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The Environmental Technical Working Group (ETWG), the Resource Agency Partnership (RAP) and the Stakeholder
Working Group (SWG) 1 have reviewed and provided input into a range of objectives and criteria to be used for
evaluating and comparing the range of alternatives. The Project objectives and criteria are divided into 5
categories:
1.
2.
3.
4.
5.

Natural Resources
Social Equity
Transportation
Built Environment
Fiscal Feasibility

The categories were formed from the Project objectives. Under each of the objective, the Project Team developed
a set of criteria to be measured for each alternative using readily available data. The objectives and criteria
supporting each category are outlined in Table 1 through 5 below. Attached to this summary follows a 1-page
methodology for each of the criteria in a table format to provide a consistent overview. These table methodologies
describe the analyst’s qualifications, the measures, the data sources to be used and the methodology for
measuring.
This preliminary planning phase used data that can be readily obtained and does not include field verifications.
The intent is to provide a comparable base of information upon which to compare and contrast the range of
Alternatives proposed.
Depending on one’s perspective, one criterion may be more valuable than another, and the opposite perspective
may be true for another persons’ viewpoint. The objective of this exercise is to provide information that is worth
considering in evaluating the comparative performance of each alternative. This information must be digestible
for all to view and discuss. However, criteria are not equal, nor are they measuring similar units.
Table 1: SOCIAL EQUITY*
Objective 1: Provide an equitable transportation solution for all populations regardless of age,
ability, race, ethnicity, or income to secure access to jobs, services, and recreation for
populations with fewer transportation choices
CRITERIA:
Multi-modal opportunities

BRIEF DEFINITION:
Potential for persons to consider shifting mode

1
During the preparation of the DAA US 101 – SR 121, there were two Stakeholder Working Groups (SWG). Initially, the DAA Study team organized a SWG,
then when Caltrans began the PEL, it was decided to develop a comprehensive SWG for both the DAA and PEL processes. The SWG members from the DAA
were enveloped into a broader SWG under the orchestration of the Caltrans PEL. It was the DAA’s original SWG who reviewed and provided input on the
criteria and methodology development.
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Vehicle Miles Traveled

Distance in miles for most common origin and destination
pairs
Change of Access
Access points for private driveways, roads, recreational areas
Noise/Vibration
Sensitive receptors potentially affected
Visual
Determine Visual Impact Assessment (VIA) Level (Caltrans
form)
Community Compatibility
Potential for relocations and/or growth inducement
Air Quality / Greenhouse Gas
Earthwork quantities, construction duration, use of
specialized equipment, proximity of sensitive receptors
*All Social Equity Criteria overlap with those found in other Categories; therefore, the
methodologies follow in the order of the Categories outlined below.
Table 2: NATURAL RESOURCES
Objective 1: Minimize impacts to existing natural resources and preserve potential for future
conservation and ecological restoration
Objective 2: Prioritize ecological connectivity in roadway design
Objective 3: Facilitate ecosystem adaptation to sea level rise
CRITERIA:
Wetlands/Waters

BRIEF DESCRIPTION:
Extent of Wetlands and Other Waters within the permanent
footprint

Threatened and Endangered
Species
Critical Habitat
Ecological Connectivity

Threatened or endangered species with a CNDDB occurrence
within a 500-foot buffer of the permanent footprint
Critical habitat within the permanent footprint
Length of road type (causeway, embankment, or at grade)
along each alignment and length of each road type over Bay
Area Critical Linkages Design and Critical Linkages Riparian
Buffer Zones.
Water Crossings that
Lengths of bridge crossings compared to lengths to cross
Accommodate Future Tidal
potential fully widened restored channels with fringe marsh
Habitats
on either side.
Future Tidal and Transition
Area of potential future tidal habitat and future transition
Zone Habitat
zone within permanent footprint
Future Bird Habitat
Areas designated as highest priority for long-term bird
habitat by the Point Blue model within the permanent
footprint.
Future Ecological Connectivity Length of road type (causeway, embankment, or at grade)
within potential future tidal habitat and future transition
zone habitat
Table 3: TRANSPORTATION
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Objective 1: Provide a resilient and reliable transportation corridor that accommodates all
planned modes for safe movement of goods and people through 2100 and beyond
Objective 2: Maintain and enhance accessibility (parks, public & private land ownership, ped and
bicycle)
CRITERIA:
Traffic Operations
Vehicle Miles Traveled
Change of Access
Multi-modal opportunities

BRIEF DEFINITION:
Potential for increased congestion due to potential for traffic
diversion caused by changing SR 37 traffic patterns

Change in VMT for most common SR 37 origin and
destination pairs
Access points for private driveways, roads, recreational areas
Potential for persons to consider shifting mode based on
accessibility to more destinations

Table 4: BUILT ENVIRONMENT
Objective 1: Maintain consistency with existing and future plans
Objective 2: Avoid the roadway affecting changes to existing land use designations
CRITERIA:
Noise/Vibration
Visual
Hazardous Materials
Conversion of Land Use
Community Compatibility
Cultural Resources
(archaeological and historic)
Infrastructure Assets
Air Quality / Greenhouse Gas
Section 4(f) Lands

BRIEF DEFINITION:
Sensitive receptors potentially affected
Determine Visual Impact Assessment (VIA) Level (Caltrans
form)
Interception with Sites Identified in Regulatory Agency
Records
Change of land uses to transportation use
Potential for relocations
Potential to affect archaeological and historic sites
Potential conflict with non-transportation Infrastructure
GHG emissions modeled through the Bay Plan 2050 model
Road alignment through or near wildlife and waterfowl
refuges, park and recreation land, and potentially NRHPeligible historic sites

Table 5: FISCAL FEASIBILTY
Objective 1: The alternatives need to be fiscally feasible with consideration for lifecycle costs
(minimizes capital, construction, and annual maintenance costs)
CRITERIA:
Capital costs

BRIEF DEFINITION:
Scale of magnitude cost estimates based on design costs,
capital costs and contingency

Lifecycle Cost

Lifecycle duration and cost for upgrades by linear length of
embankment versus causeway or bridge structure
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This analysis does not average scores among criteria nor weight the one criterion over another criterion because
they measure very different effects. For example, some are measuring acres of potential habitat removal, and
another may compare the number of sensitive receptors that may be impacted. To compare the performance for
the vast amount of data collected and measured for each alternative, the results were normalized to facilitate
viewing many criteria at once. This required each analyst to interpret the measurements and construct a standard
scale to convert the measurements into a performance rating. Some criteria offered the possibility of both
beneficial and adverse effects, while most criteria measurements only resulted in an increasing level of adverse
effect.
Depending on the criteria analysts chose between:
•
•

