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1.0 INTRODUCTION 

1.1 Purpose and Scope 

The purpose of this technical memorandum is to establish the design flood WSEs and flood 
protection elevations for the conveyance facilities in the Delta Habitat Conservation and Conveyance 
Program (DHCCP). This Technical Memorandum (TM) describes the data, methods and results of 
analyses of flood water surface elevations (WSEs) along each of the conveyance alignment options. 
The flood protection criteria are also described. The current conveyance alignment options are 
illustrated in Figure 1.  

1.2 Exclusion and Limitations 

Data used in this TM were limited to readily available data. These data included information used in 
previous Department of Water Resources (DWR) and United States Army Corps of Engineers 
(USACE) projects. This TM does not address Federal Emergency Management Agency (FEMA) 
guidelines. The stage-frequency data reflect present conditions and engineering knowledge and do 
not reflect any expected probability adjustment. Nor do the data show the effects of any proposed 
dams, levee improvements, or possible Sacramento-San Joaquin Delta (Delta) operation changes. 
Considerations of interior drainages for the Delta islands were not included in the scope of this TM. 
Because the alignments are still being revised at the time of this TM, for the purpose of reference 
along the alignment, the alignment stationing was approximated from the DHCCP Option Description 
– Map Book (December 31, 2008). The alignment stationing shall be used with the names of rivers 
and islands to identify the location for each flood elevation. Except for those presented in the 
previous DWR or USACE studies, the WSE data and plots presented in this TM were not developed 
using a hydraulic model.  

1.3 Usage 

This TM is intended to provide initial tentative general flood protection information and guidelines. 
The data developed in this TM will be used for describing DHCCP option descriptions and 
performing preliminary design at the conceptual engineering level. Detailed study on a case-by-case 
basis is recommended for obtaining detailed flood protection elevations for design and construction. 

DWR-661



CALIFORNIA DEPARTMENT OF WATER RESOURCES  
Delta Habitat Conservation & Conveyance Program 

DHCCP Washington Team  Technical Memorandum 
 
 

 2 

F
IN
A
L 

1.4 Study Area 

The Delta, covering more than 1,000 square miles, is in Central California. In general, the Delta 
extends north to Sacramento, south to Stockton, west to Pittsburg and east to Interstate 5. The 
region, situated at the confluence of the Sacramento and San Joaquin Rivers at the head of Suisun 
Bay, is very flat and has been reclaimed from a natural tidal area by hundreds of miles of levees 
along natural and manmade waterways that divide it into approximately 100 tracts, locally known as 
“islands.” Land elevations in the Delta range from just above mean sea level to 10 feet below mean 
sea level. Before islands were reclaimed, much of the Delta was covered by water from the daily tide 
cycle. During times of high runoff from the Sacramento and San Joaquin Basins, much of the Delta 
would be flooded.  

The contributing drainage area to the Delta encompass approximately 40,000 square miles of the 
Sacramento, San Joaquin and Mokelumne River Basins. Flows and the annual maximum stages in 
these river systems are generated from areas that are geographically and physically different. These 
differences are caused by the geographical distribution of the contributing drainage basin and the 
fluctuations of storm tracks over Northern California.  

The tidal influence of the Pacific Ocean also contributes a profound effect on water surface 
elevations  in the lower and central parts of the Delta. If high tides combine with high runoff events, a 
very high flood stage will result. Flood tides from the Pacific Ocean will have a tendency to slow 
down and backup high inflows from the river basins. When this “stacking” occurs, especially with 
high wind periods, levee failures and flood flights are a common occurance. 

2.0 DELTA FLOODING 

2.1 Data 

Delta river and slough flooding elevations and flood hazard data are available from the DWR Delta 
Risk Management Strategy (DRMS) Report (URS, 2008) and the annual maximum data sets from 
the USACE report Office Report: Sacramento-San Joaquin Delta, California, Special Study, 
Hydrology (Special Study) (USACE, 1992). The 100-year, 200-year, and projected 500-year WSEs 
that are presented in this TM were obtained and/or calculated using data from these two reports.  

