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Foreword
This Recommended Protocol for Evaluating the Location of Sensitive Land Uses
Adjacent to Major Roadways (Protocol) provides a methodology for the assessment and
disclosure of potential cancer risk from diesel particulate matter attributable to siting
sensitive land uses adjacent to major roadways.
There are several purposes of this Protocol. One is to assist local land use jurisdictions
in assessing the potential cancer risk of siting sensitive land uses adjacent to major
roadways. The second purpose is to provide a disclosure mechanism for those risks.
The third is to show the relationship between potential cancer risk from diesel
particulate matter exposure and distance from the major roadway.
This document does not provide an acceptable cancer risk level or a regulatory
threshold; therefore it does not establish which projects are acceptable and which are
not. Local land use jurisdictions retain all authority and decide after considering all
relevant factors whether the project is appropriate.
Emissions and traffic data used in the screening tables are specific to the region
encompassing the Sacramento Metropolitan Air Quality Management District; therefore,
the screening tables should only be applied to projects contemplated within its
boundaries.
The District recommends that the Protocol be applied to project applications deemed
complete on or after the date of SMAQMD Board endorsement date of January 25,
2007. The District does not recommend that projects whose environmental documents
have already been certified as of that date be re-opened.
We invite users of this Protocol to contact SMAQMD planning staff or visit the District
offices for consultation on the use of this Protocol.

Sacramento Metropolitan Air Quality Management District
777 Twelfth Street, Suite 300
Sacramento, CA 95814
Phone: 916.874.4800
Fax: 916.874.4899
www.airouality.org

This document is periodically updated to reflect the latest technical data. For the most
current version, please visit www.airguality.org or call (916) 874-4876.
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Introduction
In April 2005, the California Air Resources Board (ARB) issued a guidance document on
air quality and land use'. This document specifically offered guidance on siting
sensitive land uses in proximity to sources of air toxics. Sensitive land uses include
residential communities, schools and school yards, day care centers, parks and
playgrounds, hospitals and medical facilities. One particular source of air toxics treated
in the guidance is freeways and high traffic roadways. These roadways are sources of
diesel particulate matter (PM), which ARB has listed as a toxic air contaminant. The
specific guidance recommends that sensitive land uses be sited no closer than 500 feet
from a freeway or other high traffic roadway. This recommendation was based on traffic
related studies that showed a 70 percent drop in PM concentrations at a distance of 500
feet from the roadway. Presumably, the lifetime cancer risk from exposure to the PM is
lowered proportionately.
The ARB land use siting recommendation has major implications relative to land
development projects. In particular, new residence development projects would be
especially constrained it the nearest new residence in the project were required to be at
least 500 feet from a nearby freeway. The ARB guidance is advisory in nature, and
suggests that a site specific health risk assessment (HRA) be performed to characterize
the health risks of a given development project. However, local officials faced with land
use siting decisions question the need to require a separate site specific health risk
assessment for every sensitive land use project (e.g., new housing) proposed that
deviates from the ARB guidance. Such questions are indeed valid given that the ARB
guidance does not require a specific health risk assessment protocol. Moreover, even
in instances in which a site specific HRA is appropriate, there is currently little guidance
regarding how such an HRA be performed.
The purpose of this document is to provide land use decision makers with a
methodology to make informed land use decisions on siting new residential projects and
other sensitive land uses in proximity to a freeway or other high traffic volume roadway.
This methodology is intended to give local officials the information needed to assess
health risk issues within the spectrum of other land use issues that must be considered
in the land use planning process. These other issues include housing and
transportation needs, the benefits of urban infill, and community economic development
priorities. The Protocol was not designed to be applied retroactively and should not be
applied to project applications submitted and deemed complete on or before SMAQMD
Board endorsement (anticipated to be January 25, 2007).
The methodology defines a stepwise process that indicates the need for and
methodology to conduct a site specific HRA. In this stepwise process, project site
' California Air Resources Board (ARB). Air Quality and Land Use Handbook: A Community Health
Perspective. April 2005.

2 Ibid. Page 2.
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specific characteristics are used to evaluate the potential cancer risk posed within the
project and to determine whether a site specific HRA is warranted. In cases for which a
site specific HRA is indicated, this methodology gives guidance regarding how the HRA
should be performed.
The section entitled Project Screening describes the stepwise project evaluation
process that includes screening steps that can be used to decide whether a site specific
HRA is recommended for a particular land use project. The section entitled
Methodology for Completing a Site Specific Health Risk Assessment describes the
methodology recommended for completing a site specific HRA in instances in which the
screening steps conclude that one should be done. The Calculating Potential Cancer
Risk section describes how to calculate potential cancer risk from the values that the air
dispersion model produces, and provides a sample risk calculation. The Site Specific
HRA Reporting section outlines the information from the air dispersion model run and
resulting HRA that should be included in the staff report of environmental document
The Resources section provides a list of resources for use in the project screening, air
dispersion modeling, and HRA calculation process. The technical discussion that
provides the background and justification for many aspects of the Protocol, screening
table development, and health risk evaluation procedures is given in the Appendix
(available upon request).
The methodology developed in this effort assumes that the roadway is a limited-access
freeway, with no traffic signals and associated traffic queues. Ways to incorporate
multiple roadways, freeway intersections, controlled traffic roadways (i.e. with traffic
signals and intersections), and other, non-roadway, toxic air contaminant sources into
the HRA process may be the subject of future efforts.
While the Protocol provides a methodology for assessing cancer risk only, potential
short term health risks of living near freeways and major roadways should be discussed
qualitatively in the project's staff report or environmental document. Studies have shown
that living near major roadways is associated not only with increased cancer risk, but
with short term adverse health impacts such as reduced lung function and increased
asthma hospitalizations.3 At this time, very little information exists on how to quantify the
adverse short term health impacts of living near freeways; however under CEQA,
known environmental impacts must be disclosed.
Also worth noting is that, as stricter emissions regulations and improved technologies
phase in over the years, actual emissions are projected to decline which may result in
reduced exposure to toxic air contaminants. However, such declines may be offset by
increases in vehicle miles traveled.

' ARB, Air Quality and Land Use Handbook.
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Project Screening
The stepwise approach recommended for assessing the potential cancer risk of a
proposed land use project is illustrated in Figure 2. The approach is summarized as
follows:
1. Determine if the nearest person affected by the project (receptor) is at least 500
feet from the nearest high traffic volume roadway (defined as a freeway, urban
roadway with ^reater than 100,000 vehicles/day, or rural roadway with 50,000
vehicles/day). If the building envelopes are known and included in the application
to the land use authority, the receptor should be placed at the building. Otherwise,
the receptor should be placed at the edge of the property boundary. If the project is
outside of the 500 foot distance, then the proposed project meets the ARB guidance
distance and no further roadway-related air quality evaluations are recommended
under this Protocol. If no, proceed to step 2.
2. Using the screening process described in this section, determine if the nearest
receptor has a cancer risk level lower than the evaluation criterion (discussed on
page 10) for recommending a site specific HRA. If lower risk, then no further
roadway-related air quality evaluations are recommended under this Protocol and
the projected cancer risk value and screening table used should be recorded in the
environmental documentation. If higher risk, continue to step 33. Complete a site specific HRA using procedures in accordance with those
described in the Methodology for Completing a Site Specific Health Risk
Assessment section, and submit records in the environmental documentation.
If the project proceeds to step 2, this Protocol recommends the use of a pair of
screening tables to determine if the project distance exposes receptors to greater risk
than the Protocol's cancer risk evaluation criterion (discussed on page 10). The
information needed to screen a project is shown in Figure 1.
/

Figure 1: Information Needed to Screen a Project
1. Compass orientation (direction) of the roadway
2. Compass orientation (direction) of the project
3. Peak hourly traffic volume on the roadway at the project location
Peak hourly traffic volumes information provided by Caltranss Select the location
(milepost) nearest the project. Select the back peak hour for projects south or west
of the nearest milepost location; the ahead peak hour volume for projects north or
east of the nearest milepost location For projects near roadways not tabulated by
Caltrans, consult SMAQMD.

"ARB, Air Quality and Land Use Handbook.
5 http:/Mrww.dot.ca.govlhqHraffopslsaferesrflrafdatal, viewed July 2006
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Figure 2: Stepwise Approach to Evaluating Sensitive Land Use Projects Adjacent
to Major Roadways
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During screening process, the agency or its consultant uses project information to
locate the appropriate cell in the screening table that will determine whether or not to
move on to step 3. One determines the appropriate cell by referencing the roadway and
project direction, and traffic volume in the tables. There are two tables to choose from:
one is for East-West roadways and one is for North-South roadways. Within each table,
there are matrices for projects that are upwind and downwind of the roadway. The
upwind or downwind designation corresponds to the annual average general wind
direction taken from the SMAQMD standard meteorological data set.
One should locate the cell that most closely represents the project screening risk by first
choosing the correct table. If the roadway is predominantly East-West, choose Table 1.
If the roadway is predominantly North-South, choose Table 2. If the predominant
compass orientation of the roadway is subject to dispute, then an east-west orientation
should be assumed, and Table 2 selected. Next, if the project is downwind of the
roadway, look to the upper matrix in the table. If the project is upwind, look to the lower
matrix. Now, the appropriate row in the matrix is determined according to peak traffic
volume at the roadway near the project.
The traffic volume at the roadway, using the Caltrans data, should be rounded up to the
nearest entry in the matrix selected. The agency or its consultant notes the increased
cancer risk shown in the cell that corresponds to the proposed distance from the
roadway of the nearest affected receptor. For example, for a new housing
development, the appropriate distance is that of the nearest new residence. If the
building envelopes are known and included in the application to the land use authority,
the receptor should be placed at the building. Otherwise, the receptor should be placed
at the edge of the property boundary. If the cell is not shaded (the increased risk is less
than the evaluation criterion of 446/million, as discussed in the following paragraph), a
site specific HRA is not recommended. Nevertheless, the results of the analysis should
be recorded in the environmental documentation or a staff report with the table included
for reference. If the cell is shaded (the increased risk is greater than the evaluation
criterion), SMAQMD recommends that a site specific HRA be performed. The evaluation
criterion of 446/million was selected as that level of risk corresponding to a 70 percent
reduction form the highest predicted risk in either of the two screening tables.
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Table 1: Diesel PM Cancer Risk (Potential Incremental Cancer Cases per Million
People) North and South of an East-West Roadway
PROJECTS NORTH AND SOUTH OF AN EAST-WEST ROADWAY Version 1.0
Peak Hour Traffic (vehicle/hr)
Receptor Distance from Edge of Nearest Travel Lane feet
10
25
100
50
2003 00
400
Incremental Cancer Risk Per Million: North downwind
4000
210
186
114
153
75
57
45
8000
420
372
309
228
114
150
90
12000
630
339
558
222
168
462
135

16000
20000
24000
4000
8000
12000
16000
20000
24000

837

741

615

453

500
39
75
114

297

225

180

153

4047
768
927.
372
567
1257
1113
924
681
447
Incremental Cancer Risk Per Million: South (upwind)
117
96
75
54
36
234
192
153
108
69
351
291
228
165
105
468
387
306
219
138
582
486
381
273
177
699
-^ 582* 3 45
327
210

279
336

228
273

192
228

27
51
78
105
132
159

21
42
63
84
105
126

18
36
54
69
87
105

Table 2: Diesel PM Cancer Risk (Potential Incremental Cancer Cases per Million
People) East and West of a North-South Roadway
PROJECTS EAST AND WEST OF A NORTH-SOUTH ROADWAY Version 1.0
Peak Hour Traffic (vehicle/hr)
Receptor Distance from Edg2 of Nearest Travel Lane feet
10
25
50
100
200
300
400
Incremental Cancer Risk Per Million: East (downwind)
4000
249
213
168
117
75
57
45
8000
237
423
336
150
111
485
90
12000
354
225
168
132

16000
20000
24000
4000
8000
12000
16000
20000
24000

January 2007

990

849

672

474

1239
1062
840
59,1
'1272
71
1488
1008
Incremental Cancer Risk Per Million: West u wind
159
123
93
63
315
249
183
126
474
375
276
189
633
4`501
369
252
792
627
459
315
378
750 <
552
948

Version 1.0

500
36
72
111

303

222

177

147

378
453

279
336

222
267

183
219

39
78
117
156
198
237

27
57
87
114
144
174

21
45
69
90
114
135

18
36
54
75
93
111
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Figure 3: Screening Responsibilities and Reporting
1. The project proponent should provide the following information for the
screening effort to the agency requesting the analysis:
•

•
•
•

General project information (town and nearest road intersection of project, map
showing relative location of affecting roadway, type of project, project timeline,
contact information for project proponent, name of consultant if relevant)
Roadway compass orientation, project compass orientation
Distance from the edge of the nearest travel lane to the nearest receptor
Peak hour traffic volume and referencelsource, ideally from Caltrans

2. The local agency or its consultant should screen the project and report the
project inputs provided by the proponent as well as the following results:
•
•

Cancer risk value (cases/million) at the nearest receptor
The screening matrix used in the process showing risk varying by distance to
roadway
- - - - -

The Evaluation Criterion
The evaluation criterion of 446/million was selected as that level of risk corresponding to
a 70 percent reduction from the highest risk calculated at 10 feet from the edge of the
nearest travel lane to the nearest receptor for the highest peak traffic volume reported
by Caltrans for Sacramento County (24,000 vehicle per hour) east (downwind) of a
north-south roadway. The highest risk represents the worst case siting situation within
the boundaries of the SMAQMD.
The screening table cancer risk values do not include the existing background cancer
risk for Sacramento County of 360/million.6
Note that the evaluation criterion does not represent a "safe" risk level or a regulatory
threshold; it is simply the point at which a site specific health risk assessment is
recommended.

6 ARB, htto:l/www.arb.ca.oovldieselldocumentslrrstudv/rrstudv1014o4/odf, viewed October 2006.
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Methodology for Completing a Site Specific Health Risk
Assessment
If the project falls within the shaded area of the appropriate screening table, SMAQMD
recommends that local land use jurisdiction or its consultant complete a site specific
HRA. This HRA is intended to provide additional project specific information to the local
land use jurisdiction for decision making purposes.
Performing a site specific HRA requires calculating estimated ambient pollutant
concentrations resulting from the mass emission rate of a pollutant from a source. The
pollutant source is the exhaust emissions from the vehicle traffic traveling the.freeway or
major roadway that will likely affect sensitive receptors at a proposed land use project.
The pollutant of interest is diesel PM, although PM10 is used as a proxy for the relative
measure of diesel PM at varying distances. The choice to base the HRA on PM10 is
further discussed in the Appendix (see Resources).
The line source model CAL3QHCR should be used as the dispersion model for
estimating ambient concentration as a function of distance from the source.
CAL3QHCR is a refined version of the original CALINE (California Line Source
Dispersion Model) that was developed as a modeling tool to predict roadside CO
concentrations. CAL3QHCR can be used to estimate PMIO concentrations at defined
receptor locations by processing hourly meteorological data over a year, hourly
emissions, and traffic volume. The model can be obtained at no cost from EPA7.
To run CAL3QHCR, one needs meteorological, traffic, and vehicle emissions data at
specified intervals over some time period, such as hourly average data for a year. For
meteorological data, SMAQMD recommends the 1987 set as the risk values generated
from that set came closest to the average of all five years and the model only accepts
one year of meteorological data. SMAQMD can supply data files that contain hourly
meteorological data over a year for each of five years (1985, 86, 87, 88, and 89)$.
These data are considered the "standard SMAQMD met data° for specified use in point
source dispersion model analyses performed for the SMAQMD region (e.g., air toxics
hot spots analyses to comply with AB 2588).
The CAL3QHCR model requires emissions data. Year 2007 average hourly emissions
(grams/vehicle mile) for input into the model are shown in Table 3. These emissions
have been produced from EMFAC2007 and were calculated based on the SMAQMD
area for year 2007- If needed, future year emissions should be calculated using the
most current version of EMFAC2007.

http://wwN.epa.govlscram001fdispersion,prefrec.htm, viewed June 2006
ASCII data files SACOAK85.ASC, SACOAK86.ASC, SACOAK87.ASC, SACOAK 88.ASC, and
SACOAK89.ASC obtained from B. Krebs of SMAQMD.
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CAL3QHCR also takes as input the hourly traffic volume (vehicles/hour) as determined
by the relative VMT. The relative VMT is the ratio of the VMT for the hour to the peak
VMT over the 24 hour day and was developed from the corresponding vehicle miles
traveled (VMT) for each hour of the day for a number of vehicle types (e.g., light duty
passenger cars equipped with and without a 3-way catalyst, heavy-duty diesel trucks,
urban buses, and so forth) per EMFAC. This relative VMT is also shown in Table 3 and
represents 2007 values. The hourly traffic volume supplied will be the product of the
relative VMT in Table 3 with the roadway peak traffic volume, obtained from the
Caltrans as discussed in the section entitled Project Screening. If needed, future traffic
volumes should be calculated using the most current version of EMFAC2007.
CAL3QHCR also requires geographical data that defines the calculational domain. The
x-y coordinates of the beginning and end of the roadway section being modeled need to
be specified. The length of the roadway modeled should be at least 10,000 feet (5,000
for each link) to ensure pollutant capture. The link width (mixing zone) of the roadway
need to be specified (in feet, arbitrary origin, y axis aligned with north). For example, a
six-lane freeway might consist of six 12-feet wide lanes, and a 62-feet wide median, or
134 feet. Add to this an additional 10 feet on each side of the roadway to account for
the wake of moving vehicles, and the total link width becomes 154 feet. The user
should supply to the model the roadway width (including an assumed 10 feet on both
sides of the roadway) applicable to the project site. One also needs to specify the
elevation of the roadway compared to the surrounding area. For roadways at grade,
this height is 0; for elevated and depressed roadways, this is the positive or negative
relative height, respectively.
A set of receptors at varying distances from the roadway needs to be specified in terms
of their x, y and z coordinates as well. SMAQMD recommends the standard receptor
height of 6 feet (z coordinate), even when considering multistory projects. If the building
envelopes are known and included in the application to the land use authority, the
receptor should be placed at the building. Otherwise, the receptor should be placed at
the edge of the property boundary. All parameters are specific to the project site subject
to the HRA, and need to be defined and noted by the modeler accordingly.
Other parameters needing specification for a CAL3QHCR model run, along with default
values, are listed in Table 4. These defaults were used in the calculations that
produced the screening tables.
CAL3QHCR has many other features that allow modeling traffic intersections, traffic
signaling, and traffic queuing. Employing these features is quite site specific. If these
features must be employed, the CAL3HQCR User's Guide9 should be consulted.

9 Users Guide to CAL30HC Version 2.0, EPA-454/R-92-006 ( Revised, with CAL30HCR addendum),
September 1995.
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The output from the CAL3QHCR dispersion modeling run will be PM10 concentrations
expressed in micrograms per cubic meter (Ng/m3) at the defined receptor locations. The
local agency or its consultant should complete the risk assessment for eight receptor
distances from the roadway (10, 24, 50, 100, 200, 300, 400, and 500 feet) and the
receptor location that is the site of the nearest potentially affected population. This is to
show the relationship between cancer risk and receptor distance from the freeway or
major roadway.
Table 3: EMFAC2007 Relative Traffic Volume and Vehicle PM10 Emission Rates
for SMAQMD in 2007 for Default Inputs into CAL3QHCR
Time
of
Relative
dayVMT
Hr00
0.15
Hr 01
0.061
Hr 02
0.071
0.039
Hr 03
Hr04
0.067
Hr 05
0.12
Hr 06
0.465
Hr 07
0.938
Hr 08
0.887
Hr 09
0.56
Hr 10
0.587
Hr 11
0.734
Hr 12
0.757
Hr 13
0.747
Hr 14
0.858
Hr 15
0.873
Hr 16
0.918
Hr 17
1
Hr 18
0.692
Hr 19
0.517
Hr 20
0.398
Hr 21
0.405
Hr22
0.303
Hr 23
0.228

January 2007

PM10 emission
rate (g/vehic lemile)
0.072
0.059
0.101
0.367
0.106
0.089
0.062
0.034
0.036
0.051
0.049
0-044
0.038
0.038
0.029
0.029
0.031
0.025
0.021
0.021
0.036
0.035
0.024
0.031
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Table 4: Other CAL3QHCR Parameters

Parameter
Calculation averaging time min
Surface roughness (cm, from 3 to 400). For mixed uses
and others not listed here, the modeler should make a
reasonable assumption.
Settling velocity (cm/s)
Deposition velocity cm/s
Site setting (U=urban, R=rural
Form of traffic volume, emission rate data
(I =one hour's data, 2=one week of hourl data
Pollutant (P for PM10 to give output in pg/m3)
Hourly ambient background concentration (pg/m')
Roadway height indicator
(AG=at grade, FL=elevated and filled, BR=bridge,
DP=depressed)
Roadway height (ft, 0 if AG, relative height if FL, BR, or
DP)

Default
60
single
108
family
170
offices
apartments 370
0
0
U
2
P
0
AG
0

Calculating Potential Cancer Risk
The local agency or its consultant should complete the risk assessment for eight
receptor distances from the roadway (10, 24, 50, 100, 200, 300, 400, and 500 feet) and
one receptor location that is the site of the nearest potentially affected population.
The inputs into the HRA should represent traffic and emissions data for the first year of
exposure.
The PM10 concentrations modeled from CAL3QHCR are used in conjunction with the
diesel PM Unit Risk Factor established by the State of California Office of
Environmental Health Hazard Assessment (OEHHA) to determine the incremental
increased cancer risk. The value for diesel PM as established by OEHHA is 3 x 10 per
Ng/m3.70 The factor is a value established via lab studies and represents the increased
chance of developing cancer based on concentration exposure. The value incorporates
many worst case assumptions including a constant exposure to diesel PM (24 hours a
day) and a 70 year life span.

1D Consolidated Table of OEHHA/ARB Approved Risk Assessment Health Values, can be obtained from
wonv.arb.ca.gov/toxics/healthvaUhealthval.htm, April 2005
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Guidance exists for calculating risks based on 9 year (EPA) and 30 year (Census
Bureau) exposure timeframes. SMAQMD recommends, at this time, using the
standard Office of Environmental Health and Hazard Assessment (OEHHA) 70
year timeframe as the basis for the site specific health risk assessment."
The Unit Risk Factor is multiplied by the concentration results from CAL3QHCR to
determine the increased cancer risk. The calculated value represents the increased
chance of developing cancer over a person's lifetime. Increased cancer risk is typically
discussed and presented in increased number of cases per one million people. To
convert the calculated risk into typically discussed terminology, the calculated risk is
then multiplied by one million (1 x 106) and the denominator is changed from per person
to per one million people.
A sample calculation is performed below for reference.
Concentration at 100 feet
0.0025 Ng/m3
Unit risk factor for diesel PM
3 x 10-4 (Ng/m)-l
Calculated increased risk =(0.0025 Ng/m3) '(3 x 10-' (Ng1m3)) '(1x106)
= 0.75 cases per million people
The land use agency or its consultant should report the potential cancer risk numbers
for the recommended specified distances.

" According to the Air Toxics Hot Spots Program Risk Assessment Guidelines: The Air Toxics Hot Spots
Program Guidance Manual for the Preparation of Health Risk Assessments (Guidelines) published by the
Office of Environmental Health and Hazard Assessment (OEHHA), the 9-year exposure scenario
coincides with the U.S. EPA's estimates of average residence time. The 9-year exposure timeframe is for
the first 9 years of life and is therefore protective of children. Children have higher intake rates on a per
kilogram body weight basis and thus receive a higher dose of the pollutants. The 30-year exposure
timeframe coincides with the U.S. EPA's high-end estimate of residence time. The 70-year exposure
timeframe is considered to be the typical lifetime. According to the Guidelines, 'OEHHA recommends the
70-year exposure duration be used for determining residential cancer risks. This will ensure that the
person residing in the vicinity of the facility for a lifetime will be included in the evaluation of risk posed by
that facility. Exposure durations of 9-years and 30-years may also be evaluated as supplemental
information to show the range of cancer risk based on residency periods.' For more information, please
refer to the Air Toxics Hot Spots Program Risk Assessment Guidelines7 The Air Toxics Hot Spots
Program Guidance Manual for the Preparation of Health Risk Assessments. August, 2003.
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Site Specific HRA Reporting
In the report of the HRA results, detail on the dispersion modeling inputs as well as
the risk results by distance should be provided.

Figure 4: Site Specific HRA Reporting
At a minimum, SMAQMD recommends the HRA report include the same
information reported in the screening evaluation as well as the following:
Emissions input data and calculation year for PM10, if different from Table 3.
The HRA should represent emissions and VMT data for the first year of
exposure from the most recent version of EMFAC.
List of CAL3QHCR parameters used in the modeling, in the format of Table 4;
explanation or references for parameters
Name and source of meteorological data set used in CAL3QHCR
Table indicating varying cancer risk per million from 10 to 500 feet from modeled
roadway for PM10 (10, 24, 50, 100, 200, 300, 400, and 500 feet)
Incremental cancer risk value (potential cases/million people) for the receptor
nearest the edge of the nearest travel lane based on PM10.

Potential Mitigation Measures
At this time, very little information exists on quantifiable mitigation measures. Exposure
to diesel PM is best reduced by increasing project distance from the major roadway.
Nevertheless, potential measures could include electrostatic air filtering systems and
vegetative barriers such as plantings of finely-needled trees to disperse and catch
pollutants.
The SMAQMD is, and will continue, actively supporting and encouraging research to
identify effective and quantifiable mitigation measures that reduce exposure to air toxics
from mobile sources.
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Resources
The following are sources of information for use by the local agency or its consultant
that may prove useful in the risk screening and site specific HRA process:
•

The Caltrans website reports peak traffic volumes at various intersection or milepost
locations for all numbered roadways in the state:
http://www.dot ca.gov/ha/traffoas/saferesr/trafdata/

•

Table 3 gives the appropriate VMT and emission factor data for use in CAL3QHCR.
That information was extracted from ARB's emission factor model; the most recent
version is EMFAC2007, released November 2006,
http://www.arb.ca.gov/msei/onroadAatest version.htm.

•

The line source dispersion model CAL3QHCR can be obtained from the EPA
website:hftp:/twww.epa.gov/scramOOI /dispersion arefrec.htm. User guides for
employing the model can be found on the same website

•

Cancer unit risk factors are provided by ARB on the following website:
www. arb.ca.gov/toxics/healthval/healthval.htm

•

The Appendix to this document contains information extracted from a report
prepared by our consultant that provides more discussion of the Protocol
development, including the site specific evaluation process. The Appendix can be
found at www.airoualitv.org. You may also request a copy by contacting Rachel
DuBose at 916.874.4876 or rdubose@airguality.org.
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Glossary of Terms
Ahead Peak Hour

Ahead peak hour usually represents traffic north or east of a traffic count
location.

Ambient
Background
Concentration

The annual average of PMIO already present in the air.

Back Peak Hour

Back Peak Hour represents traffic south or west of a traffic count location.

Background

See "Ambient"

concentration
Calculation
Averaging Time

Expressed in minutes. The most common value is 60 minutes which
represents calculations of averages over one hour periods.

Calculational
Domain

The geographical area over which a simulation (air dispersion model run) is
performed

Cancer Risk
Value

Potential cancer cases per million

Compass
Orientation

The location of a project expressed as being located north, south, east or
west of a freeway or major roadway

Concentration

The concentration of particulate matter per a measure of air, usually
expressed as micrograms per cubic meter of air (pg/m).

Deposition
Velocity
Dispersion

The rate at which material leaving the air is deposited on the ground (cm7s).

Downwind

The direction toward which the wind is blowing; in the path of pollutant
dispersal

EMFAC (on-road)

ARB's on-road motor vehicle emissions model which estimates the
amounts and types of pollutants emitted from on road vehicles in California

Evaluation
Criterion

The point at which SMAQMD recommends performing a site specific health
risk assessment
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Freeway

A divided arterial highway designed for the unimpeded flow of large traffic
volumes

Health Risk

Scientific evaluation of the probability of harm resulting from exposure to

Assessment

toxic or hazardous materials.

(HRA)
High
Traffic/Volume
Roadway

A freeway, urban road with 100,000 vehicles per day, or rural road with
50,000 vehicles per day

Incremental

Cancer cases in addition to the ambient background

(cancercases)
Line Source

A source of air pollution that emanates from linear (one-dimensional)
geometry, such as vehicle emissions from a roadway

Major Roadway

See "High Traffic/Volume Roadway"

Mass Emission
Rate

The rate of pollutant output expressed in mass, as in grams per second
(g/s)

Mixing Zone

The mixing zone is considered to be the area of uniform emissions and
turbulence

Peak Hour Traffic

The measure of the peak traffic volume for the year

PM 10 (diesel)

An air pollutant consisting of small particles with an aerodynamic diameter
less than or equal to a nominal 10 microns (about 1/7 the diameter of a
single human hair). Their small size allows them to make their way to the
air sacs deep within the lungs where they may be deposited and result in
adverse health effects such as the aggravation of existing respiratory and
cardiovascular disease, alterations in the body's defense systems against
foreign materials, damage to lung tissue, carcinogenesis and premature
death (see Toxic Air Contaminant)

Receptor

A hypothetical individual exposed to diesel particulate matter

Receptor Height

Breathing height (receptors should be placed at the standard breathing
height of 6 feet)

Risk Value

The result of a health risk assessment that produces an estimate of cancer
cases/miDion people due to exposure to diesel particulate matter
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Rural Road

A roadway located in a rural area with 50,000 vehicles per day or greater.

Rural Area

Per the Health and Safety Code, Section 50101: "'Rural area' means any

open country or any place, town, village, or city which by itself and taken
together with any other places, towns, villages, or cities that it is part of or
associated with: (a) has a population not exceeding 10,000; or (b) has a
population not exceeding 20,000 and is contained within a nonmetropolitan
area. "Rural area" additionally includes any open country, place, town,
village, or city located within a Standard Metropolitan Statistical Area if the
population thereof does not exceed 20,000 and the area is not part of, or
associated with, an urban area and is rural in character."
Sensitive Land
Use

See "Sensitive Receptor"

Sensitive
Receptor

Those segments of the population most susceptible to poor air quality such
as children, elderly, and those with compromised immune systems. Land
uses where sensitive receptors are most likely to spend time include
residential communities, schools and school yards, day care centers, parks
and playgrounds, hospitals and medical facilities.