A constructed scale based on a 1 to 5 scale, with 1 representing the alternative with minimal negative
effect and 5 indicating the alternative with the maximal negative effect (Scale: 1, 2, 3, 4, 5), or
A constructed scale reflects both negative and positive effects, where a positive two (2) represented
beneficial score and the negative two (-2) represented the maximum adverse effect (Scale: -2, -1, 0 1, 2)

However, from the observers’ perspective, an adverse effect resulting in a score of 3 is not technically equal to a
‘neutral’ score of zero (0) from the other scale. To remove the connotation of a numeric value, the conclusionary
table displaying all criteria for every alternative employs a color scale (See table 6). For the ease of the viewer, the
color scale of Red, Orange, Yellow, Light Green and Dark Green is applied. The color code allows the eye to scan
many variables quickly, however, to fully understand the data behind the color code, the reviewer should review
the actual data collected. An adverse red in the score of a 1-5, does not cancel out the positive score of 2 in the
other score scale and therefore the scores are not averaged. All criteria are displayed as independent assessment.
Table 6: Illustration of Normalized Score Evaluation

Scale Description

Scores most desirable / highest when
compared to other alternatives; net benefit or
minimal negative effect
Used to distinguish an alternative that is inbetween highest and moderate effect
Moderate when compared to other
alternatives; moderate but mitigable /
avoidable negative effect
Used to distinguish an alternative that is inbetween moderate and lowest score
Scores least desirable / lowest when compared
to other alternatives; notable or significant
negative effect

Scale indicating both
Positive and Negative
Effects
(2)

Scale
Indicating
Degrees of
Negative Effect
(1)

(1)

(2)

(0)

(3)

(-1)

(4)

(-2)

(5)
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Methodologies By Criteria in Order of
Categories Above
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Category: Natural Resources
Objective 1: Minimize impacts to existing natural resources and preserve potential for future conservation
and ecological restoration.
Objective 2: Prioritize ecological connectivity in roadway design.
Objective 3: Facilitate ecosystem adaptation to sea level rise.
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Category: Natural Resources
Criteria: Wetlands/Waters (NR1)
Criterion:

Wetlands/Waters

Professional Qualifications:

Stephanie Bishop, M.S. Conservation Biology, Professional Wetland Scientist,
Restoration Ecologist with 12 years of experience
• BAARI (Bay Area Aquatic Resource Inventory)
• Updates to BAARI by ESA to reflect restored tidal habitats, available as of
January 2021
• Bay waters estimated in aerial imagery (all areas in the bay that aren’t
classified as mudflat in the BAARI dataset)
Effects on Wetlands/Waters. Calculate area (acres) of existing non-tidal wetland,
tidal wetlands, and waters within the permanent footprint:

Data Source(s):

Methodology:

NON-TIDAL WETLANDS
• Depressional Wetlands (acres)
• Fluvial Channel
• Playa
• Seep or Spring
TIDAL WETLANDS
• Intertidal Mud Flat
• Lagoon
• Mixed Intertidal
• Tidal Ditch
• Tidal Marsh
• Tidal Panne
• Recently restored tidal habitats
WATERS
• Shallow Bay/Bay Waters
Metric (Raw Order of
Magnitude Data
Measurement):
Constructed Scale:

Acres per wetland/water type - non-tidal wetland, tidal wetlands, and waters –
within the permanent footprint.
The constructed scale is based on a 1 to 5 scale, with 1 representing the alternative
with the smallest negative effect and 5 indicating the alternative with the largest
negative effect. Scores are based on acres within the permanent footprint, by type.
The scores may be adjusted to reflect key qualitative considerations, such as if an
alternative disturbs rare, high-value habitats like mature marsh.

Notes:

Assumptions
●

Assume BAARI (and associated updates) roughly reflects the extent
of jurisdictional wetlands/waters within the proposed footprints at
the time of construction.
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Limitations of Analysis:
● The analysis considers only direct, permanent impacts from the
new SR 37, and does not address:

●

o

Temporary impacts to wetlands/waters due to construction
activities

o

The indirect impacts of the new highway to wetlands /
waters outside the construction footprint (e.g., isolation of
tidal wetlands from tidal channels, high tide refugia, and
estuarine-terrestrial transition zones), except as noted for
qualitative adjustments to the ratings

The analysis is based on the extent of wetlands/waters under
current environmental conditions, which could change by the time
the new SR 37 is constructed (due to climate change, unplanned
levee failures, or other factors).

Important Considerations:
● Potential new wetland/water areas associated with removal of the
existing SR 37 roadway is provided for reference. These areas are
potential project mitigation areas.
●

The functions and values of wetlands/waters are influenced by
numerous qualitative factors including wetland/water type /
abundance / distribution, landscape position and characteristics,
connectivity to other wetlands/waters and other habitats, and
support for native/listed species. Use of acreage as a surrogate for
functions and values is a simplification and potentially obscures
important differences between the impacts of different
alternatives. These differences can be accommodated in the ratings
using professional judgement.

●

Ratings for non-tidal wetland, tidal wetlands, and waters are
presented separately rather than totaled, as alternatives affecting
these wetland/water types are considered to have sufficiently
different impacts on the relative distribution, abundance, functions,
and values of the region’s aquatic resources.
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Category: Natural Resources
Criteria: Threatened and Endangered Species (NR2)
Criterion:
Professional Qualifications:
Data Source(s):

Threatened and Endangered Species
(Special-status species with potential to occur)

Stephanie Bishop, M.S. Conservation Biology, Professional Wetland Scientist,
Restoration Ecologist with 12 years of experience
• California Natural Diversity Database (CNDDB) (July 2021)

Methodology:

Federally listed and/or State-listed threatened or endangered species with a
CNDDB occurrence within a 500-foot buffer of the permanent footprint.

Metric (Raw Order of
Magnitude Data
Measurement):
Constructed Scale:
1, 2, 3, 4, 5 (increased level
of adverse effect)

Total number of threatened or endangered species with an occurrence (per
CNDDB) within 500 feet of ROW.

Notes

Limitations of Analysis:
● The CNDDB is a commonly used yet coarse and imperfect tool for
representing the distributions and populations of threatened and
endangered species. Occurrences in the CNDDB are largely driven
by targeted site-specific surveys performed for individual projects,
not comprehensive landscape-scale surveys of species
presence/absence. The database therefore largely reflects where
surveys are located and may not accurately reflect the distribution
of species within and along the ROW.