USACE’s report presents stage-frequency curves for 24 water level gage locations, wave runup data 
for 12 locations and 50-, 100-, and 500-year maximum WSE plots throughout the Delta. The stage-
frequency curves in this report, which include stage data recorded through water year 1988, do not 
consider possible levee failures.  

Most of DHCCP conveyance intakes are located along the main stem of Sacramento River. River 
flooding elevations within Sacramento River are based on results of hydraulic modeling using the 
UNET hydraulic model that was developed by USACE for the 1997 Sacramento and San Joaquin 
River Basins, California, Comprehensive Study (Comp Study) (USACE, 2002) and later modified by 
MBK Consultants. The UNET hydraulic model simulates unsteady flow through a full network of 
open channels, weirs, bypasses and storage areas.  
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All flood elevations in this TM are referenced to the English unit, feet, with the North American 
Vertical Datum of 1988 (NAVD88). Data presented in previous studies that used the National 
Geodetic Vertical Datum of 1929 (NGVD29) were converted for use in these studies to NAVD88 
using the latitude and longitude of each station and the Corpscon software from USACE (2004). In 
the Delta and DHCCP project area, the correction varies from 1.97 to 2.50 feet. The standardized 
conversion of the DHCCP involves adding 2.3 feet.  

2.2 Potential Flooding Sources 

The Isolated Conveyance Facility (ICF) East and West alignments (ICF-East and ICF-West) pass 
through several islands or tracts that are adjacent to Delta rivers and sloughs. A levee breach on 
one of the rivers or sloughs could discharge flood water into the adjacent island or tract and fill it to 
an elevation that may impact the isolated facility. The islands or tracts which, if flooded, could impact 
either the ICF-East or ICF-West are presented in the following tabulation along with the assumed 
source of the flood water.  

Island or Tract   Flood Water Source  

Eastern Alignment: 
Pierson     Sacramento River or Snodgrass Slough 
Glanville    Snodgrass Slough 
McCormack-Williamson  Mokelumne River 
New Hope    Mokelumne River 
Canal Ranch    South Fork Mokelumne River 
Brack Tract    South Fork Mokelumne River 
Terminous Tract   South Fork Mokelumne River 
Shin Kee Tract    South Fork Mokelumne River 
King Island    South Fork Mokelumne River 
Rindge Tract    Disappointment Slough or San Joaquin River 
Lower and Middle Roberts Island San Joaquin River 
Drexler Tract    Middle Fork San Joaquin River 
Union Island    Middle Fork San Joaquin River 

Western Alignment: 
Netherlands    Elk Slough, Sutter Slough 
Ryer Tract    Steamboat Slough 
Grand Island    Steamboat Springs, Sacramento River 
Brannan-Andrus Island   Sacramento River, Seven Mile Slough, Georgiana Slough 
Twitchell Island    Seven Mile Slough, Three Mile Slough, San Joaquin River 
Bradford Island    San Joaquin River, False River 
Bethel Island    False River, Taylor Slough, Dutch Slough 
Hotchkiss Tract   Dutch Slough, Rock Slough 
Bryon Tract    Old River (San Joaquin) 
 

The elevation to which an adjacent island or tract will be filled by flood water depends upon several 
factors, including size of the flood event, location of the breach, size of the breach, size of the island 
or tract that is flooded, and when the breach occurs relative to the flood event. The flood events 
considered in these analyses are the 100-year, 200-year, and 500-year floods. The potential 
breaches were assumed to be at locations that would result in the maximum flooding of the island or 
tract. Breach sizes were assumed to be large but were not estimated as part of these initial 
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evaluations. It was assumed that levee breaches would occur during the peak of flood events such 
that the maximum one-day or five-day flood volumes could enter the islands.  

The size of an island or tract will determine how much flood water is needed to fill it to any given 
elevation. Stage-storage relationships for the islands and tracts listed above for the eastern and 
western alignments of the isolated facility were developed for use in these analyses. These 
relationships are presented in Table 1. 