Settling Velocity

The velocity of material falling towards the ground (cm/s)

Surface
Roughness

A measure of the roughness of a surface and the amount of air mixing due
to mechanical turbulence as air moves over surface features (cm)

Toxic Air
Contaminant

As defined by California Health and Safety Code, Section 39655 (a): "an air
pollutant which may cause or contribute to an increase in mortality or in
serious illness, or which may pose a present or potential hazard to human
health"

Upwind

In the direction from which the wind is blowing; in the path of pollutant
dispersal

Unit Risk Factor

A toxicity factor that is used to estimate the increase risk of developing
cancer associated exposure to a concentration of a chemical

pg/m

Micrograms per cubic meter of air. A measure of concentration of a
pollutant

VMT

Vehicle miles traveled are total miles traveled by all vehicles in a particular
geographic area, often measured over a 24-hr period
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Health Risk Assessment Overview
In its basic form, a health risk assessment (HRA) is a methodology to quantify the
potential health risk posed by a source of a pollutant to the individuals affected by
exposure to this pollutant.

The HRA translates an emission rate [mass per time, i.e. grams per second (g/s)]
through its dispersion in the various environmental pathways (such as the inhalation
pathway) it can follow to present a dose to an exposed individual through each pathway.
This dose, in turn, can cause an adverse health effect in the exposed individual. In its
most detailed and complicated form, many exposure pathways are evaluated and
corresponding health risks through each pathway quantified. These pathways could
include air pollutant dispersion in the atmosphere leading to an inhalation dose as well
as air pollutant deposition leading, again through various pathways, to an ingestion
dose. For toxic air contaminants, the pathway having the greatest significance with
respect to the general population is atmospheric dispersion, leading to exposure and
inhalation dose. Inhalation is the only pathway considered in the present analysis and
Protocol.
For the inhalation pathway, the source's mass emission rate (g!s) is dispersed in the
atmosphere to give concentration distributions [microgram per cubic meter (Ng/m3)] in
the area affected by the source. These concentration distributions are in turn translated
into measures of health risk to persons exposed to the concentration using risk factors
that take into consideration how exposures become doses leading to an end point
adverse health effect. For non-cancer adverse health end points, the quantitative
measure is termed the hazard index. The hazard index is the ratio of the predicted
concentration to a threshold concentration. The threshold concentration is that which
has been associated with some adverse health effect.
For cancer end points, no threshold concentration can be defined because carcinogens
are considered non-threshold pollutants. That is, there is some increased risk of cancer
at any non-zero concentration of the carcinogen. Thus, for carcinogens, the measure of
the significance of exposure is the predicted increased risk of cancer. This increased
risk is the product of the concentration (Ng/m) with the carcinogen's unit risk factor,
which is the increased risk of cancer due to exposure to a unit concentration (1 Ng/m).
The most common cancer risk measure used in HRAs is the increased cancer risk for
continuous lifetime exposure to a pollutant concentration. Lifetime is usually considered
to be 70 years. The cancer risk measure is the predicted number of additional cancer
cases from lifetime exposure to the pollutant concentration.
The relationship between exposure concentration and cancer is the inhalation unit risk
factor. The inhalation unit risk factors established by California's Office of

September 2007

Version 1.0

Page 3

Technical Appendix to the Recommended Protocol for Evaluating the Location of
Sensitive Land Uses Adjacent to Major Roadways
Environmental Health Hazard Assessment (OEHHA) and ARB are universally accepted
for use in preparing HRAs.'

Example HRA Calculation
In a hypothetical situation, the highest annual average concentration for a receptor at
100 feet produced by dispersion modeling is 0.0025 Ng/m3. This value is multiplied by
the unit risk factor for diesel PM of 3 x 10' (Ng/m3)"' and then multiplied by a million in
order obtain the risk/million people. In other words: (0.0025 Ng/m) '(3 x 10-4 (Ng/m')-I)
'(1x106). This gives the result of 0.75 potential cases per million people.

Currently Identified Mobile Source Air Toxics
Table 1 lists the unit risk factors for the mobile source air toxics (MSATs) currently of
interest from vehicle sources. For diesel particulate matter, the unit risk factor is 3.0 x
10' cancer cases per Ng/m3 of exposure. The unit risk factor assumes standard
exposure and breathing rates as documented by OEHHA/ARB.
Table 1: Cancer Inhalation Risk
for Significant MSATs
Inhalation Unit Risk

Air Toxic

Species

risk per
ljglrrsj
( increased

Diesel PM
Benzene
1,3-Butadiene

3.0 x 104
2.9 x 10 5
1.7 x 10'

Significant health risks are associated with carcinogenic toxic air contaminant emissions
in vehicle exhaust. The most significant carcinogenic toxic air contaminants in vehicle
emissions identified are 1,3-butadiene and benzene from gasoline-fueled vehicles, and
diesel PM from diesel-fueled vehicles.2 The cancer risk due to diesel PM exposure is
more significant than the other carcinogenic MSATs as shown above in Table 1.
Because the cancer risk posed by vehicle MSAT emissions is dominated by diesel PM
exposure, the screening tables are based on diesel PM cancer risk. Nevertheless, the
same screening methodology and a site specific HRA can be applied to other MSATs if
so desired.

Diesel Particulate Matter Overview
Diesel particulate matter is an air pollutant consisting of small particles with an
aerodynamic diameter less than or equal to 10 microns (about 1/7 the diameter of a
single human hair).
' Consolidated Table of OEHHA/ARB Approved Risk Assessment Health Values, can be obtained from
www.arb.ca.govltoxicslhealthvallhealthval.htm, April 2005
2 Reducing Toxic Air Pollutants in California's Communities, brochure from
www/arb.ca.aovltoxicsftoxics.htm, viewed May 2006
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Diesel exhaust causes health effects from both short term or acute exposures and also
long term chronic exposure. Their small size allows them to make their way to the air
sacs deep within the lungs where they can become lodged and result in adverse health
effects such as the aggravation of existing respiratory and cardiovascular disease,
alteration in the body's defense systems against foreign materials, damage to lung
tissue and reduced lung function, carcinogenesis, premature birth rates and premature
death.
Children, the elderly, the ill, pregnant women and postmenopausal women are most
susceptible to the adverse health effects of diesel particulate matter exposure.

CAL3QHCR Line Source Dispersion Model Overview
Several Gaussian dispersion models have been developed that estimate the
concentration distributions due to pollutant source emissions. Parameters needed by all
Gaussian dispersion models include meteorological data (wind speed and direction and
atmospheric stability, for example), emissions data and additional source
characteristics.
For modeling pollutant dispersion from a roadway source, the line source models of the
CALINE family are preferred. Of these, CAL3QHCR is the more recently developed
and most flexible in terms of being able to model a variety of roadway characteristics
situations.
CAL3QHCR is a relatively user-friendly model that has the ability to process up to a
year of hourly meteorological, emissions, traffic (including the queuingridling at
intersections), and signal (at intersections) data for non-complex terrain. CAL3QHCR
performs calculations of pollutant concentrations expressed in annual averages, which
is the unit necessary for use with unit risk factors. CAL3QHCR also accepts SMAQMD's
recommended meteorological data set of hourly data over a year. The inputs for each
scenario modeled are easily documented and results can easily be reproduced by
others.

CAL3QHCR is one of EPA's preferred/recommended dispersion modes referenced in
Appendix W of 40 CFR Part 51 ( November 9, 2005). It is available for free at
htto://www.epa.gov/scram001/dispersion prefrec.htm#cal3ghc.

Development of the Screening Tables
SMAQMD developed screening tables to help the user determine if a site specific health
risk assessment is needed. Each horizontal row in the screening tables (Tables 3 and 4)
of this document represents the results of an air dispersion modeling run and
corresponding health risk assessment calculations.
In creating the screening tables, SMAQMD used the following information:
September 2007
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•
•
•
•
•

1987 meteorological data file
VMT normalization factors extracted from EMFAC2007
Grams/vehicle mile PM10 emissions factors extracted from EMFAC2007
Generic roadway and receptor locations
Additional inputs required by the model such as roadway length, surface
roughness, etc

Meteorological Data
SMAQMD recommends the use of 1987 meteorological data. The 1987 data is part of
the full set of hourly meteorological conditions (joint frequency distribution of wind speed
and direction and atmospheric stability class) over an entire year that SMAQMD staff
have used in air toxics hot spots analyses (as required by AB 2588) consisting of five
individual year's data, for 1985 through 1989. This set is referred to as the "standard
SMAQMD" meteorological data set.
Test cases were run using all five meteorological years. The risk from the 1987 data
came closest to the average of all 5 years. All of the meteorological years were within
10 percent of the average and most were within 5 percent of the average. Figure 1
shows that dispersion model calculated ground level concentration distributions are not
significantly altered by using one year's data set or another.

. 1985
^1986
1987
,1988
-a-1989

0

100

200

300

400

500

Distance From Nearest Travel Lane (feet)

Figure 1: Meteorological Year Comparisons, 1-80 Example Project

With the meteorological data established, the only meteorological parameter of
importance that can be varied within the CAL3QHCR model is the compass orientation
of the roadway. For generic screening distance calculations a roadway oriented eastwest with receptors located north and south of the roadway, and a roadway oriented
north-south with receptors located east and west of the roadway were used. These two
roadway orientations are sufficient to cover most site locations within the SMAQMD
boundaries.
Figure 2 is the 1987 annual wind rose for SMAQMD. Figure 2 shows that north of an
east-west roadway, and east of a north-south roadway would generally be considered
September 2007
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downwind locations. South of an east-west roadway, and west of a north-south
roadway would generally be considered upwind locations.
^.
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Figure 2: Wind Rose Chart of the SMAQMD 1987 Meteorological Data
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Emissions and VMT data
EMFAC2007 was used to supply total PMIO exhaust emission factors and VMT data
within the SMAQMD boundaries. The PM10 emission rates (ton/hr) are for SMAQMD
mix of vehicles for the user-designated year. The EMFAC report takes into
consideration the vehicle category and model year distribution in the state's vehicle
population for the specified calculation year.
PM10 emissions were used as the measure of diesel PM since all diesel PM is
considered to be less than or equal to 10 pm in diameter. PMIO represents an upper
bound for diesel PM emissions.
Table 2 provides the hourly distributions of VMT and PM10 emissions from
EMFAC2007 data within the SMAQMD boundaries.
Table 2: EMFAC2007 Traffic Volume and Vehicle PMIO Emission Rates for SMAQMD
(2007)
Time
Hr00
HrOl
Hr02
Hr 03
Hr04
Hr05
Hr06
Hr07
Hr 08
Hr 09
Hr 10
Hr 11
Hr 12
Hr 13
Hr 14
Hr15
Hr 16
Hr 17 k hour VMT
Hr18
Hr 19
Hr 20
Hr 21
Hr 22
Hr 23

VMTl1000 ,
(vehic miles
traveled/hr)
380
155
180
99
171
305
1178
2376
2248
1418
1487
1861
1918
1894
2173
2212
2327
2534
1754
1311
1008
1026
768
578

tons/hr as
reported
in EMFAC
.03
.01
.02
.04
.02
.03
.08
.09
.09
.O8
.08
.09
.08
.08
.07
.07
.08
.07
.04
.03
.04
.04
.02
.02

PMIO emissions
g/veh-ml conversion, obtained by
converting ton/hr to grams/hour and then
dividing by the VMT for that hour
0.072
0.059
0.101
0.367
0.106
0.089
0.062
0.034
0.036
0.051
0.049
0.044
0.038
0.038
0.029
0.029
0.031
0.025
0.021
0.021
0.036
0.035
0.024
0.031

The data and distributions shown in Table 2 reflect total traffic flow and emission rates
for the entire SMAQMD region. The total emissions listed and the traffic VMT noted in
the table are averages for the SMAQMD region as a whole.
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For input into the air dispersion model, each peak VMT situation considered was
normalized according to the factors shown in Table 6.

Roadway, Receptor and Other Parameters
As shown in Tables 3 and 4, SMAQMD chose generic peak hour traffic volumes of
4,000; 8,000; 12,000; 16,000; 20,000 and 24,000. The upper bound peak traffic volume
corresponds to worst case Sacramento County situation.
Generic sensitive receptor distances of 10, 25, 50, 100, 200, 300, 400 and 500 feet from
the edge of the nearest travel lane were chosen.
A generic roadway width of 140 feet was chosen (which includes 10 feet on each side to
account for the mixing zone), and total roadway length of 10,000 feet was chosen.
Other parameters of lesser impact on the modeling run were used as required by
CAL3QHCR. See Table 5.
Tables 3 and 4 are the screening tables developed under the preceding assumptions for
use during 2007.
Table 3: Diesel PM Cancer Risk (Potential Incremental Cancer Cases per Million People)
North and South of an East-West Roadway (2007)
PROJECTS NORTH AND SOUTH OF AN EAST-WEST ROADWAY 2007
Peak Hour Traffic (vehicle/hr)
Receptor Distance from Ed e of Nearest Travel Lane (feet)
25
100
200
300
400
500
10
50
Incremental Cancer Risk Per Million: North downwind
186
153
114
75
57
45
4000
210
39
150
90
309
228
420
372
75
8000
339
135
462
222
114
12000
"630
g`558`
180
153
837
741;
453
297 d
22
16000
615
228
1047`
768
587
372
192
927'
20000
273
_
A4
7
228
24000
1257
113
924
1,
Incremental Cancer Risk Per Million: South (upwind)
36
27
21
117
96
75
54
18
4000
153
108
69
51
42
36
234
192
8000
165
105
78
63
351
291
228
54
12000
105
306
138
84
219
387
16000
468
69
" 82
132
87
381
273
177
105
486
20000
159
126
459
327
210
699
^582
105
,
24000
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Table 4: Diesel PM Cancer Risk (Potential Incremental Cancer Cases per Million People)
East and West of a North-South Roadway (2007)
PROJECTS EAST AND WEST OF A NORTH-SOUTH ROADWAY 2007
Peak Hour Traffic (vehicle/hr)
Receptor Distance from Edge of Nearest Travel Lane feet
10

25

50

100

200

300

400

500

57
111
168
222
279
336

45
90
132
177
222
267

36
72
111
147
183
219

27
57
87
114
144
174

21
45
69
90
114
135

18
36
54
75
93
111

Incremental Cancer Risk Per Million: East (downwind)
4000
8000
12000
16000
20000
24000
4000
8000
12000
16000
20000
24000

249
213
168
117
75
4'
423336
237
150
. 636
744
5
354
225
990
849
62
474
303
:1239
1062
840
378
:591
1488
1272
1008
`711
453
Incremental Cancer Risk Per Million: West (upwind)
159
123
93
63
39
315
249
183
126
78
474
375
276
189
117
369
63
501
252
156
4_,
792
627
315
198
948
750
552
376
237

Notes on Screening Tables
As expected, the data provided in the tables predicted PM10 concentrations, and
associated cancer risk downwind (north) of the roadway uniformly higher than predicted
concentrations and risks upwind (south) of the roadway.
The screening tables for roads at grade can be referenced for roads below grade due to
similar exposure for both roadway elevations. Because the estimated cancer risks are
insensitive to roadway elevation at distances of 50 to 100 feet or greater, and the
highest estimated risks are for roadways at grade, only at grade calculations were used
to assemble the screening tables shown above and in the main document.
The four variable parameters that significantly affect predicted ground level
concentration distributions are roadway compass orientation, peak hour traffic volume,
roadway elevation, and roadway width. Varying roadway width within a reasonable
range of 44 feet, (two lane road, no median) to 140 feet. (8-lane freeway with 24-foot
median, or 10-lane with no median) had much less of an effect on predicted ground
level concentration distributions than reasonable variations in peak hour traffic volume
and roadway elevation.
Please note that the risk values in the screening tables are incremental risks and do not
include the existing background cancer risk from air contaminants. For comparison, the
ARB estimated that in 2000 the overall cancer risk due to all toxic air contaminants
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monitored in the Sacramento Valley Air Basin was 520/million. The cancer risk from
diesel PM alone is 360/million. 3

Site Specific Health Risk Assessment Methodology
Below is a discussion on the basic information and inputs needed to complete an HRA.
For more specific information, please see the User's Guide to CAL3QHC, Version 2.0 °.

Site Specific Dispersion Modeling and Data Sources
Information needed to complete a site specific health risk assessment includes:
•
•
•
•

•

meteorological data (1987)
traffic data from the Caltran's website, normalized
vehicle emissions data
location of the nearest sensitive receptor to the edge of the travel lane, in
addition to the generic receptor locations recommended by SMAQMD (10, 25,
50, 100, 200, 300, 400 and 500 feet) in x-y coordinates
roadway orientation in terms of its x-y coordinates (arbitrary origin/0,0)

The peak traffic volume for the roadway near the project should be found on Caitran's
website at http://www.dot.ca.aov/hg/traffops/saferesr/trafdata/index.htm. The project
specific traffic counts for each hour then need to be defined by way of normalization.
See Table 6 for an example.
PM10 emissions data from the most current version of EMFAC should be used. The
emissions data is reported in tons/hour and needs to be converted to grams/hour and
then divided by EMFAC's reported VMT for each hour.
CAL3QHCR requires geographical data that defines the calculational domain. The x-y
coordinates (arbitrary origin, y axis aligned with north) of the beginning and end of the
roadway section being modeled and the link width (mixing zone) of the roadway need to
be specified. For example, a six-lane freeway might consist of six 12-ft wide lanes, and
a 62 foot wide median, or 134 feet. Add to this an additional 10 feet on each side of the
roadway to account for the wake of moving vehicles, so the total link width becomes
154 feet.
The elevation of the roadway compared to the surrounding area needs to be specified.
For roadways at grade the height is 0; for elevated roadways the relative height is
positive; and for depressed roadways the relative height is negative.
The z-coordinate (receptor breathing height) needs to be defined. SMAQMD
recommends 6 feet.
hftp:fhvww . arb.ca.gov/agd/almanactaimanacOS/chap5O5.htm, viewed June 2006
User's Guide to CAL3QHC Version 2.0, EPA-054/R-92-006 (Revised, with CAL3QHCR addendum),
September 1995.
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Other parameters required by the model need to be defined. See Table 5 below.
Table 5: Other Parameters Required by CAL3QHCR

Parameter
Calculation averaging time min
Surface roughness (cm, from 3 to 400). For mixed uses
and others not listed here, the modeler should make a
reasonable assumption.
Settling velocity cm/s
Deposition velocity (cm/s)
Site setting (U=urban, R=rural
Form of traffic volume, emission rate data
(11 =one hour's data, 2=one week of hourly data
/m
Pollutant (P for PM10 to give output in
Hourly ambient background concentration (jiglm3)
Roadway height indicator
(AG=at grade, FL=elevated and filled, BR=bridge,
DP=depressed)
Roadway height (ft, 0 if AG, relative height if FL, BR, or
DP)

Default
60
single
108
family
offices
170
apartments 370
0
0
U
2
P
0
AG
0

After the model has been run, the output file will show the highest annual average
concentrations. The concentrations are then multiplied by the unit risk factor to obtain
the health risk values. For more information, see the "Example HRA Calculation" and
the Recommended Protocol document itself.

Modeling Diagonal Roadways
SMAQMD has developed an Excel tool that defines the x-y coordinates of receptors
located at 10, 25, 50, 100, 200, 300, 400 and 500 feet in diagonal modeling situations.
The tool assumes a roadway link origin of 0, 0 and requires the x-y coordinates for the
end of the roadway link being modeled (a mapping program can be used to find this
coordinate). The tool can be found at
http://www.airguality.or_q/cega/index.shtml#SensifiveLU.
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Example of a Site Specific Risk Assessment
The example land use project site is southeast of Interstate 80, between the
intersections of West Ell Camino Avenue and Interstate 5. Interstate 80 runs southwest
to northeast at this location.
The peak hour traffic volume (both directions) for Interstate 80 for the section east of the
West Ell Camino Avenue intersection and west of the Interstate 5 intersection is 6,800
vehicles per hour averaged over the five years ending in 2004. Interstate 80 is six lanes
wide at this location (3 in each direction).
Table 6: Normalized Traffic Volume
for a Roadway with 6800 Peak Hour Vehicles
VMT/1000
Hour of Da y
Hr 00
Hr 01
Hr 02
Hr 03
Hr 04
Hr05
Hr 06
Hr07
Hr 08
Hr09
Hr 10
Hr 11
Hr 12
Hr 13
Hr14
Hr 15
Hr 16
Hr 17 (peak traffic hour
Hr 18
Hr 19
Hr 20
Hr 21
Hr 22
Hr 23

380
155
180
99
171
305
1178
2376
2248
1418
1487
1861
1918
1894
2173
2212
2327
2534
1754
1311
1008
1026
768
578

Normalized Traffic
VMT
Normalization Volume for Input into
CAL3QHCR
Factor
1020
0.15
414.8
0061
482.8
0.071
265.2
0.039
455.6
0.067
816
0.12
3162
0.465
6378.4
0.938
6031.6
0.887
3808
0.56
3991.6
0.587
4991.2
0.734
5147.6
0.757
5079.6
0.747
5834.4
0.858
5936.4
0.873
6242.4
0.918
6800
1
4705.6
0.692
3515.6
0.517
2706.4
0.398
0.405
2754
2060.4
0.303
1550.4
0.228

Note in Figure 3 that the peak traffic volume, which occurs at 5:00 p.m. (hour 17) is
6,680 vehicles/hour. The peak emission factor occurs at 4:00 a.m. ( hour 4), which is
consistent with higher relative heavy-duty truck traffic compared to light-duty vehicle
traffic at this hour. This hourly traffic volume is in the form required by CAL3QHCR.
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Estimated Hourly Traffic Volume and PM 10 Emission
Factors for a Section of Interstate 80
-a- traffic wl -9- PM10 Emission Factor

2000 }
}pp0

IlPwl
0

0
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Figure 3: Hourly Traffic Volume and PM10 Emissions, 1-80 Example Project

For this example, grid coordinates, relative to compass headings, for the modeled
section and nine receptors were defined with the origin (0,0) at the center of the section
of Interstate 80 studied (West El Camino Avenue intersection). The nine receptors were
chosen southeast of the freeway, along a line at the center of the modeled roadway
section, perpendicular to the freeway. All other parameters were set at their default or
example values from the above discussion.
The CAL3QHCR output file (.OUT) will contain a great deal of information. The "highest
annual average concentrations" are multiplied by the unit risk factor to obtain the health
risk results.
The health risk results should be disclosed in the staff report or environmental
document. Note that you will also need to include the risk value for the receptor nearest
to the edge of the roadway.
Table 7 below displays the cancer health risk values for the sample project at various
distances.
Table 7: Example Project Potential Cancer Cases per Million
Description
PM10 cancer risk

September 2007
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The health risk results can also be graphed. An example is shown below.
Figure 4: Potential Cancer Risk, 1-8O Example Project

Potential Cancer Risk and PM10 Concentration for a Section of 1-80
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Notes on the Example HRA
As shown in Table 8, the predicted lifetime cancer risk due to the PM10 emissions from
traffic on Interstate 80 under the modeling assumptions discussed ranges from just over
230 potential cancer case per million 10 feet from the freeway edge to just over 30
potential cancer cases per million 500 feet from the freeway edge (the distance
recommended in the ARB guidance document). Risk drops most sharply for distances
up to 200 feet from the freeway edge, with risk at this distance double that at 500 feet.
CAL3QHCR offers many other features that allow modeling traffic intersections, traffic
signaling, and traffic queuing. Employing these features is quite site-specific. If these
features must be employed, the user's guide should be consulted.
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Foreword
This Recommended Protocol for Evaluating the Location of Sensitive Land Uses
Adjacent to Major Roadways (Protocol) provides a methodology for the assessment and
disclosure of potential cancer risk from diesel particulate matter attributable to siting
sensitive land uses adjacent to major roadways.

There are several purposes of this Protocol. One is to assist local land use jurisdictions
in assessing the potential cancer risk of siting sensitive land uses adjacent to major
roadways. The second purpose is to provide a disclosure mechanism for those risks.
The third is to show the relationship between potential cancer risk from diesel
particulate matter exposure and distance from the major roadway.
This document does not provide an acceptable cancer risk level or a regulatory
threshold; therefore it does not establish which projects are acceptable and which are
not. Local land use jurisdictions retain all authority and decide after considering all
relevant factors whether the project is appropriate.

Emissions and traffic data used in the screening tables are specific to the Sacramento
region; therefore, the screening tables should only be applied to projects contemplated
within the boundaries of the Sacramento Metropolitan Air Quality Management District.
We invite users of this Protocol to contact SMAQMD planning staff or visit the District
offices for consultation on the use of this Protocol.

Sacramento Metropolitan Air Quality Management District
777 Twelfth Street, Suite 300
Sacramento, CA 95814
Phone: 916.874.4800
Fax: 916.874.4B99
www.airoualitv.oro

This document is periodically updated to reflect the latest technical data. For the most
current version, please visit www.airouality.ora or call (916) 874-4876.

October 2006

Page 2

Sacramento Metropolitan Air Quality Management District
Draft Recommended Protocol for Evaluating the Location of Sensitive Land Uses
Adjacent to Major Roadways

Table of Contents
Introduction ........................................................................................................................ 4
Health Risk Assessment Screening ..... .............................................................................5
The Evaluation Criterion ................................................... ...............................................10
Methodology for Completing a Site Specific Health Risk Assessment ........................... i i
Calculating Potential Cancer Risk ...................................................................................15
Site Specific HRA Reporting ............................................................................................16
Resources ........................................................................................................................17

List of Tables
Table 1: PM Cancer Risk (Potential Incremental Cancer Cases per Million People)
North and South of an East-West Roadway ...................................... ...............................9
Table 2: PM Cancer Risk (Potential Incremental Cancer Cases per Million People) East
and West of a North-South Roadway ................................................................................9
Table 3: EMFAC2002 Relative Traffic Volume and Vehicle PM10 Emission Rates for
SMAQMD in 2006 for Default Inputs into CAL3QHCR ...................................................14
Table 4: Other CAL3QHCR Parameters .........................................................................15

List of Figures
Figure 1: Information Needed to Screen a Project ............................................................6
Figure 2: Stepwise Approach to Evaluating Sensitive Land Use Projects Adjacent to
Major Roadways ................................................................................................................7
Figure 3: Screening Responsibilities and Reporting ....................................................... 10
Figure 4: HRA Reporting ......... ........................................................................................16

October 2006

Page 3

Sacramento Metropolitan Air Quality Management District
Draft Recommended Protocol for Evaluating the Location of Sensitive Land Uses
Adjacent to Major Roadways

Introduction
In April 2005, the California Air Resources Board (ARB) issued a guidance document on
air quality and land use'. This document specifically offered guidance on siting
sensitive land uses in proximity to sources of air toxics. Sensitive land uses include
new residences, schools, day care centers, playgrounds, and medical facilities. One
particular source of air toxics treated in the guidance is freeways and high traffic
roadways. These roadways are sources of diesel particulate matter (PM), which ARB
has listed as a toxic air contaminant. The specific guidance recommends that sensitive
land uses be sited no closer than 500 feet from a freeway or other high traffic roadway.
This recommendation was based on traffic related studies that showed a 70 percent
drop in ambient PM concentrations at a distance of 500 feet from the roadway.
Presumably, the lifetime cancer risk from exposure to the diesel PM is lowered
proportionately.
This land use siting recommendation has major implications relative to land
development projects. In particular, new residence development projects would be
especially constrained if the nearest new residence in the project were required to be at
least 500 feet from a nearby freeway. The ARB guidance is advisory in nature, and
suggests that development project site specific analyses be performed to characterize
the health risks of a given development project. However, local officials faced with land
use siting decisions question the need to require a separate site specific health risk
assessment (HRA) for every sensitive land use project (e.g., new housing) proposed
that deviates from the ARB guidance. Such questions are indeed valid given that the
ARB guidance does not require a specific health risk assessment protocol. Moreover,
even in instances in which a site specific HRA is appropriate, there is currently little
guidance regarding how such a HRA be performed.
The purpose of this document is to provide land use decision makers with a
methodology to make informed land use decisions on siting new residential projects and
other sensitive land uses in proximity to a freeway or other high traffic volume roadway.
This methodology is intended to give local officials the information needed to assess
health risk issues within the spectrum of other land use issues that must be considered
in the land use planning process. These other issues include housing and
transportation needs, the benefits of urban infill, and community economic development
priorities.
The methodology defines a stepwise process that indicates the need for and
methodology to conduct a site specific HRA. In this stepwise process, project site
specific characteristics are used to evaluate the relative health risk posed within the
project and to determine whether a site specific HRA is warranted. In cases for which a

'California Air Resources Board (ARB). Air Quality and Land Use Handbook: A Community Health
Perspective. April 2005.
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site specific HRA is indicated, this methodology gives guidance regarding how the HRA
should be performed.
The section entitled Health Risk Assessment Screening describes the stepwise project
evaluation process that includes screening steps that can be used to decide whether a
site-specific HRA is needed for a particular land use project. The section entitled
Methodology for Completing a Site Specific Health Risk Assessment describes the
methodology recommended for completing a site specific HRA in instances in which the
screening steps conclude that one should be done. The Calculating Potential Cancer
Risk section describes how to calculate risk from the values that the air dispersion
model produces, and provides a sample risk calculation. The Site Specific HRA
Reporting section outlines the informational requirements that should be included in a
HRA. The Resources section provides a list of resources to use in the screening and
HRA process. The technical discussion that provides the background and justification
for many aspects of the risk evaluation is given in the Appendix (available upon
request).
The methodology developed in this effort assumes that the roadway is a limited-access
freeway, with no traffic signals and associated traffic queues. Ways to incorporate
multiple roadways, freeway intersections, controlled traffic roadways (i.e. with traffic
signals and intersections), and other, non-roadway, toxic air contaminant sources into
the HRA process may be the subject of future efforts.
Studies have shown that living near major roadways is associated not only with
increased cancer risk, but with short term adverse health impacts such as reduced lung
function and increased asthma hospitalizations.2 Children are particularly sensitive to air
contaminants. At this time, very little information exists on how to quantify the adverse
short term health impacts of living near freeways. While the Protocol provides a
methodology for assessing cancer risk only, potential short term health risks of living
near freeways and major roadways could be discussed qualitatively in the project's staff
report or environmental document.

Health Risk Assessment Screening
The stepwise approach to be used to assess the potential population health risk of a
proposed land use project is illustrated in Figure 2. The approach is summarized as
follows:

1. Determine if the nearest person affected by the project (receptor) is at least 500
feet from the nearest high traffic volume roadway (defined as a freeway, urban
roadway with greater than 100,000 vehicles/day, or rural roadway with 50,000

z ARB, Air Quality and Land Use Handbook.
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vehicles/day) 3 If yes, then the proposed project meets the ARB guidance distance
and no further air quality evaluations are recommended under this Protocol. If no,
proceed to step 2.
2. Using the screening process described in this section, determine if the nearest
receptor has a cancer risk level lower than the screening criterion for requiring a full
HRA. If lower risk, then no further air quality evaluations are recommended under
this Protocol and the projected relative health risk and screening table used should
be recorded in the environmental documentation. If higher risk, continue to step 3.
3. Complete a site specific HRA using procedures in accordance with those
described in the Methodology for Completing a Site Specific Health Risk
Assessment section, and submit records in the environmental documentation.
Assuming the project must proceed to step 2, this Protocol calls for using a pair of
screening tables to determine if the project distance exposes receptors to greater risk
than the Protocol's cancer risk criterion (discussed on page 10). The information
needed to screen a project is shown in Figure 1 is shown below.

