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CHAPTER 1. INTRODUCTION

INTRODUCTION

Contained within this document are the technical components that support the City of Elk Grove
Storm Drainage Master Plan (SDMP). Included in this Volume Il of the SDMP is a description
of the planning criteria used to evaluate the drainage systems; evaluation of the performance
level of the existing drainage conveyance and flood control facilities; identification of
performance deficiencies; identification of potential impacts of future development on existing
major facilities; and identification of existing and new facilities upgrades to serve buildout
conditions of the City’s General Plan.

BACKGROUND

The City is located in Sacramento County, just south of the City of Sacramento (see Figure 1-1).
The City encompasses an area of over 26,000 acres. Storm drainage within the City is conveyed
through a storm drainage system consisting of about 400 miles of underground pipes and
60 miles of natural and constructed channels. The City incorporated on July 1, 2000, and took
over ownership and the responsibility for the operation and maintenance of the drainage system
from Sacramento County on July 1, 2003. Sacramento County continues to collect development
impact fees through their Zone 11A fee program to provide funding for major drainage facilities.

The City has experienced rapid urban growth since incorporating and additional growth is planned in
the future. The major future development areas in the City are shown on Figure 1-2. The SDMP
addresses the drainage need to accommodate the future development in these areas as well as
improvements needed to address deficiencies in the existing drainage system.

ORGANIZATION OF STORM DRAINAGE MASTER PLAN

To simplify the use of the SDMP, it is organized into two volumes and a Program Environmental
Impact Report (EIR) as follows:

Volume | describes the development of this SDMP; guiding principles; regulatory framework;
background and key concepts; existing and proposed program activities; candidate watershed
projects; partnerships, funding, and implementation of the SDMP. Volume Il provides the
technical analysis for the SDMP.

The EIR evaluates the broad environmental effects of future improvements and new
development to comply with California Environmental Quality Act (CEQA) Guidelines Section
15168 of Title 14 of the California Code of Regulations addressing Program EIRs.

ORGANIZATION OF STORM DRAINAGE MASTER PLAN (SDMP) VOLUME 11

The City drains within thirteen watersheds and Volume Il of the SDMP technical analysis is
organized by these thirteen watersheds as shown in Figure 1-3 and as follows:
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Laguna Creek Watershed;

Elk Grove Creek Watershed;
Whitehouse Creek Watershed;
Strawberry Creek Watershed;
Laguna West Channel Watershed,
Laguna West Lakes Watershed;
Lakeside Watershed;

Laguna Stonelake Watershed,
Shed A Watershed;

Shed B Watershed;

Shed C Watershed;

Grant Line Channel Watershed; and

Deer Creek Watershed.

In addition, there is a separate Chapter for the East EIk Grove area/rural region which includes
the watersheds of Laguna Creek, Deer Creek and Elk Grove Creek. The East Elk Grove
area/rural region have unique characteristics and were separated from the other watersheds to
recognize the distinct nature of this region.

OVERVIEW OF MAJOR WATERSHEDS

Within the watersheds there are ten major natural creeks or open channels that convey runoff
within the City. These creeks are as follows:

Elk Grove Creek;
Laguna Creek;
Strawberry Creek;
Whitehouse Creek

Deer Creek;

Shed A Channel;

Shed B Channel;

Shed C Channel,

Grant Line Channel; and

Laguna West Channel.
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Four of the creeks convey runoff that originates outside the City limits: EIk Grove Creek, Laguna
Creek, Strawberry Creek, and Deer Creek. All of the watersheds and channels located within the
City, ultimately drain into the Stone Lakes National Wildlife Refuge floodplain with the
exception of Deer Creek and Grant Line Channel watersheds, which drain to Deer Creek and
ultimately to the Cosumnes and Mokelumne Rivers.

DEFINITIONS

There are a number of acronyms used in this report and they are defined in Table 1-1 below.