2.3 Potential Flooding Scenarios 

Six potential flooding scenarios were considered in evaluation of flood protection needs along the 
DHCCP alignments. These potential flooding scenarios are: 

▪ River flooding assuming no levee failures; 

▪ Floodplain flooding assuming multiple river levee failures or overflows; 

▪ Island flooding limited by levee heights; 

▪ Island flooding limited by river stage; 

▪ Island flooding limited by flood volume; and 

▪ Tidal flooding, due to sea level rise and assuming a levee breach without a storm flood event. 

For flooding scenarios 1 through 5, stage-frequency relationships were developed and 100-, 200-, 
and 500-year WSEs were tabulated. For scenario 6, an estimate of mean higher high water (MHHW) 
was estimated along each DHCCP alignment. The six potential flooding scenarios are described in 
the following paragraphs. 

2.3.1 Flood Scenario #1: River Flooding – No Levee Failures 

River flooding, or overtopping without levee failure, could cause damage to DHCCP facilities located 
on either the waterside of the river levee or adjacent to the landside of the river levee. After 
overtopping, flows on the landside of the levee would very quickly spread out, resulting in a relatively 
shallow sheet flow in the direction of the land slope. Thus, this flooding scenario would be the critical 
scenario only for facilities on the waterside of the levee or in the immediate vicinity of the levee on 
the landside.  

Gauge stations used to derive flood elevations were chosen based on proximity to the alignments 
and availability of data. Table 2 lists the data used to derive flood elevations along the alignments 
and how the elevation at each alignment location was estimated from the data.  

Flood elevations are based upon two reports (URS, 2008, and USACE, 1992). The URS data was 
derived by the Monte Carlo (MC) method as part of the DRMS study and is presented in the 
NAVD88 datum. USACE data consists of annual maximum stage data taken from USACE’s Special 
Study (USACE, 1992). The period of record varied by station from 30 to 44 years. The elevation 
datum was NGVD29, which was converted to NAVD88 for this TM. Some flood elevation 
discrepancies exist in these two data sets. Where there is a discrepancy in these two data, the 
superiority elevation is selected for conservatism. 
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2.3.2 Flood Scenario #2: Floodplain Flooding – Levee Failures or Overflows 

Flood waters overtopping or failing a levee will flow in the down slope direction across the surface of 
the island. This flow will continue until it encounters a downstream obstacle, such as a downstream 
levee or a body of water that is impounded by a downstream levee. In many historical cases, levee 
failures have resulted in flood waters entering an island, flowing to the low point in the island 
(generally at a down slope levee), and ponding until the water level reaches the elevation of the 
lowest elevation of the levee crest that surrounds the island. Flood elevations associated with the 
floodplain flooding scenario apply to DHCCP facilities in river overbank areas where breach and 
overtopping flood waters are flowing as sheet flow over the surface of the overbank areas. 

Floodplain flooding elevations due to river levee failures and overflows are based on the flood 
hazard data developed in the Comp Study, Appendix D. The Comp Study levee failure methodology 
was devised to determine when simulated flows would cause levees to fail and a floodplain would be 
formed. A likely failure point (LFP) profile was developed for levees in the Sacramento and San 
Joaquin River Basins on a reach-by-reach basis. The LFP represents the approximate elevation at 
which there is 50 percent probability of levee failure. The LFP approach represents a simplified 
analysis to yield generic conditional probability of failure versus WSE with respect to top of levee. 
After levee failure, the flood WSE remains relatively constant and the flows escape into the 
floodplain through the levee break. The floodplain flooding WSE is assumed to equal to the 
maximum flood WSE at and adjacent to the levee break. The flood WSE will decrease as the 
landside distance from the levee break increases due to the floodplain slope. The maximum flood 
WSE at the levee break represents the conservative assumption for the floodplain flooding elevation 
and was adopted for use in this TM. 

2.3.3 Flood Scenario #3: Island Flooding Limited by Levee Heights 

A levee breach will result in flood water entering the island or tract and then flowing to the low point 
within the island or tract, where it will pond until it overtops the low point in the levee that surrounds 
the island or tract. When the water overtops the low portion of levee it will breach that portion of the 
levee and any subsequent inflows will flow out of the new breach.  