Figure 1: Information Needed to Screen a Project

1. Compass orientation (direction) of the roadway affecting the
project
2. Compass orientation (direction) of the project with respect to the
roadway
3. Peak hourly traffic volume on the roadway at the project location
Peak hourly traffic volumes are tabulated by Caltrans for each of the numbered
highways in the state at various locations along the highway. One should select
from the location (milepost) nearest the project. The back peak hour volume should
be selected for projects south or west of the nearest milepost location; the ahead
peak hour volume for projects north or east of the nearest milepost location. For
projects near roadways not tabulated by Caltrans, SMAQMD should be consulted.

' ARB, Air Quality and Land Use Handbook.
" http://www.dot.ca.gov/hq/traffops/saferesr/trafdata/, viewed July 2006
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Project Proposal
Submitted

Meet ARB '
500 ft distance

Yes..l

recommendation?

Site and
roadway
characteristics

Use screening table that most
closely matches projects
characteristics

Fall outside of
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screening table?

No further air quality
analysis

recommended

.J

Yes

No further air quality
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Report screening table
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environmental document
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Default or userdefined data
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t
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( Jurisdiction decision

Figure 2: Stepwise Approach to Evaluating Sensitive Land Use Projects Adjacent
to Major Roadways
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During screening process, the agency or its consultant uses project information to
locate the appropriate cell in the screening table that will determine whether or not to
move on to step 3. One determines the appropriate cell by referencing the roadway and
project direction, and traffic volume in the tables. There are two tables to choose from:
one is for East-West roadways and one is for North-South roadways. Within each table,
there are matrices for projects that are upwind and downwind of the roadway. The
upwind or downwind designation corresponds to the annual average general wind
direction taken from the SMAQMD standard meteorological data set.
One should locate the cell that most closely represents the project screening risk by first
choosing the correct table. If the roadway is predominantly East-West, choose Table 1.
If the roadway is predominantly North-South, choose Table 2. If the predominant
compass orientation of the roadway is subject to dispute, then an east-west orientation
should be assumed, and Table 2 selected. Next, if the project is downwind of the
roadway, look to the upper matrix in the table. If the project is upwind, look to the lower
matrix. Now, the appropriate row in the matrix is determined according to peak traffic
volume at the roadway near the project.
The traffic volume at the roadway, using the Caltrans data, should be rounded up to the
nearest entry in the matrix selected. The agency or its consultant notes the increased
cancer risk shown in the cell that corresponds to the proposed distance from the
roadway of the nearest affected receptor. For example, for a new housing
development, the appropriate distance is that of the nearest new residence. If the cell is
not shaded (the increased risk is less than the evaluation criterion of 370/million, as
discussed in the following paragraph), a site specific HRA is not recommended.
Nevertheless, the results of the analysis should be recorded in the environmental
documentation or a staff report with the table included for reference. If the cell is
shaded (the increased risk is greater than the evaluation criterion), a site specific HRA
should be performed.
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Table 1: PM Cancer Risk (Potential Incremental Cancer Cases per Million People)
North and South of an East-West Roadway
PROJECTS NORTH AND SOUTH OF AN EAST-WEST ROADWAY
Receptor Distance from Edge of Nearest Travel Lane
Peak Hour Traffic
teet
(ve hi c l e/h r)
10

25

50

100

200

300

Incremental Cancer Risk per Million: North downwind
4,000
168
150
123
93
60
45
8,000
339
300
249
183
120
90
12,000

510

450

16,000

678"

i600

84J

750`

500

36
72

30
63

276

180

135

111

93

'498;

366

240

180

147

123

21

459':

300

225

183

153

1020
273
903 ,747 `549! 360
Incremental Cancer Risk per Million: South (u pwind)

219

183

18
36
54
72

15
30
45
60

20,000

24,000

400

4,000
8,000
12,000
16,000

96
195
291
390

81
162
243
324

63
129
192
255

20,000

486

405

24,000

582

4$6

45
90
138
183

30
60
87
117

21
45
66
87

318

228

147

111

87

75

384:

273

177

132

105

87

Table 2: PM Cancer Risk (Potential Incremental Cancer Cases per Million People)
East and West of a North-South Roadway
PROJECTS EAST AND WEST OF A NORTH-SOUTH ROADWAY
Receptor Distance from Edge of Nearest Travel Lane
Peak Hour Traffic
(feet)
( ve hi c l e/h r)
10

25

50

100

200

300

400

500

Incremental Cancer Risk per Million: East downwind
4,000
8,000
12,000
16,000
20,000

24,000

204
A08
612
816
1020

174
138
99
351
279
195
^25
417
294
.702 .555:
393
>)76 „ 696: ",464,

63
126
186
249
312

45
93
138
186
231

36
75
111
147
183

30
60
90
123
153

834': ,588 :.87b! 279
1227 .1053
Incremental C ancer Risk per Million: West (upwind)

222

183

4,000
8,000
12,000

126
252
381

99
198
300

72
147
219

48
99
150

30
63
93

24
45
69

18
36
54

15
30
45

16,000
20,000
24,000

^507 ,
633.
762

399
501
600,

294
366
441

198
249
300

123
156
186

90
114
138

72
90
108

60
72
87
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/

Figure 3: Screening Responsibilities and Reporting

1. The project proponent should provide the following information for the
screening effort to the agency requesting the analysis:
•
•
•
•

General project information (town and nearest road intersection of project, map
showing relative location of affecting roadway, type of project, project timeline,
contact information for project proponent, name of consultant if relevant)
Roadway compass orientation, project compass orientation
Distance from the edge of the nearest travel lane to the nearest receptor
Peak hour traffic volume and reference/source

2. The local agency or its consultant should screen the project and report the
project inputs provided by the proponent as well as the following results:
•

Diesel PM risk value at the nearest receptor

•

The screening matrix used in the process showing risk varying by distance to
roadway

The Evaluation Criterion
The evaluation criterion of 370/million was selected as that level of risk corresponding to
a 70 percent reduction from the highest predicted risk at 10 feet from the edge of the
nearest travel lane to the nearest receptor for the highest peak traffic volume
considered (24,000 vehicle per hour) east (downwind) of a north-south roadway. This
highest risk represents that corresponding to a worst case siting situation within the
boundaries of the SMAQMD, and when considered together with the existing ambient
cancer risk for Sacramento County of 360/million, represents a more than doubling of
risk. 5

Note that the evaluation criterion does not represent a "safe" risk level or a regulatory
threshold; it is simply the point at which a site specific health risk assessment is
recommended.

5 ARB, http://www arb ca gov/diesel/documents/rrstudL/rrstudv101404 gdf, viewed October 4, 2006
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Methodology for Completing a Site Specific Health Risk
Assessment
The screening evaluation discussed in the preceding section can lead to the need for a
local agency or its consultant to complete a full site-specific HRA, which is intended to
provide additional project-specific information the local jurisdiction.
.Performing a site specific HRA requires calculating estimated ambient pollutant
concentrations resulting from the mass emission rate of a pollutant from a source. The
pollutant source is the exhaust emissions from the vehicle traffic traveling the high traffic
volume roadway that will likely affect sensitive receptors at a proposed land use project.
The pollutant of interest is diesel PM, although PM10 is used as a proxy for the relative
measure of diesel PM at varying distances. The choice to base the HRA on PM10 is
further discussed in the Appendix (see Resources).
The line source model CAL3QHCR should be used as the dispersion model for
estimating ambient concentration as a function of distance from the source.
CAL3QHCR is a refined version of the original CALINE (California Line Source
Dispersion Model) that was developed as a modeling tool to predict roadside CO
concentrations. CAL3QHCR can be used to estimate ambient PM concentrations and
to process hourly meteorological data over a year, hourly emissions, traffic volume, and
signal data. The model can be obtained from EPA6.
To run CAL3QHCR, one needs meteorological, traffic, and vehicle emissions data at
specified intervals over some time period, such as hourly average data for a year. For
meteorological data, SMAQMD can supply data files that contain hourly meteorological
data over a year for each of five years (1985, 86, 87, 88, and 89)'. These data are
considered the "standard SMAQMD met data" for specified use in point source
dispersion model analyses performed for the SMAQMD region (e.g., air toxics hot spots
analyses to comply with AB 2588). The meteorological data set for 1987 is
recommended.
For emissions and traffic data, the local agency or consultant can employ any
documented and defensible source for vehicle emissions and hourly traffic data that
represents the local situation near the proposed development project, with the approval
of the permitting jurisdiction. For the emissions default, this approach relies on
EMFAC20028 tabulations for the SMAQMD area. EMFAC provides a report that gives
hourly regulated pollutant emission rates (ton/hr) for the SMAQMD mix of vehicles for a
e http://www.epa.gov/scram001/dispersion_prefrec.htm, viewed June 2006
' ASCII data files SACOAK85.ASC, SACOAK86.ASC, SACOAK87.ASC, SACOAK 88.ASC, and
SACOAK89.ASC obtained from B. Krebs of SMAQMD.
8 EMFAC2002, Ver. 2.2, April 23, 2003. Note: if the local agency determines that a new version of
EMFAC has been released, it should check with SMAQMD to determine if this document has been
updated and if the new EMFAC version should be used for the HRA.
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user-designated year. This hourly distribution is the average for that hour over the year.
Emission rates and corresponding vehicle miles traveled (VMT) for each hour of the day
are given for a number of vehicle types (e.g., light duty passenger cars equipped with
and without a 3-way catalyst, heavy-duty diesel trucks, urban buses, and so forth). The
total hourly pollutant emission rate and VMT for the SMAQMD mix of vehicles for each
hour are also tabulated. For input to CAL30HCR, the user needs to supply hourly
traffic volume (vehicles/hour) and PM emission factor (g/vehicle-mile) data. Table 3
gives the hourly distribution of total PM10 emission rates (g/vehicle-mile) from the
EMFAC data for the hourly SMAQMD district-wide vehicle mix in 2006.
CAL3QHCR also takes as input the hourly traffic volume (vehicles/hour) as determined
by the relative VMT, which is the ratio of the VMT for the hour to the peak VMT over the
24-hr day. This relative VMT is also shown in Table 3 for each hour. The hourly traffic
volume supplied will be the product of the relative VMT in Table 3 with the roadway
peak traffic volume, obtained from the Caltrans tabulation as discussed in the section
entitled Health Risk Assessment Screening.
CAL3QHCR also requires geographical data that defines the calculational domain. The
x-y coordinates of the beginning and end of the roadway section being modeled and the
link width (mixing zone) of the roadway need to be specified (in feet, arbitrary origin, y
axis aligned with north). For example, a six-lane freeway might consist of six 12-feet
wide lanes, and a 62-feet wide median, or 134 feet. Add to this an additional 10 feet on
each side of the roadway to account for the wake of moving vehicles, and the total link
width becomes 154 feet for the example. The user should supply to the model the
roadway width (including an assumed 10 feet on both sides of the roadway) applicable
to the project site. One also needs to specify the elevation of the roadway compared to
the surrounding area. For roadways at grade, this height is 0; for elevated and
depressed roadways, this is the positive or negative relative height, respectively.
A set of receptors at varying distances from the roadway needs to be specified in terms
of their x-y coordinates as well. The receptor heights, for example 6 feet if near ground
level, need to be defined. All these parameters are specific to the project site subject to
the HRA, and need to be defined and noted by the modeler accordingly.
Other parameters needing specification for a CAL3QHCR model run, along with default
values, are listed in Table 4. These defaults were used in the calculations that led to
screening tables 1 and 2 discussed in Health Risk Assessment Screening.

CAL3QHCR has many other features that allow modeling traffic intersections, traffic
signaling, and traffic queuing. Employing these features is quite site-specific. If these
features must be employed, the CAL3HQCR User's Guides should be consulted.

9 User's Guide to CAL3QHC Version 2.0, EPA-454/R-92-006 (Revised, with CAL3QHCR addendum),
September 1995.
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The output from the CAL3QHCR dispersion modeling run will be calculated ambient
PM1 0 concentrations in pg/m3 at the defined receptor locations. The local agency or its
consultant should complete the risk assessment for eight receptor distances from the
roadway (10, 24, 50, 100, 200, 300, 400, and 500 feet) and the receptor location that is
the site of the nearest potentially affected population. This is to show the relationship
between cancer risk and receptor distance from the freeway or major roadway.
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Draft Recommended Protocol for Evaluating the Location of Sensitive Land Uses
Adjacent to Major Roadways
Table 3: EMFAC2002 Relative Traffic Volume and Vehicle PM10 Emission Rates
for SMAQMD in 2006 for Default Inputs into CAL3QHCR

October 2006

Time
of day

Relative
VMT

PM10 emission rate,
g/vehicle-mile

Hr 00
Hr 01
Hr 02

0.152
0.057
0,063

0.0480
0.0643
0.0578

Hr 03
Hr 04
Hr,05

0.051
0.071
0.130

0.1417
0.0513
0.0560

Hr 06

0.480

0.0456

Hr 07

0.951

0.0269

Hr 08

0.891

0.0287

Hr 09

0.564

0.0453

Hr 10
Fir 11

0.590
0.741

0.0371
0.0345

Hr 12
Hr 13
Hr 14

0.763
0.753
0.864

0.0287
0.0291
0.0253

Hr 15
Hr16

0.874
0.912

0.0250
0.0280

Hr 17
Hr 18
Hr 19

1.000
0.698
0.522

0.0219
0.0157
0.0140

Hr 20
Hr 21
Hr 22
Hr 23

0.402
0.408
0.302
0.230

0.0272
0.0268
0.0242
0.0159
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Table 4: Other CAL30HCR Parameters
Parameter
Calculation averaging time (min)
Surface roughness (cm, from 3 to 400, 108 corresponds

to single family residential)

Default
60
108

Settling velocity (cm/s)

0

Deposition velocity (cm/s)
Site setting (U=urban, R=rural)
Form of traffic volume, emission rate data
(I =one hour's data, 2=one week of hourly data)
Pollutant (P for PM10 to give output in pg/m3)

0
U
2

Hourly ambient background concentration (µg/m)

0

Roadway height indicator
(AG=at grade, FL=elevated and filled, BR=bridge,
DP=depressed)
Roadway height (ft, 0 if AG, relative height if FL, BR, or
DP)

P
AG
0

Calculating Potential Cancer Risk
The next step is to calculate the potential increased cancer risk for the project at the
specified distances (nearest receptor distance and 10, 24, 50, 100, 200, 300, 400, 500
feet). The PM1 0 concentration modeled from CAL3QHCR at the site is used in
conjunction with the diesel PM unit risk factor established by the State of California
Office of Environmental Health Hazard Assessment (OEHHA) to determine the
incremental increased cancer risk. The diesel PM unit risk factor is a value established
via lab studies and represents the increased chance of developing cancer based on
concentration exposure. The value incorporates many worst case assumptions
including a constant exposure to diesel PM (24 hours a day) and a 70 year life span.
The value for diesel PM as established by OEHHA is 3 x 10-4 per Ng/m3.10 The unit risk
factor is multiplied by the concentration results from CAL3QHCR to determine the
increased cancer risk. The calculated value represents the increased chance of
developing cancer over a person's lifetime. Increased cancer risk is typically discussed
and presented in increased number of cases per one million people. To convert the
calculated risk into typically discussed terminology, the calculated risk is then multiplied
by one million (1 x 106) and the denominator is changed from per person to per one
million people.

t0 Consolidated Table of OEHHA/ARB Approved Risk Assessment Health Values, can be obtained from
www.arb.ca.govRoxics/healthval/healthval.htm, April 2005
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A sample calculation is performed below for reference.
Concentration at 100 feet
0.0025 Ng/m3
Unit risk factor for diesel PM
3 x 10"4 (Ng/m3Y'
Calculated increased risk = (0.0025 Ng/m3) * (3 x 10-4 (pg/m3)-') * (1 x106)
= 0.75 cases per million people

The potential cancer risk numbers for the corresponding specified distances is the
resulting data set that the local agency or its consultant should report.

Site Specific HRA Reporting
In the report of the HRA results, detail on the dispersion modeling inputs as well as
the risk results by distance should be provided.
Figure 4: HRA Reporting
At a minimum, we recommend the HRA report include the same information
reported in the screening evaluation as well as the following:

•

•
•
•
•

Emissions input data and calculation year for PM10, if different from Table 3.
(Note: the EMFAC planning inventory should be referenced - if EMFAC is not
used for emissions data, a detailed explanation should be provided; calculation
year should represent the first calendar year of exposure)
List of CAL3QHCR parameters used in the modeling, in the format of Table 4;
explanation or references for parameters
Name and source of meteorological data set used in CAL3QHCR
Screening table indicating varying cancer risk per million from 10 to 500 feet
from modeled roadway for PM1 0 (10, 24, 50, 100, 200, 300, 400, and 500 feet)
Incremental cancer risk value for the receptor nearest the edge of the nearest
travel lane based on PM10.
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Resources
The following are sources of information for use by the local agency or its consultant
that may prove useful in the risk screening and site specific HRA process:
•

The Caltrans website reports peak traffic volumes at various intersection or milepost
locations for all numbered roadways in the state:
htt^://www.dot.ca.oov/hq/traffops/saferesr/trafdata/

•

Vehicle population and emission factor data are provided by the ARB's emission
factor model; the most recent version is EMFAC2002, Ver. 2.2, April 23, 2003:
htto://www.arb.ca.gov/msei/onroad/tatest version.htm.
The line source dispersion model CAL3QHCR can be obtained from the EPA
website:htti)://www.er)a.gov/scramOOl/disr)ersion prefrec.htm. User guides for
employing the model can be found on the same website

•
•
•

Cancer unit risk factors are provided by ARB on the following website:
www.arb.ca.gov/toxics/healthval/healthval.htm
The Appendix to this document contains information extracted from a report
prepared by our consultant that provides more discussion of the health risk
assessment screening and site specific evaluation process. The Appendix can be
found at www.airouality.orq. You may also request a copy by contacting Rachel
DuBose at 916.874.4876 or rdubose@airouality.org.
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Accounting for Climate Change
By Maurice Roos, DWR
In recent years, evidence that global climate will have significant effects on water resources in California
has continued to accumulate. Climate change can affect the amount, timing, and form of precipitation,
whether rain or snow, that California receives, as well as the sea level of the Pacific Ocean. Moreover,
changes in weather, especially temperature, and atmospheric composition can affect water use and
consumption. Changes in climate have occurred during the 206 century, with noticeable warming in the
last two decades.
Most scientists feel that changes during the last several decades are likely mostly due to human activities,
but natural causes and variability cannot be ruled out as a significant component. Likewise, projections of
amount of warming and other climate changes during the 2161 century are wide ranging, depending on
assumptions and models.
A major cause of expected climate change is the increasing amounts of greenhouse gases, such as carbon
dioxide, in the atmosphere as a result of man's activities. These gases, as well as water vapor, allow solar
radiation to pass inward through the atmosphere, but trap the longer wave infrared radiation reflected
back from the earth's surface. Greenhouse gases are accumulating in the atmosphere; the following chart
shows the gradual build up in carbon dioxide at Mauna Lea in Hawaii, as measured by Scripps Institution
of Oceanography scientists. The annual cycle is caused by northern hemisphere vegetation uptake during
the growing season. Other signiftcant greenhouse gases are methane, nitrous oxide, halocarbons (like
freon and its replacements), and, of course, water vapor itself. Cloud cover is an important element in the
global radiation balance.
Whatever the causes, the prospects of significant changes warrant examination of how the State's water
infrastructure and natural systems can accommodate or adapt to climate changes and whether more needs
to be done to detect, evaluate and respond to water resource system effects. Many uncertainties remain,
primarily on the degree of change to be expected. Responsible planning requires that the California water
planning community work with climate scientists and others to reduce these uncertainties and to begin to
prepare for those impacts that are well understood, already appearing as trends, or likely to appear. In this
section we review possible impacts and address some of the responses appropriate for water planners and
managers.
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Figure 1.
Atmospheric Carbon Dioxide Concentration as measured at Mauna Loa. Hawaii
Ki_nvr .4s1 p_yrrµrJCY, i1-.K91i
Al.^r L^.+a: Gcmurec..r..-^m1^_n,.>.
T. ^Yv+^4A ^.rv.^^S^MT^ht'^M1`^p..-vp°(.-P.t^.1^ JYT:.I

"^^+"y^'C'^Y^1°I'T^T^!^<^,P^te`f"TS"

^d9 t. fif

,=ffli^`'`^^'^^^

^^lVr

r

tl

,

i

By and large, reservoirs and water delivery systems and operating rules have been developed from
historical hydrology on the assumption that the past is a good guide to the future. With global warming,
that assumption may not be valid.
Significant changes in climate are projected for the latter part of this century due to global warming.
These potential changes are expected to affect many of our water resources systems. Some of the more
important changes would arise from temperature increases, which would raise temperate zone snow
elevations and change the pattern of runoff from mountain watersheds, thereby affecting reservoir
operation. Other consequences include sea level rise, which could adversely affect the Sacramento San
Joaquin River Delta, a major source of water supply for the State; possibly more extreme precipitation
and flood events; changes in water consumption by crops and wildlands; and water temperature problems
for anadromous fish.
The California Water Plan first briefly addressed climate change a decade ago in a sidebar in Bulletin
160-93 when there was less consensus that global warming was beginning. Prior to that, the California
Energy Commission had produced an extensive report in 1991, in response to 1988 legislation, which had
significant discussion on reduced snowpack and changing runoff patterns, sea level rise, and water
temperatures. This was the first major report by a State agency on the subject.

Climate Projections
The most well known climate change projections by year 2100, the end of the century, due to the increase
in greenhouse gases have been developed by the Intergovernmental Panel on Climate Change. The IPCC
was jointly established in 1988 by the World Meteorological Organization and the United Nations
Environment Programme to study climate change. The IPCC has issued several reports since 1990
outlining possible global warming and other potential effects of climate change as a result of increased
greenhouse gases originating from human activities.
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A good assessment of the state of research on the potential consequences of climate change on water
resources in the United States, including what is known and what is not known, is the report of the
National Water Assessment Group for the U.S. Global Change Research Program (Gleick and Adams,
2000).
The most recent IPCC Working Group I Summary Report, in its third assessment (IPCC, 2001), projects a
1990 to 2100 average surface temperature increase of around 3 degrees C, with a range of 1.4 to 5.8
degrees (2.5 to 10.4 degrees F). The increase in global temperature during the 20th century was estimated
to be about 0.6 degrees C (1.0 degree F), much of which occurred by 1940, and a recent significant
increase after 1980 which is believed to be primarily of human origin. Because of warmer temperatures,
some increase in global evaporation and therefore more precipitation is projected for the 21" century,
more likely at higher latitudes north of California.
The chart shows temperature trends for three groups of stations in California during the 20's century
What is notable is the urban heat island influence, wherein the counties with large populations show more
warming than rural counties. Although not directly related to greenhouse gas increases, the local urban
warming does matter to local residents because it affects their lives and local environment.
Sea level (IPCC, 2001) is projected to rise around 0.5 meter ( 1.6 feet) by 2100, with a range of 0.1 to 0.9
meters (0.3 to 2.9 feet). The rate during the 20 century appears to have been around 0.2 meters (0.7 feet)
with a range of 0.1 to 0.25 meters (0.3 to 0.8 feet). The 0.2-meter figure is consistent with the historical
trend at the Golden Gate tide station, although it is possible that tectonic movement, or settlement, has
influenced the stages there.
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Figure 2
Long term average temperatures at different locations in California (J. D. Goodridge)
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Figure 3:

Golden Gate Annual Average and 19-Year Mean Tide Levels
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There is a general expectation that a warmer climate would lead to more intense precipitation events,
potentially causing somewhat bigger floods and more intense convective storms, thereby affecting the
rainfall statistics used for storm drainage design. The IPCC report rates prediction confidence in more
intense precipitation events as "very likely, over many areas". A couple of recent research studies
attempting to downscale global climate model results to the watershed scale in California indicated
substantial increases in the size of floods
The increase in carbon dioxide, from the current 370 ppm to perhaps 600 or 700 ppm is expected to
benefit growth of many food crops, provided the water supply is adequate and temperatures don't get too
hot. Higher carbon dioxide concentrations in the air could partly offset the higher water use
(evapotranspiration) in agricultural production resulting from warmer temperatures.
Warmer air and less snowpack would be expected to raise average stream and estuary water temperatures.
This would increase the problem for cold-water fisheries, including salmon and steelhead.
All of these projected changes, as well as some not yet identified, are likely to affect the hydrologic cycle
and the water resources of California.

Major Consequences to Water Resources Systems
There are a large number of potential effects on California water resources infrastructure due to global
warming. Much depends on the degree of warming and whether future changes are small or large. There
are potential impacts on snowpack accumulation and melting, runoff patterns, water supply, sea level,
floods and droughts, water demands, water temperature, plant and animal life including livestock,
hydroelectric power, wild fires, recreation, water quality, soil moisture, groundwater, and ecosystems.
Only five of these will be dealt with in the section: water supply, sea level rise, extremes (primarily
floods), water requirements, and river water temperature.
Water Supply
The most important parameter in determining runoff and therefore water supply is precipitation. Regional
precipitation predictions in the huge general circulation models of the atmosphere have not been reliable,
and vary greatly among the different models. As a general role, a warmer world would mean more
evaporation, hence more precipitation overall. But where and when the precipitations falls is allimportant. Some researchers think that climate warming might push the winter storm track on the West
Coast further north, which would mean a drier California. On the other hand, some of the new GCM's,
including the two used in the National Water Assessment, increase average California precipitation.
If warming occurs, one impact is considered relatively certain. On average, snow levels in the mountains
will rise and the average amount of snow covered area and the snowpack will decrease. A reasonable
estimate is about 500 feet of elevation change for every degree C rise. Many early studies, including the
1989 National Academy of Science report, have used 3°C as a benchmark of scenarios, which is still in
the midrange of the new IPCC predictions, as a reasonable 100-year projection for the western states. This
would mean a rise of about 1,500 feet in average snow levels. Historical average snow elevations on April
1(the usual peak of the snow accumulation season) range from about 4,500 feet in the north above Shasta
Lake to around 6,000 feet in the southern Sierra. Earlier DWR assessments some years ago came up with
estimates for a rise of 1,500 feet in the average freezing level during storms and assuming the amount of
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precipitation remained approximately the same. In the Sacramento River region, only about one fourth of
the snow zone would remain with an estimated decrease of nearly 3 million acre-feet of April through
July runoff. The impact would be much less in the higher elevation southern Sierra. About seven tenths of
the San Joaquin/Tulare Lake region snow zone would stay.
Not all the spring runoff comes from melting snow. In the northern Sierra, spring rainfall is an important
contributor. The estimated average reduction in Sacramento River region April through July runoff was
projected to be 43 percent, leaving 57 percent of current runoff. The southern Sierra impact was less with
23 percent reduction overall. The total runoff reduction for all watersheds was 33 percent. These results
were crude and preliminary, but have been roughly confirmed by more recent work by Scripps and others.
A Knowles and Cayan study (Scripps, 2001) included a 2090 projection from the Parallel Climate Model
with 2.1 degrees C (3.8 F) of warming to come up with a 50 percent reduction in April snow water
content and a 4.5 million acre- feet reduction in April through July runoff
Figure 4
Projected Snow Pack as a percentage of Average 1995-2005 (Knowles and Cayan)
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Some GCM studies project significantly more winter season precipitation in California, some models are
drier. It is possible for the southern Sierra snowmelt runoff to increase in the wetter scenarios, albeit from
less area- All models so far show less snowmelt runoff in the northern Siena.

Less spring snowmelt could make it more difficult to refill winter reservoir flood control space during late
spring and early summer of many years, thus potentially reducing the amount of surface water available
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during the dry season. Lower early summer reservoir levels also would adversely affect lake recreation
and hydroelectric power production, with possible late season temperature problems for downstream
fisheries.
April-July runoff, primarily snowmelt, in California major rivers (including the Trinity River which
supplies water to the Central Valley Project) amounts to about 14 million acre-feet on average This is
about 40 percent of the estimated total State net demand for agricultural and urban water use. Replacing
that would take about 4 to S MAF of reservoir storage, increased conveyance facilities and other
measures. Of course, if precipitation increases, reductions in runoff would be less, especially in the higher
elevation southern Sierra.
Not all river systems would be equally affected; much depends on the existing storage capacity. One
would expect only a slight impact on the Stanislaw River, for example, where the ratio of storage to
average annual runoff is about 2.5 and winter spills on food control releases are uncommon. The
American River ratio is about 0.64 so it is likely to be more affected.
One can look at our recent hydrologic history to see if any trends are evident. The chart shows the record
for the Sacramento River system for the 20'" century. April through July runoff is plotted as a percentage
of total water year runoff There really was not much trend until the last half of the century, when the
percentage of April through July runoff begins to show a progressive decline. Changes in North Pacific
ocean current patterns, known as the Pacific Decadal Oscillation may explain part of the trend. The same
effect is noted on the southern Sierra rivers, but the decrease is less. The same downward pattern in
Sacramento River snowmelt runoff can be seen on a chart plotting volume with years, but the fit is poorer
and a consistent trend not as evident.
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Figure 5

Sacromonto River Apil • July Runoff In Porcvnt of Water YON Runoff
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Sea Level Rise
A second potential impact is sea level rise. This would lead eventually to problems in certain coastal areas
with low-lying salt marshes and other lands protected by dikes. But the big impact on California water
supply could be in the Sacramento-San Joaquin Delta. There the problem would be two-fold: (1)
problems with the levees protecting the low-lying land, much already below sea level and (2) increased
salinity intrusion from the ocean which could degrade fresh water transfer supplies pumped at the
southern edge of the Delta or require more fresh water releases to repel ocean salinity.
Many of the central Delta levees are built on unstable peat soil and are vulnerable to high water peaks.
The potential impact of sea level rise on these levees depends on the rate of increase. A small rise can
probably be tolerated by the levee system; a major rise of one foot or more could cause significant
problems. Extrapolating current trends yields about 0.4 foot by year 2050. The IPCC median projection is
about 1.6 feet by 2100. One perspective is that a one-foot rise would transform the current 100-year high
tide peak at Antioch, a western Delta station, into about a 10-year event. Thus the rare high event could
become a more frequent threat to the Delta levees and the role they play in protecting the.sensitive Delta.
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Since California is tectonically active, it is the net combined effect of geologic change, rising or falling
land, and sea level rise, which matters. The effect of a rising ocean would be magnified where land
subsidence is occurring and decreased where uplift is happening.
Salinity intrusion is a function of channel depth and time, increasing rapidly with depth. Climate change
induced sea level rise could increase overall channel depths, potentially increasing salinity intrusion and
diminishing water quality for south of Delta users. Reduced excess snowmelt in the spring would also
mean a longer dry season, that is, more time, for saltwater intrusion. However, depths in the upper estuary
and the western Delta may not change that much if the sea level rise is small.

