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1  Introduction 
Lytle Creek Development Company (LCDC) proposes to develop a community situated along the 
southwest bank of Lytle Creek. Lytle Creek is located in San Bernardino County, California.  The project 
site is immediately downstream of Lytle Creek alluvial fan adjacent to the I-15 stream crossing. To protect 
the proposed development from being inundated by floods, a soil cement or alternative grouted rock rip-
rap revetment levee is proposed along the streambank. 
 

 
Figure 1 - Lytle Creek Vicinity Map 

 
 
The proposed project site is approximately seven miles in length and based along the stream which has 
an average cross width of a quarter mile.  The proposed segment of Lytle Creek to be developed resides 
on a section of non-active alluvial fan, however, due to its close proximity to the fan apex or hydraulic 
apex, the river near the proposed project site remains an active alluvial stream.   
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Figure 2 - Lytle West Development Project Site 
 
The proposed revetment prevents the Lytle West development from being inundated by floods up to the 
designated 100-year occurrence event.  It establishes a stable stream front boundary for the planned 
community.  The structure of the revetment will be self sustained under horrendous destructive flooding 
conditions and possible chronological erosive impact of the stream terrace.  These conditions were 
derived based on sound technical guidelines.  The theoretical and regulatory backgrounds for these 
guidelines are outlined in this study in detail and include aspects of alluvial fan hydraulics, channel 
hydraulic and stream terrace bedform evolution and erosion assessment derived from empirical and 
numerical sediment transport models.  The design configurations of the revetment aim to ensure the 
revetment system is able to withstand 100-year flood impact from Lytle Creek and effectively protect the 
planned community from flood inundation from flood overtopping and bank failure. 
 
The study highlights the methods and results of watershed, hydrology, hydraulic and sediment transport 
analyses of Lytle Creek.  The revetment design recommendations are outlined and presented in plans, 
sections and profiles.  Critical numerical information is summarized in tables.  Hydraulic model input and 
output data using HEC-RAS are included in the Technical Appendices. 

1.1 Project Description 
The following report is a technical study to support the engineering design of a revetment along the 
southwest bank of Lytle Creek from 1.2 miles upstream of I-15 crossing to 5.7 miles downstream of I-15 
crossing near the confluence with Cajon Creek Wash, or a total reach length of 35,260 feet.  This 
hydraulic investigation focuses on the delineation of the natural floodplain associated with the portion of 
the extensive alluvial fan formed at the mouth of the Lytle Creek in San Bernardino County.   
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The proposed revetment levee will span approximately 7 miles in the northwest to southeast direction. 
The revetment cross-section includes a 1.5 to 1 (horizontal to vertical) side slopes of soil cement on the 
channel side with an alternative of grouted rock rip-rap.  The 20-feet maintenance road along the top of 
the levee will include a v-ditch adjacent to the road and a 2 to 1 slope to daylight to existing adjacent 
ground.  The levee will include a freeboard over the 100-year water surface elevation and a toe-down 
depth to satisfy the ultimate conditions. 

1.2 Study Objectives 
The primary objectives of this report are to accurately evaluate the hydraulic characteristics of the natural 
floodplain, qualitatively assess lateral bank erosion and stability and develop a comprehensive and 
technically based design for the construction of a revetment which provides the necessary flood 
protection and erosion control functionalities to Lytle Creek stream bank for the Lytle West development.  
This report provides the hydraulic and sediment transport analysis of the fluvial responses associated 
with this proposed revetment.  The following will be completed to accomplish this objective:  

1. Collect, review, and evaluate previous studies for this portion of Lytle Creek, including existing flood 
control improvements, aerial topography, historic aerial photographs, rainfall and hydrologic 
modeling, and establish recommended design discharges for various return periods. 

2. Evaluate the essential characteristics of the Lytle Creek alluvial fan and the alluvium nature of the 
creek within the project reach.  Evaluate the geomorphology for the active floodplain along this part of 
Lytle Creek through the use of historical aerial photographs, channel geometric characteristics and 
parameters, variation in streambed profiles, geomorphic empirical relationships, and streambed and 
bank material.  The assessment will utilize the available data to establish trends related to the 
channel form and erosion processes related to the stability of the active fluvial system. 

3. Develop a detailed hydraulic model using HEC-RAS of the existing floodplain that incorporates digital 
topographic data to accurately characterize variations in the active floodplain geometry and correlated 
to aerial photographs illustrating active planforms, vegetation, erosion and flow patterns.  Evaluate 
hydraulic impacts of existing man-made obstructions and natural flow splits from areas functioning as 
islands within the active floodplain.  Delineate water surface elevations or flooding limits for these 
areas within the active 100-year floodplain and quantify the amount of this area.  Evaluate the 
hydraulic conveyance of the proposed facilities under the design storm conditions and establish 
hydraulic parameters for revetment design.   

4. Identify preliminary design requirements for the revetment geometry which includes top and toe down 
elevations. 

5. Review sediment transport analyses representative for this portion of Lytle Creek.  Utilize engineering 
results of the fluvial analysis, floodplain hydraulic characteristics, and geomorphic trends to develop 
qualitative assessment of streambank erosion. 

The information contained in this Engineering Report is intended to provide detailed background 
information on the development of the preliminary design for the project.  This study will serve to enhance 
the final engineering as a guide to assist in the implementation of a controlled floodplain management 
program.  It is also intended that this document facilitate the communication and coordination with the 
jurisdictional agencies involved during the project development and review process. 

1.3 Regulatory Permits 
Environmental permits will be required for the proposed revetment within Lytle Creek.  The permits 
required for the construction of the levee include:  

• Federal Clean Water Act (CWA) Section 404 Permit from the U.S. Army Corps of Engineers 
(ACOE)  

• CWA Section 401 Water Quality Certification issued by the Regional Water Quality Control Board 
– Santa Ana Region 

• California Fish and Game Code Section 1602 issued from the California Department of Fish and 
Game. 
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2  Existing Floodplain Description and Background 
The detailed technical work program specifically focuses on accurately locating the areas in the floodplain 
limits that are above the 100-year water surface through a comprehensive hydraulic analysis and 
assesses the long-term stability of the areas to the erosive hydraulic forces.  The following subsections in 
this study describe in more detail the background of the technical procedures and methodology, and a 
summary of the information.   
 
The geomorphology of the Lytle Creek alluvial fan is unique because of the various activities and 
structures that have modified the historic hydraulic and fluvial characteristics of the floodplain that include 
semi-defined paths by groins, water conservation operations and structures, bridge and roadway 
structures, gravel mining activities, levees, and graded berms.   In addition, a common characteristic of 
alluvial fans that dominates the Lytle Creek hydraulic processes is the geomorphic feature known as a 
fan-head trench or channel entrenchment from the apex. The larger regional alluvial fan associated with 
Lytle Creek no longer functions as the classic alluvial fan because of the following features: (1) the relic or 
ancient alluvial fan is no longer active since it is being dissected by a modern fanhead, (2) the incised 
channel in the active floodplain conveys all the flows at shallow depths and high velocities, (3) the 
manmade structures within the floodplain have limited large-scale channel migration over the past 50-
years, and (4) the hydraulic capacity of the entrenched channel is many times that needed to convey the 
100-year discharge.  The active portion of the Lytle Creek floodplain appears as a braided system within 
the channel entrenchment and follows multiple flowpaths that have resulted in the formation of areas that 
appear to historically function as islands, not experiencing inundation of the 100-year flood.  Delineating 
the limits of the islands was performed through hydraulic modeling utilizing conservative assumptions 
related to the potential distribution of flow around these areas since it is highly variable and difficult to 
quantify in a dynamic alluvial system.  The island areas illustrated in the floodplain mapping exhibits 
actually represent the minimum amount of island area because of the modeling assumptions, and 
realistically the amount of area not inundated is much larger than depicted, particularly in the 
more frequent flood events.  It is also important to point out that the flood inundation associated with 
the peak discharge would occur over a short period of time, much less than one hour. 

2.1 Previous Floodplain Mapping 
Several previous hydraulic studies have been completed which evaluated delineation of the floodplain 
that encompasses this portion of Lytle Creek.  The County of San Bernardino (Community Number 
06071) is a participant in the National Flood Insurance Program (NFIP) which is administered by the 
Federal Emergency Management Agency (FEMA).  Communities in the NFIP must adopt and enforce 
minimum floodplain management standards, including identification of flood hazards and flood risks.  The 
Lytle Creek floodplain is shown on published Flood Insurance Rate Map (FIRM) panel for San Bernardino 
County 06071C 7920 F, published March 18, 1996 (see Figure 3).  The majority of the Lytle West 
development site is currently mapped as Zone X, outside the 500-year floodplain.  The Flood Insurance 
Study (FIS) revised by Federal Emergency Management Agency (FEMA) on January 17, 1997 covering 
the San Bernardino County designated the Lytle Creek reach in the project area as floodplain Zone Type 
A where floodplain boundary was defined and mapped into FEMA’s Flood Insurance Rate map (FIRM) 
without enforced base flood elevation.  The FEMA mapping was prepared to develop flood hazard 
boundaries and does not necessarily reflect the actual floodplain delineation that illustrates the multiple 
flow paths or island areas that would be dry within the floodplain.   The proposed revetment is designed to 
protect against up to 100-year flood impact or one percent probability annual flood occurrence event.  
Therefore, the planned community will reside outside of the future Lytle Creek floodplain.  Per FEMA 
requirements, a Conditional Letter of Map Revision reflecting changes to the floodplain due to grade 
modifications based on the proposed project will be submitted. 
 
Floodplain hydraulic characteristics provide a strong indicator for use in evaluating stability of an alluvial 
stream system.  In order to develop a detailed understanding of the floodplain operation, the hydraulic 
characteristics of the existing natural floodplain within the study portion of Lytle Creek have been 
evaluated previously and for the current investigation utilizing several different hydraulic modeling 
techniques and different levels of detail.  Numerous floodplain hydraulic models had been generated over 



 

Revetment Design for   5 
Lytle Creek West Development 

time for several documented reports on this portion of the Lytle Creek floodplain, which include: (1) 
Simons, Li & Associates (SLA), 1990; (2) Robert Bein, William Frost & Associates (RBF), 1992, 1993, and 
1995; and (3) PACE, 2002-2007.  Several types of models may be used to simulate flood flows in both 
channel and overland flow hydraulic conditions.  These include steady and unsteady models in one or two 
spatial dimensions.  In one-dimensional models, which are generally limited to channel discharges, 
spatial dimension is given as distance along the channel centerline and the variables being solved for; 
stage and velocity are cross-sectionally averaged quantities.  Two-dimensional models may be used for 
very complex channels (i.e. channels with hydraulic jumps, abrupt bends, etc.) or overland flow problems.  
In two-dimensional models, the spatial dimensions are along- and cross-channel distances, and the 
model solves for stage and depth-averaged discharge.  Hydraulic modeling utilized both the conventional 
floodplain U.S. Army Corps of Engineers (ACOE) HEC-RAS hydraulic model and the application of a 
sophisticated two-dimensional hydraulic model, FLO-2D.  Incorporating the use of the two dimensional 
analysis confirmed the original floodplain mapping with the HEC-RAS model and provided detailed 
information of the horizontal flow and velocity distribution with the floodplain.  The unique nature and 
characteristics of the active creek system with the wide floodplain and braided streambed could be 
accommodated with the two-dimensional model.   

 
Figure 3 - FEMA FIRM panel for Lytle Creek 
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Review of these previous floodplain mapping studies indicates the hydraulic analysis did not perform that 
detailed level of analysis to accurately delineate elevated portions of the existing floodplain as necessary 
for the current investigation.  These previous studies were suitable for flood hazard evaluation and 
planning future regional flood control facilities, but did not correctly assess the existing hydraulic 
characteristics primarily because of the coarse level of detail used in evaluating the channel geometry.  
The current analysis has the appropriate tools to maximize the detail of the channel geometry through 
enhanced digital topographic data that clearly defined minor variations across the width of the floodplain.  
However, the previous studies were utilized in the current investigation as a baseline reference for 
comparative purposes of general hydraulic parameters and trends associated with the floodplain 
hydraulics. 
 
The historic geomorphologic changes that have occurred within the Lytle Creek alluvial fan and floodplain 
assist in developing correlations regarding specific trends of the creek erosion patterns that can be 
utilized as predictive indicators to future fluvial response of the system.  The effects of historical flooding 
can be best examined through the use of a time-series of aerial photographs which can be correlated to 
rainfall events occurring during those same time period intervals of the photographs.  The historical aerial 
photographs available that were utilized in the investigation included 1932, 1934, 1943, 1955, 1972, 
1986, 1992, 1995, 2001 and 2005.  Examples of the limited variation in the stream planform are illustrated 
in some of the following representative historical photographs previously mentioned and these are also 
indicative of manmade changes that have occurred in the floodplain, including their potential influences.  
The benefits of using the aerial photographs as part of the creek geomorphic investigation include: 

• Documentation of physical change in alignment and geometry 

• Quantifying amount of floodplain adjustments 

• Defining limits of vegetation 

• Correlation of streambank erosion and correlating to rainfall amounts 

• Source to investigate manmade disturbances and those effects 

• Larger perspective of stream planform characteristics 

• Developing trends analysis associated with rainfall and storm magnitudes 
 
The following 1943 aerial photograph illustrates the larger 76 acre island and also the smaller island 
systems that are delineated based upon the topography occurring 55-years later.  The active channel 
boundaries have not significantly modified. 
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The manmade influences and disturbance within floodplain of Lytle Creek can be traced to 1934 with 
construction of a large scale groundwater recharge project that was initiated on the majority of this 
segment of the Lytle Creek floodplain.  The importance of Lytle Creek as a valuable groundwater 
recharge system is evident by its continued use for this function by the local water districts.  The recharge 
system that was constructed in 1934 involved intercepting and diversion of surface flows within the active 
creek that connected to a series of collection channels on either side of the creek.  The excavated 
earthen collection channel flowed perpendicular to the creek or laterally across the floodplain and would 
distribute the flow to smaller infiltration channels that were aligned parallel to the creek.  The aerial 
photographs reveal that the entire floodplain and relic alluvial fan were completely subdivided by an 
intricate earthen channel network.  This recharge system also constructed some large in-channel 
concrete headworks diversion facilities that could regulate that amount of flow diverted from the active 
floodplain and is still remaining.  These structures also included the construction of an in-channel grouted 
rock invert stabilization structure.  It is interesting to note the channel geometry and invert elevation 
at this almost seventy-year old structure has remained almost the same since the original 
construction.  This evidence provides useful information on the relative stability of various portions of the 
active floodplain, particularly at locations like the diversion headworks where the channel is relatively 
narrow or constricted. 
 
The ACOE constructed several rock groin systems in the mid 1940’s, both upstream and downstream of 
the current I-15 Bridge.  The groins consist of linear embankments with grouted rock on the water side 
that project out into the active floodplain and are generally directed at an angle downstream.  These 
groins are estimated to be 10 to 12 feet in height, with a top width of 12-feet.  Groins function as a 
“hydraulic retard” and tend to create areas of low velocity along the bank being protected by deflecting the 
majority of the hydraulic forces to the center of the floodplain.   The ACOE groin No. 1 is located 
upstream of the I-15 Bridge and the remaining groins are located downstream of the bridge.  The groins 
effectively provided the necessary flood protection for the area of Rialto west of Lytle Creek. 
 
The I-15 Bridge was completed in the early 1970’s and also assists significantly in confining the lateral 
limits of the Lytle Creek floodplain to the bridge opening dimensions.  The channel banks immediately 
upstream and downstream of the I-15 Bridge are constructed with grouted rock and were installed by 
Caltrans in 1973 as part of the bridge protection for the freeway. 
 
The Lytle Creek mining operation has been operating downstream of the I-15 freeway since September 
27, 1954.  Owl Rock Products obtained a permit from the County of San Bernardino and operated this 
mining facility until June 10, 1993, when the operation was purchased by C.L. Pharris Sand & Gravel, Inc.  
Mining takes place easterly and westerly of the main channel of Lytle Creek in the historical Lytle Creek 
floodplain.  A combination of grouted and ungrouted levees direct Lytle Creek flows between the 
excavated quarries.  These existing mining pits are located approximately 10,000 feet downstream of the 
I-15 Bridge and 17,000 feet upstream from the Highland Avenue Bridge. 
 
In 2005, a grouted rock revetment was constructed along the north bank of Lytle Creek.  The revetment is 
mostly buried into the slope and begins 3,800 feet downstream of the I-15 Bridge and terminates at Glenn 
Helen Parkway.  Access roads were constructed under the I-15 Bridge near the north abutment causing 
the grouted rock levee to encroach into the floodplain under the bridges.  

2.2 Typical Hydraulic Processes on Alluvial Fans 
Several technical procedures have been developed by investigators to evaluate flow characteristics for 
different portions of the alluvial fan.  These procedures are generally developed empirically from field 
observations of various trends on alluvial fans.  Previous investigators have described the flow path 
delineation on the alluvial fan through the development of three different zones that include (1) single 
channel, (2) multiple channel, and (3) braided channel zones.  It is possible that the flooding on the 
alluvial fan could spread in a multiple channel pattern that would result in a relatively small depth and 
cause minimal property damage.  The other possibility is that the flow concentrates into narrow flow path 
in a single channel or self-forming alluvial fan channel and this would result in the highest flood hazard.  
The following primary assumptions are generally made regarding the hydraulic processes associated with 
alluvial fans: 
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• Flows rarely spread evenly across the surface of a fan and generally a flood flow across a fan will 
initially be concentrated in an identifiable, temporary channel or will be confined to a specific 
portion of the fan. 

• The hydraulic “critical slope” defined in open channel hydraulics (hydraulic regime with a froude 
number of one) occurs on the majority of the fans. 

• Channels formed on the face of the fan are shaped by the flow itself.  If supercritical flow occurs, 
then the channel banks will erode so that a wider channel is formed and the flow will return to a 
critical state. 

 
The most widely known procedure for conducting hydraulic analysis of alluvial fans is the methodology 
adopted by FEMA.  The procedure was originally developed by Dawdy (1979) and resulted in the 
development of the following equation for a self-forming entrenched channel on the alluvial fan.  The 
procedure relies heavily on empirical equations relating depth and width to discharge.  The geometry of 
the alluvial fan channel is based on field evidence that the channel will stabilize into a self-forming section 
(ie. erosion of the banks will cease) at a point where a decrease in depth causes a two-hundred fold 
increase in width. It is additionally assumed that the flow regime is at critical depth (Froude Number 
equals 1.0). 

4.05.9 QW =  
 

where: W = channel width (ft), and Q = discharge (cfs) 
 
These relationships regarding the self-forming channel on an alluvial fan developed by Dawdy can be 
used to develop an expression for the shear velocity, V* , which is a hydraulic parameter related to the 
boundary shear stress, and predictor of erosion.  Also for a wide channel the hydraulic radius, Rh, can be 
approximated by the depth of flow, D. 
 

SQgDSgRSV 2.0
* 5.1===  

 
Edwards and Thielman developed a modified procedure for the evaluation of the alluvial fan hydraulics 
and the channel entrenchment based upon studies of the alluvial fans in Cabazon, California.  This 
procedure was based on the application of Manning’s equation for a wide rectangular channel, assuming 
a supercritical flow regime (high velocity rather than critical flow), and the use of Dawdy’s original criteria 
that the self-forming channel will stabilize where a decrease in depth causes about a two-hundred fold 
increase in width.  The Edwards-Thielman procedure resulted in the following equations: 
 

8/3

78.17 







=

S
QnD  

 
 

( )
16/3

8/316.17
S

QnW =  

 
 

where: n = Manning’s roughness coefficient, and S = channel slope 
 
These procedures are useful to evaluate the estimated channel geometry for the stabilized self-forming 
channel on an alluvial fan and provide another comparative indicator to assess the geomorphic 
characteristics for this segment of Lytle Creek.  The following table provides a summary of the estimated 
self-forming channel geometry and hydraulic characteristics for the representative storm return periods on 
Lytle Creek with the application of the Dawdy procedure. 
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Table 1 - Estimated Hydraulics of the Self Forming Channel along the Lytle Creek Wash Alluvial Fan 

 
Discharge 

cfs 
Width 
Feet 

Unit Discharge 
cfs/foot 

Flow Depth 
Feet 

Velocity 
fps 

690 130 5.3 0.96 5.52 

2,530 218 11.6 1.61 7.22 

5,420 296 18.3 2.18 8.39 

10,550 386 27.3 2.85 9.58 

13,110 421 31.1 3.11 10.01 

24,040 537 44.8 3.96 11.32 

42,580 675 63.1 4.97 12.68 

 
The actual width of the channel confined within the canyon upstream of the alluvial fan apex is 
approximately 675 feet for a distance of at least 10,900 feet.  The slope of the channel upstream of the 
apex is the same as the slope of the alluvial fan itself.  Measuring the active eroded channel widths along 
the Lytle development portion of Lytle Creek indicates that they have similar dimensions in locations not 
influenced by manmade disturbances.  Also the width of the channel at the 1930 diversion system 
corresponds to this similar dimension. 

2.3 Lytle Creek Geomorphic Stream Characteristics 
Defined Stable Channel Geometry:  The incised fanhead channel system has defined boundaries from 
the apex of the fan to the Cemex Mining levee system.  These channel boundaries confine the flows from 
uncontrolled migration across the relic fan.  The active floodplain that is confined within the entrenchment 
has historically demonstrated that the boundaries have not migrated significantly based upon historical 
photographic evidence.  The alluvial channel in the entrenchment generally functions as a braided 
system, but singular larger active channels tend to dominate rather than multiple braided flow paths.  
Application of regime equations for both riverine channels and alluvial fan geomorphology also predicts a 
braided system.  The width of the active eroded channels is consistent with the width that would be 
associated with the self-forming channel on alluvial fans.  The stream terrace posses the transitional 
characters between an alluvial fan and stable riverine corridor, hence an alluvium stream. 
 
Surface Slope:   Investigation of the thalweg streambed profile indicates that the slope is relatively 
constant from well upstream of the mouth of the alluvial fan to a point near the downstream end of the 
Cemex Mining gravel pits and levees.  The average slope of the streambed is approximately So = 0.0292.  
A comparison of the more recent 2005 creek topography to the 1966 USGS topography indicates that the 
streambed slope exhibits minimum deviation from the 1966 slope.  Localized changes in the streambed 
profile will occur associated with local scour and changes with extremely large flood events, but the long-
term trend has indicated that the assumed dynamic equilibrium slope has developed. 
 
Bed Characteristics:  The streambed material with the Lytle Creek wash is extremely coarse and can be 
classified as predominantly cobbles.  Mechanical grain size distribution tests conducted from several field 
samples resulted in an estimated median grain size of 51 mm.  Larger material up to 500 mm is evident 
throughout the wash.  These characteristic sediment sizes and mechanical grain size distribution are 
evident for the entire portion of the active channel on the alluvial fan that extends from the study area to 
upstream of the fan apex. 
 
Upstream Sediment Production:  The sediment production associated with the approximately 46 square 
mile watershed upstream of the alluvial fan apex should be capable of continuing to satisfy the equilibrium 
sediment transport requirements since the watershed is almost entirely located in the National Forest.  It 
is not anticipated that there should be any major changes in the watershed that would adjust the sediment 
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production.  A more detailed sediment yield analysis for the entire regional watershed was previously 
developed through the application of the ACOE Tatum procedure which is discussed in this report.  The 
results of the watershed sediment yield were used to calculate the associated clear-water “bulking factor” 
that represents the increase in flow volume associated with the transport sediment and debris in the flood 
flows.  The application of this bulking factor to synthetic generated peak flow discharges results in a very 
close comparison to actual stream gauge data. 
 
Geologic Faulting:  The active and relic fan for Lytle Creek is dissected by several seismic faults, and 
probably the most significant fault is the San Jacinto fault which generally follows an alignment parallel 
the active channel entrenchment for Lytle Creek.  In addition, Lytle Creek is just one of several 
unconsolidated alluvial deposits located to the south of the Sierra Madre fault zone.  It has been shown 
that geologic lifting associated with the faults can also significantly influence the development of the 
fanhead channel entrenchment and assist in further deepening the entrenchment or adjusting the channel 
slope steeper than the fan surface. 
 
Vegetation:  The limits of the vegetation clearly define the limits of the active wash and the relic alluvial 
fan. The characteristics of the vegetation and condition of the relic fan generally indicate that unconfined 
flooding or hydraulic action on these areas has not occurred in some time.  The vegetation on the island 
areas also shows evidence of minimal hydraulic disturbance.  It appears that the most significant 
disturbance on the island was the implementation of the early 1930’s recharge channels. 
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3  Watershed Hydrology 
The majority of the Lytle Creek regional watershed is located entirely within the boundaries of the San 
Bernardino National Forest.  This regional drainage basin has a tributary watershed area of approximately 
51.4 square miles upstream of the I-15 freeway.  Generally the majority of the watershed can be 
described as mountainous, with elevations ranging from 10,064 feet (in NGVD NAD27 vertical datum) at 
the peak of Mount San Antonio and extends to the southeast to approximately elevation 2,000 at the I-15 
Bridge.  The confluence of Lytle Creek and Cajon Creek at an elevation below 1,400 feet has a total 
tributary area of 62.0 square miles.  The mountains are relatively steep and rugged.  In the upper 
elevations of the watershed the vegetation consists of pine, fir, juniper, and oak scattered throughout a 
chaparral cover of manzanita, scrub oak and sage brush.  In the lower elevations sycamore, willow, and 
cottonwood grow along the perennial mountain streams.  The lower alluvial plain is characterized by 
alluvial scrub, chamise chaparral, Riversidian sage scrub, riparian, and stands of juniper woodland.  The 
Lytle Creek watershed has three main upstream drainage basins: North Fork, Middle Fork and South Fork 
Lytle Creek.  The forks converge near the Town of Lytle Creek and combine into a single Lytle Creek 
River.   
 
Various hydrologic parameters were measured to characterize the watershed.  These values assist in 
describing the watershed conditions and are useful in predicting potential response of the watershed. 
 

 
Table 2 - Lytle Creek Regional Watershed Characteristics 

 
Parameter Description Value 

Area Tributary watershed drainage area 51.4 sq. mi. 

Drainage Density Density of stream network in watershed based upon the 
total length of streams 1.74 mi/sq.mi. 

Hypsometric Analysis Index Measure of the slope density of the watershed and reflects 
point of 50% of area elevation below point 0.4 

Slope Average slope of longest watercourse 473 ft/mi. 
Length Length measured along longest watercourse 90,000 ft 

Elevation Change Elevation change from highest to lowest point 8,064  ft 
 

3.1 Previous Hydrology Studies 
Previous regional hydrology studies for the Lytle Creek watershed that encompassed this area included 
the study performed by the Army Corps of Engineers (ACOE) in the mid-1960’s associated with the 
design of the flood control improvement for the lower Lytle Creek channel, downstream of the confluence 
with Cajon Creek.  The ACOE study developed an estimate for the Standard Project Flood discharge of 
34,000 cfs at I-15 Bridge crossing and 38,000 cfs at a concentration point near the Devore Road 
crossing.  The Standard Project Flood (SPF) can be defined as the hydrograph representing runoff from 
the Standard Project Storm (SPS).  The SPS represents a hypothetical storm that is defined as that 
combination of severe meteorological events that give the maximum precipitation reasonably 
characteristic of the geographic region, excluding rare events.  The ACOE analysis for the Lytle Creek 
was based on the January 1943 storm centered over the watershed.  The ACOE frequently utilizes this as 
the criterion for the “design storm” of flood control facilities when only a small degree of risk of 
exceedance can be tolerated with regard to public safety.   
 
Additional recent hydrology studies completed include the analysis performed by Simons, Li and 
Associated in the January 1997 report as part of the design report for the Sunwest Materials levee.  This 
study performed a detailed hydrologic investigation utilizing the streamflow gage data on Lytle Creek to 
establish the estimated discharge for various return periods.  Flood frequency characteristics were 
determined through the evaluation of available historical streamflow records.  These results were 
compared to the results from the application of the San Bernardino County unit hydrograph procedure 
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which is based upon a hypothetical or synthetic storm.  The flood frequency results from the streamflow 
data were compared to the synthetic procedures, as well as the Standard Project Flood estimated by the 
ACOE including estimates of the bulking from the transport of debris and sediment.  The investigation 
concluded that the stream gage records provided the best record for use in estimation of the flood-
frequency characteristics of Lytle Creek.  Also, the stream gauge can be considered to provide a good 
correlation to the watershed conditions since the upstream 46 square mile watershed has remained 
virtually unchanged.  Most gauged streams in southern California have had the watershed become 
significantly urbanized over the period of gauge record which makes statistical analysis more difficult. 

 
Hundred year flowrates have been evaluated at the I-15 Bridge location for over 30 years. The hydrologic 
or maximum runoff estimation of these studies helps to define the design steady flow condition.  Table 3 
summarizes the flowrates found in relevant studies. 
 

 
Table 3 - Lytle Creek Design Flow Rates at the Vicinity of the Project Site 

 
Peak Discharge (cfs) 

Index Studies Prepared by 
At I-15  Freeway At Cajon 

Confluence 

1 Standard Project Flood (1964) Corps of Engineers (COE) 38,000 - 

2 100-year Flood Using Frequency 
Analysis of Gaged Records (1997) 

Simons, Li & Associates 
(SLA) 42,580 49,270 

3 
100-year Flood Using San 

Bernardino County Hydrology 
Procedure (1992) 

Simons, Li & Associates 
(SLA) 32,270 - 

4 Standard Project Flood (1993) Robert Bein, William Frost 
& Associates (RBF) 34,100 39,500 

5 
Bulked Baseflood by San 

Bernardino County Hydrology 
Procedure (2004) 

Pacific Advanced Civil 
Engineering (PACE) 64,540 73,910 

 
 

The 100-year discharge used for FEMA floodplain delineations is selected from item Number 2, with a 
flowrate of 42,580-cfs.  To compare with other flowrates, item Number 2 is a conservative prediction of 
flood magnitude and is consistent with general floodplain analysis preferred and accepted by the Federal 
Emergency Management Agency (FEMA).  However, the bulked rate in item Number 5, with a flowrate of 
64,540-cfs, is recommended to be among discharge rates used for proposed hydraulic design purposes. 
Bulked rates are widely considered by flood control agencies in southern California, including San 
Bernardino County Flood Control District whose jurisdiction contains highly erosive desert mountainous 
terrain that often generates debris and mud flow. 

3.2 Typical Lytle Creek Flood Hydrograph and Peak Durations 
The typical variation of storm flow in the creek over time will develop a curve, known as a hydrograph, 
with rising and receding limbs from a maximum peak discharge.  A typical hydrograph shape was 
developed for the Lytle Creek watershed for each n-year flood to conform to the gauge based peak 
discharges.  The general shape of the hydrograph was developed through the application of synthetic 
precipitation-runoff unit hydrograph procedures and incorporated the characteristic parameters for the 
regional watershed.  The synthetic hydrograph and actual stream hydrographs from the USGS Lytle 
Creek stream gauge were compared and there appeared to be relatively good correlation in the estimated 
watershed response.  The shape of the hydrograph indicates the general response of the watershed is 
relatively flashy and the peak discharge will only occur for a short time.  The duration of the peak 
discharges near the top of the hydrograph, indicates that from 35,000 cfs to the peak of 42,600 cfs 
and then receding to 35,000 cfs, would occur in less than one hour for a 24-hour storm event. 
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3.3 Historic Flooding and Rainfall 
Several historical rainfall gauges are operated in conjunction with different agencies within the Lytle 
Creek watershed that have significant amounts of record data and are within reasonable proximity to be 
considered representative of the project area.  These gauges include the (1) Lytle Creek Ranger Station, 
(2) Lytle Creek at the Fontana Intake Structure, and (3) Lytle Creek at Foothill Blvd., all of which are daily 
or non-recording gauges.   A summary of the gauge characteristics is illustrated in the following table. 
 
 

Table 4 - Lytle Creek Rain Gauges 
 

Description / Location Elevation Beginning Year of Record 
Foothill Blvd. 1225 1926 

Ranger Station 2730 1947 
Fontana Intake 2245 1941 

 
The gauge that is closest to the project, and at a similar elevation, is the gauge located at the Fontana 
Water District Intake Structure since the intake is at the apex of the alluvial fan where the creek exits the 
mountains.  The Foothill Blvd. gauge is located further downstream of the project and the Ranger Station 
is located upstream in a mountainous area that would experience orographic effects; however, the intake 
gauge station is probably most representative of the site itself and not necessarily the upstream 
watershed.  The annual data associated with the Foothill Blvd. gauge is presented in the following table 
and shown graphically to assist in illustrating the maximum wet years or long wet periods that would 
influence erosion patterns.  The series of rainfall data is useful in correlating the planform changes and 
bank erosion that is evident in the sets of historical aerial photographs covering different time intervals.  
FEMA in their assessment of mapping riverine erosion hazard areas and other agencies have used this 
procedure as one of several methods to assist in quantifying potential lateral streambank erosion trends 
in a fluvial system (FEMA, 1999). 
 

Table 5 - Lytle Creek Rainfall Gauge – Foothill Blvd. 
 

Year Rainfall 
(Inches) Year Rainfall 

(Inches) Year Rainfall 
(Inches) 

1926 20.16 1952 12.22 1977 31.01 
1927 16.09 1953 16.51 1978 17.03 
1928 13.81 1954 13.95 1979 28.93 
1929 15.24 1955 14 1980 4.06 
1930 17.24 1956 12.7 1981 19.04 
1931 21.33 1957 25.83 1982 37.01 
1932 12.21 1958 6.27 1983 12.43 
1933 12.7 1929 10.68 1984 15.2 
1934 18.63 1960 5.56 1985 19.8 
1935 13.98 1961 15.49 1986 7.82 
1936 30.14 1962 13.07 1987 16.26 
1937 26.14 1963 10.74 1988 10.48 
1938 16.18 1964 14.8 1989 9.36 
1940 15.14 1965 16.98 1990 13.32 
1941 13.77 1966 21.54 1991 20.46 
1942 24.37 1967 13.76 1992 30.73 
1943 21.42 1968 32.87 1993 14.31 
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Year Rainfall 
(Inches) Year Rainfall 

(Inches) Year Rainfall 
(Inches) 

1944 19.23 1969 9.34 1994 32.82 
1945 12.8 1970 10.63 1995 12.35 
1946 14.12 1971 9.62 1996 14.94 
1947 10.5 1972 18.95 1997 31.77 
1948 14.33 1973 13.18 1998 7.55 
1949 12.35 1974 13.01 1999 11.95 
1950 9.53 1975 12.39 2000 13.59 
1951 25.57 1976 10.61 2001 5.87 
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Figure 4 - Lytle Creek Rainfall Gage Data 

 
 
Reviewing the historical rainfall data it appears that the years receiving significant total rainfall amounts 
would include sequentially 1936, 1937, 1940, 1942, 1951, 1957, 1968, 1977, 1979, 1982, 1992, 1994, 
and 1997.  The average annual rainfall for this period of record is approximately 16.5 inches. This gauge 
represented is located at a lower elevation and a comparison to the totals at the ranger station indicates 
that the amounts are approximately double to those in the mountainous areas for the same periods.  
These annual total values provide good indicators of the wet periods that would reflect potential erosion 
patterns and amounts shown on the historic aerial photographs.  The annual amounts may not 
necessarily correlate to a year that had a large flood event since the annual amount could be low and 
generally the largest modifications to the streambed and planform occurs during the more extreme single 
event.  However, it has been shown that the smaller and more frequent storm flows, i.e. “dominant 
discharge”, will be responsible for the long-term shaping of the channel system, not the extreme large 
events. 
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3.4 Previous Statistical Analysis of Streamgage Data 
The United State Geological Survey (USGS) streamgage (USGS gauge No. 1106200, Lytle Creek near 
Fontana, California) is located within the Lytle Creek watershed, approximately one-mile upstream of the 
northern project boundary.  The watershed area upstream of the gauge itself is approximately 46.3 
square miles and that represents approximately 90 percent of the contributing drainage area upstream of 
the I-15 Bridge crossing (51.4 square miles).  Streamflow data at the gage site were measured during the 
period between 1920 and 2002, with the exception of 14-years of record that are not available.  The 
period of record for average daily flow covers 1905 to 2002, with only the data from the 1922 water year 
missing.  The available hydrologic data for the Lytle Creek stream gauge was retrieved directly from 
WATSTORE, the USGS Water Data Storage and Retrieval System.  Maximum yearly peak discharges, 
and maximum yearly 1-day, 2-day, and 3-day flow discharges were determined for each period of record.  
Significant runoff events were recorded in the period between 1905 to1920, which is prior to the earliest 
recorded peak discharges.  The peak discharges for the years from 1905 to 1919 and any other missing 
record years between 1920 to the present were estimated through the use of a peak discharge-to-one 
day average discharge relationship developed over the period of overlapping record in order to develop 
as long of a period of continuous record data as possible for peak discharge frequency analysis.  Using 
linear regression techniques, the following relationship was determined: 
 

daypeak QQ −×= 1386.3     945.02 =whereR  

 
in which: Qpeak = maximum peak discharge in any given year 

Q1-day = maximum average 1-day discharge for the same year 
 
The above equation was applied for each year in which the 1-day average discharge data was available 
to estimate the corresponding peak discharge (if missing).  No attempt was made to estimate the 
hydrologic quantities for the 1922 water year in which neither peak, nor average flow data were available.  
However, this length of record stream gauge data that was available for a Southern California stream is 
unique since generally the length of record does not come close to approaching 100-year, if any data is 
available.  A peak discharge statistical frequency analysis was performed on the extended record data 
following the procedures recommended in the published USGS Bulletin No. 17B (using Log Pearson 
Type III distribution).  The 1-, 2-, and 3-day maximum “average” discharge data were plotted on log-
probability paper.  The flood volume-frequency curves were also estimated for the Lytle Creek stream 
gauge site using the computed peak frequency curve as a guide. 
 
The statistical hydrological frequency data apply to the stream gauge location that is located upstream of 
the project study area and is representative of a smaller contributing watershed area.  The I-15 Bridge will 
be used as the hydrologic concentration point that is considered representative of the study reach.  The 
drainage area associated with the I-15 Bridge crossing of Lytle Creek is approximately 11-per cent larger 
than the drainage area upstream of the USGS gauge.  The hydrologic quantities can be considered 
directly proportional to the watershed area without any depth-area reduction factors and the gauge values 
can be multiplied by 1.11 to obtain representative values for the study reach as shown in the following 
table: 
 

Table 6 - Peak and Maximum Daily Discharge vs. Frequency 
 

Lytle Creek at I-15 Bridge 

Return Period 
(years) 

Peak Q 
(cfs) 

1-day Q 
(cfs) 

2-day Q 
(cfs) 

3-day Q 
(cfs) 

2- 688 205 183 155 
5- 2527 749 666 555 
10- 5423 1610 1388 1221 
25- 13109 3885 3053 2553 
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Lytle Creek at I-15 Bridge 

Return Period 
(years) 

Peak Q 
(cfs) 

1-day Q 
(cfs) 

2-day Q 
(cfs) 

3-day Q 
(cfs) 

50- 24043 7104 5051 4218 
100- 42580 12543 7881 6327 

 
 
An evaluation of the relative magnitude for some of the large historical storms can be developed using the 
discharge-frequency characteristics for the Lytle Creek watershed.  The following table lists some of the 
historic floods of significance recorded at the Lytle Creek gauge near Fontana since 1920 and the 
estimated return interval.  The table illustrates that the peak discharge associated with the January 25, 
1969 flood event had an estimated return interval of 91-years, nearly the 100-year design level event.  It 
should also be noted the number and severity of the flood events have been comparatively larger in the 
more recent year since 16 of the 19 major flood events that occurred in Lytle Creek since 1920 have 
occurred between 1965 and the present. 
 
 

Table 7 - Estimated Return Period and Magnitude of Major Recorded Historic Floods 
 

Date 
(mm/dd/yy) 

Peak Discharge 
(cfs) 

Estimated Return Period 
(years) 

02/16/27 5,300 11 
03/02/38 25,200 63 
01/23/43 4,800 10 
11/22/65 9,000 18 
12/29/65 9,120 18 
12/06/66 7,200 15 
01/21/69 3,600 7 
01/25/69 35,900 91 
02/25/69 6,000 13 
02/10/78 7,580 15 
03/02/78 4,780 10 
03/04/78 8,600 17 
01/29/80 6,490 13 
02/15/80 2,690 6 
02/16/80 10,330 22 
02/18/80 3,590 7 
02/19/80 5,200 11 
02/21/80 2,930 6 
03/02/83 4,000 8 
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4  Floodplain Hydraulics Analysis 
The hydraulic assessment associated with a typical alluvial fan is difficult with conventional or traditional 
hydraulic modeling techniques and engineering tools available.  This difficulty results from the 
unpredictable nature or dynamics of the flows and the flooding boundaries are generally not clearly 
defined.  The hydraulic processes on active alluvial fans require a more probabilistic approach that 
recognizes the potential for the flows to change location during a single flood event such as the 
methodology adopted by FEMA for identification of flood hazards on alluvial fans.  However, this 
approach is restricted to idealized alluvial fans and is not applicable when sufficiently incised stable 
channels are capable of conveying the 100-year flow events.  The entrenched nature of the Lytle Creek 
alluvial fan allows the application of riverine hydraulic modeling techniques for the floodplain evaluation 
since the channel boundaries are clearly defined.  Common procedures can be applied to account for 
split flows or obstructions within the active channel associated with flow path variability in a braided 
channel system.  The intent of the hydraulic model was to (1) accurately delineate areas within the 
floodplain that function as islands, (2) determine hydraulic parameters adjacent to those island areas and 
streambanks to assist in evaluating erosion potential or stream stability, (3) evaluate variation and trends 
in hydraulic parameters, and (4) assess the hydraulic impacts from flow obstruction that are either natural 
or manmade. 
 
The hydraulic modeling procedures applied to the existing Lytle Creek floodplain conditions and the 
results are provided in this section.  The particular challenges for developing an accurate floodplain model 
based upon the unique physical constraints are discussed, including the overall modeling methodology 
and assumptions used to develop the floodplain delineation.  The technical evaluation develops a detailed 
analysis of the natural floodplain from the Lytle Creek canyon mouth, approximately 1.3 miles upstream of 
the I-15 Bridge crossing to 5.4 miles downstream of I-15 crossing near the confluence with Cajon Creek 
Wash, or a total reach length of approximately 35,260 feet.  The studied Lytle Creek is part of the cone-
shaped Lytle Creek Wash alluvial fan.  However, the geological mechanism to generate the entire alluvial 
fan has ceased to continue since mountain stream runoff is mostly confined to Lytle Creek. The creek 
terrace is geologically stable and has sufficient conveyance capacity to convey large magnitude 
floodwaters.  Therefore, a well-developed open channel hydraulic model such as HEC-RAS applies for 
flood control assessment for Lytle Creek.  The current study remains at steady flow open channel level 
with the design peak runoff condition implemented into accurate channel geometrical conditions.  

4.1 Hydraulic Model Assumptions  
The U.S. Army Corps of Engineers (ACOE) HEC-RAS (River Analysis System) water surface profile 
computer model was used to analyze the existing floodplain within this portion of Lytle Creek and assess 
the hydraulic properties within the active channel system.  HEC-RAS is a rigid boundary hydraulic model 
which assumes that the channel boundary (streambed and banks) do not fluctuate and this can be 
considered a reasonable assumption when evaluating maximum hydraulic conveyance for floodplain 
delineation.  The HEC-RAS program is intended for calculating for steady and gradually varied flow in 
natural and manmade channels.  The effects of various obstructions such as bridges and structures in the 
floodplain may be considered in the computations.  The water surface profile analysis for the existing 
floodplain was based upon detailed digital topography to clearly define the geometry of the active channel 
system and streambed erosion features.  The limits of the HEC-RAS model extend upstream of the I-15 
to the limits of the existing groin and levee system, and downstream to the Sunwest gravel mining areas. 
 
The HEC-RAS floodplain analysis was performed as an integral part in assessing the hydraulic 
characteristics of the active channel and accurately evaluating the limits of inundation within the incised 
channel boundaries.  The geometry of the existing channel is unique because of the erosion and 
depositional features that have resulted in braiding, multiple flow paths, and various obstructions that 
require specialized modeling assumptions.  This portion of the alluvial fan can generally be considered to 
be within a supercritical flow regime that is characterized by high velocity flows because of the steep 
nature of the active streambed slope.  The detailed floodplain hydraulics generally reveals that channel 
regime fluctuates between the critical and supercritical regime which is consistent with alluvial fan 
operation.  The HEC-RAS hydraulic modeling reflects assumptions regarding the flow path direction, and 
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so multiple paths were analyzed, including the effects of flow blockage from manmade embankment 
obstructions.  Numerous conditions were evaluated with the hydraulic model to study the effects of (1) 
cross section orientation, (2) variation of roughness coefficient, (3) flow distribution or island effects, and 
(4) flow blockage. 
 
The hydraulic floodplain modeling that was performed with HEC-RAS is based on a “fixed-bed” model 
approach, although the alluvial streambed of the creek can be considered to be a “moveable-bed.”  The 
“fixed-bed” assumes that the channel geometry and streambed are rigid or do not vary.  In reality the 
fluvial system is dynamic and the channel form will adjust during the passage of the flood.  However, this 
assumption is adequate for this hydraulic analysis since the intent is to develop the maximum water 
surface.  A moveable-bed model could be applied such as the ACOE HEC-6 or FLUVIAL-12 that adds the 
capability to evaluate changes in the streambed, however, there are greater uncertainties associated with 
the input for these models and these will generally produce a lower water surface elevation.  The average 
hydraulic parameters associated with the fixed-bed model would provide adequate characterization of the 
channel system to assist in evaluating trends related to the erosion potential and stability. 
 
The following several assumptions and guidelines were utilized in the development of the floodplain 
hydraulic model in order to address the unique conditions associated with this portion of Lytle Creek. 

4.1.1 Cross-Section Data 

Cross-section data to develop the channel geometry for the existing condition model was extracted from 
the most recent surveys, digital files containing 1-foot vertical resolution spot elevation  contour coverage 
and orthographic map of the Lytle West project vicinity by Dawson Surveying, Inc., Riverside, CA from 
October, 2005.  Lower elevations terminate at the incident stream water surface elevation due to remote 
sensors being unable to penetrate water columns.  However, given the survey was conducted under a 
near dry runoff season, such depth reduction in comparison with real channel depth will not cause 
significant variation to the hydraulic computation results. The errors by such minor survey deviation have 
conservative implication in assessment of channel flow hydraulics.  Digital terrain model (DTM) 
functionality was built with the survey data. Advanced CAD tools with the DTM produce HEC-RAS 
hydraulic model alignment and cross-sections (see Exhibit).  Corrections are made to ensure the model 
geometry represents the true channel geometrical condition.  The cross-sections were oriented based 
upon the direction of the main channel flow and the overbank flow direction.  The actual extent, location 
and orientation of each cross-section are determined carefully to conform to physical characteristics of an 
approximate equal potential section of an open channel.  In a few instances, numerical levees were set in 
to section stations where channel sections may need to be confined or simplified conservatively in order 
to produce convergent computation results. 
 
An assumption for the channel geometry of this study is that the channel branch between the island 
downstream of I-15 and each branch, considered separately, is not to be part of channel conveyance.  
Observation suggests that though the creek terrace has long been stable, flow conditions that lead to 
braid characteristics of alluvium within the channel corridor persist.  Local scale thalweg migration 
remains active.  The assumption that the east branch will be in closure during a flood event would project 
higher flood levels and velocities for the west branch.  Similarly, an additional analysis was done 
assuming the west branch will be in closure during a flood event to provide a conservative estimate of the 
floodplain adjacent to the east bank.   
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Figure 7 - HEC-RAS Cross Section for Existing Condition – West Branch Near Island 

 

4.1.2 Channel Roughness 

Proper selection of the Manning’s roughness coefficient, n, is one of the more critical and subjective 
elements describing the hydraulics.  The selection of the appropriate Manning’s roughness coefficient 
was performed based on (1) field observation and inspection of the existing floodplain conditions, (2) 
color aerial photographs, (3) field ground photographs of representative locations along the natural creek 
corridor, (4) comparison to published guidelines for roughness selection based on similar ground 
photographs corresponding to representative cross sections, and (5) calculation of the Manning’s 
coefficient within the floodplain based on the application of Cowan’s additive procedure (Chow, 1959).  
Cowan’s procedure uses the following equation to predict the Manning’s value: 
 

n = (n0+n1+n2+n3+n4)m5 
 
where n is the estimated Manning’s roughness coefficient, n0 represents the bed material involved, n1 the 
degree of channel irregularity, n2 the variations of channel cross-sections, n3 the relative effect of channel 
obstructions, n4 vegetation density, and m5 as the degree of channel meandering.  Table 8 lists the 
ranges of values used to determine the estimated high and low Manning’s number for the creek.  The 
table shows that the estimated roughness coefficient ranges from 0.025 to 0.055.  These values compare 
well with those presented in Chow (1959, Table 5.6) for natural streams.  Such Manning’s values in 
Chow’s table reflect clean streams that are both straight and winding with some weeds and stones.  
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Table 8 - Range of Estimated Manning’s Number based on Cowan’s Procedure 

 
Low High Variable – Contribution Type 

Value Condition Value Condition 
n0 – Bed Material 0.020 Earth 0.024 Fine Gravel 

n1 - Channel Irregularity 0.000 Smooth 0.010 Moderate 

n2 - Section Variation 0.000 Gradual 0.005 Alternating 
Occasionally 

n3 - Channel Obstruction 0.000 Negligible 0.000 Negligible 
n4 - Vegetation Density 0.005 Low 0.010 Low 

m5 - Channel Meandering 1.000 Minor 1.150 Appreciable 
n - Manning’s # 0.025  0.055  

 
 
Channel Roughness in the hydraulic computations was varied depending on the material and location.  
There is an abundance of studies concerning the determination of Manning’s n in hydraulic computation. 
In addition, based on the empirical formula influenced by alluvial flood plain parameters, specified 
methods for Manning’s n determination have been developed for fluvial hydraulics.  For ordinary riverine 
environment, the n for a native earth stream could be ranging from 0.02 to 0.07.  For alluvium stream, the 
Manning’s n often varies also with streams sediment transport regime status.  For example, for a given 
stream,  the n value can be 0.012 if the stream has higher sediment transport activity; however n value 
can be 0.040 if the transport is low (Reference 4).  HEC-RAS model analytical modules, while requiring 
specified modeler input for ground roughness parameters, refers to a set of Manning’s n from a 
commonly accepted open channel hydraulic monograph (Reference 6), in which a stream with 
characteristics close to that of Lytle Creek would have n value from 0.025 to 0.060. On rare occasions, 
the accuracy of a selected n value could be verified by physical model or site measurement data.  Table 9 
lists Manning’s n used in this and another study of Lytle Creek hydraulics.  The n values are selected 
differently for channel and stream bank areas with higher value to represent greater resistance to flow at 
the bank area. 
 

 
 

Figure 8 - Lytle Creek - Creek Bed for Roughness Determination 
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This study considers a backwater model as the control case for flood hydraulics.  The determination of 
Manning’s n values may also be seen as keeping a balance in prediction of inundation and flow velocity 
magnitudes.  The select n values are considered to meet such balance with slight leaning towards that of 
a high base flood.  

 
Table 9 - Manning's n Table 

 

Simons, Li & Associates n = 0.045 Levee Design ’97, Ref. 1 

PACE n = 0.025 Channel; n= 0.055 Bank Hydraulic Report ’05, Ref. 9 

 
 
Sensitivity analyses were conducted to evaluate the effect of changing n values on key hydraulic 
variables such as channel depth and velocity.   For the sensitivity analyses, a low Manning’s number of 
0.025 was used, whereas 0.055 was used for the high Manning’s value.  The hydraulic analysis applies 
the low Manning’s number to be conservative in velocity while applying the high Manning’s number to be 
conservative in water surface elevation.   

4.1.3 Interval Spacing 

The cross-section spacing was generally two to three hundred feet in separation.  Cross-section spacing 
was also determined based upon ensuring that the average channel characteristics were correctly 
modeled, including all changes in the average geometry or roughness. 

4.1.4 Boundary Conditions 

Boundary conditions within the flow data menu are necessary to initiate calculations.  Starting water 
surface elevations were based upon normal depth using a slope of 0.022, an adequate distance 
downstream of the study reach of the channel to dampen its effect. 

4.1.5 Discharge 

Peak discharge was based upon the 100-year flowrate of 42,580 cfs and bulked 100-year design flowrate 
of 64,540 cfs.  A prorated flowrate near the confluence with Cajon Wash is 64,540 cfs for the 100-year 
storm event and 73,910 cfs for the bulked 100-year design flowrate.   

4.1.6 Split flow or islands 

A major constraint in the hydraulic analysis for this segment of Lytle Creek is the large island that will 
result in divided flow around each side of the island.  It is necessary to prepare independent hydraulic 
models for each side of the island in order to perform accurate evaluation of the water surface profile 
since they function as independent streams but within common junction points or boundaries upstream 
and downstream.  The item that is difficult to determine is the precise quantity of flow distribution around 
each side of the island and the common procedure used in floodplain mapping is to model the entire 
width of the floodplain and utilize the cross section flow distribution where divided flow first occurs at the 
upstream end of the island.  This analysis was performed for the large island along this segment and the 
hydraulic analysis indicated that the maximum flow split was approximately 50% to either side of the 
island.  However, because of the unknown dynamic conditions of the alluvial fan and other impacts of the 
streambed geometry a more conservative assumption was used in the analysis of the flow 
distribution around the island.  Two separate hydraulic models were generated, one for each side 
of the island functioning as an independent floodplain, and each carrying 100% of the flow.  This 
conservative approach for delineating the water surface on each side of the island would yield the 
maximum possible water surface elevation inundating the island and yield the minimum area. 
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4.1.7 Active Channel Obstructions 

Channel obstructions such as the artificial earthen berms that have been constructed as part of the active 
in-channel water recharge program have a definitive impact on the channel hydraulic and flow distribution 
since these are located in the active stream channel.  The method that was used to account for these 
features was to utilize “ineffective flow area” for that portion of the channel cross section that was 
impacted by the berms.  The “ineffective flow area” disregards that portion of the channel section as 
available flow area and is similar to block flow area without the divided flow calculation problems.   
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4.2 Floodplain Delineation  
The floodplain delineation involved utilizing the results of two different HEC-RAS hydraulic models 
prepared for this portion of Lytle Creek.  These models include (1) right side of island, and (2) left side of 
island.  The models extend from the Cemex Mining pits upstream to almost the apex of the alluvial fan.    
The delineation was performed to specifically illustrate the areas above the 100-year water surface 
elevation within the incised channel area.  The floodplain delineation was performed utilizing the 100-year 
water surface elevations computed in HEC-RAS and locating those points on the floodplain work map.  
Additional water surface elevations at one-foot intervals were generated through linear interpolation 
between each cross section to clearly define the boundary of any islands. 

4.2.1 Channel Cross Section Geometry 

The following graphic illustrates the typical cross section channel geometry and the variation of the 
streambed elevation across the width of the section.  The cross sections were spaced at approximately 
100 to 250 feet intervals along the floodplain, which is considered a very close spacing for floodplain 
mapping with this planform and resulted in a significant number of cross sections to characterize the 
creek as shown in the floodplain mapping exhibit.  The cross sections were cut or oriented looking in the 
downstream direction so the left hand side represents the Lytle Creek North development side of the 
channel. The right side represents the Lytle Ranch project side of the channel.  This cross section is 
representative of the detail obtained in utilizing the digital topography to generate the information input 
into the hydraulic model since this amount of detail had not been obtained in the previous floodplain 
hydraulic models for Lytle Creek.  These particular sections were selected to illustrate that the islands and 
elevated portions within the active floodplain are clearly defined. 
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4.2.2 Delineation of Islands 

The delineation of the islands were generated through developing interpolated multiple water surface 
contours between each calculated water surface elevation provided from the results in HEC-RAS.  The 
water surface contours were overlaid on the topographic mapping of the floodplain area and locations 
where the water surface contours intersected the topographic contours indicated a water surface 
boundary intersecting the higher ground.  The results of this analysis allowed for the delineation of 
smaller high points that had developed through the erosion process, as well as the larger islands.  The 
flow was either confined to the left or right side of the islands through computer model boundaries or 
imaginary levees on the cross section that restrict water from the other side of the island.  The levee lines 
are illustrated on the previous two cross sections in the report. 
 
The procedure that was utilized to delineate the islands through the development of separate floodplain 
hydraulic models for each side of the island was an extremely conservative approach since the entire 
100-year peak flow was assumed to flow on both sides of the island.  The approach was used 
because of the dynamic conditions of the alluvial stream that could result in unpredictable changes in the 
channel geometry and invalidate an estimated flow distribution from other calculation procedures. 

