydrology/Hydraulics, Third party utilities, 

Right-of-Way, Surveying, Signaling, Traffic Control, and Pathway Signing and Striping. 
b) Prepare pathway standards (see also “Pathway Engineering” Below). 
c) Develop appropriate interfaces between final design/construction packages for 

track/civil/pathway, and bridges, in recognition of the logistical advantages to including 
some or all of the “minor” bridges with the civil packages. 

4. Develop appropriate interfaces between final design/construction packages for 
track/civil/pathway, and bridges, in recognition of the logistical advantages of including 
some or all of the “minor” bridges with the civil packages. 

Pathway Engineering 

Summary of Review 

A parallel bicycle/pedestrian pathway is included in the project plans for approximately 53 
miles of the rail alignment. Section 4, WP 5 summarizes design elements of the pathway, and 
sets forth general design parameters including cross-sectional width, minimum setback, and 
means of physical separation from the rail line (i.e. fence/barrier). The PE drawings indicate the 
general location of the path within the right-of-way (or in some cases outside the R/W).  
 
Operationally, the pathway will provide secondary functions including access for railroad 
maintenance and emergency vehicles. In addition, WP 5 indicates approximately 45 locations 
where the pathway is planned to cross existing streets (generally adjacent to the railroad 
crossing), and acknowledges the need for traffic control measures for pedestrian/auto safety 
(which are not explicitly identified in the PE documents). 

Review Methodology 

Pathway geometrics are largely subservient to the rail alignment due to the higher speed and 
operating characteristics of the latter. The pathway is offset to one side or the other of the rail 
centerline, and makes several crossings with the rail line to avoid areas of narrow right-of-way, 
environmental sensitivity, or railroad operational functions (i.e. sidings or potential freight 
shippers). 
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Design details of the pathway will likely be subject to more local scrutiny than the rail line. This 
is due to the pathway’s introduction as  a “new” element of the SMART corridor, its greater 
accessibility by a wider range of users for commuting, school and recreational use, and the 
potential safety issues at crossings (both of the rail line itself, and at mid-block roadway 
crossings). In addition, locating the pathway on formerly “unoccupied” portions of the right-of-
way and near adjacent properties will entail more coordination with third parties. 
 
For safety and operational reasons, the pathway should to be laterally separated from the rail 
facility to the greatest extent possible. This generally places the pathway adjacent to SMART’s 
right-of-way line. Along narrow portions of SMART’s right-of-way, property acquisition may be 
required. This will require surveying the location of SMART’s right-of-way line, and fine-tuning 
the pathway horizontal and vertical alignment. 
 
In mid-2009, SMART conducted a review of SMART’s Grade Crossing Safety Improvement 
Program (currently at the 90% design level) in conjunction with affected city public works staff. 
This “early look” at 26 crossings offers a unique opportunity to shape design guidelines at 
crossing locations corridor-wide, due to the complexity of movements which need to be 
accommodated (i.e. trains, autos, pedestrians using sidewalks and pathway users) and the need 
to accommodate all such uses safely. 

Estimated Level of Design Completion 

Conceptual level ~5%-10% 

Major Risk Factors 

The pathway adds a major cost risk due to its location, generally along the edge of an already 
narrow right-of-way. 
 
1. The pathway location is subject to refinement based on less-than-optional operational 

characteristics (i.e. number/location of crossings) and availability of improved final design 
mapping.  

2. Related to (1) above, once improved mapping is available the pathway location should be 
reassessed based the location of significant environmental resources. 

3. SMART has committed to implementing measures to address crossing safety (particularly at 
intersections) as part of the EIR process. Detailed planning at both the corridor level and at 
specific locations will likely require further local agency input. 

4. Safety review of grade crossings will be by CPUC (existing and new crossings). Either FRA or 
CPUC will review rail/pathway separation and setbacks, and an early determination as to 
who the reviewing agency will be should be made. 