The constructed scale is based on a 1 to 5 scale, with 1 representing the alternative
with the smallest negative effect and 5 indicating the alternative with the largest
negative effect.
1= 0 to 1 Federal/State threatened or endangered species
2= 2 Federal/State threatened or endangered species
3 = 3 to 4 Federal/State threatened or endangered species
4 = 5 Federal/State threatened or endangered species
5 = 6+ Federal/State threatened or endangered species

●

Many occurrences in the CNDDB are from older surveys and may
not reflect current or future likelihoods of species occupation.

●

CNDDB occurrences tend to focus on more easily observed and
identified wildlife such as birds and mammals, not more cryptic
species such as fish, invertebrates, and plants.

●

CNDDB does not include occurrences of rare plant ecotypes of
common species (e.g., salt/inundation-tolerant ecotypes of
otherwise common terrestrial species) that are important to
maintaining genetic diversity and adaptive capacity within
ecosystems.
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●

Analysis of CNDDB occurrences within a given geographic footprint
cannot indicate the relative proportion of a regional population of a
species represented by those occurrences.

Important Considerations:
• CNDDB occurrences should only be considered as a rough
qualitative guide to the potential current and future occupation of
an area by listed species. Future assessment of potential impacts to
listed species should address both site- and landscape-scale impacts
to habitats (see NR-1 above) as well as known and potential
populations of listed species.
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Category: Natural Resources
Criteria: Critical Habitat (NR3)
Criterion:

Critical Habitat

Professional Qualifications:

Stephanie Bishop, M.S. Conservation Biology, Professional Wetland Scientist,
Restoration Ecologist with 12 years of experience
• USFWS and NOAA Critical Habitat GIS data as provided in the California
Natural Diversity Database (CNDDB) (July 2021)
Identify species with critical habitat located within the permanent footprint.

Data Source(s):
Methodology:

Calculate area of critical habitat within the permanent footprint.
Metric (Raw Order of
Magnitude Data
Measurement):
Constructed Scale:
1, 2, 3, 4, 5 (increased level
of adverse effect)

Total area of critical habitat within the permanent footprint (acres) less the new
areas associated with removal of existing SR 37 roadway.

Notes

Limitations of Analysis:
● Critical habitat mapped within CNDDB is a coarse tool for
comparing alternatives. The CNDDB is a commonly used yet limited
reflection of the distribution of critical habitat for threatened and
endangered species. See limitations noted for criterion NR2.

The constructed scale is based on a 1 to 5 scale, with 1 representing the alternative
with the smallest negative effect and 5 indicating the alternative with the largest
negative effect.

●

The CNDDB maps only critical habitat for endangered species that
has been officially designated by USFWS or NMFS. Some of the
endangered species with potential to occur in the region – for
example, the salt marsh harvest mouse and Ridgway’s rail – have
not had critical habitat designated by these agencies.

●

Critical habitat is designated only for endangered species, not
designated for threatened species listed under either ESA or CESA.

●

The CNDDB does not reflect mapping done by USFWS to support
the draft and final Recovery Plan for Tidal Marsh Ecosystems of
Northern and Central California, which addresses habitat needs for
recovery of federally endangered salt marsh harvest mouse,
Ridgway’s rail, Suisun thistle, soft bird’s-beak, and California
seablite.

●

As designated by USFWS and NMFS, critical habitat tends to reflect
the habitats within which listed species directly live, not the
habitats on which they indirectly depend. For example, designated
critical habitat for Chinook salmon and green sturgeon is limited to
11
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tidal open water/channel habitats, and does not include the tidal
marshes that support estuarine food webs in tidal open
water/channels.
●

CNDDB mapping of critical habitat reflects current environmental
conditions, not future environmental conditions (and therefore
habitat distributions) with climate change.

Important Considerations:
● Given the limitations above and the fact that the only species with
critical habitat mapped in the planning area are fish species –
Chinook salmon and green sturgeon – the rating for critical habitat
essentially tracks the “Waters” rating under Wetlands / Waters
(NR1).
● Future assessment of potential impacts to critical habitat should
address both site- and landscape-scale direct, indirect, and
cumulative impacts to habitats.
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Category: Natural Resources
Criteria: Ecological Connectivity (NR4)
Criterion:

Ecological Connectivity

Professional Qualifications:

Stephanie Bishop, M.S. Conservation Biology, Professional Wetland Scientist,
Restoration Ecologist with 12 years of experience
• Critical Linkages: Bay Area & Beyond (SC Wildlands et al., 2013)
• BAARI (Bay Area Aquatic Resource Inventory) and associated updates
(see NR2)

Data Source(s):

Methodology:

Length of new road and removal of existing road by road type (causeway,
embankment, or at grade) through Bay Area Critical Linkages Design areas,
Critical Linkages Riparian Buffer Zones, and existing habitats of all types.

Metric (Raw Order of
Magnitude Data
Measurement):

This is a 3-part criterion:
1.

2.

3.

Bay Area Critical Linkages Design connectivity: length (miles) of alignment
on embankment/at grade (limited connection) and length on causeway
(greater connection) that is positioned through “Design” areas as defined
by the Bay Area Critical Linkages. “Design” areas roughly correspond with
regionally important upland corridors.
Bay Area Critical Linkages Riparian Buffer Zone connectivity: length
(miles) of alignment on embankment/at grade and length on causeway
that is positioned through Riparian Buffer Zone as defined by the Bay
Area Critical Linkages.
All Habitat connectivity: length (miles) of alignment on embankment/at
grade and length on causeway that is positioned through all existing
habitats including wetlands/waters and uplands.