4.3 Results of Calculated Floodplain Hydraulic Characteristics 
Representative hydraulic parameters for the entire 6.7 mile reach of Lytle Creek floodplain are 
summarized in the following table for the left and right (oriented in the downstream direction) floodplain 
areas.  The left floodplain model evaluated the floodplain around the left side of the large island but and 
the right floodplain model evaluated the right side of the island.  Important hydraulic parameters that 
assist in evaluation of trends and stability within the active floodplain include variations and magnitude for 
(1) velocity, (2) top width, (3) flow area, (4) depth, (5) shear stress, and (6) stream power. 
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Table 10 - Summary of Existing Condition Channel Hydraulics Analysis 100-Year Bulked  

- Right Floodplain Model Results 
 

River Sta Min. Ch 
El (ft) 

W.S. Elev 
(ft) 

Flow Area  
(sq ft) 

Froude 
#XS 

Depth 
(ft) 

Shear 
(lb/sq f) 

Velocity 
(ft/s) 

Top 
Width (ft) 

Stream 
Power 
(lb/ft s) 

E.G. 
Slope 

37076 2196.15 2203.23 2750.9 2.21 7.08 6.4 23.46 782.64 150.14 0.0293 
36825 2190 2196.29 2897.64 2.21 6.29 5.99 22.27 921.05 133.40 0.0306 
36572 2181.82 2187.63 2794.4 2.29 5.81 6.44 23.1 887.27 148.76 0.0329 
36318 2168.9 2179.23 2818.65 2.32 10.33 6.42 22.9 934.71 147.02 0.0343 
36064 2164.59 2171.81 3118.94 2.22 7.22 5.49 20.85 1129.13 114.47 0.0321 
35850 2158.96 2165.46 3177.76 2.12 6.5 5.21 20.53 1082.16 106.96 0.0287 
35649 2150.09 2160.72 3462.36 2 10.63 4.41 18.64 1280.06 82.20 0.0263 
35349 2144 2151.07 3343.96 2.28 7.07 5.09 19.45 1456.44 99.00 0.0361 
35048 2135.85 2142.61 3682.23 1.97 6.76 4.03 17.53 1498.5 70.65 0.0263 
34658 2125.17 2131.85 3537.09 2 6.68 4.29 18.25 1366.44 78.29 0.0266 
34357 2115.24 2123.09 3521.37 2.14 7.85 4.51 18.34 1538.97 82.71 0.0316 
34162 2111.78 2117.57 3690.35 2.03 5.79 4.13 17.62 1570.33 72.77 0.0282 
33912 2103.93 2109.65 3575.59 2.16 5.72 4.46 18.07 1648.31 80.59 0.0329 
33661 2094.49 2102.66 3645.56 1.93 8.17 4.03 17.7 1397.73 71.33 0.0248 
33353 2083.44 2093.87 3498.46 2.09 10.43 4.48 18.45 1440.94 82.66 0.0297 
33102 2081.48 2087.17 3548.52 1.95 5.69 4.23 18.28 1307.07 77.32 0.0248 
32824 2073.29 2079.95 3380.95 1.92 6.66 4.44 19.09 1107.03 84.76 0.0233 
32502 2063.65 2071.09 3214.6 2.08 7.44 5.01 20.11 1112.66 100.75 0.0276 
32257 2058.18 2065.33 3172.25 1.82 7.15 4.66 20.35 816.84 94.83 0.0193 
32055 2041.97 2064.25 17198.32 0.27 22.28 0.15 4 2599.85 0.60 0.0004 
31951 2046.9 2055.19 6772.59 1.2 8.29 1.94 12.98 1679.23 25.18 0.0086 
31653 2036.17 2044.55 3144.24 2.18 8.38 5.96 22.38 927.35 133.38 0.0292 
31319 2027.39 2034.18 3139.65 2.31 6.79 5.57 20.64 1281.07 114.96 0.0362 
30906 2016.96 2024.32 3232.3 1.76 7.36 4.44 19.97 808.95 88.67 0.0177 
30537 2005.9 2012.72 2611.84 2.17 6.82 6.78 24.72 660.22 167.60 0.0270 
30452 2002.28 2009.23 3433.17 1.99 6.95 5.66 22.54 1149.97 127.58 0.0227 
30412 2002.01 2007.18 2750.22 2.5 5.17 6.97 23.47 1006.43 163.59 0.0409 
30322 1998.38 2005.11 3383.7 2.11 6.73 4.72 19.07 1334.02 90.01 0.0298 
30196 1995.19 2001.8 3571.61 2.01 6.61 4.25 18.07 1421.55 76.80 0.0271 
30018 1990.49 1996.79 3477.86 1.99 6.3 4.37 18.56 1283.86 81.11 0.0259 
29850 1985.87 1992.5 3539.78 2 6.63 4.3 18.26 1374.56 78.52 0.0267 
29719 1981.92 1989.4 3675.93 1.93 7.48 3.97 17.56 1424.18 69.71 0.0247 
29586 1978.91 1985.59 3565.63 2.02 6.68 4.27 18.1 1428.98 77.29 0.0275 
29443 1975.99 1983.03 3923.55 1.7 7.04 3.35 16.45 1348.12 55.11 0.0185 
29294 1971.93 1978.9 3509.02 1.84 6.97 4.11 18.39 1136.25 75.58 0.0214 
29171 1969.15 1975.44 3358.82 2.03 6.29 4.65 19.22 1210.34 89.37 0.0269 
29038 1965.03 1971.39 3254.17 2.08 6.36 4.92 19.83 1152 97.56 0.0280 
28926 1960.97 1968.29 3291.13 2.11 7.32 4.89 19.61 1226.38 95.89 0.0293 
28783 1958.21 1964.25 3398.11 2.13 6.04 4.72 18.99 1376.79 89.63 0.0307 
28644 1955.19 1960.23 3559.56 2.15 5.04 4.46 18.14 1607.63 80.90 0.0322 
28503 1950.37 1956.7 3799.5 1.91 6.33 3.79 16.99 1553.73 64.39 0.0248 
28352 1946.92 1953.57 3764.39 1.66 6.65 3.48 17.14 1132.13 59.65 0.0168 
28263 1943.76 1950.7 3365.84 1.6 6.94 4.06 19.55 872.47 79.37 0.0141 
28172 1939.85 1948.84 3301.09 1.73 8.99 4.48 20.28 874.88 90.85 0.0168 
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28046 1934.8 1943.03 2703.93 2.46 8.23 7.04 23.87 921.1 168.04 0.0385 
27910 1933.02 1940.19 3076.11 2.04 7.17 5.24 20.98 937.38 109.94 0.0257 
27755 1928.79 1935.48 2989.44 2.17 6.69 5.66 21.59 968.19 122.20 0.0294 
27586 1923.44 1930.87 3035.47 2.09 7.43 5.42 21.26 946.39 115.23 0.0271 
27440 1918.94 1927.03 3065.7 2.08 8.09 5.33 21.05 964.8 112.20 0.0269 
27315 1915.8 1923.68 3052.81 2.04 7.88 5.3 21.14 918.6 112.04 0.0256 
27193 1912.55 1920.55 3025.9 1.99 8 5.26 21.33 845.25 112.20 0.0236 
27067 1910.58 1917.09 3009.98 2.2 6.51 5.66 21.44 1017.52 121.35 0.0307 
26965 1908.41 1914.17 3078.73 2.19 5.76 5.48 20.97 1087.47 114.92 0.0308 
26814 1902.75 1910.12 3192.73 2.08 7.37 5.04 20.21 1086.56 101.86 0.0275 
26683 1900.72 1906.59 3234.87 2.09 5.87 4.98 19.95 1143.99 99.35 0.0282 
26571 1897.65 1903.1 3182.5 2.15 5.45 5.19 20.31 1168.02 105.41 0.0300 
26405 1892.58 1898.64 3245.52 2.03 6.06 4.85 19.89 1086.89 96.47 0.0261 
26256 1888.94 1894.04 3138.18 2.15 5.1 5.27 20.57 1099.41 108.40 0.0297 
26099 1883.17 1889.27 3105.04 2.14 6.1 5.33 20.79 1055.76 110.81 0.0291 
25952 1879.37 1885.23 3259.02 2.19 5.86 5.08 19.8 1279.75 100.58 0.0320 
25772 1873.66 1879.38 3231.23 2.18 5.72 5.13 19.97 1243.48 102.45 0.0318 
25642 1868.33 1875.21 3185.25 2.12 6.88 5.13 20.26 1127.55 103.93 0.0291 
25522 1864.02 1870.94 3086.49 2.29 6.92 5.63 20.91 1190.2 117.72 0.0348 
25319 1858.36 1865.81 3440.79 1.99 7.45 4.44 18.76 1251.75 83.29 0.0259 
25102 1852.38 1860.11 3393.6 1.98 7.73 4.5 19.02 1180.13 85.59 0.0251 
24913 1846.82 1853.85 3052.27 2.04 7.03 5.3 21.14 919.21 112.04 0.0256 
24765 1842.55 1849.91 2955.43 1.92 7.36 5.31 21.84 736.55 115.97 0.0212 
24632 1837.45 1843.99 2640.96 2.55 6.54 7.44 24.44 923.48 181.83 0.0417 
24427 1833.48 1840.11 3465.69 1.98 6.63 4.38 18.62 1267.85 81.56 0.0257 
24220 1828.46 1835.37 3634.06 1.9 6.91 3.99 17.76 1332.54 70.86 0.0235 
24048 1823.86 1830.26 3407.41 2.04 6.4 4.57 18.94 1272.44 86.56 0.0274 
23892 1818.76 1824.04 3138.91 2.4 5.28 5.67 20.56 1373.89 116.58 0.0398 
23754 1810.2 1817.7 2970.89 2.44 7.5 6.17 21.72 1202.22 134.01 0.0401 
23559 1804.69 1810.74 3128.4 2.32 6.05 5.58 20.63 1271.07 115.12 0.0364 
23355 1797.42 1804.66 3264.74 2.07 7.24 4.91 19.81 1159.22 97.27 0.0278 
23191 1792.52 1799.97 3143 1.97 7.45 4.97 20.55 930.63 102.13 0.0235 
23044 1789.09 1796.4 3101.4 1.92 7.31 4.99 20.88 847.54 104.19 0.0217 
22888 1785.1 1792.87 3155.58 2.05 7.77 5.07 20.46 1017.98 103.73 0.0262 
22705 1780.53 1787.57 3217.32 2.15 7.04 5.43 20.97 1146.02 113.87 0.0295 
22527 1774.56 1782.47 3383.99 2.15 7.91 5.5 21.18 1151.35 116.49 0.0295 
22354 1769.53 1777.48 3615.2 2.2 7.95 5.5 20.94 1338.06 115.17 0.0315 
22130 1761.16 1770.41 3171.66 2.04 9.25 5.21 20.88 1079.12 108.78 0.0258 
21921 1753.29 1764.08 2902.83 2.05 10.79 5.68 22.23 795.69 126.27 0.0250 
21731 1743.93 1757.33 2646.45 2.19 13.4 6.71 24.39 686.57 163.66 0.0280 
21572 1738.33 1748.11 2252.49 2.64 9.78 9.42 28.65 613.78 269.88 0.0413 
21423 1732.62 1740.66 2123.16 2.52 8.04 9.9 30.4 470.39 300.96 0.0353 
21297 1726.38 1733.57 1972.54 2.63 7.19 11.23 32.72 411.91 367.45 0.0377 
21146 1723.87 1730.31 2152.41 2.38 6.44 9.36 29.98 437.8 280.61 0.0306 
21034 1721 1726.67 2148.8 2.47 5.67 9.61 30.04 467.54 288.68 0.0337 
20892 1716 1723.1 2219.44 2.22 7.1 8.58 29.08 414.69 249.51 0.0260 
20751 1712.4 1729.87 4595.73 1 17.47 1.91 14.04 747.15 26.82 0.0050 
20593 1707.06 1722.42 2748.28 1.89 15.36 5.79 23.48 570.68 135.95 0.0195 
20475 1704 1716.3 2359.46 2.27 12.3 8.03 27.35 521.8 219.62 0.0288 
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20320 1699.89 1709.58 2156.05 2.21 9.69 8.9 29.93 377.26 266.38 0.0253 
20154 1697.03 1702.72 2080.99 2.88 5.69 11.11 31.01 579.82 344.52 0.0497 
20000 1692.93 1698.94 2375.32 2.41 6.01 8.25 27.17 599.99 224.15 0.0334 
19880 1690.27 1696.12 2498.6 2.18 5.85 7.23 25.83 575.52 186.75 0.0267 
19726 1684.74 1691.07 2408.61 2.24 6.33 7.72 26.8 541.82 206.90 0.0279 
19573 1680.41 1686.32 2378.3 2.32 5.91 8.04 27.14 560.13 218.21 0.0304 
19421 1675 1681.02 2328.85 2.38 6.02 8.4 27.71 551.08 232.76 0.0319 
19268 1670.1 1676.22 2336.02 2.37 6.12 8.34 27.63 551.5 230.43 0.0316 
19116 1665.25 1671.04 2327.3 2.46 5.79 8.6 27.73 589.13 238.48 0.0350 
18963 1660.54 1666.06 2376.1 2.44 5.52 8.32 27.16 615.91 225.97 0.0346 
18810 1655.91 1661.47 2447.02 2.33 5.56 7.77 26.37 615.98 204.89 0.0314 
18657 1651.54 1657.45 2522.13 2.19 5.91 7.16 25.59 594.8 183.22 0.0271 
18504 1647.32 1653.99 2590.53 2.06 6.67 6.62 24.91 567.89 164.90 0.0233 
18351 1642.78 1650.27 2555.92 2 7.49 6.62 25.25 517.79 167.16 0.0215 
18198 1639.82 1646.47 2487.35 1.97 6.65 6.78 25.95 459.38 175.94 0.0201 
18045 1636.28 1644.17 2573.46 1.81 7.89 6.13 25.08 429.93 153.74 0.0165 
17893 1632.65 1639.63 2400.17 2.07 6.98 7.37 26.89 459.17 198.18 0.0227 
17739 1628.6 1636.6 2443.21 1.99 8 7.01 26.42 446.57 185.20 0.0206 
17585 1624.83 1633.05 2396.24 1.96 8.22 7.12 26.93 408.82 191.74 0.0196 
17433 1621.17 1629.2 2339.8 2.1 8.03 7.69 27.58 436.98 212.09 0.0231 
17295 1618.57 1627.86 2521.12 1.73 9.29 6.13 25.6 371.2 156.93 0.0145 
17185 1616.53 1624.16 2368.42 2.3 7.63 8.05 27.25 544.04 219.36 0.0297 
16968 1611.43 1618.47 2418.94 2.15 7.04 7.57 26.93 531.81 203.86 0.0250 
16794 1606.39 1614.31 2424.6 2.13 7.92 7.41 26.62 501.25 197.25 0.0247 
16644 1599.71 1608.78 2320.62 2.49 9.07 8.72 27.81 599.78 242.50 0.0362 
16463 1598.23 1606.45 3179.91 2.22 8.22 5.3 20.3 1224.77 107.59 0.0328 
16274 1595.03 1602.47 3686.42 1.87 7.44 3.88 17.51 1350.83 67.94 0.0228 
16149 1593.64 1600.77 6574.05 1.01 7.13 1.37 10.91 1909.13 14.95 0.0060 
16005 1590.1 1595.96 4004.92 2.07 5.86 4.22 17.71 1865.37 74.74 0.0299 
15869 1587.81 1593.75 4494.56 1.62 5.94 2.91 15.16 1705.51 44.12 0.0171 
15728 1584.02 1590.2 4247.74 1.92 6.18 3.64 16.47 1989.16 59.95 0.0255 
15540 1579.76 1585.34 4057.73 1.93 5.58 3.7 16.62 1677.27 61.49 0.0258 
15355 1576.02 1581.65 4640.61 1.71 5.63 2.98 15.01 2059.69 44.73 0.0199 
15215 1573.77 1578.4 4439.89 1.69 4.63 3.04 15.33 1964.21 46.60 0.0191 
15035 1569.52 1574.7 4206.41 1.75 5.18 3.14 15.44 1875.06 48.48 0.0209 
14847 1565.27 1570.81 4218.02 1.74 5.54 3.11 15.36 1786.37 47.77 0.0206 
14621 1560.37 1565.86 4201.57 1.82 5.49 3.21 15.36 1909.63 49.31 0.0234 
14443 1554.66 1561.77 4238.08 1.81 7.11 3.16 15.23 1937.15 48.13 0.0231 
14267 1552.31 1557.44 4361.44 1.87 5.13 3.37 15.75 2095.38 53.08 0.0245 
14096 1547.42 1553.57 4161.1 1.75 6.15 3.17 15.53 1724.41 49.23 0.0208 
13938 1543.85 1549.07 3773.49 1.94 5.22 3.85 17.1 1558.05 65.84 0.0255 
13776 1539.51 1544.93 3752.91 1.93 5.42 3.86 17.2 1515.73 66.39 0.0250 
13625 1535.63 1541.4 3810.86 1.87 5.77 3.71 16.94 1502.23 62.85 0.0233 
13476 1531.68 1538.09 3898.31 1.84 6.41 3.56 16.56 1544.48 58.95 0.0226 
13326 1528.12 1534.68 3942.39 1.86 6.56 3.54 16.37 1645.05 57.95 0.0237 
13176 1524.33 1531.11 3921.39 1.85 6.78 3.55 16.46 1603.16 58.43 0.0233 
13025 1521.52 1527.62 3908.72 1.84 6.1 3.55 16.51 1567.12 58.61 0.0228 
12876 1518.89 1524.19 3897.76 1.83 5.3 3.55 16.56 1534.3 58.79 0.0224 
12726 1514.06 1520.79 3808.42 1.77 6.73 3.58 16.95 1335.94 60.68 0.0201 
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12576 1511.19 1516.71 3555.64 1.95 5.52 4.19 18.15 1324.32 76.05 0.0250 
12421 1507.68 1512.8 3512.71 1.92 5.12 4.21 18.37 1237.66 77.34 0.0238 
12274 1502.39 1508.83 3325.29 1.87 6.44 4.45 19.41 990.3 86.37 0.0212 
12123 1498.98 1505.57 3315.07 1.87 6.59 4.48 19.47 988.12 87.23 0.0214 
11913 1493.45 1500.71 3268.06 1.94 7.26 4.67 19.75 1015.3 92.23 0.0233 
11677 1488.2 1495.23 3173.92 1.84 7.03 4.69 20.33 837.09 95.35 0.0198 
11382 1481.54 1489.41 3700.15 1.86 7.87 4.6 19.97 1029.4 91.86 0.0205 
11172 1476.89 1483.55 3450.41 2.07 6.66 5.43 21.42 1033.84 116.31 0.0261 
10981 1473.03 1478.3 3432.18 2.13 5.27 5.57 21.53 1079.42 119.92 0.0281 
10791 1468.54 1474.06 3500.41 1.85 5.52 4.95 21.11 868.87 104.49 0.0197 
10614 1464.1 1471.23 3524.05 1.62 7.13 4.49 20.97 678.89 94.16 0.0139 
10436 1459.7 1467.42 3258.55 1.69 7.72 5.12 22.68 579.93 116.12 0.0146 
10247 1454.5 1461.61 2873.66 2.01 7.11 6.8 25.72 563.32 174.90 0.0214 
10052 1449.47 1456.89 2865.21 2.17 7.42 7.2 25.8 655.59 185.76 0.0264 
9938 1445.16 1453.87 2870.87 2.19 8.71 7.22 25.74 671.51 185.84 0.0271 
9785 1441.03 1449.95 2943.12 2.22 8.92 7.05 25.11 741.37 177.03 0.0286 
9663 1438.1 1446.68 2952.96 2.15 8.58 6.86 25.03 698.94 171.71 0.0261 
9529 1435.02 1443.88 3054.24 2.01 8.86 6.27 24.2 678.66 151.73 0.0224 
9416 1431.23 1441.08 3011.39 2 9.85 6.38 24.54 646.39 156.57 0.0220 
9283 1429.05 1437.61 2943.57 2.06 8.56 6.7 25.11 639.12 168.24 0.0234 
9093 1424.61 1432.91 2918.67 2.1 8.3 6.86 25.32 645.09 173.70 0.0244 
8907 1419.94 1427.5 2821.76 2.15 7.56 7.29 26.19 611.53 190.93 0.0254 
8700 1414.39 1421.73 2853.6 2.34 7.34 7.61 25.9 752.21 197.10 0.0323 
8536 1410.93 1417.81 3019.38 2.12 6.88 6.6 24.48 728.96 161.57 0.0256 
8398 1408.06 1414.47 3078.21 2.1 6.41 6.47 24.25 757.24 156.90 0.0250 
8214 1403.21 1410.22 3116.77 2.03 7.01 6.22 23.96 724.18 149.03 0.0230 
8058 1400.89 1407.77 3301.42 1.81 6.88 5.32 22.55 691.03 119.97 0.0177 
7908 1397.99 1404.34 3163.76 1.86 6.35 5.7 23.4 648.79 133.38 0.0187 
7764 1395.63 1402.7 3335.67 1.62 7.07 4.83 22.16 575.57 107.03 0.0134 
7631 1393.04 1400.1 3204.93 1.71 7.06 5.29 23.07 570.01 122.04 0.0151 
7500 1390.2 1397.35 3032.19 1.83 7.15 5.94 24.38 547.53 144.82 0.0172 
7400 1387.99 1394.22 2884.3 2.12 6.23 7.01 25.62 633.2 179.60 0.0247 
7300 1385.08 1391.55 2891.5 2.22 6.47 7.25 25.69 698.09 186.25 0.0279 
7200 1383.34 1388.78 2933.06 2.33 5.44 7.33 25.28 802.69 185.30 0.0320 
7100 1377.76 1384.34 2883.25 2.84 6.58 8.53 25.67 1139.1 218.97 0.0537 
7000 1376 1383.09 3562.6 2.08 7.09 5.24 20.78 1159.39 108.89 0.0271 
6900 1374.6 1381.21 3810.87 1.9 6.61 4.51 19.41 1184.31 87.54 0.0224 
6800 1372.87 1378.7 3818.79 2.01 5.83 4.81 19.83 1239.35 95.38 0.0255 
6700 1371.21 1376.64 3970.75 1.88 5.43 4.34 19.01 1242.95 82.50 0.0219 
6600 1368.94 1374.44 3956.22 1.87 5.5 4.32 18.98 1234.75 81.99 0.0217 
6500 1367.06 1372.09 3944.53 1.92 5.03 4.43 19.09 1336.86 84.57 0.0231 
6400 1364.99 1369.81 3901.39 1.93 4.82 4.4 18.94 1298.53 83.34 0.0235 
6299 1362.71 1367.7 3960.1 1.85 4.99 4.19 18.66 1250.42 78.19 0.0212 
6199 1360.39 1365.65 3957.43 1.78 5.26 4.1 18.69 1160.23 76.63 0.0192 
6098 1358.16 1363.62 3913.07 1.76 5.46 4.12 18.89 1090.25 77.83 0.0184 
5998 1355.91 1361.39 3811.08 1.78 5.48 4.32 19.42 1037.65 83.89 0.0188 
5897 1354.12 1359.61 3825.43 1.71 5.49 4.2 19.41 966.39 81.52 0.0169 
5711 1351.47 1357.79 4312.35 1.41 6.32 3.14 17.2 936.24 54.01 0.0109 
5609 1349.73 1356.05 4086.69 1.49 6.32 3.5 18.18 886.89 63.63 0.0121 
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5404 1346.35 1352.31 3772.4 1.69 5.96 4.21 19.61 903.28 82.56 0.0161 
5190 1342.61 1348.48 3757.22 1.87 5.87 4.54 19.67 1099.05 89.30 0.0213 
4960 1339.22 1345.13 4161.18 1.65 5.91 3.64 17.79 1152.11 64.76 0.0161 
4806 1337.23 1342.42 4130.72 1.81 5.19 3.91 17.89 1359.84 69.95 0.0206 
4619 1334.38 1338.99 4212.62 1.8 4.61 3.79 17.56 1423.35 66.55 0.0205 
4461 1331.7 1336.21 4368.64 1.74 4.51 3.53 16.92 1485.13 59.73 0.0192 
4285 1328.06 1332.98 4456.66 1.69 4.92 3.38 16.61 1500.95 56.14 0.0180 
4125 1324.6 1330.14 4416.25 1.65 5.54 3.36 16.74 1383.84 56.25 0.0169 
3970 1321.66 1327.88 4506.11 1.58 6.22 3.18 16.4 1351.62 52.15 0.0153 
3828 1319.31 1326.36 4633.49 1.5 7.05 2.96 15.95 1315.53 47.21 0.0135 
3647 1316.79 1323.66 4673.53 1.44 6.87 2.85 15.82 1249.64 45.09 0.0121 
3494 1314.02 1321.5 4516.27 1.47 7.48 3.02 16.37 1168.44 49.44 0.0125 
3340 1312 1319.21 4329.35 1.48 7.21 3.21 17.07 1047.27 54.79 0.0125 
3187 1310 1316.56 4036.04 1.51 6.56 3.57 18.31 881.65 65.37 0.0125 
3034 1308 1314.55 3972.44 1.47 6.55 3.58 18.61 794.71 66.62 0.0115 
2880 1305.69 1312.76 3950.99 1.46 7.07 3.59 18.71 772.43 67.17 0.0113 
2727 1304 1310.76 3868.5 1.5 6.76 3.76 19.11 764.61 71.85 0.0119 
2574 1302 1308.6 3798.04 1.58 6.6 3.99 19.46 807.05 77.65 0.0136 
2413 1300 1307.16 4029.6 1.47 7.16 3.52 18.34 839 64.56 0.0118 
2259 1298.04 1307.89 5541.67 0.95 9.85 1.73 13.4 908.57 23.18 0.0045 
2105 1297.21 1304.91 4309.84 1.43 7.7 3.15 17.15 959.69 54.02 0.0113 
1930 1294.78 1303.39 4535.31 1.31 8.61 2.78 16.3 939.27 45.31 0.0092 

 
 

Table 11 - Summary of Channel Existing Condition Channel Hydraulics Analysis 100-Year Bulked  
- Left Floodplain Model Results 

 

River Sta Min. Ch El 
(ft) 

W.S. Elev 
(ft) 

Flow Area 
(sq ft) 

Froude 
#XS 

 Depth 
(ft) 

Shear 
(lb/sq f) 

Velocity 
(ft/s) 

Top Width 
(ft) 

Stream 
Power 
(lb/ft s) 

E.G. Slope

37076 2196.15 2203.23 2750.9 2.21 7.08 6.4 23.46 782.64 150.14 0.0293

36825 2190 2196.29 2897.64 2.21 6.29 5.99 22.27 921.05 133.40 0.0306

36572 2181.82 2187.63 2794.4 2.29 5.81 6.44 23.1 887.27 148.76 0.0329

36318 2168.9 2179.23 2818.65 2.32 10.33 6.42 22.9 934.71 147.02 0.0343

36064 2164.59 2171.81 3118.94 2.22 7.22 5.49 20.85 1129.13 114.47 0.0321

35850 2158.96 2165.46 3177.76 2.12 6.5 5.21 20.53 1082.16 106.96 0.0287

35649 2150.09 2160.72 3462.36 2 10.63 4.41 18.64 1280.06 82.20 0.0263

35349 2144 2151.07 3343.96 2.28 7.07 5.09 19.45 1456.44 99.00 0.0361

35048 2135.85 2142.61 3682.23 1.97 6.76 4.03 17.53 1498.5 70.65 0.0263

34658 2125.17 2131.85 3537.09 2 6.68 4.29 18.25 1366.44 78.29 0.0266

34357 2115.24 2123.09 3521.37 2.14 7.85 4.51 18.34 1538.97 82.71 0.0316

34162 2111.78 2117.57 3690.35 2.03 5.79 4.13 17.62 1570.33 72.77 0.0282

33912 2103.93 2109.65 3575.59 2.16 5.72 4.46 18.07 1648.31 80.59 0.0329

33661 2094.49 2102.64 3690.72 1.95 8.15 3.98 17.49 1470.79 69.61 0.0255

33353 2083.44 2093.9 3542.11 2.05 10.46 4.35 18.22 1442.65 79.26 0.0285

33102 2078.45 2086.4 3525.41 2.12 7.95 4.48 18.31 1523.1 82.03 0.0311

32824 2070.04 2079.07 3702.17 1.92 9.03 3.93 17.43 1443.82 68.50 0.0246

32502 2062.28 2071.33 5006.79 2.06 9.05 5.21 20.81 1623.41 108.42 0.0264
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River Sta Min. Ch El 
(ft) 

W.S. Elev 
(ft) 

Flow Area 
(sq ft) 

Froude 
#XS 

 Depth 
(ft) 

Shear 
(lb/sq f) 

Velocity 
(ft/s) 

Top Width 
(ft) 

Stream 
Power 
(lb/ft s) 

E.G. Slope

32257 2054.76 2064.72 4502.45 1.99 9.96 4.97 20.43 1275.1 101.54 0.0244

32055 2041.97 2064.26 17218.63 0.27 22.29 0.15 3.96 2599.99 0.59 0.0004

31951 2036.34 2054.67 5912.59 0.99 18.33 1.36 10.92 1576.97 14.85 0.0059

31653 2027.94 2038.54 2296.54 2.02 10.6 7.7 28.1 383.26 216.37 0.0207

31319 2018.2 2028.48 2105.68 2.21 10.28 9.16 30.65 351.09 280.75 0.0246

30906 2013.22 2023.1 3012.99 2.08 9.88 5.46 21.42 916.95 116.95 0.0267

30537 2003.64 2012.69 3052.29 2.19 9.05 5.56 21.19 1060.98 117.82 0.0306

30452 2002.02 2011.01 8092.11 1.07 8.99 1.69 12.36 1839.3 20.89 0.0066

30412 2002.01 2008.47 4463.38 1.52 6.46 2.62 14.46 1596.59 37.89 0.0151

30322 1998.38 2006.61 5682.22 1.09 8.23 1.52 11.36 1694.12 17.27 0.0073

30196 1995.19 2001.98 3830.65 1.84 6.79 3.65 16.85 1475.5 61.50 0.0226

30018 1990.49 1996.82 3509.44 1.97 6.33 4.28 18.39 1290.31 78.71 0.0253

29850 1985.87 1992.5 3539.94 2 6.63 4.3 18.26 1374.58 78.52 0.0267

29719 1981.92 1989.4 3675.93 1.93 7.48 3.97 17.56 1424.18 69.71 0.0247

29586 1978.91 1985.59 3565.63 2.02 6.68 4.27 18.1 1428.98 77.29 0.0275

29443 1975.99 1983.32 3989.35 1.62 7.33 3.18 16.18 1291.33 51.45 0.0165

29294 1971.93 1978.8 3407.54 1.89 6.87 4.35 18.94 1097.2 82.39 0.0225

29171 1969.15 1975.41 3316.8 2.07 6.26 4.78 19.46 1205.25 93.02 0.0279

29038 1965.03 1971.38 3243.78 2.09 6.35 4.95 19.9 1149.74 98.51 0.0282

28926 1960.97 1968.28 3289.63 2.11 7.31 4.9 19.62 1226.17 96.14 0.0293

28783 1958.21 1964.25 3398.28 2.13 6.04 4.72 18.99 1376.81 89.63 0.0307

28644 1955.19 1960.23 3559.56 2.15 5.04 4.46 18.14 1607.63 80.90 0.0322

28503 1950.37 1956.7 3799.5 1.91 6.33 3.79 16.99 1553.73 64.39 0.0248

28352 1946.92 1952.28 3482.14 1.86 5.36 4.18 18.53 1134.15 77.46 0.0218

28263 1943.76 1949.82 3340.5 1.88 6.06 4.44 19.32 1016.36 85.78 0.0217

28172 1939.85 1947.69 3255.77 1.76 7.84 4.41 19.82 828.39 87.41 0.0180

28046 1934.8 1942.71 2928.45 2.55 7.91 6.49 22.04 1264.83 143.04 0.0450

27910 1933.02 1939.7 3504.33 1.99 6.68 4.33 18.42 1320.8 79.76 0.0262

27755 1928.79 1935.28 3454.69 2.06 6.49 4.53 18.73 1376.03 84.85 0.0283

27586 1923.44 1930.61 3401.63 1.98 7.17 4.49 18.97 1193.05 85.18 0.0253

27440 1918.94 1926.56 3370.94 2.09 7.62 4.71 19.15 1292.7 90.20 0.0290

27315 1915.8 1923.1 3369.31 2.02 7.3 4.6 19.16 1203.29 88.14 0.0264

27193 1912.55 1919.7 3412.27 2.15 7.15 4.72 18.91 1415.11 89.26 0.0313

27067 1910.58 1916.4 3627.62 2.03 5.82 4.18 17.79 1515.56 74.36 0.0280

26965 1908.41 1913.39 3693.84 2.17 4.98 4.27 17.47 1827.41 74.60 0.0339

26814 1902.75 1909.22 3961.85 1.97 6.47 3.66 16.29 1874.01 59.62 0.0277

26683 1898.59 1905.14 3874.97 2.08 6.55 3.9 16.66 1947.64 64.97 0.0314

26571 1895.79 1903.95 4337.19 1.29 8.16 2.47 15.01 1051.68 37.07 0.0094

26405 1891.01 1897.75 3085.64 2.15 6.74 5.4 20.92 1052.5 112.97 0.0295

26256 1884.85 1892.76 2997.28 2.22 7.91 5.74 21.53 1027.98 123.58 0.0316

26099 1879.45 1887.16 2890.21 2.26 7.71 6.08 22.33 949.87 135.77 0.0321

25952 1876.06 1883.08 2985.74 2.14 7.02 5.62 21.62 939.21 121.50 0.0284

25772 1872.05 1879.68 3234.38 1.81 7.63 4.52 19.95 852.51 90.17 0.0191

25642 1868.62 1875.31 2935.33 2.09 6.69 5.66 21.99 853.42 124.46 0.0264
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River Sta Min. Ch El 
(ft) 

W.S. Elev 
(ft) 

Flow Area 
(sq ft) 

Froude 
#XS 

 Depth 
(ft) 

Shear 
(lb/sq f) 

Velocity 
(ft/s) 

Top Width 
(ft) 

Stream 
Power 
(lb/ft s) 

E.G. Slope

25522 1863.04 1871.01 2797.95 2.27 7.97 6.37 23.07 870.47 146.96 0.0318

25319 1859.08 1866.16 3125.11 2.09 7.08 5.21 20.65 1030.89 107.59 0.0276

25102 1855 1861.31 3317.57 1.9 6.31 4.53 19.48 1030.2 88.24 0.0223

24913 1849.57 1856.1 3162.46 2.05 6.53 5.06 20.41 1026.85 103.27 0.0263

24765 1844.38 1851.33 2986.55 2.09 6.95 5.53 21.61 898.39 119.50 0.0267

24632 1840.2 1847.27 3093.92 1.93 7.07 5.8 23.27 815.85 134.97 0.0207

24427 1832.81 1840.47 2564.04 2.2 7.66 7.03 25.17 633.19 176.95 0.0279

24220 1825.65 1834.82 2577.59 2.14 9.17 6.96 25.34 623.38 176.37 0.0256

24048 1821.52 1829.28 2448.75 2.24 7.76 7.55 26.36 569.07 199.02 0.0282

23892 1816.67 1824.2 2474.67 2.55 7.53 8.13 26.08 764.36 212.03 0.0403

23754 1808.28 1816.14 2262.53 2.7 7.86 9.5 28.53 651.66 271.04 0.0439

23559 1802.09 1811.49 2686.61 2.28 9.4 6.76 24.02 779.36 162.38 0.0315

23355 1797.77 1805.91 2742.55 2.11 8.14 6.25 23.53 713.49 147.06 0.0261

23191 1792.71 1800.69 2628.67 2.17 7.98 6.74 24.55 664.07 165.47 0.0274

23044 1787.79 1796.65 2607.73 2.11 8.86 6.68 24.78 612.25 165.53 0.0250

22888 1782.76 1791.77 2499.82 2.16 9.01 7.18 25.82 562.94 185.39 0.0260

22705 1778.49 1786.75 2478.37 2.18 8.26 7.32 26.04 561.4 190.61 0.0267

22527 1773.2 1780.41 2328.23 2.24 7.21 8.09 27.72 490.34 224.25 0.0274

22354 1765.34 1774.8 2266.69 2.27 9.46 8.5 28.59 483.5 243.02 0.0277

22130 1760.03 1769.05 2331.18 2.27 9.02 8.14 27.7 506.41 225.48 0.0283

21921 1755.51 1764.9 2544.32 2.07 9.39 6.92 25.68 571.91 177.71 0.0232

21731 1748.35 1759.24 2393.1 2.11 10.89 7.5 26.97 472.36 202.28 0.0239

21572 1742.31 1756.11 2932.94 1.63 13.8 6.82 28.49 561.19 194.30 0.0118

21423 1735.84 1746.17 1889.9 2.15 10.33 10.69 34.75 285.22 371.48 0.0215

21297 1732.6 1742.44 1835.35 2.24 9.84 11.29 35.48 278.1 400.57 0.0236

21146 1726.13 1736.94 1758.31 2.46 10.81 12.56 36.71 254.78 461.08 0.0295

21034 1724.17 1734 1790.68 2.54 9.83 12.51 36.04 285.98 450.86 0.0324

20892 1719.98 1728.42 1890.86 2.49 8.44 12.9 37.23 408.28 480.27 0.0302

20751 1715.94 1724.32 1754 2.48 8.38 12.63 36.8 256.32 464.78 0.0298

20593 1710.43 1720.03 1943.62 2.51 9.6 12.72 36.75 350.92 467.46 0.0308

20475 1706.77 1712.32 2026.13 3.72 5.55 19.82 42.14 540.3 835.21 0.0799

20320 1701.97 1707.39 2490.35 3.29 5.42 14.11 34.71 618.2 489.76 0.0657

20154 1697.03 1703.59 2593.12 2.11 6.56 6.72 24.89 598.98 167.26 0.0249

20000 1692.93 1699.22 2546.26 2.18 6.29 7.03 25.35 604.02 178.21 0.0268

19880 1690.27 1696.23 2564.99 2.1 5.96 6.81 25.16 576.78 171.34 0.0246

19726 1684.74 1691.12 2435.08 2.2 6.38 7.53 26.5 542.39 199.55 0.0269

19573 1680.41 1686.34 2390.89 2.3 5.93 7.94 26.99 560.28 214.30 0.0299

19421 1675 1681.03 2334.17 2.37 6.03 8.36 27.65 551.13 231.15 0.0317

19268 1670.1 1676.22 2337.5 2.36 6.12 8.33 27.61 551.51 229.99 0.0316

19116 1665.25 1671.04 2327.95 2.46 5.79 8.6 27.72 589.14 238.39 0.0349

18963 1660.54 1666.06 2376.25 2.44 5.52 8.32 27.16 615.91 225.97 0.0346

18810 1655.91 1661.47 2447.02 2.33 5.56 7.77 26.37 615.98 204.89 0.0314

18657 1651.54 1657.45 2522.13 2.19 5.91 7.16 25.59 594.8 183.22 0.0271

18504 1647.32 1653.99 2590.53 2.06 6.67 6.62 24.91 567.89 164.90 0.0233



 

Revetment Design for   35 
Lytle Creek West Development 

River Sta Min. Ch El 
(ft) 

W.S. Elev 
(ft) 

Flow Area 
(sq ft) 

Froude 
#XS 

 Depth 
(ft) 

Shear 
(lb/sq f) 

Velocity 
(ft/s) 

Top Width 
(ft) 

Stream 
Power 
(lb/ft s) 

E.G. Slope

18351 1642.78 1650.27 2555.92 2 7.49 6.62 25.25 517.79 167.16 0.0215

18198 1639.82 1646.47 2487.35 1.97 6.65 6.78 25.95 459.38 175.94 0.0201

18045 1636.28 1644.17 2573.46 1.81 7.89 6.13 25.08 429.93 153.74 0.0165

17893 1632.65 1639.63 2400.17 2.07 6.98 7.37 26.89 459.17 198.18 0.0227

17739 1628.6 1636.6 2443.21 1.99 8 7.01 26.42 446.57 185.20 0.0206

17585 1624.83 1633.05 2396.24 1.96 8.22 7.12 26.93 408.82 191.74 0.0196

17433 1621.17 1629.2 2339.8 2.1 8.03 7.69 27.58 436.98 212.09 0.0231

17295 1618.57 1627.86 2521.12 1.73 9.29 6.13 25.6 371.2 156.93 0.0145

17185 1616.53 1624.16 2368.42 2.3 7.63 8.05 27.25 544.04 219.36 0.0297

16968 1611.43 1618.48 2420.36 2.18 7.05 7.55 26.7 531.9 201.59 0.0260

16794 1606.39 1614.36 2453.62 2.1 7.97 7.21 26.3 501.66 189.62 0.0237

16644 1599.71 1608.8 2331.6 2.48 9.09 8.62 27.68 600.47 238.60 0.0357

16463 1598.23 1606.45 3181.85 2.22 8.22 5.29 20.28 1225.17 107.28 0.0327

16274 1595.03 1602.47 3686.42 1.87 7.44 3.88 17.51 1350.83 67.94 0.0228

16149 1593.64 1600.77 6574.05 1.01 7.13 1.37 10.91 1909.13 14.95 0.0060

16005 1590.1 1595.96 4004.92 2.07 5.86 4.22 17.71 1865.37 74.74 0.0299

15869 1587.81 1593.75 4494.56 1.62 5.94 2.91 15.16 1705.51 44.12 0.0171

15728 1584.02 1590.2 4247.74 1.92 6.18 3.64 16.47 1989.16 59.95 0.0255

15540 1579.76 1585.34 4057.73 1.93 5.58 3.7 16.62 1677.27 61.49 0.0258

15355 1576.02 1581.65 4640.61 1.71 5.63 2.98 15.01 2059.69 44.73 0.0199

15215 1573.77 1578.4 4439.89 1.69 4.63 3.04 15.33 1964.21 46.60 0.0191

15035 1569.52 1574.7 4206.41 1.75 5.18 3.14 15.44 1875.06 48.48 0.0209

14847 1565.27 1570.81 4218.02 1.74 5.54 3.11 15.36 1786.37 47.77 0.0206

14621 1560.37 1565.86 4201.57 1.82 5.49 3.21 15.36 1909.63 49.31 0.0234

14443 1554.66 1561.77 4238.08 1.81 7.11 3.16 15.23 1937.15 48.13 0.0231

14267 1552.31 1557.44 4361.44 1.87 5.13 3.37 15.75 2095.38 53.08 0.0245

14096 1547.42 1553.58 4172.26 1.75 6.16 3.15 15.47 1724.73 48.73 0.0209

13938 1543.85 1549.07 3784.91 1.93 5.22 3.82 17.05 1559.23 65.13 0.0252

13776 1539.51 1544.93 3754.76 1.92 5.42 3.86 17.19 1516.12 66.35 0.0250

13625 1535.63 1541.4 3810.67 1.87 5.77 3.71 16.94 1502.21 62.85 0.0233

13476 1531.68 1538.09 3896.05 1.84 6.41 3.56 16.57 1543.72 58.99 0.0226

13326 1528.12 1534.68 3941.99 1.86 6.56 3.54 16.37 1645 57.95 0.0237

13176 1524.33 1531.11 3921.39 1.85 6.78 3.55 16.46 1603.16 58.43 0.0233

13025 1521.52 1527.61 3904.7 1.84 6.09 3.56 16.53 1565.21 58.85 0.0229

12876 1518.89 1524.19 3896.45 1.83 5.3 3.55 16.56 1534.18 58.79 0.0224

12726 1514.06 1520.79 3810.54 1.77 6.73 3.58 16.94 1336.02 60.65 0.0201

12576 1511.19 1516.71 3555.8 1.95 5.52 4.19 18.15 1324.33 76.05 0.0250

12421 1507.68 1512.81 3513.01 1.92 5.13 4.21 18.37 1237.69 77.34 0.0238

12274 1502.39 1508.83 3325.41 1.87 6.44 4.45 19.41 990.31 86.37 0.0212

12123 1498.98 1505.57 3314.95 1.87 6.59 4.48 19.47 988.05 87.23 0.0214

11913 1493.45 1500.71 3267.94 1.94 7.26 4.67 19.75 1015.25 92.23 0.0233

11677 1488.2 1495.23 3173.92 1.84 7.03 4.69 20.33 837.09 95.35 0.0198

11382 1481.54 1489.41 3700.15 1.86 7.87 4.6 19.97 1029.4 91.86 0.0205

11172 1476.89 1483.55 3450.41 2.07 6.66 5.43 21.42 1033.84 116.31 0.0261
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River Sta Min. Ch El 
(ft) 

W.S. Elev 
(ft) 

Flow Area 
(sq ft) 

Froude 
#XS 

 Depth 
(ft) 

Shear 
(lb/sq f) 

Velocity 
(ft/s) 

Top Width 
(ft) 

Stream 
Power 
(lb/ft s) 

E.G. Slope

10981 1473.03 1478.3 3432.18 2.13 5.27 5.57 21.53 1079.42 119.92 0.0281

10791 1468.54 1474.06 3500.41 1.85 5.52 4.95 21.11 868.87 104.49 0.0197

10614 1464.1 1471.23 3524.05 1.62 7.13 4.49 20.97 678.89 94.16 0.0139

10436 1459.7 1467.42 3258.55 1.69 7.72 5.12 22.68 579.93 116.12 0.0146

10247 1454.5 1461.61 2873.66 2.01 7.11 6.8 25.72 563.32 174.90 0.0214

10052 1449.47 1456.89 2865.21 2.17 7.42 7.2 25.8 655.59 185.76 0.0264

9938 1445.16 1453.87 2870.87 2.19 8.71 7.22 25.74 671.51 185.84 0.0271

9785 1441.03 1449.95 2943.12 2.22 8.92 7.05 25.11 741.37 177.03 0.0286

9663 1438.1 1446.68 2952.96 2.15 8.58 6.86 25.03 698.94 171.71 0.0261

9529 1435.02 1443.88 3054.24 2.01 8.86 6.27 24.2 678.66 151.73 0.0224

9416 1431.23 1441.08 3011.39 2 9.85 6.38 24.54 646.39 156.57 0.0220

9283 1429.05 1437.61 2943.57 2.06 8.56 6.7 25.11 639.12 168.24 0.0234

9093 1424.61 1432.91 2918.67 2.1 8.3 6.86 25.32 645.09 173.70 0.0244

8907 1419.94 1427.5 2821.76 2.15 7.56 7.29 26.19 611.53 190.93 0.0254

8700 1414.39 1421.73 2853.6 2.34 7.34 7.61 25.9 752.21 197.10 0.0323

8536 1410.93 1417.81 3019.38 2.12 6.88 6.6 24.48 728.96 161.57 0.0256

8398 1408.06 1414.45 3058.99 2.12 6.39 6.48 24.16 756.61 156.56 0.0257

8214 1403.21 1410.21 3114.12 2.02 7 6.13 23.73 724.16 145.46 0.0229

8058 1400.89 1407.77 3301.75 1.8 6.88 5.26 22.39 691.03 117.77 0.0177

7908 1397.99 1404.37 3181.58 1.85 6.38 5.63 23.27 648.88 131.01 0.0183

7764 1395.63 1402.71 3343.19 1.62 7.08 4.81 22.11 575.62 106.35 0.0133

7631 1393.04 1400.1 3208.48 1.71 7.06 5.28 23.05 570.03 121.70 0.0150

7500 1390.2 1397.39 3051.91 1.81 7.19 5.9 24.38 547.65 143.84 0.0168

7400 1387.99 1394.25 2905.18 2.09 6.26 6.99 25.73 633.48 179.85 0.0239

7300 1385.08 1391.52 2874.71 2.24 6.44 7.35 25.84 697.98 189.92 0.0284

7200 1383.34 1388.77 2927.28 2.33 5.43 7.36 25.33 802.65 186.43 0.0322

7100 1377.76 1384.34 2880.89 2.84 6.58 8.55 25.69 1139.08 219.65 0.0539

7000 1376 1383.08 3561.19 2.08 7.08 5.24 20.79 1159.38 108.94 0.0272

6900 1374.6 1381.21 3810.43 1.9 6.61 4.51 19.41 1184.31 87.54 0.0224

6800 1372.87 1378.69 3818.49 2.01 5.82 4.81 19.84 1239.35 95.43 0.0256

6700 1371.21 1376.64 3970.75 1.88 5.43 4.34 19.01 1242.95 82.50 0.0219

6600 1368.94 1374.44 3956.22 1.87 5.5 4.32 18.98 1234.75 81.99 0.0217

6500 1367.06 1372.09 3944.53 1.92 5.03 4.43 19.09 1336.86 84.57 0.0231

6400 1364.99 1369.81 3901.39 1.93 4.82 4.4 18.94 1298.53 83.34 0.0235

6299 1362.71 1367.7 3960.1 1.85 4.99 4.19 18.66 1250.42 78.19 0.0212

6199 1360.39 1365.65 3957.43 1.78 5.26 4.1 18.69 1160.23 76.63 0.0192

6098 1358.16 1363.62 3913.07 1.76 5.46 4.12 18.89 1090.25 77.83 0.0184

5998 1355.91 1361.39 3811.08 1.78 5.48 4.32 19.42 1037.65 83.89 0.0188

5897 1354.12 1359.61 3825.43 1.71 5.49 4.2 19.41 966.39 81.52 0.0169

5711 1351.47 1357.79 4312.35 1.41 6.32 3.14 17.2 936.24 54.01 0.0109

5609 1349.73 1356.02 4059.46 1.5 6.29 3.52 18.21 883.41 64.10 0.0123

5404 1346.35 1352.32 3779.79 1.68 5.97 4.2 19.57 903.77 82.19 0.0160

5190 1342.61 1348.48 3761.25 1.87 5.87 4.53 19.65 1100.35 89.01 0.0212

4960 1339.22 1345.29 4337.85 1.63 6.07 3.63 17.84 1158.08 64.76 0.0156
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River Sta Min. Ch El 
(ft) 

W.S. Elev 
(ft) 

Flow Area 
(sq ft) 

Froude 
#XS 

 Depth 
(ft) 

Shear 
(lb/sq f) 

Velocity 
(ft/s) 

Top Width 
(ft) 

Stream 
Power 
(lb/ft s) 

E.G. Slope

4806 1337.23 1342.48 4219.74 1.81 5.25 3.96 18.08 1361.1 71.60 0.0204

4619 1334.38 1339.02 4248.07 1.8 4.64 3.88 17.83 1423.61 69.18 0.0204

4461 1331.7 1336.19 4346.35 1.75 4.49 3.64 17.26 1484.59 62.83 0.0194

4285 1328.06 1332.95 4412.33 1.71 4.89 3.46 16.78 1500.35 58.06 0.0186

4125 1324.6 1330.14 4412.53 1.65 5.54 3.37 16.75 1383.72 56.45 0.0169

3970 1321.66 1327.88 4505.11 1.58 6.22 3.18 16.41 1351.61 52.18 0.0153

3828 1319.31 1326.36 4633.33 1.5 7.05 2.96 15.95 1315.53 47.21 0.0135

3647 1316.79 1323.66 4677.04 1.44 6.87 2.84 15.8 1249.7 44.87 0.0122

3494 1314.02 1321.5 4520.69 1.46 7.48 3.01 16.35 1168.66 49.21 0.0125

3340 1312 1319.21 4330.63 1.48 7.21 3.21 17.07 1047.45 54.79 0.0124

3187 1310 1316.56 4036.47 1.51 6.56 3.57 18.31 881.68 65.37 0.0125

3034 1308 1314.55 3972.73 1.47 6.55 3.58 18.6 794.74 66.59 0.0115

2880 1305.69 1312.76 3951.17 1.46 7.07 3.59 18.71 772.46 67.17 0.0113

2727 1304 1310.76 3868.59 1.5 6.76 3.76 19.11 764.61 71.85 0.0119

2574 1302 1308.6 3798.14 1.58 6.6 3.99 19.46 807.05 77.65 0.0136

2413 1300 1307.16 4029.6 1.47 7.16 3.52 18.34 839 64.56 0.0118

2259 1298.04 1307.89 5541.89 0.95 9.85 1.73 13.4 908.57 23.18 0.0045

2105 1297.21 1304.91 4309.84 1.43 7.7 3.15 17.15 959.69 54.02 0.0113

1930 1294.78 1303.39 4535.31 1.31 8.61 2.78 16.3 939.27 45.31 0.0092

 
 

The results of the HEC-RAS model are described by some of the hydraulic parameters indicated in the 
model and illustrate different trends in the floodplain proceeding upstream to downstream (higher river 
station to lower river station).  The channel appears to be within a supercritical regime with froude 
numbers generally above a value of one.  The velocities appear to be within the range of 17 to 23 fps, 
with extreme peak velocities developing up to 30 fps.  The average velocity correlates to the 
representative streambed material size and can be verified utilizing critical shear stress to estimate the 
minimum resisting grain size as 176 mm or approximately 7-inches (d85) which corresponds to the 
general armoring material evident in the streambed.  This material size is also represented in the 
mechanical grain size distribution of the streambed material as d85. 

4.4 Hydraulic Characteristics Variation and Velocity Distribution in Cross Section 
Graphic representations were generated to show the variation of the velocity distribution across the cross 
section and the variation along the channel profile.  The first plot illustrates the variation of velocity within 
the cross section.  The second plot illustrates the change in velocity along the entire length of the right 
floodplain and is generally indicative of changes in the cross sectional area or stream bed slope.  The x-
axis of the second graphic is the distance from the downstream end of the floodplain. 
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4.5 Two Dimensional Hydraulic Analysis 
Unlike HEC-RAS, FLO-2D uses a complex set of equations, which require detailed numerical methods to 
solve them.  In the case of FLO-2D, the differential form of the equations of motion is solved with a 
central, explicit, finite difference scheme such that the discharge across one grid element boundary into 
another is accomplished one element at a time.  The uniform grid elements that comprise the model are 
used to calculate discharge in eight flow directions: four compass directions and four compass diagonals.  
This is unlike HEC-RAS, which utilizes a cross-section across the direction of flow to define the channel 
geometry.  Numerical computations begin in each grid element by estimating the depth of flow at the 
boundary between two adjacent elements.  The equations of motion are applied to determine the velocity 
one direction at a time for all eight of the flow directions of a given element.  Discharge across the 
element boundary is calculated by multiplying velocity with the cross-sectional flow area.  Once all four 
boundary element discharges have been calculated, the change in volume for the individual element can 
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be calculated by multiplying the sum of discharges by the time step.  The change in water depth can then 
be determined by dividing the change in volume by the element surface area.  Volume conservation is 
checked at every time step in every computational element to provide a check of accuracy and as a tool 
to determine if user selected parameters are properly exercised.  One of the most important 
computational components of a finite element numerical scheme is the numerical stability criteria, 
essentially a limit of the size of the time step.  In the case of FLO-2D, the stability is based on the 
Courant-Friedrich-Levy (CFL) condition, and is variable.  While a complete overview of the full numerical 
scheme of FLO-2D is beyond the scope of this discussion, the purpose has been to provide a brief 
background of the assumptions and formulation of the model.  For an in-depth overview, the reader is 
encouraged to refer to the model’s user manual. 
 
The FLO-2D numerical model interfaces with, and receives data from, the user through a series of data 
input files.  These files contain all of the user specified data about the particular physical system being 
modeled including the simulation parameters such as run time, the physical representation of the 
modeled simulation, and the hydraulic and hydrologic parameters such as rain duration and intensity, and 
inflow hydrographs.  The physical representation of the system is contained in modeled elements in a grid 
system containing variables such as surface roughness, bed elevation, and channel components. 
 
The model grid, composed of the elements described above, was assembled using FLO-2D’s GDS 
software.  The model grid was first established by importing the digital topography DTM data into the 
GDS.  The DTM data provides the model with northing, easting and elevation coordinates, and represents 
the model topography.  Following DTM importation, the actual grid system is created.  The grid resolution 
is chosen considering model run time and computer memory needs.  The grid resolution was chosen 
based on CFL condition, so grid size was determined partially as: 
 

( )cv
C

x
t

+
=

∆
∆

 
 
where, t is time, x is the grid size, C<1 is the Courant number, v is the cross-sectionally averaged velocity 
and c is the wave celerity.  A grid size of x=100 ft was chosen because it represented a good 
compromise between resolution and time step based on the mathematical stability requirements.  The 
elevation of a particular grid node represents the cell area averaged elevation.  Similarly, the x and y 
coordinates of a node represent the center of the individual node.  Manning’s roughness values for 
individual grid cells represents the cell area average for each cell based on the identical roughness 
values used in the HEC-RAS.  Manning’s roughness values had previously been estimated based on 
hydraulic methods outlined in Chow (1959) and utilizing equations based on streambed material size. 

4.5.1 FLO-2D Results and Discussion  

The results of the FLO-2D floodplain hydraulic analysis are best presented in graphic representation of 
the calculated floodplain and hydraulic characteristics.  The advantage of the FLO-2D analysis provides a 
better understanding of the hydraulic operation for wide floodplains with unconfined overland flow 
because it is simulated in eight directions: four compass directions and four diagonal directions.  
Maximum depth and velocity files are automatically created and this output along with the area of 
inundation can be reviewed graphically.  In addition, FLO-2D is listed twice on the FEMA list of approved 
hydraulic models, once for unconfined flood studies and once for riverine studies.  The two-dimensional 
analysis provides another hydraulic indicator to assist in evaluating the relative stability and erosion 
potential within a complicated floodplain geometry like Lytle Creek.  In particular, the velocity direction 
vectors illustrate particular trends on the average direction of primary and localize flow patterns directed 
away or towards the island streambank.  The velocity distribution clearly illustrates the locations of high 
and low velocities, which confirms the results of the HEC-RAS analysis in that the higher velocities are 
with the deeper portion of the floodplain away from the channel sides.  In addition, the velocity and depth 
patterns mirror the major streambed erosion patterns consistent with the topography and aerial 
photograph.  The area of floodplain upstream of Glenn Helen Parkway to downstream of the CEMEX 
levee and golf course was evaluated to determine the amount of area for each velocity increment within 
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the floodplain shown in the mapping of the velocity distribution of Figure 4.  The tabulated amounts of 
each velocity increment within this portion of the floodplain are illustrated in Figure 6.  Another key 
element of the FLO-2D analysis is that it correctly evaluates the flow distribution around the island and 
the majority of the flow is distributed to the south side.  This is consistent with historical patterns based on 
aerial photographic evidence indicating that the south side had been the primary flow path.  This is 
important since changes to cause unusual amounts of flow to the north side of the island will upset the 
natural balance and equilibrium conditions. 
 
 

 
 

Figure 10 - FLO-2D 100-year velocity distribution plot illustrating variation of velocity within the floodplain and the 
dominant flowpath with larger flow concentration is illustrated with the higher velocity. 
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Figure 11 - FLO-2D layout of the grid calculation cells and the resulting flow / velocity vectors in each cell.  The 

direction of the velocity or velocity vector is illustrated with the magnitude of the arrows in each cell. 
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Figure 12 - Summary of the velocity distribution within the 100-year floodplain along project reach, upstream of Glenn 
Helen Parkway to downstream of the golf course, based on FLO-2D analysis.  The amount of area is illustrated for 
each velocity increment within the floodplain shown in Figure 5. 
 