Recommended Next Steps 

SMART already has gained substantial experience implementing “rail with trail” segments (i.e. 
Cal Park Hill Tunnel, the Puerto Suello Hill and City of Healdsburg bike path), and should apply 
this expertise in developing pathway standards. SMART can also canvas other commuter rail 
agencies with significant “rail with trail” segments, such as SCRRA/Metrolink and Caltrain. 
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The following next steps are recommended for design of the pathway: 
 
1) Confirm the basis of design for location of the pathway during PE: 

a) Have the On-Call Engineer prepare a narrative documenting the rationale for pathway 
location with respect to the rail alignment (i.e. east side vs. west side) on a segment-by-
segment basis. 

b) Use the newly developed aerial mapping to confirm that the pathway “fits” into the 
right-of-way (horizontally and vertically) as originally conceived during PE. 

c) Identify potential alternative locations based on new information available. 
2) Perform conceptual studies for segments with significant physical constraints, focusing on 

minimizing construction and environmental impacts and maximizing safety. The focus of 
these studies will be to: 
a) Determine whether acceptable cost-effective alternative routings exist. In particular, 

consider possible “off-line” segments that meet the needs of the local communities. 
b) Expand on conceptual safety guidelines developed for the pathway, in accordance with 

MUTCD, the Caltrans Traffic Manual, and other policies 
c) Establish a basis of design that Incorporates the significant effort SMART has gained 

through developing and implementing standards for completed SMART pathway 
segments (i.e. Cal Park Hill, Puerto Suello, and Healdsburg). 

d) Develop a design exception process for the designer to request relief from pathway 
design criteria in particularly challenging segments, i.e. in areas of narrow right-of-way 
or where there are other impediments to pathway construction. 

3) Develop corridor-wide policy guidelines addressing: 
a) SMART access to/maintenance of the pathway; 
b) User access; 
c) Operational safety features; 
d) Emergency access by police and first responders; and, 
e) Criteria for future expansion of rail or pathway facilities. 

4) Develop a detailed Operations and Maintenance Plan for the pathway; and, 
5) Develop and execute memoranda of understanding with appropriate local agencies, to: 

a) Guide the design of pathway facilities (initial and future segments); and, 
b) Establish operational, maintenance and emergency response protocols for the finished 

pathway. 

Hydrology and Hydraulic Studies 

Summary of Review 

To assess the requirements for hydrologic and hydraulic analysis (H&H) for the SMART project 
design the following two documents were reviewed:  

a) Hydrology and Water Quality Assessment April 2004, (Revised March 2005) 
b) DEIR for SMART, Section 3.3, November 2005   
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These documents were developed during the EIR process to satisfy CEQA requirements for the 
project. The documents contain the findings of preliminary impact analysis on surface and 
ground water resources, and on floodplains. The intent of these documents is to provide a 
conceptual overview of H&H requirements. Subsequent detailed H&H studies should evaluate 
the specific impacts of the project and the risks associated with flooding, as well as mitigation 
measures to minimize the impact on flooding conditions; and will support the detailed 
hydraulic design.  

Review Methodology 

Typically, new projects are evaluated for their potential flooding impacts in the following ways: 
(1) new facilities generally are built above the hydraulic grade line (at a specified height) from 
the design flood event which is typically the 100-year (base) flood, and (2) the project should 
have no or insignificant impact of existing hydrologic, hydraulic, and flooding conditions.  For 
instance, the incremental “fill” or “cut” created by the new facilities or any project component 
cannot cause flood waters to be diverted to other existing facilities or result in increase in 
floodplain elevations. Additionally, with flood mitigation measures implemented, the project 
should not impact the hydraulic conditions in the area, i.e. increase flow velocities or erosion 
potential etc.   
In establishing hydrologic criteria for the SMART project, it is instructive to review similar 
criteria used by other railroads and agencies. In general, local public agencies (i.e. Marin County 
Department of Public Works or Sonoma County Water Agency) require that new construction 
be built above the 100-year floodplain (as shown on FEMA Flood Insurance Rate Maps). As a 
private interest, the Union Pacific Railroad sets the following criteria for drainage 
improvements: 

a) The 50-year flood elevation should not come into contact with the crown of the culvert 
or the low chord of the bridge (whichever is applicable). 

b) The 100-year flood elevation should not exceed the track subgrade elevation at the 
structure. 

c) If the Replacement Bridge or culvert is located in an urban or developed area, the 
railroad's criteria and the local criteria shall both be evaluated, and the more restrictive 
of the two shall be utilized. 

d) If the existing structure opening satisfies the foregoing criteria, a smaller section which 
satisfies the criteria set forth above may be recommended. 

Estimated Level of Design Completion 

Less than 5%. 