Table 1-1. Definitions

Acronym Definition
AC Acre
CBC Concrete Box Culvert
CCI Construction Cost Index
CIP Capital Improvement Plan
CY Cubic Yard
DET Detention
EGC Elk Grove Creek
ENR Engineering News Record
LF Lineal Feet
LID Low Impact Development
LRSP Laguna Ridge Specific Plan
LS Lump Sum
LT1 Laguna Creek Tributary No. 1
LT2 Laguna Creek Tributary No. 2
LT3 Laguna Creek Tributary No. 3
LT4 Laguna Creek Tributary No. 4
RCB Reinforced Concrete Box
RCP Reinforced Concrete Pipe
SDMP Storm Drainage Master Plan
SPA Specific Plan Area
T™W Top Width
UPRR Union Pacific Railroad
West Yost West Yost Associates
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(Including Technical Support Documentation Notebook, December 21, 1999).

Vineyard Springs Comprehensive Plan, Drainage Master Plan — Final, The Spink
Corporation, March 10, 1998.
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Lower Laguna Creek Drainage Master Plan, Appendix A, Hydrology Technical
Report, Sacramento County Water Resources Division, October 1995.
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15.

16.

Elk Grove Regional Park and Emerald Lakes Golf Course Storage Capacities, Letter
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Laguna Stonelake

17. Laguna Stone Lake Detention Basin & Pump Station Report, 100% Submittal, Wood
Rodgers, March 2000.

18. Public Facilities Report, Laguna Stonelake, Wood Rodgers, June 1999.
19. Elliot Ranch South Drainage Study, Wood Rodgers, March 1999.

Laguna West Lakes

20. Design Report, Laguna Creek Unit No. 4 Hydrology Study, The Spink Corporation,
July 1990.

21. Sacramento County Water Agency’s Guide to Operation and Maintenance of the
Laguna West Levees and Pump Station, The Spink Corporation, Undated.
Lakeside
22. Design Report, Lakeside Development Hydrology Study, The Spink Corporation,
July 1991.
23. Pump Calculations and Sump Design for the Lakeside Storm Drainage Pump Station,
The Spink Corporation, July 1992.
ShedsA & B
24. Laguna Ridge Specific Plan Supplemental Drainage Plan for Local Drainage Shed B,
Wood Rodgers, May 2005.
25. Laguna Ridge Specific Plan Storm Drainage CIP, Wood Rodgers, February 2005.
26. East Franklin Interim Drainage Facility Analysis, Wood Rodgers, August 20, 2003.

27. Sacramento Method 100-Year Drainage Shed Map for Laguna Ridge Major Roads,
Wood Rodgers, Inc., May 2005.

28. Drainage Shed Map for Laguna Ridge — The Grove North, Wood Rodgers, Inc.,
September 2005.

29. Drainage Shed Map for Laguna Ridge — The Grove South, Wood Rodgers, Inc.,
September 2005.

30. Preliminary Drain Study for EIk Grove Auto Mall Phase 111, Wood Rodgers, Inc.,
January 2006.

31. Drainage Shed Map for Del Webb @ Laguna Ridge, Wood Rodgers, Inc.,
December 2005.
Shed C
32. Laguna Ridge Specific Plan Supplemental Drainage Plan for Local Drainage Shed C,
Wood Rodgers, October 2005.

33. Master Drainage Plan for Elk Grove Promenade, Local Drainage Area Shed C, Wood
Rodgers, October 2005.
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Strawberry Creek

34. Strawberry and Jacinto Creeks, Drainage Master Plan, Draft Report, County of
Sacramento Water Resources Division, July 1993.

35. Middle Branch Strawberry Creek Drainage Master Plan DEIR, ESA, January 22, 1993.
36. Storm Drainage Master Plan Report, Upper Reach of Middle Branch of Strawberry
Creek, ElIk Grove/West Vineyard Area, MacKay & Somps, February 5, 1992.
Miscellaneous
37. Elk Grove General Plan adopted by the City Council November 19, 2003 and
reflecting Amendments through January 5, 2005.
38. Sacramento County’s General Plan Land Use Diagram dated December 15, 1993.