 
The FLO-2D analysis provides a more accurate assessment of the flow distribution and velocity 
characteristics within the active floodplain, which is difficult to evaluate with standard river engineering 
tools.  One of the more difficult items to correctly evaluate is the distribution of flows on either side of the 
island, which is a function of the upstream hydraulics and floodplain channel geometry.  The results of the 
FLO-2D analysis also assist in validating the original HEC-RAS floodplain model analysis utilizing the 
one-dimensional analysis.  The FLO-2D provides an indication of the effects on the hydraulics from the 
bedform, such as the channel braiding, which is also illustrated with the velocity distribution patterns.  The 
hydraulic analyses performed were based on “fixed bed” conditions, but provides a strong indicator of the 
general trends and distribution within the floodplain, since the moveable bed modeling results (HEC-6) 
indicated that the streambed was generally stable. 

4.6 Comparison to Previous Model 
A Letter of Map Revision (LOMR) was recently prepared for the Lytle North Revetment, a grouted rock 
rip-rap structure located between Glenn Helen Parkway and 3,800 feet south of the I-15 Freeway bridge.  
The LOMR for Lytle North Revetment used a similar methodology by using two separate HEC-RAS 
models to analyze the floodplain on either side of the island.  Each subcritical model utilized the full 100-
year flow of 42,580 cfs (Table 3, Index 2) in order to produce the most conservative water surface and 
velocity calculations.  The flow rate was not divided or proportioned between the two flow paths.  There is 
less than a one (1) foot difference in the 100-year water surface elevation of the LOMR model and this 
analysis.  The velocities and top width of the LOMR analysis and this hydraulic model vary by less than 
10 percent. 
 
 
 



 

Revetment Design for   43 
Lytle Creek West Development 

5  Geomorphic Streambank Erosion Analysis 
5.1 Project Historical Aerial Photograph Data Acquisition/Interpretation 
Research was performed to obtain historical aerial photographs of the Habitat Conservation Area island 
within Lytle Creek that covered an adequate period of record in order to evaluate (1) specific trends in the 
fluvial processes, (2) the long-term stability of the conservation area island, (3) the effect of major storm 
events, and (4) the response of the creek system to different external changes such as hydraulic 
structures.   
 
Two different resources of historical aerial photography archives used to obtain data specifically for the 
project included Whittier College and San Bernardino County Flood Control District.  The Fairchild Aerial 
Photography Collection is a privately owned archive of historical aerial photographs and is one of the 
largest libraries of aerial photographs in Northern California, produced by Fairchild Aerial Surveys during 
the period of 1927-1965.  San Bernardino Flood Control District has periodically purchased aerial photo 
flights of portions of San Bernardino County for various internal purposes and has made the aerial photo 
data available to the public.  The “Valleywide” area that includes Lytle Creek has aerial photos from 1938 
to 2005 at scales ranging from 1”=1000’ to 1”=2000’.  The methodology for developing the sequence of 
aerial photographs obtained from the sources was based on providing aerial coverage for (1) significant 
storm events, (2) years with high rainfall, and (3) time intervals between photographed years not 
exceeding approximately 10-years.  High-resolution scans were produced for all the aerial photographs.  
The photographs were then geo-referenced utilizing GIS tools with the available USGS mapping for the 
area and common geographic features.  The geo-referencing of the aerial photographs ensured that all 
the photographs were on the same horizontal datum for comparison purposes.  The following table 
summarizes all the historical aerial photographs obtained as part of the research for this analysis and 
indicates relevant hydrologic data associated with that year or time interval between aerial photos of this 
sequence.  The relevant hydrologic data includes the annual rainfall for that year and any significant 
storm that occurred since the last historic photo in the sequence was obtained. 
 
 

Table 12 - Historic Aerial Photograph Research Data 
 

Date Source Annual Rainfall 
(inches) 

Significant Storm in 
Photo Time Interval 

Time Increment 
Between Photos 

1930 Fairchild 21.33 02/16/27 (2,700 cfs) --------------------- 
Oct 22, 1932 Fairchild 12.2 ----------------------- 2 

August 3, 1933 Fairchild 12.7 ----------------------- 1 
August 29, 1934 Fairchild 18.6 ----------------------- 1 

September 8, 1935 Fairchild 14 ----------------------- 1 

March 12, 1943 Fairchild 21.4 
03/02/38 (25,200 cfs) 
01/23/43 (4,800 cfs) 

8 

August 15, 1952 Fairchild 25.6 ----------------------- 9 
May 6, 1953 Fairchild 16.5 ----------------------- 1 

November 10,1955 Fairchild 14 ----------------------- 2 
1958 San Bernardino County 6.27 ----------------------- 3 

January 30, 1969 Fairchild 9.34 01/25/69 (35,900 cfs) 11 
February 7, 1970 San Bernardino County 10.6 2/25/69 (6,000 cfs) 1 
October 17, 1972 Fairchild 18.9 ----------------------- 2 
January 21, 1978 San Bernardino County 17 ----------------------- 6 
February 25, 1986 Fairchild 198.8 03/02/83 (4,000 cfs) 8 

July 1991 San Bernardino County 13.3 ----------------------- 5 
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Date Source Annual Rainfall 
(inches) 

Significant Storm in 
Photo Time Interval 

Time Increment 
Between Photos 

April 20, 1996 Fairchild 12.4 ----------------------- 5 
June 15, 2001 San Bernardino County 13.6 ----------------------- 5 

January 19, 2005 San Bernardino County 27 ----------------------- 4 
 

5.2 Chronology of Documented Channel Change 
A general chronology of known channel and watershed changes was developed from historical map and 
aerial photographs.  These provide a basis for developing an assessment related to general trends within 
this portion of the creek and response of the active channel system to different external influences. 

 
 

Table 13 - Lytle Creek Chronology Based on Aerial Photographs 
 

Date Description 

1930 

• Active channel located entirely on the south side of the restoration area, however, remnants of historical 
channels to the north are visible which define the current general shape of the island, but have vegetative 
growth. 

• Minor earthen diversion ditch from the location of the future Glenn Helen Parkway roadway crossing and 
the ditch distributes to three recharge laterals on the north side. 

• Rural road in place at the Glenn Helen Parkway low-water crossing. 

1933 

(8/3) 

• Extensive recharge channel system constructed on both the north and south side of the channel with 
numerous parallel ditches. 

• Active channel is entirely on the south side of the restoration area. 

1934 

(8/29) 

• Recharge ditch system expands downstream along the island. 

• In-stream diversion lateral diversion weir structures installed adjacent to the island at two different 
locations. 

• Primary feeder ditch system diverts the main stream flow to the north side of the island. 

• Small stream thread beginning to occur on the north side of the island, but primary active channel is to 
the south. 

1935 

(9/8) 

• Recharge ditch system expanded into the active channel, with all recharge ditches parallel to the 
direction of the creek. 

• Active channel is on the south side of the restoration area. 

1943 

(3/12) 

• Significant damage to intricate recharge channel system occurred from the 1943 and 1938 floods.  Many 
of the parallel ditches obliterated. 

• Caused a significant active channel along the north side of the island. 

• Island appears close to the shape of the island in its current configuration. 

1952 

(8/15) 

• Army Corps of Engineers groin system installed downstream of Glenn Helen Parkway crossing and 
revetments near the future freeway crossing. 

• North side active channel becoming more entrenched, but not widening. 

1953 

(5/6) 

• Glenn Helen Parkway crossing appears to be more permanent roadway rather than the rural road. 

• North side channel appears to have more active low water flow. 

1955 

(11/10) 

• Gravel mining operations begun on south side in the location of the CEMEX Mining area. 

• All active low flows appear on the north side of the island, which may be associated with the SCE 
diversion structure on the north side at the mouth the canyon. 
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Date Description 

1958 
• Gravel mining operations expand on the south side and include levee around the gravel pit. 

• Active stream on the north side of island and appears that the flow is on the north side from the mouth of 
the canyon upstream of Glenn Helen Parkway. 

1969 

(1/30) 

• Construction of the I-15 Freeway begun, but has not reached Lytle Creek. 

• Majority of the active channel on the south side of the island. 

• Major flood occurring in January, which coincides with the large amount of active eroded streambed. 

• Levee system on CEMEX gravel pit installed in location of current configuration. 

1972 

(10/17) 

• Major gas utility pipeline crossing installed downstream of future freeway crossing. 

• In-stream earthen vanes installed for training water to north side for recharge channel.  Vanes located 
upstream from future freeway crossing. 

• Additional underground utility pipeline crossing installed downstream of CEMEX gravel pit location. 

• Total of three northern agricultural earthen water storage reservoirs constructed in Sycamore Creek. 

1978 

(1/21) 

• Construction of I-15 Bridge across Lytle Creek begun and channel revetment for bridge installed. 

• CEMEX gravel pit levee extended to the upstream to join ACOE groin and expanded to the north. 

1986 

(2/25) 

• Several large earthen recharge ponds installed along the south side of the channel just downstream of 
the I-15 Bridge. 

• Significantly increased size and amount of active channel on the north side of island.  Recharge dams 
appear to have deflected flows to the north as well as in-stream training structure upstream of the 
freeway. 

1991 

(July) 
• Mining operation begun on north side of channel, opposite current CEMEX gravel pit. 

1996 

(4/15) 

• In stream channel diversion / training structures appear to divert flow just downstream of Glenn Helen 
Parkway primarily to the north bank. 

• More active channel along the north. 

• Additional recharge ponds extended downstream close to CEMEX levee. 

• Erosion at the head of the CEMEX north levee system which flow appears to impinge directly on the 
levee and deflect back into the main flow. 

• Better defined erosion and active channel on north side between CEMEX north levee pit and island area. 

2001 

(6/14) 

• Permanent grouted rock revetment constructed for the CEMEX levee on the north embankment. 

• Recharge ponds active along the south side. 

• Primary active channel is located on the north bank. 

2005 

(1/19) 

• CEMEX earthen levee on the south pit is breached, all flow goes through the pit. 

• Active low-flow is diverted downstream of Glenn Helen Parkway to the north bank. 

• Road construction at Glenn Helen Parkway crossing. 

• Smaller flows migrating along the northern side of the island and may have deflected on this path 
downstream of the freeway from the pipeline roadway crossing excavation. 

 

5.3 Identified Historic Geomorphic Trends 
Specific features, including changes in planform and active erosion can be identified from the different 
aerial photographs that influence the stability of Lytle Creek.  The specific trends that were evaluated 
included (1) historic thalweg location and variation over time to establish the dominant trends in the 
stream system, and (2) influence of manmade actives in the watershed on erosion events. 
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Figure 13 - Summary of historical variation of active thalweg location from historic aerial photographs. 

 

5.4 Floodplain Hydraulic and Erosion Influences  
Review of the historical aerial photograph sequence for the 75-years of record provides physical evidence 
of the floodplain response to different influences including manmade structures and significant storm 
events.  The following conclusions can be drawn from the chronology of active channel changes from 
aerial photographs: 

• Human Impacts:  Direct human impacts over the period of aerial photographic record include the 
construction of the I-15 Bridge, at grade roadway crossing for Glenn Helen Parkway, sand and 
gravel excavations, ACOE groin systems, channel revetments, irrigation infiltration ponds, 
irrigation distribution canals and diversion structures.  The varying degree of human adjustment 
within the floodplain has been reflected by a corresponding response in the river system. 

o Numerous in-stream water diversion systems have been historically installed within the 
active stream and adjacent relic floodplain areas. 

o Gravel mining activities have modified the floodplain through the installation of levee 
systems that have redirected and modified the flow patterns and hydraulic characteristics. 

o Army Corps of Engineers groin field stabilized the migration of the flow patterns across 
the alluvial fan. 

• Channel Change:  The historical record of aerial photographs illustrates that the overall channel 
movement has generally been contained within the historical incision of the alluvial fan.  In 
addition, the general vertical profile and elevation of the channel thalweg has not changed 
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significantly except for the changes associated with the gravel pit levee failure.  The historic invert 
stabilization and water diversion structures constructed in the 1930-1940s have remained at the 
same elevation as the surrounding creek flowline elevations. 

• Hydrologic Events:  The photographs indicate that the earlier larger rainfall events during the 
1930’s and 1940’s had the most dramatic effect on the shaping of the island which remained 
relatively constant since those events. 

• Watershed Effects:  This location within the Lytle Creek watershed is immediately downstream of 
the canyon mouth or historic apex of the alluvial fan that results in unique hydraulic 
characteristics and sediment delivery to this location of the floodplain.  
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6  Recommended Flood Control Improvements 
6.1 Design Condition 
Design of a revetment to be stable against debris flow and flooding from Lytle Creek involves 
development of minimum requirements for the revetment height and toe-down to account for the 
maximum depths of flood flows and lowering of the stream bed due to erosion and scour effects.  The 
design parameters formulated for the proposed flood control revetment relied partially upon the 
information generated from the previous extensive hydraulic and sediment transport analysis.  The 
specific guidelines used in engineering calculations to establish the minimum design requirements were 
based upon commonly used criteria by a number of local and federal agencies including San Bernardino 
County Flood Control District, Los Angeles County Flood Control District, Federal Highway 
Administration, and FEMA. 

6.1.1 Soil Cement Revetment 

Soil Cement is a mixture of pulverized soil material and measured amounts of Portland Cement and 
water which are compacted to high density.  As the cement hydrates, the mixture becomes a hard, 
durable material with low permeability and since soil cement is a structural material, it possesses 
engineering properties of strength dependent upon type of soil, curing conditions, and age.  The cement 
contents for typical soil-cement mixtures are generally in the range of 7% to 12% by weight of dry soil.  
Soil cement contain enough moisture for maximum compaction. 
 

• The central plant mixing process is recommended to be used for the stair-step or multi-layer 
construction process utilized for the levee construction because it provides more accurate and 
uniform mixing than the mixed-in-place technique. 

 
• Almost all types of soil materials, from granular to fine grained, can be adequately pulverized and 

mixed with a central plant traverse-shaft mixers.  The exception is materials containing large 
amounts of highly plastic clays which have difficulty in balling up and not being thoroughly mixed 
with the cement. 

 
• Extensively wet material is difficult to thoroughly mix and pulverize. 

 
• The precise mix design should be developed using standard laboratory tests (ASTM D558, D559, 

and D560).  These tests will indicate the proper cement content, optimum moisture content, and 
maximum density of the soil-mixture. 

 
 

6.1.2 Grouted Rock Rip Rap Revetment- Alternative 

Based upon Los Angeles County Hydraulic Design Manual, the grouted riprap revetment alternative 
design is outlined in the following table to include grouted rock, filter blanket and weep holes. 
 

 
Table 14 - Grouted Rip-rap Levee Design 

 
Velocities Rock Size (D50 Size) Levee Thickness Filter Thickness 

16 – 20 fps 1-ton (34”) 51-inch 12-inch 
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6.1.3 FEMA Requirements 

For levees to be recognized by FEMA, evidence that adequate design, operation and maintenance 
systems are in place to provide protection from the base flood must be provided.  Riverine levees must 
provide a minimum freeboard of three feet above the water-surface level of the base flood.  An additional 
one foot above the minimum is required within 100 feet on either side of structures (such as bridges) 
riverward of the levee or wherever the flow is constricted.  An additional one-half foot above the minimum 
at the upstream end of the levee, tapering to not less than the minimum at the downstream end of the 
levee, is also required.  It is also expected that during the base flood, no appreciable erosion of the levee 
embankment will be expected, as a result of either currents or waves.  Anticipated erosion may not result 
in failure of the levee embankment or foundation directly or indirectly through reduction of the seepage 
path and subsequent instability. 
 
The proposed levee will provide the minimum 3 feet of freeboard over the base flood elevation.  The 
actual levee design will include 3 feet of freeboard over the ultimate discharge of 64,540 cfs, which is 
bulked value of the base flood, 42,580 cfs. 

6.2 Recommended Section 
The revetment functions as a streamside embankment whose primary purpose is to furnish flood 
protection from flood high water and which is therefore subject to potential debris flux loading from 
upstream of the natural channel during the design storm event.   
 
Typical revetment structure type may be classified by its surface armor construction material utilization.  
Among commonly seen revetment armor materials are earth lining, timber alignment, concrete channel 
bank, riprap stone, rubble mound, stone gabion, special designed reinforced concrete armor unit and 
grouted riprap stone.   
 
For Lytle Creek West Development, soil cement revetment or alternative grouted rock riprap revetment is 
recommended.  The revetment cross-section has the soil cement or alternative grouted rock rip-rap at 1.5 
to 1 (horizontal to vertical) side slopes.  A 20 feet wide paved road will follow along the top of the 
revetment and will slope away from the channel to a v-ditch.  The road can be used by service or local 
vehicles and has ramp assess to the creek channel floor.  The revetment alignment extends about 1.2 
miles upstream of I-15 Freeway to 5.7 miles downstream of the I-15 Freeway for a total length of 35,260 
feet. The revetment levee will include a freeboard over the 100-year water surface elevation and a toe-
down depth to satisfy the ultimate condition.  A fence will be placed along the revetment to protect the 
designated endangered species San Bernardino Kangaroo Rat (SBKR).   
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7  Revetment Design Considerations 
7.1 Vertical Alignment 
The streambank revetment profile is composed of a top-of-bank profile and a toe-down profile.  The 
minimum top of bank elevation is defined by the hydraulic requirements of the water surface profile for the 
creek and freeboard criteria.  The toe-down of the revetment is designed to ensure that it cannot be 
undermined from local scour and degradation.  The toe-down must satisfy both the existing streambed 
profile and future long-term degradation of the streambed based upon sediment transport studies 
evaluating the long-term equilibrium channel slope and levee cutoff depth criteria of the Los Angeles 
County Flood Control District. 

7.2 Minimum Toe-down Requirement 
The design of the revetment must provide adequate toe-down protection below the channel invert to 
account for the potential dynamic changes in the bed elevations due to erosion and scour effects.  The 
design parameters formulated for the proposed flood control levee relied upon the information generated 
from the previous extensive hydraulic and sediment transport analysis.  The toe-down depth requirements 
were evaluated using the requirements outlined in the Los Angeles County Hydraulic Design Criteria 
Manual, Page F-31, for a comparison.   
 
 

Table 15 - Cut-off Depths based upon Los Angeles County Hydraulic Design Criteria Manual, Page F-31 
 

Velocities Straight Reaches Curved Reach   
0 - 6 f.p.s. 6 feet 9 feet 
6 - 10 f.p.s. 8 feet 12 feet 

10 - 15 f.p.s. 10 feet 15 feet 
15 - 18 f.p.s. 12.5 feet 18 feet 
18 - 20 f.p.s. 14 feet 21 feet 

 
 
The elevation adjustment at any given location in a sand bed stream may include the components of 
long-term degradation, general scour, local scour, bedform development, bend scour, and low flow 
incisement as expressed by the following equation:  

 

ibsalsgstot ZZZZZZZ +++++=
2
1

deg  

 
where: totZ   =  total potential vertical adjustment, 

 degZ   =  long-term degradation, 

 gsZ   =  general scour, 

 lsZ   =  local scour, 

 aZ   =  bedform height, 

 bsZ   =  bend scour, and  

 iZ   =   low flow incisement 
 

Each of the following elements in the above equation is discussed by the following paragraphs. 
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7.2.1 Long-Term Degradation 
Long-term degradation is the description as the lowering of the stream invert occurring over a long reach 
and over a log period of time.  The primary causes for long-term degradation of a channel are reductions 
in upstream sediment supply, changes in river geomorphology, and man-induced effects.  Assessment of 
the potential for a long-term degradation usually involves consideration of historical trends and 
engineering analysis using available qualitative and quantitative relationships to estimate the stream 
behavior in reaction to various scenarios or future conditions. 
 
For Lytle Creek, both qualitative judgment and quantitative analysis were applied to predict the potential 
of a long-term degradation of the stream bed along the study reaches.  Comparison of the historical 
stream bed slope from the upper canyon to the mining are to the current stream bed profile indicated no 
apparent change over the last 30 years.  Extensive quantitative sediment transport calculations also 
found that the reaches from the upstream canyon to the project site possess similar sediment transport 
characteristics over a wide range of high and low flood conditions.  A sediment balanced or equilibrium 
slope condition has apparently already achieved through the alluvial fan area.  Since there is no evidence 
suggesting that substantial change would occur in the upstream watershed or in the alluvial fan area 
upstream of the proposed project reach such as urbanization, sediment control, or aggregate mining, the 
overall stream bed should maintain its current equilibrium condition in the future. 

7.2.2 General Scour 
General scour is referred to a localized and temporary lowering of a stream bed over a short-term period 
such as during a major flood event primarily due to differences in sediment transport conditions of 
hydraulically dissimilar locations or reaches.  Utilization of a sediment routing model such as HEC-6 
program which computes magnitudes of aggradation and degradation at every cross-section along a 
channel throughout the duration of a storm is one of the best methods of estimating general scour.  The 
maximum depth of degradation over all computational time increments at each cross-section should be 
selected as the potential general scour at that location.  This practice was applied for the Lytle Creek 
wash with numerous scenarios in previous studies to determine the potential general scour depths over a 
100-year flood event.   

 
General scour is also termed contraction scour which takes place when flow width is suddenly reduced by 
channelization and by encroachment of bridge crossings.  Scour at a contraction occurs because the flow 
path is narrower than that upstream, and the velocity and bed shear stress increase, causing more 
sediment to be transported through the contracted area.  As an alternative to mathematical modeling 
procedures, simple formulas were developed to estimate the depth of contraction scour using fewer input 
parameters.  As recommended by the Federal Highway Administration, the equations developed by 
Laursen (1961) were used to evaluate contraction scour for Lytle Creek. 

 
For live bed conditions: 
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02 YYZcs −=  
 
where: 1Y   = upstream flow depth, 

 1Q   = upstream flow rate, 

 2Q   = flow rate at contracted section, 

 1W   = upstream flow width, 

 2W   = flow width at contracted section 
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 1k   =  exponent coefficient, a function of bed material transport, 

 oY   =  flow depth at contracted section before scour, and  

 csZ   =  depth of contraction scour. 
 

For clear water conditions: 
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02 YYZcs −=  
 
where: 2Y   =  flow depth at contracted section after scour, 
 n   =  Manning’s roughness coefficient, 
 Q  =  flow rate, 

 sK   =  Shield’s coefficient, 

 sS   =  specific gravity of sediment, 

 D   =  diameter of smallest non-transportable particle, 
 W   =  flow width at contracted section  
 0Y   =  flow depth at contracted section before scour, and  

 csZ   =  depth of contraction scour. 
 

7.2.3 Local Scour 
Local scour in stream bed develops when there is an obstruction of flow, such as at the locations of 
bridge piers and abutments.  The scour holes are usually time-related phenomena, reaching maximum 
depth at the peak flow and refilling during the recession period of a flood.  The following relationship 
developed by results from laboratory experiments was used to compute the depth of scour for circular 
cylinder piers (Simons and Senturk 1977): 
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where:  lsZ   = depth of local scour at bridge pier, 

 b   = pier width normal to the flow including debris factor, 
 1Y   = upstream flow depth, and 
 Fr   = upstream flow Froude number. 
 

In previous studies, the depth of local scour at the I-15 bridge piers was evaluated using the above 
equation.  Local scour can also take place on the stream bed when flow plunges from the top of a drop.  
There is an approximately 30 ft difference in elevation between the top of the Glen Helen Parkway (which 
was also named as Devore Road) and the stream bottom adjacent to the roadway embankment.  Should 
flood flow overtop the roadway and impinge on the unarmored stream bed at this location, a local scour 
hole would develop and may undermine the proposed revetment.  However, this area is outside the 
project reach for the levee repair.  This type of local scour is created by the abrading action of the 
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churning water and sediment occurring within the plunge pool.  The depth of the local scour hole can be 
determined using the empirical procedure: 

 
YqHZls −= 54.0225.032.1  

 

where:  lsZ   = scour depth below the stream bed, 

 H  = elevation drop from water surface above the drop to tail water, 

 q    = flow rate per unit width, and 
 Y   = tail water depth. 

 

7.2.4 Bedform Height 
Bedforms (also called dunes and antidunes) commonly develop and create a succession of crests and 
troughs in sand bed streams.  The distance between the mean bed elevation and the trough of the 
bedform is approximately equal to the distance from the mean bed elevation to the bedform crest.  The 
sum of these two distances is defined as the bedform height. 
 
The height of bedform can be estimated by the following equation in terms of flow velocity: 

 
2027.0 VZa =  

 
where:  aZ   = bedform height, and, 

 V  = flow velocity. 
 

If the bedform height computed from the above equation exceeds the flow depth, the flow depth should 
be used instead of the computed value.  One-half of the bedform height is typically defined as the amount 
of scour that may potentially occur adjacent to the channel embankment for toe-down considerations.  
Another half representing the crest of the bedform is usually included for design of embankment height. 
 
To estimate the bedform height for Lytle Creek under the 100-year flood condition, the maximum flow 
velocity generated from all the hydraulic analysis scenarios was used to result in a conservative design. 

7.2.5 Bend Scour 
Bend scour occurs along curved sections of a channel as the flow is forced to change direction through 
impingement on the outside bank.  The transverse or secondary currents generated cause sediment to be 
scoured from the outside bank and deposited along the inside bank.  Based upon the following 
relationship, the maximum scour depth resulting from channel curvature in sand bed streams was 
estimated. 
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where:  bsZ   = bend scour depth, 

 V   = upstream flow velocity, 
 Y   = maximum depth of upstream flow, 
 hY   = hydraulic depth of upstream flow, 
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 eS   = upstream flow energy slope, 
 w   = flow top width, and 
 r   = radius of the curvature. 
 

7.2.6 Low Flow Incisement 
Narrow and incised channels often develop within a wide floodplain under small runoff events.  If this 
incisement is located adjacent to a flood control levee, it can expose the structure to greater risk of failure 
during subsequent major events.  The best mean of estimating the likely depth of a low flow incisement is 
through field inspections and measurement.  Approximately 3 feet deep low flow channel were observed 
during a field visit in the vicinity of the proposed project reach.  This value was included in the design of 
toe-down for the proposed flood control revetment. 

7.3 Summary of Minimum Toe-down Requirement 
The above scour components were evaluated based upon the hydraulic and sediment transport 
characteristics produced under the maximum design conditions.  The sum of all the above estimates 
constitutes a maximum allowance for the stream bed elevation adjustments.  These values were then 
compared with the estimates computed using the levee cutoff depth criteria of the Los Angeles County 
Flood Control District.   
 
A separate hydraulic analysis using HEC-RAS was generated to determine the hydraulic parameters 
utilized to evaluate the potential scour requirements.  A condition with minimum vegetation was created 
by adjusting the Manning’s roughness coefficients to determine the maximum velocities.  This condition 
corresponds either to the initial seasons immediately preceding the construction to establish vegetation or 
immediately after a large storm event that may push down the vegetation. 
 
The proposed revetment includes an embankment of soil cement or an alternative grouted rock rip-rap 
embankment.  The toe down requirement for the revetment was based on the future thalweg once 
aggradation has occurred in the channel.  Based on Los Angeles Country Flood Control District criteria, 
the greater of the two values were selected as the minimum toe-down requirements for the proposed 
project.  A summary of the Toe-down analysis results can be found in Appendix A.  

7.4 Minimum Revetment Height Requirement 
The minimum top of revetment shall be computed by the sum of the 100-year depth of flow and 
freeboard.  The freeboard calculations will be determined using the design flowrate for the 100-year storm 
event.  Freeboard represents the additional height required to ensure overtopping does not occur from 
factors not accounted for in the design water surface profile calculations.  These factors include possible 
long-term aggradation, super-elevation at curved channels, and bed forms, in addition to less identifiable 
components such as separation, excessive turbulence, wave action and variation of loss coefficients.   

 
Based on FEMA requirements, riverine levees must provide a minimum freeboard of 3-feet above the 
water-surface level of the base flood.  An additional one foot above the minimum is required within 100 
feet on either side of structures (such as bridges) riverward of the levee or wherever the flow is 
constricted.  The levee to be repaired is more than 100 feet away from any structures, therefore, that 
condition is not applicable.   
 
San Bernardino County Flood Control District utilizes Los Angeles County Flood Control District Hydraulic 
Design Manual (LACFCD Hydraulic Design Manual) and Los Angeles County Department of Public 
Works Hydrology/Sedimentation Manual (LACDPW Hydrology/ Sedimentation Manual) for determining 
the required freeboard.  According to the LACFCD Hydraulic Design Manual, for average flow velocities 
equal to or less than 35 fps, 2.5 ft of freeboard is required for trapezoidal channels – straight alignment 
and for curved alignments additional 2.5 ft is required or 1.0 ft above the superelevated water surface, 
whichever is greater. 
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According to the LACDPW Hydrology/Sedimentation Manual, required freeboard can be determined from 
the following equation: 

 
FB = Yagg + Yga + Yse + ½ h 

 
                            Where: 

     FB   =  Total freeboard 
     Yagg  =  Long-term aggradation 
     Yga   =  General aggradation 
     Yse   =  Superelevation (for curves only) 
      h     =  Bedform height (reference Appendix Q-9) 

 
The minimum required freeboard are presented in Table 16.  The ultimate condition 100-year water 
surface elevation is based upon the hydraulic model utilizing a higher Manning’s value of 0.055 to provide 
a conservative design.  A minimum of 3 feet of freeboard based upon FEMA’s freeboard requirement has 
been achieved for the revetment length. 
 
 

Table 16 - Summary of Freeboard Requirements  
 

HEC-RAS 
Channel 
Station 

Approx. 
Revetment 

Station 
100-Year 

WSE 
FEMA Freeboard 

Requirement 
County 

Freeboard 
Requirement 

Min. Top of 
Revetment 
Elevation 

36572 37440.00 2188.0 3 feet 2.5 feet 2191.0 
36318 37185.00 2179.9 3 feet 2.5 feet 2182.9 
36064 36935.00 2173.2 3 feet 2.5 feet 2176.2 
35850 36760.00 2166.4 3 feet 2.5 feet 2169.4 
35649 36585.00 2160.9 3 feet 2.5 feet 2163.9 
35349 36280.00 2151.6 3 feet 2.5 feet 2154.6 
35048 35975.00 2143.0 3 feet 2.5 feet 2146.0 
34658 35575.00 2132.2 3 feet 2.5 feet 2135.2 
34357 35275.00 2124.1 3 feet 2.5 feet 2127.1 
34162 35075.00 2118.6 3 feet 2.5 feet 2121.6 
33912 34825.00 2110.7 3 feet 2.5 feet 2113.7 
33661 34575.00 2103.6 3 feet 2.5 feet 2106.6 
33353 34290.00 2094.4 3 feet 2.5 feet 2097.4 
33102 34045.00 2086.6 3 feet 2.5 feet 2089.6 
32824 33800.00 2079.1 3 feet 2.5 feet 2082.1 
32502 33455.00 2070.5 3 feet 2.5 feet 2073.5 
32257 33225.00 2063.9 3 feet 2.5 feet 2066.9 
32055 33000.00 2064.2 3 feet 2.5 feet 2067.2 
31951 32890.00 2054.8 3 feet 2.5 feet 2057.8 
31653 32530.00 2044.9 3 feet 2.5 feet 2047.9 
31319 32250.00 2033.6 3 feet 2.5 feet 2036.6 
30906 31800.00 2025.6 3 feet 2.5 feet 2028.6 
30537 31345.00 2010.2 3 feet 2.5 feet 2013.2 
30452 31225.00 2008.4 3 feet 2.5 feet 2011.4 
30412 31200.00 2008.0 3 feet 2.5 feet 2011.0 
30322 31115.00 2005.7 3 feet 2.5 feet 2008.7 
30196 31000.00 2002.0 3 feet 2.5 feet 2005.0 
30018 30810.00 1996.9 3 feet 2.5 feet 1999.9 
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HEC-RAS 
Channel 
Station 

Approx. 
Revetment 

Station 
100-Year 

WSE 
FEMA Freeboard 

Requirement 
County 

Freeboard 
Requirement 

Min. Top of 
Revetment 
Elevation 

29850 30665.00 1992.4 3 feet 2.5 feet 1995.4 
29719 30525.00 1989.4 3 feet 2.5 feet 1992.4 
29586 30405.00 1985.6 3 feet 2.5 feet 1988.6 
29443 30215.00 1983.0 3 feet 2.5 feet 1986.0 
29294 30015.00 1978.9 3 feet 2.5 feet 1981.9 
29171 29900.00 1975.4 3 feet 2.5 feet 1978.4 
29038 29765.00 1971.4 3 feet 2.5 feet 1974.4 
28926 29645.00 1968.3 3 feet 2.5 feet 1971.3 
28783 29515.00 1964.3 3 feet 2.5 feet 1967.3 
28644 29415.00 1960.3 3 feet 2.5 feet 1963.3 
28503 29300.00 1956.7 3 feet 2.5 feet 1959.7 
28352 29190.00 1952.2 3 feet 2.5 feet 1955.2 
28263 29090.00 1949.8 3 feet 2.5 feet 1952.8 
28172 29000.00 1947.7 3 feet 2.5 feet 1950.7 
28046 28860.00 1942.7 3 feet 2.5 feet 1945.7 
27910 28715.00 1939.7 3 feet 2.5 feet 1942.7 
27755 28540.00 1935.4 3 feet 2.5 feet 1938.4 
27586 28375.00 1930.5 3 feet 2.5 feet 1933.5 
27440 28225.00 1926.6 3 feet 2.5 feet 1929.6 
27315 28105.00 1923.0 3 feet 2.5 feet 1926.0 
27193 28085.00 1919.9 3 feet 2.5 feet 1922.9 
27067 27865.00 1916.4 3 feet 2.5 feet 1919.4 
26965 27755.00 1913.5 3 feet 2.5 feet 1916.5 
26814 27615.00 1909.2 3 feet 2.5 feet 1912.2 
26683 27495.00 1905.2 3 feet 2.5 feet 1908.2 
26571 27380.00 1901.9 3 feet 2.5 feet 1904.9 
26405 27215.00 1900.5 3 feet 2.5 feet 1903.5 
26256 27065.00 1894.3 3 feet 2.5 feet 1897.3 
26099 26900.00 1889.3 3 feet 2.5 feet 1892.3 
25952 26740.00 1885.7 3 feet 2.5 feet 1888.7 
25772 26550.00 1879.5 3 feet 2.5 feet 1882.5 
25642 26410.00 1875.1 3 feet 2.5 feet 1878.1 
25522 26265.00 1870.9 3 feet 2.5 feet 1873.9 
25319 26065.00 1865.8 3 feet 2.5 feet 1868.8 
25102 25880.00 1860.0 3 feet 2.5 feet 1863.0 
24913 25680.00 1853.6 3 feet 2.5 feet 1856.6 
24765 25525.00 1849.6 3 feet 2.5 feet 1852.6 
24632 25350.00 1844.1 3 feet 2.5 feet 1847.1 
24427 25180.00 1840.2 3 feet 2.5 feet 1843.2 
24220 25015.00 1835.9 3 feet 2.5 feet 1838.9 
24048 24850.00 1830.6 3 feet 2.5 feet 1833.6 
23892 24635.00 1825.2 3 feet 2.5 feet 1828.2 
23754 24425.00 1820.3 3 feet 2.5 feet 1823.3 
23559 24215.00 1814.5 3 feet 2.5 feet 1817.5 
23355 24010.00 1808.0 3 feet 2.5 feet 1811.0 
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HEC-RAS 
Channel 
Station 

Approx. 
Revetment 

Station 
100-Year 

WSE 
FEMA Freeboard 

Requirement 
County 

Freeboard 
Requirement 

Min. Top of 
Revetment 
Elevation 

23191 23845.00 1804.4 3 feet 2.5 feet 1807.4 
23044 23700.00 1800.4 3 feet 2.5 feet 1803.4 
22888 23560.00 1796.1 3 feet 2.5 feet 1799.1 
22705 23375.00 1789.4 3 feet 2.5 feet 1792.4 
22527 23190.00 1783.8 3 feet 2.5 feet 1786.8 
22354 23015.00 1778.4 3 feet 2.5 feet 1781.4 
22130 22790.00 1770.6 3 feet 2.5 feet 1773.6 
21921 22565.00 1763.6 3 feet 2.5 feet 1766.6 
21731 22360.00 1756.6 3 feet 2.5 feet 1759.6 
21572 22190.00 1754.7 3 feet 2.5 feet 1757.7 
21423 22025.00 1742.3 3 feet 2.5 feet 1745.3 
21297 21880.00 1733.4 3 feet 2.5 feet 1736.4 
21146 21690.00 1730.3 3 feet 2.5 feet 1733.3 
21034  1726.4 3 feet 2.5 feet 1729.4 
20892  1723.0 3 feet 2.5 feet 1726.0 
20751  1729.9 3 feet 2.5 feet 1732.9 
20593  1722.4 3 feet 2.5 feet 1725.4 
20475  1716.3 3 feet 2.5 feet 1719.3 
20320  1709.6 3 feet 2.5 feet 1712.6 
20154  1702.7 3 feet 2.5 feet 1705.7 
20000  1698.9 3 feet 2.5 feet 1701.9 
19880  1696.1 3 feet 2.5 feet 1699.1 
19726  1691.1 3 feet 2.5 feet 1694.1 
19573  1686.3 3 feet 2.5 feet 1689.3 
19421  1681.0 3 feet 2.5 feet 1684.0 
19268  1676.2 3 feet 2.5 feet 1679.2 
19116  1671.0 3 feet 2.5 feet 1674.0 
18963  1666.1 3 feet 2.5 feet 1669.1 
18810  1661.5 3 feet 2.5 feet 1664.5 
18657  1657.5 3 feet 2.5 feet 1660.5 
18504 18516.00 1654.0 3 feet 2.5 feet 1657.0 
18351 18365.00 1650.3 3 feet 2.5 feet 1653.3 
18198 18215.00 1646.5 3 feet 2.5 feet 1649.5 
18045 18065.00 1644.2 3 feet 2.5 feet 1647.2 
17893 17912.00 1639.6 3 feet 2.5 feet 1642.6 
17739 17763.00 1636.6 3 feet 2.5 feet 1639.6 
17585 17613.00 1633.1 3 feet 2.5 feet 1636.1 
17433 17463.00 1629.2 3 feet 2.5 feet 1632.2 
17295 17326.00 1627.9 3 feet 2.5 feet 1630.9 
17185 17214.00 1624.2 3 feet 2.5 feet 1627.2 
16968 17022.00 1618.5 3 feet 2.5 feet 1621.5 
16794 16826.00 1614.3 3 feet 2.5 feet 1617.3 
16644 16670.00 1611.6 3 feet 2.5 feet 1614.6 
16463 16480.00 1606.7 3 feet 2.5 feet 1609.7 
16274 16290.00 1602.4 3 feet 2.5 feet 1605.4 
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HEC-RAS 
Channel 
Station 

Approx. 
Revetment 

Station 
100-Year 

WSE 
FEMA Freeboard 

Requirement 
County 

Freeboard 
Requirement 

Min. Top of 
Revetment 
Elevation 

16149 16170.00 1600.8 3 feet 2.5 feet 1603.8 
16005 16015.00 1595.9 3 feet 2.5 feet 1598.9 
15869 15889.00 1593.7 3 feet 2.5 feet 1596.7 
15728 15750.00 1590.3 3 feet 2.5 feet 1593.3 
15540 15567.00 1585.4 3 feet 2.5 feet 1588.4 
15355 15390.00 1581.9 3 feet 2.5 feet 1584.9 
15215 15245.00 1578.5 3 feet 2.5 feet 1581.5 
15035 15035.00 1575.2 3 feet 2.5 feet 1578.2 
14847 14847.00 1571.2 3 feet 2.5 feet 1574.2 
14621 14573.00 1566.5 3 feet 2.5 feet 1569.5 
14443 14388.00 1562.4 3 feet 2.5 feet 1565.4 
14267 14248.00 1558.0 3 feet 2.5 feet 1561.0 
14096 14056.00 1554.4 3 feet 2.5 feet 1557.4 
13938 13895.00 1549.8 3 feet 2.5 feet 1552.8 
13776 13715.00 1545.7 3 feet 2.5 feet 1548.7 
13625 13565.00 1542.2 3 feet 2.5 feet 1545.2 
13476 13414.00 1538.8 3 feet 2.5 feet 1541.8 
13326 13262.00 1535.2 3 feet 2.5 feet 1538.2 
13176 13113.00 1531.5 3 feet 2.5 feet 1534.5 
13025 12964.00 1528.1 3 feet 2.5 feet 1531.1 
12876 12813.00 1524.5 3 feet 2.5 feet 1527.5 
12726 12664.00 1520.9 3 feet 2.5 feet 1523.9 
12576 12513.00 1516.8 3 feet 2.5 feet 1519.8 
12421 12364.00 1512.8 3 feet 2.5 feet 1515.8 
12274 12214.00 1508.8 3 feet 2.5 feet 1511.8 
12123 12065.00 1505.5 3 feet 2.5 feet 1508.5 
11913 11875.00 1500.7 3 feet 2.5 feet 1503.7 
11677 11715.00 1495.2 3 feet 2.5 feet 1498.2 
11382 11480.00 1489.4 3 feet 2.5 feet 1492.4 
11172 11290.00 1483.6 3 feet 2.5 feet 1486.6 
10981 11095.00 1478.3 3 feet 2.5 feet 1481.3 
10791 10910.00 1474.1 3 feet 2.5 feet 1477.1 
10614 10750.00 1471.2 3 feet 2.5 feet 1474.2 
10436 10550.00 1467.4 3 feet 2.5 feet 1470.4 
10247 10350.00 1461.6 3 feet 2.5 feet 1464.6 
10052 10185.00 1456.9 3 feet 2.5 feet 1459.9 
9938 10070.00 1453.9 3 feet 2.5 feet 1456.9 
9785 9915.00 1450.0 3 feet 2.5 feet 1453.0 
9663 9790.00 1446.7 3 feet 2.5 feet 1449.7 
9529 9675.00 1443.9 3 feet 2.5 feet 1446.9 
9416 9555.00 1441.1 3 feet 2.5 feet 1444.1 
9283 9415.00 1437.6 3 feet 2.5 feet 1440.6 
9093 9200.00 1433.4 3 feet 2.5 feet 1436.4 
8907 8940.00 1427.4 3 feet 2.5 feet 1430.4 
8700 6520.00 1421.7 3 feet 2.5 feet 1424.7 
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HEC-RAS 
Channel 
Station 

Approx. 
Revetment 

Station 
100-Year 

WSE 
FEMA Freeboard 

Requirement 
County 

Freeboard 
Requirement 

Min. Top of 
Revetment 
Elevation 

8536 6330.00 1417.8 3 feet 2.5 feet 1420.8 
8398 6190.00 1414.5 3 feet 2.5 feet 1417.5 
8214 6080.00 1410.2 3 feet 2.5 feet 1413.2 
8058 5990.00 1407.8 3 feet 2.5 feet 1410.8 
7908 5830.00 1404.4 3 feet 2.5 feet 1407.4 
7764 5790.00 1402.7 3 feet 2.5 feet 1405.7 
7631 5655.00 1400.1 3 feet 2.5 feet 1403.1 
7500 5585.00 1397.4 3 feet 2.5 feet 1400.4 
7400 5480.00 1394.2 3 feet 2.5 feet 1397.2 
7300 5380.00 1391.5 3 feet 2.5 feet 1394.5 
7200 5275.00 1388.8 3 feet 2.5 feet 1391.8 
7100 5170.00 1384.3 3 feet 2.5 feet 1387.3 
7000 5065.00 1383.1 3 feet 2.5 feet 1386.1 
6900 4960.00 1381.2 3 feet 2.5 feet 1384.2 
6800 4865.00 1378.7 3 feet 2.5 feet 1381.7 
6700 4760.00 1376.6 3 feet 2.5 feet 1379.6 
6600 4650.00 1374.4 3 feet 2.5 feet 1377.4 
6500 4550.00 1372.1 3 feet 2.5 feet 1375.1 
6400 4450.00 1369.8 3 feet 2.5 feet 1372.8 
6299 4350.00 1367.7 3 feet 2.5 feet 1370.7 
6199 4250.00 1365.7 3 feet 2.5 feet 1368.7 
6098 4150.00 1363.6 3 feet 2.5 feet 1366.6 
5998 4045.00 1361.4 3 feet 2.5 feet 1364.4 
5897 3950.00 1359.6 3 feet 2.5 feet 1362.6 
5711 3925.00 1357.8 3 feet 2.5 feet 1360.8 
5609 3820.00 1356.0 3 feet 2.5 feet 1359.0 
5404 3625.00 1352.3 3 feet 2.5 feet 1355.3 
5190 3435.00 1348.5 3 feet 2.5 feet 1351.5 
4960 3365.00 1345.1 3 feet 2.5 feet 1348.1 
4806 3300.00 1342.4 3 feet 2.5 feet 1345.4 
4619 3135.00 1339.0 3 feet 2.5 feet 1342.0 
4461 2975.00 1336.2 3 feet 2.5 feet 1339.2 
4285 2850.00 1333.0 3 feet 2.5 feet 1336.0 
4125 2700.00 1330.1 3 feet 2.5 feet 1333.1 
3970 2522.00 1327.9 3 feet 2.5 feet 1330.9 
3828 2315.00 1326.4 3 feet 2.5 feet 1329.4 
3647 1969.00 1323.7 3 feet 2.5 feet 1326.7 
3494 1570.00 1321.5 3 feet 2.5 feet 1324.5 
3340 1300.00 1319.2 3 feet 2.5 feet 1322.2 
3187 1000.00 1316.6 3 feet 2.5 feet 1319.6 

 

7.5 Horizontal Alignment 
The horizontal alignment of the revetment will follow the proposed tract boundary.  A portion of the 
revetment will align with the existing CEMEX levee and levee adjacent to the golf course.   A 20 feet 
maintenance road and v-ditch will be adjacent to the top of the revetment. 
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7.6 Project Impact on the I-15 Bridge 
The south abutment and two piers of the existing I-15 bridge will be enclosed by the proposed flood 
control revetment.  The encroachment into the existing floodplain will alter the current hydraulic behavior 
in the bridge vicinity.  The encroachment may impact the bridge flood conveyance and scour 
characteristics under the existing condition. 
 
The proposed revetment at the I-15 Bridge will act as the new south abutment for the I-15 Bridge.  Design 
of the toe-down has taken into account the maximum scour potential that may occur at the bridge 
location, which will provide an adequate protection for the proposed development as well as the bridge 
structure.    
 
To identify the potential hydraulic impact created by the proposed project, flow characteristics considering 
before and after construction of the proposed revetment using the HEC-RAS program are compared in 
Table 17. 
 

Table 17 - Project Impact on Flow Characteristics at I-15 under the 100-year Flood 
 

Flow Velocity 
ft/s Water Surface Elevation   I-15 Sections 

Existing Condition Project Condition Existing Condition Project Condition 
30537 24.72 28.33 2012.72 2010.16 
30452 22.54 19.11 2009.23 2008.41 
30412 23.47 18.78 2007.18 2007.99 
30322 19.07 16.27 2005.11 2005.70 

 
The proposed flood control revetment may increase the maximum flow velocity at the I-15 bridge and 
raise the maximum water surface elevation. 
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8  Sediment Transport Analysis 
8.1 Methodologies for Sediment Transport Analysis 
To evaluate the stability of Lytle Creek stream bed and its potential of erosion and sedimentation during 
the passage of a flood, a detailed sediment transport analysis was performed with the proposed flood 
protection in-place.  This analysis provided the necessary parameters for developing a sound engineering 
design for the stability of the proposed flood control revetment. HEC-6 model developed by USACE is 
utilized in sediment analysis. 

 
The potential of stream bed erosion and sedimentation for a given reach is governed by the bed material 
transport capacity in comparison with the upstream bed material supply.  The stream bed will degrade 
when the transport capacity exceeds the rate of upstream supply.  On the other hand, the stream bed will 
aggrade if the transport capacity is less than the supply.  The bed material transport is a function of the 
flow’s hydraulic characteristics in terms of velocity, depth, and energy slope as well as a function of the 
particle sizes of stream bed material.  Numerous methods have been developed empirically with 
measured data in an attempt to quantify the rate of transport.  These methods have been known to 
predict vastly different results when given the same hydraulic and bed material information.  Three 
procedures were chosen to be applied in the sediment transport evaluation to produce a range of results 
which can be applied compared for reasonableness.  These methods included the Meyer-Peter and 
Muller’s bed load equation (1948), Toffaleti’s (1966) transport function (1966), and Copeland’s modified 
Laursen equation (1990).  A brief description of each method is given as follows: 

8.2 Meyer-Peter and Muller Equation 
Meyer-Peter and Muller (1948) introduced the following equation for the bed load sediment transport over 
a wide range of particle sizes.  The formula is used to model the dynamics of channel armoring as well as 
transport of sand sizes with little armoring potential. 

 
5.1)(85.12

co
s

biq ττ
ργ

−=  

 
in which: 
 

sisc dF )(* γγτ −=  

 
In the above equations, qbi is the bed load transport rate in solid volume per unit for a specific size of 
sediment, τc is the critical tractive force necessary to initiate particle motion, ρ is the density of water, γs is 
the specific weight of sediment, γ is the specific weight of water, dsi is the sediment size and F* is the 
Sheild’s parameter which ranges between 0.030 and 0.060 inlcusive. 
 
The boundary shear stress acting on the grain is given by: 

 
2

8
Vf

o ρτ =  

 
where: ρ = density of flowing water, 
 f = Darcy-Weisbach friction factor, and  
 V = mean velocity of the flow. 

 
The Darcy-Weisbach friction factor is related to Manning’s n by: 
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312
2

49.1
8

R
gnf =  

 
where: g = acceleration due to gravity and  
 R = hydraulic radius. 

 
Assuming the wide channel approximation is valid then the hydraulic radius R is equal to depth. 
 
For sediment transport calculations, Manning’s n in the above equation represents the skin resistance 
only, which is typically 0.6 to 0.9 times the total Manning’s n for the channel, depending on the vegetation 
characteristics and the preponderance and type of bed forms. 

8.3 Toffaleti’s Transport Equation 
Toffaleti (1969) presented a procedure to compute the total sediment load based upon sediment 
concentrations located within each of the four vertical zones of flow depth.  The equation is given as 
follows: 

 
)( slisuiBiti qqqBQ ++=  

 
Where: Qt = total bed material sediment load,  
 B = flow width, 
 qbi = unit sediment load estimated within the bed zone, 
 qsui = unit sediment load estimated within the upper zone, and 

 qsli = unit sediment load estimated within the lower zone. 
 
The formulas developed to compute these four sediment load components are expressed by: 
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where: pi = fraction by weight of bed material with mean size di. 
 
The exponent Zi is: 
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DSC
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where: iω  = fall velocity of sediment size di in water at temperature T,  
 V = average flow velocity, and  
 S = slope of the real stream. 
 
Cz is given by the empirical equation: 
 

TCZ 667.067.260 −=  

8.4 Copeland’s Modified Laursen Equation 
Laursen (1958) developed a formula to evaluate sediment concentration with river and laboratory data as 
follows: 
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Where: 
 oτ  = bed shear stress due to grain resistance 

ciτ  = critical shear stress for the particle size sid , and 
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Laursen gave for the grain bed shear: 
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Copeland modified this equation to the form: 
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Where: bR = hydraulic radius of the bed attributed to grain roughness. 

 
Laursen’s method and Copeland’s modification were quoted from lecture notes distributed during HEC 
Training Course on HEC-6, 1993. 
 
The input data used in the sediment transport calculations included the hydraulic variables generated 
from the hydraulic analysis and the available grain size distribution curve (Figure 14) (Simons, Li & 
Associates) from a group of bed material samples collected in the vicinity of the I-15 Bridge.  As shown by 
the particle size gradation curve, the bed materials in Lytle Creek are extremely coarse.  The grain sizes 
range from 0.1mm to 500mm with a mean size equal to approximately 51mm.  More than 80% of the bed 
materials have sizes greater than 5mm. 
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The sediment transport analysis conducted for the Lytle Creek wash consists of 1) a long-term stability 
evaluation for a series of reaches from the alluvial fan apex to the mining area, and 2) a sediment routing 
analysis considering a single design flood.  The long term stability evaluation was intended to determine 
the stream bed’s general trend of erosion and sedimentation by comparing the sediment transport 
capacities with the rates of supply under a wide range of flood conditions.  The sediment routing analysis 
provided a short-term simulation of the stream bed’s dynamic vertical response throughout the passage 
of a maximum design event.  For the sediment routing analysis, the Army Corps of Engineers’ HEC-6 
computer program was applied.  The HEC-6 program is a one-dimensional movable boundary 
mathematical model developed to simulate the changes of river bed profiles through sediment transport 
computations with constantly updated hydraulic and sediment characteristics over the duration of a flood 
or a series of floods. 

8.5 Fixed-Boundary Sediment Transport Analysis 
To facilitate the evaluation of sediment transport characteristics throughout the Lytle Creek wash, a total 
of four study reaches were defined from the fan apex to the mining area.  The stream area within each 
reach possesses similar geometric and hydraulic characteristics.   
 
Reach 1 is the most upstream reach with an average bank to bank width of approximately 1,200 feet.  
Reach 2 extends from Section 6 to Section 10 with an average total width of about 1,800 feet.  Reach 3 
extends from Section 10 to Section 23 and is approximately from the Glen Helen Parkway to the CEMEX 
levee.  Reach 4 is represented by Sections 23 through Section 29 along the CEMEX levee.   

8.6 Upstream Supply Reach 
Supply of bed material sediment to the alluvial fan area is determined by the capability of sediment 
transport in the upper canyon upstream of the fan apex.  Cross-section information of the supply reach 
was recorded from the USGS topographic map and supplemented by survey data to provide the required 
channel geometric data for hydraulic and sediment transport computations. 

8.7 Sediment Transport Rates and Stream Stability Assessment 
By applying the three selected sediment transport procedures, the bed material sediment transport rates 
for each of the four reaches as well as the supply reach were evaluated under the peak flow conditions of 
the 2-, 5-, 10-, 25-, 50-, and 100-year flood events.  These flood scenarios provide a broad range of flow 
conditions that can occur in the Lytle Creek wash over a long period of time.  The sediment transport 
characteristics analyzed under these flood conditions should present a long-term assessment of the 
stream bed’s stability.  To be conservative in design of the proposed flood protection, hydraulic 
computations corresponding to the low Manning’s roughness coefficient (n=0.045) were assumed in the 
sediment transport analysis. 

 
Applying the Meyer-Peter and Muller, Toffaleti and Copeland’s Modified Laursen procedures to determine 
the bed material transport rates associated with the 2-through 100-year floods, the magnitudes and trend 
of transport rates of the four study reaches appear to be in a close range with those of the supply reach 
for the flood events considered.  The comparison indicates that the long-term sediment transport 
conditions with the alluvial fan area are generally in balance with the upstream supply.  The overall 
stream bed slope of the alluvial fan area is currently in an equilibrium condition with that of the upstream 
canyon.  The computed sediment transport rate profiles show a fairly stable trend of sediment transport 
characteristics from the upper canyon to the downstream project area with minor fluctuations.  Significant 
invert degradation or aggradation is not expected to occur. 

8.8 Sediment Continuity Analysis 
Although the sediment transport characteristics of the different study reaches are considered similar over 
range of flood conditions, minor differences in sediment transport rates exist among the reaches as 
shown by the study.  The stream bed aggradation and degradation effecting from the transport rate 
variations were evaluated by applying the principle of sediment continuity as described by the following 
paragraphs. 
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To estimate the adjustments of stream bed elevations resulting from a storm, the transported volume for 
each reach was compared with in inflow volume from its upstream reach to obtain a net volume 
difference.  The vertical change in stream bed elevation was then estimated by assuming that the volume 
difference would spread uniformly over the entire stream bed.  To compute the total volume of sediment 
transport, a mathematical relation between the sediment transport rate and the associated flood 
discharge was developed in the following form: 

 
b

s aQQ =  
 

where Qs is the sediment discharge, Q is the total flow discharge, and a and b are regression coefficients.  
The following table summarizes the sediment versus flood discharge relations developed for each of the 
four study reaches and the upstream supply reach.   
 
 

Table 18 - Sediment Discharge versus Flood Discharge Relations of Lytle Creek 
 

MPM Method Toffaleti Equation Modified Laursen Equation 
Reach 

a b a b a b 
1 0.0116 0.979 0.00039 1.208 0.000229 1.126 
2 0.0126 0.958 0.0000913 1.311 0.0000801 1.207 
3 0.0127 0.969 0.000127 1.293 0.0000992 1.193 
4 0.0205 0.930 0.000156 1.285 0.000104 1.196 

Supply 0.0126 0.964 0.000054 1.425 1.0000574 1.273 
 

 
By applying the above regression equations between the sediment and flood discharges, the sediment 
discharge hydrographs were developed based upon the flood hydrographs.  A 100-year flood hydrograph 
of Lytle Creek near the I-15 crossing was presented by SLA listed in the Reference. This flood 
hydrograph was used to derive the sediment discharge hydrograph and compute the total transport 
volume under the 100-year flood condition.  With the estimated total transported volume for each reach, 
the net changes in stream bed elevations during a 100-year flood were determined based on continuity.  
As result of the study, the project reach (Reach 3) would have 0.11 ft of net degradation, using the 
sediment transport volumes predicted by the Meyer-Peter and Muller method.  The results computed 
based on the other two sediment transport equations provided much smaller magnitudes.  To evaluate 
the stream bed variations resulting from smaller, more frequent events, a 10-year flood condition analysis 
was performed and is also included in Table 19.  The stream bed along the project reach was predicted 
with 0.03 ft of net degradation under a 10-year flood. 