Major Risk Factors 

The PE designer has estimated that approximately 24 miles of the SMART corridor lies within 
the 100-year floodplain. Much of this is concentrated between the Ignacio Wye in Novato, and 
the City of Petaluma (from several creeks, the Petaluma River and bay storm surge) and from 
Asti to Cloverdale along the Russian River. Potential risks to the Project will be as follows. 
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1. Risk to SMART facilities (trackbed, stations, systems) from flood damage, which may cause 
periodic service disruptions unless flood control mitigation measures are implemented. 
Flood control mitigation measures would include: raising the track-bed, upgrading cross 
drainage structures, and flood diversion structures. This would result in an increase to the 
project cost. 

2. Conversely, raising the elevation of SMART facilities to protect them from the base flood 
may result in: 

a. Increase in the floodplain elevations or limits of flooding by extending flood prone 
areas to adjoining facilities. (Note that the EIR states that project components shall 
be designed to avoid raising flood levels). 

b. Impacting the existing hydraulic conditions by increasing flow quantity or velocity, 
and erosion potential in these areas. 

 
Therefore, upgrading of other cross-drainage facilities in the vicinity would be required such 
that overall impact from the project and flood protection measures is insignificant.  This would 
also result in cost impacts to the project. 

Recommended Next Steps 

1. During Final Design, SMART will need to prepare a detailed Hydraulics &Hydrology (H&H) 
study for existing and proposed drainage and waterway facilities, showing drainage areas 
associated with the SMART facilities and flow characteristics.  The study, at a minimum, 
should include,  

a) Baseline conditions including a summary of available data and floodplain 
information for the project, H&H conditions, and risk of flooding.  

b) Basis of analysis to establish design criteria consistent with the EIR, and local, state, 
federal requirements as well as the project needs.  

c) Design flow elevations for the SMART corridor or hydraulic grade lines for the 
corridor, and H&H analysis to size the drainage structures including culverts and 
bridges along with final design of inlet and outlet structures to minimize the impact 
on existing conditions.  

2. Since much of the alignment is within developed areas, and since the cost and 
disruption associated with elevating the trackbed or other facilities would be excessive, 
SMART may wish to consider adopting a hydraulic design standard which limits but does 
not necessarily prevent damage to its facilities for the 100-year event.  Therefore, the 
basis of design should consider economic and risk analysis for the project, including 
reducing project design standards in low risk/low hazard areas. It may not be 
economical to design the 70 mile corridor for a 100-year flood, if the consequences of 
flooding can be shown as insignificant. Therefore, a statistical analysis of local rainfall 
data to determine the storm intensity/frequency & duration curves appropriate for the 
project area would be required. 

3. The baseline study and the basis of design should be completed in advance to provide a 
hydraulic design basis for approval by local flood control agencies and municipalities, 
consistent with the state and federal requirements. This will reduce the potential for 
delays in performing design and decision making at later stage.  
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Bridges and Culverts 

Summary of Review 

The PE recommendations for bridge and culvert rehabilitation were reviewed, based on WP 5 
(Sections 6.0 and the BR drawings), plus information obtained by the PMC through the PE 
designer. There are 62 existing bridges on the SMART corridor, with three of these considered 
“major” bridges due to their length or operational characteristics. The majority of smaller 
structures were built or reconstructed by the Northwestern Pacific Railroad or its predecessors 
between 1904 and 1945. Recommendations for repairs or replacements of these structures are 
based on a visual inspection performed in June 2003. SMART’s Common Standards and Design 
Guidelines do not discuss bridge replacement or rehabilitation, except that Southern Pacific 
Railroad (SP) Common Standard drawings are included for open deck and ballasted deck 
bridges and trestles. 
 
Original construction of most of the bridges appears to be based on the SP common standard 
drawings described above, with timber piles supporting the abutments and pier bents. The 
approach applied during PE was to replace these structures in kind, but with more durable 
materials requiring less ongoing maintenance (i.e. concrete structures were recommended to 
replace nearly all of the wood structures). Quantity takeoffs were performed for each 
replacement structure, based on the common standard. Structural calculations for the new or 
rehabilitated bridges were not performed.  

Review Methodology 

As a relatively new public agency operating a new service, SMART would likely be expected to 
deliver new or rehabilitated structures that meet modern day structural requirements, both for 
conventional and for seismic loads. Although design of railroad bridge structures is often 
governed by service loads (i.e. freight and passenger train loading), the SMART corridor lies 
entirely in seismically active CBC Seismic Zones 3 and 4 which would have to be considered 
during detailed design.  
 