More Extreme Events
A third possible effect could be more extreme events: (1) larger floods and mote intense precipitation
events, particularly if the wetter winter scenario of the National Water Assessment materializes, and (2)
longer drier droughts if other model scenarios are considered.
There is a general relationship between rainfall intensity and the warmness of the climate. Other factors
being equal, warm air holds more water vapor than cool air. For a given amount of lift of saturated air,
more condensation will occur from warmer as compared to cooler air. Therefore, lifting of the air either
orographically by winds blowing over a mountain range, by convective activity (thunderstorms), or by a
weather system front has the potential for greater precipitation intensity. Also, higher snow levels in the
Sierra Nevada and other high mountains mean more watershed area contributing direct rain runoff during
winter storms and less snow accumulation.
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Figure 6
American River Three Day Flood Bar Chart
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Major floods on California's rivers are produced by slow moving Pacific storm systems, which sweep
moist subtropical air from a southwesterly direction into the State. When these moisture-laden weather
systems run into the mountains, copious amounts of rain and runoff are produced as the air is lifted by the
mountain ranges. Whether the southwesterly winter storm winds would be stronger or weaker if global
warming occurs has not been determined. In one simple experiment by the Department of Water
Resources on the American River basin east of Sacramento, temperatures of a major storm (like that of
February 1986) were raised three degrees Celsius, keeping the strength of the southwesterly winds and the
relative humidity the same. The storm runoff increased about 10 percent. If storm intensities increase, it is
likely the probable maximum flood used for dam spillway design would be bigger.
Research work by Dr. Michael Dettinger of Scripps Institution of Oceanography and Dr. Norman Miller
and associates at Berkeley National Laboratory show an increased risk of large storms and flood events
for several GCM scenarios Since existing flood control facilities in the Central Valley and elsewhere
seem to be barely able to accommodate large flood events, like the I -in- I 00-year flood, even a modest
increase could pose problems. An increase in winter flood control space would conflict with operations
for water supply, power and recreation on many of the big multipurpose reservoirs in California. The total
volume of maximum winter flood control space requirements on major Central Valley foothill reservoirs
exceeds 5.5 million acre-feet,
Increasing winter flood control space generally would make it more difficult to fill reservoirs in the
spring. The filling problem would be compounded if spring runoff were reduced because of smaller
snowpacks.
Related to flood risk are the rainfall depth-duration-frequency date widely used for designing local storm
water control and drainage facilities. It has been suggested that these statistics be updated frequently, at
least every 20 years or so. In this way, climate changes will be gradually incorporated into the record and
in the rainfall statistics.

10

Global Climate Change

4 ;621

California Water Plan Update 2005

I`-+_

Water Use
There are likely to be changes in water use as well as in water supply. Water consumption changes may
be small, but because so much land area is involved, amounts could be very significant. Generally, a
slightly warmer climate with less frost and a higher atmospheric concentration of carbon dioxide is
regarded as beneficial to most food crops.
As a rule, plant evapotranspiration (ET) increases with temperature. Higher carbon dioxide levels,
however, reduce water consumption (at least in laboratory tests), and seem to increase yield. In the
opinion of knowledgeable researchers, the higher water consumption with warmer temperatures will
probably only be partially offset by the carbon dioxide-based reductions. Thus, the net result could be
slightly higher agricultural water requirements. Assessing the potential impacts to agriculture is
complicated for some annual crops because it may be possible to change the planting season a few weeks,
which may result in no net change in water use for that crop.
The whole subject of potential crop ET and water requirements is an important area of investigation for
university and agriculture extension service people. In view of further cuts in water availability to
California agriculture, changes in ET would be of great importance.
Warmer Water Temperature
Of considerable concern, if California temperatures rise significantly, would be managing salmon and
steelhead fisheries. Warmer air temperatures will make it more difficult to maintain rivers cold enough for
cold-water fish, including anadromous fish. With reduced snowmelt, existing cold-water pools behind
major foothill dams are likely to shrink. As a result, river water temperature could warm beyond a point
that is tolerable for the salmon and steelhead that currently stay in these rivers during the summer. Under
this scenario, it is doubtful that the existing, cold-water temperature standards in the upper Sacramento
River would be able to be maintained. Problems are likely forjuvenile steelhead, as well.
A few of the major reservoirs have multilevel outlet structures able to control discharge water
temperatures. For many of the others where downstream fisheries require cold water, temperature control
structures should be considered and, where feasible, installed.

Colorado River Impacts
The Colorado River in recent years has famished slightly over half of the total water supply for the South
Coast and Colorado River regions of Southern California. With the planned reduction in California
diversions to 4.4 million acre-feet it will still furnish about 45 percent of estimated current water
demands, a very important portion of the State's water budget. Because total reservoir storage on the
Colorado River exceeds 4 times the average annual runoff of about 15 million acre-feet, its water supplies
are not very vulnerable to seasonal shifts in runoff due to less snowpack. Rather it is the total annual
amount of runoff which matters. Most of the runoff is generated from a relatively small portion of the
basin, on the order of 10 percent, which is the high elevation mountain region. Studies by Nash and
Gleick (1993) indicate that percentage changes due to global warming may be somewhat less in the
higher watersheds than when modeling the basin as a whole above Glen Canyon dam. Their 1993 report
also indicates that about a 10 percent increase in precipitation would be required to offset the drying
effect of about the same percentage due to a temperature rise of 2 degrees C.
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Some GCM models show more precipitation in the Colorado River basin. Only a modest increase in
runoff, on the order of 10 percent, can change the emphasis from water supply shortages to flood control.
The message is that what happens on the Colorado River is very important to California, but more studies
are needed to assess probable directions of impacts. A slightly drier scenario could mle out interim
surplus over the 4.4 million acre-feet for California. Beyond that, under current law, further decreases in
runoff would have to be absorbed by Arizona.

Adapting to Change
Even though there are large variances in GCM model results on certain parameters, such as likely future
precipitation, some effects are consistent:
•

Temperatures will rise, which will affect the extent and amount of winter snowpack in the
mountains.

•

•

However, the range in projections of the amount of temperature increase to expect is stilt quite
large.
Sea levels will nse with a likely minimum rate of 0.2 meter (0.7 feet) in the next century (the
apparent recent historical rate) and possibly more.
Some increase in the intensity of extreme precipitation and flood events is likely.

•

Because of generally higher temperatures, some increase in crop and urban greenery water

•

requirements is likely, but not large increases.

•

River and estuary water temperatures will rise with increasing problems for cold water fisheries.

What We Need to Know
There are a number of needs for better information regarding climate change on which to base water
resources planning. Foremost is better hydrologic monitoring so we can assess trends and changes which
are underway. Because weather and hydrology are so inherently variable, many years of consistent and
accurate measurements are vital. Besides indicating quantitative changes, the proposed monitoring is
necessary feedback into calibrating climate models used for future predictions. Currently there are few
good climate data stations in the mountain zones where the more significant changes are expected.
For water systems in California and elsewhere, climate model precipitation is probably the most
important parameter. This must be developed at the watershed level for a representative set of future
scenarios. The major tool for evaluating the impact on major water project systems would be the
CALSIM reservoir system operation (simulation) model developed jointly by DWR and USBR.
Development of modified monthly input to CALSIM from the climate models will require help from the
research community. The heart of an adaptation program to improve the State's capacity to operate its
complex water management system in the face of different and perhaps a more variable climate depends
on assessing simulated operation over long hydrologic time periods. This would enable proactive
planning and development of options and strategies to improve water supply and quality, including
adapting to sea level rise in the Delta and possibly reoperation for flood control. Initial tests of the CVPS WP system would more practically be based on a 50-year projection of trends during the past 50 years.

The December 2002 report of the California Floodplain Task Force did take note of the potential for
bigger floods and changes in flood frequency with climate change. Conceivably, if more definite
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estimates of these changes can be determined from further research with GCM results, some allowance
for climate change can be built into the Task form's concept of the "reasonably foreseeable flood."
Evaluation of major multipurpose reservoir flood control aspects is another major need, which would
require generation of at least daily inflow from the watersheds. Linking climate and hydrologic models
can provide such inflow, but is a major task. Some screening by climate model experts will be needed to
select the climate models which can provide a more plausible future. Since the big floods are rare events,
simulation of long periods of climate, thence runoff, and are required to develop confidence in results.
Since there will be competition at the big multipurpose reservoirs between flood control and other
purposes, a thorough examination of the flood space relaxation criteria in the spring would be in order.
Possibilities of basing part of the flood space requirements on weather forecasts should be tested.
It is anticipated that changes in water requirements of crops, wildlands, and landscaping will be gradual.
Some monitoring of reference evapotranspiration by renovating or reinstalling a few of the lysimeters
which were operating in the 1960's is recommended to see if changes in the past 30 or 40 years are
measurable. This would need to be a multi-year effort, possibly for 10 years, because of the variability
from season to season.
While the evaportranspimtion measurements are underway, it should be possible to convene a group or
task force of knowledgeable experts on plant water consumption and agricultural practices by people from
the university system and government. The goal would be to develop likely changes in
evaportranspiration, and perhaps some ranges for year 2050 or 2100 scenarios, with warmer average
temperatures and a higher carbon dioxide content of the atmosphere. To do this, some reasonable
projections of future weather, including growing season precipitation are needed from the climate
modelers. Some increase in plant water requirements would be expected because of warmer temperatures,
but probably not a large percentage change.
The fifth major concern would be water temperature increases. There are existing models of water
temperature which have been in use for a decade on some of the Sacramento River region major rivers.
These models may need improvement as the job of maintaining suitable downstream temperatures
becomes more difficult. Analysis of selected foothill reservoirs and rivers is suggested to see what a
different pattern of inflow and higher air temperatures would do. New or upgraded temperature modeling
is being developed as part of the Oroville power plant relicensing project. Once these tools are selected or
developed, researchers can apply them to other streams and reservoirs. A logical extension would be to
apply the new temperature models to evaluate the affect of a changed climate and runoff scenario,
beginning with Lake Oroville and the Feather River.
The last item of strong interest would be effects of climate change in regions near California, especially
the Colorado and Columbia River regions. The Colorado River would be most important to California
because of potential impacts on water supply, with some potential effect on hydroelectric power. The
Columbia River basin is an important source of electric power for California during the summer. If
conditions there turned drier, there would be an impact on electricity as happened during 2001. For these
basins, the best course of action for now may be to monitor results of anticipated new research and studies
on runoff and water supply in both of these regions forthcoming by interested regional parties.
Summary
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The preceding items are the major expected effects of global warming on the California water resources
system. Climate change is just one of the factors water planners need to face in the coming century. Other
factors include dealing with an expanding population, growth, environmental needs and maintaining the .
quality of land on water resources- Some degree of warming and sea level rise seem reasonably certain,
but with the uncertainty of current climate model precipitation, the range of possible changes is quite
large. There is serious scientific evidence that global warming will pose serious challenges to our water
infrastmeture. It is time to try to quantify the effects of projected climate change on California's water
resources. Being aware of potential climate changes should help in preparing better for an uncertain 21°
century.
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Item 6
Agenda of November 29, 2007

TO:

Sacramento Area Flood Control Agency
Board of Directors

FROM:

John A. Bassett, Director of Engineering
(916) 874-8731 Design - Construction - Maintenance

SUBJECT:

RESOLUTION - AUTHORIZING THE EXECUTIVE DIRECTOR TO
AMEND THE CONTRACT WITH EDAW INC. FOR ENVIRONMENTAL
COMPLIANCE DOCUMENTS AND REGULATORY PERMITTING
RELATED TO THE NATOMAS LEVEE IMPROVEMENT PROGRAM

SUMMARY
Approval of Resolution No. 07-109 will authorize the Executive Director to amend
the existing contract with EDAW Inc. for the next phase of the environmental
compliance and regulatory permitting activities of the Natomas Levee Improvement
Program (NLIP). The amendment will increase the total contract price in the
amount of $1,353,000 for a new total contract price of $2,857,300.
DISCUSSION
The Natomas Levee Evaluation Study Final Report, dated July 14, 2006, identified
improvements to the Reclamation District No. 1000 levees to provide the Natomas
Following this study and the ongoing
Basin with 200-year flood protection.
evaluation of flood control improvement on the main stem of the American River,
SAFCA released the November 2006 Draft Environmental Impact Report ( DEIR) on
Local Funding Mechanisms for Comprehensive Flood Control Improvements for the
The DEIR was amended by the February 2007 Final
Sacramento Area.
Environmental Impact Report Responses to Comments and Revisions to the Draft
EIR (State Clearinghouse No. 2006072098), together referred to as the Local
Funding EIR.
The Local Funding EIR was utilized by the Board when it adopted Findings and a
Statement of Overriding Considerations, Mitigation Measures, and a Mitigation
Monitoring and Reporting Program and formed the Consolidated Capital Assessment
District to fund the local share of the flood control improvements and programs
described in the Local Funding EIR, ordered implementation of the programs and
directed the issuance of financing bonds.
SAFCA released the Draft Environmental Impact Report on the Natomas Levee
Improvement Program Landside Improvements Project (State Clearinghouse No.

SAFCA Board of Directors
Agenda of November 29, 2007
Page 2
2007062016) in September 2007. In November 2007, SAFCA released the Final
Environmental Impact Report on the Natomas Levee Improvement Program
Landside Improvements Project Responses to Comments and Revisions to the Draft
EIR ("Final 2007 Landside EIR"), certified the document, adopted Findings and a
Statement of Overriding Considerations, Mitigation Measures, and a Mifigation
Monitoring and Reporting Program and approved the Project.
Beginning in April 2006, SAFCA has implemented the NLIP on a schedule to provide
a 100-year level of flood protection to the Natomas Basin as quickly as possible
with the goal of providing a 200-year level of protection over time. EDAW has
prepared the environmental compliance documents for a number of the program
components and staff is proposing to amend the existing contract to include
additional tasks and budget to undertake additional activities.
Under the amendment, EDAW will continue to provide the environmental
compliance documents and regulatory permitting efforts for the landside
components of the NUP. This amendment is anticipated to include work performed
from November 1, 2007 through June 30, 2008 in connection with the Natomas
Cross Canal South Levee Phase 2 improvements, the Sacramento River East Levee
Phase 1 improvements and the Sacramento River East Levee Phase 2
improvements. The anticipated scope of services is attached to the resolution as
Exhibit A. The amendment will increase the total contract price in the amount of
$1,353,000 for a new total contract price of $2,857,300.
FINANCIAL CONSIDERATIONS
The anticipated costs of the proposed amendment would be paid from the NLIP
account of the Consolidated Capital Assessment District.
POLICY CONSIDERATIONS
The proposed contract amendment is consistent with SAFCA contracting policies
and the Board's direction to move forward with the improvements proposed by the
NLIP.
RECOMMENDATION
Staff recommends the Board adopt Resolution No. 07-109 authorizing the Executive
Director to amend the existing contract with EDAW Inc., effective November 1,
2007, for additional environmental compliance and regulatory permitting activities
of the Natomas Levee Improvement Program. The amendment will increase the
total contract price in the amount of $1,353,000 for a new total contract price of
$2,857,300.
JABcg\NLJP EDAW Amend 2 11-29-07.bd.doc
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EXECUTIVE SUMMARY
This report summarizes the preliminary conclusions and recommendations of the Natomas Levee
Evaluation Study (Levee Evaluation Study or Study) that is contained in a series of technical reports
commissioned by SAFCA. This Study, which was initiated in 2005, follows more than a decade of
levee improvement activity aimed at safely containing a 200-year flood in the Lower Sacramento
and American Rivers and the diversion channels around the perimeter of the Natomas Basin. The
improvements have significantly reduced the risk of flooding in Natomas, particularly along the
eastern flank of the basin. However, recent experience has persuaded flood managers that levees
throughout the Lower Sacramento Valley may be subject to an unacceptable risk of failure due to
deep underseepage and continuing erosion. One of the principal aims of the Levee Evaluation Study
was to assess this risk in the Natomas area using new guidelines adopted by the Sacramento District
of the U.S. Army Corps of Engineers (Corps). The Study also addressed levee freeboard and
streambank erosion issues in order to identify the scope of the improvements needed to reduce the
annual risk of flooding to less than 1/200 in any given year.
Conditions along the south levee of the Natomas Cross Canal, the east levee of the Sacramento
River, and the north levee of the American River were assessed in relation to water surface
elevations produced by a hypothetical flood with a 1/200 Annual Exceedence Probability (AEP).
The size of this flood was determined based on hydrology developed by the Corps as part of the
Sacramento and San Joaquin River Basins Comprehensive Study. This flood was routed through the
flood control system using a hydraulic model developed by MBK Engineers (MBK). The resulting
water surface elevations reflected two key modeling assumptions. First, it was assumed that levees
upstream of Natomas would not fail when overtopped, but would act as weirs, thus only slightly
diminishing peak flows in the channels around Natomas. Second, it was assumed that flows in the
Lower American River would be controlled to 160,000 cfs during the modeled event.
The Natomas levees were evaluated based on the following engineering criteria. For freeboard,
levees were deemed deficient if they did not have at least three feet above the 11200 AEP water
surface elevations. Levee foundations were deemed problematic if seepage analyses indicated exit
gradients at or above the Corps adopted guideline for underseepage and other indicia of subsurface
permeability (such as the presence of standing water at the landside toe of levee) were present in the
affected levee reach. The risk of bank erosion was classified as `high', `moderate', or `low' based
on evidence of recent erosion and slope failure, the width of the bank (or "berm") between the levee
and the active river channel, encroachment into the projected waterside levee slope, the steepness of
the bank, the potential for scour along the waterside toe of the bank, and the cohesiveness of the
soils comprising the bank.
Remedies for identified problems were developed based on established levee improvement and bank
protection techniques. It was assumed that levee freeboard deficiencies would be addressed through
levee raising; foundation seepage issues would be addressed through construction of cutoff walls;
and erosion risks would be addressed through minimum impact toe rock and bank re-vegetation
techniques commonly in use along the Lower American and Sacramento Rivers. The Study also
raised the possibility of addressing identified deficiencies in the upper 5 miles of the east levee of
the Sacramento River through construction of a new secondary levee set back about 1,000 feet from
the existing levee. Under this alternative, the existing levee would continue to confine the river
channel and serve as the Garden Highway. The new levee would eliminate the uncertainties
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associated with refurbishing the existing levee, reduce erosion concerns, and ensure safe
containment of the 1/200 AEP flood if the existing levee were to fail.
Based on the preliminary conclusions and recommendations of the Levee Evaluation Study, the cost
of the improvements needed to address the problems identified in the Study would be approximately
$300 million. The cost of the secondary levee alternative would range from approximately $354
million to $432 million depending on the source of material used to construct the new levee.
The Study notes that environmental considerations will affect the timing and cost of constructing the
needed levee and streambank protection improvements. In order to minimize construction delays
and avoid unnecessary project cost increases, the improvement program should include a
comprehensive approach to mitigating unavoidable environmental impacts that complements
ongoing habitat conservation efforts in the Natomas Basin and the Sacramento River channel.
The Study also indicates that the risk of flooding at the 100-year level is greater than previously
assumed, underscoring the urgency of expediting the needed improvements.
SAFCA will utilize the results of the Study to support the Corps' continued work on the Natomas
Basin Components of the American River Common Features Project and to evaluate the potential to
move forward with the identified flood control improvements using local and state funds.
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1.0

1.1

BACKGROUND

STORMS OF 1986

The Sacramento River Flood Control Project (SRFCP) is an integrated system of levees, overflow
bypass channels, and dams that was designed and constructed by federal, state and local interests
over several decades of the 200 Century to protect farmlands, towns and cities in the Sacramento
Valley from large floods. The record storms of 1986 tested the limits of the SRFCP's storage and
conveyance capacity, causing levee failures in many areas of the Valley that resulted in millions of
dollars of property damage. The flood exposed numerous deficiencies in the SRFCP. In the
Sacramento area, these deficiencies included: (1) unstable levees along the east bank of the
Sacramento River that were susceptible to failure due to the porous nature of the material used in
their construction; (2) inadequate conveyance capacity in the drainage channels around the Natomas
Basin that serve to divert runoff from the foothills into the Sacramento and American Rivers; and (3)
inadequate reservoir storage capacity for controlling large floods in the American River watershed.
The Natomas Basin levees that are part of the SRFCP are shown in Figure 1-I
Prior to 1986, the Federal Emergency Management Agency (FEMA) judged that the SRFCP could
safely contain a 100-year flood event along the Sacramento and American Rivers. This judgment
informed Sacramento's entry into the National Flood Insurance Program (NFIP) in the late 1970's
and allowed property owners in the protected Sacramento and American River floodplains to obtain
flood insurance on a voluntary basis at favorable rates. After 1986, the U.S. Army Corps of
Engineers (Corps) concluded that the SRFCP's deficiencies rendered Sacramento vulnerable to
about a 70-year flood. This conclusion caused the FEMA, administrator of the NFIP, to issue new
floodplain maps indicating that most of the City of Sacramento and portions of Sacramento and
Sutter Counties were in the 100-year floodplain. These new maps were issued in November 1989
and had the effect of raising the cost of flood insurance and making property owner participation in
the insurance program mandatory.
1.2

LOCAL-STATE-FEDERAL RESPONSE

SAFCA was formed in September 1989 to work with the Corps and the State of California (State)
through the California Reclamation Board (Reclamation Board) to provide all of Sacramento's
SRFCP protected floodplains with at least a 100-year level of flood protection as quickly as possible
while working to achieve a 200-year level of flood protection over time. The rationale for this flood
risk reduction program was that an uncontrolled flood would expose Sacramento's low-lying,
heavily urbanized floodplains to a potentially catastrophic loss of life and property. A 100-year
level of flood protection is the minimum national standard for protecting urban areas and it was
essential to meet this standard as quickly as possible. However, given the likely consequences of an
uncontrolled flood, it was also necessary to work toward the higher standard of protecting
Sacramento from at least a 200-year flood, since this was considered to be representative of the most
severe flood that could be reasonably expected to occur along the Sacramento and American Rivers.
A 200-year level of flood protection was also consistent with the minimum level of protection
enjoyed by other urban areas in the United States with substantial development in protected
floodplains. This flood risk reduction program was subsequently characterized as progressing from
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high risk (less than 100-year protection) through moderate risk (greater than 100-year but less than
200-year protection) to low risk (greater than 200-year protection).

13

SACRAMENTO URBAN LEVEE RECONSTRUCTION PROJECT

In order to achieve the goals of the flood risk reduction program, the Corps proposed to quickly
implement a levee stabilization project along the 33-mile reach of the Sacramento River east levee
that protects Natomas, downtown Sacramento, and the Pocket area, and to pursue a comprehensive
program of levee improvements along the diversion channels around Natomas combined with
construction of a flood control dam near Auburn to control flows in the Lower American River. The
levee stabilization effort focused on the two segments of the east levee of the Sacramento River
upstream and downstream of the American River: the downstream segment connecting the American
River south levee to the North Beach Lake levee near the town of Freeport and the upstream
segment connecting the American River north levee to the south levee of the Natomas Cross Canal
near Verona. These levees were constructed in the early part of the 200s Century using materials
dredged from the river channel that contained significant amounts of sand and silt dislodged from
the foothills and mountains along the east side of the Sacramento Valley during the hydraulic mining
era. These materials proved to be extremely porous when subjected to the prolonged high flows
produced by the storms of 1986, particularly in the Natomas area where levee failure due to seepage
through the levee was avoided only through a massive effort to shore up the levee during the height
of the flood.
The stabilization effort, which was referred to as the Sacramento Urban Levee Reconstruction
Project, employed two measures to address this seepage problem. Where space permitted, as in
much of the upper Natomas Basin, the plan called for construction of a seepage stability berm along
the landside of the levee to intercept any water seeping through the levee and discharge it into a
drainage ditch to be pumped back into the river. Where space was limited, as in the Pocket area and
the lower Natomas Basin, the plan called for construction of a slurry cutoff wall excavated through
the levee and into less permeable ground below. This cutoff wall serves as a barrier to seepage
through the permeable levee embankment soils. Construction of these improvements, covering
approximately 33 miles of the Sacramento River east levee, was initiated in 1990 and completed in
1993.
1.4

NORTH AREA LOCAL PROJECT

With the completion of the Sacramento Urban Levee Reconstruction Project, attention shifted to the
American River and the diversion channels around the Natomas Basin. Here the plan was to raise
the diversion channel levees and control water surface elevations in the channels and the Lower
American River by constructing a flood detention dam at Auburn. This plan was presented to
Congress in 1992. However, in the face of opposition to the detention dam, Congress authorized
only the levee improvements around Natomas and directed that these improvements should proceed
while the Corps re-evaluated the options for controlling high flow along the remainder of the Lower
American River. The legislation left open the possibility that the authorized improvements could be
constructed by non-federal interests in exchange for future credits or reimbursements.
Taking advantage of this provision, SAFCA opted to move forward with a slightly redesigned plan
that would protect the Natomas Basin from a 200-year flood along the American River without the
benefit of the Auburn flood detention dam. This plan was feasible because of the design of the
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American River levee system upstream of Natomas. The last segment of this system was
constructed in 1958, after the completion of Folsom Dam. Believing that the dam afforded
protection against extremely large floods, the Corps permitted the American River north levee to be
extended upstream from Cal Expo to the Carmichael Bluffs along an alignment very near to the
north bank of the river channel, thus cutting off a historic overflow area and creating a relatively
narrow river channel. This channel cannot contain very high flows discharged from Folsom Dam.
Instead, such flows are likely to trigger a levee failure upstream of Natomas, thus causing large
volumes of flood water to flow into the surrounding floodplains of the American River outside of
Natomas. Levee failures such as this would actually result in a reduction of water surface elevations
in the vicinity of Natomas.
With this knowledge, SAFCA revised the design of the diversion channel levee improvements to
contain the maximum water surface elevation likely to be produced by a 200-year flood along the
southeastern flank of the Natomas Basin, combining foothill runoff with American River flows,
reflecting the effects of upstream levee failures. Based on this design, SAFCA raised the east and
west levees of the Natomas East Main Drainage Canal (NEMDC), the north and south levees of
Arcade Creek, and the south ►evee of DrylRobla Creek. In addition, SAFCA constructed a new
levee along the north side of Dry Creek, extended the south Robla Creek levee, and installed a new
pumping plant in the NEMDC channel connecting the new Dry Creek north levee to the raised
NEMDC west levee. Finally, SAFCA strengthened the south levee of the Natomas Cross Canal
(Cross Canal) and portions of the Pleasant Grove Creek Canal levee in Sutter County to control
flooding along the northern perimeter of the Natomas Basin.
This North Area Local Project (NALP) was substantially completed in 1996. That same year, the
Corps issued a Supplemental Information Report (SIR) to Congress that concluded the project
provided Natomas with enough protection to control at least a 200-year flood along the American
River and about a 140-year flood along the Sacramento River. Judged by the standards of the
adopted flood risk reduction program, Natomas had progressed from a high-risk to a moderate-risk
status. The SIR indicated that with a slight increase in the height of the Sacramento River east levee
just downstream from its junction with the south levee of the Cross Canal, the area could be secured
from a 200-year flood along the Sacramento River, thus attaining the low-risk goal of the program.
In response to the SIR, which also addressed the ongoing risk of flooding in the Sacramento area
outside Natomas, Congress directed the Corps to initiate extensive improvements to the levees along
the American River upstream of the Natomas Basin and to address the residual risk of flooding
along the east levee of the Sacramento River downstream of the Cross Canal. These improvements
were considered a common element of any long-term effort to provide Sacramento with at least a
200-year level of flood protection, and the project was referred to as the American River Common
Features Project (Common Features Project). Figure 1-2 illustrates the Natomas improvements
constructed as part of the Sacramento Urban Levee Reconstruction Project, North Area Local
Project, and Common Features Project.

1.5

NATOMAS BASIN COMPONENTS OF THE AMERICAN RIVER COMMON
FEATURESPROJECT

Shortly after the conclusion of the 1996 federal legislative session, the Sacramento Valley was again
visited by a flood of record magnitude. The storms of 1997 produced flows in the Lower
Sacramento and American Rivers comparable to those of the storms of 1986. Nevertheless, the
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levees around the Natomas Basin, improved by the NALP and the levee stabilization work that
preceded it, passed these flows without the significant signs of stress that occurred in 1986. On the
other hand, the flood did cause failures of some SRFCP levees along the Feather River and Sutter
Bypass upstream of Natomas. The Corps' post-flood assessment concluded that underseepage may
have contributed to these levee failures. As shown in Figure 1-3, underseepage can act as a levee
failure mechanism where the soils in the ground beneath a levee contain materials that are
sufficiently permeable to transmit water under high pressure from the riverside to the landside of the
levee. During a flood event, these high-pressure flows can create a strong upward force. If the soil
mantle on the landside of the levee is not able to withstand or safely release this uplift force, the
result can be a rupture of the soil mantle allowing seepage to erode and remove the soils below the
levee. In severe cases the levee can collapse into the void that is created and be overtopped by flood
water.
In order to address the risk of underseepage, the Corps recommended a broader scope for the
Common Features Project, advocating that deep seepage cutoff walls be inserted through the levees
along the Lower American River and calling for an assessment of the need for similar measures
along the east levee of the Sacramento River in the Natomas area. These recommendations were
adopted by Congress in 1999.
After initiating the design of the project to raise the east levee of the Sacramento River, engineers
reviewed the conditions observed at the Pritchard Lake canals during the Storm of 1997. Based on
this review, deep underseepage was identified as a possible concern. The Corps formed a levee
review panel composed of experts in soil mechanics and geotechnical exploration and evaluation.
The panel met periodically to review the investigation plan, conclusions and to provide guidance on
alternative remediation measures. As the investigation proceeded, it became apparent that more
information on subsurface conditions was needed. A program of soil borings and samplings began
in 2000 and was completed in late 200 t. Analysis of the accumulated data indicated that there is a
threat of underseepage-induced failures along the Sacramento River east bank levee and the
Natomas Cross Canal south bank levee during high water conditions. Preliminary identification of
alternatives was completed and the Corps and its partners began a public involvement program to
identify issues of concern of the local community before developing a final design for congressional
approval.
Public Scoping meetings were held in July 2002 to present information on the preliminary levee
modifications and receive comments from the public. It was anticipated that information obtained in
these scoping meetings would be used to assist in plan selection and to complete the draft
environmental documents necessary to meet both Federal and State requirements.
Because of the magnitude and anticipated cost of the recommended work, and because deep
underseepage was a newly recognized concern in the Sacramento Valley, the Corps and its nonFederal partners, the State and SAFCA, determined that a panel of experts should be convened to
review and refine the Corps' guidelines for evaluating the risk of underseepage and for designing
remedial measures.
The Corps' Levee Seepage Task Force was convened in early 2003 and completed its work in July
2003. Based on its findings, the Corps developed a new Standard Operating Procedure Engineering
Design Guidance 2003 (SOP EDG-03) for Geotechnical Levee Practice, recommending guidelines
for evaluation, design, and maintenance, which were adopted by the Corps' Sacramento District in
August 2004. The most. important recommendation embodied in the new SOP EDG-03 was that
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additional resources should be used in the evaluation, feasibility and design phases of a project so
that less conservative and more cost effective remedial measures could be recommended for
construction.
With the new SOP EDG-03 as a guide, the Corps, the State, and SAFCA staffs collaborated to
develop a plan for moving forward with the Natomas levee improvements needed to achieve 200year flood protection, while at the same time addressing priority levee deficiencies which might be
identified. Given the limited funding available to the Corps through the Common Features Project,
it was agreed that SAFCA would take the lead in conducting a Natomas levee evaluation study
which would be the basis for planning additional levee improvements. In addition, it was agreed
that the Corps would conduct a re-evaluation of data collected from earlier studies in light of the
new SOP, using the 100-year flood profile as a basis for evaluation.
The Corps re-analyzed the boring data that it had earlier collected using the new guidelines,
summarizing its findings in a report dated November 2005. For water surface elevations produced
by a 100-year flood, the Corps determined that, at some locations, calculated exit gradients exceeded
the adopted guideline for levee stability and the borings indicated a potential for subsurface
permeability that could threaten the stability of the affected levees if not addressed.