 
The stream bed fluctuations computed with the sediment continuity analysis considering both high and 
low flood events appear to be negligible.  The differences among the transport rates depicted are not 
significant.  It is concluded that the Lytle Creek stream bed is in a generally stable condition, given the 
current upstream sediment supply characteristics.  Design for the proposed flood control revetment to 
account for significant long term degradation need not be required. 
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Table 19 - Lytle Creek Average Stream Bed Adjustments  

 

Reach
Transport 
Volume

Net Volume 
Change

Average Flow 
Width Reach Length

Elevation 
Adjustment

Cu. Yds. Cu. Yds. feet feet feet

Supply 465,166 
1 490,333 (25,167) 975 3,848 -0.18
2 435,821 54,512 1,632 3,083 0.29
3 489,833 (54,012) 1,558 8,788 -0.11
4 543,044 (53,211) 1,315 4,243 -0.26

Supply 41,814 
1 39,832 1,982 975 3,848 0.01
2 30,611 9,221 1,632 3,083 0.05
3 33,076 (2,465) 1,558 8,788 0.00
4 35,705 (2,629) 1,315 4,243 -0.01

Supply 175,835 
1 149,043 26,792 975 3,848 0.19
2 96,564 52,479 1,632 3,083 0.28
3 112,561 (15,997) 1,558 8,788 -0.03
4 127,827 (15,266) 1,315 4,243 -0.07

Reach
Transport 
Volume

Net Volume 
Change

Average Flow 
Width Reach Length

Elevation 
Adjustment

Cu. Yds. Cu. Yds. feet feet feet

Supply 63,772 
1 65,175 (1,403) 425 3,848 -0.02
2 60,492 4,683 633 3,083 0.06
3 66,465 (5,973) 658 8,788 -0.03
4 79,853 (13,388) 643 4,243 -0.13

Supply 3,032 
1 3,910 (878) 425 3,848 -0.01
2 2,543 1,367 633 3,083 0.02
3 2,828 (285) 658 8,788 0.00
4 3,034 (206) 643 4,243 0.00

Supply 9,320 
1 12,382 (3,062) 425 3,848 -0.05
2 6,474 5,908 633 3,083 0.08
3 7,832 (1,358) 658 8,788 -0.01
4 9,042 (1,210) 643 4,243 -0.01

Copeland's Modified Laursen Equation

Lytle Creek Average Stream Bed Adjustments
Under 10-year Flood

Meyer-Peter and Muller Method

Toffaleti Equation

Lytle Creek Average Stream Bed Adjustments

Meyer-Peter and Muller Method

Toffaleti Equation

Copeland's Modified Laursen Equation

Under 100-year Flood
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8.9 Movable Boundary Sediment Routing Analysis 
The previous fixed boundary sediment transport analysis has indicated that the Lytle Creek invert is in a 
long-term stable condition.  However, short-term variations of the invert in terms of aggradation and 
degradation can take place throughout the course of a single flood event.  To evaluate this dynamic 
behavior, sediment routing system analysis was performed through application of the HEC-6 program.  
The model synthesizes the changing river invert profiles based on varying erosion and sedimentation 
characteristic analyzed through the entire flood hydrograph by continually updating the cross-section 
geometry, hydraulics, and bed material size distributions.  Major input data required for the HEC-6 
sediment routing analysis included the channel cross-sectional data, discretized flood hydrograph, bed 
material gradation information, upstream sediment supply characteristics, and selection of sediment 
transport procedures.     

8.10 Model (HEC-6) Input and Analysis Scenarios  
The sediment routing procedure was applied to a 100-year flood event with the following data 
assumptions: 

 
Stream Bed Geometry:  The same cross-sectional data as in the HEC-RAS hydraulic analysis was used.  
Two project condition scenarios were assumed in the analysis:  
1) currently proposed single flood control revetment; and 2) a future full channelization.  To be 
conservative, the lower stream bed roughness coefficient (Manning’s n = 0.045) was selected for the 
hydraulic calculations. 

 
Flood Hydrograph:  The 100-year flood hydrograph provided in SLA’s flood frequency analysis of Lytle 
Creek was incorporated in the HEC-6 model input with discretized variable time increments. 

 
Bed Material Characteristics:  The bed material sediment information utilized the bed material gradation 
curve developed by SLA with a number of sediment samples collected from the Lytle Creek stream bed.  
The gradation curve encompasses the range of particle sized from fine sand to cobbles and is 
representative of the bed material characteristics from the upstream canyon to the downstream mining 
area. 

 
Upstream Sediment Supply Assumptions:  Two scenarios were assumed for the upstream sediment 
supply conditions: 1) zeros sediment supply; and 2) full sediment supply based upon the existing 
transport characteristics of the upper canyon.  The zero supply scenario assumed a highly unlikely 
condition in which the upper canyon was 100% developed or implemented with major sediment control 
facilities.  These two supply assumption allowed an evaluation of the stream bed erosion and 
sedimentation that may occur under two extreme cases of sediment inflow conditions. 

 
Selection of Sediment Transport Procedures:  The same three sediment transport procedures as 
those used in the fixed boundary sediment transport analysis were selected in the HEC-6 analysis.  They 
include the Meyer-Peter Muller method (1948), Toffaleti Equation (1969), and Copeland’s Modified 
Laursen Equation (1990).  These three approaches were developed empirically under different river and 
laboratory flume flow conditions and are functions of hydraulic variables and particle sizes.  At locations 
where there were no available measurements to calibrate the transport models, the one that produces the 
most conservative results is usually selected. 

 
Sediment Dropout Effect:  A gradually formed “bottleneck” condition may develop upstream of Section 
17 as the flood control revetments confine to a uniform 675 ft. channel.  There is a remote chance that 
sediment may dropout upstream of the “bottleneck” when flow happens to impinge directly upon the 
angled south revetment.  If this condition should occur, greater degradation would develop in the stream 
bed downstream of the “bottleneck”.  This special circumstance was modeled in HEC-6 to analyze the 
increased degradation potential under the 100-year flood event. 
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8.11 Results of the Sediment Routing Model 
The HEC-6 sediment routing procedure computed aggradation and degradation depths for each cross-
section at every time increment of the 100-year flood hydrograph.  The stream bed elevations were 
adjusted accordingly by the computed aggradation and degradation at each time increment.   

 
To compare the results analyzed by the three sediment transport procedures, the method developed by 
Meyer-Peter and Muller (1948) produced greater depths of stream bed aggradation and degradation than 
the other two approaches.  Considering the maximum erosion potential, the results computed with the 
Meyer-Peter and Muller method were chosen to be used in the development of design requirements for 
the proposed flood control revetment.  There were no measured data available to suggest which of the 
three transport methods would be most appropriate to apply to Lytle Creek.  However, the results 
generated using the Meyer-Peter and Muller transport procedure are probably the most reflective of the 
reality since the formula was developed with particle size range and flow characteristics closer to those of 
Lytle Creek than the data used my Toffalei and Laursen for the development of their equations. 

 
Under the fully channelized scenario, the effect considering a potential sediment dropout upstream of the 
uniform channel was also evaluated by the HEC-6 model.  To compare the analysis results produced 
under all the scenarios, Table 20 listed the maximum depth of erosion that may occur within the proposed 
project reach over a 100-year flood event: 
 

 
Table 20 - Maximum Erosion Depths within the Proposed Project Reach (in feet) 

 

Proposed Flood Revetment Future Full Channelization 
Location 

With Full 
Supply 

With Zero 
Supply 

With Full 
Supply 

With Zero 
Supply 

Sediment 
Dropout 

Maximum 
Value 

U/S of I-15 2.6 2.8 2.6 2.8   2.8 
At I-15 1.4 1.7 1.2 1.5   1.7 

I-15 to 
Section 17 0.0 0.0 1.7 1.8   1.8 

D/S of 
Section 17 1.9 2.1 3.5 3.6 7.7 7.7 

 
Proposed Flood 

Revetment Future Full Channelization 
Location 

With Full 
Supply 

With Zero 
Supply 

With Full 
Supply 

With Zero 
Supply 

Sediment 
Dropout 

Maximum 
Value 

U/S of I-15 2.6 2.8 2.6 2.8   2.8 
At I-15 1.4 1.7 1.2 1.5   1.7 
I-15 to 

Section 17 0.0 0.0 1.7 1.8   1.8 

D/S of 
Section 17 1.9 2.1 3.5 3.6 7.7 7.7 

 
Design for the proposed flood control revetment would be based upon the maximum values in the last 
column.   
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9  Discussion of Results and Summary 
The technical investigation provided a detailed investigation of the hydrology, hydraulics, and qualitative 
stability for the active portion of the Lytle Creek floodplain approximately 1.3 miles upstream of the I-15 
Bridge crossing to 5.4 miles downstream of I-15 crossing near the confluence with Cajon Creek Wash.  
The results of the hydraulic evaluation clearly defined different areas within the Lytle Creek floodplain that 
area located above the estimated 100-year floodplain elevation utilizing a conservative analysis 
technique.  In addition, the long term stability of these larger island areas was evaluated through the 
application of a variety of empirical hydraulic relationships and utilizing trends observed regarding stability 
or erosion from historic aerial photographs for approximately the last seventy years.  The results of this 
analysis suggest the relative long term stability of the entrenched channel system based upon the 
channel geometry and historical data illustrating the stability of the streambed for the last 40-years.  
Active fluvial systems such as Lytle Creek are dynamic, particularly with the braided streambed conditions 
that are evident and the hydraulic characteristics that are predicted.  However, application of conventional 
hydraulic analysis techniques along with geomorphic trends, provide the ability to quantify these 
floodplain characteristics as part of a habitat restoration program. 

• Determination of the peak flowrate representative of a 100-year flood event within this 
portion of Lytle Creek – This specific portion of Lytle Creek is unique compared to many other 
watersheds within Southern California because there is an available stream gauge that has 
approximately 80-years of recorded data to provide very accurate predictions of the anticipated 
100-year flood event.  Statistical analysis of stream gauge data is strongest predictor of 
watershed hydrology as compared to hypothetical rainfall-runoff models.  Also, since the 46 
square mile watershed upstream of the gauge has remained undeveloped during that period this 
will also assist in providing a strong correlation with the measured data.  The 100-year flowrate of 
Lytle Creek at I-15 Freeway is 64,540 cfs and 73,910 cfs at the confluence with Cajon Wash. 

• Accurate delineation of the 100-year floodplain for this portion of entrenched and braided 
channel system within a relic alluvial fan – The hydraulic modeling techniques applied to 
evaluate this floodplain used conventional riverine models since the channel is completely 
bounded on each side by the entrenchment unlike common alluvial fans that have uncontrolled 
flooding.  The use of digital topography to develop the cross section geometry for representative 
sections at extremely close intervals resulted in the development of an extremely accurate 
characterization of the floodplain geometry.  Conservative techniques were applied to evaluate 
the flow distribution around the large islands through assuming the entire flowrate could pass on 
either side of the island.  In reality the area that is not inundated by the 100-year flood will actually 
be much larger and the size of the large 76-acre island delineated in the study will also increase.  
Independent hydraulic models were developed for each side of the island in order to determine 
the maximum water surface elevations and result in the minimum area of these islands.  The 
cross section geometry indicates that they are still larger shelves or terraces immediately below 
this elevation that would not be inundated during larger storm events and this is also illustrated by 
the distribution of the vegetation within the floodplain. 

• Accurate hydraulic analysis of the floodplain and stability of the streambed/banks can be 
developed through the use of conventional riverine hydraulic modeling techniques rather 
than relying on sophisticated “moveable bed” models – The use of a “fixed-bed” hydraulic 
model is appropriate for the floodplain delineation since it will yield the maximum water surface 
elevation to conservatively locate the limits of the islands.  The numerous assumptions that are 
required for the application of a moveable bed model are not justified without additional data for 
accurate calibration.  The moveable bed model that incorporates a lateral bank erosion feature 
such as FLUVIAL -12 could be applied to assess bank erosion but the results only apply to a 
single storm event.  Similar trends can be developed through geomorphic techniques in order to 
develop predictions. 

• Active erosion processes within the active streambed have demonstrated historical trends 
towards general long term stability of the current channel planform and the large islands 
within the floodplain – A variety of techniques have been explored to evaluate the stability of 
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the islands including geomorphic and empirical hydraulic relationships.  The strongest indicator of 
the stability is the review of approximately 70-years of record aerial photographs that clearly 
illustrate the minimal erosion associated with the island.  Additional analytical techniques were 
investigated (FEMA, 1999), but because of the dynamic nature of the alluvial stream system their 
applicability is questionable and the strongest prediction relies on the historical data.  Other 
trends that were investigated included evaluation of the streambed profile which appears to have 
developed a dynamic equilibrium condition and the self-forming channel geometry on the alluvial 
fan.  The combination of these techniques illustrates the trend of these islands as long term 
stable features within the alluvial system. 

• The floodplain delineation reflect numerous other smaller islands and high points above 
the 100-year flooding that also exhibit the same long term trends – The cross sections 
clearly define numerous additional high points located throughout the floodplain.  The channel is 
dynamic regarding the deposition and erosion of sediment because of the braided conditions.  
The flows tend to migrate within the subchannels as indicated in the aerial photographs.  The 
hydraulic analysis and cross sections illustrate that there are high terraces located above the 
active floodplain, but below the 100-year water surface elevation.  The larger size islands, other 
than the 76 acre island, illustrate that they have appeared to develop stability from the planform 
and channel geometry associated with the portion of the channel near the bridge.  The influence 
of the recharge pits appears to have assisted the overall stability by creating areas of low-
velocity.  In addition, the recharge berms can be easily breached during large events so that they 
have provided a secondary dedicated flow path that is fairly well defined through mechanical 
means.  This tends to further protect the other islands in the area near the bridge. 
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8425E - Lytle Creek  
LYTLE RANCH - LEVEE PROPOSED FROM UPSTREAM OF I-15 FREEWAY TO DOWNSTREAM OF GOLF COURSE

10/1/2007

CALCULATIONS FOR TOTAL TOE-DOWN BY INDIVIDUAL ADJUSTMENT COMPONENT BASED ON LACH&SM AND LACFCDD

SECTION ZMAX= Z TOT = WSE (FT) MIN CHNL 
ELEV V (FPS) FLOW DEPTH (FT) Z DEG + Z GS + PIER 

TYPE B ABUT 
TYPE A SOFT Z LS + BEND 

COEFF
HYD 

DEPTH E SLOPE TOP 
WIDTH RADIUS Z BS + Z I + H/2 Z DM =

1 37076 14.0 13.6 2203.2 2196.2 23.5 7.1 0.0 8.1 0 0.0 1 0.0 0 0.0 0 3.5 0.029 782.6 0 0.0 2.0 3.5 14.0 DEFINITIONS
2 36825 14.0 12.6 2196.3 2190.0 22.3 6.3 0.0 7.4 0 0.0 1 0.0 0 0.0 0 3.2 0.031 921.1 0 0.0 2.0 3.1 14.0 V(FPS) =VELOCITY IN FEET PER SECOND
3 36572 14.0 13.1 2188.0 2181.8 23.2 6.2 0.0 8.0 0 0.0 1 0.0 0 0.0 0 3.5 0.029 799.6 0 0.0 2.0 3.1 14.0 ZTOT=TOTAL POTENTIAL VERTICAL ADJUSTMENT IN FEET
4 36318 15.9 15.9 2179.9 2168.9 24.0 11.0 0.0 8.4 0 0.0 1 0.0 0 0.0 0 3.6 0.030 755.4 0 0.0 2.0 5.5 14.0 ZDEG=LONG TERM DEGRADATION IN FEET
5 36064 14.0 13.5 2173.2 2164.6 21.8 8.6 0.0 7.2 0 0.0 1 0.0 0 0.0 0 3.0 0.032 985.9 0 0.0 2.0 4.3 14.0 ZGS=GENERAL SCOUR IN FEET
6 35850 14.0 13.1 2166.4 2159.0 22.2 7.4 0.0 7.4 0 0.0 1 0.0 0 0.0 0 3.2 0.030 915.8 0 0.0 2.0 3.7 14.0 ZLS=LOCAL SCOUR IN FEET
7 35649 14.2 14.2 2160.9 2150.1 21.1 10.8 0.0 6.8 0 0.0 1 0.0 0 0.0 0 2.9 0.030 1039.6 0 0.0 2.0 5.4 14.0 PIER TYPE=PIER SHAPE FACTOR; IF NO PIERS=0
8 35349 14.0 12.4 2151.6 2144.0 20.7 7.6 0.0 6.6 0 0.0 1 0.0 0 0.0 0 2.7 0.033 1180.1 0 0.0 2.0 3.8 14.0     1.0=SQUARE NOSE; 0.9 ROUND NOSE; 0.9 CYLINDER; 
9 35048 14.0 11.7 2143.0 2135.9 19.8 7.2 0.0 6.1 0 0.0 1 0.0 0 0.0 0 3.0 0.026 1106.3 0 0.0 2.0 3.6 14.0     0.8 SHARP NOSE; 0.9 GROUP OF CYLINDERS

10 34658 14.0 12.1 2132.2 2125.2 20.6 7.1 0.0 6.5 0 0.0 1 0.0 0 0.0 0 3.2 0.026 993.8 0 0.0 2.0 3.5 14.0 FLOW DEPTH=WATER DEPTH IN CHANNEL IN FEET
11 34357 14.0 12.7 2124.1 2115.2 20.1 8.9 0.0 6.3 0 0.0 1 0.0 0 0.0 0 2.7 0.030 1184.6 0 0.0 2.0 4.4 14.0 B=WIDTH OF PIERS IN FEET;  NO PIER=0
12 34162 14.0 11.3 2118.6 2112.2 19.8 6.4 0.0 6.1 0 0.0 1 0.0 0 0.0 0 2.8 0.028 1183.1 0 0.0 2.0 3.2 14.0 ABUT TYPE=VERT WALL FACTOR; IF VERT= 2; NON VERT=1 
13 33912 14.0 11.7 2110.7 2103.9 20.2 6.8 0.0 6.3 0 0.0 1 0.0 0 0.0 0 2.6 0.032 1234.9 0 0.0 2.0 3.4 14.0 A=ABUTMENT PROTRUSION INTO FLOW PATH IN FEET
14 33661 14.0 12.4 2103.6 2094.5 19.4 9.1 0.0 5.9 0 0.0 1 0.0 0 0.0 0 2.7 0.028 1226.3 0 0.0 2.0 4.5 14.0 SOFT = SOFT BOTTOM AT A BRIDGE OR AN ABUTMENT
15 33353 14.0 13.9 2094.4 2083.4 20.4 10.9 0.0 6.4 0 0.0 1 0.0 0 0.0 0 3.0 0.027 1051.5 0 0.0 2.0 5.5 14.0        0 = HARD BOTTOM; 1 = SOFT BOTTOM
16 33102 14.0 12.7 2086.6 2078.5 20.9 8.1 0.0 6.7 0 0.0 1 0.0 0 0.0 0 2.6 0.033 1184.0 0 0.0 2.0 4.1 14.0 ZBS=BEND SCOUR IN FEET
17 32824 14.0 12.4 2079.1 2070.0 19.3 9.1 0.0 5.8 0 0.0 1 0.0 0 0.0 0 2.8 0.027 1209.0 0 0.0 2.0 4.5 14.0 BEND COEFF=BEND COEFFICIENT; IF NO BEND=0, BEND=1
18 32502 14.0 12.4 2070.5 2062.3 20.2 8.2 0.0 6.3 0 0.0 1 0.0 0 0.0 0 3.4 0.023 962.6 0 0.0 2.0 4.1 14.0 HYD DEPTH=HYDRAULIC DEPTH IN FEET
19 32257 14.0 13.5 2063.9 2054.8 21.4 9.1 0.0 6.9 0 0.0 1 0.0 0 0.0 0 3.5 0.024 855.0 0 0.0 2.0 4.5 14.0 E SLOPE=ENERGY SLOPE, UNITLESS
20 32055 6.0 3.0 2064.2 2042.0 4.7 22.2 0.0 0.7 0 0.0 1 0.0 0 0.0 0 7.6 0.000 1941.4 0 0.0 2.0 0.3 6.0 TOP WIDTH=CHANNEL TOP WIDTH IN FEET
21 32033 6.0 2.0 0.0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 Culvert 0 0.0 2.0 0.0 6.0 RADIUS=RADIUS OF CURVATURE TO CENTERLINE IN FEET
22 31951 10.0 6.4 2054.8 2036.3 11.5 18.5 0.0 2.6 0 0.0 1 0.0 0 0.0 0 4.1 0.006 1386.5 0 0.0 2.0 1.8 10.0 ZI=LOW-FLOW INCISEMENT IN FEET, MEASURED OR 2';  VALUE NOT LESS THAN 2'
23 31653 21.0 16.4 2044.9 2036.2 22.3 8.8 0.0 7.5 0 0.0 1 0.0 0 0.0 1 3.5 0.025 889.6 3700 2.6 2.0 4.4 21.0 H=BEDFORM HEIGHT IN FEET, LIMITED TO FLOW DEPTH AFTER KENNEDY (1963)
24 31319 15.0 7.5 2033.6 2027.4 10.4 6.3 0.0 2.2 0 0.0 1 0.0 0 0.0 1 4.5 0.008 1321.4 3700 1.9 2.0 1.4 15.0 ZDM=CUT OFF DEPTH REQUIRED BY LACFCDDM
25 30906 21.0 13.7 2025.6 2017.0 19.3 8.6 0.0 5.9 0 0.0 1 0.0 0 0.0 1 5.2 0.012 656.1 3700 1.6 2.0 4.3 21.0
26 30537 35.5 35.5 2010.2 2003.6 28.3 6.5 0.0 11.2 0.9 2.5 1 0.0 1 17.1 1 2.7 0.062 873.9 3700 1.9 2.0 3.3 21.0 GENERAL
27 30495 6.0 2.0 0.0 0.0 0.0 0.9 2.5 1 0.0 1 0.0 0 Bridge 0 0.0 2.0 0.0 6.0 THIS SPREADSHEET IS DESIGNED TO CALCULATE SCOUR PROTECTION (TOE DOWN)
28 30452 25.4 25.4 2008.4 2002.0 19.1 6.4 0.0 5.8 0.9 2.5 1 0.0 1 14.4 0 2.8 0.028 1267.0 0 0.0 2.0 3.2 14.0 BASED ON LACDPW COUNTY HYDROLOGY MANUAL (1991) PAGES 5.2-5.8 AND ASSOCIATED
29 30412 24.8 24.8 2008.0 2002.0 18.8 6.0 0.0 5.6 0.9 2.5 1 0.0 1 14.2 0 2.7 0.028 1330.9 0 0.0 2.0 3.0 14.0 APPENDICES (SEDIMENTATION MANUAL).  ALL VELOCITIES ARE IN FPS
30 30367 6.0 2.0 0.0 0.0 0.0 0.9 2.5 1 0.0 1 0.0 0 Bridge 0 0.0 2.0 0.0 6.0 THE PRESENT VERSION (10/04) WILL CALCULATE UP TO 50 VELOCITIES 
31 30322 23.7 23.7 2005.7 1998.4 16.3 7.3 0.0 4.4 0.9 2.5 1 0.0 1 13.7 0 2.8 0.019 1441.4 0 0.0 2.0 3.6 12.5 AT ONE TIME.  LONG TERM DEGRADATION IS USER SUPPLIED.  GENERAL SCOUR IS
32 30196 12.5 10.4 2002.0 1995.2 17.5 6.8 0.0 5.0 0 0.0 1 0.0 0 0.0 0 2.6 0.024 1420.7 0 0.0 2.0 3.4 12.5 TAKEN FROM APPENDIX Q3, INTERPOLATED.  LOCAL SCOUR AT BENDS AND ABUTMENTS 
33 30018 14.0 10.9 1996.9 1990.5 18.9 6.5 0.0 5.6 0 0.0 1 0.0 0 0.0 0 2.9 0.024 1221.4 0 0.0 2.0 3.2 14.0 ARE BASED ON LADWP EQUATIONS FOUND IN APP Q12.  BEND SCOUR IS BASED ON 
34 29850 14.0 10.9 1992.4 1985.9 18.9 6.5 0.0 5.7 0 0.0 1 0.0 0 0.0 0 2.6 0.029 1342.9 0 0.0 2.0 3.3 14.0 EQUATIONS IN APPENDIX Q12.  A LONGITUDINAL EXTENT BASED ON SECONDARY 
35 29719 12.5 10.8 1989.4 1981.9 17.6 7.5 0.0 5.1 0 0.0 1 0.0 0 0.0 0 2.6 0.024 1405.3 0 0.0 2.0 3.8 12.5 CURRENTS IS NOT INCLUDED.  BEDFORM HEIGHT IS BASED ON EQUATIONS IN 
36 29586 14.0 10.7 1985.6 1978.9 18.3 6.7 0.0 5.3 0 0.0 1 0.0 0 0.0 0 2.5 0.027 1414.4 0 0.0 2.0 3.3 14.0 APPENDIX Q13.  JULY 2005 REVISION INCLUDES CALCULATION FOR CUT OFF DEPTH BASED
37 29443 12.5 10.1 1983.0 1976.0 16.6 7.0 0.0 4.6 0 0.0 1 0.0 0 0.0 0 2.9 0.019 1344.9 0 0.0 2.0 3.5 12.5 ON LOS ANGELES COUNTY FLOOD CONTROL DISTRICT DESIGN MANUAL.  THE CALCULATION
38 29294 14.0 10.9 1978.9 1971.9 18.5 7.0 0.0 5.4 0 0.0 1 0.0 0 0.0 0 3.1 0.021 1129.5 0 0.0 2.0 3.5 14.0 DOES NOT CONSIDER ADJUSTMENTS TO CUT OFF DEPTH BASED ON TABLE F-06
39 29171 14.0 11.0 1975.4 1969.2 19.3 6.3 0.0 5.8 0 0.0 1 0.0 0 0.0 0 2.8 0.027 1209.7 0 0.0 2.0 3.1 14.0 THE OCTOBER 2005 REVISION INCLUDES ADDITIONAL TOEDOWN AT BRIDGES/ABUTMENTS 
40 29038 14.0 11.3 1971.4 1965.0 19.8 6.4 0.0 6.1 0 0.0 1 0.0 0 0.0 0 2.8 0.028 1151.8 0 0.0 2.0 3.2 14.0 WITH SOFT BOTTOMS.  THE OCTOBER, 2006 REVISION INCLUDES BLOCKAGES AT BRIDGE PIERS.
41 28926 14.0 11.7 1968.3 1961.0 19.6 7.3 0.0 6.0 0 0.0 1 0.0 0 0.0 0 2.7 0.029 1226.4 0 0.0 2.0 3.7 14.0
42 28783 14.0 10.8 1964.3 1958.2 19.1 6.1 0.0 5.7 0 0.0 1 0.0 0 0.0 0 2.5 0.030 1360.1 0 0.0 2.0 3.0 14.0
43 28644 14.0 9.9 1960.3 1955.2 18.4 5.1 0.0 5.4 0 0.0 1 0.0 0 0.0 0 2.3 0.031 1528.7 0 0.0 2.0 2.5 14.0 COLOR CODES
44 28503 12.5 10.1 1956.7 1950.4 17.4 6.3 0.0 4.9 0 0.0 1 0.0 0 0.0 0 2.4 0.026 1525.4 0 0.0 2.0 3.1 12.5 OUTPUT
45 28352 14.0 10.2 1952.2 1946.9 18.7 5.3 0.0 5.6 0 0.0 1 0.0 0 0.0 0 3.0 0.022 1169.0 0 0.0 2.0 2.7 14.0 DATA FROM HEC-RAS
46 28263 14.0 10.9 1949.8 1943.8 19.4 6.1 0.0 5.9 0 0.0 1 0.0 0 0.0 0 3.3 0.022 1026.3 0 0.0 2.0 3.0 14.0 USER SUPPLIED DATA
47 28172 14.0 12.0 1947.7 1939.9 19.8 7.8 0.0 6.1 0 0.0 1 0.0 0 0.0 0 3.8 0.019 866.6 0 0.0 2.0 3.9 14.0 INTERMEDIATE CALCULATIONS (INDIVIDUAL SHEETS ONLY)
48 28046 14.0 13.2 1942.7 1934.8 21.9 7.9 0.0 7.2 0 0.0 1 0.0 0 0.0 0 2.3 0.044 1269.2 0 0.0 2.0 4.0 14.0
49 27910 14.0 10.8 1939.7 1933.0 18.5 6.7 0.0 5.5 0 0.0 1 0.0 0 0.0 0 2.7 0.026 1288.4 0 0.0 2.0 3.3 14.0
50 27755 14.0 11.0 1935.4 1928.8 19.0 6.6 0.0 5.7 0 0.0 1 0.0 0 0.0 0 2.8 0.026 1230.4 0 0.0 2.0 3.3 14.0 DESIGNED BY DAVID A JAFFE, PHD, PE
51 27586 14.0 11.5 1930.5 1923.4 19.4 7.1 0.0 5.9 0 0.0 1 0.0 0 0.0 0 2.8 0.027 1189.7 0 0.0 2.0 3.5 14.0 PACIFIC ADVANCED  
52 27440 14.0 11.6 1926.6 1918.9 19.2 7.6 0.0 5.8 0 0.0 1 0.0 0 0.0 0 2.6 0.029 1314.8 0 0.0 2.0 3.8 14.0 OCTOBER, 2004
53 27315 14.0 11.1 1923.0 1915.8 18.7 7.2 0.0 5.5 0 0.0 1 0.0 0 0.0 0 2.4 0.031 1465.7 0 0.0 2.0 3.6 14.0 OCTOBER, 2005, REVISED
54 27193 12.5 10.8 1919.9 1912.6 17.8 7.3 0.0 5.1 0 0.0 1 0.0 0 0.0 0 2.5 0.026 1436.2 0 0.0 2.0 3.6 12.5 OCTOBER, 2006, REVISED
55 27067 12.5 10.0 1916.4 1910.6 17.8 5.8 0.0 5.1 0 0.0 1 0.0 0 0.0 0 2.3 0.030 1601.5 0 0.0 2.0 2.9 12.5
56 26965 12.5 9.4 1913.5 1908.4 17.2 5.0 0.0 4.9 0 0.0 1 0.0 0 0.0 0 2.1 0.031 1763.2 0 0.0 2.0 2.5 12.5
57 26814 12.5 9.9 1909.2 1902.8 16.7 6.5 0.0 4.6 0 0.0 1 0.0 0 0.0 0 2.2 0.028 1791.1 0 0.0 2.0 3.2 12.5
58 26683 12.5 10.1 1905.2 1898.6 17.0 6.6 0.0 4.7 0 0.0 1 0.0 0 0.0 0 2.1 0.032 1872.6 0 0.0 2.0 3.3 12.5
59 26571 12.5 9.6 1901.9 1895.8 16.6 6.1 0.0 4.6 0 0.0 1 0.0 0 0.0 0 2.0 0.030 1932.3 0 0.0 2.0 3.1 12.5
60 26405 10.0 8.5 1900.5 1893.1 14.4 7.4 0.0 3.7 0 0.0 1 0.0 0 0.0 0 4.7 0.007 996.5 0 0.0 2.0 2.8 10.0
61 26256 14.0 11.6 1894.3 1888.9 21.4 5.3 0.0 6.9 0 0.0 1 0.0 0 0.0 0 3.2 0.027 954.3 0 0.0 2.0 2.7 14.0
62 26099 14.0 12.3 1889.3 1883.2 22.0 6.2 0.0 7.2 0 0.0 1 0.0 0 0.0 0 3.2 0.030 938.7 0 0.0 2.0 3.1 14.0
63 25952 14.0 12.1 1885.7 1879.4 21.4 6.3 0.0 6.9 0 0.0 1 0.0 0 0.0 0 3.4 0.026 921.9 0 0.0 2.0 3.1 14.0
64 25772 14.0 12.6 1879.5 1873.7 22.7 5.8 0.0 7.7 0 0.0 1 0.0 0 0.0 0 3.2 0.030 889.3 0 0.0 2.0 2.9 14.0
65 25642 14.0 13.3 1875.1 1868.3 23.1 6.8 0.0 7.9 0 0.0 1 0.0 0 0.0 0 3.2 0.031 876.6 0 0.0 2.0 3.4 14.0
66 25522 14.0 13.5 1870.9 1864.0 23.4 6.9 0.0 8.1 0 0.0 1 0.0 0 0.0 0 3.1 0.035 902.0 0 0.0 2.0 3.5 14.0
67 25319 14.0 13.1 1865.8 1858.4 22.2 7.5 0.0 7.4 0 0.0 1 0.0 0 0.0 0 3.7 0.023 800.8 0 0.0 2.0 3.7 14.0
68 25102 14.0 13.3 1860.0 1852.4 22.5 7.6 0.0 7.6 0 0.0 1 0.0 0 0.0 0 3.4 0.028 853.8 0 0.0 2.0 3.8 14.0
69 24913 14.0 13.7 1853.6 1846.8 23.7 6.8 0.0 8.3 0 0.0 1 0.0 0 0.0 0 3.6 0.029 755.9 0 0.0 2.0 3.4 14.0
70 24765 14.0 13.9 1849.6 1842.6 23.9 7.0 0.0 8.3 0 0.0 1 0.0 0 0.0 0 4.0 0.025 679.1 0 0.0 2.0 3.5 14.0
71 24632 15.0 15.0 1844.1 1837.5 26.1 6.6 0.0 9.7 0 0.0 1 0.0 0 0.0 0 3.9 0.029 629.3 0 0.0 2.0 3.3 14.0
72 24427 14.0 13.2 1840.2 1833.5 22.9 6.7 0.0 7.8 0 0.0 1 0.0 0 0.0 0 3.7 0.025 763.8 0 0.0 2.0 3.4 14.0
73 24220 14.0 12.3 1835.9 1829.8 21.9 6.1 0.0 7.2 0 0.0 1 0.0 0 0.0 0 4.0 0.022 745.4 0 0.0 2.0 3.1 14.0
74 24048 14.0 12.9 1830.6 1824.3 22.9 6.3 0.0 7.8 0 0.0 1 0.0 0 0.0 0 3.2 0.032 889.0 0 0.0 2.0 3.2 14.0
75 23892 14.0 13.0 1825.2 1819.3 23.4 5.9 0.0 8.0 0 0.0 1 0.0 0 0.0 0 3.2 0.033 873.5 0 0.0 2.0 3.0 14.0
76 23754 14.0 13.5 1820.3 1814.0 23.9 6.2 0.0 8.4 0 0.0 1 0.0 0 0.0 0 3.3 0.033 831.1 0 0.0 2.0 3.1 14.0
77 23559 14.0 13.1 1814.5 1807.9 23.0 6.6 0.0 7.8 0 0.0 1 0.0 0 0.0 0 3.2 0.031 890.7 0 0.0 2.0 3.3 14.0
78 23355 14.0 14.0 1808.0 1800.6 23.8 7.5 0.0 8.3 0 0.0 1 0.0 0 0.0 0 3.7 0.027 741.2 0 0.0 2.0 3.7 14.0
79 23191 21.0 18.3 1804.4 1794.1 22.4 10.3 0.0 7.5 0 0.0 1 0.0 0 0.0 1 3.4 0.027 880.8 3000 3.7 2.0 5.1 21.0
80 23044 21.0 18.4 1800.4 1790.0 22.1 10.3 0.0 7.3 0 0.0 1 0.0 0 0.0 1 3.3 0.027 918.5 3000 3.9 2.0 5.2 21.0
81 22888 21.0 17.9 1796.1 1786.5 23.0 9.6 0.0 7.8 0 0.0 1 0.0 0 0.0 1 3.7 0.025 839.9 3000 3.3 2.0 4.8 21.0
82 22705 21.0 17.5 1789.4 1781.3 23.4 8.1 0.0 8.1 0 0.0 1 0.0 0 0.0 1 2.8 0.040 1014.1 3000 3.4 2.0 4.1 21.0
83 22527 21.0 17.5 1783.8 1775.4 22.9 8.4 0.0 8.1 0 0.0 1 0.0 0 0.0 1 3.3 0.030 916.7 3000 3.2 2.0 4.2 21.0
84 22354 21.0 17.9 1778.4 1769.5 22.5 8.8 0.0 7.8 0 0.0 1 0.0 0 0.0 1 3.0 0.033 1000.1 3000 3.6 2.0 4.4 21.0
85 22130 21.0 16.9 1770.6 1761.2 23.8 9.4 0.0 7.5 0 0.0 1 0.0 0 0.0 1 3.9 0.027 697.4 3000 2.6 2.0 4.7 21.0
86 21921 21.0 17.6 1763.6 1753.3 26.0 10.3 0.0 8.3 0 0.0 1 0.0 0 0.0 1 4.5 0.023 557.3 3000 2.2 2.0 5.1 21.0
87 21731 21.0 18.5 1756.6 1743.9 29.4 12.6 0.0 9.6 0 0.0 1 0.0 0 0.0 1 6.6 0.017 334.0 3000 0.5 2.0 6.3 21.0
88 21572 21.8 21.8 1754.7 1738.3 13.6 16.4 0.0 11.9 0 0.0 1 0.0 0 0.0 1 5.6 0.005 862.1 3000 5.4 2.0 2.5 15.0
89 21423 21.0 10.4 1742.3 1732.6 29.0 9.7 0.0 3.3 0 0.0 1 0.0 0 0.0 1 7.0 0.018 318.0 3000 0.2 2.0 4.8 21.0
90 21297 21.0 17.6 1733.4 1726.4 34.3 7.0 0.0 11.6 0 0.0 1 0.0 0 0.0 1 5.2 0.037 361.2 3000 0.5 2.0 3.5 21.0
91 21146 21.7 21.7 1730.3 1723.9 32.1 6.5 0.0 15.6 0 0.0 1 0.0 0 0.0 1 4.9 0.029 438.4 3000 0.9 2.0 3.2 21.0
92 21034 21.0 19.4 1726.4 1721.0 31.8 5.4 0.0 13.8 0 0.0 1 0.0 0 0.0 1 4.4 0.041 465.0 3000 0.8 2.0 2.7 21.0
93 20892 21.0 19.9 1723.0 1716.0 29.9 7.0 0.0 13.7 0 0.0 1 0.0 0 0.0 1 5.2 0.028 413.9 3000 0.8 2.0 3.5 21.0
94 20751 21.7 21.7 1729.9 1712.4 14.0 17.5 0.0 12.2 0 0.0 1 0.0 0 0.0 1 6.2 0.005 747.2 3000 4.8 2.0 2.7 15.0
95 20593 14.0 13.0 1722.4 1707.1 23.5 15.4 0.0 3.5 0 0.0 1 0.0 0 0.0 0 4.8 0.019 570.7 0 0.0 2.0 7.4 14.0
96 20475 16.3 16.3 1716.3 1704.0 27.4 12.3 0.0 8.1 0 0.0 1 0.0 0 0.0 0 4.5 0.029 521.8 0 0.0 2.0 6.1 14.0
97 20320 17.4 17.4 1709.6 1699.9 29.9 9.7 0.0 10.5 0 0.0 1 0.0 0 0.0 0 5.7 0.025 377.3 0 0.0 2.0 4.8 14.0
98 20154 17.1 17.1 1702.7 1697.0 31.0 5.7 0.0 12.3 0 0.0 1 0.0 0 0.0 0 3.6 0.050 579.8 0 0.0 2.0 2.8 14.0
99 20000 18.1 18.1 1698.9 1692.9 27.2 6.0 0.0 13.1 0 0.0 1 0.0 0 0.0 0 4.0 0.033 600.0 0 0.0 2.0 3.0 14.0

100 19880 15.3 15.3 1696.1 1690.3 25.8 5.8 0.0 10.4 0 0.0 1 0.0 0 0.0 0 4.3 0.027 575.5 0 0.0 2.0 2.9 14.0
101 19726 14.7 14.7 1691.1 1684.7 26.8 6.3 0.0 9.5 0 0.0 1 0.0 0 0.0 0 4.5 0.028 541.8 0 0.0 2.0 3.2 14.0
102 19573 15.1 15.1 1686.3 1680.4 27.1 5.9 0.0 10.1 0 0.0 1 0.0 0 0.0 0 4.3 0.030 560.1 0 0.0 2.0 3.0 14.0
103 19421 15.4 15.4 1681.0 1675.0 27.7 6.0 0.0 10.4 0 0.0 1 0.0 0 0.0 0 4.2 0.032 551.1 0 0.0 2.0 3.0 14.0
104 19268 15.8 15.8 1676.2 1670.1 27.6 6.1 0.0 10.7 0 0.0 1 0.0 0 0.0 0 4.2 0.032 551.5 0 0.0 2.0 3.1 14.0
105 19116 15.6 15.6 1671.0 1665.3 27.7 5.8 0.0 10.7 0 0.0 1 0.0 0 0.0 0 4.0 0.035 589.1 0 0.0 2.0 2.9 14.0
106 18963 15.5 15.5 1666.1 1660.5 27.2 5.5 0.0 10.8 0 0.0 1 0.0 0 0.0 0 3.9 0.035 615.9 0 0.0 2.0 2.8 14.0
107 18810 15.2 15.2 1661.5 1655.9 26.4 5.6 0.0 10.4 0 0.0 1 0.0 0 0.0 0 4.0 0.031 616.0 0 0.0 2.0 2.8 14.0
108 18657 14.8 14.8 1657.5 1651.5 25.6 5.9 0.0 9.9 0 0.0 1 0.0 0 0.0 0 4.2 0.027 594.8 0 0.0 2.0 3.0 14.0
109 18504 14.7 14.7 1654.0 1647.3 24.9 6.7 0.0 9.4 0 0.0 1 0.0 0 0.0 0 4.6 0.023 567.9 0 0.0 2.0 3.3 14.0
110 18351 14.7 14.7 1650.3 1642.8 25.3 7.5 0.0 9.0 0 0.0 1 0.0 0 0.0 0 4.9 0.022 517.8 0 0.0 2.0 3.7 14.0
111 18198 14.5 14.5 1646.5 1639.8 26.0 6.7 0.0 9.2 0 0.0 1 0.0 0 0.0 0 5.4 0.020 459.4 0 0.0 2.0 3.3 14.0
112 18045 15.6 15.6 1644.2 1636.3 25.1 7.9 0.0 9.6 0 0.0 1 0.0 0 0.0 0 6.0 0.016 429.9 0 0.0 2.0 3.9 14.0
113 17893 14.6 14.6 1639.6 1632.7 26.9 7.0 0.0 9.1 0 0.0 1 0.0 0 0.0 0 5.2 0.023 459.2 0 0.0 2.0 3.5 14.0
114 17739 16.2 16.2 1636.6 1628.6 26.4 8.0 0.0 10.2 0 0.0 1 0.0 0 0.0 0 5.5 0.021 446.6 0 0.0 2.0 4.0 14.0
115 17585 16.0 16.0 1633.1 1624.8 26.9 8.2 0.0 9.9 0 0.0 1 0.0 0 0.0 0 5.9 0.020 408.8 0 0.0 2.0 4.1 14.0
116 17433 16.3 16.3 1629.2 1621.2 27.6 8.0 0.0 10.2 0 0.0 1 0.0 0 0.0 0 5.4 0.023 437.0 0 0.0 2.0 4.0 14.0
117 17295 17.3 17.3 1627.9 1618.6 25.6 9.3 0.0 10.7 0 0.0 1 0.0 0 0.0 0 6.8 0.015 371.2 0 0.0 2.0 4.6 14.0
118 17185 15.2 15.2 1624.2 1616.5 27.3 7.6 0.0 9.4 0 0.0 1 0.0 0 0.0 0 4.4 0.030 544.0 0 0.0 2.0 3.8 14.0
119 16968 16.0 16.0 1618.5 1611.4 27.0 7.1 0.0 10.4 0 0.0 1 0.0 0 0.0 0 5.0 0.024 478.1 0 0.0 2.0 3.5 14.0
120 16794 16.2 16.2 1614.3 1606.4 26.8 7.9 0.0 10.3 0 0.0 1 0.0 0 0.0 0 4.9 0.025 491.1 0 0.0 2.0 4.0 14.0
121 16644 18.1 18.1 1611.6 1599.7 25.6 11.9 0.0 10.2 0 0.0 1 0.0 0 0.0 0 5.2 0.021 488.1 0 0.0 2.0 6.0 14.0
122 16463 15.6 15.6 1606.7 1598.2 24.2 8.5 0.0 9.4 0 0.0 1 0.0 0 0.0 0 2.3 0.054 1141.8 0 0.0 2.0 4.2 14.0
123 16274 14.2 14.2 1602.4 1595.0 18.6 7.4 0.0 8.5 0 0.0 1 0.0 0 0.0 0 2.7 0.026 1293.4 0 0.0 2.0 3.7 14.0
124 16149 10.0 9.1 1600.8 1593.6 10.9 7.2 0.0 5.5 0 0.0 1 0.0 0 0.0 0 3.5 0.006 1871.6 0 0.0 2.0 1.6 10.0
125 16005 12.5 7.3 1595.9 1590.1 17.9 5.8 0.0 2.4 0 0.0 1 0.0 0 0.0 0 2.1 0.031 1857.6 0 0.0 2.0 2.9 12.5
126 15869 12.5 10.1 1593.7 1587.8 15.2 5.9 0.0 5.2 0 0.0 1 0.0 0 0.0 0 2.6 0.017 1705.5 0 0.0 2.0 3.0 12.5
127 15728 12.5 9.1 1590.3 1584.0 16.7 6.3 0.0 4.0 0 0.0 1 0.0 0 0.0 0 2.5 0.021 1719.2 0 0.0 2.0 3.1 12.5
128 15540 12.5 9.4 1585.4 1579.8 17.4 5.6 0.0 4.6 0 0.0 1 0.0 0 0.0 0 2.5 0.028 1583.8 0 0.0 2.0 2.8 12.5
129 15355 12.5 9.9 1581.9 1576.0 15.3 5.9 0.0 5.0 0 0.0 1 0.0 0 0.0 0 2.4 0.019 1892.2 0 0.0 2.0 2.9 12.5
130 15215 12.5 8.4 1578.5 1573.8 16.3 4.7 0.0 4.0 0 0.0 1 0.0 0 0.0 0 2.4 0.020 1790.1 0 0.0 2.0 2.4 12.5
131 15035 12.5 9.3 1575.2 1569.5 15.5 5.6 0.0 4.5 0 0.0 1 0.0 0 0.0 0 2.3 0.020 1823.5 0 0.0 2.0 2.8 12.5
132 14847 12.5 9.1 1571.2 1565.3 15.7 5.9 0.0 4.1 0 0.0 1 0.0 0 0.0 0 2.1 0.021 1976.5 0 0.0 2.0 3.0 12.5
133 14621 12.5 9.3 1566.5 1560.4 15.3 6.2 0.0 4.2 0 0.0 1 0.0 0 0.0 0 2.3 0.021 1804.6 0 0.0 2.0 3.1 12.5
134 14443 12.5 9.4 1562.4 1554.7 15.8 7.7 0.0 4.0 0 0.0 1 0.0 0 0.0 0 2.4 0.022 1698.5 0 0.0 2.0 3.4 12.5
135 14267 12.5 9.1 1558.0 1552.3 16.5 5.7 0.0 4.2 0 0.0 1 0.0 0 0.0 0 2.1 0.024 1904.0 0 0.0 2.0 2.8 12.5
136 14096 12.5 10.0 1554.4 1547.4 16.6 7.0 0.0 4.5 0 0.0 1 0.0 0 0.0 0 3.2 0.016 1198.5 0 0.0 2.0 3.5 12.5
137 13938 14.0 9.3 1549.8 1544.5 19.0 5.3 0.0 4.6 0 0.0 1 0.0 0 0.0 0 2.8 0.025 1197.1 0 0.0 2.0 2.7 14.0
138 13776 14.0 10.8 1545.7 1539.5 18.2 6.2 0.0 5.7 0 0.0 1 0.0 0 0.0 0 2.4 0.030 1488.0 0 0.0 2.0 3.1 14.0
139 13625 12.5 10.6 1542.2 1535.6 17.4 6.6 0.0 5.3 0 0.0 1 0.0 0 0.0 0 2.7 0.022 1366.4 0 0.0 2.0 3.3 12.5
140 13476 12.5 10.5 1538.8 1531.7 17.2 7.1 0.0 4.9 0 0.0 1 0.0 0 0.0 0 2.5 0.025 1491.7 0 0.0 2.0 3.5 12.5
141 13326 12.5 10.4 1535.2 1528.1 17.5 7.1 0.0 4.9 0 0.0 1 0.0 0 0.0 0 2.8 0.022 1331.0 0 0.0 2.0 3.5 12.5
142 13176 12.5 10.6 1531.5 1524.3 17.7 7.2 0.0 5.0 0 0.0 1 0.0 0 0.0 0 2.6 0.024 1389.7 0 0.0 2.0 3.6 12.5
143 13025 12.5 10.4 1528.1 1521.5 17.3 6.6 0.0 5.1 0 0.0 1 0.0 0 0.0 0 2.7 0.024 1424.4 0 0.0 2.0 3.3 12.5
144 12876 12.5 9.7 1524.5 1518.9 17.5 5.6 0.0 4.9 0 0.0 1 0.0 0 0.0 0 2.9 0.021 1289.9 0 0.0 2.0 2.8 12.5
145 12726 12.5 10.4 1520.9 1514.1 18.0 6.8 0.0 5.0 0 0.0 1 0.0 0 0.0 0 2.8 0.023 1277.3 0 0.0 2.0 3.4 12.5
146 12576 14.0 10.0 1516.8 1511.2 18.7 5.6 0.0 5.2 0 0.0 1 0.0 0 0.0 0 2.8 0.025 1245.8 0 0.0 2.0 2.8 14.0
147 12421 14.0 10.1 1512.8 1507.7 19.0 5.1 0.0 5.5 0 0.0 1 0.0 0 0.0 0 2.9 0.024 1157.5 0 0.0 2.0 2.5 14.0
148 12274 14.0 10.9 1508.8 1502.4 19.9 6.4 0.0 5.7 0 0.0 1 0.0 0 0.0 0 3.4 0.022 963.6 0 0.0 2.0 3.2 14.0
149 12123 14.0 11.4 1505.5 1499.0 19.9 6.5 0.0 6.2 0 0.0 1 0.0 0 0.0 0 3.4 0.022 951.9 0 0.0 2.0 3.3 14.0
150 11913 14.0 11.8 1500.7 1493.5 20.0 7.2 0.0 6.1 0 0.0 1 0.0 0 0.0 0 3.2 0.024 1007.6 0 0.0 2.0 3.6 14.0
151 11677 14.0 11.7 1495.2 1488.2 20.4 7.0 0.0 6.2 0 0.0 1 0.0 0 0.0 0 3.8 0.020 836.9 0 0.0 2.0 3.5 14.0
152 11382 14.0 12.3 1489.4 1481.5 20.0 7.9 0.0 6.4 0 0.0 1 0.0 0 0.0 0 3.6 0.021 1029.6 0 0.0 2.0 3.9 14.0
153 11172 14.0 11.5 1483.6 1476.9 21.4 6.7 0.0 6.2 0 0.0 1 0.0 0 0.0 0 3.3 0.026 1033.9 0 0.0 2.0 3.3 14.0
154 10981 14.0 11.6 1478.3 1473.0 21.5 5.3 0.0 7.0 0 0.0 1 0.0 0 0.0 0 3.2 0.028 1079.4 0 0.0 2.0 2.6 14.0
155 10791 14.0 11.8 1474.1 1468.5 21.1 5.5 0.0 7.0 0 0.0 1 0.0 0 0.0 0 4.0 0.020 868.9 0 0.0 2.0 2.8 14.0
156 10614 14.0 12.4 1471.2 1464.1 21.0 7.1 0.0 6.8 0 0.0 1 0.0 0 0.0 0 5.2 0.014 678.9 0 0.0 2.0 3.6 14.0
157 10436 14.0 12.6 1467.4 1459.7 22.7 7.7 0.0 6.7 0 0.0 1 0.0 0 0.0 0 5.6 0.015 579.9 0 0.0 2.0 3.9 14.0
158 10247 14.0 13.2 1461.6 1454.5 25.7 7.1 0.0 7.7 0 0.0 1 0.0 0 0.0 0 5.1 0.021 563.3 0 0.0 2.0 3.6 14.0
159 10052 15.2 15.2 1456.9 1449.5 25.8 7.4 0.0 9.5 0 0.0 1 0.0 0 0.0 0 4.4 0.026 655.6 0 0.0 2.0 3.7 14.0
160 9938 15.9 15.9 1453.9 1445.2 25.7 8.7 0.0 9.5 0 0.0 1 0.0 0 0.0 0 4.3 0.027 671.5 0 0.0 2.0 4.4 14.0
161 9785 15.9 15.9 1450.0 1441.0 25.1 8.9 0.0 9.5 0 0.0 1 0.0 0 0.0 0 4.0 0.029 741.4 0 0.0 2.0 4.5 14.0
162 9663 15.4 15.4 1446.7 1438.1 25.0 8.6 0.0 9.1 0 0.0 1 0.0 0 0.0 0 4.2 0.026 698.9 0 0.0 2.0 4.3 14.0
163 9529 15.5 15.5 1443.9 1435.0 24.2 8.9 0.0 9.0 0 0.0 1 0.0 0 0.0 0 4.5 0.022 678.7 0 0.0 2.0 4.4 14.0
164 9416 15.5 15.5 1441.1 1431.2 24.5 9.8 0.0 8.5 0 0.0 1 0.0 0 0.0 0 4.7 0.022 646.4 0 0.0 2.0 4.9 14.0
165 9283 15.0 15.0 1437.6 1429.1 25.1 8.6 0.0 8.7 0 0.0 1 0.0 0 0.0 0 4.6 0.023 639.1 0 0.0 2.0 4.3 14.0
166 9093 15.5 15.5 1433.4 1424.6 25.4 8.7 0.0 9.1 0 0.0 1 0.0 0 0.0 0 5.0 0.021 598.8 0 0.0 2.0 4.4 14.0
167 8907 15.0 15.0 1427.4 1419.9 26.8 7.5 0.0 9.3 0 0.0 1 0.0 0 0.0 0 4.5 0.027 611.0 0 0.0 2.0 3.7 14.0
168 8700 15.8 15.8 1421.7 1414.4 25.9 7.3 0.0 10.2 0 0.0 1 0.0 0 0.0 0 3.8 0.032 752.2 0 0.0 2.0 3.7 14.0
169 8536 15.0 15.0 1417.8 1410.9 24.5 6.9 0.0 9.6 0 0.0 1 0.0 0 0.0 0 4.1 0.026 729.0 0 0.0 2.0 3.4 14.0
170 8398 14.0 13.9 1414.5 1408.1 24.2 6.4 0.0 8.7 0 0.0 1 0.0 0 0.0 0 4.0 0.026 756.6 0 0.0 2.0 3.2 14.0
171 8214 14.0 14.0 1410.2 1403.2 23.7 7.0 0.0 8.5 0 0.0 1 0.0 0 0.0 0 4.3 0.023 724.2 0 0.0 2.0 3.5 14.0
172 8058 14.0 13.7 1407.8 1400.9 22.4 6.9 0.0 8.3 0 0.0 1 0.0 0 0.0 0 4.8 0.018 691.0 0 0.0 2.0 3.4 14.0
173 7908 14.0 12.7 1404.4 1398.0 23.3 6.4 0.0 7.5 0 0.0 1 0.0 0 0.0 0 4.9 0.018 648.9 0 0.0 2.0 3.2 14.0
174 7764 14.0 13.5 1402.7 1395.6 22.1 7.1 0.0 8.0 0 0.0 1 0.0 0 0.0 0 5.8 0.013 575.7 0 0.0 2.0 3.5 14.0
175 7631 14.0 12.8 1400.1 1393.0 23.0 7.1 0.0 7.3 0 0.0 1 0.0 0 0.0 0 5.6 0.015 570.0 0 0.0 2.0 3.5 14.0
176 7500 14.0 13.4 1397.4 1390.2 24.4 7.2 0.0 7.8 0 0.0 1 0.0 0 0.0 0 5.5 0.017 547.6 0 0.0 2.0 3.6 14.0
177 7400 14.0 13.7 1394.2 1388.0 25.6 6.2 0.0 8.6 0 0.0 1 0.0 0 0.0 0 4.6 0.025 633.2 0 0.0 2.0 3.1 14.0
178 7300 14.6 14.6 1391.5 1385.1 25.7 6.5 0.0 9.4 0 0.0 1 0.0 0 0.0 0 4.1 0.028 698.0 0 0.0 2.0 3.2 14.0
179 7200 14.1 14.1 1388.8 1383.3 25.2 5.4 0.0 9.4 0 0.0 1 0.0 0 0.0 0 3.7 0.032 802.7 0 0.0 2.0 2.7 14.0
180 7100 14.4 14.4 1384.3 1377.8 25.6 6.6 0.0 9.1 0 0.0 1 0.0 0 0.0 0 2.5 0.053 1139.2 0 0.0 2.0 3.3 14.0
181 7000 14.9 14.9 1383.1 1376.0 20.8 7.1 0.0 9.4 0 0.0 1 0.0 0 0.0 0 3.1 0.027 1159.4 0 0.0 2.0 3.5 14.0
182 6900 14.0 11.9 1381.2 1374.6 19.4 6.6 0.0 6.6 0 0.0 1 0.0 0 0.0 0 3.2 0.022 1184.3 0 0.0 2.0 3.3 14.0
183 6800 14.0 10.8 1378.7 1372.9 19.8 5.8 0.0 5.9 0 0.0 1 0.0 0 0.0 0 3.1 0.026 1239.3 0 0.0 2.0 2.9 14.0
184 6700 14.0 10.8 1376.6 1371.2 19.0 5.4 0.0 6.1 0 0.0 1 0.0 0 0.0 0 3.2 0.022 1243.0 0 0.0 2.0 2.7 14.0
185 6600 14.0 10.4 1374.4 1368.9 19.0 5.5 0.0 5.7 0 0.0 1 0.0 0 0.0 0 3.2 0.022 1234.8 0 0.0 2.0 2.8 14.0
186 6500 14.0 10.2 1372.1 1367.1 19.1 5.0 0.0 5.7 0 0.0 1 0.0 0 0.0 0 3.0 0.023 1336.9 0 0.0 2.0 2.5 14.0
187 6400 14.0 10.2 1369.8 1365.0 18.9 4.8 0.0 5.7 0 0.0 1 0.0 0 0.0 0 3.0 0.023 1298.5 0 0.0 2.0 2.4 14.0
188 6299 14.0 10.2 1367.7 1362.7 18.7 5.0 0.0 5.7 0 0.0 1 0.0 0 0.0 0 3.2 0.021 1250.4 0 0.0 2.0 2.5 14.0
189 6199 14.0 10.2 1365.7 1360.4 18.7 5.3 0.0 5.5 0 0.0 1 0.0 0 0.0 0 3.4 0.019 1160.2 0 0.0 2.0 2.6 14.0
190 6098 14.0 10.3 1363.6 1358.2 18.9 5.5 0.0 5.6 0 0.0 1 0.0 0 0.0 0 3.6 0.018 1090.3 0 0.0 2.0 2.7 14.0
191 5998 14.0 10.4 1361.4 1355.9 19.4 5.5 0.0 5.7 0 0.0 1 0.0 0 0.0 0 3.7 0.019 1037.7 0 0.0 2.0 2.7 14.0
192 5897 14.0 10.7 1359.6 1354.1 19.4 5.5 0.0 5.9 0 0.0 1 0.0 0 0.0 0 4.0 0.017 966.4 0 0.0 2.0 2.7 14.0
193 5711 12.5 11.1 1357.8 1351.5 17.2 6.3 0.0 5.9 0 0.0 1 0.0 0 0.0 0 4.6 0.011 936.2 0 0.0 2.0 3.2 12.5
194 5609 14.0 10.0 1356.0 1349.7 18.2 6.3 0.0 4.9 0 0.0 1 0.0 0 0.0 0 4.6 0.012 883.4 0 0.0 2.0 3.1 14.0
195 5404 14.0 10.3 1352.3 1346.4 19.6 6.0 0.0 5.3 0 0.0 1 0.0 0 0.0 0 4.2 0.016 903.8 0 0.0 2.0 3.0 14.0
196 5190 14.0 10.9 1348.5 1342.6 19.7 5.9 0.0 6.0 0 0.0 1 0.0 0 0.0 0 3.4 0.021 1100.4 0 0.0 2.0 2.9 14.0
197 4960 12.5 11.0 1345.1 1339.2 17.8 5.9 0.0 6.0 0 0.0 1 0.0 0 0.0 0 3.6 0.016 1152.2 0 0.0 2.0 3.0 12.5
198 4806 12.5 9.7 1342.4 1337.2 17.9 5.2 0.0 5.1 0 0.0 1 0.0 0 0.0 0 3.1 0.020 1360.0 0 0.0 2.0 2.6 12.5
199 4619 12.5 9.5 1339.0 1334.4 17.7 4.6 0.0 5.2 0 0.0 1 0.0 0 0.0 0 3.0 0.020 1423.8 0 0.0 2.0 2.3 12.5
200 4461 12.5 9.3 1336.2 1331.7 17.3 4.5 0.0 5.1 0 0.0 1 0.0 0 0.0 0 2.9 0.019 1484.5 0 0.0 2.0 2.2 12.5
201 4285 12.5 9.3 1333.0 1328.1 16.8 4.9 0.0 4.9 0 0.0 1 0.0 0 0.0 0 2.9 0.019 1500.4 0 0.0 2.0 2.4 12.5
202 4125 12.5 9.4 1330.1 1324.6 16.8 5.5 0.0 4.7 0 0.0 1 0.0 0 0.0 0 3.2 0.017 1383.7 0 0.0 2.0 2.8 12.5
203 3970 12.5 9.8 1327.9 1321.7 16.4 6.2 0.0 4.6 0 0.0 1 0.0 0 0.0 0 3.3 0.015 1351.6 0 0.0 2.0 3.1 12.5
204 3828 12.5 9.9 1326.4 1319.3 16.0 7.0 0.0 4.5 0 0.0 1 0.0 0 0.0 0 3.5 0.013 1315.5 0 0.0 2.0 3.4 12.5
205 3647 12.5 9.7 1323.7 1316.8 15.8 6.9 0.0 4.3 0 0.0 1 0.0 0 0.0 0 3.7 0.012 1249.7 0 0.0 2.0 3.4 12.5
206 3494 12.5 9.8 1321.5 1314.0 16.4 7.5 0.0 4.2 0 0.0 1 0.0 0 0.0 0 3.9 0.012 1168.7 0 0.0 2.0 3.6 12.5
207 3340 12.5 10.1 1319.2 1312.0 17.1 7.2 0.0 4.5 0 0.0 1 0.0 0 0.0 0 4.1 0.012 1047.5 0 0.0 2.0 3.6 12.5
208 3187 14.0 10.1 1316.6 1310.0 18.3 6.6 0.0 4.8 0 0.0 1 0.0 0 0.0 0 4.6 0.013 881.7 0 0.0 2.0 3.3 14.0
209 3034 14.0 10.6 1314.6 1308.0 18.6 6.5 0.0 5.4 0 0.0 1 0.0 0 0.0 0 5.0 0.011 794.7 0 0.0 2.0 3.3 14.0
210 2880 14.0 11.0 1312.8 1305.7 18.7 7.1 0.0 5.5 0 0.0 1 0.0 0 0.0 0 5.1 0.011 772.5 0 0.0 2.0 3.5 14.0
211 2727 14.0 10.9 1310.8 1304.0 19.1 6.8 0.0 5.6 0 0.0 1 0.0 0 0.0 0 5.1 0.012 764.6 0 0.0 2.0 3.4 14.0
212 2574 14.0 11.1 1308.6 1302.0 19.5 6.6 0.0 5.8 0 0.0 1 0.0 0 0.0 0 4.7 0.014 807.1 0 0.0 2.0 3.3 14.0
213 2413 14.0 11.5 1307.2 1300.0 18.3 7.2 0.0 5.9 0 0.0 1 0.0 0 0.0 0 4.8 0.012 839.0 0 0.0 2.0 3.6 14.0
214 2259 10.0 9.8 1307.9 1298.0 13.4 9.9 0.0 5.4 0 0.0 1 0.0 0 0.0 0 6.1 0.005 908.6 0 0.0 2.0 2.4 10.0
215 2105 12.5 9.1 1304.9 1297.2 17.2 7.7 0.0 3.3 0 0.0 1 0.0 0 0.0 0 4.5 0.011 959.7 0 0.0 2.0 3.9 12.5
216 1930 16.7 16.7 1303.4 1294.8 16.3 8.6 0.0 10.4 0 0.0 1 0.0 0 0.0 0 4.8 0.009 939.3 0 0.0 2.0 4.3 14.0

MAXIMUM= 35.5 7.2 0.0 15.6 17.1 5.4 7.4 21
MINIMUM= 2.0 0.0 0.0 0.0 0.0 0.0 6
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1 INTRODUCTION 
 
1.1 Project Description 
 

Lytle Creek Development Company (LCDC) proposed to develop a master planned 
community situated along the northeast bank of Lytle Creek. The project site is at 
immediately downstream of Lytle Creek alluvial fan adjacent to the I-15 stream crossing 
in San Bernardino County, California.  The Lytle Creek along the southwest border of the 
680-acre Lytle Creek North (LCN) mixed residential/commercial development is an 
active alluvium stream (see Exhibit 1 and Appendix A).  During a flood event, the debris 
flux carried by torrent runoff from Lytle Creek alluvial fan introduces relatively high 
flow energy to the project segment of creek terrace.  This is evident from the physical 
appearances of the steep lateral grade of the stream banks, braided flow paths, poorly 
sorted and stratified sand/gravel/boulder non-homogenized deposits with occasional 
recently formed bands of finer soil, and distributions of vegetation which appear sparsely 
in lower streambed elevation and become dense at higher elevations on midstream islands 
and banks.  The length of Lytle Creek stream bank along LCN development is about 
5,500 feet, or about a mile, starting upstream at Devore Road and connecting to the 
existing levee at downstream. The existing levee was built in recent year to protect a 
series of earth mining basins operated by CEMEX, Inc, which was Sunwest Material, Inc 
prior to year 1996.  
 