39. Stormwater Quality Improvement Plan (SQIP) for City of Elk Grove, Chapter 6,
July 2003.

40. Sacramento City/County Drainage Manual, Volume 2, Hydrology Standards,
December 1996 and Supplements.
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CHAPTER 2. DRAINAGE PLANNING CRITERIA

This chapter describes the drainage planning criteria used during preparation of the SDMP. The
planning criteria establish the basis for the hydrologic and hydraulic evaluations and planning of
drainage facilities. Storm drainage planning criteria typically include descriptions of the methods
to be used in calculating runoff (or design flows), the level of protection to be provided by storm
drainage facilities (i.e., 10-years, 100-years), and the hydraulic factors to be used in sizing
drainage facilities, such as channels, pipelines, and detention basins.

After incorporation, the City adopted the County of Sacramento Public Works Agency
Improvements Standards and the Sacramento City/County Drainage Manual. Those two documents
originally provided the design criteria for new drainage facilities that were constructed within the
City. Since that time the City has adopted its own set of improvement standards. The City’s storm
drainage standards are very similar to County’s. One exception is the runoff calculation methodology
for pipeline design. The County standards allow use of the “Nolte Method” to determine design
flows for new pipelines. The Nolte Method was developed in the 1960s and yields design flow rates
that typically have recurrence intervals between 2-years to 5-years. The City standards adopted the
10-year storm for sizing new pipelines.

For the analysis of existing pipes, the evaluation criteria were selected with the recognition that most
existing pipes were designed using different criteria than those used today. Specifically, the level of
performance for existing pipes were evaluated using current runoff methodology (10-year storm), but
with a less stringent freeboard criteria. Most of the existing pipelines and some of the existing
drainage channels in the City, were designed using the Nolte Method, which produces flow rates that
are smaller than the 10-year flow. There is value in evaluating the performance of the existing
facilities using the current design standard (i.e. the 10-year storm), but it is impractical to expect these
facilities to provide the same level of protection required for a new system. Doing so would cause a
large percentage of the existing facilities to be identified as inadequate. Upgrading or replacing a
large percentage of the existing facilities in the City would be financially infeasible; therefore, the
evaluation criteria for existing facilities are relaxed as described below.

DRAINAGE PLANNING CRITERIA FOR NEW FACILITIES

Design Runoff

e All new drainage systems were preliminarily sized to accommodate the expected
runoff from the entire upstream watershed under buildout land use conditions.
Buildout condition land use is based on the City General Plan.

e [For storm drain pipe sizing, the runoff for drainage areas of 160 acres and smaller
was computed from the Sacramento City/County Drainage Manual, Hydrology
Standards — Volume 2 (December 1996) using the Sacramento Method.

e The runoff rates used for sizing of drainage channels, detention facilities, and bridges,
were determined using HEC-1 and the Sacramento Method.
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Hydraulic Design and Level of Protection

The level of protection for future structures was evaluated using the 100-year flood
event. Finished floor elevations were set at least 1.0 foot above all sources of
100-year flooding or 1.5 feet above the controlling overland release point.

Future pipes were preliminarily sized so that the hydraulic grade line for a 10-year
storm would be a minimum 0.5 feet below the elevation of all inlet grates and a
minimum of 1.0 foot below the elevation of all manhole covers.

It was assumed that the risk of flood damage would be reduced by ensuring the
100-year storm runoff ponds and flows through the proposed development with
appropriate freeboard protecting existing and proposed structures.

Culvert Design

Where roads are not to be overtopped, it was assumed that 1.0 foot of freeboard would be
provided between the 100-year water surface elevation and the culvert soffit.

Open Channel Design

Proposed channels were configured to have 3 horizontal to 1 vertical (3:1) or flatter
side slopes.

All proposed open channel drainage systems were sized to carry the 100-year
frequency design storm with a minimum of 1.0 foot of freeboard.

Although not specifically mentioned in the standards, per FEMA requirements,
riverine levees must provide a minimum freeboard of three feet above the 100-year
water surface elevation. An additional 1-foot above the minimum is required within
100 feet in 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.