Each measurement subtracts the length of embankment/at grade and causeway
removed for the existing roadway.
Constructed Scale:
1, 2, 3, 4, 5 (increased level
of adverse effect)

The constructed scale is based on a 1 to 5 scale, with 1 representing the
alternative with maximum benefit (highest positive connectivity score) and 5
indicating the alternative with the maximum negative effect (highest negative
connectivity score). A rating of 3 is roughly neutral (slightly negative or 0
connectivity score).
Connectivity score was created by counting new roadway as a negative for
ecological connection and removal of the existing roadway as a positive for
ecological connection. Road type was weighted with a “connectivity factor” of (1)
for greater connectivity (causeway) and a (3) for limited connectivity
(embankment/at grade).
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Notes:

Limitations
• The ratings reflect connectivity across the SR 37 corridor only.
Connectivity may continue to be limited by presence of the rail corridor if
rail is not realigned with the highway.
• The “connectivity factors” indicating extent of connectivity/blockage are
order of magnitude and reflect professional judgement.
Important Considerations
• All alternative alignments are outside of the Bay Area Critical Linkages
Design areas.
• Many of the areas mapped as Bay Area Critical Linkages Riparian Buffer
Zone are also mapped in all habitats category, factoring twice into the
overall score.
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Category: Natural Resources
Criteria: Water Crossings that Accommodate Future Tidal Habitats (NR5)
Criterion:

Water Crossings that Accommodate Future Restoration

Professional Qualifications:

Tiffany Cheng, P.E., M.S. Coastal & Ocean Engineering

Data Source(s):

Methodology:

Metric (Raw Order of
Magnitude Data
Measurement):

•
•
•
•

For each creek crossing (e.g., Novato Creek, Simmons Slough, Petaluma
River):
• Estimate channel width with future full tidal scenario (using
tidal prism hydraulic geometry equations, with sea-level rise
and land at or near existing grades) and add 500 ft of buffer
on either side of the channel.
• Compare to length of bridge/causeway at crossing
• Compare for proposed bridges and any existing bridges that
remain, near-term and long-term
•

•

Constructed Scale:

Future projected tidal inundation extents
Digital Elevation Model and survey/topography information
Creek centerlines
Extents of planned restorations and potential future restored
areas (future tidal habitat)

For new bridges, delta of bridge length and length to cross
fully widened future channel (ft) plus 500 ft of marsh on either
side. [Since all bridges were defined to meet this standard, all
new bridges have a delta of zero or higher.]
Presence or absence of any existing undersized SR 37 bridges
to remain in the long term [Since all existing undersized
bridges are assumed to be removed in the long term, there are
none present]

The score is created by counting new appropriately sized bridges as
neutral and removal of existing undersized bridges as a benefit.
The constructed scale is based on a 1 to 5 scale, with 1 representing
the alternative with maximum benefit (new bridge/causeway length is
adequately sized and existing bridges removed) and 5 indicating the
alternative with the maximum negative effect (new bridge/causeway
length is not adequately sized). A rating of 3 is no substantial change
from existing conditions (new bridge/causeway length is adequately
sized and existing bridges remain).
Scores provided for long-term conditions.

Notes

Assumptions:
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●

This analysis assumes a scenario of full tidal inundation
of the region’s Baylands.

●

For alternatives on the existing SR 37 alignment, the
analysis assumes that all existing undersized bridges will
be replaced by appropriately sized bridges during
construction, allowing full hydrologic connectivity in the
near term.

●

For alternatives that deviate from the existing SR 37
alignment (e.g., Over Bay, Bahia/Atherton, Burdell/Hog
Island), the analysis assumes that all existing SR 37
bridges (and other roadway infrastructure) remain in the
near term and are removed in the long-term.

Limitations:
● Assumptions about the ultimate removal and timing of
removal for all existing SR 37 bridges are approximate
and for alternatives comparison purposes only.
●

The ratings reflect water crossings across the SR 37
corridor only. Water crossings by rail may continue to be
undersized if rail is not realigned with the highway.

●

The full tidal inundation scenario holds the existing Baymarsh edge in its current location. It does not account
for likely landward migration of this edge in response to
future shoreline erosion.

Important Considerations:
●

This metric is important due to the primacy of tidal
channels in carrying tidal flows to the San Pablo
Baylands. However, wave action along the shoreline is
also a major driver of habitat formation. A wave-built
platform along the shoreline, above the high tides,
provides crucial high marsh habitat for native and listed
tidal marsh species in the North Bay. It’s possible that as
sea levels continue to rise, waves will drive the landward
migration of this platform. This analysis doesn’t address
the significant differences between how embankment
and causeway alternatives could impede or facilitate
migration of the wave-built platform and marsh.

16

SR 37 Ultimate Sea Level Rise Resilience Design Alternatives Assessment (DAA, US 101 to SR 121)

Category: Natural Resources
Criteria: Future Tidal and Transition Zone Habitat (NR6)
Criterion:

Future Tidal and Transition Zone Habitat

Professional Qualifications:

Tiffany Cheng, P.E., M.S. Coastal & Ocean Engineering

Data Source(s):

•

Future full tidal inundation scenario

Methodology:

•

Area of tidal habitat (based on future full tidal inundation scenario) and
area of 1600 ft (500-m) transition zone buffer within permanent footprint
[Note: offset for transition zone buffer consistent with the upper boundary
transition zone methodology (SFEI 2017)]

Metric (Raw Order of Magnitude
Data Measurement):

•

Acres of future tidally inundated and transition zone areas within the
permanent footprint

Constructed Scale:
1, 2, 3, 4, 5 (increased level of
adverse effect)

The constructed scale is based on a 1 to 5 scale, with 1 representing the alternative
with the smallest negative effect and 5 indicating the alternative with the largest
negative effect.

Notes:

Assumptions:
● This analysis assumes full tidal inundation of the region’s Baylands
as well as a 500 m (1600 ft) buffer of transition zone habitat
extending inland from the landward edge of future tidal habitat.
●

Current and potential future intertidal habitats are assumed to
experience sufficient sedimentation to remain intertidal (mudflat
and marsh) with sea-level rise, not convert to subtidal habitat.

Limitations of Analysis:
● This analysis is based on a hypothetical future full tidal scenario and
does not attempt to distinguish between types of future intertidal
habitats (intertidal mudflats and marshes) that provide different
ecological functions. It’s unlikely that all current and potential
future intertidal habitats in the region will manage to keep pace
with rising sea levels, meaning some existing tidal marshes will
convert to intertidal mudflat and some existing intertidal mudflats
will convert to shallow subtidal.
●

The transition zone habitat buffer is determined by lateral distance
from the landward edge of tidal habitat, not vertical distance

17

SR 37 Ultimate Sea Level Rise Resilience Design Alternatives Assessment (DAA, US 101 to SR 121)

upslope from that edge, so does not correspond directly with future
sea-level rise accommodation space. 2
●

The full tidal inundation scenario holds the existing Bay-marsh edge
in its current location. It does not account for likely landward
migration of this edge in response to future shoreline erosion.

●

The location, orientation, and design of features such as causeways
and embankments will likely have a significant influence on the
resilience (and therefore future footprint) of tidal and transition
zone habitats. For simplicity, this level of consideration is not
included here.