SAFCA initiated the Natomas Levee Evaluation Study (Levee Evaluation Study) in June 2005,
including extensive additional geotechnical explorations along the existing Natomas levees and
along a proposed setback levee alignment for the northern 5.5 miles of the Sacramento River east
levee. SAFCA's study focused on the potential for seepage failure in a 200-year flood event along
the south levee of the Natomas Cross Canal, the east levee of the Sacramento River and the north
levee of the American River. Unresolved levee freeboard and streambank erosion issues affecting
these levees were also evaluated in order to identify the scope of the improvements needed to reduce
the annual risk of flooding to less than 1/200. Lastly, in order to identify the magnitude of the
problems and prioritize remedial activities, the potential for seepage failure was also assessed for a
100-year flood event.
The results of the Corps' November 2005 report and SAFCA's Levee Evaluation Study reconfirmed
the Corps' post-1997 flood concerns regarding underseepage and underscore the need for a
substantial expansion of the scope of the Common Features Project in Natomas. The current Corps
and SAFCA studies will contribute to the ongoing Corps General Re-evaluation Report (GRR)
process, which is documenting the extent of the underseepage problem and identifying a range of
solutions to this problem, as well as other levee concerns. However, this GRR will not likely be
completed until 2009.
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PURPOSE, SCOPE, AND METHODS AND CRITERIA

PURPOSE

SAFCA initiated the Levee Evaluation Study in order to (1) expedite application of the new
underseepage guidelines to the Natomas area, (2) address residual streambank erosion and levee
freeboard issues, and (3) consistent with the goal of moving Natomas to a low-risk status, identify
the improvements needed to protect the Natomas area from a flood event that has a 11200 chance of
occurring in any given year (1/200 Annual Exceedence Probability or AEP). The Study will serve
as a complement to the Natomas General Re-evaluation Report (GRR) that has been initiated by the
Corps as part of the ongoing Common Features Project and will allow the SAFCA Board to
determine whether or not to initiate work in the Natomas area in advance of congressional action on
the GRR, which is expected to occur in 2009.

2.2

SCOPE

As discussed above, the Levee Evaluation Study is part of an ongoing effort to reduce the risk of
flooding in the Sacramento area that commenced following the storms of 1986. The improvements
completed in the decade after this event, including levee raising and strengthening around Natomas,
improved operation of Folsom Dam, and erosion protection along the Lower American River,
significantly contributed to the levee system's capacity to safely contain the high water stages and
flows experienced in 1997. Since 1997, additional improvements have been authorized and
substantial upgrades to the levees along the Lower American and Sacramento Rivers have been
completed.
Reflecting these accomplishments, the initial phase of the Levee Evaluation Study does not include
an evaluation of the levee along the east side of the Natomas basin south of the NENIDC Stormwater
Pumping Station. This levee was improved as part of the NALP. Subsequent phases of the Levee
Evaluation Study will evaluate whether the NALP improvements are sufficient to protect urban
development in Natomas from a 1/200 AEP flood event. Accordingly, the initial phase of the Study
focuses on the Natomas Cross Canal south levee from Howsley Road to the Sacramento River, the
Sacramento River east levee from the Natomas Cross Canal to the American River and the American
River north levee from the Arden Garden Connector to the Sacramento River.
The Pleasant Grove Creek Canal levee and NEMDC levee north of the NEMDC Stormwater
Pumping Station were also not evaluated in the initial phase of the Study because the volume of
water that can enter the Natomas Basin due to a failure of these levees will not result in deep
flooding. These levee reaches will be evaluated once work for the other levee reaches is underway.
A conceptual level cost estimate has been included in the Study cost estimate based on knowledge
that there are as many as 30 historic stream channels that cross under the Pleasant Grove Creek
Canal and NEMDC levees. The purpose of this estimate is to serve as a place holder until more
detailed study can be performed.
In addition, the Study assumes that congressionally authorized operational and structural
modifications to Folsom Dam will be implemented and will control the 1/200 AEP flood event to
160,000 cfs. As discussed below, this flow was assumed in the modeling of water surface elevations
that guided the problem identification process.
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METHODS AND CRUrERIA

Each of the Study levees was evaluated for performance in a hypothetical 1/200 AEP flood based on
established criteria for levee freeboard, levee foundation stability, and streambank erosion. The
methods used to establish 1/200 AEP water surface elevations in the Study area, the engineering
criteria used to identify acceptable performance, and the improvements needed to address identified
problems are briefly described below and discussed more fully in the sections that follow.
2.3.1

Hydrology and Hvdraulics

The profile for the 1/200 AEP flood used to derive water surface elevations in the river channels
around Natomas was developed by MBK Engineers (MBK) using a modified version of the Corps'
Sacramento and San Joaquin River Basins Comprehensive Study UNET model. This flood profile
was routed through the SRFCP levee system upstream of Natomas and combined with flows in the
Lower American River. In creating these routings, MBK made two key assumptions. First, it was
assumed that the SRFCP levees upstream of Natomas would not fail when overtopped by flows in
their respective channels, but would function as weirs, diverting much less water from the channel
than would be the case if overtopping triggered a breach of the levee and induced a much larger
discharge of flood water into the adjacent flood basin. This assumption had the effect of keeping
more water in the system and moving downstream and produced higher modeled water surface
elevations in the channels around Natomas than if the levees had been assumed to fail when
overtopped. Second, MBK assumed that major improvements to Folsom Dam and the American
River levee system would be completed, allowing dam operators to control the maximum safe
release from the dam to 160,000 cfs for the 1/200 AEP event.
Levee performance was measured against the resulting water surface elevations around Natomas so
as to assess the relative magnitude of the identified levee freeboard, foundation stability and
streambank erosion problems, and to develop appropriate design improvements.
2.3.2

Levee Freeboard

Levee freeboard is a measure of the distance between the top of a levee and the water surface
elevation produced by a given flow in the river channel confined by the levee. Raising portions of
the Sacramento River east levee to increase levee freeboard was authorized by Congress as part of
the Common Features Project in 1996. This authority was broadened in 1999 to include raising
portions of the Natomas Cross Canal levees. The Levee Evaluation Study assumed that the top of
the levees around Natomas should be at least three feet above the 1/200 AEP water surface elevation
in order to provide adequate protection against such a flood. It is recognized that additional levee
height may be needed to address wind and wave run-up. This analysis will be included as part of the
design process.
2.3.3

Levee Foundation Stability

As discussed in the previous sections, the potential for levee failures due to foundation problems has
received increased attention in the California Central Valley after an investigation of levees that
failed during the 1997 storms. The task force assembled to review levee design practices produced
guidelines that were adopted by the Corps' Sacramento District in "CESPK Geotechnical Levee
Practice SOP-03" in late 2004. The Levee Evaluation Study generally followed these guidelines with
the primary exception that the number of soil borings called for at each levee cross section location
was minimized to reduce Study costs. Additional borings will be conducted during the design phase
of the project.
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A key criterion used in the Study to evaluate seepage was the exit gradient produced by the modeled
water surface elevation interacting with the soil types identified through borings beneath and
adjacent to the landside toe of the levee. SAFCA's geotechnical engineering consultant, Kleinfelder,
used these data along with other indicia of subsurface permeability to identify Study area levees
requiring improvements to protect against potential underseepage.

2.3.4 Bank Erosion
The Study addressed the potential for streambank erosion in the Study area by identifying the sites
where erosion is most likely to occur based on a review of historical data, the findings of recently
published reports, and field investigations. Bank failure mechanisms considered both longitudinal
erosion during high and moderate flow events and wind and boat generated waves during lower
stage periods. The risk of levee-threatening erosion at each of the identified sites was assessed
based on bank geometry, berm width, bank slope stability, bed scour, and the composition of the soil
material comprising the streambank. Using these criteria, SAFCA's geomorphology consultant,
Northwest Hydraulic Consultants, determined the likelihood that erosion could threaten the levee in
the next ten years and classified the risk as `high', `moderate', or `low'. Sites classified as high risk
also indicate current conditions that could threaten the levee in a single severe flood season or
erosion episode. These designations were used to prioritize improvement efforts.
2.35

Needed Improvements

The Study assumed that the principal method of addressing identified problems in Study area levees
would be to raise and strengthen the affected levees, control seepage and stabilize eroding banks
using techniques similar to those that have been implemented along the Lower American River.
One of the purposes of the Study was to characterize the likely magnitude, cost and prioritization of
the needed improvements. While there is room for consideration of alternative techniques,
particularly for treating underseepage deficiencies, assuming that established techniques would be
used has expedited this effort. At the same time, the Study has pointedly included a conceptual
assessment of the option of constructing a new secondary levee in the upper reach of the Natomas
area set back about 1,000 feet from the existing Sacramento River east levee. This option would
address identified problems in a limited portion of the Study area and could be combined with the
established techniques in the remainder of the area depending on environmental, permitting, and cost
considerations.
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HYDROLOGY AND HYDRAULICS

BACKGROUND AND PURPOSE

An essential element of the Levee Evaluation Study was the development of an appropriate 11200
AEP water surface elevation for purposes of assessing the performance of the, levees in the Study
area and developing a program of improvements to address identified deficiencies. Toward this end,
MBK developed flood profiles using a modified version of the Corps' Comprehensive Study UNET
model. A summary of the approach taken to accomplish this work is described below. Detailed
supporting information is contained in the "Design Water Surface Profile for the Sacramento River
East Levee and Natomas Cross Canal Levees in Natomas" dated August 9, 2005 prepared by MBK
Engineers.
3.2

HYDROLOGY

The profile for the 1/200 AEP flood was developed based on the Comprehensive Study Sacramento
River Basin UNET hydraulic simulation model for twelve hypothetical storm centerings in the
Sacramento Valley. These centerings relied on historical flood patterns to define the shape and
magnitude of the flow contributions from each of the major basins in the Valley, and were designed
to stress specific locations in the SRFCP system. For example, the Sacramento River at Latitude of
Sacramento centering was designed to place the most stress on the system at the latitude of
Sacramento. A review of preliminary simulations made with the various centerings indicated that
the Sacramento River at Latitude of Sacramento centering (Sac Centering) and the Feather River at
Shanghai Bend centering (Shanghai Centering) produced the most flow and the highest water
surface elevations in the Study area.
3.3

HYDRAULIC MODEL

The MBK version of the Comprehensive Study UNET model adopted for SAFCA's Lower
Sacramento River Regional Plan study effort (1vIBK model) was used to route the selected flood
profile through the flood control system so as to establish appropriate water surface elevations in the
channels around the Natomas area. UNET is a one-dimensional unsteady open-channel flow model
that was developed by, and is supported by, the Corps' Hydrologic Engineering Center. The
downstream boundary of the Comprehensive Study UNET model is the Sacramento River at
Collinsville, and the upstream boundaries on the major rivers are:
Sacramento River

Woodson Bridge (River Mile 215.5)

Feather River

Thermalito Afterbay Outlet (River Mile 58.6)

Yuba River

Engelbright Reservoir (River Mile 22.0)

Bear River

Wheatland Gage (River Mile 12.5)

American River

Fair Oaks Gage (River Mile 22.0)

The topographic information in the model was surveyed by the Corps in 1998.
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WATER SURFACE ELEVATION VARIABLES

3.4

In order to develop appropriate 1/200 AEP water surface elevations for the channels around the
Natomas area, the MBK model had to account for the following variables:
•

The effect of authorized American River projects on outflows from Folsom Dam;

•

Potential levee failures along the Sacramento and Feather River systems upstream ofNatomas;

•

Potential failure of the Sacramento River west levee into Upper Elkhorn (RD 1600); and

•

Future modifications to the SRFCP.

3.4.1

American River

Peak flows in the Lower American River affect the 1/200 AEP water surface elevations in the Study
area along the north levee of the American River and the lower reach of the east levee of the
Sacramento River. These flows are controlled by the operation of Folsom Dam and the condition of
the levees along the American River upstream of Natomas. Several projects have been completed or
are underway to improve these facilities. These projects include:
•

Lower American River Common Features FEMA Certification - Completed in 2004.

•

Lower American River Common Features - Anticipated completion in 2005.

•

Folsom Dam Variable Space Storage Operation (400-670) - Implemented in 1994.

•

Folsom Dam Outlet Modifications Project -Anticipated completion in 2013.

•

Folsom Dam Revised Variable Space Storage Operation (400-600) - Anticipated
implementation in 2013.

•

Folsom Dam Forecast Based Operation - Anticipated implementation in 2013.

•

Folsom Dam Raise Project - Anticipated completion in 2021.

Collectively, these projects will significantly reduce peak flood flows on the Lower American River.
The MBK model assumed that all of these projects were in place, with the exception of the Folsom
Dam Raise Project.
3.4.2

Upstream Levee Overtopping

Table 3-1 shows the locations of upstream levees where the water surface elevation of the selected
1/200 AEP flood profile exceeds the top of levee elevation. The MBK model has been calibrated to
treat the effect of overtopping as creating a weir that allows a limited volume of flood water to flow
over the levee and into the adjacent flood basin but without creating a breach.
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TABLE 3-1: UPSTREAM LEVEE OVERTOPPING LOCATIONS
FOR THE 1/200 AEP EVENT
Bank

Mile

Design Deficient?
(Yes/No)'

Sutter Bass

Left

85.1-89.0

Yes

Wadsworth Canal

Right

3.0

Yes

Sutter Bypass

Right

78.7-84.1

Yes

Sacramento River
Sacramento River

Left
Right

92.3; 174.3-184.0
74.5-77.0

Yes 92.3
Yes

Jack Slough
Yuba River

Right
Left

5.5
6.5-6.8

NA
Yes

Bear River
Angel Slough
Best Slough
Yankee Slough
Yankee Slough
Auburn Ravine
Auburn Ravine
King Slough
King Slough
Curry Creek - Pleasant Grove Canal
Curry Creek - Pleasant Grove Canal
Pleasant Grove Creek
Pleasant Grove Creek
Pleasant Grove Canal
Pierce Roberts Drain

Ri ht

1.8
16.0-23.0
0.54.5
7.3
7.3
1.7
1.7
0.80
0.99
0.5-0.9
0.5-0.9
0.8
0.8
0.5-1.5
0.6-0.8

Yes
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Location

Right
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Right
Ri ht

This is intended to show if existing top of levee elevation is deficient of the freeboard specified jor the 1957 design
profile.
NA denotes 1957 design profile information not available.

3.43

Sacramento River West Levee OvertooPine

All SRFCP levees were constructed and are maintained to provide a minimum freeboard between
the levee crown and the water surface elevation corresponding to the "Federal Flood Control Project
Design", which is commonly referred to as the "1957 Profile". The SRFCP design freeboard varies
from reach to reach, but in general is 3 feet on the rivers and 6 feet on the bypasses. The Sacramento
River west levee in Upper Elkhorn across the river from Natomas does not currently meet this
standard because it has a low spot at River Mile (RM) 76.5 (roughly across the river from the
westerly end of Riego Road in Natomas). Under existing conditions, this low spot is likely to be
overtopped in flood events greater than the 1/100 AEP event, depending on the performance of
upstream levees. Consistent with the approach taken to the overtopping of other SRFCP levees
upstream of Natomas, the MBK model was calibrated to treat the overtopping of the RD 1600
Sacramento River west levee as a weir.
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Future Modifications to the Sacramento River Flood Control Project

Several projects are currently being considered that will affect flows in the Feather River and the
performance of the SRFCP levees upstream ofNatomas. However, the likelihood of these projects
being constructed and the timing of construction are uncertain. Accordingly, the only improvements
incorporated in the MBK model are those necessary to correct the "design deficiencies" noted in
Table 3-1. The model thus reflects the top-of-levee elevations from the Corps' Comprehensive
Study UNET model.

3.5

11200 AEP WATER SURFACE PROFILES

In the MBK model, the selected 1/200 AEP flood event is derived from a common profile
representing a Shanghai Centering and Sac Centering storm. This profile produces the highest flows
in the Study area compared to the other centerings. In order to establish these flows, the MBK
model assumes that outflows from Folsom Dam will be 160,000 efs and that neither the Sacramento
River west levee in Upper Elkhorn nor the SRFCP levees upstream of Natomas will fail when
overtopped. These assumptions produce water surface profiles that are conservative and exceed
water surface elevations that are likely to ever reach the Study area. However, this scenario serves
as an appropriate standard for identifying the long-term design requirements for the levees in the
Study area given the health and safety consequences of an uncontrolled flood in Natomas.
3.5.1

Comparison of 1/200 AEP Profile to Gaee Data

There are three gages in the vicinity of the Study area that can be used to compare the 1/200 AEP
water surface profiles to other important flood profiles. Tables 3-2, 3-3 and 3-4 compare data at
these gages.
Sacramento River at Verona (USGS 11425500) - This gage is located at Sacramento River UNET
RM 78.75 (USGS RM 78.35) and is within the Study area.

TABLE 3-2: PEAK STAGES AND FLOWS AT THE VERONA GAGE
Flow cfs
N/A

1986 Flood

Stage fi NGVD)
39.11

1997 Flood

39.09

N/A

1957 Profile
1/200 AEP profile

37.95
42.05

107,000
127,700
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Sacramento River at I Street (DWR) - This gage is located at Sacramento River UNET RM 59.75
(USGS RM 59.4) and is just downstream of the Study area.

TABLE 3-3: PEAK STAGES AND FLOWS AT THE I STREET GAGE
Flow cfs
Stage
NGVD)
1986 Flood

30.68

115,000 ,

1997 Flood

30.38

107,520

1957 Profile
1/200 AEP profile

31.15
33.46

110,000
141,600

tThe 198d flow was taken fYom the Sac Metro EIS
2 The 1997flow is from a CDEC rating table and probably underestimates the discharge.

Yolo Bypass near Woodland (USGS 11453000) - This gage is located at Yolo Bypass UNET RM
51.1 and is adjacent to the Study area in the Yolo Bypass.
TABLE 3-4: PEAK STAGES AND FLOWS AT THE WOODLAND GAGE

1986 Flood
1997 Flood
1957 Profile
1/200 AEP profile

Stage ft, NGVD)
31.46

Flow (cfs)
374,000

31.43
31.00
34.10

357,000
377,000
469,800
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LEVEE FREEBOARD

Levee freeboard is an essential design consideration that addresses the potential uncertainties
associated with modeled water surface elevations and levee performance for targeted flood events.
These uncertainties include variance in hydrologic estimates, unanticipated channel roughness, and
unknown soil conditions in the levee foundation and cross section. In order to account for these
uncertainties, the design criteria for flood control levees include varying provisions for levee
freeboard depending on the design objective and the uncertainties affecting the performance of the
levee.
The freeboard criterion used for this study is to obtain a minimum top-of-levee elevation three feet
above the 1/200 AEP water surface profile. This criterion is similar to the standard used to evaluate
freeboard for FEMA certification. It is recognized that additional levee height may be needed to
address wind and wave run-up. This analysis will be included as part of the design process.

A comparison of the top-of-levee profiles in the Study area to the 1/200 AEP water surface
elevations indicated there are no levee freeboard problems along the north levee of the American
River as shown in Figure 4-1. Figure 4-2 compare the 1/200 AEP water surface profile to the top-oflevee profile for the east levee of the Sacramento River between the Natomas Cross Canal and the
American River and Figure 4-3 provides a similar comparison for the south levee of the Natomas
Cross Canal. These comparisons indicate freeboard problems in the upper 12 miles of the
Sacramento River east levee and at nearly all locations along the Natomas Cross Canal south levee.

Figure 4-1: Comparison of Top of Levee and 1 I 200 AEP Water Surface Profile ( with Levee Freeboard)
American River North Levee
Top o1 Leve! Elevation SUORe:

US Mny Corps of Enplneere December 2002
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LEVEE FOUNDATION AND SLOPE STABILITY

One of the main purposes of the Levee Evaluation Study was to evaluate how application of the new
underseepage guidelines adopted by the Sacramento District of the Corps would impact the
improvement of flood protection for the Natomas basin. Toward this end, a total of 86 borings were
drilled to a maximum depth of about 170 feet along the Sacramento River east levee, Natomas Cross
Canal south levee, and American River north levee. These additional borings supplemented the 286
explorations completed by others along these same levees. In addition to the borings drilled along
the existing levees, 23 borings were drilled along the proposed alignment of the secondary levee
option in the northern reach of the Natomas area. This supplemental drilling program resulted in at
least one point of deep exploration completed for about every 1,000 linear feet of existing levee and
2,000 feet of the secondary levee alignment.
Laboratory testing on the boring samples was performed by Kleinfelder to further characterize the
strength and permeability properties of both levee embankment and foundation soils. This
information was used to create representative cross sections of levee embankments/foundations at
multiple locations. Based on groupings of similar soil properties and levee configurations, each
levee alignment was divided into discrete reaches. Analytical models were used to analyze seepage
and stability conditions for various water surface conditions within each reach. The 1/200 AEP
water surface elevations were used in combination with the new underseepage guidelines, including
computed exit gradients, to identify levee foundation/stability deficiencies.
Historical levee performance documentation was also accumulated and reviewed to compare
calculated seepage conditions to recorded observations. River geomorphology was used to identify
reaches most likely to have permeable levee foundation deposits. Where computed exit gradients
equaled or exceeded 0.50, or where exit gradients were slightly less than 0.50 but past observations
indicated adverse conditions have in fact been present, the reach was rated as needing improvement.
In those instances, the approximate depth of the cutoff wall needed to reduce exit gradients was
identified. Other stabilization techniques such as seepage berms and/or relief wells could potentially
be used. However, the cutoff wall option is considered appropriate for developing preliminary cost
estimates and prioritizing the needed improvements.
The Tables 5-1 through 5-4 summarize the recommended remediation for identified seepage or
stability problems for each of the levee reaches in the Study area.
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TABLE 5-1: SACRAMENTO RIVER CUTOFF WALL SUMMARY BY REACH
Length of
Cutoff Wall
Station
Reach
Levee Reach
Depth (feet)
1
2
3
4A

0+00 to 48+00
48+00 to 100+00
100+00 to 110+00
110+00to 190+00

4,800
5,200
1,000
8,000

110

4B

190+00 to 228+00

3,800

110

5A
513
6
7
8
9
10
11
12
13
14
15
16
17
18
19A
19B
20

228+00 to 263+00
263+00 to 280+00
280+00 to 330+00
330+00 to 362+00
362+00 to 402+00
402+00 to 468+00
468+00 to 495+00
495+00 to 635+00
635+00 to 667+00
667+00 to 700+00
700+00 to 732+00
732+00 to 780+00
780+00 to 832+00
832+00 to 842+00
842+00 to 857+00
857+00 to 875+00
875+00 to 925+00
925+00 to 960+00

3,500
1,700
5,000
3,200
4,000
6,600
2,700
14,000
3,200
3,300
3,200
4,800
5,200
1,000
1,500
1,800
5 000
3,500

70
70
110

65

100
50
30
60
50
55
65
65

TABLE 5-2: NATOMAS CROSS CANAL CUTOFF WALL SUMMARY BY REACH
Length of
Cutoff Wall
Levee Reach
Station
Reach
Depth (feet)
(feet)
1
0+00 to 5+70
570
75
2
5+70 to 105+00
9,930
70
3
105+00 to 123+00
1,800
70
4
123+00 to 173+00
5,000
80
5
173+00 to 195+00
2,200
80
6
195+00 to 280+00
8,500
80
7
280+00 to 287+00
700
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TABLE 5-3: AMERICAN RIVER CUTOFF WALL SUMMARY BY REACH

Length of

Cutoff Wall.

Levee Reach

Station

1

34+42 to 48+00

Reach
(feet)
1,358

2
3

48+00 to 95+00
95+00 to 105+00

4,700
1,000

30
35

4

105+00 to 153+00

4,800

30

Depth (feet)
25

TABLE 5-4: PROPOSED SECONDARY LEVEE CUTOFF WALL SUMMARY BY REACH
Levee Reach

Station

is
2S

12+00 to 42+00
42+00 to 85+00

Length of
Reach
feet
3,000
4,300

3S

85+00 to 137+00

5,200

45

4S
5S

137+00 to 215+00
215+00 to 280+00

7,800
6,500

87
57

6S

280+00 to 297+00

1,700

l05
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STREA117EBANK EROSION

PURPOSE AND SCOPE

The Levee Evaluation Study included an assessment of the potential for levee-threatening erosion
along the east bank of the Sacramento River and the south bank of the Natomas Cross Canal. The
north bank of the American River was not included in this assessment because of the extensive
width ofth8 berm between the levee and the low-flow river channel in this reach. The objectives of
the assessment were to identify locations where high flows in the affected channels up to and
including the flows generated by the 1/200 AEP event could trigger a level of erosion sufficient to
compromise the flood protection performance and integrity of the levee system. Potential erosion
sites were identified based on historical data, the results of recently completed reports, and field
inspections. The risk of erosion at each of the identified sites was evaluated based on the width of
the berm between the levee and the low-flow river channel, the stability of the berm slope, the
potential for scour along the toe of the berm, and the general character of the soil material
comprising the berm. The risk of erosion was classified as `high' where erosion was considered
likely to compromise the levee system within a 10 year period, with emphasis on sites where a single
severe flood season or erosion episode could threaten the levee; `moderate' where erosion was
considered likely to threaten the levee system within a 10 to 50 year period; and `low' where the risk
of erosion was considered a long-term concern.
6.2

EROSION SITE IDENTIFICATION

Erosion sites of concern were identified primarily by field assessment supplemented by a review of
relevant historical data and the results of recent reports prepared by the Corps, MBK and others.
Early on it was determined that the risk of erosion was greatest along the east bank of the
Sacramento River and the effort focused primarily on this reach.
6.2.1

Historical Review

The site identification process included a brief review of historical information on land use, flood
control system construction, and channel maintenance. This review focused on changes in
hydrologic and sediment supply conditions that could affect bank stability. Historical aerial
photographs and maps were examined to estimate changes in river planform and profile at erosion
sites. Historical bathymetric and topographic maps from 1908, 1933, and 1997 (USACE) were used
to estimate changes in channel depth. Historical aerial photographs from 1938, 1965, 1972, 1982,
and 1986 were compared to current aerial photographs. The profile comparisons indicate that the
channel bottom (or thalweg) in the project reach lowered (degraded) 0 to 10 feet in the period
between 1908 and 1933, but significant general degradation between 1933 and 1997 is not evident.
The degradation between 1908 and 1933 may be associated with transport of accumulated sediments
from hydraulic mining downstream into San Francisco Bay. The aerial photograph comparison
showed generally minor changes in planform and berm width over time in the Study area. Although
specific changes were noted, general rates of bank migration appeared to be low.
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Previous Reports

Bank erosion in the Study area has been monitored and assessed by a number of agencies and
organizations, including the Corps through its "Sacramento River Bank Protection Project", the
Department of Water Resources (DWR), and Reclamation District 1000 (RD 1000). Recent reports
prepared by these agencies were reviewed to identify significant erosion sites along the east bank of
the Sacramento River and also to provide some history of conditions at these sites. These reports
identify high-priority sites where an actively eroding bank could reach a 30-foot buffer strip on the
riverside levee toe within a 50-year period, based on projecting historical bank erosion or migration
I
rates.
6.23

Field Inspections

Northwest Hydraulic Consultants (NHC) reviewed these previous erosion assessments and
conducted a field inspection of the area on March 17, 2005. Only sites with a berm width between
the top of bank and outboard toe of levee of less than 150 feet were inspected. As indicated in Table
6-1, fifteen sites were identified for further evaluation. These sites, which are shown in Figure 6-1,
largely corresponded to sites previously identified by the Corps, MBK and others. In August and
September of 2005, NHC conducted additional field inspections by boat and by vehicle in order to
compile more detailed information at the identified sites.
TABLE 6-1: LIST OF IDENTIFIED EROSION SITES
Station
Site Len h, feet
Berm Width, feet

Site
A
B
C
D
E
F
G
H
I

7+00 to 13+00
25+00 to 32+00
40+00 to 51+00
79+50 to 85+50
152+00 to 164+50
225+00 to 239+00
278+00 to 294+00
451+00 to 456+50
458+00 to 463+00

410
640
980
520
560
1360
1430
480
400

40 - 45
25 - 45
17-50
50 - 100
50
85 - 90
30 - 70
70- 100
90 - 100

J

477+50 to 486+50

690

30 - 70

K

486+50 to 498+50

1170

0- 50'

L

498+50 to 512+50

660

30 - 70

M
N

512+50 to 537+50
545+00 to 556+00

2490
1390

35 - 70
70 - 75

O

577+00 to 581+00

370

70 - 75

Site K has a wide levee top; centerline of levee to top of bank is never less than 70 feet. Sacramento River Erosion
Risk Assessment
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A critical factor for evaluating the risk of levee failure at each erosion site was encroachment of the
most critical cross section at the site on the levee template, defined as a projection of a 3 horizontal
to 1 vertical slope from the waterside hinge point of the levee crown. Encroachment was typically
observed either at the toe of the bank or near the low water elevation where bank retreat from wave
and river erosion had resulted in steepening that part of the profile. Levee stability was considered
most likely to be threatened at locations with potential for slope failure and erosion with
encroachment at the toe of the bank. Slope failure associated with encroachment on the levee
template at the low water elevation may or may not result in levee failure. At some sites, a failure of
the toe at the low water elevation might erode only part of the berm; at other sites, with different
geometries, the slope failure might erode the levee prism.
Other significant risk factors were the steepness of the bank slope above and below the low-flow
waterline (steeper slopes are more likely to result in a failure of the entire embankment and may
indicate bed scour), the composition of the soils comprising the bank and scour as evidenced by the
deepening of the bed so that slopes encroach on the levee template, the steepening of already steep
slopes, or signs of recent bed adjustments. Finally, active bank erosion, particularly wave erosion
generated by wind and boat wakes during low flow periods, sparse vegetation, and trees that have
fallen into the river or unstable trees that are likely to fall, were considered risk factors for erosion.
Well-vegetated banks reduce the risk of fluvial erosion on the upper bank, but do not affect potential
erosion and failure at the toe of the bank.
6.3.2

Site Priorities

The basic approach to assigning risk priorities was to assign an initial priority based on the apparent
risk of slope failure and then adjust it by considering other factors. Consequently, high priorities
were assigned to those sites where:
•

the toe of the bank lay inside or very near to the levee template and the slope below the waterline
was reasonably steep, scour depths were below bed elevations at the toe, or the local bed had
been observed to be lowering; or

•

the toe of the bank lay outside the levee template but there was a risk of cantilever failure based
on the estimated stratigraphy; or

•

the bank at the low water elevation (the contact between the floodbasin deposits and the alluvial
deposits) lay inside the levee template and there was a potential for a failure originating at the
contact to intersect the levee prism. If the failure seemed unlikely to intersect the levee prism,
the site was ranked as moderate.