In addition, if construction is to be performed under freight operating conditions (not 
considered during PE), provisions must be made to accommodate freight service. This could 
include providing parallel “shooflies” around bridge locations (i.e. rerouting freight over a 
temporary segment of adjacent track/bridge) during construction, or an institutional approach 
(i.e. a “buyout” of freight operating rights during the construction timeframe). 
 
The PMC canvassed standards for other commuter rail agencies in active seismic zones, 
particularly Caltrain in the southern Bay Area. Caltrain applies a risk-based approach in 
designing new rail bridges to meet strength and serviceability requirements during and after an 
earthquake, acknowledging factors such as the bridge’s “importance” as an element of the 
transportation system, and economic impact versus timeframe to replace damaged structures, 
among others.  
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Caltrain uses Caltrans Seismic Design Criteria (DSC) as its primary design resource for seismic 
design, supplemented by American Railway Engineering and Maintenance-of-Way Association 
(AREMA) standards as appropriate. Caltrain recognizes that railroad bridges normally perform 
well in an earthquake, since they are generally simple structures with a high degree of 
redundancy, laterally restrained by the track structure. From an operational standpoint, 
Caltrain recognizes that in a seismic event train movements can be centrally controlled and 
monitored, which is not the case for the public highway system.  
 
WP 5, Section 6.0 notes three “major” bridges along the main line, as follows: 

¶ MP 20.91 - Gallinas Creek 

¶ MP 37.19 - Petaluma River (Haystack Bridge) 

¶ MP 67.62 – Russian River 
The report identifies the need to modify the channel at the Haystack Bridge to accommodate 
modern navigational clearances. This will likely entail additional coordination with 
environmental resource agencies prior to applying for necessary permits. In fact, this is a risk at 
other locations as well where the span and/or abutments are being modified, i.e. nearly all the 
remaining bridges. 

Estimated Level of Design Completion 

Conceptual level ~5% to 10%. 

Major Risk Factors 

1. Limited geotechnical information is available for the corridor, however from DEIR Figure 
3.2.2 (Geologic Hazard Maps) it appears that in excess of 40 of the bridges identified for 
replacement are in areas of bay mud (subject to liquefaction of soils during a major 
earthquake) and/or expansive soil. Foundation design was not specifically addressed during 
PE and since a seismic analysis of the new or retrofitted bridges has not yet been 
performed, it is difficult to determine either the extent or suitable methods of construction, 
although compaction grouting may be an economical approach in stabilizing unsuitable 
soils. 

 
2. Per WP 5, preliminary bridge concepts were designed to E65 loading. However, the trend is 

for railroads to team members have stated that it would be desirable to use E80 loading for 
the project.  

Recommended Next Steps 

1. Consider adding Geotechnical Engineering support staff: 
a) SMART should consider adding (as SMART staff) a senior geotechnical or structural 

engineer, who is experienced with bridge and structure design in the North Bay 
(particularly those built on Bay Mud). The individual could be available on a full- or part-
time basis, and would be assigned to developing geotechnical and structural criteria and 
design specifications in concert with the geotechnical engineering consultant.  
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b) Initially, this individual could assist by locating geotechnical boring logs from other 
projects in the area to better estimate costs for reconstruction of bridges in zones 
subject to liquefaction or expansive soils. 

2. Engage Engineering/Constructability Expertise early in Conceptual/Preliminary Design. The 
bridge designer should: 
a) Include a project-wide geotechnical engineering consultant experienced with similar 

projects. The engineer would assist SMART in developing project-wide geotechnical 
engineering criteria for Final Design. 

b) Help SMART initiate a corridor-wide geotechnical investigation program focusing on 
gathering criteria for foundation design of the bridges. 

c) Assist SMART in establishing project-wide structural design criteria to help define 
required levels of seismic performance (i.e. life safety versus operability) for each 
structure. 

d) Assist SMART in identifying the appropriate final design packages for inclusion of specific 
bridge structures. 

3. As part of its ongoing constructability review process, SMART should consider engaging a 
local contractor experienced in ground compaction to provide preliminary 
recommendations for suitable construction methods and conceptual costs. 

4. Through negotiations with NCRA, determine the potential for a “buyout” of freight service 
rights during construction of major SMART facilities, to avoid impacts of expensive “work 
windows”  of constrained construction activities and/or shooflies at major bridges. 

 
Other steps to be undertaken include: 
 
5. Determine live loading criteria for new and rehabilitated railroad bridges (i.e. Coopers’ E65 

vs. E80). 
6. Develop a key map to the “BR” drawings identifying all the bridges along the corridor 

subject to rehabilitation and replacement. 