Important Considerations:
● As with criteria NR-1, use of acreage as a surrogate for habitat
functions and values is a simplification and potentially obscures
important differences between the impacts of different
alternatives. These differences can be accommodated in the ratings
using professional judgement.
●

2

The ratings reflect effects of the SR 37 corridor only. Future tidal
and transition zone habitat may be limited by presence of the
SMART rail corridor if rail is not co-located with the highway. In its
current location, the SMART right of way limits opportunities for
the future transgression of tidal marsh habitats across parts of the
transition zone, resulting in a future habitat footprint that is smaller
than the one assumed here. Co-locating rail with the new SR 37
plays a significant role in the provision of future tidal and transition
zone habitat in the region.

Accommodation space is the space for lateral marsh migration as sea level rises.
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Category: Natural Resources
Criteria: Future Bird Habitat (NR7)
Criterion:

Future Bird Habitat

Professional Qualifications:

Stephanie Bishop, M.S. Conservation Biology, Professional Wetland
Scientist, Restoration Ecologist with 12 years of experience
• Point Blue Conservation Science San Francisco Bay Future Tidal
Marsh Tool
(https://data.pointblue.org/apps/sfbslr_map/sfbmap_html.php)
Areas designated as highest priority (0.75-1) for long-term bird habitat by
the Point Blue model within the permanent footprint.
Total area of highest priority tidal marsh bird areas within the permanent
footprint.

Data Source(s):
Methodology:
Metric (Raw Order of
Magnitude Data
Measurement):
Constructed Scale:
1, 2, 3, 4, 5 (increased level
of adverse effect)

Notes:

The constructed scale is based on a 1 to 5 scale, with 1 representing the
alternative with the smallest negative effect and 5 indicating the
alternative with the largest negative effect.
1 = < 10 acres
2 = 10 to 20 acres
3 =20 to 40 acres
4 = 40 to 60 acres
5 = > 60 acres
Assumptions:

•

This analysis assumes a scenario in which existing intertidal
and subtidal habitats evolve in response to ongoing
sedimentation and sea level rise (see Point Blue
Conservation Science San Francisco Bay Future Tidal Marsh
Tool for additional information). Note that this is a different
future tidal scenario than is used for the other future
conditions criteria.

Limitations:

●

As with criterion NR-6, the location, orientation, and design
of features such as causeways and embankments will likely
have a significant influence on the resilience (and therefore
future footprint) of tidal and transition zone habitats.

Important Considerations:
● See discussion for criterion NR-6.
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Category: Natural Resources
Criteria: Future Ecological Connectivity (NR8)
Criterion:

Future Ecological Connectivity

Professional Qualifications:

Tiffany Cheng, P.E., M.S. Coastal & Ocean Engineering

Data Source(s):

•

Map of potential future tidal habitat (future tidal scenario) and future transition zone
(1600 ft (500-m) buffer from future tidal edge).

Methodology:

Length of new road and removal of existing road based on road type (causeway, embankment, or
at grade) within potential future tidal habitat and future transition zone habitat.

Metric (Raw Order of Magnitude
Data Measurement):

This is a 2-part criterion:
• Tidal habitats connectivity: length (miles) of embankment/at grade (limited connection)
and on causeway (greater connection) that is positioned through future tidal habitats
• Transition zone connectivity: length (miles) of embankment/at grade (limited connection)
and on causeway (greater connection) that is positioned through future transition zone
buffer.
Each measurement accounts for the length of embankment/at grade and causeway removed for
the existing roadway.

Constructed Scale:
1, 2, 3, 4, 5 (increased level of
adverse effect)

The constructed scale is based on a 1 to 5 scale, with 1 representing the alternative with the
smallest negative effect and 5 indicating the alternative with the largest negative effect.

Notes:

Assumptions:
• The existing SR 37 roadway is assumed to be removed in all alternatives, a positive for
future ecological connection. Since this is the same for all alternatives, roadway removal is
not factored into the scoring.
• See assumptions related to the future full tidal scenario described in criterion NR-6.
Limitations:
• The ratings reflect connectivity across the SR 37 corridor only. Connectivity may continue
to be limited by presence of the rail corridor if rail is not realigned with the highway.
• The “connectivity factors” indicating extent of connectivity/blockage are order of
magnitude and reflect professional judgement.
• See limitations related to the future full tidal scenario described in criterion NR-6.
Important Considerations
• See considerations described in criterion NR-6.

Connectivity score was created by counting new roadway as a negative for future ecological
connection. Road type was weighted with a “connectivity factor” of (1) for greater connectivity
(causeway) and a (3) for limited connectivity (embankment/at grade).
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Category: TRANSPORTATION
Objective 1: Provide a resilient and reliable transportation corridor that accommodates all planned modes for
safe movement of goods and people through 2100 and beyond
Objective 2: Maintain and enhance accessibility (parks, public & private land ownership, ped and bicycle)
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Category: Transportation
Criteria: Traffic Operations (T1)
Criterion:
Professional Qualifications:
Data Source(s):
Methodology:

Traffic Operations

Eddie Barrios, P.E, T.E., PTOE, 23 years of experience leading and preparing Traffic
Operations Analysis Reports
Existing congestion based on the following sources:
• Online Traffic Mapping Tools (e.g., Google Traffic)
Qualitatively determine the effect of potential traffic diversion on traffic congestion
at the following corridors near SR 37:
•
•
•
•
•
•

Metric (Raw Order of
Magnitude Data
Measurement):

SR 12: SR 29 to I-80
SR 12: SR 121 to SR 29
SR 12: SR 116 to SR 121
I-580: Richmond-San Rafael Bridge (RSR Bridge) to I-80
I-80: SR 37 to I-580
SR 29: SR 37 to SR 12

The presumption is that an increase in traffic volume due to an increase in traffic
diversion would worsen traffic operations, while no increase in traffic volume
would result in no change to traffic operations.
• Decrease in Traffic Volume = Decrease in Traffic Congestion
• No Change in Traffic Volume = No Change in Traffic Congestion
• Increase in Traffic Volume = Increase in Traffic Congestion
Provide a value of +1 for each corridor where congestion would increase, 0 for each
corridor that remains unchanged, and -1 for each corridor where congestion would
decrease. Sum up the six values (for the six corridors) to determine a total score
for each alternative. Set the numeric value to equal the total score (e.g., if the total
score is 0 then the numeric value is 0).
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Category: Transportation

Criteria: Vehicle Miles of Travel (VMT) (T2)
Criterion:
Professional Qualifications:
Data Source(s):

Methodology:
Metric (Raw Order of
Magnitude Data
Measurement):

Vehicle Miles of Travel (VMT)