For this potential failure scenario, it was assumed that the maximum WSE of the ponded water is 
equal to the minimum elevation of the confining levee plus 1 foot. Minimum crest elevations of the 
levees surrounding each of the islands or tracts were obtained from available topography. 

2.3.4 Flood Scenario #4: Island Flooding Limited by River Stage 

It is possible that a maximum river or slough WSE is less than the minimum crest elevation of the 
surrounding levee, or that a levee failure occurs where the levee surrounding the island is at its 
lowest elevation. In this case, if the levee breaches and the island is small enough, the maximum 
WSE that would develop in the island or tract is the maximum WSE in the river or slough that is 
adjacent to the breach.  

For this potential failure scenario, it was assumed that maximum WSEs are controlled by the 
maximum elevation of flood flows in the adjacent major rivers, that is, the levee failure occurs at the 
worst possible location for island flooding. 
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2.3.5 Flood Scenario #5: Island Flooding Limited by Flood Volume 

Some of the islands or tracts that the isolated facility alignments pass through are quite large and 
can possibly accommodate more water than the flood event can deliver during the duration of peak 
flows. In this case, water would start to accumulate on the island immediately after the breach and 
will continue to accumulate until the flood peak passes and then begin to drain. Thus, the maximum 
flood elevation on the island depends upon the discharge-duration characteristics of the flood, when 
the flood occurs relative to the peak flow, and how much of the flood waters enter the island, which 
is dependent upon how large the breach is and how rapidly it develops. 

For this flood scenario it was assumed that flood water would accumulate to the maximum five-day 
average stage in the river segment that is adjacent to the island or tract, if this elevation is less than 
the minimum elevation of the surrounding levee. The five-day average river stages were estimated 
using the flow data and WSE equations developed for the Technical Memorandum, Delta Risk 
Management Strategy (DRMS), Phase 1 (URS, 2008). Maximum annual five-day average WSEs 
were calculated and Log Pearson Type III analyses of the results were made to determine the 
100-year, 200-year, and 500-year maximum annual five-day average elevation. If the Log Pearson 
Type III analyses presented higher elevations than the adjacent levee crests, the levee crest 
elevation was assumed. The volume of water that would be temporarily stored on the island or tract 
under this potential failure scenario relative to the total volume of water that can be stored can be 
estimated from the stage-storage relationships presented in Table 1. 

2.3.6 Flood Scenario #6: Tidal Flooding – Sea Level Rise 

Tidal flooding is based on MHHW elevation. MHHW is the average of the higher high water height of 
each tidal day observed over the National Tidal Datum Epoch (note that a tidal day is 24 hours and 
50 minutes long). The Tidal Epoch is a specific 19-year period (the present Epoch is 1983 to 2001) 
over which WSE is measured. Relating all tidal data to a specific epoch ensures that sea level 
changes and other tidal features are consistent between stations. The elevation of MHHW is not 
available throughout the Delta. The National Oceanographic and Atmospheric Administration 
(NOAA) maintain several tide gauges in San Francisco Bay that are used to estimate the MHHW. 
They have also made several short term measurements at stations in the Delta. For stations with 
shorter series, comparison of simultaneous observations with a control tide station is made in order 
to derive the equivalent datum of the National Tidal Datum Epoch. 

Where tidal datum data from NOAA were available and could be related to the NAVD88 datum, the 
data were obtained from the NOAA Web site:  

http://tidesandcurrents.noaa.gov/station_retrieve.shtml?type=Bench%20Mark%20Data%20S
heets&state=California&id1=941.  

 
DWR maintains a database of water level recorders in the Delta (referred to as the California Data 
Exchange Center [CDEC]). The water level recorders are maintained by a variety of agencies. 
Data for stations near the proposed alignments were obtained from the CDEC database 
(http://cdec.water.ca.gov/). Data for all stations were obtained for the period April 1, 2008 to October 
31, 2008. This period was chosen to have a consistent time period for comparison between stations 
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that did not contain any storm data. From these data the maximum WSE for each day was obtained. 
The average of all these data was used to represent the MHHW datum. 