Preliminary Bridge Design Criteria 

Based on the information available at this preliminary level of review, a summary of the 
recommended Project Design Specifications for bridge structures follows: 

Bridge Design (Conventional Loading): 
Railway Bridges – AREMA 2008 
Pedestrian Bridges – AASHTO, Caltrans Bridge Design Specifications (CBDS) 

Bridge Design (Seismic Loading): 
Railway Bridges – CSDC, supplemented by AREMA 2008 (with California 

Modifications) 
Pedestrian Bridges – Caltrans/AASHTO or CBC 

Geotechnical: 
  All Railway Bridges – AREMA 2008, CBC, Caltrans 
  Pedestrian Bridges – Caltrans, CBC 
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We recommend that bicycle/pedestrian bridges on the right-of-way that are not attached to 
the railroad bridges be designed to Caltrans/AASHTO or California Building Code (CBC), using 
the CBDS/AASHTO Guide Specifications for Pedestrian Bridges. The Caltrans/AASHTO Live Load 
is 85 pounds per square foot plus design for maintenance vehicle H10. However, provisions may 
have to be made for emergency response or other vehicles that could use the pathway. 
 
It should be emphasized that the above recommendations are preliminary and subject to 
change as more information becomes available. As a relatively new agency about to undertake 
a large bridge construction program, SMART would be prudent to develop project-specific 
structural design criteria that consider both risk and cost to the overall program in a 
systemwide context, versus adopting existing criteria that may not suit the program. 

Stations 

Review Summary/Methodology 

Design performed for stations in the SMART corridor was limited to that needed to support the 
environmental process, and is summarized in WP 5, Section 10 and DEIR Appendix C - Rail 
Station Summaries. The PMC review which follows is very general due to the preliminary nature 
of the plans for the stations. 
 
As of June 2009, all station locations have been finalized, however several planning-level issues 
remain both at the programmatic and site-specific level. These issues include establishment of 
the precise station footprint, nature and type of station amenities, and platform length/height 
(dependent on vehicle type decision).  
 
Obtaining any necessary input from local jurisdictions for design of station facilities should be 
one of the important early-on activities. It should be noted that SMART is currently supporting 
station planning efforts pending or underway by several jurisdictions in the corridor, through 
programs such as MTC’s Resolution 3434, which includes guideline policies for Transit-Oriented 
Development.  
 

Estimated Level of Design Completion 
Conceptual level ~5% to 10%. 

Major Risk Factors 

1. Any delays in obtaining local agency input to design of specific stations could impact the 
overall project schedule. 

2. The rail vehicle type to be used on the system is undetermined. Identification of the vehicle 
is necessary to determine platform characteristics including height, length, clearance and 
other factors. 
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Recommended Next Steps 

1. SMART should engage a station Final Design team independent of the track/civil/pathway 
designer. This will minimize schedule conflicts with other professional contracts from 
potential delays to the station approval process. 

2. SMART should have either the PMC or station final designer develop conceptual Station 
Program Definition templates that clearly establish the features to be constructed by the 
SMART project: 

a. The Initial template will identify systemwide station features and amenities common 
to all stations, and will be integrated into the Design Criteria developed by the PMC. 

b. Future templates will be station-specific, identifying number of platforms, parking 
spaces, and other features unique to the particular station. 

3. SMART should consider engaging a station planning firm experienced in urban design 
(separate from the station final designer) to integrate work of the station architect with 
station planning efforts underway with local jurisdictions. Generally an experienced station 
planning firm can smooth the station development process by: 

a. Helping to define the station “on-campus” facilities built by SMART, versus “off-
campus” facilities by other entities. 

b. Helping to integrate the station footprint into the context of medium- and long-term 
planning efforts by local jurisdictions. 

Signaling & Grade Crossings 

Review Summary/Methodology 

Drawings SI-001 through SI-013 were reviewed along with WP 5, Section 9. The narrative 
acknowledges that as a single-track railway with passing sidings, the substantial increase in 
service frequency and speed SMART brings will require a major upgrade of the signal system. 
Automatic Block Signaling (ABS) is recommended with vital train detection via coded track 
circuits, their lengths established based on safe braking distance. Centralized Traffic Control 
would be established for remote control of the system and communication with train 
operators, potentially located at the maintenance facility. 
 