Eddie Barrios, P.E, T.E., PTOE, 23 years of experience leading and preparing Traffic
Operations Analysis Reports
• SR 37 Travel Behavior & Transit Feasibility (May 2019)
• Performance Measurement System (PeMS) 2019
• SR 37 Segment B PSR/PDS (December 2018)
• Preliminary drawings prepared by T.Y. Lin that illustrate the start/end
of the corridor and length for each alternative
• Google Maps
Determine the change in VMT as a result of a change to travel route between the
top ten origin-destination pairs currently using SR 37.
% VMT Increase compared to SR 37 VMT Projected 2040 Average Daily Trip
Projections.
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Category: Transportation
Criteria: Change of Access (T3)
Criterion:
Professional
Qualifications:
Data Source(s):

Methodology:

Metric (Raw Order of
Magnitude Data
Measurement):

Change of Access

Snehalatha Pavuluri, Professional Engineer, B.S, M.S, 13 Years
Sophia Huynh, Professional Engineer, B.S, 4 Years
GIS data and Google Earth:
• Land Use – as merged from Marin and Sonoma County GIS layers (GIS dates apply)
• Topographic data – combination of public topography and LiDAR data obtained
through Project team
• Navigational Map on Baytrail.org
• Grand Bayway SR 37 Public Access Scoping Report
Determine changes in access for private driveways, roads, recreational areas and
score the number of impacted existing access points as well as potential for new access
points. The measures included:
• Impacts of moving an existing access to SR37 (not closed but more cumbersome
access)
• Length of proposed alignment from US101/SR37 to Sears Point and then from
Junction (Sears Point or Over-Bay Junction) to Mare Island compared with the
existing alignment end points
• Potential to provide additional/new access opportunities, including new parking
areas and/or new connection to proposed trails and recreational areas
Assumptions
• Assume that no roadways / driveways will be closed to access.
• Adequate traffic flow with the Built Project (congestion would not become a
hinderance to access)
Scores were assessed with the following point structure:
• Moving an existing access: Added length from SR37 to existing access point: 0

•

•

point = less than 1/2 mile longer, -1 point = 1/2 to 2 miles longer, -2 points
= 2 to 4 miles longer, and so forth
Length of proposed alignment: +2 points = 2 to 4 miles shorter, +1 point =
1/2 to 2 miles shorter, 0 points = under 1/2 shorter or less than 1/2 mile
longer, -1 point = 1/2 to 2 miles longer, -2 points = 2 to 4 miles longer
Potential to provide additional/new access: +1 point for each new access
point or connection to proposed trails and recreational areas, +1 point for
each opportunity to provide extra parking areas (due to potential vacating
road areas)
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Category: Transportation
Criteria: Multi-modal Opportunities (T4)
Criterion:
Professional
Qualifications:
Data Source(s):

Methodology:

Multi-Modal Opportunities

Snehalatha Pavuluri, Professional Engineer, B.S, M.S, 13 Years
Sophia Huynh, Professional Engineer, B.S, 4 Years
GIS data and Google Earth:
• Land Use – as merged from Marin and Sonoma County GIS layers (GIS
dates apply)
• Topographic data – combination of public topography and LiDAR data
obtained through Project team
• Google Earth
• Navigational Map on Baytrail.org
• Grand Bayway SR 37 Public Access Scoping Report
• Sonomamarintrain.org - Train Station Map
• Marintransit.org - Local Service Map

Determine the opportunity to enhance accessibility via alternative modes
of transportation and for a person to consider shifting modes. The measures
included:
• Potential to conveniently connect a new bus line on SR37 to existing
public transit routes
• Potential to provide Bike/Ped, Bus Transit/Vanpool, Carpool/HOV

•
•

Metric (Raw Order of
Magnitude Data
Measurement):

Linkages that encourage bike/ped use of the propose alternative
(such as Bay trail or other recreational use trails with bike/ped
path on proposed SR37)
Potential to conveniently integrated rail (ROW availability, grades
accommodate rail easily)

1.

Access to Transit Stops: +1 if direct connection to existing transit

2.

Potential Modes: +1 for each mode integrated on the Proposed
alternative
Linkages to Existing Trails and Bike/Ped Path: +1 for each connection
point
Rail Potential: Yes (+1), no (-1), possibly (0)

3.
4.

route is possible, -1 for every mile b/w the interchange and
existing transit stop
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Category: Built Environment
Objective 1: Maintain consistency with existing and future plans
Objective 2: Avoid the roadway affecting changes to existing land use
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Category: Built Environment
Criteria: Noise and Vibration (BE1)
Criterion:

Noise and Vibration

Professional Qualifications:

Chris Sanchez, B.S., Environmental Science, University of
California, Berkeley, more than 24 years of experience
managing, conducting and monitoring noise analyses,
investigations and surveys for urban development,
transportation, and infrastructure projects
GIS data and Google Earth:
• GIS data on land use to identify sensitive land uses (e.g.,
residential zones areas)
• Google earth information for other sensitive land uses
(e.g., parks, outdoor amphitheaters)
• GIS and Google Earth to identify shoreline bands in
areas that may require sheet pile driving.

Data Source(s):

Methodology:

•

•

•
Metric (Raw Order of Magnitude
Data Measurement):

•
•

Number of sensitive receptors within 500 feet of
alternatives and/or protocol of relevant Caltrans
standards and Guidance Manuals (e.g., California
DOT Noise Analysis Protocol; Caltrans Vibration
Guidance Manual)
Location of sensitive receptors relative to primary
noise-generating or noise increasing
improvements as determined by the operational
features and footprint of an alignment.
Approximate number and location of driven piles
(inc. within water or 200 feet from shore)
Number of parcels of sensitive land use within 500 feet
of ROW.
Number of total piles and piles within 200 feet of shore
(i.e., edge of water) for construction related impact.
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Category: Built Environment
Criteria: Visual Resources (BE2)
Criterion:

Visual

Professional Qualifications:

Elliott Schwimmer, B.S., Conservation and Resource Studies, University
of California, Berkeley; 9 years of experience with environmental
documents prepared for local, state, and federal agencies including
preparation of CEQA and NEPA documents as well as visual resource
assessments for Caltrans, the City of San Francisco, and the City of
Oakland
GIS data and Google Earth:
• The California Department of Transportation State Scenic
Highway Program: https://dot.ca.gov/programs/design/laplandscape-architecture-and-community-livability/lap-liv-i-scenichighways
• Google Earth
• USGS “The National Map”
• Alignment information (including typical elevations) from
engineering team
• Local General Plans, including Urban Design Elements, general
plan land use maps, etc.
o MarinMap Map Viewer
o Permit Sonoma GIS Zoning and Land Use Map
Impact Determination
1. Assess if an alternative would trigger any impacts to the visual
resources of the project area.
a. Review local General Plans, including Urban Design
Elements, general plan land use maps, etc. scenic resources
in the project area
b. Review Google Earth for other visual resources in the
project area
c. Review USGS “The National Map” for other public lands in
the project area
2. Assess the potential for an alternative to result in a noticeable
change in the visual environment
3. Assess the potential sensitivity of viewer groups.