Over the next 100 years sea level is projected to increase, thereby increasing the tidal elevation in 
the Delta. Rahmstorf (2007) developed a semi-empirical relationship between the increase in 
atmospheric surface temperature above a base value and the rate of sea level rise (SLR). Using 
estimates of the increase in atmospheric temperature developed by the International Panel on 
Climate Change (IPCC), Rahmstorf predicted an increase in sea level from 1990 to 2100 of 22 to 
49 inches (55 to 125 cm). If the statistical error in his model of one standard deviation is included in 
the estimate the range in sea level rise is 20 to 55 inches (50 to 140 cm) from 1990 to 2100. A value 
of 55 inches of sea level rise at the Golden Gate Bridge was used in this analysis. 

The increases in sea level cannot simply be added to the estimated WSE. The SLR will change the 
hydraulic characteristics of flow through the Delta and its impact should decrease the farther inland a 
location is and the larger the storm event. A simple method to approximate changes in WSE in the 
Delta due to SLR was developed in the Technical Memorandum, Delta Risk Management Strategy 
(DRMS), Phase 1 (URS, 2008). The 55-inch increase in sea level rise will occur in the ocean, or, at 
the Golden Gate Bridge. Estimates of the increases in tidal MHHW due sea level rises along the 
DHCCP alignments were made using the following assumptions: 

▪ Flows in the rivers and sloughs can be represented by Manning’s Equation. 

▪ Flows in the channels are unaffected by sea level rise. 

▪ Channels are wide so that the hydraulic radius in Manning’s Equation can be represented by the 
depth of water. 

With these assumptions a relationship between the rise in sea level downstream (e.g., Golden Gate 
Bridge) and upstream is: 
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Where: 

dB = increase in WSE at the location of interest 

dA = sea level rise downstream (e.g., it is approximately 55 inches, or 4.58 feet, at the Golden Gate 
Bridge) 

h = existing depth of water 

EB = existing WSE at location of interest 

EA = existing WSE downstream (e.g., , which is approximately 5.9 feet at the Golden Gate Bridge) 
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 may be assumed to be a factor of -0.2 for most of the area. 

Equation (1) can be simplified as: 

 

( )9.52.058.4 −×−= BB Ed      (2) 
 

2.4 Wind-Wave Runup 

Flooded areas in the Delta, including areas within the river channels and sloughs, will have waves 
generated by the Delta winds. Large bodies of water, such as flooded islands, may have long wind 
fetches and, therefore, have high waves generated by a strong Delta wind. Wind waves could cause 
overtopping and/or erosion of levees and lead to damage of the DHCCP facilities. Protection of 
thees DHCCP facilities against wind waves must be considered in design of the facilities.  

The Phase 1 Final Technical Memorandum for Wind-Wave Hazard developed for the DRMS project 
for DWR (DWR, 2008) provides tables and figures for wind speed frequencies, wave heights and 
wave runup for various locations throughout the Delta. The wave height and runup values presented 
in the tables are based on calculations using procedures in the Coastal Engineering Manual 
developed by USACE. A median wind speed (50 percent chance of being exceeded in any given 
years) was used as a representative wind speed for estimating wave runup. This value varies from 
approximately 18 to 20 miles per hour (mph) along the east side of the Delta (near the eastern and 
through-Delta alignments) to approximately 30 mph near the western alignment. The runup slope is 
assumed as 1.5 horizontal to 1.0 vertical (H:V) slope. Table 3 presents wave runup for different fetch 
lengths.  

The values in Table 3 are consistent the wind-wave calculations in the Special Study (USACE, 
1992), which also indicated wave runup values of 3 to 5 feet. For portions of the alignment located 
along the edge of tracts, the wave runup values will be smaller. To achieve a wave runup value of 5 
feet, the water depth near the alignments would need to be on the order of 15 feet. The wave height 
and runup values would be smaller as the water depth becomes smaller. 

For example, for sloughs and rivers, where wind waves are bounded by banks and levees, fetch 
length is assumed to be less than 1,000 feet, with no wave runup. For most floodplain and island 
flooding scenarios, the fetch length was assumed to be pn the order of 20,000 to 30,000 feet  The 
recommended wave runup for these flooding scenarios is 5.0 feet for conservatism. 