During PE, a field review of all grade crossings was made along with detailed documentation, to 
determine necessary crossing equipment upgrades to accommodate the higher speed of the 
new passenger rail service. The determination was made that: 
 
1. Crossing equipment in place (crossing gates/foundations, signal houses, control circuits) 

was functionally and technologically obsolete, and needed replacement with modern 
equipment at 100% of the grade crossings. 

2. For crossing safety, about half of the locations needed roadway improvement upgrades (i.e. 
number of lanes, curbs, etc.). 

3. Private crossings with crossbucks only should be upgraded to active warning devices. 
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A brief review of the signal system cost estimate indicated that signalization for grade crossing 
protection is estimated at $24 million, which appears acceptable for a project of this size, 
considering the level of design contingency used. Some existing grade crossing equipment is 
planned for reuse, which could result in a credit. Also, NCRA is installing new equipment at 
some of the crossings as part of its effort to reopen the railroad for freight traffic in Fall 2009. 

Estimated Level of Design Completion 

Conceptual level ~5%. 

Major Risk Factors 

1. Since the publication of WP 5, the Rail Safety Improvement Act of 2008 has been 
established by the US Congress setting a deadline of 2015 for implementation of Positive 
Train Control (PTC) technology across most of the U.S. rail network. This is in response to 
the collision of a Metrolink passenger train and a Union Pacific freight train September 12, 
2008. Under its provisions, SMART will be obligated to include PTC technology in design and 
construction, to include at a minimum: 

a. Equipment on the locomotive; 
b. Equipment at the control center; 
c. Bi-directional wireless data link between the train and the control center; and 

optionally, 
d. Wayside equipment; and, 
e. Unidirectional data link between wayside equipment and train 

2. A dedicated communication system does not appear to be included in the PE plans. A new 
rail transit system would be expected to include a communication system for station-to-
station communication, vital circuitry for interlockings, and related equipment. In addition, 
office system (i.e. radios, CRT’s for dispatchers) would need to be included, as would 
wayside amenities and passenger systems dependent on communication linkages (i.e. 
Ticket Vending Machines). 

3. Closure or consolidation of several private crossings has been discussed as a means of 
better controlling right-of-way access, reducing maintenance cost, etc. However this would 
necessitate study and determination of offsetting capital costs, such as developing new 
parallel feeder routes to the consolidated crossings. 

Recommended Next Steps 

1. Develop a Preliminary Systems Integration Plan which provides a framework for the design 
of all system elements, accounting for vehicles, signals, communications, train control, 
power distribution, platform and wayside communication and operational control. Include 
provisions for Positive Train Control. 

2. Prepare a study and preliminary plan for suggested closures/consolidations of private grade 
crossings throughout the corridor. 
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Operations & Maintenance Facility 

Review Summary/Methodology 

The maintenance facility layout and design as defined by “WP 5 Section 11 and PE drawings” or 
the “Alt. Sites for Vehicle Maintenance & Storage Report” provide an acceptable schematic 
(10% level) design documents and basis for order of magnitude cost estimates for the 
maintenance facility and storage yard for two alternative sites. Since publication of Working 
Paper 5, additional alternative sites have been identified for potential screening. 

Estimated Level of Design Completion 

Conceptual level: ~ 5 - 10% 

Major Risk Factors 

1. Typically, suitable sites for maintenance facilities contain current or prior manufacturing or 
industrial uses that increase the potential for hazardous material contamination. Transfer of 
such properties can trigger the need for expensive remediation of the underlying soils to 
mitigate contamination. 

2. Prior to final design, study and development of more detailed facility layouts and 
requirements are required. The maintenance facility layout and design is highly dependent 
on the vehicle to be used on the SMART system and prior to completing preliminary design 
documents, the overall geometry and major characteristics of the vehicle need to be 
decided upon. Then, based upon the vehicle to be used, an operating plan for storing, 
servicing, maintaining the vehicles at a specific site can then be developed and accepted. 
Preliminary design documents for the maintenance facility and storage yard would then be 
prepared consistent with the operating plan.  

3. The present schematic design level plans do not provide sufficient detail or tie down 
essential elements so as to allow final design to begin without additional studies and 
decisions (which should be made during preliminary design). The preliminary design 
documents should include – in addition to the preliminary design drawings – a space 
allocation program, a facility design criteria, a list of the major maintenance equipment to 
be provided as part of the shop, and a list of technical specifications – in order to allow a 
final design of the facility to be done efficiently and cost effectively. 