Moderate priorities were assigned to sites where:
•

the toe of the bank lay reasonably close to the levee template but the slope below the waterline
was moderate and general scour elevations were not very far beneath the local bed level; or

•

the bank at the low water elevation (the contact between the floodbasin deposits and the alluvial
deposits) lay inside the levee template but a individual failure is unlikely to intersect the levee
prism; or
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the toe of the bank lay from 20 to 50 feet from the levee template and the risk of slope failure
was low to moderate but erosion appeared to be very active or specific site factors, such as lack
of vegetation, structures, or fallen trees suggested that erosion might proceed very quickly during
a large flood.
The remaining sites were assigned a low priority. Their typical characteristics were:
the toe of the bank lay more than 40 feet from the levee template, slopes below the low water
elevation were shallow, banks were vegetated and erosion was not very active and did not appear
I
to have been active historically.
One of the consequences of bank erosion is the shortening of seepage paths and the resulting impacts
on levee stability due to underseepage. This was not considered directly in the priority scheme
described above. However, at sites where seepage was identified as a concern, the erosion risk
priority was altered if it appeared that erosion was active and might affect the potential for
underseepage over a typical time frame of 10 years. Sites were reviewed with Kleinfelder to
determine sensitivity of underseepage potential to erosion. Only one site was adjusted: Site G was
raised from a "moderate" to "high" priority. Table 6-2 summarizes the risk factors and risk
priorities assigned to each of the fifteen identified erosion sites. This summary indicates that ten of
the fifteen sites qualify as either `high' or `moderate' priority sites.
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Slo p e Stabilit Facto rs
Site

Encroachment on
Levee Template

Stntiraphy

Toe of bank
encroaches on levee
template

Silty clay
extends to
Wow toe

Toe of bank 30 R
outside levee
templatc;lowwater
shelf close

Silty clay
extends to
below too

C

Toe of bank and low
water shelf within
levee template

Silty clay
extends to
below toe

D

Toe of bank 10 R
outside template

Silty clay
extends to
below toe

A

B

E

Toe of bank 40 R
oulside template

p

Toe of bank 75 q
outside tem p late

G

Toe of bank near
tem p late

Silty clay
extend to
below toe
Silty clay
extends to
below toe

Slope
below low
water t

Slope above low
water r

2H:IV

Moderately steep ,
luwwatcrshelfon
pan of site

4H : IV

Moderately steep;
lowwatershelf
about 5-15 feet
wide

4Hi V

Steep above low
water; shelf
extends to 10 R on
part Of Site

2H:IV

Shelf, steep above ,
failure may
encroach on levee

Shallow

Steep slopes above
low water

Shallow

Moderately steep,
near-vertical at d/s
end; narrow beach

Sand and silty
san d to d ept
h

3H.I V

Very steep behind
beach, failure may
encroach on levee

H

Toe of bank 90 to 100
feet outside template

Silty clay to
below toe

4HI V

I

Toe of bank 60 feet
outside template

Silty clay to
below toe

2-31-1:I V

1

Toe of bank and low
water line jot outside
rem l ate

Silty clay
over silty
sand

3H:1 V

Steep

Moderate at Ws
end; steep d/s
Moderately steep;
failure may
encroach on levee

Scour
Bed
Predicted
Elevation
Scour
near Toe
Elevation
R°
IN
-g (5 feet
lower than
. 15
mid
channel)
Ig

-2 or-3
(bed
roughly flat)
-B (g feet
lower than
mid
channel)
+2 (deeper
on opposite
bank
-5 (shallow
slope near
toe)

.15

Bank Erosion
s
Previous Observations'

Riprap u/s and d/s; loss of
rock at this site

MBK noted erosion extending dls;
WET low historic retreat rates

Sparser vegetation than
at Sites A or C

Riprap Ws and tits

MBK noted erosion began after
1999
MBK noted no change smce 1999

-12

-5

-10

-5

.10

-5 (section
Rat near left
bank

-10

Cumulative
Erosion RLck'

High

Moderate

-12

-12

t

Very steep at wR; roots
of shrubs exposed

-Ig

-g

Other Fa c t ors

MBK noted no change since 1999,
Ayres slow retreat; WET low
historic rates

MBK noted erosion is extending
Ws; Ayres critical due to downed
trees; reported 7 feet of scour at we
since 1997. WET low historic
retreat rates
MBK and Ayres noted no change
since 1999

-I5

2005 Field Visits

MBK noted site is longer than in
1999 to upstream

N/A

MBK noted no change since 1999

WET notes moderate retreat rate

Fallen trees at u/s end;
vegetation
characteristic of
moisture

Riprap u/s and d/s; wing walls
opposite; tree collapse from
bank retreat at lower end of
site

Erosion above vertical
sil tY
ty clayY layer
exposing roots of
shrubs
Bank well-vegetated,
trees fallen; slump
scars above low water
Bank heavily
vegetated; fallen trees
at d/s end

Riprap Ws and d/s; intake
results in eddies and bank
erosion at u/s end; loss of rock

Bank near vertical;
mostly unvegetated;
shelf extends out 15
feet
Bank mostly
unvegetated, a few
cottonwoods
Sloughing on steep
slopes in d/s half, small
erraces
Shrubs on bank, steep
slopes in cemented silt,
narrow beach

Bank vegetation on d/s half of
site

High

High

Small bank failures
Low
Fallen trees
Low

High

Ruck on levee slope
Low
Active slumping of bank
Moderate
Discharge point and bank
protection at d/s end. No shelf
or bench observed offshore

Iligh
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Slo pe Stabili t Factors
Site

Encroachment on
Levee Template'

K

Toe of bank 20 feet
outside template

L

Toe ofbank 30 feet
outside template

M

Toe of bank and low
water line near levee
template

N

Toe of bank 75 feet
outside template

O

Toe af bank 100 feet
outside templatt

Strati rephy

Silty clay
over silty
sand
Silty clay
over silty
sand
Silty clay
over silty
sand
Silty Clay
over silty
sand
Silty clay
over silty
sand

Slope
below low
water

Slope above low
water t
Moderate to steep

4H IV
Steep
4H:I V

Sco ur
Bed
Predicted
Scour
Elevation
near Toe
Elevation
tt s
f it) '
-8 (deepest
on left
-10
bank)
-8 (deepest
on left
-10
bank)

Moderate to steep
3H . I V

-5

'10

0

-10

0 (deepest
on right
bank)

-10

Moderate
Shallow
Shallow
bench,
shallow
sla

Moderate

Bank Erosio n
Previous Observations
WET notes moderate retreat rate

MBK noted active erosion; WET
moderate retreat rate
MBK noted active erosion; WET
moderate retreat rate

MBK noted no change since 1999
dls of site
N/A

2005 Field Visits
Abundant bank
vegetation; I 0-IS trees
fallen; causing scour
A few large trees
undercut; steep in clay;
wave cut
Sparse vegetation
extends to w/t; active
erosion along part of
bank
Bank heavily
vegetated; local erosion
at wing dams
Sparse vegetation,
shelf near water line

Otber Factors s

Cumulative
r
Erosion Risk

Tree fall is a local erosion
issue

moderate

Tree fall is a local erosion
issue

Moderate

Active erosion at water intake,
now repaired

Wing dams at ends and middle
of site

High

Low

Inside of bend
Low
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NEEDED IMPROVEMENTS

BACKGROUND AND PURPOSE

One of the principal purposes of the Levee Evaluation Study was to characterize the likely scope and
cost of the improvements needed to address identified problems in Study area levees. Toward this
end, the Study assumed that identified levee freeboard, levee foundation stability, and streambank
erosion problems would be addressed using established techniques previously employed under
similar circumstances along the Lower American River and Sacramento River. These techniques
include levee raising to address freeboard problems, levee strengthening through the construction of
cutoff walls to address underseepage problems, and streambank stabilization through a combination
of rock armoring and bank re-vegetation to address erosion problems. Other techniques could be
employed, particularly to address underseepage problems. However, because the established
techniques are well known and reliable, they were used in this instance to facilitate the scoping and
cost estimating tasks.
At the same time, the Study identified construction of a secondary levee as an option to raising and
strengthening the existing levee in place along a 5-mile stretch of the east levee of the Sacramento
River in the northern portion of the Natomas Basin. This option was included because of the
advantages associated with new levee construction along an alignment removed about 1,000 feet
from the active river channel versus refurbishment of the existing levee in its current location
adjacent to the active river channel. Accordingly, the Study included an initial cost estimate for a
secondary levee, while recognizing that this option would be subject to a much wider range of
uncertainty regarding environmental constraints, permitting obstacles, and construction timing than
the established levee raising and strengthening techniques.
7.2

ESTABLISHED TREATMENTS

7.2.1

Levee Raising and Strengthening in Place

The established treatments for inadequate levee freeboard and unstable levee cross sections and/or
foundations are levee raising and levee strengthening through construction of cutoff walls. These
treatments have been extensively employed throughout the Lower Sacramento Valley, including
along the diversion channels east of Natomas and portions of the Lower American River. In the
Study area, the evaluation of levee freeboard problems indicated a need for a relatively minor
amount of levee raising along an 12-mile portion of the east levee of the Sacramento River in the
upper reach of the Natomas Basin and along most of the length of the Natomas Cross Canal south
levee. As shown in Figures 4-2 and 4-3 above, the ► evee in these reaches would need to be raised to
provide at least three feet of freeboard on the 1/200 AEP water surface profile. In order to address
identified seepage and stability problems, cutoff walls of varying depths would be needed along
several reaches of each of the three Study area levees. These reaches and the relative slurry wall
depths needed to maintain levee stability are shown in Tables 5-1, 5-2 and 5-3 above. A conceptual
diagram of the levee raise and slurry wall treatment is shown in Figure 7-1. The locations of
required levee freeboard raises and seepage cutoff walls are illustrated in Figure 7-2.
The estimated cost of levee raising for freeboard and cutoff walls for seepage, as well as the total
cost of all required treatments, is shown by levee reach in Table 7-1. The estimated total cost for all
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improvements is approximately $300 million, which includes a contingency, escalation to assumed
year of construction (2007), allowance for change orders during construction, and an estimate of
non-construction costs (environmental mitigation, planning and engineering, construction
management and regulatory permitting).
7.2.2

Erosion Control

The treatments needed to address `high' and `moderate' priority erosion sites were designed to
stabilize the affected sites and minimize environmental impacts to riparian and fish and aquatic
habitats. These treatments reflect the knowledge gained through more than a decade of experience
with bank protection projects along the Lower American and Sacramento Rivers. Typically rock
riprap was included in the bank protection design for each site to account for scour and to protect the
areas that experience the greatest erosive forces, especially at elevations where vegetation is not
expected to grow. Cobble or cobble/soil mixtures were used to provide slope protection above the
rock riprap. Vegetative features were used where possible to stabilize the bank or proposed fill along
the bank, and to enhance the riparian habitat of the site.
Based on the erosion risk assessment discussed above, ten high and moderate-priority sites along the
east levee of the Sacramento River were identified for treatment. The locations of these sites are
shown in Figure 7-2. The treatment length for each site was adjusted slightly from the lengths
identified in the assessment, primarily to account for transitions and extensions in areas adjacent to
the sites where bank erosion might be sensitive to construction of the proposed improvements. The
ten sites represent a total length of treatment of approximately 11,100 feet. Figure 7-3 illustrates the
typical cross section for one of the four erosion treatments that would be used at these sites and
Table 7-2 indicates the selected treatment for each of the sites.
Table 7-I includes the estimated construction cost for erosion treatments by levee reach. These
costs were estimated using quantities developed by applying the typical treatments to topographic
and bathymetric cross section data at each site. The site designs are intended to be constructed at
least partially by barge. This assumption applies especially to the placement of rock and soil
material. Barge placement might be supplemented by land-based equipment at some or all sites, and
some landside access is assumed.
Unit costs were based on current pricing levels developed from unit costs on previous Sacramento
and American River bank protection projects. Reasonably current pricing data is available for
several projects that include the items included in the typical treatments. As discussed in Section
8.0, the cost of off-site mitigation was estimated based on past experience and professional judgment
informed by the standard assessment methodology that has recently been developed to assess the
environmental impacts and required mitigation for Sacramento River bank protection projects.
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Table 7-1
COSTSUMMARY

Total
Sacramento East Levee
Reach 1-Sta 00+00 to Sta 48+00

Reach 2- Sta 48+00 to Sta 100+00
Reach 3- Sta 100+00 to Sta 110+00
Reach 4- Sta 110+00 to Sta 228+00
Reach 5- Sta 228+00 to Sta 280+00
Reach 6- Sta 280+00 to Sta 330+00
Reach 7- Sta 330+00 to Sta 362+00
Reach 8- Sta 362+00 to Sta 402+00
Reach 9- Sta 402+00 to Sta 468+00
Reach 1D- Sta 468+00 to Sta 495+00
Reach 11- Sta 495+00 to Sta 635+00
Reach 12- Sta 635+00 to Ste 667+00
Reach 13- Sta 667+00 to Sta 700+00
Reach 14- Sta 700+00 to Ste 732+00
Reach 15- Sta 732+00 to Sta 780+90
Reach 16- Ste 780+00 to Sta 832+00
Reach 17- Sta 832+00 to Sta 842+00
Reach 18- Ste 842+00 to Sta 857+00
Reach 19- Sta 857+00 to Ste 925+00
Reach 20- Ste 925+00 to Sta 960+00
Subtotal
American River Sta 34+42 to 153+00
Natomas Cross Canal Sta 0+00 to 280+00
PGCC and NEMDC Levee
Subtotal
25%
6%
10%

Contingency
Escalation
Allowance forChan
Change O

Construction Subtotal

25%
10°/,
5%

Enviromental Mitigation
Planning and Engineering
Construction Management
Regulatory Permitting

Total

Erosion
Protection

Freeboard

Underseepage

$6,576,000

$3,305,000

$3,270,000

$0

$8,083,000

$1,534,000

$956,000

$5,593,000

$571,000
$24,120,000
$6,160,000
$10,860,000
$1,479,000
$6,805,000
$2,809,000
$5,337,000
$14,058,000
$5,000
$2,906,000
$5,000
$3,687,000
$5,000
$858,000
$5,000
$6,288,000
$5,000
$100,622,000

$0
$0
$293,000
$2,054,000
$0
$0
$465,000
$2,875,000
$5,563,000
$0
$0
$0
$0
$0
$0
$0
$0
$0
$16,089,000

$571,000
$2,131,000
$885,000
$817,000
$1,479,000
$739,000
$2,344,000
$456,000
$0
$5,000
$0
$5,000
$0
$5,000
$0
$5,000
$0
$5,000
$13,673,000

$0
$21,989,000
$4,982,000
$7,989,000
$0
$6,067,000
$0
$2,006,000
$8,495.000
$0
$2,906,000
$0
$3,687,000
$0
$858,000
$0
$6,288,000
$0
$70,860,000

$6,487,000
$32,368,000
$10,610.000 1
$160 , 087,000
$37,522,000
$g,005,000
$15,009,000

$0
$0
$0
516,089,000
$4,022,000
$965,000
$1,609,000

$0
$4,327,000
$0
$18,000,000
$4,500,000
$1,080,000
$1,800,000

$6,487,000
$28,041,000
$10,610,000
5115,998,000
$29,000,000
$6,960,000
$11,600,000

$211,623,000

$22,685,000

$25,380,000

$163,658,000

$3,850,000
$52,906,000
$21,162,000
$10,581,000

$1,000,000
$5,671,000
$2,269,000
$1,134,000

$1,425,000
$6,345,000
$2,538,000
$1,269000

$1,425,000
$40,890,000
$16,356,000
$8,178,000

$300,122,000

$32,759,000

i36,957,000

$230,407,000
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TABLE 7-2: EROSION SITE TREATMENTS
Site
Site
Construction
Approximate Location
Levee Stations
Length, feet
- Desi g nation Risk Cat o
A
-High
07+00 to 13+00
600

B

7.3

C

D
G
I
J
K
L
M

Moderate

Typical
Treatment
Type I
1

25+00 to 32+00

700

-High

40+00 to 51+00

1100

1

High

79+50 to 85+50

600

3

Hi ph
Moderate
High
Moderate
Moderate
High

278+00 to 294+00
458+00 to 463+00
477+50 to 486+50
486+50 to 498+50
498+50 to 512+50
512+50 to 537+50

1600
500
900
1200
1400
2500

4
2
1
1
1
4 and 1

2

SECONDARY LEVEE

As an alternative to levee raising and strengthening and erosion control treatments along the upper 5
miles of the east levee of the Sacramento River, consideration should be given to construction of a
new levee set back approximately 1,000 feet to the east of the existing levee. This new levee would
be designed to meet the same levee freeboard and underseepage design criteria and would therefore
require a cutoff wall at depths specified in Table 5-4. However, through its location away from the
active river channel, this alternative would largely avoid any need to address the ongoing erosion
problems identified at Sites A through D in this reach of the Study area.
The possible alignment of the new levee is shown in Figures 7-4 and 7-5. This alignment largely
occupies-land owned by Sacramento International Airport (Airport), but also crosses land owned by
The Natomas Basin Conservancy (TNBC) and a few smaller parcels of land currently in private
ownership. The affected Airport land was acquired with Federal Aviation Administration (FAA)
funds and is held subject to various restrictions on the use of the land, including restrictions on fish
and wildlife enhancements that might conflict with Airport operations. Accordingly, the secondary
levee alternative anticipates minimal changes to the current land use regime in the area between the
new and existing levee alignments. The existing levee would continue to function as a local levee
confining flows in the Sacramento River and as the Garden Highway. The new levee would ensure
safe containment of the design flood in the event of a failure of the existing levee. A typical cross
section showing the secondary (setback) levee and existing levee is provided in Figure 7-6.
The estimated cost of the secondary levee alternative ranges from approximately $354 million to
$432 million depending on the source of material used to construct the new levee. This estimate
includes a substantial cost for environmental mitigation based on environmental considerations and
cost estimates for habitat replacement discussed in Section 8.0.
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FIGURE 7-1: Levee Raise and Slurry Wall Treatment
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ENVIRONMENTAL CONSTRAINTS

BACKGROUND AND PURPOSE

The potential of the needed levee and streambank erosion improvements to cause significant impacts
on biological and cultural resources in the Study area was a major consideration in evaluating the
likely cost and permitting issues that might be encountered in proceeding with these improvements.
Accordingly, as part of the Levee Evaluation Study, EDAW evaluated the potential effects of the
identified levee treatments by comparing the footprint of these treatments with the locations of
known sensitive resources and made a rough estimate of the scope and cost of the mitigation that
might be required. NHC and Jones & Stokes Associates evaluated the potential effects of identified
bank treatments using a recently developed Standard Assessment Methodology for bank protection
projects along the Sacramento River and estimated the scope and cost of the mitigation that might be
required for these treatments. These estimates are reflected in the cost tables provided in Section 7.0.
The supporting evaluations are briefly discussed below.
8.2

IMPACTS AND MITIGATION FOR LEVEE TREATMENTS

8.2.1

Giant Garter Snake Habitat

The major biological resource concern raised by the identified levee treatments is the potential for
loss of giant garter snake (GGS) habitat. This potential effect was evaluated based on GGS habitat
maps prepared by Eric Hansen for TNBC and SAFCA. The most substantial loss of GGS habitat
would result from construction of the secondary levee, although similar impacts would result from
the need to relocate the ditches and canals new the landside toe of the levees to accommodate
raising. The ditches providing habitat along the existing levee toe would need to be relocated, and
aquatic habitat within existing rice acreage and along portions of the ditches that run perpendicular
to the levee would be cut off inside the levee setback area and would need to be replaced. Ditch
relocation would partially mitigate these losses, but it is anticipated that additional compensation
would be required. The Natomas Basin Habitat Conservation Plan requires a replacement ratio of
0.5 acre of protected habitat for every I acre of GGS habitat affected. However, higher ratios have
been required in the past for the loss of ditch habitat in the Natomas area. Accordingly, this
evaluation assumed that the required mitigation ratio would be at least 1:1 and could be as high as
3:1. For comparative purposes, GGS mitigation costs were calculated based on a midpoint 2:1 ratio.
This cost estimate is based on the assumption that a traditional mitigation approach to the loss of
GGS habitat would be pursued. However, such an approach may be infeasible because (1) it is
unlikely that an adequate amount of land suitable for development as GGS habitat can be obtained
within the Natomas basin, and (2) continuing to address GGS impacts in the basin on a ditch-byditch and reach-by-reach basis may be of limited ecological value and, therefore, not supported by
the U.S. Fish and Wildlife Service (USFWS). Therefore, it may be preferable to coordinate with
other stakeholders, including TNBC, DFG and USFWS, to develop a basin-wide strategy that
compensates for the GGS impacts of the needed levee improvements and other ongoing and planned
projects, helps address Airport safety issues (the need to move ditches providing GGS habitat farther
from runways), and enhances the connectivity of GGS preserves in the basin. Such an approach
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would likely be embraced by USFWS and could provide cost-sharing opportunities that could
substantially reduce the cost of mitigation for the needed levee improvements.
In addition to the issues discussed above, potential timing constraints exist in relation to any
construction that would occur within 200 feet of GGS aquatic habitat. In general, construction is
restricted in these areas to the period of May I to October 1, and careful monitoring of construction
activities is required during this period.
8.2.2

Swainson's Hawk Habitat

Primary impacts on Swainson's hawk are related to loss of foraging habitat and to nest disturbance
during construction. The evaluation of these potential impacts was based on data compiled by Jim
Estep during annual surveys for TNBC. Active Swainson's hawk nests have been documented
throughout the Natomas Basin in the last 5 years. These data indicate that there is a high potential
for active nests to be present within one-quarter mile of the levees in any part of the Natomas Basin,
resulting in a need for consultation and coordination with the California Department of Fish and
Game (CDFG) regarding any construction timing during the nesting season. Constraints on the
timing of work in areas closest to nests are most likely during April through June, when the most
nests are active. Some potential exists for the removal of nest trees where the north end of the
setback levee alignment crosses a riparian area and at waterside erosion sites. However, it is
assumed that such losses will be avoided, and mitigation for loss of nest trees was not factored into
the preliminary mitigation cost estimate. There would be a loss of foraging habitat for Swainson's
hawk along the secondary levee footprint that could be mitigated through promotion of cropping
patterns that enhance foraging opportunities in the area between the levees.
8.23

Cultural Resources

There is a high potential for the presence of previously unknown buried prehistoric resources in
floodplain areas. Several historic and prehistoric resources have been documented in the project
vicinity, and the site documentation indicates that two prehistoric sites may be directly affected by
construction activity. In addition, based on EDAW's experience in other riverside areas, it is
assumed that 10 archaeological deposits may be discovered during ground-disturbing activities and
that half of these may require formal site testing, while half may be addressed with less intensive
investigation efforts. Because of the sensitivity of the area for significant cultural resources, much
of the levee improvement work will need to be monitored by an archaeological monitor and a Native
American monitor.
8.2.4

Cost Estimate

The potential costs associated with mitigation for terrestrial resource impacts of the identified levee
improvements are difficult to assess in the absence of information on site-specific footprints, likely
construction practices, and coordination with resource agency personnel. Nevertheless, Table 7-1
includes the estimated environmental mitigation costs associated with the identified levee
improvements. Similarly, an estimate of the corresponding environmental mitigation costs was
included in the estimated costs for the secondary levee alternative. For cost-estimating purposes, it
was assumed that no substantial biological resource benefits would be provided by the project.
Acreage calculations were based on the footprint of project features only and did not factor in any
land use changes, and resulting biological resource effects, that may result from severing existing
parcels.
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IMPACTS AND MITIGATION FOR EROSION TREATMENTS

Bank protection projects commonly result in a suite of environmental impacts. However, experience
has shown that impacts to habitat used by threatened or endangered fish species generate the most
significant mitigation costs and the evaluation of erosion treatments focuses on these impacts.
8.3.1

Impact Assessment Method

The effects of the proposed treatments on fish and aquatic habitat in the Sacramento River were
assessed using a simplified version of the Corps' final review draft of the Standard Assessment
Methodology (SAM) for the Sacramento River Bank Protection Project (Stillwater Sciences 2004).
The methodology permits the comparison of a species response index and total habitat value for both
existing and with-project conditions. The methodology also permits the estimation of the amount of
instream woody material (IWM) needed to minimize or prevent net impacts on fish habitat at a site.
Given the goals and purposes of the Levee Evaluation Study, the SAM evaluation involved a series
of simplifying assumptions. One typical cross section showing the existing bank and the proposed
bank protection was assumed to represent each entire bank protection site. The values developed for
habitat variables focused only on habitat requirements of juvenile rearing life stages of Chinook
salmon, whereas a full assessment would explore requirements of steelhead, as well as salmon adults
and smolts. Existing conditions were assessed based on reconnaissance visits via boat and landside
access, including extensive site photography, but not on systematic surveys (using transects or other
survey methodology) of parameters such as IWM, overhead cover, etc. With-project conditions were
represented by formulating average conditions over a 50-year period, rather than by assessing
conditions at several discrete points in time.
8.3.2

Impact Assessment Results

This preliminary evaluation indicated that the proposed bank treatments would have a relatively
small impact on habitat quality of fish species of concern. The treatments are designed to armor the
bank toe and only as much of the lower bank as is necessary to arrest channel widening, leaving
most of the existing bank vegetation intact. Moreover, a soil body would be created in all but one of
the treatments to allow planting of riparian vegetation very near the edge of water. Finally, IWM
would be anchored to the surface of the revetment in amounts at least equal to existing amounts and
exceeding them at all but one site. These actions apply to both Treatment Types I and 2, and the
assessment does not show an apparent difference in their habitat effects.
8.33

Mitigation Cost Estimate

Based on the results of the impact assessment, costs have been calculated to account for design
components in addition to rock and soil placed for bank protection. These components include
establishment and maintenance of plantings of riparian species in the soil bench (at all sites but Site
D); establishment and maintenance of plantings in existing gaps in existing bank vegetation,
estimated to be 0.3-0.6 acre; and installation of IWM. These costs are included in the erosion
protection costs by levee reach in Table 7-1 and in the estimated cost of the secondary levee
alternative. In both cases an allowance for an offsite mitigation project is included in the
environmental mitigation cost. This covers the condition where impacts are significantly greater
than estimated herein and mitigation using onsite IWM is not sufficient to provide full mitigation.
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100-YEAR FLOOD PROTECTION

As discussed in the introduction to this report, the Corps concluded in 1998 that as a result of the
levee raising and strengthening work accomplished as part of the Sacramento Urban Levee
Reconstruction Project and the North Area Local Project, the Natomas area had adequate protection
to safely contain a 100-year flood. In rendering this conclusion, the Corps acknowledged that
portions of the east levee of the Sacramento River had less than the normally required 3 feet of
freeboard on the 100-year water surface elevation. This was considered acceptable because this
levee performed well during the 1997 high water event and because the Corps anticipated that the
Sacramento River east levee would be raised in the near future as part of the Common Features
Project. In addition, the Corps assumed that ongoing erosion in the Sacramento River channel
would be addressed either as part of routine local levee maintenance efforts or as part of the
Sacramento River Bank Protection Project. The Corps 1998 evaluation focused on levee stability,
through-levee seepage, shallow foundation seepage and hydraulic channel capacity, which at the
time were recognized as the most serious threats. The threats from erosion, waterside instability and
deep underseepage were not as well understood by the Corps and the geotechnical engineering
community of practice or by State and local agencies.
The 1997 high water event in the Sacramento Valley and the resulting failure of some of the SRFCP
levees started to alter the geotechnical engineering community's understanding and approach to the
deep underseepage issue. The Corps' post-flood assessment indicated that deep underseepage was a
potentially significant contributor to levee instability and failure during the flood. As a result, in
2000, the Corps, in concert with the State and SAFCA, initiated an evaluation of the underseepage
risk in Natomas as part of the authorized Common Features Project. Boring data was collected
along the south levee of the Natomas Cross Canal and the east levee of the Sacramento River and an
initial assessment of the work needed to address identified problems was completed. Because of the
magnitude of the remedial work, and because deep underseepage was a newly identified concern in
the Sacramento Valley, the Corps and its non-federal partners determined that before proceeding
further, a panel of experts should be convened to establish appropriate guidelines for evaluating the
risk of underseepage and to develop appropriate design standards for remedial measures- The panel
completed its work in 2004, recommending evaluation and design guidelines that were adopted by
the Corps' Sacramento District. The Corps subsequently re-analyzed the boring data that it had
earlier collected using these guidelines, summarizing their findings in a report dated November
2005. Assuming water surface elevations in the channels around Natomas produced by a 1/100 AEP
flood, the Corps determined that at some locations, calculated exit gradients exceeded the adopted
guidelines for seepage and the borings indicated a potential for subsurface permeability that, if not
addressed, could threaten the stability of the affected levees,
Although SAFCA's Levee Evaluation Study focused on 1/200 AEP water surface elevations,
because of the importance of the Corps' 100-year flood determinations it was decided that SAFCA's
underseepage analysis would include evaluations that were based on water surface elevations
approximately representing the 1/100 AEP flood event to allow comparison with the results of the
Corps' re-analysis. These water surface profiles were developed and the levee sections were
evaluated to determine exit gradients and to identify other subsurface indications of risk to the
affected levees. This data, which have been provided to the Corps, the Reclamation Board and local
flood managers, confirms the Corps' earlier results. At some locations, the calculated exit gradients
exceeded the adopted guidelines and the borings showed a potential for subsurface permeability that
9-I
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could threaten levee stability. The data indicates that the risk of levee failure is greater than was
previously thought and underscores the urgency of continuing public education efforts to
communicate this risk, reinforcing the importance of flood insurance as a key risk management tool
for property owners in the Natomas area, and rapidly implementing the improvements identified in
the Levee Evaluation Study.
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10.0

CONCLUSIONS

The Levee Evaluation Study indicates that a considerable amount of work is needed along the south
levee of the Natomas Cross Canal, the east levee of the Sacramento Levee, and the north levee of the
American River in order to provide the Natomas area with at ]east a 200-year level flood protection
and move the area to a`low' risk status.
The needed improvements would address levee freeboard, levee foundation stability, and
streambank erosion problems identified in connection with the 1/200 AEP flood in the Study area.
The Study also indicates that the risk of flooding at the 100-year level is greater than previously
assumed, underscoring the urgency of expediting the higher priority improvements.
The estimated cost of addressing the problems identified by the Study is about $300 million.
In determining improvement priorities and developing financing strategies for the identified
problems, consideration should also be given to construction of a secondary levee in the upper reach
of the Natomas area.
Construction of a new levee set back from the active river channel would reduce erosion concerns
and avoid the uncertainties associated with refurbishing a portion of the existing east levee of the
Sacramento River. It is estimated that when combined with established levee strengthening and
bank protection techniques in the lower reaches of the Natomas area, the secondary levee alternative
would add approximately $54 million to $132 million to the total cost of the needed improvements,
depending on the source of material used to construct the new levee.
Environmental considerations will significantly affect the timing and cost of constructing the needed
levee and streambank protection improvements. In order to reduce project costs and minimize
construction delays, the improvement program should include a comprehensive approach to
mitigating unavoidable environmental impacts that complements ongoing habitat conservation
efforts in the Natomas Basin and the Sacramento River channel.
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ISSUE
Whether to select AReraat'+ve-3 -Truxel Road Light Rail Transit as the Locally Preferred Alternative
for the Downtown/Natomas/Airport (DNA) Corridor.