3.0 WSES FOR FLOOD ELEVATION SCENARIOS  

Estimated WSEs associated with each of the six flood elevation scenarios are presented in the 
following paragraphs followed by a summary of all estimated WSEs. In these tables, the alignment 
stationing was approximated from the alignment length. The alignment stationing is suggested to be 
used with the names of rivers and islands to identify the location for the flood elevation. Flooding 
elevations from sloughs, the Sacramento River, floodplains, islands and tidal data were listed. 
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3.1 River Flooding 

River flooding WSEs (Flooding Scenario #1) along the ICF-East and ICF-West and TDF are 
presented in Table 4 and Figure 2. Elevations are also shown with an estimated increase in WSE 
due to sea level rise of 55 inches at the Golden Gate Bridge.  

Table 5 tabulates the 200-year river flooding elevations with and without SLR from Sacramento to 
Collinsville. These Sacramento River flooding WSEs are illustrated in Figure 3.  

River Miles (RMs) in the hydrology and hydraulics (H&H) data table in Table 4 are derived from river 
alignments from the Comp Study. These UNET hydraulic model RM rerference marks are not 
necessarily the same as those shown on the United States Geological Survey (USGS) quadrangle 
maps or quoted in other reports. The RM reference marks shown on the USGS quadrangle maps 
may be antiquated, as the river lengths have variously increased or decreased over time due to 
meadering or cutoff impacts. The Comp Study developed new river alignments based on the aerial 
photos of the river system taken at the time of the study. The RM reference marks in the Comp 
Study alignments are the most current information available, and have been used for many other 
studies and hydraulic models to represent the current river systems; therefore, these values were 
used in the H&H data tables for referencing relative locations along the river reaches. 

3.2 Floodplain Flooding 

Floodplain flooding WSEs (Flooding Scenario #2) developed for this TM are based on the maximum 
flood WSE at the levee break from the Comp Study. The results are tabulated in Table 6 and 
illustrated in Figure 4. 

3.3 Island Flooding 

WSEs for the three island flooding scenarios (Scenarios #3, #4, and #5) are summarized in Tables 7 
and 8. Also presented in these tables are the WSEs tentatively recommended for design. The island 
flooding WSEs are illustrated in Figure 5. 

The recommended design elevations presented in Tables 7 and 8 were selected based on 
consideration of historic (water years 1956 to 2005) maximum one-day and five-day runoff volumes 
in the Sacramento, San Joaquin, and Mokelumne Rivers. These runoff volumes are presented in 
Table 9. The design flood events are larger than the historic flood events, but not all flood waters will 
enter an island or tract. Breach flood routings are necessary to refine these estimates. 

Furthermore, the recommended design elevations assume levee breaches along the main rivers and 
sloughs and not along branch sloughs. For example, the South Fork Mokelumne River 200-year 
WSE at Brack Track is approximately 17 feet, and the low point on the Brack Tract surrounding 
levee is 12.1 feet. The recommended design elevation is 12.1 feet plus 1 foot. However, the WSE in 
Hog Slough where it crosses ICF-East is approximately equal to the river elevation (~17 feet), and a 
levee failure at the crossing could impact the immediately adjacent facilities.  
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3.4 Tidal Flooding 

Estimated tidal flooding elevations are presented in Tables 10 and 11. In general, the MHHW 
elevation can be considered constant throughout the Delta at approximately 6 feet NAVD88. The 
tidal WSE generally increases in the upstream direction in the Sacramento River. Due to 
Sacramento River flow, the WSE remains constant at approximately 6.7 feet at the I Street Bridge. 
Estimated tidal flooding with SLR is approximately 10 to 11 feet. Tidal flooding WSEs are illustrated 
in Figure 6. 

4.0 FLOOD PROTECTION NEEDS 

More than 90 percent of the DHCCP facilities are located within Delta flood-prone areas. It is 
essential that the DHCCP facilities be protected from flooding. Flood waters entering the facilities 
would be highly contaminated. In addition, they would contribute massive amounts of silt that would 
reduce hydraulic capacity, requiring lengthy service outages necessary for cleaning. Therefore, 
design of the ICF facilities and TDF levees should include protection designed for the required 
maximum expected flood event.  