There exist numerous hydraulic structures within and near the project reach. Besides the 
existing levee, there are two weir/ dam like lateral structures made of grouted stones 
which seem to function effectively as low flow conveyance and high flow dissipation 
structures at up- and downstream of the project reach. There are also remnants of 
concrete flow diversion structures within the existing levee reach down stream of the 
project site. They were either failed (broken down to pieces) apparently due to foundation 
failure or cease to possess the original intended function (see in Appendix A). Such 
observations helped to draw a better understanding in planning a cost effective yet 
physical viable engineering measure for bank protection along the Lytle Creek. As a 
result of observation and engineering assessment of the terrain, geological and  historical 
conditions and evidence of the site surrounding, a revetment system made of grouted 
stone armor layer proposed to be constructed along the Lytle Creek bank for the LCN 
project (see Section 7, Exhibit 10). 
 
The proposed revetment prevents the LCN development from being inundated by floods 
up to the designated 100-year occurrence event. It establishes a stable stream front 
boundary for the planned community.  The structure of the revetment will be self 
sustained under horrendous destructive flooding conditions and possible chronological 
erosive impact of the stream terrace. These conditions were derived based on sound 
technical guidelines. The theoretical and regulatory backgrounds for these guidelines are 
illustrated in this study in detail which cover aspects of alluvial fan hydraulics, channel 
hydraulic and stream terrace bedform evolution and erosion assessment derived from 
empirical and numerical sediment transport models.  The design configurations of the 
revetment aim to ensure the revetment system to be able to withstand 100 year flood 
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impact from Lytle Creek and effectively protect the planned community from flood 
inundation from flood overtopping and bank failure.  

 
This study reviewed collection of detailed survey, historic engineering design literature, 
meteorological, hydrologic, and ecological information relevant to Lytle Creek wash, and 
systematically performed analysis within a scope in which engineering computations on 
hydrology, alluvial fan and floodplain hydraulics, and sediment transport were conducted 
for purpose of establishing the design parameters to the revetment system.  

 
The study highlights the methods and results of watershed, hydrology, hydraulic and 
sediment transport analyses of Lytle Creek. The recommendations to the revetment 
design are presented in formats of plans, sections, and profiles as well as in tabulated 
format seen in this report. Critical numerical information was summarized in tables. 
Hydraulic model input and output data using Hec-RAS are included in Appendix B. 
Model results for sediment transport are attached in Appendix C. Selected images 
depicting existing site physical conditions are seen in Appendix A. List of references 
used in this study is also attached. 

 
1.2 Study Objective 
 

The primary objective of this study is to develop a detailed hydraulic design for 
construction of a revetment which provides the necessary flood protection and erosion 
control functionalities to Lytle Creek stream bank for the LCN development.  This report 
provides the hydraulic and sediment transport analysis of the fluvial responses associated 
with this proposed revetment.  To accomplish this objective, a framework was developed 
which outlines the general approach to each aspect of the study.  The various tasks in the 
overall analysis included the following: 
 
1. Evaluate the essential characteristics of the Lytle Creek alluvial fan and the alluvium 

nature of the creek within the project reach; therefore implement appropriate 
assumptions and analysis methods to proceed design of the revetment. 

2. Perform a detailed hydrologic investigation of the regional tributary and local 
watershed 

3. Develop hydraulic model using HEC-RAS to evaluate the flow conditions under post 
revetment construction condition and establish hydraulic parameters for revetment 
design. The modeling results were also used at hydraulic data for sediment transport 
computations, which in turn supply information necessary to conclude computations 
for revetment design. 

4. Evaluate the stability of Lytle Creek stream bed and its potential of erosion and 
sedimentation during passage of flood. Hec-6 model was performed on extended 
spatial limit to include sediment supply source reach upstream. 

5. Identify design recommendations for the revetment geometry which includes top and 
toe down elevations. 
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2 SITE CHARACTERISTICS AND BACKGROUND 
 
2.1 Lytle Creek Watershed and Floodplain 

 
The Lytle Creek tributary area to downstream boundary of the project site has 54.7 
square miles as shown in Exhibits 2 and 3. The entire Lytle Creek watershed originates at 
northwest from Mt. San Antonio with elevation above 10,000 feet ( in  NGVD NAD27 
vertical datum) and ends southeast at confluence of Lytle Creek and Cajon Creek at an 
elevation below 1,400 feet with a total area of 62.0 square miles. The Lytle Creek 
watershed has three main upstream drainage basins: North Fork, Middle Fork and South 
Fork Lytle Creek. The forks converge near the Town of Lytle Creek and combine into a 
single Lytle Creek river which forms Lytle Creek floodplain at downstream. The Flood 
Insurance Study (FIS) revised by Federal Emergency Management Agency (FEMA) on 
January 17, 1997 covering The San Bernardino County designated the Lytle Creek reach 
in the project area as floodplain Zone type A where floodplain boundary was defined and 
mapped into FEMA’s Flood Insurance Rate Map (FIRM) (see Exhibit 4) without 
enforced base flood elevation. Exhibit 5 shows the project southwest development 
boundary overlapped with the FIRM floodplain boundary at locations. Total 
encroachment of the LCN development into the Lytle Creek floodplain has about 18.7 
acres in area. The proposed revetment is designed to against up to 100-year flood impact 
or one percent probability annual flood occurrence event. Therefore the planned 
community is designed to be resided outside of future Lytle Creek floodplain. FEMA 
requires homeowners or builders to submit floodplain map modification reflecting 
planned changes in floodplain due to grade modification by new construction.  
 

2.2 Project Site Characteristics  
 
The most distinct site characteristics of the development area is that the site sits on top of 
a large historical alluvial fan of Lytle Creek Wash, and it locates at immediate 
downstream of the active body of Lytle Creek alluvial fan. The Lytle Creek alluvial fan is 
a cone shaped down slope (~ 0.04) that radiates from the apex where the stream leaves 
the mountain valley to the toe where is near the I-17 bridge. The fan is about a mile long 
in axis with a spread angle of less than 30 degree. 
  
The geomorphology of the Lytle Creek alluvial fan is unique because of the various 
activities and structures that have modified the historic hydraulic and fluvial 
characteristics of the floodplain that include semi-defined paths by groins, water 
conservation operation and structures, bridge and roadway structures, gravel mining 
activities, levees, and graded berms.  In addition, a common characteristic of alluvial fans 
that dominates the Lytle Creek hydraulic processes is the geomorphic feature known as a 
fan-head trench or channel encroachment from the apex.  The larger regional alluvial fan 
associated with Lytle Creek no longer functions as the classic alluvial fan because of the 
following features: (1) the relic or ancient alluvial fan is no longer active since it is being 
dissected by a modern fanhead, (2) the incised channel in the active floodplain conveys 
all the flows at shallow depths and high velocities, (3) the manmade structures within the 
floodplain have limited large-scale channel migration over the past 50-years, and (4) the 
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hydraulic capacity of the entrenched channel is many times that needed to convey the 
100-year discharge.  The active portion of Lytle Creek floodplain appears as a braided 
system within the channel entrenchment and follows multiple flowpaths that have 
resulted in the formation of areas that appear to historically function as islands, not 
experiencing inundation of the 100-year flood.  Delineating the limits of the islands was 
performed through hydraulic modeling utilizing conservative assumption related to the 
potential distribution of flow around these areas since it is highly variable and difficult to 
quantify in dynamic alluvial system.  It is important to point out that the flood inundation 
associated with the peak discharge would occur over a short period of time, much less 
than one hour. 

 
2.3 Lytle Creek Geomorphic Stream Characteristics 
 

Define Stable Channel Geometry:  The incised fanhead channel system has defined 
boundaries from the apex of the fan to the Cemex Mining levee system.  These channel 
boundaries confine the flows from uncontrolled migration across the relic fan.  The active 
floodplain that is confined within the entrenchment has historically demonstrated that the 
boundaries have not migrated significantly based upon historical photographic evidence.  
The alluvial channel in the entrenchment generally functions as a braided system, but 
singular larger active channels tend to dominate rather than multiple braided flow paths.  
Application of regime equations for both riverine channels and alluvial fan 
geomorphology also predicts a braided system.  The width of the active eroded channels 
is consistent with the width that would be associated with the self-forming channel on 
alluvial fans. The stream terrace possesses the transitional characters between an alluvial 
fan and stable riverine corridor, hence an alluvium stream. 
 
Surface Slopes:  Investigation of the thalweg streambed profile indicates that the slope is 
relatively constant from well upstream of the mouth of the alluvial fan to a point near the 
downstream end of the Cemex Mining gravel pits and levees.  The average slope of the 
streambed is approximately 0292.0=oS .  A comparison of the more recent 1994 creek 
topography to the 1966 USGS topography indicates that the streambed slope exhibits 
minimum deviation from the 1966 slope.  Localized changes in the streambed profile will 
occur associated with local scour and changes with extremely large flood events, but the 
long-term trend has indicated that the assumed dynamic equilibrium slope has developed. 
 
Bed Characteristics:  The streambed material with the Lytle Creek was is extremely 
coarse and can be classified as predominantly cobbles.  Mechanical grain size distribution 
test conducted from several field samples resulted in an estimated median grain size of 
51mm.  Larger material up to 500mm is evident throughout the wash.  These 
characteristic sediment sizes and mechanical grain size distribution are evident for the 
entire portion of the active channel on the alluvial fan that extends from the study area to 
upstream of the fan apex. 
 
Upstream Sediment Production:  The sediment production associated with the 
approximately 46 square mile watershed upstream of the alluvial fan apex should be 
capable of continuing to satisfy the equilibrium sediment transport requirements since the 
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watershed is almost entirely located in the National Forest.  It is not anticipated that there 
should be any major changes in the watershed that would adjust the sediment production.  
A more detailed sediment yield analysis for the entire regional watershed was previously 
developed through the application of the USACE Tatum procedure which is discussed in 
this report.  The results of the watershed sediment yield were used to calculate the 
associated clear-water “bulking-factor” that represents the increase in flow volume 
associated with the transport sediment and debris in the flood flows.  The application of 
this bulking factor to synthetic generated peak flow discharges results in a very close 
comparison to actual stream gauge data.   
 
Geologic Faulting:  The active and relic fan for Lytle Creek is dissected by several 
seismic faults, and probably the most significant fault is the San Jacinto fault which 
generally follows an alignment parallel to the active channel entrenchment for Lytle 
Creek.  In addition, Lytle Creek is just one of several unconsolidated alluvial deposits 
located to the south of the Sierra Madre fault zone.  It has been shown that geologic 
lifting associated with the faults can also significantly influence the development of the 
fanhead channel entrenchment and assist in further deepening the entrenchment or 
adjusting the channel slope steeper than the fan surface. 
 
Vegetation:  The limits of vegetation clearly define the limits of the active wash and the 
relic alluvial fan.  The characteristics of the vegetation and condition of the relic fan 
generally indicate that unconfined flooding or hydraulic action on these areas has not 
occurred in some time.  The vegetation on the island areas also shows evidence of 
minimal hydraulic disturbance.  It appears that the most significant disturbance on the 
island was the implementation of the early 1930’s recharge channels. 
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3 HYDROLOGIC CONDITIONS 
 
3.1 Historic Flooding and Rainfall 
 

In this study information to the flood frequency and magnitude of the Lytle Creek was 
obtained both from available USGS stream gauge data and Standard Project Flood (SPF) 
estimates generated by the US Army Corps of Engineers (USACE).  After both were 
evaluated, it was concluded that the stream gauge records provides the best conservative 
data for estimations of design flood criteria.  Several historical rainfall gauges are 
operated in conjunction with different agencies within the Lytle Creek watershed that 
have significant amounts of record data and are within reasonable proximity to be 
considered representative of the project area.  These gauges include the (1) Lytle Creek 
Ranger Station, (2) Lytle Creek at the Fontana Intake Structure, (3) Lytle Creek at 
Foothill Blvd., all of which are daily or non-recording gauges. Summaries of the flow 
gauge characteristics and statistics are illustrated in the Table 1, 2, 3 and 4. 
 

Return Period Peak Discharge
years cfs

2 620
5 2,277
10 4,886
25 11,810
50 21,660
100 38,360

Table 1
Peak Discharge vs. Frequency at USGS Gage No. 11062000

 
 

Date Peak Discharge Estimated Return Period
month/day/year cfs years

02/16/27 5,300 11
03/02/38 25,200 63
01/23/43 4,800 10
11/22/65 9,000 18
12/29/65 9,120 18
12/06/66 7,200 15
01/21/69 3,600 7
01/25/69 35,900 91
02/25/69 6,000 13
02/10/78 7,580 15
03/02/78 4,780 10
03/04/78 8,600 17
01/29/80 6,490 13
02/15/80 2,690 6
02/16/80 10,330 22
02/18/80 3,590 7
02/19/80 5,200 11
02/21/80 2,930 6
03/02/83 4,000 8

Table 2
Magnitude and Estimated Return Period of Historic Floods

at USGS No. 11062000
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Station: Lytle Creek Ranger Station
Location: 1209 Lytle Creek Road   Lytle Creek, CA 92358
Lat. 34.231 Long. 117.475 Elevation: 2730' USGS Datum
63 Years of Record

Season Water Year Total Season Water Year Total
inches inches

1930-31 26.8 1962-63 17.58
1931-32 36.71 1963-64 20.11
1932-33 12.34 1964-65 22.7
1933-34 11.21 1965-66 39.14
1934-35 17.77 1966-67 36.79
1935-36 24.19 1967-68 21.93
1936-37 52.68 1968-69 74.02
1937-38 34.16 1969-70 18.62
1938-39 38.5 1970-71 24.65
1939-40 28.3 1971-72 19.79
1940-41 75.78 1972-73 44.87
1941-42 31.17 1973-74 34.63
1942-43 46.82 1974-75 29.88
1943-44 49.06 1975-76 29.54
1944-45 40.5 1976-77 25.14
1945-46 32 1977-78 89.02
1946-47 38.11 1978-79 47.71
1947-48 25.71 1979-80 50.71
1948-49 26.7 1980-81 20.34
1949-50 26.77 1981-82 42.53
1950-51 14.56 1982-83 76.17
1951-52 56.75 1983-84 20.92
1952-53 23.01 1984-85 32.3
1953-54 23.56 1985-86 45.61
1954-55 23.15 1986-87 16.07
1955-56 23.22 1987-88 35.09
1956-57 23.65 1988-89 19.17
1957-58 56.03 1989-90 20.3
1958-59 19.24 1990-91 30.13
1959-60 18.54 1991-92 48.19
1960-61 13.09 1992-93 84.03
1961-62 34.7

Mean Seasonal Rainfall (inches) : 34.05

Table 3
Lytle Creek Land & Resources

Mean Seasonal Rainfall Determination
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Return Period Peak Q 1-Day Q 2-Day Q 3-Day Q
years cfs cfs cfs cfs

2 688 205 183 155
5 2,527 749 666 555

10 5,423 1,610 1,388 1,221
25 13,109 3,885 3,053 2,553
50 24,043 7,104 5,051 4,218

100 42,580 12,543 7,881 6,327

Table 4
Peak & Maximum Daily Discharge vs. Frequency

Lytle Creek at I-15

 
 
The rainfall gauge that is nearest to the project, and at a similar elevation, is the gauge 
located at the Fontana Water District Intake Structure since the intake is at the apex of the 
alluvial fan where the creek exits the mountains.  The Foothill Blvd. gauge is located 
further downstream of the project and the Ranger Station is located upstream in the 
mountainous are that would experience orographic effects; however, the intake gauge 
station is probably most representative of the site itself and not necessarily the upstream 
watershed.  The annual data associated with the Foothill Blvd. gauge is presented in the 
Table 5.  
 

Year Rainfall Year Rainfall Year Rainfall 
inches inches inches

1926 20.16 1952 12.22 1977 31.01
1927 16.09 1953 16.51 1978 17.03
1928 13.81 1954 13.95 1979 28.93
1929 15.24 1955 14 1980 4.06
1930 17.24 1956 12.7 1981 19.04
1931 21.33 1957 25.83 1982 37.01
1932 12.21 1958 6.27 1983 12.43
1933 12.7 1959 10.68 1984 15.2
1934 18.63 1960 5.56 1985 19.8
1935 13.98 1961 15.49 1986 7.82
1936 30.14 1962 13.07 1987 16.26
1937 26.14 1963 10.74 1988 10.48
1938 16.18 1964 14.8 1989 9.36
1940 15.14 1965 16.98 1990 13.32
1941 13.77 1966 21.54 1991 20.46
1942 24.37 1967 13.76 1992 30.73
1943 21.42 1968 32.87 1993 14.31
1944 19.23 1969 9.34 1994 32.82
1945 12.8 1970 10.63 1995 12.35
1946 14.12 1971 9.62 1996 14.94
1947 10.5 1972 18.95 1997 31.77
1948 14.33 1973 13.18 1998 7.55
1949 12.35 1974 13.01 1999 11.95
1950 9.53 1975 12.39 2000 13.59
1951 25.57 1976 10.61 2001 5.87

Table 5
Lytle Creek Rainfall Gauge

Foothill Blvd.
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Reviewing the historical rainfall data it appears that the years receiving significant total 
rainfall amounts would include sequentially 1936, 1937, 1940, 1942, 1951, 1957, 1968, 
1977, 1979, 1982, 1992, 1994, and 1997.  The average annual rainfall for this period of 
record is approximately 16.5 inches.  This gauge represented is located at the lower 
elevation and a comparison to the totals at the ranger station indicated that the amounts 
are approximately double to those in the mountainous areas for the same periods.  These 
annual total values provide good indicators of the wet periods that would reflect potential 
erosion patterns and amounts shown on the historic aerial photographs.  The annual 
amounts may not necessarily correlate to a year that had a large flood event since the 
annual amount could be low and generally the largest modifications to the streambed and 
planform occurs during a single event.  However, it has been shown that the smaller and 
more frequent storm flows, i.e., “dominant discharge,” will be responsible for the long-
term shaping of the channel system, not the extreme large events. 
 
 

3.2 Watershed Hydrology 
 

The majority of the Lytle Creek regional watershed is located entirely within the 
boundaries of the San Bernardino National Forest.  This regional drainage basin has a 
tributary watershed area of approximately 54.7 square miles to the project downstream 
boundary.  Generally the majority of the watershed can be described as mountainous, 
with elevations ranging from 10,064 at the peak of Mount San Antonio to approximately 
elevation 2,000 at the I-15 bridge.  The mountains are relatively steep and rugged.  In the 
upper elevations of the watershed the vegetation consists of pine, fir, juniper, and oak 
scattered throughout a chaparral cover of manzanita, scrub oak, and sage brush.  In the 
lower elevations sycamore, willow, and cottonwood grow along the perennial mountain 
streams.  The lower alluvial plain is characterized by alluvial scrub, chamise chaparral, 
Riversidean sage scrub, riparian, and stands of juniper woodland. 
 
Various hydrologic parameters were measured to characterize the watershed.  These 
values assist in describing the watershed conditions and are useful in predicting potential 
response of the watershed. 
 
3.2.1 Hydrologic Conditions 
 

Previous regional hydrology studies for Lytle Creek watershed that encompassed 
this area included the study performed by the USACE in the mid-1960’s 
associated with the design of the flood control improvement for the lower Lytle 
Creek channel, downstream of the confluence with Cajon Creek.  The USACE 
study developed an estimate for the Standard Project Flood discharge of 38,000 
cfs at a concentration point near the Devore Road crossing.  The Standard Project 
Flood (SPF) can be defined as the hydrograph representing runoff from the 
Standard Project Storm (SPS).  The SPS represents a hypothetical storm that is 
defined as that combination of sever meteorological events that give the 
maximum precipitation reasonable characteristic of the geographic region, 
excluding rare events.  The USACE analysis for the Lytle Creek were based on 



Design of Revetment for Lytle Creek North Development January, 2004 
Hydraulic Report  7962E 

3-5  

the January 1943 storm centered over the watershed.  The USACE frequently 
utilizes this as the criterion for the “design storm” of flood control facilities when 
only a small degree of risk of exceedance can be tolerated with regard to public 
safety. 

 
Additional recent hydrology studies completed include the analysis performed by 
Simons, Li and Associates in the January 1997 report as part of the design report 
for the Sunwest Materials levee.  This study performed a hydrologic investigation 
utilizing the streamflow gage data on Lytle Creek to establish the estimated 
discharge for various return periods.  Flood frequency characteristics were 
determined through the evaluation of available historical streamflow records.  
These results were compared to the results from the application of the San 
Bernardino County unit hydrograph procedure, which is based upon a 
hypothetical or synthetic storm.  The flood frequency results from the streamflow 
data were compared to the synthetic procedures, as well as the Standard Project 
Flood estimated by USACE including estimation of the bulking from the transport 
of debris and sediment.  The investigation concluded that the stream gage records 
provided the best record for use in estimation of the flood-frequency 
characteristics of Lytle Creek.  Also, the stream gauge can be considered to 
provide a good correlation to the watershed conditions since the upstream 46 
square mile watershed has remained virtually unchanged.  Most gauged streams in 
southern California have had the watershed become significantly urbanized over 
the period of the gauge record which makes statistical analysis more difficult. 

 
3.2.2 Typical Lytle Creek Flood Hydrograph and Peak Durations 
 

The typical variation of storm flow in the creek over time will develop a curve, 
known as a hydrograph, with rising and receding limbs from a maximum peak 
discharge.  Typical hydrographs and base flood hydrograph shape were developed 
for the Lytle Creek watershed for each n-year flood to conform to the gauge based 
on peak discharges (see Table 4, 6). 
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Table 6
Lytle Creek 100-year Flood Hydrograph

at the I-15 Highway Bridge
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The general shape of the hydrograph was developed through the application of 
synthetic precipitation-runoff unit hydrograph procedures and incorporated the 
characteristic parameters for the regional watershed.  The synthetic hydrograph 
and actual stream hydrographs from the USGS Lytle Creek stream gauge were 
compared and there appeared to be relatively good correlation in the estimated 
watershed response.  The shape of the hydrograph indicates the general response 
of the watershed is relatively flashy and the peak discharge will only occur for a 
short time.  The duration of the peak discharges near the top of the 
hydrograph, indicates that from 35,000 cfs to the peak of 42,580 cfs and then 
receding to 35,000 cfs, would occur in less than one hour for a 24-hour storm 
event. 

 
3.2.3 Previous Statistical Analysis of Streamgage Data 
 

The United State Geological Survey (USGS) streamgage (USGS gauge No. 
1106200, Lytle Creek near Fontana, California) is located within the Lytle Creek 
watershed, approximately one-mile upstream of the northern project boundary.   
 
The watershed area upstream of the gauge itself is approximately 46.3 square 
miles and that represents approximately 90 percent of the contributing drainage 
area upstream of the I-15 bridge crossing (51.4 square miles).  Streamflow data at 
the gage site were measured during the period between 1920 and the present, with 
the exception of 14-years of record that are not available.  The period of record 
for average daily flows covers 1905 to present, with only the data from the 1922 
water year missing.  The available hydrologic data for the Lytle Creek stream 
gauge was retrieved directly from WATSTORE, the USGS Water Data Storage 
and Retrieval System.  Maximum yearly peak discharges, and maximum yearly 1-
day, 2-day, and 3-day flow discharges were determined for each period of record.  
Significant runoff events were recorded in the period between 1905 to 1920, 
which is prior to the earliest recorded peak discharges.  The peak discharges for 



Design of Revetment for Lytle Creek North Development January, 2004 
Hydraulic Report  7962E 

3-7  

the years from 1905 to 1919 and any other missing record years between 1920 to 
the present were estimated through the used of a peak discharge-to-one day 
average discharge relationship developed over the period of overlapping record in 
order to develop as long of a period of continuous record data as possible for peak 
discharge frequency analysis.  Using linear regression techniques, the following 
relationship was determined: 
 

daypeak QQ −×= 1386.3  
 

where  945.02 =R  
in which:  peakQ =maximum peak discharge in any given year 
 dayQ −1 =maximum average 1-day discharge for the same year 
 
The above equation was applied for each year in which the 1-day average 
discharge data was available to estimate the corresponding peak discharge (if 
missing).  No attempt was made to estimate the hydrologic quantities for the 1922 
water year in which neither peak, nor average flow data were available.  However, 
this length of record stream gauge data that was available for a Southern 
California stream is unique since generally the length of record does not come 
close to approaching 100-year, if any data is available.  A peak discharge 
statistical frequency analysis was performed on the extended record data 
following the procedures recommended in the published USGS Bulletin No. 17B 
(using Log Pearson Type III distribution).  The 1-, 2-, and 3-day maximum 
“average” discharge data were plotted on log-probability paper.  The flood 
volume-frequency curves were also estimated for the Lytle Creek stream gauge 
site using the computed peak frequency curve as a guide. 
 
The statistical hydrologic frequency data apply to the stream gauge location that is 
located upstream of the project study area and is representative of a smaller 
contributing watershed area.  The I-15 bridge will be used as the hydrologic 
concentration point that is considered representative of the study reach.  The 
drainage area associated with the I-15 bridge crossing of Lytle Creek is 
approximately 11-percent larger than the drainage area upstream of the USGS 
gauge.  The hydrologic quantities can be considered directly proportional to the 
watershed area without any depth-area reduction factors and the gauge values can 
be multiplied by 1.11 to obtain representative values for the study reach as shown 
in Table 4. 
 
An evaluation of the relative magnitude for some of the large historical storms 
can be developed using the discharge-frequency characteristics for the Lytle 
Creek watershed.  Some of the historic floods of significance recorded at the Lytle 
Creek gauge near Fontana since 1920 and the estimate return interval are listed in 
Table 2.  The table illustrates that the peak discharge associated with the January 
25, 1969 flood event had an estimated return interval of 91-years, nearly the 100-
year design level event.  It should also be noted the number and severity of the 
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flood events have been comparatively larger in the more recent years since 16 of 
the 19 major flood events that occurred in Lytle Creek since 1920 have occurred 
between 1965 and the present. 
 
Summary of Lytle Creek Tributary runoff to I-15 in previous studies is seen in 
Table 7. The designated 100-year runoff for this study is 42,580 cfs. 
 

Studies Prepared by Peak Discharge
cfs

Standard Project Flood (1964) Corps of Engineers (COE) 38,000
100-year Flood Using Frequency 

Analysis of Gaged Records (1989) Simons, Li & Associates (SLA) 42,580

100-year Flood Using San Bernardino 
County Hydrology Procedure (1992) Simons, Li & Associates (SLA) 32,270

Standard Project Flood (1993) Robert Bein, William Frost & Associates (RBF) 34,100

Table 7
Lytle Creek Design Flow Rates at the I-15 Bridge
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4 ALLUVIAL FAN HYDRAULICS 
 
4.1 Hydraulic Characteristics of Approach Fan Flows 
 

The floodplain upstream of the LCN development project boundary has the characteristic 
of a weakly controlled flooding zone as it is geomorpholgically an alluvial fan.  Flood 
flows emanating from the upstream alluvial canyon exit onto the well formed alluvial fan 
with the apex approximately 5,000 feet upstream of the project site.  The historical 
flooding on the alluvial fan has generated an entrenched channel section which has the 
potential to migrate in next flood event. The fan area has been bounded by the canyon 
walls and artificial embankment structures along the sides and at downstream. However, 
due to the dynamic nature of an alluvial fan, flows are not entirely predictable and may 
flow in many directions within the fan body.  The flow on alluvial fans is free to form 
new flow paths along the fan in an unpredictable pattern which can vary with each flood 
event.  Observation also indicated that even flows rarely spread out evenly over the 
surface of the alluvial fan, but tend to concentrate in a self-forming temporary channel or 
multiple channels. Such concentration has been further enhanced since construction of a 
weir structure upstream of I-15 bridge, which intersects about half width of the fan body. 
The weir provides a stable flow path during low flow condition. In a significant flood 
event, the flow from the upper watershed is capable of delivering significant amounts of 
stone and sand sediment since the flows are confined to a relatively narrow channel 
section traversing the mountain area.  The change in elevation within the canyon portion 
of the watershed with an average slope of approximately 0.04, however the side slopes of 
the mountain ranges are rather steep. Therefore Lytle Creek reach from the mountain 
valley is a debris sediment supply source with potential large transport capacity to 
alluvial fan and alluvium stream downstream. 

 
4.2 Lytle Creek Alluvium Stream Geometry and Hydraulics 
 

Several technical procedures have been developed by investigators to evaluate flow 
characteristics for different portions of the alluvial fan.  These procedures are generally 
empirically based upon field observations of various trends on alluvial fans.  The Lytle 
Creek within the project reach situates at immediately downstream of the Lytle Creek 
alluvial fan toe where may be defined loosely at downstream of the weir structure or at 
upstream boundary to the LCN development. Observation indicates the amount of large 
boulder has been diminished rapidly at downstream channel zone, the braided path paths 
start to be confined within a more linear shape river terrace. However, it is apparent the 
transition in alluvium gradation pattern just begin, the creek is still being dominated by 
apparent alluvium pattern. The stream segment at the project site shows typical alluvium 
mechanism to which methods used for analysis of alluvial fan are therefore still 
instrumental to quantify its distinct hydraulic conditions. This hydraulic study 
consistently adapts both fluvial hydraulic analysis method and generic channel hydraulics 
method to obtain optimized hydraulic computation results for the revetment design. 
 
One of the most widely known procedures for conducting hydraulic analysis on alluvial 
fans is the methodology adopted by FEMA.  The procedure was originally developed by 
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Dawdy (1979) and resulted in the development of the following equation for an self-
forming entrenched channel on the alluvial fan.  The procedure relies heavily on 
empirical equations relating to depth and width of flow to discharge.  The geometry of 
the alluvial fan channel is based upon field evidence that the channel will stabilize into 
the self-forming channel section (i.e. Erosion of the banks will cease) at a point where a 
decrease in depth causes a two-hundred fold increase in width. 
 

4.05.9 QW =  
 
where: W  = channel width (ft), and 
 Q  = discharge (cfs) 
 
Assuming that the hydraulic regime of the flow in this self-forming channel approaches 
critical (for best efficiency) the Froude number, F = 1.0. 
 

hgD
VF == 0.1  

 
where: hD  = hydraulic depth (ft), and 
 V  = velocity (fps). 
 
For a wide channel the hydraulic depth is considered equal to the flow depth, D: 
 

gD
Q

gD
Q
Q

WV
QD

5.9
5.9 6.04.0
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==  

 
This result in the following equations developed by Dawdy (1979) including the 
relationship between velocity and discharge: 
 

2.05.1 QV =  
 

4.007.0 QD =  
 

6.0105.0 Q
W
Qq ==  

 
where: q  = discharge per unit width (cfs/ft). 
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These relationships regarding the self-forming single channel can be used to develop an 
expression for the shear velocity, *V , which is a hydraulic parameter related to the 
boundary shear stress.  Also for a wide channel the hydraulic radius, hR , can be 
approximated by the depth of flow, D . 
 

SQgDSSgRV h
2.0

* 5.1===  
 
Edwards and Thielman developed a modified procedure for the evaluation of the alluvial 
fan hydraulics based upon the application of Manning’s equation for a wide rectangular 
channel, assuming a supercritical flow regime, and the use of Dawdy’s original criteria 
that the self-forming channel will stabilize at a point where a decrease in depth causes 
about a two-hundred fold increase in width.  Edwards and Thielman procedure resulting 
in the following equations: 
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where: n  = Manning’s friction coefficient, and 
 q  = discharge per unit width (cfs/ft). 

 
4.3 Application of Alluvial Fan Hydraulic Procedures 
 

The procedures of both Edwards-Thielman and Dawdy were applied to the Lytle Creek 
alluvium stream.  The results were used in evaluating the flood hazard potential and 
hydraulic characteristics of the approach flooding associated with the self-forming single 
channel on the alluvial fan.  In applying these two procedures to this project the following 
assumptions were incorporated: 
 

1. The discharges to be used in the equations for the self-forming single alluvial fan 
channel is the estimated peak 100-year flowrate 

2. Manning’s roughness coefficient for the alluvial-fan channel is estimated to be 
about 0.05 (estimated from application of Dawdy’s equation combined with 
Manning’s formula). 

 
The results of applying these procedures are seen in the tabulated computations for 
revetment toe-down and revetment top elevation (Table 11, 12), in which final design 
elevations were normally selected from the conservative values generated by fluvial 
hydraulic calculations and open channel hydraulic models using Hec-RAS. In general, 
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both methods yield similar results, which is to be expected since these procedures utilize 
a similar empirical basis.  Among the major difference are the assumption regarding the 
hydraulic regime and conveyance calculations to which numerical models resolve open 
channel equation systems numerical schemes in greater detail. On the other hand, alluvial 
fan hydraulics is derived based on a physical which is more resemblance to the physical 
condition of alluvium stream terrace such as Lytle Creek in comparison with the one 
dimensional open channel model Hec-RAS. 
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5 STREAM CHANNEL HYDRAULICS  
 
5.1 Standard Step Rigid Boundary Hydraulic Model – HEC-RAS 
 

Hydraulic models using the HEC-RAS program were developed for Lytle Creek 
Development with implementation of the proposed revetment levee configuration.  The 
spatial extend of the hydraulic modeling stretched about 11,700 feet (2.2 miles) along 
Lytle Creek starting upstream at cross section No. 56 near the apex of the Lytle Creek 
alluvial fan and ending at cross section No. 4 which overlaps the north segment of the 
existing CEMEX levee (see Exhibit 6).  The results computed within the spatial extend 
are sufficient for purposes of providing hydraulic design recommendations for revetment 
planning and assessment of erosion during a design flood event. The segment which 
directly affects the proposed revetment has a length of 5,430 feet from Section 45 to 
Section 17. Results from the concurrent model are compared with the levee conditions in 
particular in regarding the top elevations at the junction where proposed revetment meets 
the existing levee. Results shown in Appendix B indicated that the new models suggested 
that the segment from locations at Section 9 to Section 7 would be overtopped based on 
the most backwater conditions under design flood event. 
  
Geometric boundary conditions for the HEC-RAS models were extracted from available 
digital topographic surveys.  Modifications of the geometric boundary conditions were 
conducted to include post survey terrain modifications which include the existing levee.  
Lateral channel boundary delineation excluded the community development area itself 
since onsite surface runoff will be regulated by a drainage design that will isolate the area 
from being a part of Lytle Creek floodplain.  Flood discharge contribution from the 
tributary is estimated conservatively so the additional runoff from the development area 
had been taken into account in modeling the flow boundary condition.  

 
Flow boundary conditions are based on 100-year flood discharge generated from the 
Lytle Creek tributary.  Peak discharge of 42,580 cfs was specified along the study reach 
to come up with the high flow condition and the high stage condition.  The results of 
modeling indicated that under a given flow regime condition, the Froud numbers at the 
stream sections along the creek is alternating up and down around value of 1.0, therefore, 
the flow status in reality is in transit between supercritical and subcritical flow.  

 
Based on the above consideration, the study conducted supercritical runs to assess high 
flow conditions with the goal of estimating the erosion and sediment deposition condition 
under high velocities.  Flow boundary conditions for the supercritical runs specify normal 
depth with 0.0292 profile slope at the upstream end section.  The study also conducted 
subcritical runs for the purpose of defining the maximum backwater level.  Flow 
boundary conditions for the subcritical runs specify normal depth with 0.0292 profile 
slope at the downstream end section.  Design discharge to the Lytle Creek reach is  
42,580 cfs which is the 100-year occurrence peak discharge from the tributary to the 
project site location. 
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Site investigation and examination of historical aerial photographs of the Lytle Creek 
indicated the stream courses of the alluvium creek takes two distinct general flow paths 
along the east (near the project site) and the west boundaries of the stream banks.  Both 
stream courses have been shifting on a local scale and therefore preserve the typical 
braided characteristics of an alluvial stream.  However the east source shows being a 
more active one, partial because its channel geometry possesses somewhat lower 
resistance or higher conveyance against flow energy. This stream branch is considered as 
the main stem in the single stream model cases described at the following paragraph. 

 
The study performed two scenarios to simulate project hydraulic conditions.  The first 
scenario is to reflect the split flow paths around the higher land mass in middle of the 
stream starting from Section No. 28 and ending at Section. No. 4.  The second scenario is 
to assume that under extraordinary external conditions, the entire flood water will be 
conveyed via the east channel.  Revetment design will be based on results from the single 
channel scenario, the split flow modeling results are used in complainant to ensure the 
conservative estimations are within appropriate ranges.  In split flow cases, flow 
distribution at the bifurcation is derived by minimization of deferential in water surface 
elevations of the branches near the junction as result of the distribution.  

 
The cross sections of Lytle Creek show distinct terrain transition from lower elevations 
where streambed materials consist of poorly sorted gravel, sand, boulder, silt and sparsely 
distributed vegetations to the higher elevations where the ground is intermediately 
covered by relative dense brushes and remnants of larger sized gravel and boulders which 
were deposited during flood events.  The bank of Lytle Creek consists of a continuous 
bluff with almost straight slope and average height of 5 feet along entire east bank.  The 
entire length of the bluff will be armored by the proposed revetment.  In the high stage 
models where flood inundation is the concern, ground roughness Manning’s n were 
chosen as 0.055 for the channel, levee and revetment, and 0.08 for the undisturbed 
floodplain at higher elevations to channels banks and islands.  In high flow models to 
which erosion and sediment transport occur due to flushing stress caused by high 
velocity, the Manning’s n values are defined as 0.040 for channels, revetment and levee, 
and 0.045 for the floodplain at higher existing ground. 
 
Additional Hec-Ras subcritical run was performed to come up with water surface profiles 
according to San Bernardino County Flood Control District (SBCFCD) design criteria. 
Using the clear water peak discharge of 32,270 cfs (see in Table 7) with a bulking factor 
of two, a flow rate of 64,540 cfs boundary value was specified. The model run on split 
flow subcritical condition with balanced energy grades at upstream bifurcation. 
Application of SBCFCD standard by the modeling results is seen in Section 7.  

 
5.2 Additional Hydraulic Model Assumption 

 
The project area has relatively deep water table based on historical engineering literature 
and site observation of the adjacent mining pits. However, based flow is not considered in 
all the hydrology derivations, neither ground infiltration is considered in hydraulic 
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calculation. Traditionally, addition degree of conservatism is ensured for hydraulic 
analysis in most instances under such assumptions.  

 
5.3 Results of Channel Hydraulic Analysis 

 
Appendixes B present all the Hec-Ras model data. Results of Hec-Ras provide basic open 
channel hydraulic information to the study under different stream condition assumptions. 
Important information produced by these steady flow models includes channel and 
floodplain flow velocities and stream flow elevation profiles. Hec-RAS stream reach 
layouts include a single channel scenario and a split flow case scenario to represent 
possible alluvial flow pattern under given flood events. Design case hydraulic condition 
for high flow situation was extracted from supercritical runs, while high stage condition 
from subcritical runs. Both are compared against results from alluvial fan hydraulic 
conditions. The results of the additional Hec-RAS model following SBCFCD guideline 
was also used as a component of the comparative results for the high stage assessment. 
Worst case design parameters are chosen as results of the comparison. The results of the 
computation are listed comparatively in Table 11 and Table 12 in Sections 7. Design 
hydraulic energy grade line is seen in Exhibit 10. 
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6 SEDIMENT TRANSPORT ANALYSIS 
 
6.1 Methodologies for Sediment Transport Analysis 
 

To evaluate the stability of Lytle Creek stream bed and its potential of erosion and 
sedimentation during the passage of a flood, a detailed sediment transport analysis was 
performed with the proposed flood protection in-place.  This analysis provided the 
necessary parameters for developing a sound engineering design for the stability of the 
proposed flood control revetment. HEC-6 model developed by USACE is utilized in 
sediment analysis. 
 
The potential of stream bed erosion and sedimentation for a given reach is governed by 
the bed material transport capacity in comparison with the upstream bed material supply.  
The stream bed will degrade when the transport capacity exceeds the rate of upstream 
supply.  On the other hand, the stream bed will aggrade if the transport capacity is less 
than the supply.  The bed material transport is a function of the flow’s hydraulic 
characteristics in terms of velocity, depth, and energy slope as well as a function of the 
particle sizes of stream bed material.  Numerous methods have been developed 
empirically with measured data in an attempt to quantify the rate of transport.  These 
methods have been known to predict vastly different results when given the same 
hydraulic and bed material information.  Three procedures were chosen to be applied in 
the sediment transport evaluation to produce a range of results which can be applied 
compared for reasonableness.  These methods included the Meyer-Peter and Muller’s bed 
load equation (1948), Toffaleti’s (1966) transport function (1966), and Copeland’s 
modified Laursen equation (1990).  A brief description of each method is given as 
follows: 
 
Meyer-Peter and Muller Equation 
 
Meyer-Peter and Muller (1948) introduced the following equation for the bed load 
sediment transport over a wide range of particle sizes.  The formula is used to model the 
dynamics of channel armoring as well as transport of sand sizes with little armoring 
potential. 
 

5.1)(85.12
co

s
biq ττ

ργ
−=  

 
in which: 
 

sisc dF )(* γγτ −=  

 
In the above equations, qbi is the bed load transport rate in solid volume per unit for a 
specific size of sediment, τc is the critical tractive force necessary to initiate particle 
motion, ρ is the density of water, γs is the specific weight of sediment, γ is the specific 
weight of water, dsi is the sediment size and F* is the Sheild’s parameter which ranges 
between 0.030 and 0.060 inlcusive. 
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The boundary shear stress acting on the grain is given by: 
 

2

8
Vf

o ρτ =  

 
where: ρ = density of flowing water, 
 f = Darcy-Weisbach friction factor, and  
 V = mean velocity of the flow. 
 
The Darcy-Weisbach friction factor is related to Manning’s n by: 
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where: g = acceleration due to gravity and  
 R = hydraulic radius. 
 
Assuming the wide channel approximation is valid then the hydraulic radius R is equal to 
depth. 
 
For sediment transport calculations, Manning’s n in Equation 5 represents the skin 
resistance only, which is trypically 0.6 to 0.9 times the total manning’s n for the channel, 
depending on the vegetation characteristics and the preponderance and type of bed forms. 
 
Toffaleti’s Transport Equation 
 
Toffaleti (1969) presented a procedure to compute the total sediment load based upon 
sediment concentrations located within each of the four vertical zones of flow depth.  The 
equation is given as follows: 
 

)( slisuiBiti qqqBQ ++=  
 
Where: Qt = total bed material sediment load,  
 B = flow width, 
 qbi = unit sediment load estimated within the bed zone, 
 qsui = unit sediment load estimated within the upper zone, and 

 qsli = unit sediment load estimated within the lower zone. 
 
The formulas developed to compute these four sediment load components are expressed 
by: 
 

73)( iiBi zdMq =  
 

1

5.0244.0 ])5.2/([)5.2/()24.11/( 11

η

ηη DDDDMq
ii ZZ

isui
−

=  



Design of Revetment for Lytle Creek North Development January, 2004 
Hydraulic Report  7962E 

6-3  

2

244.0 ])24.11/()5.2/[()24.11/( 22

η

ηη DDDMq
iZ

ismi
−

=  

and 

3

33 )2()24.11/(
η

ηη
i

isLi
dDMq −

=  

with  
v

Z
vLiii VDCpM ηη −+= 1756.0)1(2.43  

 
11 5.11 Zv −+= ηη  

 
22 1 Zv −+= ηη  

 
33 756.01 Zv −+= ηη  

 
where: pi = fraction by weight of bed material with mean size di. 
 
The exponent Zi is: 

DSC
Z

Z

iV
i

ω
=  

 
where: iω  = fall velocity of sediment size di in water at temperature T,  
 V = average flow velocity, and  
 S = slope of the real stream. 
 
Cz is given by the empirical equation: 
 

TCZ 667.067.260 −=  
 
Copeland’s Modified Laursen Equation 
 
Laursen (1958) developed a formula to evaluate sediment concentration with river and 
laboratory data as follows: 
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Where: 
 oτ  = bed shear stress due to grain resistance 

ciτ  = critical shear stress for the particle size sid , and 
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Laursen gave for the grain bed shear: 
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Copeland modified this equation to the form: 
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Where: bR = hydraulic radius of the bed attributed to grain roughness. 
 
Laursen’s method and Copeland’s modification were quoted from lecture notes 
distributed during HEC Training Course on HEC-6, 1993. 
 
The input data used in the sediment transport calculations included the hydraulic 
variables generated from the hydraulic analysis and the available grain size distribution 
curve (Exhibit 7) (Simons, Li & Associates) from a group of bed material samples 
collected in the vicinity of the I-15 Bridge.  As shown by the particle size gradation 
curve, the bed materials in Lytle Creek are extremely coarse.  The grain sizes range from 
0.1mm to 500mm with a mean size equal to approximately 51mm.  More than 80% of the 
bed materials have sizes greater than 5mm. 
 
The sediment transport analysis conducted for the Lytle Creek wash consists of 1) a long-
term stability evaluation for a series of reaches from the alluvial fan apex to the mining 
area located immediately downstream of the proposed project, and 2) a sediment routing 
analysis considering a single design flood.  The long term stability evaluation was 
intended to determine the stream bed’s general trend of erosion and sedimentation by 
comparing the sediment transport capacities with the rates of supply under a wide range 
of flood conditions.  The sediment routing analysis provided a short-term simulation of 
the stream bed’s dynamic vertical response throughout the passage of a maximum design 
event.  For the sediment routing analysis, the Army Corps of Engineers’ HEC-6 computer 
program was applied.  The HEC-6 program is a one-dimensional movable boundary 
mathematical model developed to simulate the changes of river bed profiles through 
sediment transport computations with constantly updated hydraulic and sediment 
characteristics over the duration of a flood or a series of floods. 

 
6.2 Fixed-Boundary Sediment Transport Analysis 
 

Study Reaches 
 
To facilitate the evaluation of sediment transport characteristics throughout the Lytle 
Creek wash, a total of four study reaches were defined from the fan apex to the 
downstream mining area.  The stream area within each reach possesses similar geometric 
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and hydraulic characteristics.  The boundaries of the study reaches are delineated as 
shown in Exhibit 8. 
Reach 1 is the most upstream reach with an average bank to bank width of approximately 
1,200 feet.  Reach 2 extends from Section 6 to Section 10 with an average total width of 
about 1,800 feet.  Reach 3 covers the entire length of the proposed flood control 
revetment, consisting of Section 10 through Section 32.  Reach 4 contains the remaining 
wash area downstream of the project represented by Sections 23 through Section 29.   
 

6.3 Upstream Supply Reach 
 

Supply of bed material sediment to the alluvial fan area is determined by the capability of 
sediment transport in the upper canyon upstream of the fan apex.  The location of supply 
reach is shown with USGS topographic contours presented in Exhibit 6 and Exhibit 8,  
the corresponding data are seen in Appendix 8.  Cross-section information of the supply 
reach was recorded from the USGS topographic map and supplemented by survey data to 
provide the required channel geometric data for hydraulic and sediment transport 
computations. 
 

6.4 Sediment Transport Rates and Stream Stability Assessment 
 
By applying the three selected sediment transport procedures, the bed material sediment 
transport rates for each of the four reaches as well as the supply reach were evaluated 
under the peak flow conditions of the 2-, 5-, 10-, 25-, 50-, and 100-year flood events.  
These flood scenarios would provide a broad range of flow conditions that can occur in 
the Lytle Creek wash over a long period of time.  The sediment transport characteristics 
analyzed under these flood conditions should present a long-term assessment of the 
stream bed’s stability.  To be conservative in design of the proposed flood protection, 
hydraulic computations corresponding to the low Manning’s roughness coefficient 
(n=0.045) were assumed in the sediment transport analysis. 
 
Appendix C illustrates the bed material transport rates associated with the 2-through 100-
year floods, computed by applying the Meyer-Peter and Muller, Toffaleti, and 
Copeland’s Modified Laursen procedures.  As depicted in these figures, the magnitudes 
and trend of transport rates of the four study reaches appear to be in a close range with 
those of the supply reach for the flood events considered.  The comparison indicates that 
the long-term sediment transport conditions with the alluvial fan area are generally in 
balance with the upstream supply.  The overall stream be slope of the alluvial fan area is 
currently in an equilibrium condition with that of the upstream canyon.  For further 
comparison, the computed sediment transport rates were plotted from reach to reach as 
presented in Appendix C.  These profiles show a fairly stable trend of sediment transport 
characteristics from the upper canyon to the downstream project area with minor 
fluctuations.  Significant invert degradation or aggradation is not expected to occur. 
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6.5 Sediment Continuity Analysis 
 

Although the sediment transport characteristics of the different study reaches are 
considered similar over range of flood conditions, minor differences in sediment transport 
rates exist among the reaches as shown by the study.  The stream bed aggradation and 
degradation effecting from the transport rate variations were evaluated by applying the 
principle of sediment continuity as described by the following paragraphs. 
 
To estimate the adjustments of stream bed elevations resulting from a storm, the 
transported volume for each reach was compared with in inflow volume from its 
upstream reach to obtain a net volume difference.  The vertical change in stream bed 
elevation was then estimated by assuming that the volume difference would spread 
uniformly over the entire stream bed.  To compute the total volume of sediment transport, 
a mathematical relation between the sediment transport rate and the associated flood 
discharge was developed in the following form: 
 

b
s aQQ =  

 
where Qs is the sediment discharge, Q is the total flow discharge, and a and b are 
regression coefficients.  The following table summarizes the sediment versus flood 
discharge relations developed for each of the four study reaches and the upstream supply 
reach.   
 

Reach
a b a b a b

1 0.0116 0.979 0.00039 1.208 0.000229 1.126
2 0.0126 0.958 0.0000913 1.311 0.0000801 1.207
3 0.0127 0.969 0.000127 1.293 0.0000992 1.193
4 0.0205 0.930 0.000156 1.285 0.000104 1.196

Supply 0.0126 0.964 0.000054 1.425 1.0000574 1.273

Modified Laursen Equation

Table 8
Sediment Discharge versus Flood Discharge Relations of Lytle Creek

MPM Method Toffaleti Equation

 
 
By applying the above regression equations between the sediment and flood discharges, 
the sediment discharge hydrographs were developed based upon the flood hydrographs.  
A 100-year flood hydrograph of Lytle Creek near the I-15 crossing was presented by 
SLA listed in the Reference. This flood hydrograph was used to derive the sediment 
discharge hydrograph and compute the total transport volume under the 100-year flood 
condition.  With the estimated total transported volume for each reach, the net changes in 
stream bed elevations during a 100-year flood were determined based on continuity.  The 
results are presented in Appendix C.  As result of the study, the project reach (Reach 3) 
would have 0.11 ft of net degradation, using the sediment transport volumes predicted by 
the Meyer-Peter and Muller method.  The results computed based on the other two 
sediment transport equations provided much smaller magnitudes.  To evaluate the stream 
bed variations resulting from smaller, more frequent events, a 10-year flood condition 
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analysis was performed and is also included in Table 9.  The stream bed along the project 
reach was predicted with 0.03 ft of net degradation under a 10-year flood. 
 