RECOMMENDED ACTION
Adopt Resolution No. 03-12-_, Selecting AI4.-Truxel Road Light Rail Transit as the
Locally Preferred Alternative for the Downtown/Natomas/Airport (DNA) Corridor.
FISCAL IMPACT
None.

DISCUSSION
This issue paper provides the Board of Directors information needed to support the selection of
Alternative 3- Truxel Road Light Rail Transit as the locally preferred alternative (LPA) for the
Downtown/Natomas/Airport (DNA) Corridor. This information includes the following:

•

Responses to Board information requests received during the December 8"' public hearing on
displacements, intersection traffic conditions, left turn lanes, and the Boston Silver Line BRT.

•

PowerPoint presentation summarizing staff recommendation (Attachment A).

•

Responses to public comments received during the Alternatives Analysis process. The
comments and responses are categorized by subject matter, and further categorized by its
submittal - i.e. letter, comments at November Board meetings, the November 20"' Open
House sessions and the December 8"' public hearing, etc. (Attachment B).

•

Errata sheets to the draft Alternatives Analysis Report (Attachment C).

•

Chapter 8 "Locally Preferred Alternative Selection", to the draft Alternatives Analysis Report
(Exhibit "A").

Approved:

.Presented: ,

General Manager/CEO

Poliky & Program Manager
L\GMUAeIko\Issue Papars\DNNSe^etlin9 Alternative 3 - Tmxel Read LRT as the LPA for the
DNAConidorSlnketlvough 12-1503..doc
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New Starts Project Development Process
New Start projects, like all transportation investments in metropolitan areas, must emerge from
a regional multimodal transportation planning process in order to be eligible for Federal funding.
Local officials must perform a corridor-level analysis of mode and alignment alternatives. This
alternatives analysis provides information on the benefits, costs, and impacts of alternative
strategies, leading to the selection of a locally-preferred alternative (LPA) to address the corridors
mobility needs. The approach envisions the alternatives analysis as a key-planning tool,
supplemented by further project development analyses in subsequent phases, for determining
appropriate solutions to transportation issues.
The decision process and the criteria on which the local decision is based will vary from place to
place. In the selection of the LPA, the Board of Directors will want to consider the technical
findings of the Alternatives Analysis in the context of City, County and regional objectives and
values. For example, in some areas transit service is considered primarily with respect to its
transportation function. In others, the visual and symbolic aspects of transit, its sense of
permanence, and positive impacts on urban character and the environment may also be given
considerable importance.
The Sacramento Regional Transit District (RT) has been participating in the Federal Transit
Administration's (FTA) New Start project development process since early 2000. In June 2001,
RT completed the first step in the process, systems planning, and locally known as the MultiCorridor Study (MCS). At that time, the Board of Directors adopted a motion accepting the results
of the MCS, and directed the General Manager to proceed with the next steps as outlined in the
System Expansion and Phasing Strategy Final Report. One of the critical next steps identified
in the MCS included the advancement of the 13 mile Downtown/Natomas/Airport (DNA) Corridor
into the second step of the FTA project development process, the Alternatives Analysis (AA)/Draft
Environmental Impact Statement/Report (DEIS/R) phase.
A Locally Preferred Alternative - What Is It?
A Locally Preferred Alternative (LPA) is the selected physical design concept and scope for a
major corridor transit investment. In the DNA Corridor, the LPA will consist of two features: (1)
the identification and description of a corridor alignment; and (2) the identification of a transit (bus,
light rail) mode. The LPA will also generally describe the proposed location of stations.
Refinements of the LPA will continue during subsequent Preliminary Engineering (PE) and Final
Environmental Impact Statement ( FEIS) phase including the operating concepts. The PE/FEIS
phase will focus on developing more specific environmental and engineering information including
detailed environmental testing and mitigation plans, geometric alignment design, bridges and
structures, station location and design, landscaping features, access and operating strategies,
drainage, right-of-way requirements, maintenance of traffic during construction, phasing of
construction, and a detailed financial plan including funding commitments. Minor alignment and
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engineering adjustments to the LPA will likely occur during the final design and construction
phases of the transit improvement. Subsequent to the Board action, a report will be prepared that
describes the LPA in full detail as well, including the operating concepts by which transit service
will be provided, and a set of specific design options to be further evaluated during the draft
environmental phase.
Draft Downtown/Natomas/Airaort Alternatives Analysis Report
The Alternatives Analysis (AA) process evaluated twelve alternatives for the DNA Corridor. Eight
of the twelve alternatives considered would construct a new light rail transit (LRT) or bus rapid
transit (BRT) guideway from downtown Sacramento, through South and North Natomas, to the
Sacramento International Airport. Two alternatives considered minimum operable segments for
each mode between downtown Sacramento to the Natomas Town Center. The remaining two
alternatives, include the No Build and Baseline/Transportation Systems Management (TSM)
alternatives.
The AA process was structured around criteria and indicators designed to reflect the study goals
and objectives as endorsed by the Technical Review Panel (TRP) and Citizens Review Panel
(CRP), input from the Board of Directors, and from information provided by the City of
Sacramento, Sacramento County, public agencies, and the general public.
On November 6, 2003, RT formally released for a 30-day period the Draft AA Report for public
review and comment. On November 10"', staff and the consultant team presented the Draft AA
Report to the Board. At the Board's November 24"' meeting, staff responded in detail to over 26
Director questions, and provided additional information regarding ridership and capacity/modal
issues related to SACOG's draft 2050 Blueprint population and employment forecasts.
During this 30-day period, RT held an open house on November 20 at the Sacramento
Convention Center, enabling the public an opportunity to review the study findings and to pose
questions regarding the alternatives to District staff and the consultant team. RT also held a
public hearing on December 8th in the chambers of the Sacramento County Board of Supervisors
to provide the public more opportunity to provide comment on the AA Report.
Based on the technical analysis results and public comment received on the Draft AA report, staff
and the consultant team have developed a LPA recommendation for the Board of Directors to
consider on December 15th, 2003. Additionally, responses to public comment received on the
draft AA report have been posted on the project website.
Recommendation on a Locally Preferred Alternative for the DNA Corridor
Since the mid-1980's, there has been a recognition by the public and its elected officials of the
need for a major public transit investment in the DNA Corridor. Three primary factors have
contributed to this vision, including:
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•

Recognition that significant growth and development will continue to occur, particulatiy in North
Natomas, in close proximity to the Airport, and in surrounding areas north and east of the
corridor;

•

Concern over increasing traffic congestion along 1-5, and the need to provide people living and
working in the corridor a transportation alternative to driving their own vehicle; and

•

A desire to improve transportation mobility between the Downtown, South and North Natomas
communities, and the Sacramento International Airport and to other parts of the Sacramento
region.

In exploring this vision, several corridor alignments and transportation technologies have been
studied extensively over this twenty year time period, including the 1-5, Truxel Road, and 1-5/Truxel
alignments and the potential for expanding existing bus service and extending LRT service into
the corridor. More recently, as part of this study, BRT has also been considered as a viable transit
technology.
Each study alternative has both advantages and disadvantages. These trade-offs have been the
topic of much regional and community discussion and debate, resulting in a decision by RT in
1991 to support the construction of light rail on Truxel Road. The City of Sacramento and the
County of Sacramento have included the locally adopted alignment in their respective General
Plans and Community Plans. The Sacramento Area Council of Governments (SACOG) has also
reaffirmed the local decision, as recently as July 2002, with the adoption of the Metropolitan
Transportation Plan (MTP) for 2025. The results of this current AA Report support this
conclusion. Thus, it is recommended that the LPA consist of building and operating high capacity
LRT service on the Truxel Road alignment from downtown Sacramento, through South and North
Natomas to the Sacramento International Airport.
Preference for Alig nment

Use of the Truxel Road alignment will provide the largest transportation benefit to transit users in
the corridor and in the region. In summary, these benefits include the following.
•

Higher Ridership. Across all the alternatives studied, the opportunities for the highest daily
ridership occur along the Truxel Road alignment.

•

Connectivity. Generally, the Truxel Road alignment provides better connectivity to the existing
regional transit system and to the major concentration of existing and planned activity centers
and destinations within the DNA corridor.
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These activity centers and destinations include: (1) the Sacramento International Airport; (2)
Metro Air Park, and improved mixed use commercial/office development; (3) the soon to be
built North Natomas Town Center, with a 200-acre Regional park, high school and community
college campus and library; (4) Arco Arena; (5) the Natomas Marketplace commercial center;
(6) Natomas High School; (7) the South Natomas Community center; (8) the redeveloping
Richards Boulevard area; and (9) the Sacramento Valley Station, which is part of a 240-acre
proposed master plan redevelopment project for the Union Pacific Railyards.
Moreover, the DNA corridor connection with the Sacramento Valley Station provides
intermodal connections to existing and new bus services, existing and expanding Capitol
Corridor intercity rail service, long distance Amtrak service, soon to be constructed Folsom
Corridor LRT service, and future regional commuter rail service.
•

Transit-Oriented Development. The Truxel Road alignment offers the greater opportunity to
foster transit-oriented development, particularly in the North Natomas community, the
Railyards, and Richards Boulevard areas. Land use plans in these areas propose the highest
density employment and housing clustered in a mix around planned stations. The North
Natomas Community Plan, in particular, was designed as a transit-oriented community with
dedicated right-of-way along Truxel Road set a side for a light rail alignment as a central
element. The Community Plan also allows for further increases in density and intensity in
station areas once the LRT is constructed.
The Truxel alignment provides the further opportunity to shape future land use decisions within
the unincorporated area, west of State Route 99/70 and north of Elkhorn Boulevard, in the
same planned vision that created the North Natomas Community Plan, if the region desires
to grow in that direction.
The total land available for development at future stations along the Truxel alignment is
greater than that along the I-5 alignment. Opportunities for smart growth are curtailed by 1-5,
which limits pedestrian access to either side of the freeway, and hence reduces the potential
for transit-oriented development opportunities.

•

Plan Consistency. The Truxel alignment, with light rail, also offers the highest level of
consistency with existing adopted community plans, the City and County general plans, current
planning efforts within the Corridor, and over 15 years of prior development and infrastructure
commitment in North Natomas.
In particular, the North Natomas Community Plan set aside land use by the future light rail
guideway. In addition, the Truxel Road Interchange was designed and built to structurally
support a future light rail alignment. And the North Natomas infrastructure-financing plan
includes a development fee structure to finance light rail station improvements. Perhaps most
importantly, the Truxel Road alignment, with light rail, offers the lowest potential for physically
dividing the community.
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Greater Transit Accessibility. Based on the 2000 Census and year 2025 SACOG projections,
the Truxel alignment would provide the g reatest t ransit a ccess to c orridor residents a nd
households than either the 1-5 or 1-5/Truxel alignment alternatives.

•

There are 21,500 residents living within '/2-mile of the Truxel Road alignment, including a
greater concentration of low income and transit dependent households. Likewise, there are
32,100 jobs located within'/:-mile of the alignment; nearly equivalent to the number of jobs
located along 1-5 or the 1-5(Truxel alignment alternatives. In addition, the Truxel alignment
provides the best pedestrian access opportunities.

Due to limited north-south traffic capacity in the DNA corridor, with only two bridges across the
American River within a three-mile wide reach, a new bridge crossing along the Truxel Road
alignment is needed to provide improved and direct transit accessibility into downtown
Sacramento.
.

Improved Corridor Mobility. While all three alignments would provide improved transit service
between Downtown and the Airport, the Truxel alignment provides the shortest travel time for
North and South Natomas residents. While the Truxel alignment does not have the best travel
time from Downtown to the Airport, the 28 to 30 minutes of travel time is comparable to the I-5
alignment alternatives.

.

Cost-Effectiveness. Generally, all of the Truxel Road alignment modal alternatives fair better
in terms of providing the most cost-effective transit solution, using Federal Transit
Administration (FTA) ratings, because they directly serve more residents and have lower
construction costs.

•

Fundability. Using long-range revenue estimates prepared by RT and SACOG, it was
determined that any alternative costing $450 million or below could be funded with a
combination of federal, state and local revenue as they become available. The majority of the
alternatives that fall within this funding threshold occur on the Truxel Road alignment.

Preference for Mode
Use of light rail also will provide greater transportation benefits to transit users. In summary, these
benefits include the following:
.

Ridership. In the DNA corridor, light rail generally generates ten- percent higher ridership than
BRT, with most of the difference resulting from airport passengers (as service continuity is a
key factor for airport transit service).
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Capacity for Future Demand. There tends to be a broad capacity range suitable for BRT and
LRT, and this range is not mutually exclusive. There are often overlaps between them.
Conventional bus services are most suitable in satisfying lower demand volumes. At 1,000
passengers per hour, bus based systems are more cost effective in terms of cost per
passenger. Light rail begins to be appropriate around 1,700 passengers/hour to justify the
capital costs of the initial investment in fixed infrastructure.
Over the next 20 years and beyond, the Natomas Basin is seen as a major new growth area
for the Sacramento region. The travel corridor warrants a high capacity mode. LRT has a
superior ability to respond to growth pressures by increasing capacity compared to other
modes, such as BRT. Light rail can add another car to a train to carry more riders and not
affect labor costs. This is a primary reason LRT is more efficient with higher ridership
demand.

•

Speed. Light rail systems generally have increased speed over bus systems (as well as the
perception of being faster).

•

Technology. LRT has higher vehicle performance technology and passenger comfort features.
Light rail vehicles are more spacious and provide for a more stable ride. The guideway feature
makes possible use of larger vehicles and trains of up to four cars, as well as partial signal
control. The vehicles are clean, non-polluting electric propulsion. Clean-fueled buses still
produce some particulate matter and nitrous oxide pollution, which is objectionable, particularly
in areas with high concentrations of people. Noise produced by buses also remains a
problem.
Buses are also considerably cheaper than light rail vehicles, although the difference in their
life cost is not as great as the difference in their purchase prices because light rail vehicles
have 2.5 to 3 times longer lifespans. Buses last 12 years, light rail vehicles between 25-40
years. Therefore, a correct comparison must be based on life-cycle cost per unit of vehicle
capacity. Such a comparison would tend to favor LRT.

•

Economic Development. L RT is attractive, as a tool fortransit-oriented d evelopment, a
characteristic not convincingly displayed in the United States by bus service of any type. Light
rail has a permanent infrastructure that becomes part of the urban structure. Because BRT
is less capital intensive, it is more likely to be abandoned if the market were not supporting the
service. It is the permanence of light rail that tells private investors and transit users that this
form of transportation is here to stay.
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Reduction in Auto Travel. The highest level of traffic growth over the next 20 years will occur
on 1-5, between the Arena Boulevard Interchange and the 1-80 junction with 1-5, where a
growth in traffic volumes of 100 percent is forecasted. This will result in prolonged Level of
Service (LOS) "F" (failure) conditions for several hours during morning and evening peak
commute periods. Even with future programmed roadway improvements in the adopted MTP,
future traffic under No Build conditions will deteriorate on 1-5, leading to higher traffic volumes
on 1-80 and parallel roadways.

Of the alignment alternatives studied, the Truxel Road alignment offers the greatest reduction
in weekday peak period auto travel to Downtown Sacramento, with the highest reduction
coming from LRT, eliminating 4,700 daily person trips. Likewise, the greatest reductions in
weekday parking demand in Downtown Sacramento occur with the Truxel Road alignment,
with LRT eliminating the need for 2,200 parking spaces.
•

A Balanced Transportation System. Further in a region, such as Sacramento, a single transit
mode cannot provide as efficient service as several coordinated modes. A"family' of modes,
operating as an integrated transport system, with buses feeding core light rail lines rather than
competing with each other, is defined as a balanced transit system.

•

Service Continuity. Light rail provides greater service continuity than BRT, with seamless
service through Downtown and beyond, connecting other major activity centers. LRT can
provide a "one-seat-ride" for anyone within walk access of the service, or within easy "drop off"
access.
This "one-seat-ride" service is especially critical within the DNA corridor because airport
passengers respond negatively to off-airport transfers. In some situations, LRT may involve
more transfers from other trains coming from the Watt/I-80 and the South Line Light rail
corridors. These transfers are, however, simple - they are made at the same platform, and
require little or no walking.
LRT may also involve transfers with buses. In this situation, the transfers are organized in a
timed manner so that transferring is made conveniently.

•

Service Reliability. LRT generally has enhanced service reliability over bus-based systems
due to the use of a guideway and preferential treatments, such as traffic signal prioritization.
LRT service would operate at 1 5-minute headways throughout the DNA Corridor. BRT service
would operate at varying headways within the Corridor, culminating in a combined 3.3-minute
peak and 3.8-minute off-peak headway in downtown Sacramento. Without the benefit of traffic
signal prioritization that is afforded to the LRT, large segments of the BRT route in downtown
Sacramento would suffer reduced service reliability, due to the unavailability of sufficient
"green" time to allocate a priority to BRT and still accommodate all other vehicular traffic and
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movements. The practical result will be substantial delays to the BRT service, long queues
of buses waiting at intersections, and insufficient bus stop capacity to accommodate lines of
buses.
•

Other Characteristics. Other important characteristics that favor LRT include: frequency,
durability, efficiency, simplicity, directness, and comfort. These are very desirable features for
transit services. Transit services need to be aimed at attracting incidental users. The general
public needs to have fixed routes, fixed (memorable) schedules, and known fares, in order to
use the service.

For these reasons, LRT on Truxel Road provides the most cost-effective, superior, long-term
major transit investment for the DNA Corridor. At the same time, it is recognized that many
residents and commercial property owners immediately along Truxel Road, especially in the
segment between Garden Highway and San Juan Road, have significant concerns with the use
of Truxel Road. These concerns include station location, traffic circulation, pedestrian safety,
noise, vibration, and visual impacts, property values, and resident and transit user safety. For RT
to build and operate LRT service along Truxel Road, a concerted effort will be required for the
District to work closely with residents, businesses, property owners, and neighborhood groups to
address these very specific and important quality of life concerns.
Long-Term Transit Vision for the Corridor
In implementing a long-term transit vision for the DNA Corridor, it may be necessary to phase
construction of light rail between downtown Sacramento and the Airport. This is consistent with
the progression of growth and evolving development patterns within the Corridor by 2025 and
beyond, the funding strategy set forth in SACOG's adopted MTP, and follows the pattern
established by RT in building Phase I of the recently opened South Line LRT extension from
Downtown to Meadowview Road as well as the construction of the Folsom LRT extension to
Sunrise and ultimately to the City of Folsom.
Using this approach, Alternative 3: Truxel Road Light Rail Transit could initially be built in two
phases, with full implementation by 2025 or beyond. This phased approach would ultimately, be
determined during the PE phase of the project development process.
•

Phase 1(by 2012) - implementation of Truxel LRT MOS ( Alternative 3B), with light rail service
between Downtown and the Natomas Town Center, with a feeder bus service connection to
the Airport.

•

Phase 2 (by 2015) - implementation of Truxel LRT Starter (Alternative 3A), with the extension
of light rail service beyond Natomas Town Center to the Airport.
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As part of this long-term transit vision for the DNA Corridor, during the environmental phase and
subsequently in PE and final design, RT will evaluate in greater detail design options that are also
retained as part of the LPA. These design options will influence transit station and park-and-ride
lot location, transit user accessibility, traffic flow and circulation, and pedestrian safety.
While Alternative 3 falls above the FTA user benefit threshold of $25.00, it is anticipated that
additional design and engineering refinements could be achieved, thereby enhancing the eligibility
of Alternatives 3 and 3A for federal funding. This could occur, for example by treating the LRT
maintenance facility and bike/pedestrian path on the new American River bridge, as separate
capital projects and thus paid for through other sources of funding. Under this scenario, the
resulting FTA user benefits would be $24.41 and $20.36 respectively. Other types of cost savings,
value engineering, and/or funding strategies will be considered in the PE phase of project
development to improve this ratio. This type of separate capital project approach occurred during
South Line Phase 1, with the separate funding of the Wayne Hultgren LRT station and the Florin
Road grade separation project. Alternative 3B already falls well below FTA's user benefit
threshold of $19.99 per hour allowing it to compete for a medium project rating in FTA's New
Starts process.

Funding Strategy
A long-term commitment of local, state and federal funding will be required to build the DNA LRT
extension. SACOG's MTP identifies approximately $400 million in funding available to build light
rail from Downtown to the Airport. This figure is projected to increase to $450 million assuming
the availability of Airport funding for airport-related transit improvements and local developer fees
that are reasonable to expect based on redevelopment of the Railyards/Richards Boulevard
areas- It is further assumed that:
•

Project construction will be funded based on a 50 percent federal New Starts match, coupled
with local and state funds, and

.

Project operation assumes local funding, primarily through farebox revenues and renewal and
expansion of Sacramento County's Measure A sales tax program. Critical to the construction
and operation of DNA improvements will be an increase in RT's share of a renewed sales tax
program, from an existing 1/6 of a cent to at least 1/3 of a cent as identified in the adopted
MTP.

The phasing of project construction will be dictated, in large part, by the availability of construction
and operating funds. RT will need to work closely with FTA, SACOG, and other local and state
agencies to ensure that necessary funding is available when needed to maintain project
momentum so that initial LRT service between Downtown and the Natomas Town Center begins
by 2012 and that service is extended to the Airport no later than by 2015.
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Selecting Alternat+ve^Truxel Road Light Rail Transit as the Locally Preferred
Alternative for the Downtown/Natomas/Airport (DNA) Corridor

Recommendation
Staff recommends that the Board of Directors adopt the attached resolution-selecting Altemat+ve
3-Truxel Road Light Rail Transit Alternative as the locally preferred alternative (LPA) for the DNA
Corridor. Chapter 8 "Locally Preferred Alternative Selection" from the AA Report is provided as
Attachment C. The resolution would also direct staff to advance the LPA to the Draft
Environmental Impact Statement (DEIS) and Draft Environmental Impact Report (DEIR) phase
of the project development process.

RESOLUTION NO. 03-12- 0277
Adopted by the Board of Directors of the Sacramento Regional Transit District on this date:
December 15, 2003

SELECTING TRUXEL ROAD LIGHT RAIL TRANSIT
AS THE LOCALLY PREFERRED ALTERNATIVE FOR THE
DOWNTOWNINATOMASIAIRPORT CORRIDOR
WHEREAS, the Sacramento Regional Transit District as the responsible local
agency has conducted an Alternatives Analysis under 49 CFR Part 611 and 23 CFR part
450 to study a range of transit improvement alternatives to serve the needs of downtown
Sacramento, the communities of South and North Natomas of the City and County of
Sacramento and the Sacramento International Airport; and

WHEREAS, the purpose of this study is to determine which transit improvement is
the most beneficial and cost-effective long-term solution for the Sacramento region; and
WHEREAS, the Alternatives Analysis process began in 2001 to evaluate a total of
twelve alternatives including light rail, bus rapid transit, expanded bus service (baseline)
and a no build condition; and
WHEREAS, the process was assisted by a Technical Review Panel with
representatives from affected federal, state and local agencies, as well as a 40 member
Citizens Review Panel which has provided public input to the process; and
WHEREAS, Truxel Road Light Rail Transit, which would extend light rail service
from downtown Sacramento through the South and North Natomas communities along
Truxel Road, to the Sacramento International Airport, was evaluated and determined to
provide the greatest transportation benefit as an alignment to transit users in the corridor
and in the region. In summary, these benefits include the following:
•
•

Higher Ridership
Connectivity

• Transit-Oriented Development
• Plan Consistency
•
•
•

Improved Corridor Mobility
Greater Transit Accessibility
Cost-Effectiveness

•

Fundability

WHEREAS, Truxel Road Light Rail Transit, which would provide light rail service,
will also provide greater transportation benefits as a mode to transit users.
In summary, these benefits include the following:

•

Ridership

•
•

Capacity for Future Demand
Speed

• Technology
• Economic Development
• Reduction in Auto Travel
• A Balanced Transportation
• Service Continuity
•
•

Service Reliability
Other Characteristics

WHEREAS, Truxel Road Light Rail Transit is the alternative, which best meets the
Federal Transit Administration's evaluation criteria for New Start projects as set forth in the
Transportation Equity Act; and
WHEREAS, it is the desire of this Board that the Locally Preferred Alternative for
the Downtown/Natomas/Airport Corridor be designed in a manner that maximizes
opportunities for transit oriented development, including residential housing, and so that
existing residential housing is not eliminated; and
WHEREAS, Truxel Road Light Rail Transit is the alternative, which receives the
broadest regional and community public support.
NOW, THEREFORE, BE IT HEREBY RESOLVED BY THE BOARD OF
DIRECTORS OF THE SACRAMENTO REGIONAL TRANSIT DISTRICT AS FOLLOWS:
THAT, in accordance with 49 CFR Part 611 and 23 CFR Part 450, the following
transit mode and alignment are hereby selected as the Locally Preferred Alternative for the
Downtown/Natomas/Airport Corridor:

1.

Transit Mode: Light Rail.

2.

Alignment: Truxel Road Alignment, as described in attached Exhibit "A" and
depicted in Figure 8.8-1 thereof.

THAT, the General Manager/CEO is hereby authorized and directed to take all such
actions as are appropriate to advance the Locally Preferred Alternative for the Downtown/
Natomas/Airport Corridor to the next phase of project development, including the
preparation of a Draft Environmental Impact Stajerrient and Draft Environmental Impact
rcepon inereror.

I

, i

I-.^^%+y?^ d^

DON NOTTOLI, Chairman
ATTEST:
BEVERLY A. SCOTT, Secretary

By:

&0"

, Assistant Secretary

EXHIBIT A
8.0

LOCALLY PREFERRED ALTERNATIVE SELECTION

Chapter Summary
A Locally Preferred Alternative (LPA) is the selected candidate physical design concept and
scope for a major corridor transit investment. In the Downtown/Natomas/Airport (DNA) Corridor,
the LPA will consist of two features: the identification and description of a corridor alignment
and the identification of a transit (bus, light rail) mode. The LPA will also generally describe the
proposed location of stations, the operating concepts by which transit service will be provided,
and a set of specific design options to be further evaluated during the draft environmental
phase. Refinements to the LPA will continue during subsequent Preliminary. Engineering (PE)
and the Final Environmental Impact Statement (FEIS) phase.

The PE/FEIS phase will focus on developing more specific environmental and engineering
information including detailed environmental testing and mitigation plans, geometric alignment
design, bridges and structures, station location and design, landscaping features, access and
operating strategies, drainage, right-of-way requirements, maintenance of traffic during
construction, phasing of construction, and a detailed financial plan including funding
commitments. Minor alignment and engineering adjustments to the LPA will likely occur during
final design and construction phases of the transit improvement. Subsequent to the Preliminary
Engineering (PE) phase of LPA development, minor alignment and engineering adjustments to
the LPA will likely occur during PE, final design, and construction of the transit improvement.

8.1 Selection Process
Earlier chapters of this report provided a systematic comparison of 12 conceptual alternatives,
including a No-Build, a Baseline/TSM, five light rail transit (LRT) alternatives and five bus rapid
transit (BRT) alternatives. It was structured around criteria and indicators designed to reflect the
study goals and objectives as endorsed by the Technical Review Panel (TRP), Citizens Review
Panel (CRP), the Sacramento Regional Transit District (RT) Board of Directors, and from
information provided by the City of Sacramento, Sacramento County, public agencies, and the
general public.
On November 6, 2003 RT formally released for a 30-day period the Draft Alternatives Analysis
(AA) Report for public review and comment. On November 10, the RT Board of Directors was
presented with a summary of the Draft Report. RT then convened a community workshop on
November 20 at the Sacramento Convention Center, enabling the public an opportunity to
review the study findings and to pose questions regarding the alternatives to agency staff and
the consultant team. RT also held a public hearing on December 8 in the chambers of the
Sacramento County Board of Supervisors to provide the public more opportunity to provide
comment on the AA Report.
Based on the technical analysis results and public comment received on the Draft AA report,
agency staff has developed an LPA recommendation for the RT Board of Directors to consider
on December 15, 2003. At this meeting, the Board of Directors will have the opportunity to
accept, modify or reject the LPA recommendation. Figure 8.1-1 illustrates the decision-making
process RT will have used to select an LPA for the DNA Corridor.
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8.2 Recommendation on a Locally Preferred Alternative
Since the mid-1980's, there has been an increasing recognition by the public and its elected
officials of the need for a major public transit investment in the DNA Corridor. Three primary
factors have contributed to this vision, including:

1. Recognition that significant growth and development will continue to occur, particularly in
North Natomas, in close proximity to the Airport, and in surrounding areas north and east of
the corridor;
2. Concern over increasing traffic congestion along Interstate (1-5), and the need to provide
people living and working in the corridor a transportation alternative to driving their own
vehicle; and

3. A desire to improve transportation mobility between the Downtown, South and North
Natomas Communities, and the Sacramento International Airport and to other parts of the
Sacramento region.
In exploring this vision, several corridor alignments and transportation technologies have been
studied extensively over time, including the 1-5, Truxel Road, and 1-5/Truxel alignments and the
potential for expanding existing bus service and extending LRT service into the Corridor. More
recently, as part of this study, BRT has also been considered as a viable transit technology. It is
clear, however, that when considering future ridership, costs, and impacts to the local
community and region, each study alternative has both advantages and disadvantages.
These trade-offs have been the topic of much regional and community discussion and debate,
resulting in a decision by RT in 1991 to support construction of light rail on Truxel Road. The
City of Sacramento and County of Sacramento have included the locally adopted alignment in
their respective general plans and community plans. The Sacramento Area Council of
Governments (SACOG) has consistently reaffirmed the local decision, as recently as July 2002,
with the adoption of the Metropolitan Transportation Plan (MTP) for 2025. The results of this
current AA Report support this conclusion.