Recommended Next Steps 

1. For sites being screened, conduct the necessary hazardous material investigations (Phase 1 
and possibly Limited Phase 2) to assess the extent of mitigation required. (General 
background and recommendations for addressing hazardous materials is included in the 
section, “Hazardous Materials” below). 

2. Develop a PE-level Program Definition, either through the Program Manager or as an initial 
task of the Maintenance Facility Final Designer, to include: 

a. Operations and Maintenance Facility – Description of Functional Requirements 
b. Maintenance Facility Space Allocation Diagram; 
c. Maintenance Equipment listing (i.e. non-revenue vehicles); 
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d. Central Control Facility (CCF) layout/functionality; 
e. Operator Facilities; 
f. Mid-day Facilities; 
g. Final Design Criteria/Standards; 

 
3. Develop an Operating Plan which addresses train inspection/servicing at remote facilities, if 

this is anticipated. 

Other Considerations 

Hazardous Materials 

The following summarizes our review of the DEIR with an emphasis on next steps for managing 
the overall hazmat risks: 

Á Soil and groundwater sampling (if needed) was recommended, which would require the 
preparation and implementation of a plan for soil/groundwater characterization.  

Á An asbestos / lead-based paint (LBP) survey of the bridges needs to be conducted by 
qualified personnel where the bridges will be upgraded or replaced, and for other 
existing buildings and structures on properties that will be acquired for the project.  

Á Specific sites listed within Table 3.4-2 (Summary of Areas of Concern) appear to warrant 
further evaluation of their current status due to either a listing of “Moderate” potential 
to affect the project or due to there being a note that there was evidence of off-site 
migration of a release towards the railway corridor (although these sites were for some 
reason were identified as “Low” potential). 

Á For identified contamination, a Site Mitigation Plan with appropriate Best Management 
Practices (BMPs) needs to be prepared.  

Conclusions 
Preliminary Engineering is generally considered to be achieved when the design level has 
reached 30%. However, a more useful definition of PE relates to having achieved the level of 
design necessary to establish a reliable project cost, budget and completion schedule. This 
implies that the level of project risks have been made manageable based on the identified 
budget and completion timeframe.  
 
In practice this will result in designs exceeding 30% for high risk items, and possibly well below 
a 30% level for non-critical/low risk items. From our review of the PE documents, very few 
project elements meet the threshold of PE, and several outstanding issues remain to be 
addressed prior to achieving a PE level of design. 
 
Two additional subtasks will conclude our Task 1.4 PE review effort. The first will be to 
incorporate findings from the updated track and bridge inspection referred to above. The 
second and final subtask will be to summarize our review into a consolidated report, which will 
incorporate the current memorandum as well as: 
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¶ Identifying major deficiencies or areas of concern for each discipline; 

¶ Making recommendations for early tasks needed, if any, to clarify or supplement the 
prior PE efforts, prior to commencing Final Design; 

¶ Making recommendations for advancing Final Design Standards and Criteria; 

¶ Providing further recommendations for the Final Design Engineering scope of work; 

Recommended Project Components for Advanced Engineering 

Summary of Major Risk Factors 

The greatest concern overall is that the level of engineering for the major project components  -
-  those subject to the greatest variance in quantity, cost and schedule -- does not provide 
enough detail to adequately define these components. Most of these components are spread 
geographically over the entire project or a large percentage of the project.  
 
In order to advance the design as effectively as possible, it is critical to focus on those risk 
factors that relate to system elements or design policy, versus individual project components. 
From this review, these can be categorically summarized as: 

 
1. Definition of Major Project/System Components, including: 

a) Rail Vehicle Type; 
b) Station Facilities Programming/Definition; 
c) Train Control & Communication System. 

2. Engineering and Construction Standards for Major Facilities, including: 
a) Track and trackbed reconstruction – extent of track structure replacement  
b) Bicycle/pedestrian pathway location, design and safety policies and standards 

(particularly at “conflict” points). 
3. Development of Risk-Based Criteria and Policies for: 

a) Structures and Foundation Design – Bridges and Culverts  
b) Hydraulic/Hydrologic Design 
c) Construction of facilities under freight traffic 

Overall Next Steps 

Based on the major risk factors outlined above, we recommend the following sequence of steps 
as SMART embarks on Final Design: 
 
1. Establish Final Design Criteria, emphasizing early development of: 

a) Vehicle Design Specification 
b) Systems Integration Plan 
c) Facilities Design Standards, with early emphasis on: 

i) Hydrologic Criteria for Corridor 
ii) Pathway Design Guidelines, including studies to support alternative pathway 

routing. 
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2. Fully mobilize the Final Design Team, including the PMC, Final Designers, and SMART staff as 
recommended above. The emphasis will be on achieving concurrent development in the 
following areas: 
a)  Civil Engineering: 

(1) The highest priority task will be to update the current PE documents, utilizing 
new project aerial base mapping, a fully mathematized alignment, update the 
definition of wetland areas and pathway, and further definition from other 
disciplines, including an updated Capital Cost Estimate. 