Data Source(s):

Methodology:

Complete the Caltrans Questionnaire to Determine Visual Impact
Assessment (VIA) Level
The total point score of the completed VIA Questionnaire corresponds to
the recommended level of visual analysis. The questionnaire considers
the following factors:
• Numbers and sensitivities of affected viewer groups;
• Existence of scenic resources;
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Extent and degree of the proposed changes in the visual
environment;
• Local concerns or project controversy;
• Cumulative impacts along the transportation corridor.
The total point score from the completed questionnaire corresponds to
the recommended level of future visual analysis and rough order of
magnitude of potential impacts.
The total point score of the completed VIA Questionnaire for each
alternative.
Caltrans Score 6-9: No noticeable visual changes to the environment are
proposed and no further analysis is required.
•

Metric (Raw Order of Magnitude
Data Measurement):

Caltrans Score 10-14: Negligible visual changes to the environment are
proposed.
Caltrans Score 15-19: Noticeable visual changes to the environment are
proposed. An abbreviated VIA is appropriate in this case. The assessment
would briefly describe project features, impacts and any avoidance and
minimization measures. Visual simulations would be optional.
Caltrans Score 20-24: Noticeable visual changes to the environment are
proposed. A fully developed VIA is appropriate. This technical study will
likely receive public review.
Caltrans Score 25-30: Noticeable visual changes to the environment are
proposed. A fully developed VIA is appropriate that includes photo
simulations. It is appropriate to alert the Project Development Team to
the potential for highly adverse impacts and to consider project
alternatives to avoid those impacts.
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Category: Built Environment
Criteria: Hazardous Materials (BE3)
Criterion:

Hazardous Materials

Professional Qualifications:

Michael Burns, CHG, CEG, PG, QSD; B.S., Geology, San Jose State
University, 1980; more than 30 years of experience providing expert
services in CEQA and NEPA planning and permitting, site characterization,
Superfund sites, Remedial Investigation/Feasibility Studies (RI/FS), waste
management, litigation support, property assessments, development and
redevelopment, soil and groundwater remediation, groundwater
banking, and water rights

Data Source(s):

Online databases:
• Readily available data from online state and federal agencies (
i.e., CA Department of Toxic Substances and the Regional Water
Quality Control Board)

Methodology:

•
•

Metric (Raw Order of Magnitude
Data Measurement):

•

Review proposed alignment alternatives and location of
reported hazardous materials sites
Identify the number of potential hazardous materials sites
(defined as any records reported in online databased that have
not been “closed”) crossed by a given alternative
Number of open sites within or immediately adjacent to the
footprint.
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Category: Built Environment
Criteria: Land Use (BE4)
Criterion:

Conversion of Land Use

Professional Qualifications:

Elliott Schwimmer, B.S., Conservation and Resource Studies, University
of California, Berkeley; 9 years of experience with environmental
documents prepared for local, state, and federal agencies; preparation of
numerous land use analyses for CEQA documents
• Google Earth
• USGS “The National Map” for public lands, including protected
farmland.
• Local and regional plans that pertain to the affected area
• Public parks, recreation, open space areas, and wildlife refuges,
as well as privately conserved land (i.e., NGO) identified as
“protected area” from GIS data,
• Local GIS data
o MarinMap Map Viewer
o Permit Sonoma GIS
o Conservation Lands Network
(https://www.bayarealands.org/)
• Use GIS to identify the total acres and number of parcels
converted from another use to a transportation use, based on
general plan land use data and the temporary and permanent
impact area

Data Source(s):

Methodology:

Metric (Raw Order of Magnitude
Data Measurement):

•

Acres of converted land use to transportation use, based on
available general plan land use and parcel data
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Category: Built Environment
Criteria: Community Compatibility (BE5)
Criterion:

Community Compatibility

Professional Qualifications:

Elliott Schwimmer, B.S., Conservation and Resource Studies, University
of California, Berkeley; 9 years of experience with environmental
documents prepared for local, state, and federal agencies; prepared
numerous community impact assessments for Caltrans projects and
population and housing sections for CEQA documents
• U.S. Census Bureau data
• Local General Plans
• Marin, Sonoma, and Solano parcel data
• Google Earth
• Anticipated ROW requirements

Data Source(s):

Methodology:

Metric (Raw Order of Magnitude
Data Measurement):

Analyze Impacts to Community for Each Alternative
1. Analyze direct effects
a. Disclose # of residential parcels affected and the
potential for residential relocation necessary for each
alternative
b. Disclose potential for bifurcation
•
•

Number of relocations necessary, by residential and nonresidential
Number of neighborhoods bifurcated
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Category: Built Environment
Criteria: Cultural and Historic Resources (BE6)
Criterion:

Cultural and Historic Resources

Professional Qualifications:

Kathryn Rose, MA Anthropology; 20 years of experience in Cultural
Resource Management-Archaeology
Alicia Sanhueza MS Historic Preservation; 4 years of experience in
Cultural Resource Management-Architectural History

Data Source(s):

•
•
•
•
•
•

Methodology:

•
•
•

Metric (Raw Order of Magnitude
Data Measurement):

•

Resource data obtained from Northwest Information Center
database (note maps with sensitive information will not be
shared)
Review of Geoarchaeological sensitivity modelling
Properties listed on the California Register of Historical
Resources or National Register of Historic Properties
Response from the Native American Heritage Commission
search of Sacred Land Files
Response for the State Lands Commission Shipwreck Database
Professional knowledge of other known cultural resources along
alignment corridors
Review proposed alignment alternatives and location of
recorded cultural resources (as identified above)
Identify the number of potential cultural resource sites crossed
by a given alternative
Identify buried, surface and submerged acreage sensitivity for
cultural resources by alternative
Number of sites within or immediately adjacent to the ROW
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Category: Built Environment
Criteria: Public Parks, Recreational Areas and Refuges(BE7)
Criterion:

SPublic Parks, Recreational Areas and Refuges

Professional Qualifications:

Melissa Logue, BA History, California State University, Sacramento. 19
years of experience on environmental documentation (e.g.,
compliance, approval, permitting) related to CEQA and NEPA and in
compliance with Caltrans’ Standard Environmental Reference (SER) and
Local Assistance Procedure Manual (LAPM) requirements.
GIS data and Google Earth:
• Public parks, recreation, open space areas: identified from GIS
data, google earth, information from ETWG
• Wildlife and waterfowl refuge: GIS data, google earth,
California Protected Areas Database (CPAD, 2021), information
from ETWG

Data Source(s):

Methodology:

1.
2.
3.