The stream bed fluctuations computed with the sediment continuity analysis considering 
both high and low flood events appear to be negligible.  The differences among the 
transport rates depicted by Appendix C are not significant.  It is concluded that the Lytle 
Creek stream bed is in a generally stable condition, given the current upstream sediment 
supply characteristics.  Design for the proposed flood control revetment to account for 
significant long term degradation need not be required. 
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Reach
Transport 
Volume

Net Volume 
Change

Average Flow 
Width Reach Length

Elevation 
Adjustment

Cu. Yds. Cu. Yds. feet feet feet

Supply 465,166 
1 490,333 (25,167) 975 3,848 -0.18
2 435,821 54,512 1,632 3,083 0.29
3 489,833 (54,012) 1,558 8,788 -0.11
4 543,044 (53,211) 1,315 4,243 -0.26

Supply 41,814 
1 39,832 1,982 975 3,848 0.01
2 30,611 9,221 1,632 3,083 0.05
3 33,076 (2,465) 1,558 8,788 0.00
4 35,705 (2,629) 1,315 4,243 -0.01

Supply 175,835 
1 149,043 26,792 975 3,848 0.19
2 96,564 52,479 1,632 3,083 0.28
3 112,561 (15,997) 1,558 8,788 -0.03
4 127,827 (15,266) 1,315 4,243 -0.07

Reach
Transport 
Volume

Net Volume 
Change

Average Flow 
Width Reach Length

Elevation 
Adjustment

Cu. Yds. Cu. Yds. feet feet feet

Supply 63,772 
1 65,175 (1,403) 425 3,848 -0.02
2 60,492 4,683 633 3,083 0.06
3 66,465 (5,973) 658 8,788 -0.03
4 79,853 (13,388) 643 4,243 -0.13

Supply 3,032 
1 3,910 (878) 425 3,848 -0.01
2 2,543 1,367 633 3,083 0.02
3 2,828 (285) 658 8,788 0.00
4 3,034 (206) 643 4,243 0.00

Supply 9,320 
1 12,382 (3,062) 425 3,848 -0.05
2 6,474 5,908 633 3,083 0.08
3 7,832 (1,358) 658 8,788 -0.01
4 9,042 (1,210) 643 4,243 -0.01

Meyer-Peter and Muller Method

Toffaleti Equation

Copeland's Modified Laursen Equation

Table 9
Lytle Creek Average Stream Bed Adjustments

Under 100-year Flood

Copeland's Modified Laursen Equation

Lytle Creek Average Stream Bed Adjustments
Under 10-year Flood

Meyer-Peter and Muller Method

Toffaleti Equation
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6.6 Movable Boundary Sediment Routing Analysis 
 

The previous fixed boundary sediment transport analysis has indicated that the Lytle 
Creek invert is in a long-term stable condition.  However, short-term variations of the 
invert in terms of aggradation and degradation can take place throughout the course of a 
single flood event.  To evaluate this dynamic behavior, sediment routing system analysis 
was performed through application of the HEC-6 program.  The model synthesizes the 
changing river invert profiles based on varying erosion and sedimentation characteristic 
analyzed through the entire flood hydrograph by continually updating the cross-section 
geometry, hydraulics, and bed material size distributions.  Major input data required for 
the HEC-6 sediment routing analysis included the channel cross-sectional data, 
discretized flood hydrograph, bed material gradation information, upstream sediment 
supply characteristics, and selection of sediment transport procedures. 
 

1.2 Model (Hec-6) Input and Analysis Scenarios 
 

The sediment routing procedure was applied to a 100-year flood event with the following 
data assumptions: 
 
Stream Bed Geometry:  The same cross-sectional data as in the HEC-RAS hydraulic 
analysis was used.  Two project condition scenarios were assumed in the analysis:  
1) currently proposed single flood control revetment; and 2) a future full channelization.  
To be conservative, the lower stream bed roughness coefficient (Manning’s n = 0.045) 
was selected for the hydraulic calculations. 
 
Flood Hydrograph:  The 100-year flood hydrograph provided in SLA’s flood frequency 
analysis of Lytle Creek was incorporated in the HEC-6 model input with discretized 
variable time increments. 
 
Bed Material Characteristics:  The bed material sediment information utilized the bed 
material gradation curve developed by SLA with a number of sediment samples collected 
from the Lytle Creek stream bed.  The gradation curve encompasses the range of particle 
sized from fine sand to cobbles and is representative of the bed material characteristics 
from the upstream canyon to the downstream mining area. 
 
Upstream Sediment Supply Assumptions:  Two scenarios were assumed for the 
upstream sediment supply conditions: 1) zeros sediment supply; and 2) full sediment 
supply based upon the existing transport characteristics of the upper canyon.  The zero 
supply scenario assumed a highly unlikely condition in which the upper canyon was 
100% developed or implemented with major sediment control facilities.  These two 
supply assumption allowed an evaluation of the stream bed erosion and sedimentation 
that may occur under two extreme cases of sediment inflow conditions. 
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Selection of Sediment Transport Procedures:  The same three sediment transport 
procedures as those used in the fixed boundary sediment transport analysis were selected 
in the HEC-6 analysis.  They include the Meyer-Peter Muller method (1948), Toffaleti 
Equation (1969), and Copeland’s Modified Laursen Equation (1990).  These three 
approaches were developed empirically under different river and laboratory flume flow 
conditions and are functions of hydraulic variables and particle sizes.  At locations where 
there were no available measurements to calibrate the transport models, the one that 
produces the most conservative results is usually selected. 
 
Sediment Dropout Effect:  As shown by the alignment scheme of a future full 
channelization (Appendix C), a gradually formed “bottleneck” condition may develop 
upstream of Section 17 as the flood control revetments confine to a uniform 675 ft. 
channel.  There is a remote chance that sediment may dropout upstream of the 
“bottleneck” when flow happens to impinge directly upon the angled south revetment.  If 
this condition should occur, greater degradation would develop in the stream bed 
downstream of the “bottleneck”.  This special circumstance was modeled in HEC-6 to 
analyze the increased degradation potential under the 100-year flood event. 

 
6.7 Results of the Sediment Routing Modeling 
 

The HEC-6 sediment routing procedure computed aggradation and degradation depths for 
each cross-section at every time increment of the 100-year flood hydrograph.  The stream 
bed elevations were adjusted accordingly by the computed aggradation and degradation 
at each time increment.  The results of the sediment routing evaluation are graphically 
illustrated in Appendix C.  These exhibits present the maximum aggradation and 
degradation depths computed for each cross-section and compare the pre- and post-flood 
thalweg profiles under the scenarios described in Appendix C.  Each scenario was 
analyzed with the three selected sediment transport methods. 
 
To compare the results analyzed by the three sediment transport procedures, the method 
developed by Meyer-Peter and Muller (1948) produced greater depths of stream bed 
aggradation and degradation than the other two approaches.  Considering the maximum 
erosion potential, the results computed with the Meyer-Peter and Muller method were 
chosen to be used in the development of design requirements for the proposed flood 
control revetment.  There were no measured data available to suggest which of the three 
transport methods would be most appropriate to apply to Lytle Creek.  However, the 
results generated using the Meyer-Peter and Muller transport procedure are probably the 
most reflective of the reality since the formula was developed with particle size range and 
flow characteristics closer to those of Lytle Creek than the data used my Toffalei and 
Laursen for the development of their equations. 
 
Under the fully channelized scenario, the effect considering a potential sediment dropout 
upstream of the uniform channel was also evaluated by the HEC-6 model.  Most of the 
results are illustrated in tabulated and graphic formats seen in Appendix C. Table 10 was 
made to summarize the erosion depth as results of the sediment transport modeling.    
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To compare the analysis results produced under all the scenarios, Table 8 listed the 
maximum depth of erosion that may occur within the proposed project reach over a 100-
year flood event: 
 
 

With Full 
Supply

With Zero 
Supply

With Full 
Supply

With Zero 
Supply

Sediment 
Dropout

U/S of I-15 2.6 2.8 2.6 2.8 2.8
At I-15 1.4 1.7 1.2 1.5 1.7

I-15 to Section 
17 0.0 0.0 1.7 1.8 1.8

D/S of Section 
17 1.9 2.1 3.5 3.6 7.7 7.7

Maximum 
ValueLocation

Table 10
Maximum Erosion Depths Within the Proposed Project Reach (in feet)

Proposed Flood Revetment Future Full Channelization

 
 
The above subdivided locations within the project reach are defined in Appendix C.  
Design for the proposed flood control revetment would be based upon the maximum 
values in the last column.   
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7 REVETMENT DESIGN CONSIDERATIONS 
 
7.1 General Design Criteria 

 
Design for a revetment to be stable against debris flow and flooding from Lytle Creek 
involved development of minimum requirements for the embankment height and toe-
down to account for the maximum depths of flood flows and lowering of stream bed due 
to erosion and scour effects.  The design parameters formulated for the proposed flood 
control revetment relied upon the information generated from the previous extensive 
hydraulic and sediment transport analysis.  The specific guidelines used in engineering 
calculations to establish the minimum design requirements were based upon commonly 
used criteria by a number of local and federal agencies including San Bernardino County 
Flood Control District, Los Angeles County Flood Control District, Arizona Department 
of Water Resources, Bureau of Reclamation, Federal Highway Administration, and 
Federal Emergency Management Agency. 

 
 

7.2 Minimum Toe-down Requirement 
 

An adequate toe-down protection required for the flood control revetment should account 
for the total stream bed adjustment effected from flood flows.  The elevation adjustment 
at any given location in a sand bed stream may include the components of long-term 
degradation, general scour, local scour, bedform development, bend scour, and low flow 
incisement as expressed by the following equation: 

 

ibsalsgstot ZZZZZZZ +++++=
2
1

deg  

 
where:  totZ  = total potential vertical adjustment, 
  degZ  = long-term degradation, 
  gsZ  = general scour, 
  lsZ  = local scour, 
  aZ  = bedform height, 
  bsZ  = bend scour, and  
  iZ  = low flow incisement 

 
Each of the following elements in the above equation is discussed by the following 
paragraphs. 
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7.2.1 Long-Term Degradation 
 

Long-term degradation is the description as the lowering of the stream invert 
occurring over a long reach and over a log period of time.  The primary causes for 
long-term degradation of a channel are reductions in upstream sediment supply, 
changes in river geomorphology, and man-induced effects.  Assessment of the 
potential for a long-term degradation usually involves consideration of historical 
trends and engineering analysis using available qualitative and quantitative 
relationships to estimate the stream behavior in reaction to various scenarios or 
future conditions. 
 
For Lytle Creek, both qualitative judgment and quantitative analysis were applied 
to predict the potential of a long-term degradation of the stream bed along the 
study reaches.  Comparison of the historical stream bed slope from the upper 
canyon to the mining are to the current stream bed profile indicated no apparent 
change over the last 30 years.  Extensive quantitative sediment transport 
calculations also found that the reaches from the upstream canyon to the project 
site possess similar sediment transport characteristics over a wide range of high 
and low flood conditions.  A sediment balanced or equilibrium slope condition 
has apparently already achieved through the alluvial fan area.  Since there is no 
evidence suggesting that substantial change would occur in the upstream 
watershed or in the alluvial fan area upstream of the proposed project reach such 
as urbanization, sediment control, or aggregate mining, the overall stream bed 
should maintain its current equilibrium condition in the future. 

 
7.2.2 General Scour 
 

General scour is referred to a localized and temporary lowering of a stream bed 
over a short-term period such as during a major flood event primarily due to 
differences in sediment transport conditions of hydraulically dissimilar locations 
or reaches.  Utilization of a sediment routing model such as HEC-6 program 
which computes magnitudes of aggradation and degradation at every cross-
section along a channel throughout the duration of a storm is only of the best 
methods of estimating general scour.  The maximum depth of degradation over all 
computational time increments at each cross-section should be selected as the 
potential general scour at that location.  This practice was applied for the Lytle 
Creek wash with numerous scenarios to determine the potential general scour 
depths over a 100-year flood event.   
 
General scour is also termed contraction scour which takes place when flow width 
is suddenly reduced by channelization and by encroachment of bridge crossings.  
Scour at a contraction occurs because the flow path is narrower than that 
upstream, and the velocity and bed shear stress increase, causing more sediment 
to be transported through the contracted area.  As a alternative to mathematical 
modeling procedures, simple formulas were developed to estimate the depth of 
contraction scour using fewer input parameters.  As recommended by the Federal 
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Highway Administration, the equations developed by Laursen (1961) were used 
to evaluate contraction scour for Lytle Creek. 
 
For live bed conditions: 
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where: 1Y  = upstream flow depth, 
 1Q  = upstream flow rate, 
 2Q  = flow rate at contracted section, 
 1W  = upstream flow width, 
 2W  = flow width at contracted section 
 1k  = exponent coefficient, a function of bed material transport, 
 oY  = flow depth at contracted section before scour, and  
 csZ  = depth of contraction scour. 
 
For clear water conditions: 
 

73

2

22

2 )1( 







−

=
DWSK

QnY
ss

 

 
02 YYZcs −=  

 
where: 2Y  = flow depth at contracted section after scour, 
 n  = Manning’s roughness coefficient, 
 Q  = flow rate, 
 sK  = Shield’s coefficient, 
 sS  = specific gravity of sediment, 
 D  = diameter of smallest non-transportable particle, 
 W  = flow width at contracted section  
 0Y  = flow depth at contracted section before scour, and  
 csZ  = depth of contraction scour. 
 
Two locations within the proposed project reach were evaluated for contraction 
scour using the above equations in comparison with the general scour results 
computed with HEC-6.  The first location at the I-15 bridge, where floodplain 
would be encroached by the proposed revetment.  Laursen’s formula developed 
for live bed conditions was used for the scour estimate under a 100-year flood.  
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The live bed conditions assume that there is transport of upstream sediment into 
the contracted area.  The second location for contraction scour to develop is 
within the uniform channel are downstream of Cross-section 25 under the future 
channelized condition.  The contraction scour equation used clear water condition 
was applied for this location.  Clear water contraction scour occurs when there is 
no conveyance of sediment from the upstream reach into the contracted area.  The 
100-year flood hydraulic parameters generated from the HEC-RAS model were 
used for input of the scour computations. 

 
7.2.3 Local Scour 

 
Local scour in stream bed develops when there is an obstruction of flow, such as 
at the locations of bridge piers and abutments.  The scour holes are usually time-
related phenomena, reaching maximum depth at the peak flow and refilling during 
the recession period of a flood.  The following relationship developed by results 
from laboratory experiments was used to compute the depth of scour for circular 
cylinder piers (Simons and Senturk 1977): 
 

43.0
65.0

11

0.2 Fr
Y
b

Y
Zls









=  

 
where:  lsZ  = depth of local scour at bridge pier, 
 b  = pier width normal to the flow including debris factor, 
 1Y  = upstream flow depth, and 
 Fr  = upstream flow Froude number. 
 
The depth of local scour at the I-15 bridge piers was evaluated using the above 
equation.  Both hydraulic conditions computed with the HEC-RAS program and 
Dawdy’s equations were considered.  The more conservative estimate was 
selected for design of the flood control revetment toe-down in the vicinity of the 
I-15 bridge. 
 
Local scour can also take place on the stream bed when flow plunges from the top 
of a drop.  At the upstream end of the proposed flood control revetment, there is 
an approximately 30ft difference in elevation between the top of the Glen Helen 
Parkway (which was also named as Devore Road) and the stream bottom adjacent 
to the roadway embankment (Exhibit 9).  Should flood flow overtop the roadway 
and impinge on the unarmored stream bed at this location, a local scour hole 
would develop and may undermine the proposed revetment.  This type of local 
scour is created by the abrading action of the churning water and sediment 
occurring within the plunge pool.  The depth of the local scour hole can be 
determined using the empirical procedure: 
 

YqHZls −= 54.0225.032.1  
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where:  lsZ  = scour depth below the stream bed, 
 H  = elevation drop from water surface above the drop to tail 
  water, 
 q  = flow rate per unit width, and 
 Y  = tail water depth. 
 
To be conservative, hydraulic conditions using Dawdy’s equation at the 100-year 
flood peak were input in the above equation to estimate the depth of scour. 

 
7.2.4 Bedform Height 

 
Bedforms (also called dunes and antidunes) commonly develop and create a 
succession of crests and troughs in sand bed streams.  The distance between the 
mean bed elevation and the trough of the bedform is approximately equal to the 
distance from the mean bed elevation to the bedform crest.  The sum of these two 
distances is defined as the bedform height. 
 
The height of bedform can be estimated by the following equation in terms of 
flow velocity: 
 

2027.0 VZa =  
 
where:  aZ  = bedform height, and, 
 V  = flow velocity. 
 
If the bedform height computed from the above equation exceeds the flow depth, 
the flow depth should be used instead of the computed value.  One-half of the 
bedform height is typically defined as the amount of scour that may potentially 
occur adjacent to the channel embankment for toe-down considerations.  Another 
half representing the crest of the bedform is usually included for design of 
embankment height. 
 
To estimate the bedform height for Lytle Creek under the 100-year flood 
condition, the maximum flow velocity generated from all the hydraulic analysis 
scenarios was used to result in a conservative design. 

 
7.2.5 Bend Scour 
 

Bend scour occurs along curved sections of a channel as the flow is forced to 
change direction through impingement on the outside bank.  The transverse or 
secondary currents generated cause sediment to be scoured from the outside bank 
and deposited along the inside bank.  Based upon the following relationship, the 
maximum scour depth resulting from channel curvature in sand bed streams was 
estimated. 
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where:  bsZ  = bend scour depth, 
 V  = upstream flow velocity, 
 Y  = maximum depth of upstream flow, 
 hY  = hydraulic depth of upstream flow, 
 eS  = upstream flow energy slope, 
 w  = flow top width, and 
 r  = radius of the curvature. 
 
The proposed flood control revetment includes a mildly curved section located 
near the downstream end of the project (Exhibit 5, 10).  The radius of the 
curvature is 3,000 feet.  Both Dawdy’s equation and HEC-RAS procedures 
assuming the future fully channelized condition were utilized to generate the 
hydraulic parameters for input in the above bend scour equation.  The more 
conservative estimate was used for the design. 

 
7.2.6 Low Flow Incisement 
 

Narrow and incised channels often develop within a wide floodplain under small 
runoff events.  If this incisement is located adjacent to a flood control levee, it can 
expose the structure to greater risk of failure during subsequent major events.  The 
best mean of estimating the likely depth of a low flow incisement is through field 
inspections and measurement.  Approximately 3 feet deep low flow channel were 
observed during a field visit in the vicinity of the proposed project reach.  This 
value was included in the design of toe-down for the proposed flood control 
revetment. 

 
7.2.7 Summary of the Minimum Toe-down Requirements 
 

The above scour components were evaluated based upon the hydraulic and 
sediment transport characteristics produced under the maximum design 
conditions.  The sum of all the above estimates constitutes a maximum allowance 
for the stream bed elevation adjustments.  These values were then compared with 
the estimates computed using the levee cutoff depth criteria of the Los Angeles 
County Flood Control District.   
 
The greater of the two were selected as the minimum toe-down requirements for 
the proposed project.  Table 11 and Exhibit 10 summarize the analysis results. 
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Table 11 
Toe-Down Design Table 

 
 

HEC-RAS 
SECTION 

NO.

THALWEG 
ELEVATION 
(FEET)

FLOW 
VELOCITY 
(FPS)

FLOW 
VELOCITY 
DAWDY 
(FPS)

MAXIUMUM 
GENERAL 

SCOUR (FEET)

ONE-HALF 
BEDFORM 
HEIGHT 
(FEET)

BEND 
SCOUR 
(FFET)

LOCAL 
SCOUR 
(FEET)

LOW FLOW  
INCISEMENT 

(FEET)

TOTAL SCOUR
ALLOWANCE 
(FEET)

LACFCD 
CUTOFF 
DESIGN 
(FEET)

DESIGN TOE
DOWN 

(FEET)

DESIGN 
CONTROL TOE
ELEVATION 
(FEET)

56 2154.0 21.9 12.6 2.8 2.2 0.0 16.0 3.0 24.0 14.0 24.0 2130.0
55 2148.8 18.9 12.6 2.8 2.2 0.0 16.0 3.0 24.0 14.0 24.0 2124.8
54 2142.5 17.9 12.6 2.8 2.2 0.0 16.0 3.0 24.0 12.5 24.0 2118.5
53 2136.0 14.7 12.6 2.8 2.2 0.0 16.0 3.0 24.0 10.0 24.0 2112.0
52 2124.1 14.6 12.6 2.4 2.2 0.0 13.3 2.6 20.5 10.0 20.5 2103.6
51 2117.7 13.4 12.6 1.7 2.2 0.0 9.3 2.0 15.2 10.0 15.2 2102.5
50 2113.8 11.1 12.6 1.7 2.2 0.0 9.3 2.0 15.2 10.0 15.2 2098.6
49 2105.4 17.4 12.6 1.8 2.2 0.0 0.0 3.0 7.0 12.5 12.5 2092.9
48 2097.1 9.6 12.6 1.8 2.2 0.0 0.0 3.0 7.0 10.0 10.0 2087.1
47 2086.5 12.2 12.6 1.8 2.2 0.0 0.0 3.0 7.0 10.0 10.0 2076.5
46 2080.9 13.2 12.6 1.8 2.2 0.0 0.0 3.0 7.0 10.0 10.0 2070.9
45 2072.2 13.0 12.6 1.8 2.2 0.0 0.0 3.0 7.0 10.0 10.0 2062.2
44 2064.6 13.2 12.6 1.8 2.2 0.0 0.0 3.0 7.0 15.0 15.0 2049.6
43 2056.2 14.7 12.6 1.8 2.2 0.0 0.0 3.0 7.0 15.0 15.0 2041.2
42 2052.1 13.8 12.6 1.8 2.2 0.0 0.0 3.0 7.0 15.0 15.0 2037.1
41 2042.0 20.5 12.6 5.3 2.4 0.0 0.0 3.0 10.7 21.0 21.0 2021.0
40 2029.8 24.4 12.6 7.7 2.5 0.0 0.0 3.0 13.2 21.0 21.0 2008.8
39 2015.1 20.4 12.6 7.7 2.5 0.0 0.0 3.0 13.2 21.0 21.0 1994.1
38 2011.1 27.0 12.6 7.7 2.5 0.0 0.0 3.0 13.2 21.0 21.0 1990.1
37 2002.0 15.1 12.6 7.7 2.5 0.0 7.9 3.0 21.1 18.0 21.1 1980.9
36 1998.1 14.2 12.6 7.7 2.5 0.0 7.4 3.0 20.6 15.0 20.6 1977.5
35 1986.8 11.1 12.6 7.7 2.5 0.0 0.0 3.0 13.2 15.0 15.0 1971.8
34 1980.4 10.7 12.6 7.7 2.5 0.0 0.0 3.0 13.2 15.0 15.0 1965.4
33 1975.6 5.8 12.6 7.7 2.5 0.0 0.0 3.0 13.2 15.0 15.0 1960.6
32 1963.5 19.3 12.6 7.7 2.5 0.0 0.0 3.0 13.2 15.0 15.0 1948.5
31 1960.6 6.0 12.6 7.7 2.5 0.0 0.0 3.0 13.2 15.0 15.0 1945.6
30 1946.9 11.9 12.6 7.7 2.5 0.0 0.0 3.0 13.2 15.0 15.0 1931.9
29 1942.0 12.8 12.6 7.7 2.5 0.0 0.0 3.0 13.2 15.0 15.0 1927.0
28 1933.1 18.7 12.6 7.7 2.5 0.0 0.0 3.0 13.2 21.0 21.0 1912.1
27 1924.3 15.5 12.6 7.7 2.5 0.0 0.0 3.0 13.2 18.0 18.0 1906.3
26 1917.8 16.0 12.6 7.7 2.5 0.3 0.0 3.0 13.5 12.5 13.5 1904.3
25 1908.0 14.7 12.6 7.7 2.5 0.6 0.0 3.0 13.8 10.0 13.8 1894.2
24 1894.0 19.7 12.6 7.7 2.5 1.2 0.0 3.0 14.4 14.0 14.4 1879.6
23 1878.9 21.4 12.6 7.7 2.5 1.2 0.0 3.0 14.4 14.0 14.4 1864.5
22 1869.0 22.3 12.6 7.7 2.5 1.2 0.0 3.0 14.4 14.0 14.4 1854.6
21 1862.0 14.8 12.6 7.7 2.5 1.2 0.0 3.0 14.4 10.0 14.4 1847.6
20 1854.0 16.2 12.6 7.7 2.5 1.2 0.0 3.0 14.4 12.5 14.4 1839.6
19 1848.1 13.5 12.6 7.7 2.5 0.8 0.0 3.0 14.0 10.0 14.0 1834.1
18 1838.8 14.6 12.6 7.7 2.5 0.3 0.0 3.0 13.5 10.0 13.5 1825.3
17 1831.4 13.7 12.6 7.7 2.5 0.0 0.0 3.0 13.2 10.0 13.2 1818.2
16 1821.4 23.5 12.6 7.7 2.5 0.0 0.0 3.0 13.2 14.0 14.0 1807.4
15 1813.4 15.5 12.6 7.7 2.5 0.0 0.0 3.0 13.2 12.5 13.2 1800.2
14 1805.3 15.6 12.6 7.7 2.5 0.0 0.0 3.0 13.2 12.5 13.2 1792.1
13 1792.9 18.9 12.6 7.7 2.5 0.0 0.0 3.0 13.2 14.0 14.0 1778.9
12 1782.3 19.9 12.6 7.7 2.5 0.0 0.0 3.0 13.2 14.0 14.0 1768.3
11 1776.0 21.3 12.6 7.7 2.5 0.0 0.0 3.0 13.2 14.0 14.0 1762.0
10 1767.1 15.5 12.6 7.7 2.5 0.0 0.0 3.0 13.2 12.5 13.2 1753.9
9 1757.7 18.3 12.6 7.7 2.5 0.0 0.0 3.0 13.2 14.0 14.0 1743.7
8 1746.4 16.0 12.6 7.7 2.5 0.0 0.0 3.0 13.2 12.5 13.2 1733.2
7 1736.5 16.9 12.6 7.7 2.5 0.0 0.0 3.0 13.2 12.5 13.2 1723.3
6 1728.0 14.6 12.6 7.7 2.5 0.0 0.0 3.0 13.2 10.0 13.2 1714.8
5 1714.6 18.5 12.6 7.7 2.5 0.0 0.0 3.0 13.2 14.0 14.0 1700.6
4 1706.7 21.7 12.6 7.7 2.5 0.0 0.0 3.0 13.2 14.0 14.0 1692.7  
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7.3 Minimum Embankment Height Requirement 
 

The top elevations of the proposed flood control revetment should be designed to include 
the maximum flood water surface elevations and freeboard allowance.  Freeboard 
represents the additional height required to the design water surface to account for such 
factors as long-term aggradation, superelevation, and bedform development, as defined 
by the equation below: 
 

aseagg ZZZFB
2
1

++=  

 
where:  FB  = total freeboard allowance, 

 aggZ  = long-term aggradation, 
 seZ  = superelevation (for bend only), and  
 aZ  = bedform height. 
 

As evaluated previously, the sediment transport characteristics of the study reaches of 
Lytle Creek are in balance with the upstream watershed supply.  The stream bed has 
reached an equilibrium slope condition.  Neither sustained degradation no aggradation as 
is expected to occur in the future considering the current upstream watershed condition.  
Design of a freeboard for the potential long-term aggradation is not considered.  
Estimates of potential bedform component of the freeboard utilized the same values as 
computed for the toe-down design.  The total freeboard adjustment should have a 
minimum of 3 feet. 

 
7.3.1 Flow Superelevation 

 
Flow superelvation is the rise of water surface at the outside bank of a curved 
channel reach above the mean depth of flow due to the development of centrifugal 
force.  The following formula is recommended by the Los Angeles County Flood 
Control District (1981) to determine the magnitude of flow superelevation: 
 

r
w

g
VZse

2

3.1=  

 
where:  scZ  = height of superelevation above mean water surface, 
 V  = flow velocity, 
 w  = flow width, and  
 r  = radius of the bend to the centerline of channel. 
 
Potential for flow superelevation was analyzed in the same curved reach were the 
bend scour depths was estimated.  Hydraulic conditions evaluated using both 
HEC-RAS and Dawdy’s equations were utilized in the superelevation 
computation.  The higher estimate was chosen to be included in the design of 
freeboard allowance for the proposed project. 
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7.3.2 Channel Curvature 
 
Curves in a channel cause a maximum flow velocity to shift towards the concave 
side of the bend.  Along the outside of the curve, the depth of flow is at a 
maximum because of the centrifuge force and this rise in water surface is referred 
to as superelevation.  In order to minimize the impacts of the water surface 
superelevation, the centerline curvature should be kept above a minimum 
allowable amount based upon the calculated superelevation.  The following 
relationship has been developed to calculated the rise in water surface from 
superelevation for a supercritical section, which also incorporates a 30 percent 
safety factor: 
 

gR
zDbVe )2(3.1 2 +

=  

 
where:  e  = superelevation rise in water surface (ft), 
 R  = centerline radius, 
 b  = base width, 
 z  = side-slope, 
 
A common guideline to establish the minimum allowable centerline radius is 
approximated by 25 times the velocity head.  However, for the design of the 
proposed channelization project it was desired to maintain the water surface 
superelevation within a range of approximately 1.0 feet.  This reduced 
superelevation minimize the construction associated with the revetment in these 
locations and will assist in the control of surface wave development. 
 

7.3.3 Summary of Minimum Embankment Height Requirements 
 

Freeboard allowances were evaluated according to the above criteria to provide 
adequate flood protection.  The water surface within Lytle Creek of a 100-year 
flood were computed based upon the following scenarios: 
 
1. HEC-RAS Analysis of Lytle Creek under the fully channelized condition 

with the high stream bed roughness factor (Manning’s n=0.55); 
2. Flow depth estimated using Dawdy’s equation which assumed a 675 ft. 

wide self-forming flow path.  The water surface elevations were computed 
by adding the flow depth to the average stream bed elevation at each 
cross-section. 

 
The greater values computed with the above two scenarios were selected as the 
design water surface elevations.  The top of the embankment elevations were 
determined by adding the freeboard allowances to the design water surface 
elevations.  The results are summarized in Table 9 and Exhibit 10, 11. 
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Design for the embankment height was also performed according to the San 
Bernardino County Flood Control District (SBCFCD) Design Criteria.  The 
criteria requires that water surface elevations be determined based upon the 100-
year flood peak discharge computed using the SBCFCD hydrology procedure 
with a bulking factor of 2.  The design height of a flood control dike includes the 
water surface elevation and a 3 ft. freeboard.  Using the clear water peak 
discharge of 32,270 cfs as listed in Table 7, the bulked flow rate is 64,540 cfs. 
 
The water surface elevations were computed for the bulked discharge using the 
HEC-RAS program assuming Manning’s n of 0.055.  Three feet was added to the 
calculated water surface elevations to arrive at the required top elevations for the 
proposed revetment based upon the SBCFCD criteria.  These results were then 
compared with those previously determined the proceeding columns in Table 12.  
The higher values of the two were selected as the final design elevations. 
 
One column in Table 12 also shows the computed maximum specific energy 
along with the recommended design top elevations.  The comparison indicates 
that the top of the revetment always remains above the energy grade line. 
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Table 12 
Revetment Top Elevation Design Table 

 

HEC-RAS 
SECTION 
NO.

WATER 
SURFACE 
ELEVATION 
(HEC-RAS: 
Split Flow 
High Stage)
(FEET)

WATER 
SURFACE 
ELEVATION 
DAWDY 
(FEET)

DESIGN 
WATER 
SURFACE 
ELEVATION 
(FEET)

ONE-HALF 
BEDFORM 
HEIGHT 
(FEET)

SUPER- 
ELEVATION 
(FEET)

FREEBOARD 
ALLOWANCE 
(FEET)

TOP OF 
EMBANKMENT 
ELEVATION 
(FEET)

SBCFCD 
DESIGN WATER
SURFACE 
ELEVATION 
(FEET)

SBCFCD 
MINIMUM 
FREEBOARD 
(FEET)

SBCRFCD TOP OF 
EMBANKMENT 
ELEVATION 
(FEET)

ENERGY 
GRADE 
(FEET)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
56 2165.82 2166.8 2165.8 2.2 0.0 3.0 2168.8 2167.5 3.0 2170.5 2167.5
55 2159.67 2160.9 2159.7 2.2 0.0 3.0 2162.7 2160.8 3.0 2163.8 2160.8
54 2151.38 2153.1 2151.4 2.2 0.0 3.0 2154.4 2152.3 3.0 2155.3 2152.3
53 2142.49 2144.5 2142.5 2.2 0.0 3.0 2145.5 2143.6 3.0 2146.6 2143.6
52 2131.76 2133.7 2131.8 2.2 0.0 3.0 2134.8 2132.8 3.0 2135.8 2132.8
51 2123.11 2125.2 2123.1 2.2 0.0 3.0 2126.1 2124.1 3.0 2127.1 2124.1
50 2117.75 2120.1 2117.8 2.2 0.0 3.0 2120.8 2118.6 3.0 2121.6 2118.6
49 2110.19 2112.6 2110.2 2.2 0.0 3.0 2113.2 2111.0 3.0 2114.0 2111.0
48 2103.24 2105.4 2103.2 2.2 0.0 3.0 2106.2 2104.0 3.0 2107.0 2104.0
47 2093.93 2096.1 2093.9 2.2 0.0 3.0 2096.9 2094.9 3.0 2097.9 2094.9
46 2086.86 2089.0 2086.9 2.2 0.0 3.0 2089.9 2087.7 3.0 2090.7 2087.7
45 2079.56 2081.8 2079.6 2.2 0.0 3.0 2082.6 2080.4 3.0 2083.4 2080.4
44 2070.66 2073.0 2070.7 2.2 0.0 3.0 2073.7 2071.6 3.0 2074.6 2071.6
43 2063.62 2065.4 2063.6 2.2 0.0 3.0 2066.6 2064.8 3.0 2067.8 2064.8
42 2057.85 2059.8 2057.9 2.2 0.0 3.0 2060.9 2059.0 3.0 2062.0 2059.0
41 2050.38 2052.0 2050.4 2.4 0.0 3.0 2053.4 2051.4 3.0 2054.4 2051.4
40 2041.75 2043.2 2041.8 2.5 0.0 3.0 2044.8 2043.4 3.0 2046.4 2043.4
39 2030.13 2030.0 2030.1 2.5 0.0 3.0 2033.1 2033.2 3.0 2036.2 2033.2
38 2022.95 2024.7 2023.0 2.5 0.0 3.0 2026.0 2024.1 3.0 2027.1 2024.1
37 2011.88 2013.7 2011.9 2.5 0.0 3.0 2014.9 2013.0 3.0 2016.0 2013.0
36 2005.37 2007.4 2005.4 2.5 0.0 3.0 2008.4 2006.4 3.0 2009.4 2006.4
35 1992.59 1994.2 1992.6 2.5 0.0 3.0 1995.6 1993.8 3.0 1996.8 1993.8
34 1986.09 1987.6 1986.1 2.5 0.0 3.0 1989.1 1987.3 3.0 1990.3 1987.3
33 1979.36 1981.7 1979.4 2.5 0.0 3.0 1982.4 1980.3 3.0 1983.3 1980.3
32 1971.58 1973.9 1971.6 2.5 0.0 3.0 1974.6 1972.6 3.0 1975.6 1972.6
31 1964.27 1966.6 1964.3 2.5 0.0 3.0 1967.3 1965.2 3.0 1968.2 1965.2
30 1953.06 1956.1 1953.1 2.5 0.0 3.0 1956.1 1954.0 3.0 1957.0 1954.0
29 1948.94 1952.6 1948.9 2.5 0.0 3.0 1951.9 1949.8 3.0 1952.8 1949.8
28 1940.3 1945.8 1940.3 2.5 0.0 3.0 1943.3 1941.1 3.0 1944.1 1941.1
27 1932.05 1935.6 1932.1 2.5 1.9 4.4 1936.5 1932.9 3.0 1935.9 1932.9
26 1924.99 1926.4 1925.0 2.5 1.9 4.4 1929.4 1925.9 3.0 1928.9 1925.9
25 1914.98 1916.7 1915.0 2.5 1.9 4.4 1919.4 1915.9 3.0 1918.9 1915.9
24 1902.28 1904.0 1902.3 2.5 1.9 4.4 1906.7 1903.1 3.0 1906.1 1903.1
23 1891.19 1892.9 1891.2 2.5 1.9 4.4 1895.6 1892.4 3.0 1895.4 1892.4
22 1878.41 1880.6 1878.4 2.5 1.9 4.4 1882.8 1879.8 3.0 1882.8 1879.8
21 1869.68 1871.6 1869.7 2.5 1.9 4.4 1874.1 1870.9 3.0 1873.9 1870.9
20 1861.64 1863.3 1861.6 2.5 1.9 4.4 1866.0 1862.7 3.0 1865.7 1862.7
19 1856.37 1858.8 1856.4 2.5 1.9 4.4 1860.8 1857.5 3.0 1860.5 1857.5
18 1846.87 1848.3 1846.9 2.5 1.9 4.4 1851.3 1847.8 3.0 1850.8 1847.8
17 1840.28 1841.4 1840.3 2.5 1.9 4.4 1844.7 1841.4 3.0 1844.4 1841.4
16 1830.7 1832.2 1830.7 2.5 0.0 3.0 1833.7 1831.9 3.0 1834.9 1831.9
15 1820.4 1822.2 1820.4 2.5 0.0 3.0 1823.4 1821.3 3.0 1824.3 1821.3
14 1811.52 1813.0 1811.5 2.5 0.0 3.0 1814.5 1812.5 3.0 1815.5 1812.5
13 1800.91 1803.3 1800.9 2.5 0.0 3.0 1803.9 1802.5 3.0 1805.5 1802.5
12 1792.31 1795.6 1792.3 2.5 0.0 3.0 1795.3 1793.0 3.0 1796.0 1793.0
11 1782.52 1784.1 1782.5 2.5 0.0 3.0 1785.5 1783.5 3.0 1786.5 1783.5
10 1774.11 1774.6 1774.1 2.5 0.0 3.0 1777.1 1775.2 3.0 1778.2 1775.2
9 1763.84 1764.3 1763.8 2.5 0.0 3.0 1766.8 1764.7 3.0 1767.7 1764.7
8 1753.28 1754.9 1753.3 2.5 0.0 3.0 1756.3 1754.2 3.0 1757.2 1754.2
7 1744.09 1744.6 1744.1 2.5 0.0 3.0 1747.1 1745.4 3.0 1748.4 1745.4
6 1737.03 1737.6 1737.0 2.5 0.0 3.0 1740.0 1738.4 3.0 1741.4 1738.4
5 1728.4 1729.0 1728.4 2.5 0.0 3.0 1731.4 1730.2 3.0 1733.2 1730.2
4 1717.07 1716.8 1717.1 2.5 0.0 3.0 1720.1 1719.1 3.0 1722.1 1719.1
3* 1715.59 1715.3 1715.6 1717.3 1717.3

Note: Shaded sections are beyond the revetment limit * extrapolated section
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7.4 Project Impact on the I-15 Bridge  
 

From Exhibit 9 it is evident that two piers and the north abutment of the existing I-15 
bridge will be enclosed by the proposed flood control revetment.  The encroachment into 
the existing floodplain would alter the current hydraulic behavior in the bridge vicinity to 
the extend up to the termination point of the revetment at Glen Helen Parkway (which 
was name as Devore Road previously), which may impact the bridge flood conveyance 
and scour characteristics under the existing condition. 

 
To identify the potential hydraulic impact created by the proposed project, flow 
characteristics considering before and after construction of the proposed revetment using 
the HEC-RAS program and are compared in Table 13. 

 

Existing Condition Project Condition Existing Condition Project Condition
37 14.8 14.2 2011.8 2011.88
30 12.63 13.07 2005.1 2005.3

I-15 Sections

Table 13
Project Impact on Flow Characteristics at I-15 under the 100-year Flood

Flow Velocity 
ft/s (n=0.045)

Water Surface Elevation
ft (n=0.055)

 
 

The use of low Manning’s n for the flow velocity and high Manning’s n for the water 
surface elevation have covered a maximum range of performance conditions over Lytle 
Creek.  The proposed flood control revetment may increase the maximum flow velocity 
at the I-15 bridge by 0.44ft/s and raise the maximum water surface elevation by 0.6 ft. 

 
These impacts are considered insignificant and create no risk to the existing bridge safety, 
since (1) the potential local scour at the bridge piers would be increased by only 0.16 ft. 
and (2) the existing vertical clearance between the water surface and bridge soffit would 
be reduced from 17.2 feet to 16.6 feet. 

 
The proposed revetment at the I-15 Bridge will act as the new north abutment for the I-15 
Bridge.  Design of the toe-down has taken into account the maximum scour potential that 
may occur at the bridge location, which will provide an adequate protection for the 
proposed development as well as the bridge structure. 

 
7.5 Riprap Structure Design of the Revetment 
 

The revetment functions as a streamside embankment whose primary purpose is to 
furnish flood protection from flood high water and which is therefore subject to potential 
debris flux loading from upstream of the natural channel during the design storm event.  

 
Typical revetment structure type may be classified by its surface armor construction 
material utilization. Among commonly seen revetment armor materials are earth lining, 
timber alignment, concrete channel bank, riprap stone, rubble mound, stone gabion, 
special designed reinforced concrete armor unit and grouted riprap stone.  
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For Lytle Creek North Development, grouted riprap revetment is recommended because 
the project region has abundant supply of mid-sized stone and cobble thus cost effective. 
There are a number of grouted riprap hydraulic structures existed up- and downstream to 
the project site. They are all in good condition while some other types of structure in the 
channel had been failed. 

 
The design of the grouted stone revetment follows methods recommended by USCOE 
(USCOE, 1994). Other methods developed by USBR (Peterka, 1958), USGS (Blodgett, 
1981), Isbash (Isbash, 1936), ASCE (Vanoni, 1971), California Department of Public 
Works (CDPW, 1971) and FHWA (FHWA, 1989) are also evaluated with the project 
hydraulic and site condition. The USCOE method merits adequate conservatism in stone 
sizing as well as supported by additional technical recommendation in aspect of filter 
layer design and gradation. The typical design of the revetment is seen in Exhibit 12. The 
revetment is built with grout stone armor layer and a layer of filter fabric which prevent 
fine soil particles migrating into the voids of the revetment stones.   

 
The revetment alignment extends about nine thousands feet from upstream at north of the 
I-15 bridge and ties into the existing “CEMEX” levee at downstream. Revetment side 
slope is 1.0 vertical on 1.5 horizontal which provides stable as well as economical 
embankments geometry. A 20 feet wide paved road is committed along the revetment 
alignment. The road can be used by service or local vehicles and has a ramp assess to the 
creek channel floor at the midpoint of the revetment alignment. A fence will be place 
along the revetment to protect the designated endangered specie San Bernardino 
Kangaroo Rat (SBKR). Detailed plan, profile and sections are presented in Appendix E. 

 
7.5.1 Revetment Riprap Stone 

 
The riprap of the revetment consists of roughly 2.0 feet median size rocks grouted 
with cement concrete mixtures. The grouted riprap forms an armored channel 
bank so that any flood and debris flux that are with the magnitudes up to the 
design flood frequency (100-year or 1% annul occurrence) would not cause 
damage exceeding nominal maintenance or replacement.  The size of the stone is 
determined by conducting analyses of channel hydraulics and a variety of 
empirical equations in flow-stone interface mechanics.    

 
Most stone sizing equations are empirical regression formulas based on numerous 
site investigation and lab testing studies. They all derive stone size, either by 
typical diameter or by weight, proportional to channel or incident velocities. 
These equations are for sizing of riprap surface layer stone. For grouted riprap 
revetment, stones are formed a  rigid layer with grout cohesion, which increases 
the total unit weight against drag and lifting forces introduced by flood flow. Even 
though there is suggestion that for grout stone revetment, the armor stone can be 
downsized “one class” (see reference City of Lincoln, NE 2000), this study 
conservatively assume the failure mode of the revetment is based on an individual 
armor stone being separated from the grout layer and dislodged. The selected 
USCOE method proportions stone size to two and half exponential power of 
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channel velocity and yields relatively conservative stone size in comparison to 
results by some other methods.  

 
The USCOE method was developed for channels having low turbulence with 
thalweg slopes less than two percent 2%. This method limits its application to 
channel sections not being immediately downstream of stilling basin or other 
highly turbulent area. The following equation is used with the USCOE method, 

 
D30= SfCsCvCtd((rw/(rs-rw)0.5.v/(sqrt(Klgd))2.5 (see a page) 

 
The design velocity defined by taking HEC-RAS results from the “Single Stream 
High Flow” run which yields highest flow velocities, and derived channel-length-
weighed average value from channel velocities of all the sections to the revetment 
reach. The revetment design velocity is 14.86 fps. (see Exhibit 13 and Table 14). 
Exhibit 14 shows the stone sizing result by the USCOE method. The armor stone 
for the revetment has weight W50 about 1,370 lbs, or D50 of 2.3-foot assuming 
the stone has 165 lb per cubic feet (pcf) unit weight. Unit weight of stone 
generally varies from 150 to 175 pcf. The analysis yields result seen in Table XX. 
The maximum stone size D100 is 4.0 feet which is corresponding to riprap armor 
layer thickness. Layer thickness can be determined by larger value of D100 or 1.5 
times of D50. Stone sizing adapts a 1.1 safety factor in application of the 
equations. 

 
It is common in the stone sizing equations that letters D or W refers to stone size 
or weight respectively. 

 
There exist design methods which recommend the stone size under water surface 
to be multiplied by up to one and half times to counter the concerns on 
uncertainty of submarine stone settlement and buoyancy force. Such method will 
NOT be applied in this revetment design due to the already relatively conservative 
toe down design. It should also be noted the design flow condition upstream of 
the I-15 Bridge shows high turbulence status where Fround number is higher than 
1.5 where the channel velocity reaches 23.58 fps, which suggests the USCOE 
formula may not be applicable to the location. At a relatively narrow channel 
section about midway of the revetment alignment the channel flow speed reaches 
20.24 fps. However the flow section area of the this section is much wider in 
reality consideration there is a south branch channel across the island which will 
certainly divert certain portion of high flood when the water stage become high. 
Therefore flow force to this segment of revetment, though being calculated over 
conservatively in the “High Flow Single Stream” case, does not cause concern in 
revetment stone sizing. 

 
In order not to over estimate overall stone size yet to ensure additional 
conservative engineering measure to protect the potentially vulnerable segments 
of the revetment, the design at the noted location is enhanced. From immediately 
downstream of the overflow weir to about 100 feet downstream of I-15 Bridge, 
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Table 14 
Lytle Creek Velocity Comparison for Revetment Design 

 
Min Ch El W.S. Elev Hydr Depth Top Width Length Chnl RAS Channel Ln Chnl Sta Vel Chnl Vel Left Bank Vel Total Average* Levee Sta Incident Vel

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft/s) (ft) (ft/s)
( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 10 ) ( 11 ) ( 12 ) ( 13 )
43 2056.16 2063.43 2.90 1278.74 540 14556 8774 14.66 8.63 11.50 56.00 3.99
42 2052.09 2057.65 2.34 1468.79 560 14016 8234 13.77 5.61 12.37 42.00 2.33
41 2042 2049.99 2.76 860.47 379 13456 7674 20.46 8.86 17.96 340.00 8.47
40 2029.82 2041.36 3.99 452.66 419 13077 7295 24.43 7.49 23.58 201.00 7.49
39 2015.1 2030.24 6.73 324.04 167 12658 6876 20.35 3.36 19.52 39.00 3.36
38 2011.13 2021.42 2.14 1241.03 407 12491 6709 26.99 7.68 16.07 205.00 18.22
37 2002 2011.87 2.81 1066.31 190 12083 6301 15.11 3.16 14.20 107.00 13.62
36 1998.07 2005.37 2.36 1380.28 470 11893 6111 14.17 3.64 13.07 104.00 12.31
35 1984.72 1992.57 2.82 1152.05 389 11423 5641 11.11 0.00 13.12 390.14 11.84
34 1979.7 1985.68 2.73 1216.35 158 11034 5252 10.65 0.00 12.85 389.90 5.95
33 1970.57 1978.93 2.51 1616.61 252 10876 5094 5.84 0.00 10.49 376.59 5.09
32 1963.47 1971.11 2.29 1117.47 252 10624 4842 19.32 8.58 16.67 372.48 7.86
31 1955.76 1964.28 2.19 1407.56 528 10372 4590 5.98 0.00 13.82 363.19 2.64
30 1946.86 1952.62 2.41 1415.68 188 9845 4062 11.91 5.20 12.49 362.57 5.20
29 1941.29 1948.87 4.01 967.85 324 9656 3874 12.75 4.04 10.96 493.20 4.04
28 1933.08 1940.28 3.56 693.58 300 9333 3550 18.72 13.76 17.24 377.05 13.76
27 1924.3 1934.27 4.03 688.36 302 9033 3250 15.45 7.48 15.37 338.88 7.48
26 1914.5 1925.52 3.63 749.51 363 8731 2949 15.95 7.39 15.67 280.94 7.39
25 1906 1915.57 3.58 828.07 400 8367 2585 14.74 2.88 14.35 298.00 0.82
24 1894 1902.07 2.96 935.35 454 7967 2185 19.68 14.28 15.39 165.00 8.22
23 1878.9 1891.52 4.57 460.70 344 7514 1732 21.42 4.31 20.24 200.00 5.33
22 1869 1877.96 2.36 931.30 250 7170 1388 22.29 8.95 19.39 950.00 2.78
21 1861.42 1868.26 3.11 956.04 311 6920 1138 14.78 5.86 14.31 850.00 2.90
20 1853.1 1862.01 3.80 742.81 227 6609 827 16.16 8.62 15.09 400.00 2.16
19 1845.29 1854.64 2.05 1274.47 280 6382 600 13.47 4.56 16.33 1489.32 4.56
18 1837.35 1845.71 2.23 1775.89 320 6102 320 10.32 3.22 10.75 1200.00 3.30
17 1829.39 1837.47 4.89 738.85 389 5782 0 13.74 9.66 11.79 1400.00 5.75

Average** 3.10 14.86
* Average Velocties in "Single Stream High Flow Hec-Ras model: are used for Revetment Armor Stone Sizing.

** Channel Length Weighed Average.

River Sta
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revetment layer thickness is doubled from 4-feet to 8-feet with minimum grouting 
depth of 6-foot.  

 
The armor layer stone should consist of good quality rocks or large cobbles. The 
stones used for revetment at the potential high flow location near the I-15 Bridge 
should be igneous or metamorphic without any crack. Placement and delivery 
methods of the riprap stones in revetment construction refer to USCOE EM-1110-
2-2302 (see reference.) 

 
7.5.2 Riprap Filter Layer, SBKR Protection Fence and Lytle Creek Channel Floor 

Access from the Revetment 
 

Filter treatment under riprap is common practice in revetment construction. The 
important functions of filter layer include 1) to prevent loss of underlying soil 
through the weighting stones, 2) to permit drainage of water so no excessive 
hydrostatic pressure will build up at soil-rock interface thus causes damage of the 
riprap by earth slope failure, and, in case of granular type of filter layer, 3) to 
provide a transition interlocking gradation between upper stones and bedding 
material. The ‘drawbacks’ of the filter placement include additional construction 
cost and the filter layer’s potential to allow upper layer coarse material to slide 
done if the slope of placement become steep. 

 
This revetment study recommends a simplified filter layer by simply placement of 
filter fabric beneath the riprap. The granular filter layer is not proposed because 
the existing ground material possesses excellent drainage capacity. Given the fact 
of low water table and dry condition of the existing streambank soil which 
consists of large percentage of coarse gravels and cobbles as the soil were formed 
from alluvial process, drainage condition in the interface between the future 
revetment and existing ground is expected to remain adequate even during 
flooding condition. Since the riprap will be grouted, moisture intrusion from 
channel side is reduced significantly. The filter fabric layer will prevent soil 
particles from the earth embankment to seep into the remaining voids of the riprap 
under the grouted layer. Care must be taken to avoid the filter fabric clothes to be 
ruptured during construction. 

 
Since larger area of the existing channel bed and midstream island is within the 
designated SBKR endangered specifies protection zone (see reference Lytle 
Development Company 2003), a fence along the revetment is recommended to 
protect SBKR habitat to be interrupted by unnatural intervention. The fence 
consists of hand rails on the bank side and isolation metal mesh along the channel 
side. 