(2) The next priority will be to have the PMC and Civil/Track Final Designer develop 
appropriate contract interfaces, both vertically and horizontally, between 
different disciplines and contracts (i.e. Civil/Systems, Civil/Bridges, Civil/ 
Stations). 

b) Stations: 
(1) Initially, the Stations Designer and PMC will develop a Stations Program 

Definition to define programmatic elements common to all stations. 
(2) SMART should continue to support station area planning efforts by local 

jurisdictions in the corridor, and possibly engage a station planning consultant 
separate from the station designer to help define station “on-campus” vs. “off-
campus” facilities. 

c) Bridges and Structures: 
(1) At the program level, SMART should engage an experienced, part- or full-time 

geotechnical/structural staff member to develop criteria for bridge and culvert 
replacements, oversee development of geotechnical guidelines and monitor 
corridor-wide geotechnical Investigation work; 

(2) Develop risk-based design criteria for rehabilitation of major structures in the 
corridor; 

(3) Engage Constructability Review support at an early stage of the bridge design 
process (i.e. type selection process). 

3. Working with SMART staff, the PMC will assist in establishing the policies and guidelines 
necessary for working with the other agencies and entities whose cooperation will be 
crucial to SMART’s success, particularly with regards to: 
a) Construction of SMART facilities under freight traffic (NCRA); 
b) Procurement – Advance Contracts, Other Contracts (SMART, Sonoma County possibly 

others); 
c) Operations – SMART Rail/Trail Pathway (Operations/Maintenance), Emergency 

Response Protocol (cities, counties, local Authorities Having Jurisdiction). 



 

Appendix A 

 

 

Appendix A ɀ Listing of PE Documents Reviewed 
Final WP No. 5, Vol. 2 – Preliminary Engineering Drawings  

o Track Alignment/Profile (Drawings PP-004 through PP-257) 

o Track rehabilitation (Drawings TC-001 through TC-029) 

o Bicycle/Pedestrian pathway Schematics 

o Bridge Rehabilitation/Replacement (Drawings BR-001 through BR-053) 

o Signals/Grade Crossings (Drawings SI-001 through SI-012) 

o Maintenance Facilities (Drawings MF-001 through MF-102) 

Final Working Paper No. 5, Vol. 1, Detailed Project Design Options (October 2003) 

o Section 1 – Introduction 

o Section 2 – Train Operations 

o Section 3 – Track Alignment 

o Section 4 – Bicycle/Pedestrian Path 

o Section 5 – Track Improvements 

o Section 6 – Bridge/Culvert Improvements 

o Section 7 – New Bridges 

o Section 8 – Tunnels 

o Section 9 – Signaling & Grade Crossings 

o Section 10 – Passenger Stations 

o Section 11 – Maintenance Facilities 

o Section 12 – Freight Rail Service 

o Section 13 – Construction Staging Plan 

o Appendix A – Technical Memorandum, Bicycle/Pedestrian Path Design, 
Considerations And Parameters 

o Appendix B –Recommended Bicycle/Pedestrian Pathway Routing By Segment 

o Appendix C – Track Inspection Report 

o Appendix D - Bridge Inspection Report 

o Appendix E – Grade Crossing Photographs And Upgrade Descriptions 

o Appendix F – Capital Cost Estimate Backup 

o Appendix G - Operating And Maintenance Cost Estimate Backup 

Draft Environmental Impact Report (November 2005) 

o Section 3.2 – Geology, Soils and Seismicity 
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Appendix A ɀ Listing of PE Documents Reviewed 
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o Section 3.3 – Water Resources 

o Section 3.4 – Hazardous Materials 

o Appendix C – Rail Station Summaries 

Hydrology and Water Quality Assessment April 2004, (Revised March 2005) 

SMART Commuter Rail Project – Capital Construction Cost Estimate (April 2008) 

SMART Interim Design Standards (April 2005) 

 