Both USACE and FEMA are currently in the process of revising their flood protection criteria. At this 
time neither agency is able to provide definitive criteria for design of levee systems that meet the 
needs for the State of California. In the absence of updated federal levee protection guideline, DWR 
published Proposed Interim Levee Design for Urban and Urbanizing Area State-Federal Project 
Levees in August 2008 (DWR, 2008). The interim criteria, currently calling for public comments, is 
intended to provide interim guidance and criteria for design WSEs and levee design, as well as 
planning and engineering studies, such as DHCCP.  

4.1 Protection criteria 

The flood protection criteria described below follows the DWR interim urban/urbanizing levee design 
approach No. 1, which is a modified version of the FEMA approach. The DHCCP facilities, as critical 
water infrastructure for the State of California, are designed to be protected against a 200-year flood 
event. The DWR interim criteria recommended that the 200-year expected WSE is calculated or 
obtained through conventional deterministic hydraulic analysis. Also, the DWR interim 
urban/urbanizing levee design criteria recommends: the physical top of levee would need to be at 
least three feet higher than the expected WSE, with an additional freeboard (FB) allowance for wind-
wave runup. 

For DHCCP canal embankments, the recommended design flood protection elevation is the 
superiority of the flooding elevations of floodplain, island, and tidal flood scenarios, plus 5 feet for 
wind-wave runup and 3 feet of freeboard. For DHCCP infrastructure between the left bank and right 
bank levees and immediately adjacent to the levee, where wind-wave runup is not an immediate 
threat, the recommended design flood protection elevation is the superiority of the slough and 
Sacramento River flooding elevations, plus three feet of freeboard. Table 12 lists the recommended 
flood protection criteria. 
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Table 12. Recommended Flood Protection Criteria 

Flooding 
Scenarios Concept Figure Flooding 

Sources Flood Protection 

1.   
 

River 
Flooding 

 

200-year 
WSE in 

River and 
Streams 

200-year WSE + 
3-foot FB 

2. 
 

Floodplain 
Flooding 

 

200-year 
River 

Floodplain 
due to 
Levee 
Break 

200-year 
Floodplain WSE 
+ 3-foot FB, plus 

Wind-Wave 
Runup 

3, 4 and 
5. 
 

Island 
Flooding 

 

Island 
Flooding 
(200-year 
flood or 
island 

maximum) 
WSE due to 

Levee 
Break 

200-year Island 
Flooding WSE + 
3-foot FB, plus 

Wind-Wave 
Runup 

6.  
 

Tidal 
Flooding 

 

MHHW 
MHHW + 3-foot 
FB, plus Wind-
Wave Runup 

 

In addition, the DWR interim urban/urbanizing levee design criteria encourages an upward 
adjustment of the expected WSE to account for sea level rise, based on judgment and consideration 
of the physical limits of upstream and nearby regional flood protection system. 
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4.2 Recommended Flood Protection 

4.2.1 Without Sea Level Rise 

The 200-year flood expected WSE, not including sea level rise, are tabulated in Tables 13, 14, and 
15 for the ICF-East, ICF-West and TDF Options. These tables also include recommended flood 
protection, accounting for wind wave runup, for embankment design and river crossing. Figures 7, 8, 
and 9 show the expected WSE without sea level rise and the recommended flood protection for the 
ICF-East, ICF-West and TDF Options, respectively. 

The Dual Conveyance Facility Option (DCF) will follow the recommended flood protection for the 
applicable segments of the ICF and TDF options. 

4.2.2 With Sea Level Rise 

The 200-year flood expected WSE, including sea level rise, are tabulated in Tables 16, 17, and 18 
for the ICF-East, ICF-West and TDF Options. These tables also include recommended flood 
protection, accounting for wind wave runup, for embankment design and river crossing. Figures 10, 
11, and 12 show the expected WSE with sea level rise and the recommended flood protection for 
the ICF-East, ICF-West and TDF Options, respectively. 

The DCF Option will follow the recommended flood protection for the applicable segments of the ICF 
and TDF options. 
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