 
A 20 feet wide light pavement road is also proposed along the revetment 
alignment. The road allows service vehicle to assess the revetment for 
maintenance purposes as well as for recreational activity by local residents. A 
ramp is proposed at a downstream point of the proposed revetment to provide 
access to Lytle Creek channel floor.  
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Shearstress Diagram for Lytle
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Stream Power Diagram for Lytle
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37076 2196.15 2203.23 2750.9 2.21 7.08 6.4 23.46 782.64 150.14 0.0293 U/S Extent of Study

36825 2190 2196.29 2897.64 2.21 6.29 5.99 22.27 921.05 133.4 0.0306 End Proposed South Bank 
Revetment

36572 2181.82 2187.63 2794.4 2.29 5.81 6.44 23.1 887.27 148.76 0.0329
36318 2168.9 2179.23 2818.65 2.32 10.33 6.42 22.9 934.71 147.02 0.0343
36064 2164.59 2171.81 3118.94 2.22 7.22 5.49 20.85 1129.13 114.47 0.0321
35850 2158.96 2165.46 3177.76 2.12 6.5 5.21 20.53 1082.16 106.96 0.0287
35649 2150.09 2160.72 3462.36 2 10.63 4.41 18.64 1280.06 82.2 0.0263
35349 2144 2151.07 3343.96 2.28 7.07 5.09 19.45 1456.44 99 0.0361
35048 2135.85 2142.61 3682.23 1.97 6.76 4.03 17.53 1498.5 70.65 0.0263
34658 2125.17 2131.85 3537.09 2 6.68 4.29 18.25 1366.44 78.29 0.0266
34357 2115.24 2123.09 3521.37 2.14 7.85 4.51 18.34 1538.97 82.71 0.0316
34162 2111.78 2117.57 3690.35 2.03 5.79 4.13 17.62 1570.33 72.77 0.0282
33912 2103.93 2109.65 3575.59 2.16 5.72 4.46 18.07 1648.31 80.59 0.0329
33661 2094.49 2102.66 3645.56 1.93 8.17 4.03 17.7 1397.73 71.33 0.0248
33353 2083.44 2093.87 3498.46 2.09 10.43 4.48 18.45 1440.94 82.66 0.0297
33102 2081.48 2087.17 3548.52 1.95 5.69 4.23 18.28 1307.07 77.32 0.0248
32824 2073.29 2079.95 3380.95 1.92 6.66 4.44 19.09 1107.03 84.76 0.0233
32502 2063.65 2071.09 3214.6 2.08 7.44 5.01 20.11 1112.66 100.75 0.0276
32257 2058.18 2065.33 3172.25 1.82 7.15 4.66 20.35 816.84 94.83 0.0193
32055 2041.97 2064.25 17198.32 0.27 22.28 0.15 4 2599.85 0.6 0.0004
31951 2046.9 2055.19 6772.59 1.2 8.29 1.94 12.98 1679.23 25.18 0.0086 Glen Helen Parkway
31653 2036.17 2044.55 3144.24 2.18 8.38 5.96 22.38 927.35 133.38 0.0292
31319 2027.39 2034.18 3139.65 2.31 6.79 5.57 20.64 1281.07 114.96 0.0362
30906 2016.96 2024.32 3232.3 1.76 7.36 4.44 19.97 808.95 88.67 0.0177
30537 2005.9 2012.72 2611.84 2.17 6.82 6.78 24.72 660.22 167.6 0.027 Southbound I-15 Bridge
30452 2002.28 2009.23 3433.17 1.99 6.95 5.66 22.54 1149.97 127.58 0.0227
30412 2002.01 2007.18 2750.22 2.5 5.17 6.97 23.47 1006.43 163.59 0.0409 Northbound I-15 Bridge
30322 1998.38 2005.11 3383.7 2.11 6.73 4.72 19.07 1334.02 90.01 0.0298
30196 1995.19 2001.8 3571.61 2.01 6.61 4.25 18.07 1421.55 76.8 0.0271
30018 1990.49 1996.79 3477.86 1.99 6.3 4.37 18.56 1283.86 81.11 0.0259
29850 1985.87 1992.5 3539.78 2 6.63 4.3 18.26 1374.56 78.52 0.0267
29719 1981.92 1989.4 3675.93 1.93 7.48 3.97 17.56 1424.18 69.71 0.0247
29586 1978.91 1985.59 3565.63 2.02 6.68 4.27 18.1 1428.98 77.29 0.0275
29443 1975.99 1983.03 3923.55 1.7 7.04 3.35 16.45 1348.12 55.11 0.0185
29294 1971.93 1978.9 3509.02 1.84 6.97 4.11 18.39 1136.25 75.58 0.0214
29171 1969.15 1975.44 3358.82 2.03 6.29 4.65 19.22 1210.34 89.37 0.0269
29038 1965.03 1971.39 3254.17 2.08 6.36 4.92 19.83 1152 97.56 0.028
28926 1960.97 1968.29 3291.13 2.11 7.32 4.89 19.61 1226.38 95.89 0.0293
28783 1958.21 1964.25 3398.11 2.13 6.04 4.72 18.99 1376.79 89.63 0.0307
28644 1955.19 1960.23 3559.56 2.15 5.04 4.46 18.14 1607.63 80.9 0.0322
28503 1950.37 1956.7 3799.5 1.91 6.33 3.79 16.99 1553.73 64.39 0.0248
28352 1946.92 1953.57 3764.39 1.66 6.65 3.48 17.14 1132.13 59.65 0.0168
28263 1943.76 1950.7 3365.84 1.6 6.94 4.06 19.55 872.47 79.37 0.0141
28172 1939.85 1948.84 3301.09 1.73 8.99 4.48 20.28 874.88 90.85 0.0168
28046 1934.8 1943.03 2703.93 2.46 8.23 7.04 23.87 921.1 168.04 0.0385
27910 1933.02 1940.19 3076.11 2.04 7.17 5.24 20.98 937.38 109.94 0.0257
27755 1928.79 1935.48 2989.44 2.17 6.69 5.66 21.59 968.19 122.2 0.0294
27586 1923.44 1930.87 3035.47 2.09 7.43 5.42 21.26 946.39 115.23 0.0271
27440 1918.94 1927.03 3065.7 2.08 8.09 5.33 21.05 964.8 112.2 0.0269
27315 1915.8 1923.68 3052.81 2.04 7.88 5.3 21.14 918.6 112.04 0.0256
27193 1912.55 1920.55 3025.9 1.99 8 5.26 21.33 845.25 112.2 0.0236
27067 1910.58 1917.09 3009.98 2.2 6.51 5.66 21.44 1017.52 121.35 0.0307
26965 1908.41 1914.17 3078.73 2.19 5.76 5.48 20.97 1087.47 114.92 0.0308
26814 1902.75 1910.12 3192.73 2.08 7.37 5.04 20.21 1086.56 101.86 0.0275
26683 1900.72 1906.59 3234.87 2.09 5.87 4.98 19.95 1143.99 99.35 0.0282
26571 1897.65 1903.1 3182.5 2.15 5.45 5.19 20.31 1168.02 105.41 0.03
26405 1892.58 1898.64 3245.52 2.03 6.06 4.85 19.89 1086.89 96.47 0.0261
26256 1888.94 1894.04 3138.18 2.15 5.1 5.27 20.57 1099.41 108.4 0.0297
26099 1883.17 1889.27 3105.04 2.14 6.1 5.33 20.79 1055.76 110.81 0.0291
25952 1879.37 1885.23 3259.02 2.19 5.86 5.08 19.8 1279.75 100.58 0.032
25772 1873.66 1879.38 3231.23 2.18 5.72 5.13 19.97 1243.48 102.45 0.0318
25642 1868.33 1875.21 3185.25 2.12 6.88 5.13 20.26 1127.55 103.93 0.0291
25522 1864.02 1870.94 3086.49 2.29 6.92 5.63 20.91 1190.2 117.72 0.0348
25319 1858.36 1865.81 3440.79 1.99 7.45 4.44 18.76 1251.75 83.29 0.0259
25102 1852.38 1860.11 3393.6 1.98 7.73 4.5 19.02 1180.13 85.59 0.0251
24913 1846.82 1853.85 3052.27 2.04 7.03 5.3 21.14 919.21 112.04 0.0256
24765 1842.55 1849.91 2955.43 1.92 7.36 5.31 21.84 736.55 115.97 0.0212
24632 1837.45 1843.99 2640.96 2.55 6.54 7.44 24.44 923.48 181.83 0.0417
24427 1833.48 1840.11 3465.69 1.98 6.63 4.38 18.62 1267.85 81.56 0.0257
24220 1828.46 1835.37 3634.06 1.9 6.91 3.99 17.76 1332.54 70.86 0.0235

Shear 
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24048 1823.86 1830.26 3407.41 2.04 6.4 4.57 18.94 1272.44 86.56 0.0274
23892 1818.76 1824.04 3138.91 2.4 5.28 5.67 20.56 1373.89 116.58 0.0398
23754 1810.2 1817.7 2970.89 2.44 7.5 6.17 21.72 1202.22 134.01 0.0401
23559 1804.69 1810.74 3128.4 2.32 6.05 5.58 20.63 1271.07 115.12 0.0364
23355 1797.42 1804.66 3264.74 2.07 7.24 4.91 19.81 1159.22 97.27 0.0278
23191 1792.52 1799.97 3143 1.97 7.45 4.97 20.55 930.63 102.13 0.0235
23044 1789.09 1796.4 3101.4 1.92 7.31 4.99 20.88 847.54 104.19 0.0217
22888 1785.1 1792.87 3155.58 2.05 7.77 5.07 20.46 1017.98 103.73 0.0262
22705 1780.53 1787.57 3217.32 2.15 7.04 5.43 20.97 1146.02 113.87 0.0295
22527 1774.56 1782.47 3383.99 2.15 7.91 5.5 21.18 1151.35 116.49 0.0295
22354 1769.53 1777.48 3615.2 2.2 7.95 5.5 20.94 1338.06 115.17 0.0315
22130 1761.16 1770.41 3171.66 2.04 9.25 5.21 20.88 1079.12 108.78 0.0258
21921 1753.29 1764.08 2902.83 2.05 10.79 5.68 22.23 795.69 126.27 0.025
21731 1743.93 1757.33 2646.45 2.19 13.4 6.71 24.39 686.57 163.66 0.028
21572 1738.33 1748.11 2252.49 2.64 9.78 9.42 28.65 613.78 269.88 0.0413
21423 1732.62 1740.66 2123.16 2.52 8.04 9.9 30.4 470.39 300.96 0.0353
21297 1726.38 1733.57 1972.54 2.63 7.19 11.23 32.72 411.91 367.45 0.0377
21146 1723.87 1730.31 2152.41 2.38 6.44 9.36 29.98 437.8 280.61 0.0306
21034 1721 1726.67 2148.8 2.47 5.67 9.61 30.04 467.54 288.68 0.0337
20892 1716 1723.1 2219.44 2.22 7.1 8.58 29.08 414.69 249.51 0.026
20751 1712.4 1729.87 4595.73 1 17.47 1.91 14.04 747.15 26.82 0.005
20593 1707.06 1722.42 2748.28 1.89 15.36 5.79 23.48 570.68 135.95 0.0195
20475 1704 1716.3 2359.46 2.27 12.3 8.03 27.35 521.8 219.62 0.0288
20320 1699.89 1709.58 2156.05 2.21 9.69 8.9 29.93 377.26 266.38 0.0253
20154 1697.03 1702.72 2080.99 2.88 5.69 11.11 31.01 579.82 344.52 0.0497
20000 1692.93 1698.94 2375.32 2.41 6.01 8.25 27.17 599.99 224.15 0.0334
19880 1690.27 1696.12 2498.6 2.18 5.85 7.23 25.83 575.52 186.75 0.0267
19726 1684.74 1691.07 2408.61 2.24 6.33 7.72 26.8 541.82 206.9 0.0279
19573 1680.41 1686.32 2378.3 2.32 5.91 8.04 27.14 560.13 218.21 0.0304
19421 1675 1681.02 2328.85 2.38 6.02 8.4 27.71 551.08 232.76 0.0319
19268 1670.1 1676.22 2336.02 2.37 6.12 8.34 27.63 551.5 230.43 0.0316
19116 1665.25 1671.04 2327.3 2.46 5.79 8.6 27.73 589.13 238.48 0.035
18963 1660.54 1666.06 2376.1 2.44 5.52 8.32 27.16 615.91 225.97 0.0346
18810 1655.91 1661.47 2447.02 2.33 5.56 7.77 26.37 615.98 204.89 0.0314
18657 1651.54 1657.45 2522.13 2.19 5.91 7.16 25.59 594.8 183.22 0.0271
18504 1647.32 1653.99 2590.53 2.06 6.67 6.62 24.91 567.89 164.9 0.0233
18351 1642.78 1650.27 2555.92 2 7.49 6.62 25.25 517.79 167.16 0.0215
18198 1639.82 1646.47 2487.35 1.97 6.65 6.78 25.95 459.38 175.94 0.0201
18045 1636.28 1644.17 2573.46 1.81 7.89 6.13 25.08 429.93 153.74 0.0165
17893 1632.65 1639.63 2400.17 2.07 6.98 7.37 26.89 459.17 198.18 0.0227
17739 1628.6 1636.6 2443.21 1.99 8 7.01 26.42 446.57 185.2 0.0206
17585 1624.83 1633.05 2396.24 1.96 8.22 7.12 26.93 408.82 191.74 0.0196
17433 1621.17 1629.2 2339.8 2.1 8.03 7.69 27.58 436.98 212.09 0.0231
17295 1618.57 1627.86 2521.12 1.73 9.29 6.13 25.6 371.2 156.93 0.0145
17185 1616.53 1624.16 2368.42 2.3 7.63 8.05 27.25 544.04 219.36 0.0297
16968 1611.43 1618.47 2418.94 2.15 7.04 7.57 26.93 531.81 203.86 0.025
16794 1606.39 1614.31 2424.6 2.13 7.92 7.41 26.62 501.25 197.25 0.0247
16644 1599.71 1608.78 2320.62 2.49 9.07 8.72 27.81 599.78 242.5 0.0362
16463 1598.23 1606.45 3179.91 2.22 8.22 5.3 20.3 1224.77 107.59 0.0328
16274 1595.03 1602.47 3686.42 1.87 7.44 3.88 17.51 1350.83 67.94 0.0228
16149 1593.64 1600.77 6574.05 1.01 7.13 1.37 10.91 1909.13 14.95 0.006
16005 1590.1 1595.96 4004.92 2.07 5.86 4.22 17.71 1865.37 74.74 0.0299
15869 1587.81 1593.75 4494.56 1.62 5.94 2.91 15.16 1705.51 44.12 0.0171
15728 1584.02 1590.2 4247.74 1.92 6.18 3.64 16.47 1989.16 59.95 0.0255
15540 1579.76 1585.34 4057.73 1.93 5.58 3.7 16.62 1677.27 61.49 0.0258
15355 1576.02 1581.65 4640.61 1.71 5.63 2.98 15.01 2059.69 44.73 0.0199
15215 1573.77 1578.4 4439.89 1.69 4.63 3.04 15.33 1964.21 46.6 0.0191
15035 1569.52 1574.7 4206.41 1.75 5.18 3.14 15.44 1875.06 48.48 0.0209
14847 1565.27 1570.81 4218.02 1.74 5.54 3.11 15.36 1786.37 47.77 0.0206
14621 1560.37 1565.86 4201.57 1.82 5.49 3.21 15.36 1909.63 49.31 0.0234
14443 1554.66 1561.77 4238.08 1.81 7.11 3.16 15.23 1937.15 48.13 0.0231
14267 1552.31 1557.44 4361.44 1.87 5.13 3.37 15.75 2095.38 53.08 0.0245

14096 1547.42 1553.57 4161.1 1.75 6.15 3.17 15.53 1724.41 49.23 0.0208 Sycamore Creek Junction

13938 1543.85 1549.07 3773.49 1.94 5.22 3.85 17.1 1558.05 65.84 0.0255
13776 1539.51 1544.93 3752.91 1.93 5.42 3.86 17.2 1515.73 66.39 0.025
13625 1535.63 1541.4 3810.86 1.87 5.77 3.71 16.94 1502.23 62.85 0.0233
13476 1531.68 1538.09 3898.31 1.84 6.41 3.56 16.56 1544.48 58.95 0.0226
13326 1528.12 1534.68 3942.39 1.86 6.56 3.54 16.37 1645.05 57.95 0.0237
13176 1524.33 1531.11 3921.39 1.85 6.78 3.55 16.46 1603.16 58.43 0.0233
13025 1521.52 1527.62 3908.72 1.84 6.1 3.55 16.51 1567.12 58.61 0.0228
12876 1518.89 1524.19 3897.76 1.83 5.3 3.55 16.56 1534.3 58.79 0.0224
12726 1514.06 1520.79 3808.42 1.77 6.73 3.58 16.95 1335.94 60.68 0.0201
12576 1511.19 1516.71 3555.64 1.95 5.52 4.19 18.15 1324.32 76.05 0.025
12421 1507.68 1512.8 3512.71 1.92 5.12 4.21 18.37 1237.66 77.34 0.0238
12274 1502.39 1508.83 3325.29 1.87 6.44 4.45 19.41 990.3 86.37 0.0212
12123 1498.98 1505.57 3315.07 1.87 6.59 4.48 19.47 988.12 87.23 0.0214
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11913 1493.45 1500.71 3268.06 1.94 7.26 4.67 19.75 1015.3 92.23 0.0233
11677 1488.2 1495.23 3173.92 1.84 7.03 4.69 20.33 837.09 95.35 0.0198
11382 1481.54 1489.41 3700.15 1.86 7.87 4.6 19.97 1029.4 91.86 0.0205 Cajon Wash Junction
11172 1476.89 1483.55 3450.41 2.07 6.66 5.43 21.42 1033.84 116.31 0.0261
10981 1473.03 1478.3 3432.18 2.13 5.27 5.57 21.53 1079.42 119.92 0.0281
10791 1468.54 1474.06 3500.41 1.85 5.52 4.95 21.11 868.87 104.49 0.0197
10614 1464.1 1471.23 3524.05 1.62 7.13 4.49 20.97 678.89 94.16 0.0139
10436 1459.7 1467.42 3258.55 1.69 7.72 5.12 22.68 579.93 116.12 0.0146
10247 1454.5 1461.61 2873.66 2.01 7.11 6.8 25.72 563.32 174.9 0.0214
10052 1449.47 1456.89 2865.21 2.17 7.42 7.2 25.8 655.59 185.76 0.0264
9938 1445.16 1453.87 2870.87 2.19 8.71 7.22 25.74 671.51 185.84 0.0271
9785 1441.03 1449.95 2943.12 2.22 8.92 7.05 25.11 741.37 177.03 0.0286
9663 1438.1 1446.68 2952.96 2.15 8.58 6.86 25.03 698.94 171.71 0.0261
9529 1435.02 1443.88 3054.24 2.01 8.86 6.27 24.2 678.66 151.73 0.0224
9416 1431.23 1441.08 3011.39 2 9.85 6.38 24.54 646.39 156.57 0.022
9283 1429.05 1437.61 2943.57 2.06 8.56 6.7 25.11 639.12 168.24 0.0234
9093 1424.61 1432.91 2918.67 2.1 8.3 6.86 25.32 645.09 173.7 0.0244
8907 1419.94 1427.5 2821.76 2.15 7.56 7.29 26.19 611.53 190.93 0.0254
8700 1414.39 1421.73 2853.6 2.34 7.34 7.61 25.9 752.21 197.1 0.0323
8536 1410.93 1417.81 3019.38 2.12 6.88 6.6 24.48 728.96 161.57 0.0256
8398 1408.06 1414.47 3078.21 2.1 6.41 6.47 24.25 757.24 156.9 0.025
8214 1403.21 1410.22 3116.77 2.03 7.01 6.22 23.96 724.18 149.03 0.023
8058 1400.89 1407.77 3301.42 1.81 6.88 5.32 22.55 691.03 119.97 0.0177
7908 1397.99 1404.34 3163.76 1.86 6.35 5.7 23.4 648.79 133.38 0.0187
7764 1395.63 1402.7 3335.67 1.62 7.07 4.83 22.16 575.57 107.03 0.0134
7631 1393.04 1400.1 3204.93 1.71 7.06 5.29 23.07 570.01 122.04 0.0151
7500 1390.2 1397.35 3032.19 1.83 7.15 5.94 24.38 547.53 144.82 0.0172
7400 1387.99 1394.22 2884.3 2.12 6.23 7.01 25.62 633.2 179.6 0.0247
7300 1385.08 1391.55 2891.5 2.22 6.47 7.25 25.69 698.09 186.25 0.0279
7200 1383.34 1388.78 2933.06 2.33 5.44 7.33 25.28 802.69 185.3 0.032
7100 1377.76 1384.34 2883.25 2.84 6.58 8.53 25.67 1139.1 218.97 0.0537
7000 1376 1383.09 3562.6 2.08 7.09 5.24 20.78 1159.39 108.89 0.0271
6900 1374.6 1381.21 3810.87 1.9 6.61 4.51 19.41 1184.31 87.54 0.0224
6800 1372.87 1378.7 3818.79 2.01 5.83 4.81 19.83 1239.35 95.38 0.0255
6700 1371.21 1376.64 3970.75 1.88 5.43 4.34 19.01 1242.95 82.5 0.0219
6600 1368.94 1374.44 3956.22 1.87 5.5 4.32 18.98 1234.75 81.99 0.0217
6500 1367.06 1372.09 3944.53 1.92 5.03 4.43 19.09 1336.86 84.57 0.0231
6400 1364.99 1369.81 3901.39 1.93 4.82 4.4 18.94 1298.53 83.34 0.0235
6299 1362.71 1367.7 3960.1 1.85 4.99 4.19 18.66 1250.42 78.19 0.0212
6199 1360.39 1365.65 3957.43 1.78 5.26 4.1 18.69 1160.23 76.63 0.0192
6098 1358.16 1363.62 3913.07 1.76 5.46 4.12 18.89 1090.25 77.83 0.0184
5998 1355.91 1361.39 3811.08 1.78 5.48 4.32 19.42 1037.65 83.89 0.0188
5897 1354.12 1359.61 3825.43 1.71 5.49 4.2 19.41 966.39 81.52 0.0169
5711 1351.47 1357.79 4312.35 1.41 6.32 3.14 17.2 936.24 54.01 0.0109
5609 1349.73 1356.05 4086.69 1.49 6.32 3.5 18.18 886.89 63.63 0.0121
5404 1346.35 1352.31 3772.4 1.69 5.96 4.21 19.61 903.28 82.56 0.0161
5190 1342.61 1348.48 3757.22 1.87 5.87 4.54 19.67 1099.05 89.3 0.0213
4960 1339.22 1345.13 4161.18 1.65 5.91 3.64 17.79 1152.11 64.76 0.0161
4806 1337.23 1342.42 4130.72 1.81 5.19 3.91 17.89 1359.84 69.95 0.0206
4619 1334.38 1338.99 4212.62 1.8 4.61 3.79 17.56 1423.35 66.55 0.0205
4461 1331.7 1336.21 4368.64 1.74 4.51 3.53 16.92 1485.13 59.73 0.0192
4285 1328.06 1332.98 4456.66 1.69 4.92 3.38 16.61 1500.95 56.14 0.018
4125 1324.6 1330.14 4416.25 1.65 5.54 3.36 16.74 1383.84 56.25 0.0169
3970 1321.66 1327.88 4506.11 1.58 6.22 3.18 16.4 1351.62 52.15 0.0153
3828 1319.31 1326.36 4633.49 1.5 7.05 2.96 15.95 1315.53 47.21 0.0135

3647 1316.79 1323.66 4673.53 1.44 6.87 2.85 15.82 1249.64 45.09 0.0121 Begin South Bank 
Revetment

3494 1314.02 1321.5 4516.27 1.47 7.48 3.02 16.37 1168.44 49.44 0.0125
3340 1312 1319.21 4329.35 1.48 7.21 3.21 17.07 1047.27 54.79 0.0125
3187 1310 1316.56 4036.04 1.51 6.56 3.57 18.31 881.65 65.37 0.0125
3034 1308 1314.55 3972.44 1.47 6.55 3.58 18.61 794.71 66.62 0.0115
2880 1305.69 1312.76 3950.99 1.46 7.07 3.59 18.71 772.43 67.17 0.0113
2727 1304 1310.76 3868.5 1.5 6.76 3.76 19.11 764.61 71.85 0.0119
2574 1302 1308.6 3798.04 1.58 6.6 3.99 19.46 807.05 77.65 0.0136
2413 1300 1307.16 4029.6 1.47 7.16 3.52 18.34 839 64.56 0.0118
2259 1298.04 1307.89 5541.67 0.95 9.85 1.73 13.4 908.57 23.18 0.0045
2105 1297.21 1304.91 4309.84 1.43 7.7 3.15 17.15 959.69 54.02 0.0113
1930 1294.78 1303.39 4535.31 1.31 8.61 2.78 16.3 939.27 45.31 0.0092 D/S Extent of Study
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Stream 
Power
(lb/ft s)

37076 2196.15 2203.23 2750.9 2.21 7.08 6.4 23.46 782.64 150.14 0.0293 U/S Extent of Study

36825 2190 2196.29 2897.64 2.21 6.29 5.99 22.27 921.05 133.4 0.0306 End Proposed South Bank 
Revetment

36572 2181.82 2187.63 2794.4 2.29 5.81 6.44 23.1 887.27 148.76 0.0329
36318 2168.9 2179.23 2818.65 2.32 10.33 6.42 22.9 934.71 147.02 0.0343
36064 2164.59 2171.81 3118.94 2.22 7.22 5.49 20.85 1129.13 114.47 0.0321
35850 2158.96 2165.46 3177.76 2.12 6.5 5.21 20.53 1082.16 106.96 0.0287
35649 2150.09 2160.72 3462.36 2 10.63 4.41 18.64 1280.06 82.2 0.0263
35349 2144 2151.07 3343.96 2.28 7.07 5.09 19.45 1456.44 99 0.0361
35048 2135.85 2142.61 3682.23 1.97 6.76 4.03 17.53 1498.5 70.65 0.0263
34658 2125.17 2131.85 3537.09 2 6.68 4.29 18.25 1366.44 78.29 0.0266
34357 2115.24 2123.09 3521.37 2.14 7.85 4.51 18.34 1538.97 82.71 0.0316
34162 2111.78 2117.57 3690.35 2.03 5.79 4.13 17.62 1570.33 72.77 0.0282
33912 2103.93 2109.65 3575.59 2.16 5.72 4.46 18.07 1648.31 80.59 0.0329
33661 2094.49 2102.64 3690.72 1.95 8.15 3.98 17.49 1470.79 69.61 0.0255
33353 2083.44 2093.9 3542.11 2.05 10.46 4.35 18.22 1442.65 79.26 0.0285
33102 2078.45 2086.4 3525.41 2.12 7.95 4.48 18.31 1523.1 82.03 0.0311
32824 2070.04 2079.07 3702.17 1.92 9.03 3.93 17.43 1443.82 68.5 0.0246
32502 2062.28 2071.33 5006.79 2.06 9.05 5.21 20.81 1623.41 108.42 0.0264
32257 2054.76 2064.72 4502.45 1.99 9.96 4.97 20.43 1275.1 101.54 0.0244
32055 2041.97 2064.26 17218.63 0.27 22.29 0.15 3.96 2599.99 0.59 0.0004
31951 2036.34 2054.67 5912.59 0.99 18.33 1.36 10.92 1576.97 14.85 0.0059 Glen Helen Parkway
31653 2027.94 2038.54 2296.54 2.02 10.6 7.7 28.1 383.26 216.37 0.0207
31319 2018.2 2028.48 2105.68 2.21 10.28 9.16 30.65 351.09 280.75 0.0246
30906 2013.22 2023.1 3012.99 2.08 9.88 5.46 21.42 916.95 116.95 0.0267
30537 2003.64 2012.69 3052.29 2.19 9.05 5.56 21.19 1060.98 117.82 0.0306 Southbound I-15 Bridge
30452 2002.02 2011.01 8092.11 1.07 8.99 1.69 12.36 1839.3 20.89 0.0066
30412 2002.01 2008.47 4463.38 1.52 6.46 2.62 14.46 1596.59 37.89 0.0151 Northbound I-15 Bridge
30322 1998.38 2006.61 5682.22 1.09 8.23 1.52 11.36 1694.12 17.27 0.0073
30196 1995.19 2001.98 3830.65 1.84 6.79 3.65 16.85 1475.5 61.5 0.0226
30018 1990.49 1996.82 3509.44 1.97 6.33 4.28 18.39 1290.31 78.71 0.0253
29850 1985.87 1992.5 3539.94 2 6.63 4.3 18.26 1374.58 78.52 0.0267
29719 1981.92 1989.4 3675.93 1.93 7.48 3.97 17.56 1424.18 69.71 0.0247
29586 1978.91 1985.59 3565.63 2.02 6.68 4.27 18.1 1428.98 77.29 0.0275
29443 1975.99 1983.32 3989.35 1.62 7.33 3.18 16.18 1291.33 51.45 0.0165
29294 1971.93 1978.8 3407.54 1.89 6.87 4.35 18.94 1097.2 82.39 0.0225
29171 1969.15 1975.41 3316.8 2.07 6.26 4.78 19.46 1205.25 93.02 0.0279
29038 1965.03 1971.38 3243.78 2.09 6.35 4.95 19.9 1149.74 98.51 0.0282
28926 1960.97 1968.28 3289.63 2.11 7.31 4.9 19.62 1226.17 96.14 0.0293
28783 1958.21 1964.25 3398.28 2.13 6.04 4.72 18.99 1376.81 89.63 0.0307
28644 1955.19 1960.23 3559.56 2.15 5.04 4.46 18.14 1607.63 80.9 0.0322
28503 1950.37 1956.7 3799.5 1.91 6.33 3.79 16.99 1553.73 64.39 0.0248
28352 1946.92 1952.28 3482.14 1.86 5.36 4.18 18.53 1134.15 77.46 0.0218
28263 1943.76 1949.82 3340.5 1.88 6.06 4.44 19.32 1016.36 85.78 0.0217
28172 1939.85 1947.69 3255.77 1.76 7.84 4.41 19.82 828.39 87.41 0.018
28046 1934.8 1942.71 2928.45 2.55 7.91 6.49 22.04 1264.83 143.04 0.045
27910 1933.02 1939.7 3504.33 1.99 6.68 4.33 18.42 1320.8 79.76 0.0262
27755 1928.79 1935.28 3454.69 2.06 6.49 4.53 18.73 1376.03 84.85 0.0283
27586 1923.44 1930.61 3401.63 1.98 7.17 4.49 18.97 1193.05 85.18 0.0253
27440 1918.94 1926.56 3370.94 2.09 7.62 4.71 19.15 1292.7 90.2 0.029
27315 1915.8 1923.1 3369.31 2.02 7.3 4.6 19.16 1203.29 88.14 0.0264
27193 1912.55 1919.7 3412.27 2.15 7.15 4.72 18.91 1415.11 89.26 0.0313
27067 1910.58 1916.4 3627.62 2.03 5.82 4.18 17.79 1515.56 74.36 0.028
26965 1908.41 1913.39 3693.84 2.17 4.98 4.27 17.47 1827.41 74.6 0.0339
26814 1902.75 1909.22 3961.85 1.97 6.47 3.66 16.29 1874.01 59.62 0.0277
26683 1898.59 1905.14 3874.97 2.08 6.55 3.9 16.66 1947.64 64.97 0.0314
26571 1895.79 1903.95 4337.19 1.29 8.16 2.47 15.01 1051.68 37.07 0.0094
26405 1891.01 1897.75 3085.64 2.15 6.74 5.4 20.92 1052.5 112.97 0.0295
26256 1884.85 1892.76 2997.28 2.22 7.91 5.74 21.53 1027.98 123.58 0.0316
26099 1879.45 1887.16 2890.21 2.26 7.71 6.08 22.33 949.87 135.77 0.0321
25952 1876.06 1883.08 2985.74 2.14 7.02 5.62 21.62 939.21 121.5 0.0284
25772 1872.05 1879.68 3234.38 1.81 7.63 4.52 19.95 852.51 90.17 0.0191
25642 1868.62 1875.31 2935.33 2.09 6.69 5.66 21.99 853.42 124.46 0.0264
25522 1863.04 1871.01 2797.95 2.27 7.97 6.37 23.07 870.47 146.96 0.0318
25319 1859.08 1866.16 3125.11 2.09 7.08 5.21 20.65 1030.89 107.59 0.0276
25102 1855 1861.31 3317.57 1.9 6.31 4.53 19.48 1030.2 88.24 0.0223
24913 1849.57 1856.1 3162.46 2.05 6.53 5.06 20.41 1026.85 103.27 0.0263
24765 1844.38 1851.33 2986.55 2.09 6.95 5.53 21.61 898.39 119.5 0.0267
24632 1840.2 1847.27 3093.92 1.93 7.07 5.8 23.27 815.85 134.97 0.0207
24427 1832.81 1840.47 2564.04 2.2 7.66 7.03 25.17 633.19 176.95 0.0279
24220 1825.65 1834.82 2577.59 2.14 9.17 6.96 25.34 623.38 176.37 0.0256

W.S. Elev 
(ft)

Flow Area 
(sq ft) LandmarksTop Width 

(ft) E.G. Slope

Table 5.2 - Summary of Channel Existing Condition Channel Hydraulics Analysis 100-Year Bulked 
- Left Floodplain Model Results

Froude 
#XS  Depth (ft) Shear 

(lb/sq f)
Velocity 

(ft/s)River Sta Min. Ch El 
(ft)
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Stream 
Power
(lb/ft s)

W.S. Elev 
(ft)

Flow Area 
(sq ft) LandmarksTop Width 

(ft) E.G. SlopeFroude 
#XS  Depth (ft) Shear 

(lb/sq f)
Velocity 

(ft/s)River Sta Min. Ch El 
(ft)

24048 1821.52 1829.28 2448.75 2.24 7.76 7.55 26.36 569.07 199.02 0.0282
23892 1816.67 1824.2 2474.67 2.55 7.53 8.13 26.08 764.36 212.03 0.0403
23754 1808.28 1816.14 2262.53 2.7 7.86 9.5 28.53 651.66 271.04 0.0439
23559 1802.09 1811.49 2686.61 2.28 9.4 6.76 24.02 779.36 162.38 0.0315
23355 1797.77 1805.91 2742.55 2.11 8.14 6.25 23.53 713.49 147.06 0.0261
23191 1792.71 1800.69 2628.67 2.17 7.98 6.74 24.55 664.07 165.47 0.0274
23044 1787.79 1796.65 2607.73 2.11 8.86 6.68 24.78 612.25 165.53 0.025
22888 1782.76 1791.77 2499.82 2.16 9.01 7.18 25.82 562.94 185.39 0.026
22705 1778.49 1786.75 2478.37 2.18 8.26 7.32 26.04 561.4 190.61 0.0267
22527 1773.2 1780.41 2328.23 2.24 7.21 8.09 27.72 490.34 224.25 0.0274
22354 1765.34 1774.8 2266.69 2.27 9.46 8.5 28.59 483.5 243.02 0.0277
22130 1760.03 1769.05 2331.18 2.27 9.02 8.14 27.7 506.41 225.48 0.0283
21921 1755.51 1764.9 2544.32 2.07 9.39 6.92 25.68 571.91 177.71 0.0232
21731 1748.35 1759.24 2393.1 2.11 10.89 7.5 26.97 472.36 202.28 0.0239
21572 1742.31 1756.11 2932.94 1.63 13.8 6.82 28.49 561.19 194.3 0.0118
21423 1735.84 1746.17 1889.9 2.15 10.33 10.69 34.75 285.22 371.48 0.0215
21297 1732.6 1742.44 1835.35 2.24 9.84 11.29 35.48 278.1 400.57 0.0236
21146 1726.13 1736.94 1758.31 2.46 10.81 12.56 36.71 254.78 461.08 0.0295
21034 1724.17 1734 1790.68 2.54 9.83 12.51 36.04 285.98 450.86 0.0324
20892 1719.98 1728.42 1890.86 2.49 8.44 12.9 37.23 408.28 480.27 0.0302
20751 1715.94 1724.32 1754 2.48 8.38 12.63 36.8 256.32 464.78 0.0298
20593 1710.43 1720.03 1943.62 2.51 9.6 12.72 36.75 350.92 467.46 0.0308
20475 1706.77 1712.32 2026.13 3.72 5.55 19.82 42.14 540.3 835.21 0.0799
20320 1701.97 1707.39 2490.35 3.29 5.42 14.11 34.71 618.2 489.76 0.0657
20154 1697.03 1703.59 2593.12 2.11 6.56 6.72 24.89 598.98 167.26 0.0249
20000 1692.93 1699.22 2546.26 2.18 6.29 7.03 25.35 604.02 178.21 0.0268
19880 1690.27 1696.23 2564.99 2.1 5.96 6.81 25.16 576.78 171.34 0.0246
19726 1684.74 1691.12 2435.08 2.2 6.38 7.53 26.5 542.39 199.55 0.0269
19573 1680.41 1686.34 2390.89 2.3 5.93 7.94 26.99 560.28 214.3 0.0299
19421 1675 1681.03 2334.17 2.37 6.03 8.36 27.65 551.13 231.15 0.0317
19268 1670.1 1676.22 2337.5 2.36 6.12 8.33 27.61 551.51 229.99 0.0316
19116 1665.25 1671.04 2327.95 2.46 5.79 8.6 27.72 589.14 238.39 0.0349
18963 1660.54 1666.06 2376.25 2.44 5.52 8.32 27.16 615.91 225.97 0.0346
18810 1655.91 1661.47 2447.02 2.33 5.56 7.77 26.37 615.98 204.89 0.0314
18657 1651.54 1657.45 2522.13 2.19 5.91 7.16 25.59 594.8 183.22 0.0271
18504 1647.32 1653.99 2590.53 2.06 6.67 6.62 24.91 567.89 164.9 0.0233
18351 1642.78 1650.27 2555.92 2 7.49 6.62 25.25 517.79 167.16 0.0215
18198 1639.82 1646.47 2487.35 1.97 6.65 6.78 25.95 459.38 175.94 0.0201
18045 1636.28 1644.17 2573.46 1.81 7.89 6.13 25.08 429.93 153.74 0.0165
17893 1632.65 1639.63 2400.17 2.07 6.98 7.37 26.89 459.17 198.18 0.0227
17739 1628.6 1636.6 2443.21 1.99 8 7.01 26.42 446.57 185.2 0.0206
17585 1624.83 1633.05 2396.24 1.96 8.22 7.12 26.93 408.82 191.74 0.0196
17433 1621.17 1629.2 2339.8 2.1 8.03 7.69 27.58 436.98 212.09 0.0231
17295 1618.57 1627.86 2521.12 1.73 9.29 6.13 25.6 371.2 156.93 0.0145
17185 1616.53 1624.16 2368.42 2.3 7.63 8.05 27.25 544.04 219.36 0.0297
16968 1611.43 1618.48 2420.36 2.18 7.05 7.55 26.7 531.9 201.59 0.026
16794 1606.39 1614.36 2453.62 2.1 7.97 7.21 26.3 501.66 189.62 0.0237
16644 1599.71 1608.8 2331.6 2.48 9.09 8.62 27.68 600.47 238.6 0.0357
16463 1598.23 1606.45 3181.85 2.22 8.22 5.29 20.28 1225.17 107.28 0.0327
16274 1595.03 1602.47 3686.42 1.87 7.44 3.88 17.51 1350.83 67.94 0.0228
16149 1593.64 1600.77 6574.05 1.01 7.13 1.37 10.91 1909.13 14.95 0.006
16005 1590.1 1595.96 4004.92 2.07 5.86 4.22 17.71 1865.37 74.74 0.0299
15869 1587.81 1593.75 4494.56 1.62 5.94 2.91 15.16 1705.51 44.12 0.0171
15728 1584.02 1590.2 4247.74 1.92 6.18 3.64 16.47 1989.16 59.95 0.0255
15540 1579.76 1585.34 4057.73 1.93 5.58 3.7 16.62 1677.27 61.49 0.0258
15355 1576.02 1581.65 4640.61 1.71 5.63 2.98 15.01 2059.69 44.73 0.0199
15215 1573.77 1578.4 4439.89 1.69 4.63 3.04 15.33 1964.21 46.6 0.0191
15035 1569.52 1574.7 4206.41 1.75 5.18 3.14 15.44 1875.06 48.48 0.0209
14847 1565.27 1570.81 4218.02 1.74 5.54 3.11 15.36 1786.37 47.77 0.0206
14621 1560.37 1565.86 4201.57 1.82 5.49 3.21 15.36 1909.63 49.31 0.0234
14443 1554.66 1561.77 4238.08 1.81 7.11 3.16 15.23 1937.15 48.13 0.0231
14267 1552.31 1557.44 4361.44 1.87 5.13 3.37 15.75 2095.38 53.08 0.0245
14096 1547.42 1553.58 4172.26 1.75 6.16 3.15 15.47 1724.73 48.73 0.0209 Sycamore Creek Junction
13938 1543.85 1549.07 3784.91 1.93 5.22 3.82 17.05 1559.23 65.13 0.0252
13776 1539.51 1544.93 3754.76 1.92 5.42 3.86 17.19 1516.12 66.35 0.025
13625 1535.63 1541.4 3810.67 1.87 5.77 3.71 16.94 1502.21 62.85 0.0233
13476 1531.68 1538.09 3896.05 1.84 6.41 3.56 16.57 1543.72 58.99 0.0226
13326 1528.12 1534.68 3941.99 1.86 6.56 3.54 16.37 1645 57.95 0.0237
13176 1524.33 1531.11 3921.39 1.85 6.78 3.55 16.46 1603.16 58.43 0.0233
13025 1521.52 1527.61 3904.7 1.84 6.09 3.56 16.53 1565.21 58.85 0.0229
12876 1518.89 1524.19 3896.45 1.83 5.3 3.55 16.56 1534.18 58.79 0.0224
12726 1514.06 1520.79 3810.54 1.77 6.73 3.58 16.94 1336.02 60.65 0.0201
12576 1511.19 1516.71 3555.8 1.95 5.52 4.19 18.15 1324.33 76.05 0.025
12421 1507.68 1512.81 3513.01 1.92 5.13 4.21 18.37 1237.69 77.34 0.0238
12274 1502.39 1508.83 3325.41 1.87 6.44 4.45 19.41 990.31 86.37 0.0212
12123 1498.98 1505.57 3314.95 1.87 6.59 4.48 19.47 988.05 87.23 0.0214
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11913 1493.45 1500.71 3267.94 1.94 7.26 4.67 19.75 1015.25 92.23 0.0233
11677 1488.2 1495.23 3173.92 1.84 7.03 4.69 20.33 837.09 95.35 0.0198
11382 1481.54 1489.41 3700.15 1.86 7.87 4.6 19.97 1029.4 91.86 0.0205 Cajon Wash Junction
11172 1476.89 1483.55 3450.41 2.07 6.66 5.43 21.42 1033.84 116.31 0.0261
10981 1473.03 1478.3 3432.18 2.13 5.27 5.57 21.53 1079.42 119.92 0.0281
10791 1468.54 1474.06 3500.41 1.85 5.52 4.95 21.11 868.87 104.49 0.0197
10614 1464.1 1471.23 3524.05 1.62 7.13 4.49 20.97 678.89 94.16 0.0139
10436 1459.7 1467.42 3258.55 1.69 7.72 5.12 22.68 579.93 116.12 0.0146
10247 1454.5 1461.61 2873.66 2.01 7.11 6.8 25.72 563.32 174.9 0.0214
10052 1449.47 1456.89 2865.21 2.17 7.42 7.2 25.8 655.59 185.76 0.0264
9938 1445.16 1453.87 2870.87 2.19 8.71 7.22 25.74 671.51 185.84 0.0271
9785 1441.03 1449.95 2943.12 2.22 8.92 7.05 25.11 741.37 177.03 0.0286
9663 1438.1 1446.68 2952.96 2.15 8.58 6.86 25.03 698.94 171.71 0.0261
9529 1435.02 1443.88 3054.24 2.01 8.86 6.27 24.2 678.66 151.73 0.0224
9416 1431.23 1441.08 3011.39 2 9.85 6.38 24.54 646.39 156.57 0.022
9283 1429.05 1437.61 2943.57 2.06 8.56 6.7 25.11 639.12 168.24 0.0234
9093 1424.61 1432.91 2918.67 2.1 8.3 6.86 25.32 645.09 173.7 0.0244
8907 1419.94 1427.5 2821.76 2.15 7.56 7.29 26.19 611.53 190.93 0.0254
8700 1414.39 1421.73 2853.6 2.34 7.34 7.61 25.9 752.21 197.1 0.0323
8536 1410.93 1417.81 3019.38 2.12 6.88 6.6 24.48 728.96 161.57 0.0256
8398 1408.06 1414.45 3058.99 2.12 6.39 6.48 24.16 756.61 156.56 0.0257
8214 1403.21 1410.21 3114.12 2.02 7 6.13 23.73 724.16 145.46 0.0229
8058 1400.89 1407.77 3301.75 1.8 6.88 5.26 22.39 691.03 117.77 0.0177
7908 1397.99 1404.37 3181.58 1.85 6.38 5.63 23.27 648.88 131.01 0.0183
7764 1395.63 1402.71 3343.19 1.62 7.08 4.81 22.11 575.62 106.35 0.0133
7631 1393.04 1400.1 3208.48 1.71 7.06 5.28 23.05 570.03 121.7 0.015
7500 1390.2 1397.39 3051.91 1.81 7.19 5.9 24.38 547.65 143.84 0.0168
7400 1387.99 1394.25 2905.18 2.09 6.26 6.99 25.73 633.48 179.85 0.0239
7300 1385.08 1391.52 2874.71 2.24 6.44 7.35 25.84 697.98 189.92 0.0284
7200 1383.34 1388.77 2927.28 2.33 5.43 7.36 25.33 802.65 186.43 0.0322
7100 1377.76 1384.34 2880.89 2.84 6.58 8.55 25.69 1139.08 219.65 0.0539
7000 1376 1383.08 3561.19 2.08 7.08 5.24 20.79 1159.38 108.94 0.0272
6900 1374.6 1381.21 3810.43 1.9 6.61 4.51 19.41 1184.31 87.54 0.0224
6800 1372.87 1378.69 3818.49 2.01 5.82 4.81 19.84 1239.35 95.43 0.0256
6700 1371.21 1376.64 3970.75 1.88 5.43 4.34 19.01 1242.95 82.5 0.0219
6600 1368.94 1374.44 3956.22 1.87 5.5 4.32 18.98 1234.75 81.99 0.0217
6500 1367.06 1372.09 3944.53 1.92 5.03 4.43 19.09 1336.86 84.57 0.0231
6400 1364.99 1369.81 3901.39 1.93 4.82 4.4 18.94 1298.53 83.34 0.0235
6299 1362.71 1367.7 3960.1 1.85 4.99 4.19 18.66 1250.42 78.19 0.0212
6199 1360.39 1365.65 3957.43 1.78 5.26 4.1 18.69 1160.23 76.63 0.0192
6098 1358.16 1363.62 3913.07 1.76 5.46 4.12 18.89 1090.25 77.83 0.0184
5998 1355.91 1361.39 3811.08 1.78 5.48 4.32 19.42 1037.65 83.89 0.0188
5897 1354.12 1359.61 3825.43 1.71 5.49 4.2 19.41 966.39 81.52 0.0169
5711 1351.47 1357.79 4312.35 1.41 6.32 3.14 17.2 936.24 54.01 0.0109
5609 1349.73 1356.02 4059.46 1.5 6.29 3.52 18.21 883.41 64.1 0.0123
5404 1346.35 1352.32 3779.79 1.68 5.97 4.2 19.57 903.77 82.19 0.016
5190 1342.61 1348.48 3761.25 1.87 5.87 4.53 19.65 1100.35 89.01 0.0212
4960 1339.22 1345.29 4337.85 1.63 6.07 3.63 17.84 1158.08 64.76 0.0156
4806 1337.23 1342.48 4219.74 1.81 5.25 3.96 18.08 1361.1 71.6 0.0204
4619 1334.38 1339.02 4248.07 1.8 4.64 3.88 17.83 1423.61 69.18 0.0204
4461 1331.7 1336.19 4346.35 1.75 4.49 3.64 17.26 1484.59 62.83 0.0194
4285 1328.06 1332.95 4412.33 1.71 4.89 3.46 16.78 1500.35 58.06 0.0186
4125 1324.6 1330.14 4412.53 1.65 5.54 3.37 16.75 1383.72 56.45 0.0169
3970 1321.66 1327.88 4505.11 1.58 6.22 3.18 16.41 1351.61 52.18 0.0153
3828 1319.31 1326.36 4633.33 1.5 7.05 2.96 15.95 1315.53 47.21 0.0135
3647 1316.79 1323.66 4677.04 1.44 6.87 2.84 15.8 1249.7 44.87 0.0122 Begin South Bank Revetment
3494 1314.02 1321.5 4520.69 1.46 7.48 3.01 16.35 1168.66 49.21 0.0125
3340 1312 1319.21 4330.63 1.48 7.21 3.21 17.07 1047.45 54.79 0.0124
3187 1310 1316.56 4036.47 1.51 6.56 3.57 18.31 881.68 65.37 0.0125
3034 1308 1314.55 3972.73 1.47 6.55 3.58 18.6 794.74 66.59 0.0115
2880 1305.69 1312.76 3951.17 1.46 7.07 3.59 18.71 772.46 67.17 0.0113
2727 1304 1310.76 3868.59 1.5 6.76 3.76 19.11 764.61 71.85 0.0119
2574 1302 1308.6 3798.14 1.58 6.6 3.99 19.46 807.05 77.65 0.0136
2413 1300 1307.16 4029.6 1.47 7.16 3.52 18.34 839 64.56 0.0118
2259 1298.04 1307.89 5541.89 0.95 9.85 1.73 13.4 908.57 23.18 0.0045
2105 1297.21 1304.91 4309.84 1.43 7.7 3.15 17.15 959.69 54.02 0.0113
1930 1294.78 1303.39 4535.31 1.31 8.61 2.78 16.3 939.27 45.31 0.0092 D/S Extent of Study
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37076 2196.03 2205.83 5087.67 0.99 9.8 1.66 12.69 1007.53 21.06 0.005285 U/S Extent of Study

36825 2190.00 2198.57 5374.62 1 8.57 1.54 12.01 1193.64 18.49 0.005498 End Proposed South Bank 
Revetment

36572 2182.18 2190.51 5172.17 0.99 8.89 1.64 12.6 1049.15 20.45 0.005374
36318 2168.24 2182.7 5029.84 0.98 14.46 1.74 13.06 940.91 22.33 0.005304
36064 2164.58 2175.45 5201.2 0.98 10.86 1.8 13.03 1039.93 22.33 0.005878
35850 2158.82 2168.8 5355.35 0.97 9.98 1.72 12.64 1119.33 20.77 0.005854
35649 2150.00 2162.82 5245.16 0.99 12.82 1.59 12.35 1097.7 19.61 0.005398
35349 2144.01 2153.44 5504.86 0.99 9.43 1.54 11.94 1259.76 18.09 0.0057
35048 2135.47 2144.94 5582.81 0.98 9.47 1.5 11.91 1297.52 17.34 0.00562
34658 2125.25 2134.34 5575.3 0.98 9.08 1.52 11.82 1288.3 17.55 0.005643
34357 2115.22 2125.9 5497.6 1 10.68 1.53 11.89 1281.88 17.9 0.005743
34162 2111.77 2120.4 5625.36 0.97 8.66 1.57 11.94 1306.97 17.96 0.005865
33912 2103.93 2112.6 5686.04 0.96 8.67 1.51 11.92 1320.66 17.08 0.005648
33661 2094.15 2105.17 5501.45 1.01 11.02 1.5 11.77 1302.73 17.59 0.005723
33353 2083.45 2096.24 5234.94 0.99 12.79 1.58 12.36 1090.47 19.53 0.005324
33102 2078.39 2088.44 5482.27 0.98 10.05 1.5 11.97 1232.48 17.65 0.005448
32824 2070.03 2080.79 5634.23 0.98 10.76 1.44 11.65 1336.97 16.52 0.005527
32502 2062.07 2072.03 5712.05 0.99 9.96 1.43 11.36 1412.44 16.2 0.005732
32257 2054.65 2065.53 5689.15 0.99 10.87 1.42 11.35 1402.91 16.15 0.005649
32055 2054.25 2063.85 9418.93 0.5 9.6 0.46 6.87 1635.08 3.15 0.001279
31951 2049.39 2058.46 5503.37 0.99 9.07 1.49 11.73 1272.21 17.5 0.00553 Glen Helen Parkway
31653 2028.00 2042.69 4242.53 1 14.69 2.12 15.21 587.26 32.27 0.00474
31319 2017.87 2037.01 10183.19 0.47 19.14 0.7 14.14 1835.68 4.45 0.002043
30906 2016.30 2026.46 5081.25 0.99 10.16 1.66 12.79 995.79 21.14 0.005256
30537 2005.92 2014.9 7809.91 0.67 8.98 0.73 8.31 1654.11 6.02 0.002485 Southbound I-15 Bridge
30452 2002.06 2011.36 7239.23 0.75 9.3 0.86 8.94 1640.16 7.66 0.003138
30412 2001.80 2011.45 8202.15 0.62 9.65 0.66 7.94 1643.25 5.15 0.002115 Northbound I-15 Bridge
30322 1998.69 2007.36 5983.65 0.99 8.66 1.45 11.07 1614.34 15.6 0.006287
30196 1994.02 2003.94 5899.54 0.99 9.92 1.42 11.11 1567.72 15.5 0.006067
30018 1990.22 1999.14 5807.89 1 8.92 1.42 11.21 1523.4 15.76 0.005991
29850 1985.95 1994.6 5682.71 0.99 8.65 1.42 11.48 1392.99 16.1 0.005586
29719 1981.25 1991.35 5845.97 0.99 10.1 1.46 11.31 1507.5 16.11 0.006062
29586 1978.75 1987.61 5885.75 0.99 8.86 1.37 10.99 1559.89 15.01 0.005838
29443 1976.00 1984.77 5871.79 0.98 8.77 1.5 11.51 1496.63 16.44 0.006128
29294 1971.86 1980.94 5825.61 0.99 9.08 1.36 11.21 1508.64 15.1 0.00568
29171 1969.00 1977.14 5697.39 1 16.2 1.42 11.33 1427.71 16.11 0.005729
29038 1964.84 1973.28 5751 0.99 15.31 1.41 11.22 1455.24 15.81 0.005729
28926 1961.00 1970.1 5772.73 1 14.55 1.4 11.18 1477.03 15.7 0.005772
28783 1958.06 1966.06 5964.73 0.98 11.66 1.36 10.96 1589.11 14.73 0.005837
28644 1954.86 1961.79 5855.82 1 8.79 1.38 11.04 1557.6 15.24 0.005922
28503 1950.24 1958.28 6191.65 0.98 8.04 1.32 10.77 1744.64 13.79 0.005991
28352 1945.66 1954.18 6132.64 1 8.52 1.29 10.55 1766.79 13.57 0.005964
28263 1942.81 1951.72 5902.92 0.99 8.91 1.35 11.04 1555.87 14.8 0.005736
28172 1940.14 1949.62 5953.51 1 9.47 1.34 10.87 1624.51 14.54 0.005885
28046 1934.02 1944.76 6004.5 1 10.73 1.33 10.75 1679.13 14.3 0.00598
27910 1933.00 1941.49 6049.77 1 8.49 1.29 10.75 1723.59 13.71 0.005888
27755 1928.46 1937.22 6126.25 1 8.76 1.27 10.57 1780.63 13.42 0.005941
27586 1923.07 1932.61 6030.03 1 9.54 1.32 10.7 1683.95 14.18 0.00594
27440 1918.59 1928.26 6222.62 1 9.67 1.25 10.47 1855.85 12.97 0.005996
27315 1915.87 1924.67 6235.26 1 8.8 1.21 10.44 1885.7 12.57 0.005899
27193 1912.29 1921.33 5993.1 0.99 9.04 1.33 10.77 1646.22 14.36 0.00588
27067 1910.43 1917.81 6261.34 1 7.38 1.26 10.32 1896.05 12.98 0.006121
26965 1907.72 1914.85 6333.45 0.99 7.13 1.25 10.24 1942.26 12.72 0.006156
26814 1902.37 1910.54 6294.66 0.99 8.17 1.25 10.29 1906.42 12.79 0.006074
26683 1897.73 1906.55 6486.04 0.98 8.82 1.23 10.12 2044.43 12.28 0.006258
26571 1895.45 1903.29 6547.36 0.98 7.84 1.2 9.99 2104.07 11.81 0.006191
26405 1890.09 1899.77 5285.96 1 9.68 1.55 12.25 1142.93 18.88 0.005375
26256 1884.01 1894.82 5218.6 1 10.81 1.61 12.37 1096.2 19.9 0.005435
26099 1879.06 1889.37 4910.32 1 10.31 1.73 13.2 910.66 22.77 0.005181
25952 1876.00 1885.22 5069.51 1 9.22 1.67 12.73 1001.14 21.26 0.005298
25772 1871.99 1881.61 5000.27 1 9.62 1.71 12.91 966.31 22.01 0.005305
25642 1867.81 1877.48 4894.07 1 9.82 1.72 13.26 903.78 22.66 0.005108
25522 1862.95 1873.26 4973.3 1 10.31 1.68 13.03 953.63 21.84 0.005191
25319 1858.89 1868.1 5181.3 1 10.1 1.6 12.53 1065.3 19.96 0.005299
25102 1854.63 1863.01 15031.1 0.38 10.89 0.43 6.98 3716.16 1.83 0.001695
24913 1848.30 1858.01 5163.16 1 11.03 1.61 12.52 1061 20.16 0.005325
24765 1844.44 1853.45 4925.28 1 11.12 1.73 13.15 919.72 22.63 0.005199
24632 1840.13 1849.28 4950.76 1 11.28 1.72 13.04 938.92 22.43 0.005243
24427 1832.53 1843.32 4434.48 1 10.79 1.98 14.61 671.03 28.75 0.004829
24220 1825.27 1837.74 4329.32 1 12.47 2.02 14.99 630.74 30.13 0.004743
24048 1821.33 1832.29 4275.95 1.01 10.96 2.07 15.13 611.81 31.31 0.004776
23892 1816.13 1826.9 4810.9 1.01 10.77 1.74 13.46 871.24 23.32 0.005059
23754 1808.31 1819.39 4611.39 1 11.08 1.88 14 763.16 26.32 0.005004
23559 1802.02 1814.09 4825.46 1 42.44 1.78 13.37 861.36 23.84 0.00512

Flow Area  
(sq ft)

Froude 
#XS Depth (ft) Shear 

(lb/sq f) Landmarks

Table 5.3 - Summary of Proposed Condition Channel Hydraulics Analysis 100-Year Bulked 
- Right Floodplain Model Results
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23355 1797.16 1808.41 4664.65 1 61.43 1.85 13.87 779.76 25.66 0.004991
23191 1792.34 1803.47 4565.82 1 56.27 1.91 14.14 734.7 26.95 0.004933
23044 1786.43 1799.43 4342.09 1 57.58 2.06 14.86 635.3 30.66 0.004875
22888 1782.36 1794.69 4232.18 1.01 58.68 2.08 15.3 593.31 31.67 0.004713
22705 1778.00 1789.81 4286.46 1 62.23 2.03 15.15 612.77 30.56 0.004698
22527 1772.92 1783.98 4054.09 1 63 2.22 16.01 512.41 35.34 0.004537
22354 1765.12 1778.21 4053.79 1 64.25 2.2 16.11 514.94 35 0.00452
22130 1759.60 1772.46 4073.09 1 62.79 2.21 15.85 524.66 35.09 0.004616
21921 1755.24 1767.74 4257.22 1 61.92 2.07 15.29 596.93 31.32 0.004675
21731 1748.33 1762.43 4099.25 1 62.19 2.2 15.76 537.69 34.67 0.004667
21572 1741.93 1759.51 29603.58 0.14 64.04 0.14 5.43 3809.3 0.31 0.000291
21423 1735.98 1751.22 4013.22 1 62.22 2.26 16.12 500.08 36.36 0.004598
21297 1732.37 1747.72 4065.73 0.98 62.46 1.97 17.07 497.23 31.31 0.003949
21146 1725.73 1742.41 4534.89 1 62.17 1.89 14.27 726.46 26.95 0.00491
21034 1723.51 1739.04 4515.58 1.01 63.09 1.92 14.31 720.64 27.51 0.004981
20892 1720.00 1733.19 4321.02 1 62.63 2.07 14.94 620.86 30.99 0.004845
20751 1715.04 1730.05 4742.36 0.86 64.88 1.57 17.55 604.47 21.37 0.003238
20593 1710.59 1724.64 3910 1 84.83 2.37 16.51 458.23 39.11 0.004524
20475 1706.72 1719.62 3535.83 1 85.27 2.56 18.5 344.53 46.69 0.004101
20320 1701.71 1713.47 4742.92 1 92.52 1.83 13.61 820.35 24.87 0.005101
20154 1697.53 1710.43 4410.63 1 90.59 2.01 14.63 659.16 29.46 0.004856
20000 1696.56 1707.35 4399.97 1 93.33 2.02 14.67 654.6 29.61 0.004836
19880 1694.08 1705.12 4377.38 0.99 101.12 2.03 14.74 641.78 29.94 0.004804
19726 1684.07 1701.11 4342.97 1 103.08 2.06 14.86 628.71 30.55 0.004813
19573 1680.06 1695.82 4345.23 1 100.82 2.05 14.85 630.61 30.5 0.004805
19421 1671.50 1690.79 4325.38 1 95.79 2.07 14.92 623.39 30.93 0.004853
19268 1661.38 1684.74 4311.78 1 88.49 2.08 14.97 615.27 31.11 0.004815
19116 1648.00 1663.75 3686.96 1 65.75 2.57 17.5 386.3 44.97 0.004392
18963 1643.86 1654.28 4132.73 1 53.41 2.2 15.62 542.15 34.31 0.004662
18810 1636.42 1647.08 4055.86 1 44.97 2.25 15.91 512.77 35.81 0.004583
18657 1629.93 1641.11 3979.73 1 37.72 2.31 16.22 485.46 37.45 0.004537
18504 1625.34 1636.28 3729.27 1 32.28 2.53 17.31 401.76 43.71 0.004397
18351 1621.96 1632.44 3639.15 1 28.44 2.61 17.73 371.91 46.28 0.004325
18198 1618.94 1630.99 3519.44 1 28.99 2.73 18.34 335.49 50.05 0.004235
18045 1616.00 1627.28 3593.76 1 21.28 2.65 17.96 357.39 47.63 0.004281
17893 1613.20 1627.13 4049.67 0.79 27.13 1.95 15.94 323.62 31.02 0.002543
17739 1610.47 1627.26 4423.76 0.66 23.84 1.54 14.59 293.96 22.47 0.001694
17585 1610.00 1627 4424.84 0.66 24.67 1.53 14.59 287.48 22.34 0.00166
17433 1608.14 1627.4 5167.54 0.56 23.4 1.12 12.49 338.04 13.99 0.001204
17295 1604.00 1627.31 5256.82 0.53 23.31 1.06 12.28 317.04 12.96 0.001052
17185 1607.48 1625.86 4321.72 1 23.19 2.07 14.93 619.99 30.97 0.004842
16968 1606.00 1623.49 6354.31 0.57 32.26 1.03 12.05 654.98 10.48 0.001714
16794 1606.00 1621.08 4935 0.85 21.42 1.86 16.75 673.5 24.31 0.004087
16644 1604.71 1618.12 5013.23 0.84 16.12 2.21 17.05 685.13 28.39 0.004851
16463 1602.00 1609.75 5836.75 0.99 7.75 1.37 11.29 1497.63 15.13 0.005662
16274 1598.00 1605.36 5933.91 0.99 7.36 1.31 11.18 1570.12 14.26 0.005572
16149 1595.18 1602 6501.98 0.92 10.23 1.47 11.34 1784.37 14.61 0.006498
16005 1591.15 1598.58 6503.61 0.92 9.58 1.53 11.2 1810.26 15.22 0.006874
15869 1588.53 1596.13 6248.97 0.96 8.58 1.47 11.14 1730.87 15.21 0.006573
15728 1585.38 1592.95 6372.58 0.93 7.96 1.56 11.48 1719.15 15.77 0.006763
15540 1581.00 1587.75 6183.06 0.95 7.75 1.72 11.54 1655.25 17.93 0.007415
15355 1576.67 1583.76 6671.68 0.92 7.1 1.4 11.16 1948.75 13.56 0.006589
15215 1573.27 1580.41 6704.24 0.93 8.4 1.3 10.64 2025.39 12.51 0.006316
15035 1570.04 1576.72 6635.52 0.95 10.72 1.18 10.39 2059.43 11.47 0.005884
14847 1565.60 1572.8 6669.4 0.96 11.79 1.17 10.28 2114.89 11.36 0.005987
14621 1560.00 1567.9 6243.84 1 11.79 1.25 10.36 1877.34 12.93 0.00605
14443 1554.49 1563.62 6219.71 1 11.29 1.2 10.57 1875.31 12.46 0.005824
14267 1552.08 1559.27 6339.25 0.97 13.66 1.22 10.67 1866.85 12.38 0.005758