8.3 Preference for Alignment
Use of the Truxel Road alignment will provide the largest transportation benefit to transit users
in the Corridor and in the region. in summary, these benefits include the following:
â Improved Corridor Mobility. While all three alignments would provide improved transit
service between Downtown and the Airport, the Truxel alignment provides the shortest
travel time for North and South Natomas residents. While the Truxel alignment does not
have the best travel time from Downtown to the Airport, the 28 to 30 minute travel time is
comparable to the 1-5 alignment alternatives.
â Greater Transit Accessibility.
Based on the 2000 Census and year 2025 SACOG
projections, the Truxel alignment would provide the greatest transit access to corridor
residents and households than either the 1-5 or I-5lTruxel alignments.
There are 21,500 residents living within '/:-mile of the Truxel Road alignment, including a
greater concentration of low income and transit dependent households. Likewise, there are
32,100 jobs located within '/s-mile of the alignment; nearly equivalent to the number of jobs
located along 1-5 or the 1-5/Truxel alignment alternatives. In addition, the Truxel alignment
provides the best pedestrian access opportunities.
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Due to limited north-south traffic capacity in the DNA Corridor, with only two bridges across
the American River within a three-mile wide reach, a new bridge crossing along the Truxel
Road alignment is needed to provide improved and direct transit accessibility into Downtown
Sacramento.
â

Connectivity. Generally, the Truxel Road alignment provides better connectivity to the
existing regional transit system and to the major concentration of existing and planned
activity centers and destinations within the DNA Corridor.
These activity centers and destinations include: (1) the Sacramento International Airport; (2)
Metro Air Park, an improved mixed use commercial/office development; (3) the soon to be
built North Natomas Town Center, with a 200-acre Regional Park, high school and
community college campus and library; (4) ARCO Arena; (5) the Natomas Marketplace
commercial center, (6) Natomas High School; (7) the South Natomas Community Center;
(8) the redeveloping Richards Boulevard area; and (9) the Sacramento Valley Station, which
is part of a 240-acre proposed master plan redevelopment project for the Union Pacific
Railyards.

Moreover, the DNA Corridor connection with the Sacramento Valley Station provides
intermodal connections to existing and new bus services, existing Capitol Corridor intercity
rail service, long distance Amtrak service, soon to be constructed Folsom Corridor LRT
service, and future regional commuter rail service.
â

Potential for Transit-Oriented Development. The Truxel Road alignment generally offers
the greater opportunity to foster transit-oriented development, particularly in the North
Natomas community and the Railyards/Richards Boulevard area. Land use plans in these
two areas propose the highest density employment and housing clustered in a mix around
planned stations. The North Natomas Community Plan, in particular, was designed as a
transit-oriented community, with dedicated right-of-way along Truxel Road set aside for a
light rail alignment as a central element. Opportunities also exist for further increases in
density and intensity in station areas once the LRT is constructed.
The Truxel alignment provides a further opportunity to shape future land use decisions
within the unincorporated area, west of State Route 99/70 and north of Elkhorn Boulevard,
in the same planned vision that created the North Natomas Community Plan, if the region
desires to grow in that direction.
The total land available for development at future stations along the Truxel alignment is
greater than that along the 1-5 alignment. Opportunities for smart growth are curtailed by I5, which limits pedestrian access to either side of the freeway, and hence reduces the
potential for transit-oriented development opportunities.

â

Plan Consistency. The Truxel alignment, with light rail, also offers the highest level of
consistency with existing adopted community plans, the City and County general plans,
current planning efforts within the Corridor, and over 15 years of prior development and
infrastructure commitment in North Natomas.

In particular, the North Natomas Community Plan set aside land use by the future light rail
guideway. In addition, the Truxel Road Interchange was designed and built to structurally
support a future light rail alignment. And the North Natomas infrastructure-financing plan
includes a development fee structure to finance light rail station improvements.
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Perhaps most importantly, the Truxel Road alignment, with light rail, offers the lowest
potential for physically dividing the community.

â Higher Ridership. Across all the alternatives studied, the opportunities for the highest daily
ridership occur along the Truxel Road alignment.
â Cost-Effectiveness. Generally, all of the Truxel Road alignment modal alternatives fair
better in terms of providing the most cost-effective transit solution, using Federal Transit
Administration ratings, because they directly serve more residents and have lower
construction costs.
â Fundability. Using long-range revenue estimates prepared by RT and SACOG, it was
determined that any altemative costing $450 million or below could be funded with a
combination of federal, state and local revenue as they become available. The majority of
the alternatives that fall within this funding threshold occur on the Truxel Road alignment.

8.4 Preference for Mode
Use of light rail also will provide greater transportation benefits to transit users. In summary,
these benefits include the following:
â

Ridership. In the DNA Corridor, light rail generally generates ten percent higher ridership
than BRT, with most of the difference resulting from airport passengers (as service
continuity is a key factor for airport transit service).

â Capacity. Over the next 20 years and beyond, the Natomas Basin is seen as a major new
growth area for the Sacramento region. The travel corridor warrants a high capacity mode.
LRT has a superior ability to respond to growth pressures by increasing capacity compared
to other modes, such as BRT, Light rail can add another car to a train to carry more riders
and not affect labor costs. This is a primary reason LRT is more efficient with higher
ridership demand.
â Speed. Light rail systems generally have increased speed over bus systems (as well as the
perception of being faster).
â Technology. LRT has higher vehicle performance technology and passenger comfort
features. Light rail vehicles are more spacious and provide for a more stable ride. The
guideway feature makes possible use of larger vehicles and trains of up to four cars, as well
as partial signal control. The vehicles are clean, non-polluting electric-propulsion powered.
Clean-fueled buses still produce particulates and nitrogen oxides emissions, which is
objectionable, particularly in areas with high concentrations of people. Noise produced by
buses also remains a problem.
Buses are also considerably less expensive than LRT vehicles, although the difference in
their life costs is not as great as the difference in their purchase prices because light rail
vehicles have 2.5 to 3.0 times longer life spans. Buses last 12 years, while light rail vehicles
last between 25 and 40 years. Therefore, a current comparison must be based on life cycle
costs per unit of vehicle capacity. Such a comparison would tend to favor LRT.

â Economic Development. LRT is attractive as a tool for transit-oriented development, a
characteristic not convincingly displayed in the United States by bus service of any type.
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Light rail has a permanent infrastructure that becomes part of the urban structure. Because
BRT is less capital intensive, it is more likely to be abandoned if the market were not
supporting the service. It is the permanence of light rail that tells private investors and
transit users that this form of transportation is here to stay.

â Reduction in Auto Travel. The highest level of traffic growth over the next 20 years will
occur on 1-5, between the Arena Boulevard Interchange and the 1-80 junction with 1-5, where
a growth in traffic volumes of 100 percent is forecasted. This will result in prolonged Level
of Service (LOS) "F" (failure) conditions for several hours during morning and evening peak
commute periods. Even with future programmed roadway improvements in the adopted
MTP, traffic under No Build conditions will deteriorate on 1-5, leading to higher traffic
volumes on 1-80 and parallel roadways.
Of the alignment alternatives studied, the Truxel Road alignment offers the greatest
reduction in weekday peak period auto travel to Downtown Sacramento, with the highest
reduction coming from light rail, eliminating 4,700 daily person trips. Likewise, the greatest
reductions in weekday parking demand in Downtown Sacramento occur with the Truxel
Road alignment, with LRT eliminating the need for 2,200 parking spaces.

â A Balanced Transportation System. Further, in a region, such as Sacramento, a single
transit mode cannot provide as efficient service as several coordination modes. A "family"
of modes operating as an integrated transport system, with buses feeding light rail lines
rather than competing with each other, is defined as a balanced transportation system.
â Service Continuity. Light rail provides greater service continuity that BRT, with seamless
service through Downtown and beyond, connecting other major activity centers. LRT can
provide a "one-seat-ride" for anyone within walk access of the service, or within easy "drop
off" access.
This "one-seat-ride" service is especially critical within the DNA Corridor because air
passengers respond negatively to off-airport transfers. In some situations, LRT may involve
more transfers from other trains coming from the Watt/I-80 and the South Line light rail
corridors. These transfers are, however, simple-they are made at the same platform and
require little or no walking.
LRT may also involve transfers with buses. In this situation, the transfers are organized in a
timed manner so that transferring is made conveniently.
â

LRT generally has enhanced service reliability over bus-based
Service Reliability.
systems due to the use of a guideway and preferential treatments, such as traffic signal
prioritization. LRT service would operate at 15-minute headways throughout the DNA
Corridor. BRT service would operate at varying headways within the Corridor, culminating
in a combined 3.3-minute peak and 3.8-minute off-peak headway in downtown Sacramento.
Without the benefit of traffic signal prioritization that is afforded to the LRT, large segments
of the BRT route in downtown Sacramento would suffer reduced service reliability, due to
the unavailability of sufficient "green" time to allocate a priority to BRT and still
accommodate all other vehicular traffic and movements. The practical result will be
substantial delays to the BRT service, long queues of buses waiting at intersections, and
insufficient bus stop capacity to accommodate lines of buses.
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â Other Characteristics. Other important characteristics that favor LRT include: frequency,
durability, efficiency, simplicity, directness, and comfort. These are very desirable features
for transit services. Transit services need to be aimed at attracting incidental users. The
general public needs to have fixed routes, fixed (memorable) schedules, and known fares,
in order to use the service.
For these reasons, LRT on Truxel Road provides the most cost-effective, superior, longterm major transit investment for the DNA Corridor. At the same time, however, it is
recognized that residents and commercial property owners along Truxel Road, especially in
the segment between Garden Highway and San Juan Road, have significant concerns with
the use of Truxel Road. These concerns include station location, traffic circulation,
pedestrian safety, noise, vibration, and visual impacts, property values, and resident and
transit user safety. For RT to build and operate LRT service along Truxel Road, a concerted
effort will be required for the District to work closely with residents, businesses, property
owners, and neighborhood groups to address these various specific and important quality of
life concerns.

8.5 A Long-Term Transit Vision for the Corridor
In implementing a long-term transit vision for the DNA Corridor, it may be necessary to phase
construction of light rail between downtown Sacramento and the Airport. This is consistent with
the progression of growth and evolving development patterns within the Corridor by 2025 and
beyond, the funding strategy set forth in SACOG's adopted MTP, and follows the pattern
established by RT in building Phase 1 of the recently opened South Line LRT extension from
Downtown to Meadowview Road as well as the construction of the Folsom LRT extension to
Sunrise and ultimately to the City of Folsom.
Using this approach, Altemative 3: Truxel Road Light Rail Transit could initially be built in two
phases, with full implementation by 2025 or beyond. This phased approach would ultimately, be
determined during the PE phase of the project development process.

•

Phase 1(by 2012) - implementation of Truxel LRT MOS (Alternative 3B), with light rail
service between Downtown and the Natomas Town Center, with a feeder bus service
connection to the Airport.

•

Phase 2 (by 2015) - implementation of Truxel LRT Starter (Altemative 3A), with the
extension of light rail service beyond Natomas Town Center to the Airport.

As part of this long-term transit vision for the DNA Corridor, during the environmental phase and
subsequently in PE and final design, RT will evaluate in greater detail design options that are
also retained as part of the LPA. A listing of these design options is shown in Table 8.8-1.
These design options will influence transit station and park-and-ride lot location, transit user
accessibility, traffic flow and circulation, and pedestrian safety.
While Alternative 3 falls above the FTA user benefit threshold of $25.00, it is anticipated that
additional design and engineering refinements could be achieved, thereby enhancing the
eligibility of Alternatives 3 and 3A for federal funding. This could occur, for example by treating
the LRT maintenance facility and bike/pedestrian path on the new American River bridge, as
separate capital projects and thus paid for through other sources of funding. Under this
scenario, the resulting FTA user benefits would be $24.41 and $20.36, respectively. Other types
of cost savings, value engineering, and/or funding strategies will be considered in the PE phase
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of project development to improve this ratio. This type of separate capital project approach
occurred during South Line Phase 1, with the separate funding of the Wayne Hultgren LRT
station and the Florin Road grade separation project. Alternative 3B already falls well below
FTA's user benefit threshold of $19.99 per hour allowing it to compete for a medium project
rating in FTA's New Starts process.

8.6 Funding Strategy
A long-term commitment of local, state and federal funding will be required to build the DNA
LRT extension. SACOG's MTP identifies approximately $400 million in funding available to
build light rail from Downtown to the Airport. This figure could potentially increase to $450
million assuming the availability of Airport funding for airport-related transit improvements and
local developer fees that are reasonable to expect based on redevelopment of the
Railyards/Richards Boulevard areas. It is further assumed that:

•

Project construction will be funded based on a 50 percent federal New Starts match,
coupled with local and state funds, and

•

Project operation assumes local funding, primarily through farebox revenues and renewal
and expansion of Sacramento County's Measure A sales tax program. Critical to the
construction and operation of DNA improvements will be an increase in RTs share of a
renewed sales tax program, from an existing 1/6 of a cent to at least 1/3 of a cent as
identified in the adopted MTP.

The phasing of project construction will be dictated, in large part, by the availability of
construction and operating funds. RT will need to work closely with FTA, SACOG, and other
local and state agencies to ensure that necessary funding is available when needed to maintain
project momentum so that initial LRT service between Downtown and the Natomas Town
Center begins by 2012 and that service is extended to the Airport no later than by 2015.

8.7 Recommendation

Thus it is recommended that the LPA consist of building and operating high capacity LRT
service on the Truxel Road alignment from Downtown, through South and North Natomas to the
Sacramento International Airport. Figure 8-8.1 shows the location of the alignment, while Table
8.8-2 identifies design options that are recommended to be dropped from further study.
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FIGURE 8.8-1

LOCALLY PREFERRED ALTERNATIVE
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TABLE 8.8-1
DESIGN OPTIONS TO BE CARRIED FORWARDED AS PART OF THE LOCALLY
PREFERRED ALTERNATIVE
Description

Design Option
Downtown to Richards Boulevard
1

North 5^ Street, Mixed Flow Gradeseparation

Double-track mixed flow guideway through grade-separation of
relocated Union Pacific Railroad (UPRR) tracks;
Double-track In exclusive median of new 5°i/6" Street north of UPRR

2

North 51° Street, Exclusive GradeSeparation

Double-track exclusive guideway In median of proposed 5'/6' Street
grade-separation of relocated UPRR tracks;
Double-track exclusive guideway in median of new 51'/61' Street north
of UPRR

3

North 6'" Street, Exclusive GradeSeparation

Double-track exclusive guideway in median of proposed e Street
grade-separation of relocated UPPR tracks;
Double-track exclusive guideway along 601 Street alignment north of
UPRR

4

5

7'" Street, Exclusive Single Track

Single-track exclusive guideway in 2-lane 7"' Street extension

(Starter Line and Minimum
Operable Segment [MOS])

undercrossing,

7'" Street, Exclusive Double Track

Single track exclusive guideway in 71° Street extension undercrossing;

s

Sin g le track exclusive g uidewa y alon g 7 Street north of UPRR

Double-track exclusive guideway along 7t° Street north of UPRR
6

7" Street, Mixed Flow Double
Track/Exclusive Guideway

Double-track mixed flow guideway in 2-lane 7^ Street extension
undercrossing;
Double-track exclusive guideway alo

7

71° Street, Two-Phased Undercrossing Construction

7^' Street north of UPRR

Phase One: Single-track exclusive guideway in existing 2-lane 7th
Street extension undeicrossing,
Phase Two: Double-track exclusive guideway in new 4-lane 7 "' Street
undercrossing
Phase One and Two: Double-track exclusive guideway along 7 "'

Street north of UPRR
8
9

7th Street, east-side running (North B

Double- or single-track exclusive guideway using city-owned land on

Street to Richards Boulevard)

the east side of 7th Street between North B Street and Richards Blvd.

Sequoia Pacific Boulevard Station

Light Rail Transit (LRT) station on abandoned railroad spur west of
Sequoia Pacific Boulevard

Text in Bold type indicates the primary design option in a particular geographic segmen
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TABLE 8.8-1
DESIGN OPTIONS TO BE CARRIED FORWARDED AS PART OF THE LOCALLY
PREFERRED ALTERNATIVE (CONTINUED)

Desi n Option

Description

Crossin g of the American River
10

Truxel Bridge Grossing (All
Alternatives)

Transit only crossing along an abandoned railroad spur
west of Sequoia Pacific Boulevard, with a direct connection
to Garden Highway at Truxel Road

11

North 5'" Street Bridge Crossing

Transit only crossing from the end of North 5"' Street with a
direct connection to Garden Highway at Truxel Road

Through South Natomas
12

Mixed Flow, Double-Track in Traffic
Lanes (Truxel LR

Double-track exclusive guideway in mixed flow travel lanes
on Tnixel Road;

13

Exclusive Median Single-Track
(Truxel LRT Starter Line/MOS)

Single track exclusive guideway would operate in the
median of Truxel Road, with double track sections at
selected locations

Exclusive Median Single-Track with
Single-Track Mixed Flow

Single track exclusive guideway would operate in the
median of Truxel Road, with a second track located in an
adjacent mixed flow lane
LRT Station located on Truxel Road south of
West El
Camino Avenue
LRT Station located north of San Juan Road in the median
of Truxel Road with parking west of Truxel Road adjacent
to the Truxel/1-80 interchange

14

15
16

West El Camino Avenue Station
South Site
San Juan Road Station North Site

Crossing of Interstate 80
17

New East Side Double Track Aerial
Structure ruxet LRT)

New aerial structure over 1-80 located on the east side of
the Truxel Road overcrossin

18

Mixed Flow Double Track Aerial

Double-track mixed flow guideway on the existing 1-80

Structure

overcrossing

(Truxel LRT Starter Line/MOS)
19

New I-80 Double Track Aerial

New aerial structure over 1-80 with an elevated transition to

Structure to the West Side of Truxel
Road

the west side of Truxel Road just north of the Natomas
Marketplace

ext in Bold type indicates the primary design option in a particular geographic segment
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TABLE 8.8-1
DESIGN OPTIONS TO BE CARRIED FORWARDED AS PART OF THE LOCALLY
PREFERRED ALTERNATIVE (CONTINUED)

Design Option

Description

Through North Natomas
20
Arco Arena Spur
Gateway Park Boulevard
and Truxel Road - West
Side
22 Gateway Park Boulevard
and Truxef Road - Center
(Truxel LRT Starter
Line/MOS
23 Gateway Park Boulevard
and Truxel Road - East
Side
(Truxel LRT)
24 Commerce Parkway Station

21

25 Greenbriar Farms Station
26 Metro Air Park Station
Access into the Airpo rt

Operation of LRT along a spur to Arco Arena for special events; Light
rail vehicle storage for MOS alternative
Station located along the west side of Truxel Road adjacent to the
Natomas Marketplace
LRT Station in the median of Truxel Road north of Gateway Park
Boulevard.
LRT Station along the east side of Truxel Road north of Gateway Park
Boulevard
LRT Station along the east side of East Commerce Parkway at North
Park Drive
LRT Station along future extension of Meister Way
LRT Station along Meister Way just west of Metro Air Parkway

27

Single Station

Locate an LRT station between existing Terminals A and B.

28

Rental Car Station

Locate an LRT station at the Rental Car Facility south of the
terminals.

29
Rental Car/Terminals A & B

Locate LRT stations at the Rental Car Facility and between existing
Terminals A and B

Two Stations

Locate LRT stations at Terminals A and B

Terminal A, East Side
(All Alternatives)

Locate an LRT station along the east side of Terminal A with an
alignment along the eastern side of Airport Boulevard

Station Immediately North
of 1-5

Locate a station immediately north of 1-5 (near former oxidation
ponds) that would serve future airport development between 1-5 and
Crossfield Drive

30
31

32

Maintenance Facility Options
33

Maintenance Facility at
Metro Air Park (Truxel

Locate a light rail vehicle maintenance facility near Meister Way at
Metro Air Park

LRT/LRT Starter Line)

Text in Bold type indicates the primary design option in a particular geographic segment
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TABLE 8.8-2
DESIGN OPTIONS TO BE DROPPED FROM THE LOCALLY PREFERRED ALTERNATIVE
Design Option
Crossin of the American Rive r

Description

1

Urrutia Bridge Crossing

Continue north on 71° Street to a crossing of the American River just
east of Discovery Park

2

1-5 East Bridge

A new bridge crossing immediately adjacent to the existing 1-5 Bridge

Through South Natomas
Exclusive Median Double3 LanelDoubte-Track
BRT/LRT Guideways
4 Exclusive East Side
BRTILRT Guidewa
Through North Natomas
4

Sports Parkway Alignment

Doubte-tane or double-track guideway in the median of Tnixel Road
( See Fig ure 5.4-11
Double-lane or double-track g uidewa y on the east side of Truxel Road
Operation of either LRT along Sports Parkway past Arco Arena to
Town Center Drive

Maintenance Facility Options

5

Maintenance Facility at the
Airport

Locate a light rail vehicle maintenance facility on airport property south
of 1-5
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example, several meetings with the River Oaks
Community Association, the South Natomas TMA,
the Natomas Community Association, public sociping
meetings and the two major community workshops
held in November 2002 and July 2003 at Natomas
High School. This is in addition to a large number
of other meetings with community leaders, elected
officials, and affected public agencies. The Project
has held several meetings of the DNA Citizen Review
Panel (CRP) at the South Natomas Community
Center.
With a project mailing list of over 7,000 individuals
and organizations, RT has also distributed three
community newsletters, and posted workshop
meeting notices in the Natomas Journal and
Sacramento Bee Neighbors, and at local grocery
stores, the South Natomas Community Center, and
at other frequently visited activity centers in the
Corridor.
2. Concern:
Have residents whose homes
may be impacted been notified?
Fact:
In advance of all workshops, RT
distributed notices about the upcoming meetings to
several hundred residences and apartment
complexes along Truxel Road between Garden
Highway and San Juan Road. RT's consultants have
gone door-to-door to talk to businesses in the area
and to disseminate fact sheets, and staffed a booth
at the South Natomas Community Festival. Citizens
have also been informed through the Natomas
Journal, the website, and hot line.
3. Concern:
Is the City considering "taking"
and tearing down 87 homes, apartments and
condominiums to make way for light rail?

f. Concern:
Has RT communicated or
reached out into South Natomas?
Fact:
Since October 2001, RT has held
over 100 community meetings, briefings, or
workshops in the Corridor, with more than a dozen
sessions held in South Natomas. This includes, for

Fact:
Three different LRT alignments on
Truxel Road between Garden Highway and San
Juan Road are being considered by FIT Two of
these concepts only result in the removal of
approximately seven condos and three businesses.
These two concepts include 1) operating north and
south bound in the existing inside travel lanes in
mixed flow traffic with a station platform in the
median, or 2) operating an exclusive single track

Aut^uS It
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with double tracking at stations, A third concept
envisions exclusive LRT operating in two tracks in
the median of the roadway. Approximately 41 single
family homes, 40 apartments and condos and three
businesses would be needed with this third option.
The RT Board of Directors recently dropped two
design options on the east side of Truxel in South
Natomas that would have caused the removal of
homes and businesses.
4. Concern:
Does LRT require fewer but
larger stations and park-and-ride lots?
Fact:
For either LRT or BRT, RT is
assuming the same number of stations in South
Natomas, with stations at West El Camino,
Pebblestone Way, and at San Juan Road. All stations
would be the same size, although the number of
park-and-ride spaces provided would vary and has
yet to be determined,
5. Concern:
Does LRT require more space
to accommodate commuter needs, and large
parking lots 7 Might they be an eyesore, as well
as a target for thieves/crime?
Fact:
Parking requirements for LRT or
BRT operations are based on the number of transit
users, the number of vehicles serving the station
and access requirements, the existence of
surrounding development, and other factors. It is
assumed that a large park-and-ride facility to
accommodate upwards of 1,000 vehicles would be
located north of 1-80 at Arco Arena. This facility, in
addition to all the LRT or BRT stations that would
be built between Downtown and the Airport, would
be regularly patrolled seven days a week by City of
Sacramento or RT police.
6. Concern:
Are safetypmbMms more acute
at stations than bus stops? Does LRT attract
more problem passengers because they have
more space to move around?
Fact:
No, RT collects passenger
complaints and other statistics about 'problem
passengers that use its bus and light rail system.
Generally, there is no significant difference in the

number or types of complaints filed or problems that
occasionally occur on RT buses or trains.
7. Concern:
Does LRT slow traffic because
they have priority at intersections? Do buses
make more stops and travel in the same lanes
as autos?
If LRT or BRT operates in the
Fact:
median on exclusive lanes and out of the existing
travel lanes, then impacts to the flow of traffic will
be limited to some turning movements on and off
Tmxel Road. On the other hand, if LRT operates in
mixed flow (i.e., in the north and sound bound inside
lanes), then vehicle traffic will slow somewhat.
8. Concern:

used four to six-foot high mobile observation towers
at large parking facilities to allow law enforcement
officers to easily survey parking areas. It is likely
that within the DNA Corridor, these towers would
only be used at a proposed park-and-ricle lot at Arco
Arena.
12. Concern., Could construction of LRT
destroy a number of neighborhood trees?
A number of trees along Truxel
Fact
Road would likely be removed. However, working
with community members, RT would develop a
landscaping plan that would not only replace these
trees but also add other landscaping, pedestrian
and other amenities.

Is light rail noisier than buses?

Fact:
LRT vehicles traveling at the same
speed as buses will generate about the same level
of noise. Along South Truxel Road, LRT and bus
noise would be very comparable.
Could construction of LRT bnng
9. Concern;
increased crime and other unfavorable
characters into the area?
Studies show, and local police
Fact:
confirm, that crime around stations is similar to or
less than the crime associated with the community
in which the station is located. In other words, a low
crime community will have low crime at transit
stations.
Research indicates that those who use transit
regularly have been 20-30% more likely to describe
transit as safe as non-users. A 1997 study by the
Transportation Research Board suggests that over
93% of crime that occurs on rail is fare evasion and
to a lesser extent, disorderly conduct.
10. Concern: Could conshuction of LRT bring
decreased property values in the area?
In fact, easy, convenient
Fact:
accessibility to light rail has increased the values of
residential and commercial properties within 114 to
112 mile of light rail stations. This has been
demonstrated by studies conducted for LRT Corridors
in Portland, San Jose, and in many other
communities around the nation, where the median
value of residential properties increased from a low
of 5%, in San Diego to a high of 32% in Dallas.
11. Concern: Does RT intend to build guard
towers at its park-and-ride lots?
One of RT's highest priorities is
Fact:
public safety, including protecting private property
and automobiles parked at RTs park-and-ride lots.
Several transit properties around the country have

13. Concern.* Could travelers to and from the
airport object to using a system that veers off
the freeway to meander through a residential
area and make 13 stops along the way?
By 2025, it will likely take motorists
Fact:
upwards of 27 minutes dudng the rush hour to travel
on I-5 between Downtown Sacramento and the
Airport In comparison, LRT along Truxel Road will
take 28 minutes and BRT will take 31 minutes.
There will likely be airport express service that skips
stops on the way to/from the airport to allow
passengers to travel there even faster.
14. Concern: Are LRT construction costs
between $400 million to $850 million?
As shown at the July public
Fact:
workshop, the cost estimate (in current dollars) for
LRT ranges between $388 million for the Truxel
Road single-track alternative, to $739 million for the
1-5/1-mxel Road Alternative. However, as with all of
their projects, RT is working to reduce these costs
significantly in order to ensure the project is costeffective and competitive for federal funding.
15. Concem: Were public meetings designed
to elicit public input or just to inform them on
what U planned to do?
RT encourages public comment
Fact:
on the study alternatives, the design concepts, and
how the proposed project would impact the local
community. At the two public workshops, more than
300 individual comments-both pro and con-were
received and recorded. Comments were provided
verbally and recorded on large tablets, and were
provided in writing by community members. These
comments have been distributed to the RT Board
of Directors and posted on the project website for
members of the public to review.
As part of the DNA Corridor Study, RT also
encourages the public to provide written comments

using the project website (www.DNART.org) or by
calling the DNA Information Hotline at
(916) 930-1192.
16. Concern: Have new residents bought near
Truxel Road without being informed of the
potential for LRT in their front yards?
The City of Sacramento and
Fact:
Sacramento County, in working with RT, have
planned for years to implement transit improvements
in the DNA Corridor. The 1994 South Natomas
Community Plan, the 1994 North Natomas
Community Plan and the 1998 City of Sacramento
General Plan, all adopted by the Sacramento City
Council, cal for the construction of light rail on Truxel
Road. In addition, the County General Plan also
shows Truxel Road as the preferred alignment for
future transit improvements. Several people have
commented at the workshops that they specifically
bought their homes along Truxel Road because of
the plans for LRT.
17. Concern;
congestion?

Could light rail increase traffic

With an exclusive light rail
Fact:
operating in the roadway median, traffic flows will
not be affected. However, if LRT operates in mixed
flow with other vehicles, it will add some additional
congestion: it should be noted that a high percentage
of the ridership is predicted to come from South
Natomas and therefore those riders would not be
using their vehicles on Truxel road but instead would
be using transit.
18. Concern: Will it be dangerous for
elementary and high school students to cross
the light rail line?
Many school aged children
Fact:
currently ride light rail to and from school. In many
cases, they are veteran riders. People of all ages
and abilities interact safely with light red in downtown.
It is a fact that more peclestriaril automobile accidents
occur than pedestrian/LRT accidents. The LRT
system would be fully signalized and, where
necessary, gates and horns would be installed to
protect pedestrians and vehicles crossing in its path.

The public will continue to have a number
of opportunities to provide cc.m.mentsthrough meetings and workshops, the
project website. or by contacting the
project Hotline. To get involved and make
sure you are notified of upcoming
meetings. you can add your name to our
mailing list using the project website at
www.dnart.org or by calling the
Information Hotline at (916) 930-1192.