4.
Metric (Raw Order of Magnitude Data
Measurement):

•
•
•

Identify potential public park, recreational areas and
refuge/preserve properties within or immediately adjacent to
alignments.
Identify alternatives that may potentially remain within
existing transportation ROW/easements and those that will
require new ROW or permanent easements.
Score will be based on acreage of potential public park,
recreational areas and refuge/preserve that could potentially
be converted to roadway use, as well as length (linear foot or
mile) of alternative that would be located within 500 feet of a
potential public park, recreational areas and refuge/preserve
property to generally account for potential proximity effects to
these resources.
Information will be gathered as separate data, but then
combined for an overall nominalized score.
Number of public park, recreational areas and refuge/preserve
properties that intersect or are within 500 feet of a given
alignment for proxy
Acreage of new ROW required in public park, recreational
areas and refuge/preserve property
Length of alternative (linear foot or mile) within 500 feet of a
public park, recreational areas and refuge/preserve property
for proxy
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Category: Built Environment
Criteria: Air Quality (BE8)
Criterion:

Air Quality

Professional Qualifications:

Cheri Velzy; B.S., Meteorology, San Jose State University; 30 years of
experience in air quality analysis for permitting, capital projects and
California Environmental Quality Act (CEQA) compliance. She has
performed air quality assessments and permitting for a variety of
facilities in the oil and gas, power, transportation, community
development and manufacturing industries.

Data Source(s):

GIS data and Google Earth
• GIS zoning for land use and Google Earth Aerials to identify
sensitive receptors
• Construction duration and potential phasing from Design
Team
• Earthwork quantities and potential truck haul routes from
Design Team
• Estimated days of needed specialized equipment from Design
Team, including large stationary equipment
• Engineering quantities (from costing exercise)
• Collect construction information from engineers based on
length of the alternative and methods of construction
• Review lands uses, residents and sensitive receptors in
proximity to construction and operational activities
• All alternatives are assumed to carry same traffic capacity
• Material import (concrete + cement) (CY)
• Construction duration/intensity (via length in miles)
• Distance to closest sensitive receptor (feet) and

Methodology:

Metric (Raw Order of Magnitude Data
Measurement):

construction limits (e.g., staging area, haul routes)
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Category: Fiscal Feasibility
Objective 1: The alternatives need to be fiscally feasible with consideration for lifecycle costs (minimizes
capital, construction, and annual maintenance costs)
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Category: Fiscal Feasibility
Criteria: Capital Cost
Criterion:

Capital Cost

Professional
Qualifications:

Snehalatha Pavuluri, Engineer P.E, 12 Years
John Kenyon, Engineer B.S. P.E., 20 years

Data Source(s):
Methodology:

Caltrans Contract Cost Data, based on 2021 available construction data.
Capital Cost Methodology: Determine the present-day total capital outlay cost, total capital
outlay support cost, and total project cost for each alternative.
1. Total Design Costs = 10% of the total capital outlay cost
2. Total Construction Costs
a. Total Roadway Items Costs (earthwork, pavement, drainage, specialty
items, environmental*, traffic, detours, minor items, roadway mobilization,
supplemental work, state furnished, contingencies and overhead)
b. Total Structure Items Costs (structure type, walls, footing type)
c. Contingencies
i. Contingencies – This is the $ allocated to pay for unexpected costs
during construction. Contingencies could include but is not limited
to variability of materials, risks, managing protocols, potential
price changes in the market, inherent uncertainty in the
underground conditions, basis for allowing time, resources &
materials, and schedule uncertainty. To recognize the low level of
detail in the current design, a 40 percent contingency is applied.
d. Mitigation Monitoring/Banking
3. Total Right of Way/Utilities Costs
a. Acquisition – full or partial
b. Utility Impacts
4. Total Support Costs
5. Escalation Cost
*Wetland mitigation was estimated to be $213K/ acre of replacement based on the Nature Conservancy, Bay Area

Metric (Raw Order
of Magnitude Data
Measurement):

Regional Advance Mitigation Cost Estimation Methodology, March 20, 2020 and current mitigation projects data
gathered through the current North Bay Baylands Regional Conservation Investment Strategy (RCIS) underway with
support from a Nature Conservancy Grant, 2021.

Percent change from least costly alternative

Note: Costs are provided in percent delta from the least expensive alternative and not by actual dollar amount to
recognize that this study represents preliminary engineering development. Cost can vary drastically from year to
year depending on many variables (inflation, cost of raw materials, changes in labor and differing interpretation
of construction risk). The cost methodology does not differ and therefore the relative difference is more constant
than the variation in actual cost over time.
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Category: Fiscal Feasibility
Criteria: Lifecycle costs
Criterion:

Lifestyle Costs

Professional
Qualifications:

Sophia Huynh, Engineer-In-Training, B.S, 4 Years
John Kenyon, Engineer B.S. P.E., 20 years

Data Source(s):

Caltrans Cost Data

Methodology:

Lifecycle Cost
The lifecycle cost analysis steps consider:
1. Establish reparation methods
2. Determine activity timing (20, 40 or ? years)
3. Estimate costs (agency and user)

Metric (Raw Order of
Magnitude Data
Measurement):

Because the design alternatives have not been developed, the maintenance cost would be
estimated using the following ratios to represent frequency of repairs (as an example):
1. Structure (75 years) = 0.90
2. Hybrid (65 years) = 1.00
3. Berm (55 years) = 1.10
These ratios should be multiplied to the total capital outlay cost to estimate the total
maintenance cost for the design life.
Assumptions:
1. Cost of maintaining structure is less than cost of maintaining berm.
2. Hybrid includes equal linear feet of berm and structure.
Percent change from least lifecycle costs alternative

Note: On request, the analysis includes the composite of lifecycle cost and capital costs. Based on the magnitude
of the capital costs, the lifecycle cost does not influence the resulting total costs of the alternatives. The
combination of costs has the same results as the Capital costs.
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