14096 1547.00 1555.71 5440.25 0.99 12.92 1.56 12.03 1211.05 18.47 0.005585 Sycamore Creek Junction

13938 1544.37 1551.56 5444.22 0.98 11.95 1.59 12.14 1209.59 18.87 0.0057
13776 1538.55 1547.23 5863.89 0.99 11.13 1.44 11.26 1519.37 15.84 0.006014
13625 1535.40 1543.61 5615.88 1 10.36 1.45 11.55 1366.67 16.71 0.005708
13476 1531.43 1540.16 5855.06 1 9.68 1.36 11.04 1552.3 15.03 0.005823
13326 1528.08 1536.57 5647.01 1 9.51 1.43 11.54 1405.76 16.29 0.005719
13176 1524.25 1532.97 5811.53 1 8.95 1.4 11.11 1517.99 15.5 0.005876
13025 1521.30 1529.48 5772.08 0.99 8.6 1.44 11.36 1446.19 16.15 0.005823
12876 1518.84 1525.98 5621.27 0.99 8.6 1.54 11.73 1346.97 17.69 0.005943
12726 1514.20 1522.45 5577.37 0.98 8.25 1.56 11.87 1293.13 17.99 0.005811
12576 1511.00 1518.46 5553.81 0.98 7.46 1.56 11.96 1267.86 18.17 0.005751
12421 1507.56 1514.43 5443.68 1 6.87 1.52 11.89 1236.84 18.01 0.005552
12274 1502.11 1510.78 5500.33 0.97 10.8 1.53 12.04 1222.83 18 0.00549
12123 1498.87 1507.42 5360.01 1 8.55 1.53 12.11 1181.54 18.48 0.005439
11913 1493.21 1502.49 5271.82 1.01 9.28 1.49 12.39 1144.99 18.3 0.005221
11677 1488.00 1497.32 5008.78 1.01 9.32 1.65 12.9 989.59 21.24 0.005224
11382 1481.06 1491.25 5749.68 1 10.19 1.65 12.86 1130.74 21.25 0.005214 Cajon Wash Junction
11172 1476.94 1485.59 5835.41 1 8.65 1.66 12.67 1162.25 20.98 0.005295
10981 1472.91 1480.38 5729.57 1 7.47 1.7 12.9 1103.07 21.91 0.005246
10791 1467.67 1476.11 5344.95 1 8.44 1.87 13.83 898.22 25.8 0.005032
10614 1464.02 1473.46 5204.67 1 9.44 1.93 14.2 824.5 27.42 0.004917
10436 1459.62 1469.92 4880.25 1 10.3 2.08 15.15 687.72 31.52 0.004726
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10247 1454.24 1464.75 4695.69 1.02 10.51 2.09 15.78 635.42 32.93 0.004557
10052 1449.17 1459.76 4873.59 1.01 10.59 2.05 15.17 696.37 31.15 0.004729
9938 1445.00 1456.84 4893.74 1 11.84 2.1 15.1 685.16 31.68 0.004732
9785 1440.98 1452.74 5252.6 1 11.76 1.91 14.07 850.03 26.87 0.004975
9663 1438.00 1449.35 4983.61 1 11.35 2.05 14.83 725.97 30.41 0.004821
9529 1435.00 1446.49 4923.69 1 11.49 2.08 15.01 697.62 31.24 0.004762
9416 1431.26 1443.85 4834.04 1 12.59 2.14 15.29 665.29 32.7 0.004753
9283 1428.98 1440.36 4821.58 1 11.38 2.14 15.33 656.22 32.81 0.004697
9093 1424.56 1436.09 4676.32 1 11.53 2.24 15.81 599.3 35.43 0.004703
8907 1419.94 1430.39 4741.13 1 10.45 2.19 15.59 625.61 34.18 0.004674
8700 1414.61 1424.58 5077.6 1 9.97 2 14.56 767.23 29.13 0.004891
8536 1410.45 1420.39 5013.37 1 19.89 2.03 14.74 741.34 29.95 0.004853
8398 1407.92 1417.04 5151.75 0.99 21.39 1.93 14.49 796.39 27.65 0.004792
8214 1403.16 1412.75 5035.01 1 21.45 2.02 14.68 746.66 29.64 0.004824
8058 1400.27 1410 4941.17 1 23.97 2.07 14.96 712.07 31.04 0.004811
7908 1398.00 1406.85 4858.53 0.99 25.03 2.11 15.32 667.96 32.07 0.004664
7764 1395.11 1404.72 4608.43 1.01 26.61 2.28 16.05 587.86 36.52 0.004689
7631 1393.00 1402.47 4614.01 1 24.47 2.27 16.02 576.63 36.42 0.00459
7500 1390.08 1399.94 4568.88 1 23.74 2.3 16.18 559.83 37.27 0.004564
7400 1387.80 1397.09 4789.84 1 20.95 2.14 15.45 644.25 33.09 0.004652
7300 1385.00 1394.37 4966.87 1 18.37 2.06 14.88 716.76 30.6 0.00478
7200 1382.71 1391.51 5187.61 1 15.51 1.94 14.25 818.36 27.66 0.004927
7100 1377.90 1386.84 5824.42 1 8.94 1.66 12.83 1168.26 21.08 0.005346
7000 1376.00 1384.97 5819.28 1.01 8.97 1.65 12.78 1178.45 21.02 0.005378
6900 1374.00 1382.86 5868.08 1 8.86 1.65 12.63 1198.55 20.75 0.005405
6800 1372.80 1380.4 6023.87 0.99 7.67 1.71 12.67 1255.75 20.99 0.00573
6700 1371.00 1378.22 6014.8 0.99 7.22 1.67 12.59 1254.98 20.53 0.005601
6600 1369.00 1376.05 6002.12 0.99 7.05 1.65 12.54 1246.42 20.28 0.005491
6500 1366.97 1373.69 6243.94 0.99 6.72 1.49 12.28 1419.4 17.68 0.005447
6400 1364.98 1371.42 6093.46 1.01 6.44 1.54 12.15 1365.43 18.65 0.005529
6299 1362.67 1369.29 6012.17 1 6.62 1.59 12.3 1281.59 19.58 0.005446
6199 1360.19 1367.22 5889.48 1.01 7.03 1.65 12.55 1224.91 20.7 0.005503
6098 1358.14 1365.26 5826.77 1 7.12 1.67 12.68 1168.36 21.12 0.005357
5998 1355.94 1363.09 5719.6 1.01 7.15 1.72 12.92 1121.58 22.17 0.005398
5897 1354.05 1361.33 5565.6 1 7.28 1.79 13.41 1008.15 23.74 0.005197
5711 1351.45 1359.01 5548.41 1 7.56 1.79 13.44 1003.67 23.88 0.005206
5609 1349.73 1357.46 5419.54 1.01 7.73 1.84 13.64 956.8 25.16 0.005227
5404 1346.16 1354.19 5779.9 1.01 8.03 1.68 12.82 1149.81 21.49 0.005361
5190 1342.65 1350.32 5985.83 1.01 7.67 1.61 12.35 1293.44 19.9 0.005582
4960 1339.06 1346.69 6115.72 0.98 7.63 1.7 12.63 1298.95 20.55 0.005791
4806 1337.07 1343.84 6142.58 1.01 6.77 1.56 12.03 1390.78 18.78 0.005671
4619 1334.25 1340.42 6250.62 1 6.17 1.51 11.83 1442.62 17.88 0.005596
4461 1331.70 1337.54 6400.26 0.99 5.84 1.47 11.8 1506.99 16.98 0.005551
4285 1328.00 1334.19 6336.54 1.01 6.19 1.48 11.74 1525.38 17.27 0.005716
4125 1324.54 1331.44 6235.6 1 6.9 1.52 11.85 1416.58 17.97 0.005524
3970 1321.67 1329.08 6160.22 1 7.41 1.54 12 1368.56 18.49 0.005493
3828 1319.31 1327.47 6105.15 1 8.16 1.56 12.11 1334.45 18.9 0.005475

3647 1316.77 1324.68 6000.09 1 7.91 1.58 12.37 1269.22 19.44 0.005357 Begin South Bank 
Revetment

3494 1314.00 1322.64 5881.02 1 8.64 1.65 12.57 1207.32 20.71 0.005428
3340 1312.00 1320.5 5921.99 1 8.5 1.61 12.49 1220.69 20.1 0.00533
3187 1310.00 1318.34 5902.68 1 8.34 1.61 12.53 1211.01 20.21 0.005318
3034 1308.00 1316.48 5830.29 0.99 8.48 1.66 12.68 1156.51 21.01 0.005275
2880 1305.81 1314.43 5474.95 1 8.62 1.8 13.5 963.78 24.29 0.005083
2727 1304.00 1312.34 5186.65 1 8.34 1.95 14.25 824.67 27.72 0.004966
2574 1302.00 1310.28 5190.69 1.01 8.28 1.9 14.25 844.14 27.02 0.004949
2413 1300.00 1308.62 5292.32 1 8.62 1.9 13.97 881.37 26.49 0.005065
2259 1298.03 1307.6 5301.03 1.01 9.57 1.9 13.99 893.47 26.42 0.005128
2105 1297.23 1306 5456.99 1.01 8.76 1.82 13.55 970.38 24.67 0.0052
1930 1294.61 1304.27 5448.39 1.01 9.66 1.83 13.57 963.93 24.8 0.005202 D/S Extent of Study
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Stream 
Power
(lb/ft s)

37076 2196.03 2203.24 2754.45 2.2 7.21 6.39 23.43 784.35 149.7 0.029224 U/S Extent of Study

36825 2190 2196.22 2890.63 2.22 6.22 6.03 22.33 921.97 134.54 0.030889 End Proposed South Bank 
Revetment

36572 2182.18 2188.01 2807.24 2.18 6.39 6.24 23.2 809.1 143.44 0.029
36318 2168.24 2179.86 2707.41 2.2 11.62 6.68 24.07 745.37 159.13 0.029866
36064 2164.58 2173.27 2999.91 2.15 8.69 5.94 21.92 960.99 127.69 0.030969
35850 2158.82 2166.57 2985.27 2.13 7.75 5.98 22.13 931.14 129.34 0.030286
35649 2150 2160.75 3025.91 2.18 10.75 5.57 21.37 1021.29 118.89 0.030371
35349 2144.01 2151.56 3166.36 2.21 7.55 5.51 20.64 1194.74 112.3 0.033485
35048 2135.47 2143.04 3267.43 2.02 7.57 4.8 19.83 1098.2 94.91 0.025992
34658 2125.25 2132.19 3125.28 2.06 6.94 5.15 20.72 997.79 106.29 0.026421
34357 2115.22 2124.09 3226.44 2.11 8.87 5.07 20.15 1154.78 101.47 0.029277
34162 2111.77 2118.55 3283.03 2.06 6.81 5.03 20.02 1164.8 98.85 0.028737
33912 2103.93 2110.69 3209.45 2.18 6.76 5.27 20.34 1211.05 105.88 0.032037
33661 2094.15 2103.43 3280.95 2.08 9.28 4.87 19.67 1176.83 95.71 0.028076
33353 2083.45 2094.28 3137.33 2.08 10.83 5.17 20.57 1030.75 106.34 0.02734
33102 2078.39 2086.46 3085.88 2.25 8.07 5.57 20.97 1147.48 116.47 0.033382
32824 2070.03 2079.01 3367.76 2 8.98 4.62 19.28 1186.22 88.61 0.026256
32502 2062.07 2070.46 3206.84 1.92 8.39 4.82 20.27 939.33 97.02 0.022822
32257 2054.65 2063.75 2998.06 2.02 9.1 5.39 21.53 849.02 115.95 0.024545
32055 2054.25 2059.85 3275.67 2.26 5.6 5.15 19.7 1387.86 101.54 0.035001
31951 2049.39 2058.46 5503.37 2.26 9.07 1.49 11.73 1272.21 17.5 0.00553 Glen Helen Parkway
31653 2035.22 2047.1 5033.63 0.99 19.1 1.68 12.94 974.96 21.56 0.00528
31319 2027.21 2033.76 2451.64 2.98 15.89 8.84 26.56 1014.71 232.72 0.05879
30906 2016.84 2025.05 3077.01 1.71 8.75 4.66 21.3 656.05 97.73 0.01605
30537 2005.92 2011.15 2454.27 2.75 5.23 8.81 26.53 864.75 231.8 0.050086 Southbound I-15 Bridge
30452 2002.06 2009.05 3586.08 2.01 6.99 4.68 18.44 1441.81 84.22 0.030283
30412 2001.8 2008.61 3650.79 1.98 6.81 4.41 18.03 1472.75 77.95 0.028624 Northbound I-15 Bridge
30322 1998.69 2006.12 4102.15 1.63 7.43 3.25 16.02 1412.26 51.13 0.018021
30196 1994.02 2002.49 3724.1 1.85 8.47 3.92 17.53 1371.69 67.86 0.023215
30018 1990.22 1997.44 3477.95 1.88 7.22 4.35 19.05 1154.4 80.82 0.023258
29850 1985.95 1992.8 3310.86 2.07 6.85 4.79 19.49 1199.75 93.4 0.027874
29719 1981.25 1989.56 3440.55 1.97 8.31 4.48 18.92 1217.59 84.03 0.025517
29586 1978.75 1985.83 3377.03 2.06 7.08 4.64 19.15 1257.63 88.63 0.027762
29443 1976 1983.12 3658.09 1.77 7.12 3.78 17.64 1185.65 66.74 0.019707
29294 1971.86 1979.14 3394.28 1.89 7.28 4.33 19.02 1084.35 82.37 0.022245
29171 1969 1975.19 3181.24 2.12 14.25 5.13 20.29 1115.65 104.17 0.028929
29038 1964.84 1971.29 3174.97 2.13 13.32 5.16 20.33 1119.7 104.97 0.029253
28926 1961 1968.17 3232.02 2.12 12.62 5.03 19.97 1172.66 100.47 0.029328
28783 1958.06 1964.3 3403.87 2.09 9.9 4.69 19.2 1327.91 89.01 0.029441
28644 1954.86 1960.21 3454.94 2.15 7.21 4.66 18.72 1479.64 87.13 0.032121
28503 1950.24 1956.7 3686.82 1.94 6.46 3.93 17.56 1455.69 68.72 0.024895
28352 1945.66 1952.31 3436.34 1.92 6.65 4.34 18.78 1156.6 81.43 0.023434
28263 1942.81 1949.76 3308.8 1.91 6.95 4.47 19.54 1026.15 87.13 0.022256
28172 1940.14 1947.69 3258.29 1.81 7.55 4.48 19.81 875.93 88.76 0.019377
28046 1934.02 1942.66 2935.69 2.51 8.64 6.4 21.98 1230.08 140.66 0.043075
27910 1933 1939.78 3492.24 1.97 6.78 4.32 18.48 1273.56 79.78 0.025297
27755 1928.46 1935.39 3367.95 2 6.93 4.57 19.16 1177.32 87.66 0.025665
27586 1923.07 1930.63 3292.15 2.06 7.56 4.81 19.6 1164.94 94.27 0.027337
27440 1918.59 1926.64 3341.6 2.1 8.05 4.69 19.38 1271.67 90.67 0.028716
27315 1915.87 1922.98 3399.73 2.18 7.11 4.79 18.98 1443.64 90.94 0.032655
27193 1912.29 1919.78 3583.37 1.99 7.49 4.21 18.01 1415.21 75.8 0.026675
27067 1910.43 1916.33 3641.52 2.08 5.9 4.22 17.73 1610.54 74.81 0.02995
26965 1907.72 1913.45 3739.71 2.05 5.73 4.07 17.34 1693.98 70.2 0.029618
26814 1902.37 1909.21 3844.64 2.02 6.84 3.88 16.85 1784.96 65.07 0.028912
26683 1897.73 1905.16 3818.76 2.07 7.43 4.06 17.07 1839.46 68.64 0.031451
26571 1895.45 1901.94 3914.79 2.02 6.49 3.78 16.59 1884.92 62.33 0.02925
26405 1893 1900.35 4612.12 1.15 10.26 2.28 14.73 996.52 31.84 0.007951
26256 1888.36 1894.23 3046.34 2.1 10.22 5.42 21.25 962.27 114.75 0.027547
26099 1882.03 1889.35 2970.4 2.15 10.29 5.71 21.85 937.48 124.01 0.028987
25952 1879 1885.63 3112.4 1.99 9.63 5.47 21.41 921.88 113.44 0.026169
25772 1873.58 1879.48 2896.29 2.2 7.48 6.12 22.66 906.81 136.43 0.030926
25642 1867.66 1875.09 2818.16 2.24 7.43 6.25 23 870.08 143.04 0.031071
25522 1864 1870.95 2776.08 2.33 8 6.56 23.31 897.14 152.42 0.034099
25319 1858 1865.73 2911.05 2.03 7.73 5.52 22.22 782.3 122.45 0.023847
25102 1852.12 1859.9 2860.27 2.14 7.78 5.93 22.57 827.23 133.86 0.027624
24913 1846.98 1853.64 2724.82 2.2 6.66 6.47 23.72 758.38 153.19 0.028998
24765 1842.33 1849.58 2712.9 2.09 7.25 6.2 23.85 675.98 147.41 0.024854
24632 1838 1844.06 2477.86 2.32 6.05 7.25 26.06 632.52 188.81 0.029683
24427 1833.31 1840.13 2829.33 2.08 7.6 5.87 22.95 755.45 133.98 0.025235
24220 1829.14 1835.85 2954.76 1.93 10.58 5.33 21.84 743.58 116.4 0.021555

Table 5.4 - Summary of Channel Proposed Condition Channel Hydraulics Analysis 100-Year Bulked 
- Left Floodplain Model Results
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(lb/sq f)
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24048 1824.55 1830.63 2830.35 2.27 9.3 6.28 22.8 903.87 143.28 0.032178
23892 1819.04 1825.22 2783.12 2.29 9.09 6.41 23.26 874.26 148.6 0.032358
23754 1814.02 1820.17 2697.29 2.33 11.86 6.66 23.97 823.49 159.33 0.032697
23559 1808.01 1814.62 2841.6 2.24 42.97 5.98 22.85 888.28 135.88 0.030072
23355 1802.14 1808.59 2840.42 2.13 61.61 6 23.14 807.06 136.42 0.027501
23191 1797.51 1804.49 3137.46 1.91 57.29 5.08 23.79 872.29 104.59 0.022778
23044 1792.4 1799.84 2744.83 2.3 57.99 6.44 24 847.94 151.43 0.031989
22888 1789.15 1795.97 2913.11 2.1 59.96 5.86 22.59 839.88 129.8 0.027263
22705 1782.23 1789.08 2741.41 2.47 61.5 6.97 23.69 971.22 163.98 0.039712
22527 1778 1784.36 3043.97 2.11 63.38 5.45 21.32 971.01 115.49 0.028128
22354 1773.96 1778.86 3012.7 2.26 64.9 5.73 21.63 1083.68 122.81 0.033162
22130 1766.6 1772.72 3161.29 2.06 63.05 5 20.55 1038.41 102.06 0.026377
21921 1759.37 1765.92 2992.53 2.2 60.1 5.77 21.74 1003.37 124.34 0.031127
21731 1754.16 1760.52 3327.54 1.9 60.28 5.23 22.51 1028.19 101.47 0.025993
21572 1749.11 1756.17 3194.31 2.05 60.7 5.49 22.18 1060.61 110.85 0.029255
21423 1746 1752.54 3178.83 1.88 63.54 4.99 21.61 876.73 101.26 0.022159
21297 1742 1748.55 3006.81 2.03 63.3 5.43 22.96 869.42 116.46 0.0253
21146 1736.61 1741.96 2679.49 2.71 61.72 7.82 24.42 1093.55 188.33 0.051414
21034 1732 1738.71 2941.51 2.2 62.76 5.87 22.12 951.77 128.86 0.030623
20892 1727.83 1733.84 2814.2 2.18 63.28 6.17 22.93 819.56 141.44 0.028863
20751 1722.85 1729.81 2793.03 2.12 64.64 6.11 23.11 754.08 141.1 0.026505
20593 1716 1723.43 2510.65 2.18 83.61 7.18 25.71 582.59 184.67 0.026785
20475 1712 1714.75 2249.72 2.5 80.4 26.33 21.63 551.78 755.22 0.104201
20320 1707.74 1711.75 3428.22 1.5 90.8 9.81 19.55 700.36 184.74 0.032334
20154 1697.53 1708.9 3416.52 1.42 89.06 3.58 18.89 622.3 67.69 0.01053
20000 1696.56 1705.24 3028.96 1.73 91.22 4.8 21.31 644.59 102.21 0.016419
19880 1694.08 1702.91 2970.17 1.77 98.91 4.99 21.73 633.12 108.47 0.017124
19726 1684.07 1698.54 2737.44 1.98 100.51 6 23.58 619.15 141.47 0.021906
19573 1680.06 1692.88 2507.75 2.25 97.88 7.35 25.74 618 189.16 0.02915
19421 1671.5 1687.69 2433.19 2.27 92.69 7.71 26.52 572.68 204.56 0.029478
19268 1661.38 1681.01 2220.77 2.22 84.76 8.61 29.06 418.29 250.13 0.026432
19116 1648 1657.53 1491.75 3.4 59.53 19.39 43.26 297.31 839.02 0.062591
18963 1643.86 1649.65 1651.92 3.89 48.78 18.46 39.07 526.68 721.18 0.094741
18810 1636.42 1642.79 1893.97 3.07 40.68 13.12 34.08 494.41 447.21 0.054985
18657 1629.93 1636.49 1954.2 2.68 33.1 11.52 33.03 415.74 380.37 0.039352
18504 1625.34 1631.95 2026.9 2.44 27.95 10.31 31.84 384.39 328.18 0.031423
18351 1621.96 1628.19 2084.93 2.26 24.19 9.43 30.96 358.14 291.98 0.026111
18198 1618.94 1627.48 2359.27 1.79 25.48 6.85 27.36 324.8 187.43 0.015262
18045 1616 1623.42 2238.52 1.99 17.42 7.89 28.83 344.79 227.59 0.019619
17893 1613.2 1621.77 2357.77 1.74 21.77 6.74 27.37 308.22 184.62 0.014274
17739 1610.47 1620.26 2424.05 1.59 16.84 6.12 26.62 277.63 162.86 0.011406
17585 1610 1627 4424.84 0.66 24.67 1.53 14.59 287.48 22.34 0.00166
17433 1608.14 1627.4 5167.54 0.56 23.4 1.12 12.49 338.04 13.99 0.001204
17295 1604 1627.31 5256.82 0.53 23.31 1.06 12.28 317.04 12.96 0.001052
17185 1607.48 1625.86 4321.72 1 23.19 2.07 14.93 619.99 30.97 0.004842
16968 1606 1617.49 2631.16 1.95 26.27 6.27 24.53 537.6 153.82 0.020605
16794 1606 1619.57 4174.95 1.13 19.9 2.31 15.53 722.07 35.73 0.006441
16644 1604.71 1615.18 3323.49 1.64 13.18 4.25 20.62 759.4 82.63 0.015678
16463 1602 1607.13 2642.15 2.88 5.13 8.07 24.43 1180.19 197.02 0.057814
16274 1598 1603.95 3754.59 1.86 5.95 3.7 17.31 1415.36 63.59 0.022374
16149 1595.18 1600.56 4012.78 1.83 8.79 4.47 18.45 1680.46 71.9 0.030079
16005 1591.15 1597.15 4190.96 1.61 8.15 3.91 17.7 1479.85 60.26 0.022236
15869 1588.53 1595.19 4655.43 1.46 7.64 3.03 15.36 1671.42 42.06 0.017532
15728 1585.38 1591.82 4459.78 1.52 6.83 3.65 17.08 1589.09 52.76 0.020895
15540 1581 1586.23 3863.02 1.75 6.23 5.15 18.95 1370.03 86.12 0.029445
15355 1576.67 1582.63 4547.24 1.58 5.97 3.17 15.69 1820.14 45.03 0.020415
15215 1573.27 1579.11 4232.18 1.69 7.1 3.23 16.72 1678.67 49.2 0.020572
15035 1570.04 1575.61 4348.77 1.79 9.61 2.91 15.63 2029.61 43.19 0.021822
14847 1565.6 1571.77 4502.49 1.72 10.77 2.8 15.19 2082.19 40.08 0.020773
14621 1561.47 1566.82 4235.44 1.77 10.71 3.14 15.31 1835.33 47.92 0.021912
14443 1554.49 1562.42 4054.81 1.82 10.09 3.46 16.05 1699.79 55.13 0.023352
14267 1552.08 1558.01 4005.49 1.9 12.39 3.33 16.5 1793.71 53.58 0.023921
14096 1547 1554.44 3900.52 1.62 11.64 3.39 16.79 1205.79 56.12 0.016882 Sycamore Creek Junction
13938 1544.37 1549.93 3480.74 1.92 10.32 4.55 18.98 1201.26 84.43 0.025284
13776 1538.55 1545.68 3527.86 2.03 9.58 4.59 18.55 1402.75 84 0.029394
13625 1535.4 1542.2 3840.05 1.89 8.96 3.5 17.51 1566.07 58.81 0.022963
13476 1531.43 1538.81 3783.5 1.85 8.33 3.84 17.21 1438.52 65.51 0.023509
13326 1528.08 1535.16 3717.19 1.83 8.11 3.93 17.55 1329.46 68.18 0.022609
13176 1524.25 1531.51 3680.1 1.91 7.49 4.06 17.69 1398.39 71.29 0.024873
13025 1521.3 1528.14 3846.33 1.8 7.26 3.89 17.22 1425.11 65.2 0.023147
12876 1518.84 1524.55 3714.55 1.81 7.17 3.81 17.48 1292.76 66.18 0.021323
12726 1514.2 1520.94 3644.2 1.83 6.74 4.13 18.08 1253.11 73.19 0.022877
12576 1511 1516.9 3594.9 1.86 5.9 4.67 19.01 1242.13 83.92 0.025991
12421 1507.56 1512.74 3400.11 1.95 5.18 4.44 19.02 1152.24 84.28 0.024176
12274 1502.11 1508.81 3268.45 1.88 8.82 4.57 19.92 953.51 90.3 0.021453
12123 1498.87 1505.46 3219.42 1.89 6.59 4.68 20.05 919.6 93.84 0.021465
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11913 1493.21 1500.55 3187.83 1.98 7.34 4.9 20.25 981.94 99.13 0.024226
11677 1488 1495.26 3165.78 1.85 7.26 4.71 20.39 835.76 96.1 0.019959
11382 1481.06 1489.32 3663.05 1.87 8.26 4.69 20.18 1013.07 94.61 0.020789 Cajon Wash Junction
11172 1476.94 1483.47 3438.2 2.08 6.53 5.48 21.5 1036.96 117.79 0.02651
10981 1472.91 1478.3 3449.81 2.12 5.39 5.52 21.42 1086 118.25 0.027854
10791 1467.67 1474.04 3509.9 1.85 6.37 4.94 21.06 876.25 103.95 0.019768
10614 1464.02 1471.27 3543.4 1.6 7.25 4.42 20.86 672.35 92.27 0.013492
10436 1459.62 1467.33 3244.24 1.69 7.71 5.16 22.78 574.33 117.51 0.014694
10247 1454.24 1461.62 2876.77 2 7.38 6.78 25.69 562.28 174.11 0.021286
10052 1449.17 1456.76 2857.78 2.2 7.59 7.29 25.86 666.58 188.42 0.02732
9938 1445 1453.88 2892.91 2.16 8.88 7.09 25.55 668 181.04 0.026313
9785 1440.98 1449.91 2945.53 2.23 8.93 7.06 25.09 748.5 177.05 0.028823
9663 1438 1446.53 2950.86 2.17 8.53 6.93 25.05 715.67 173.48 0.027051
9529 1435 1443.83 3083.7 2 8.83 6.17 23.97 689.06 147.93 0.022217
9416 1431.26 1441.14 3047.13 1.97 9.88 6.21 24.26 646.47 150.71 0.021243
9283 1428.98 1437.48 2945.1 2.06 8.5 6.71 25.1 641.96 168.33 0.023515
9093 1424.56 1433.34 3033.53 1.9 8.78 6.46 25.29 596.94 157.39 0.020674
8907 1419.94 1427.18 2745.83 2.25 7.24 7.8 26.92 617.28 209.92 0.028225
8700 1414.61 1421.72 2886.82 2.32 7.11 7.45 25.6 762.77 190.71 0.031724
8536 1410.45 1417.7 3028.93 2.12 17.2 6.58 24.4 734.61 160.44 0.025695
8398 1407.92 1414.43 3087.06 2.1 18.77 6.37 23.94 765.76 152.52 0.025376
8214 1403.16 1410.19 3136.26 2.01 18.89 6.06 23.57 736.49 142.88 0.022893
8058 1400.27 1407.72 3323.11 1.8 21.69 5.21 22.24 702.25 115.92 0.017694
7908 1398 1404.36 3203.69 1.85 22.54 5.56 23.07 660.29 128.26 0.018393
7764 1395.11 1402.55 3336.82 1.63 24.43 4.85 22.15 583.05 107.32 0.013624
7631 1393 1400.05 3223.76 1.7 22.05 5.23 22.93 570.98 119.82 0.014909
7500 1390.08 1397.18 3031.9 1.84 20.98 5.97 24.38 553.52 145.49 0.017546
7400 1387.8 1394.13 2896.52 2.11 18 6.95 25.52 635.16 177.29 0.024501
7300 1385 1391.46 2893.56 2.23 15.46 7.22 25.54 707.37 184.34 0.028351
7200 1382.71 1388.77 2958.36 2.3 12.77 7.17 24.98 808.69 179.01 0.031457
7100 1377.9 1384.32 2903.84 2.82 6.42 8.38 25.46 1148.15 213.2 0.053097
7000 1376 1383.06 3582.19 2.07 7.06 5.13 20.66 1159.1 105.88 0.026635
6900 1374 1381.14 3808.26 1.91 7.14 4.51 19.43 1190.88 87.54 0.022642
6800 1372.73 1378.6 3762.68 1.99 5.87 4.73 19.64 1249.32 92.82 0.025193
6700 1371 1376.54 3908.51 1.88 5.54 4.32 18.91 1250.06 81.78 0.022202
6600 1369 1374.38 3927.1 1.86 5.38 4.26 18.82 1240.07 80.16 0.021581
6500 1366.97 1372.04 3953.83 1.92 5.07 4.26 19.04 1339.92 79.66 0.023163
6400 1364.98 1369.79 3921.06 1.92 4.81 4.35 18.85 1303.41 82.02 0.023199
6299 1362.67 1367.69 3976.87 1.84 5.02 4.15 18.59 1255.26 77.15 0.021008
6199 1360.19 1365.61 3960.74 1.78 5.42 4.09 18.66 1160.23 76.29 0.019203
6098 1358.14 1363.58 3917.88 1.75 5.44 4.11 18.86 1089.34 77.46 0.018305
5998 1355.94 1361.33 3805.37 1.79 5.39 4.34 19.42 1045.87 84.21 0.019108
5897 1354.05 1359.57 3825.89 1.71 5.52 4.17 19.32 968.94 80.65 0.016959
5711 1351.45 1357.76 4329.03 1.4 6.31 3.08 17.08 935.6 52.66 0.010695
5609 1349.73 1356.03 4088.95 1.48 6.3 3.47 18.08 885.44 62.7 0.012049
5404 1346.16 1352.26 3774.91 1.69 6.1 4.19 19.59 900.71 81.95 0.016014
5190 1342.65 1348.47 3763.33 1.86 5.82 4.51 19.64 1089.41 88.57 0.020926
4960 1339.06 1345.12 4154.44 1.65 6.06 3.65 17.79 1151.47 64.9 0.016213
4806 1337.07 1342.41 4155.82 1.8 5.34 3.89 17.88 1376.52 69.14 0.020657
4619 1334.25 1339.01 4230.06 1.79 4.76 3.76 17.47 1426.07 65.63 0.020305
4461 1331.7 1336.19 4381.64 1.73 4.49 3.46 17.13 1483.12 58.43 0.0188
4285 1328 1332.91 4393.99 1.73 4.91 3.43 16.84 1496.07 57.78 0.018751
4125 1324.54 1330.13 4414.14 1.64 5.59 3.36 16.74 1371.78 56.21 0.016731
3970 1321.67 1327.84 4476.64 1.59 6.17 3.23 16.51 1343.81 53.27 0.015531
3828 1319.31 1326.35 4632.44 1.5 7.04 2.95 15.95 1311.08 47.14 0.013414
3647 1316.77 1323.62 4661.19 1.45 6.85 2.87 15.86 1248.23 45.43 0.01231 Begin South Bank Revetment
3494 1314 1321.51 4535.54 1.46 7.51 2.99 16.3 1168.36 48.68 0.012345
3340 1312 1319.12 4298.2 1.48 7.12 3.25 17.2 1031.64 55.88 0.012518
3187 1310 1316.54 4034.62 1.5 6.54 3.56 18.32 872.74 65.26 0.012371
3034 1308 1314.55 3975.87 1.47 6.55 3.59 18.59 803.8 66.67 0.011633
2880 1305.81 1312.71 3945.67 1.47 6.9 3.61 18.73 778.41 67.65 0.011429
2727 1304 1310.72 3881.03 1.51 6.72 3.77 19.04 788.29 71.78 0.012279
2574 1302 1308.62 3827.05 1.57 6.62 3.93 19.31 811.21 75.92 0.013359
2413 1300 1307.17 4044.68 1.47 7.17 3.5 18.27 840.23 63.88 0.011642
2259 1298.03 1307.38 5105.5 1.07 9.35 2.07 14.53 891.31 29.93 0.005793
2105 1297.23 1304.83 4331.03 1.42 7.6 3.12 17.07 963.23 53.25 0.011138
1930 1294.61 1303.36 4580.03 1.3 8.75 2.73 16.14 950.05 44.01 0.009093 D/S Extent of Study

Table 5.4
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EXISTING LYTLE CREEKNORTH BANK  REVETMENT

PROPOSED LYTLE CREEKSOUTH BANK PROTECTION

EXISTING SYCAMORE CREEKSOUTH BANKREVETMENT

SO. CAL.
GAS EASEMENT

3

PIPE ID SLOPE DIAMETER
P-1 3% 18"
P-2 3% 18"
P-3 9% 18"
P-4 3% 30"
P-5 6% 18"
P-6 2% 30"
P-7 4% 18"
P-8 4% 18"
P-9 4% 18"
P-10 2% Ex.12'x10' RCB
P-11 2% 18"
P-12 1% 24"
P-13 6% 18"
P-14 1% 36"
P-15 3% 24"
P-16 2% 18"
P-17 3% 24"
P-18 3% 18"
P-19 4% 30"
P-20 3% 18"
P-21 5% 30"
P-22 5% 30"
P-29 5% 72"
P-30 4% 30"
P-31 4% 42"
P-32 1% 66"
P-33 2% 30"
P-34 2% 30"
P-35 2% 30"
P-36 0% 48"
P-37 0% 54"
P-38 4% 30"
P-39 6% 30"
P-40 6% 42"
P-41 6% 78"

NEIGHBORHOOD 1

BASE SIDE SLOPE (H:V) DEPTH
C-1 5.0' 2:1 1.0'
C-2 5.0' 2:1 1.0'
C-3 5.0' 2:1 2.0'
C-4 5.0' 2:1 2.0'
C-5 5.0' 2:1 2.0'
C-6 5.0' 2:1 2.0'
C-7 5.0' 2:1 2.0'
C-8 2.0' 2:1 1.0'
C-9 2.0' 2:1 1.0'
C-10 5.0' 2:1 2.5'
C-11 5.0' 2:1 1.0'
C-12 8.0' 3:1 3.0'
C-13 10.0' 3:1 3.5'
C-14 10.0' 3:1 3.5'
C-15 10.0' 3:1 3.5'
C-16 10.0' 3:1 3.5'
C-17 10.0' 3:1 3.5'
C-18 10.0' 3:1 3.5'
C-19 10.0' 3:1 3.5'
C-20 5.0' 2:1 1.0'
C-21 5.0' 2:1 1.0'
C-22 5.0' 2:1 1.0'
C-23 5.0' 2:1 1.0'
C-24 5.0' 2:1 1.0'

OPEN CHANNEL

Basin ID
Watershed 
Area (ac)

Watershed 
Impervious 

Ratio, i

Composite 
Runoff 

Coefficient, 
CBMP

NOAA Atlas 14 
Precipitation Depth 

for 2-yr 1-hr 
Rainfall

Regression 
Coefficient 

for P6

6-hr Mean 
Storm Rainfall, 

P6 (in)
24-hr 

Drawdown, a

Max 
Detention 

Volume, P0 
(in)

Target 
Capture 
Volume 
(ac-ft) Q100

Spillway 
Depth (ft)

Spillway 
Length  (ft)

1 12.6 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 0.7 18 1 6
2 10.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 1.5 22 1 7
3 36.3 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 2.0 105 1 35
4 2.8 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 0.4 7 1 2
5 26.6 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 1.5 69 1 23
6 54.5 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 3.1 144 1 48
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Lytle Creek

ID: 710
Q100: 972 cfs
Q25: 776 cfs
Area: 390.1 ac

ID: 650
Q100: 1217 cfs
Q25: 755 cfs
Area: 596.5 ac

ID: 635
Q100: 1197 cfs
Q25: 740 cfs
Area: 556.0 ac

ID: 590
Q100: 60 cfs
Q25: 36 cfs
Area: 20.0 ac

ID: 565
Q100: 158 cfs
Q25: 87 cfs
Area: 85.0 ac

ID: 525
Q100: 177 cfs
Q25: 102 cfs
Area: 78.0 ac595

670

615

605

625

500

510

545

530

575

640

695

655

680

520

570

540

555

600

675

620

610

505

515

550

535

580

645

705

700

665

660
685

690

630

585
560

710

650

635

590

565

525

Basin #3

Basin #1

Basin #2
Basin #4

Basin #5

Basin #6

F-6
15.5

F-5
6.4

F-4
4.2

F-3
25.6

F-2
9.3

F-1
21.9

E-8
7.5

E-7
8.3

E-6
11.1

E-5
8.3

E-4
44.4

E-3
20.3

E-2
10.8

E-1
5.8

D-4
28.8

D-3
40.2

D-2
9.5

D-1
11.7

C-2
8.5

C-1
13.6

B-8
8.4

B-7
5.6

B-6
3.8

B-5
7.7

B-4
5.9

B-3
13.4

B-2
9.1

B-1
9.5

A-10
30.9

A-9
26.4

A-8
4

A-7
56.1

A-6
23.1

A-5
9.4

A-4
56.7

A-3
4.2

A-2
15.9

A-1
10.2

Proposed Nodes

Flowpath

Pipe

400 0 400200

Feet

Subarea Boundary

A-1
5.9

Subarea Name
Acres

115

4
SAN BERNADINO METHOD

Basin ID
Watershed 
Area (ac)

Watershed 
Impervious 

Ratio, i

Composite 
Runoff 

Coefficient, 
CBMP

NOAA Atlas 14 
Precipitation Depth 

for 2-yr 1-hr 
Rainfall

Regression 
Coefficient 

for P6

6-hr Mean 
Storm Rainfall, 

P6 (in)
24-hr 

Drawdown, a

Max 
Detention 

Volume, P0 
(in)

Target 
Capture 

Volume (ac-
ft) Q100

Spillway 
Depth (ft)

Spillway 
Length  (ft)

1 226.0 0.75 0.54 0.8 1.909 1.5272 1.582 1.31 24.7 972 3 62
2 163.0 0.75 0.54 0.8 1.909 1.5272 1.582 1.31 17.8 1197 3 77
3 40.4 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 5.9 1308 3 84
4 20.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 2.9 60 1 20
5 85.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 12.5 158 1 53
6 75.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 11.0 177 1 59

Up Stream 
Node

Down 
Stream 
Node Pipe Slope

Pipe 
Diameter 

Flow 
(CFS)

505 505 P-1 2% 24" 23
515 525 P-2 1% 30" 17
535 565 P-3 1% 24" 17
555 560 P-4 1% 18" 4
580 585 P-5 1% 30" 13
610 630 P-10 2% 18" 8
620 630 P-11 1% 30" 20
645 650 P-12 1% 24" 19
690 710 P-13 2% 36" 50
705 710 P-14 2% 36" 69
685 690 P-15 2% 18" 11
700 705 P-18 1% 36" 23
635 650 P-20 1% 96" 170
650 Lytle Creek P-21 2% 96" 210
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Tract 15900

Lytle Creek

Hi
gh

 P
re

ss
ur

e 
GAS

 lin
e

WQ Basin 15

WQ Basin 14

WQ Basin 13

WQ Basin 1

WQ Basin 2

WQ Basin 3

WQ Basin 4

WQ Basin 5

WQ Basin 6
WQ Bain 8

WQ Basin 7

WQ Basin 9

WQ Basin 10

WQ Basin 11

WQ Basin 12

ID: 173
Q25 = 667 cfs

Q100 = 1078 cfs
A = 376.9 ac

ID: 227
Q25 = 304 cfs
Q100 = 492 cfs
A = 165 ac

ID: 223
Q25 = 292 cfs
Q100 = 473 cfs
A = 158 ac

ID: 220
Q25 = 248 cfs

Q100 = 405 cfs
A = 134 ac

ID: 214
Q25 = 23 cfs

Q100 = 366 cfs
A = 120.2 ac

ID: 205
Q25 = 188 cfs
Q100 = 312 cfs
A = 99.2 ac

ID: 198
Q25 = 66 cfs

Q100 = 106 cfs
A = 27.8 ac

ID: 192
Q25 = 93 cfs
Q100 = 150 cfs
A = 42.3 ac

ID: 186
Q25 = 704 cfs
Q100 = 1134 cfs
A = 402.8 ac

ID: 180
Q25 = 67 cfs
Q100 = 106 cfs
A = 33.7 ac

ID: 168
Q25 = 122 cfs
Q100 = 199 cfs
A = 72.7 ac

ID: 158
Q25 = 595 cfs
Q100 = 961 cfs
A = 327 ac

ID: 150
Q25 = 65 cfs
Q100 = 106 cfs
A = 33.3 ac

ID: 144
Q25 = 453 cfs
Q100 = 720 cfs
A = 230.8 ac

ID: 136
Q25 = 376 cfs

Q100 = 591 cfs
A = 181.4 ac

ID: 131
Q25 = 72 cfs

Q100 = 113 cfs
A = 32.8 ac

ID: 121
Q25 = 318 cfs
Q100 = 496 cfs
A = 146.9 ac

ID: 103
Q25 = 66 cfs

Q100 = 100 cfs
A = 26.9 ac

ID: 116
Q25 = 204 cfs
Q100 = 314 cfs
A = 90.7 ac

ID: 114
Q25 = 158 cfs
Q100 = 242 cfs
A = 67.8 ac

ID: 109
Q25 = 141 cfs

Q100 = 216 cfs
A = 61.5 ac

173

219

227

228

224

225

226

223

220

222

221

214

216

215

209

210

206

207

208

218

217

211

213

212

205

203

204
193

194

195

196

197

199

198

192

202

201

190

200186

189

188

187

184

185

180

183

182

181

177

176

175

174

167

165166

164
163

162

169

170

168

158

172

171

157

149

160

161

159

145

146

147

148

151

152

150

144

155

154

143

136

141

142

140
139

138

137

125

128

129

126

127

131

130

134

135

133

228

229

113

123

124

122

108

101

104

104

103

105

107

106

117

118

116

120

119

114

105

109

112

111

110

121

A-12
6.3

A-8
6.1

A-5
7.1

A-9
8.1

A-4
8.7A-1

6.7

B-4
6.6

A-10
3.2

A-6
3.3 B-5

4.2
B-1
2.5

C-2
6

B-2
4.3

A-11
3.3

A-7
3.5

A-3
6.4

A-2
5.1

B-3
5.3

C-3
4.8C-1

2.5

C-5
8.8

C-10
5.1

C-4
4.5

C-11
4.9

D-6
6.5

C-6
3.8

D-1
1.8

D-5
6.3

C-9
4.8

C-7
7.2

E-9
4.9

C-8
3.6

D-4
3.1

E-1
3.2

D-2
9

E-5
5.6

E-10
4.9

D-3
7.9

F-11
5.1

E-6
6.9

E-4
6

F-12
3.3

E-2
5.2 E-7

3.5

F-1
3.9

n/a
2.7

E-8
3.1

F-3
5.9

E-3
5.9

F-13
8.6

F-9
8.6

F-2
9.3

G-12
8.1

F-4
7.8

F-10
6.8

G-13
9.1

G-1
3.7

F-5
7.8

F-6
7.9

G-9
6.3

G-14
5.9

G-6
4

G-15
0.8

H-7
7.8

G-7
5.3F-7

10

G-10
6.1

G-11
2.7

F-8
8.7

G-8
6.3

H-8
5.3G-2

4.2

G-3
4.1 H-6

1.5
H-5
7.6

H-12
7.9

G-5
3.9G-4

5.9

H-4
4.9 H-13

7.4
H-1
4.3

H-9
0.8

H-10
4.6

H-14
8.9

H-2
6.7

H-3
4.2

J-1
5.2

H-11
1.2

H-16
6.7

H-15
6

n/a
0.8

J-2
7.3 J-3

2.1

J-4
6.4

J-6
6.1

J-9
9

J-11
9.6J-5

3.7
J-7
2.8

J-12
8J-10

4.6J-8
0.2

J-13
6.4

J-14
6.6

500 0 500250

Feet

5

Flow Connection Point

Flowpath

Pipe

Lytle Creek Floodplain

Hydrologic Subarea Boundaries

Water Quality Treatment Basin

A-1
5.9

Hydrologic Subarea
Acres

1512

Basin ID
Watershed 
Area (ac)

Watershed 
Impervious 

Ratio, i

Composite 
Runoff 

Coefficient, 
CBMP

NOAA Atlas 14 
Precipitation Depth 

for 2-yr 1-hr 
Rainfall

Regression 
Coefficient 

for P6

6-hr Mean 
Storm Rainfall, 

P6 (in)
24-hr 

Drawdown, a

Max 
Detention 
Volume, 
P0 (in)

Target 
Capture 

Volume (ac-
ft) Q100

Spillway 
Depth (ft)

Spillway 
Length  (ft)

1 67.8 0.75 0.54 0.8 1.909 1.5272 1.582 1.31 7.4
2 22.9 0.75 0.54 0.8 1.909 1.5272 1.582 1.31 2.5
3 56.2 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 8.3
4 38.2 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 5.6
5 49.4 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 7.3
6 96.2 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 14.1
7 49.9 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 7.3
8 25.9 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 3.8 1134 3 73
9 42.3 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 6.2
10 5.5 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 0.8
11 51.4 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 7.6
12 21.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 3.1 336
13 13.6 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 2.0 405 3 26
14 24.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 3.5 473 3 30
15 6.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 0.9 492 3 32

U/S Node D/S Node Base (ft) Side Slope (H:V) Depth Flow (cfs)
203.00 205.00 15 3:1 3 167
205.00 214.00 15 3:1 3 315
214.00 219.00 15 3:1 3 367
114.00 116.00 15 3:1 3 246
116.00 121.00 15 3:1 3 318
121.00 136.00 15 3:1 3 499
136.00 144.00 15 3:1 3 595
144.00 158.00 15 3:1 3 725
158.00 173.00 15 3:1 4 966
173.00 186.00 15 3:1 6 1081
186.00 190.00 15 3:1 5 1135

OPEN CHANNEL

Up 
stream

Down 
steam

Pipe   
Diameter Flow CFS

195 196 18 12
195 196 30 28
196 198 36 47
201 192 30 25
207 208 24 16
210 208 24 18
208 205 36 55
212 205 30 22
216 2147 24 16
218 214 24 19
219 220 54 223
222 220 30 18
220 223 54 248
225 226 30 27
226 223 36 46
223 227 54 292
227 228 54 304
101 102 24 18
102 103 30 30
103 105 36 66
107 105 18 13
105 109 42 89
111 112 24 22
112 109 30 46
109 114 54 141
118 116 18 11
120 116 24 16
134 121 24 16
124 125 24 8
125 126 30 31
129 126 24 18
126 131 36 63
131 132 42 72
135 133 18 10
133 121 54 92
139 140 30 28
140 141 36 33
141 136 36 46
146 147 24 9
147 149 30 39
149 150 30 39
152 153 18 16
153 150 30 31
150 144 36 66
155 156 18 15
156 144 36 29
161 162 24 29
162 163 24 29
163 165 30 52
165 168 42 89
170 168 24 23
168 158 48 122
171 172 18 13
172 158 24 27
175 176 24 7
176 178 30 22
178 179 24 22
179 180 30 26
182 183 18 14
183 180 24 29
180 173 42 67
185 173 24 16
188 189 18 18
189 186 24 36
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ID: 4045
Q100 = 650 cfs
QBulk = 975 cfs
A = 455.6  ac

ID: 4090
Q100 = 82  cfs
QBulk = 123  cfs
A = 55.6  ac

ID: 4160
Q100 = 604  cfs
QBulk = 906  cfs
A = 397.6  ac

Q100 = 520 cfs
Q25 = 33  cfs
A = 15.8  ac

Q100 = 700  cfs
Q25 = 687  cfs
QBulk = 1038  cfs
A = 469.0  ac

ID: 4215
Q100 = 115  cfs
QBulk = 173  cfs
A = 72.2  ac

ID: 4260
Q100 = 148  cfs
QBulk = 222  cfs
A = 92.1  ac

Q100 = 355  cfs
Q25 = 315  cfs
QBulk = 434  cfs
A = 204.3  ac

Q100 = 134  cfs
Q25 = 86  cfs
A = 40.0  ac

Q100 = 88  cfs
Q25 = 69  cfs
A = 29.5  ac

EXISTING LYTLE CREEK
NORTH BANK  REVETMENT

PROPOSED LYTLE CREEK
SOUTH BANK PROTECTION

Ex. 6' RCB

Ex. 20'x13'
DOUBLE ARCH

Ex. 6' RCB

Ex. 6' RCB

Lytle Creek

WQ Basin 2

WQ Basin 1

Vegetated swale

WQ Basin 3

SCE Easement

SCE Easement

Q100 = 22 cfs
QBulk = 16  cfs
A = 4.9 ac

WQ Basin 4

Gl
en

n H
ele

n P
kw

y

Gl
en

n H
ele

n P
kw

y

7505.1

7575

7570

7540

7500

7515

7530
7560

7590

7580

7585

7545

7550

7505

7510

7525

7520

7535

7565

7595

A-1
5.9

A-2
9.8

A-3
8.2

A-4
8.4

A-5
14.5

A-6
8.9

B-2
4.4

A-7
4.9

B-5
6.1

B-3
9.2

B-1
3.4

B-4
6.4

Proposed Flow Junction

Existing Storm Drain Channel

Existing Storm Drain Pipe / Culvert

Proposed Flowpath

Offsite Pipe

Proposed Urban Storm Drain Pipe

Water Quality Treatment Basin

Hydrologic Subarea Boundaries

250 0 250125

Feet

A-1
5.9

Hydrologic Subarea
Acres

1512

6
Watershed 
Impervious 

Ratio, i

Composite 
Runoff 

Coefficient, 
CBMP

NOAA Atlas 14 
Precipitation Depth 

for 2-yr 1-hr 
Rainfall

Regression 
Coefficient 

for P6

6-hr Mean 
Storm Rainfall, 

P6 (in)

24-hr 
Drawdown, 

a

Max 
Detention 
Volume, 
P0 (in)

Target 
Capture 

Volume (ac-
ft) Q100

Spillway 
Depth (ft)

Spillway 
Length  (ft)

0.75 0.54 0.8 1.909 1.5272 1.582 1.31 1.7 152 1 51
0.75 0.54 0.8 1.909 1.5272 1.582 1.31 4.4 134 1 45
0.50 0.34 0.8 1.909 1.5272 1.582 0.82 0.3 23 1 8
0.50 0.34 0.8 1.909 1.5272 1.582 0.82 2.0 88 1 29

Up Stream 
Node

Down 
Stream 
Node Diameter (in)

Flow Q 
(cfs)

7585 7585 30 36
7565 7585 30 19
7595 7595 24 16
7595 7595 36 69
7545 7550 24 14
7550 7550 24 33
4090 4160 42 123
4160 4160 90 906
4160 7550 84 1005
7550 7550 90 1022
7505 7505.1 24 19
7520 7505.1 24 20

7505.1 7510 30 39
7525 7510 30 27
7510 7510 36 86
4215 4260 42 173
4260 7510 84 377
7510 7535 66 434
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1270

1255

1190

1165

1130

1120

1110

1100

1075

1065

1055

1045
1035

10151005

1150

1140
1175

1240

1230

1220

1210

1200

4015

4005

4040
4030

3285

3160

3005

3155

3080

3060

3050

3015

3035

3025

3140

3090

3125

3115

3100

3270

3235

3190

3180

3170

3220

3210

3200

3245

5015

2235

2180

2170

2145

2100

2025

2015

2005

2085

2075

2065

2055

2045

2035

2130

2120

2110

5045

5060

2200

2160
2185

2220

2210

1285

3255

1085

1025

5075

3145

3275
5010

2135

4010

3175

3055

3085

3105

1145

1215

1180

1115

1275

1205

3095

1000

3240

1195

1260

2000

5025

2090

3130

2010

3195

1070

1010

1020

3165

3040

2115

4000

1245
1225

1125

4020

1155

1250

1135

2095

2040

4025

1170

1105

3030

5000

3010

1090

1095

1080

5065

3020

1185

1280

1060

2060

3120

3150

2150

1050

3250

3110

1030

2105

3215

3205

3185

2030

1235

5030

3135

3065

1160

3225

2050

2175

3260

3230

5070

3045

2020

2070

1265

3280

2250

3075

1040

2125

5050

2080

2140

2155

2165

3265

4035

1290

4045

2230

2215

22052195

3000

5040

5055

2240

2183

5017

5005

Node ID = 1295
Area (ac) = 493.6
Tc = 32
Q100 Rat = 792
Q100 UH = 701
Q100 Bulk = 1052

Node ID = 3070
Area (ac) = 68.6
Tc = 22
Q100 Rat = 134
Q100 UH = 112
Q100 Bulk = 169

Node ID = 5020
Area (ac) = 932.1
Tc = 29
Q100 Rat = 1459
Q100 UH = 1318
Q100 Bulk = 1976

Node ID = 2255
Area (ac) = 393.4
Tc = 29
Q100 Rat = 598
Q100 UH = 584
Q100 Bulk = 875Node ID = 2245

Area (ac) = 385.7
Tc = 27
Q100 Rat = 598
Q100 UH = 593
Q100 Bulk = 890

Node ID = 5035
Area (ac) = 1339.2
Tc = 29
Q100 Rat = 2056
Q100 UH = 1857
Q100 Bulk = 2785

Node ID = 4050
Area (ac) = 51.7
Tc = 22
Q100 Rat = 114
Q100 UH = 90
Q100 Bulk = 107

3140
0.1 ac

3270
1.1 ac3285

1.4 ac

2100
2.6 ac

4005
8.6 ac

3170
4.1 ac

3050
3.3 ac

3085
22 ac

3100
4.9 ac

1140
9.7 ac

1210
11.7 ac

1165
1.1 ac

1110
39.7 ac

1270
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Basin ID
Watershed 
Area (ac)

Watershed 
Impervious 

Ratio, i

Composite 
Runoff 

Coefficient, 
CBMP

NOAA Atlas 14 
Precipitation Depth 

for 2-yr 1-hr 
Rainfall

Regression 
Coefficient 

for P6

6-hr Mean 
Storm Rainfall, 

P6 (in)
24-hr 

Drawdown, a

Max 
Detention 

Volume, P0 
(in)

Target 
Capture 
Volume 
(ac-ft) Q100

Spillway 
Depth (ft)

Spillway 
Length  (ft)

1 12.6 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 0.7 18 1 6
2 10.0 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 1.5 22 1 7
3 36.3 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 2.0 105 1 35
4 2.8 0.90 0.73 0.8 1.909 1.5272 1.582 1.76 0.4 7 1 2
5 26.6 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 1.5 69 1 23
6 54.5 0.40 0.28 0.8 1.909 1.5272 1.582 0.68 3.1 144 1 48

Sub-
basin

Area
(ac) Tc (min)

Q 
Rational 
Method

Q Single 
Area UH 
Method

Q Bulk Area
(ac) Tc (min)

Q 
Rational 
Method

Q Single 
Area UH 
Method

Q Bulk Corresponding 
Node ID

Area
(ac)

Q 
Rational 
Method

1295 493.6 32 792 701 1052 449.8 32 744 656 933 109 532 532
2245 385.7 27 598 593 890 385.7 26 643 624 823 210 267.0 575
2255 393.4 29 598 584 875 393.4 28 643 618 813 211 293.9 597
3070 68.6 22 134 112 169 110.9 13 258 228 194 117 60 133
4050 51.7 22 114 90 107 51.6 21 115 91 105 128 47.0 158
5020 932.1 29 1459 1318 1976 947.7 22 1658 1507 1816 111 991.0 1771
5035 1339.2 29 2056 1857 2785 1347.1 24 2269 2083 2578 500 1285.0 2308

RBFValues

Summary table for Nieghborhood 1

Existing Condition (AMC III) Proposed Condition (AMC III)