Detention Basin Design

A 100-year, 24-hour storm was used for sizing detention storage facilities used for flood
control. Detention basin facilities were sized to provide a minimum freeboard of 1.0 foot
above the emergency spillway with the emergency spillway located 0.5 feet above the
100-year water surface elevation within the basin. If a detention basin was proposed to be
used for both stormwater quality and flood control purposes, the stormwater quality
volume was not considered as part of the required flood control storage volume.

EVALUATION CRITERIA FOR EXISTING FACILITIES

Design Runoff Criteria

Same as the criteria for new facilities.
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Hydraulic Design Criteria and Level of Protection

e The hydraulic grade line for a 10-year storm should not exceed the top of curb.

e Structures should be protected from the 100-year storm. The hydraulic grade line for
the 100-year storm should not exceed the elevation of building pads.

Culvert Evaluation Criteria

e Culverts flowing submerged were considered acceptable, as long as the upstream
backwater did not exceed the allowable levels of protection described above.

Open Channel Evaluation Criteria

e Open channels should provide sufficient capacity to prevent the flooding of building
pads during a 100-year storm event.

Detention Basin Evaluation Criteria

e Detention facilities should provide sufficient detention volume to prevent flooding of
building pads during a 100-year storm event.
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CHAPTER 3. APPROACH

FACILITIES EVALUATED DURING SDMP

For this SDMP, major drainage facilities currently serving the City were evaluated. This
included existing natural channels, constructed channels, pipelines, pump stations, and detention
basins. In addition, potential future drainage facilities were evaluated, including channels,
pipelines, and detention basins. Due to the large number of facilities required to serve the City, it
was not feasible to evaluate them all. Descriptions of the facilities evaluated during this SDMP
are provided below.

Existing Natural and Man-Made Channels

Most of the major channels serving the City were evaluated including Laguna Creek,
Whitehouse Creek, Elk Grove Creek, Strawberry Creek, the Laguna West Channel, and the
Grant Line Channel. The associated bridge and culverts structures were also evaluated. Two
major channels were not evaluated: the Shed A Channel and the Shed B Channel. These two
channels were designed and constructed relatively recently and are believed to meet the City’s
flood control performance criteria.

Existing Pipelines

Existing pipelines analyzed include those pipelines 27-inches in diameter and larger that lie
within, or cross under, the City’s arterial roadways. Additionally, existing pipelines serving areas
with known flooding problems were evaluated. Many of the known problem areas lie within the
Elk Grove “Old Town” area, which is the area bounded by Waterman Road, Bond Road,
Highway 99, and Grant Line Road. All of the pipelines in the Old Town area with diameters of
27 inches and larger were evaluated regardless of roadway size.

Existing Pump Stations

For this SDMP, four major pump stations were evaluated in conjunction with the associated
trunk system draining to it. The pump stations serving the Laguna West, Lakeside, Laguna
Stonelake, and Grant Line Channel watersheds were evaluated.

Existing Detention Basins

Existing detention basins were evaluated if they have a significant effect on the flood flow rates
in the other facilities being evaluated during this SDMP.
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New Facilities for Future Development

For future development areas, the new channel, detention, culvert, and major pipeline
improvements required for on-site flood protection and for mitigation of downstream impacts
were evaluated. For the on-site pipeline improvements, the major trunk pipelines down to a
minimum size between 36 to 42 inches were defined. The evaluation of facilities required for
future development focused on the following large undeveloped areas within the City:

e All of Drainage Shed C within the City.

e The “East Elk Grove area/rural region” that is bounded by Waterman Road and
Laguna Creek on the west, Calvine Road on the north and Grant Line Road on the
southeast.

e The area southeast of the intersection of Calvine Road and Waterman Road. This area
covers roughly 1,000 acres within the Laguna Creek watershed and is anticipated for
Rural Residential and Estate Residential development.

e The area northwest of the intersection of Bond Road and Waterman Road in the upper
Whitehouse Creek watershed. This area covers roughly 400 acres and is anticipated
for Low Density Residential and Rural Residential development.

HYDROLOGIC ANALYSES - CALCULATION OF FLOOD FLOWS

Hydrologic modeling was performed to calculate design flows for the 2-, 10-, and 100-year
storm events. The modeling was performed with Sacramento County’s HEC-1 preprocessor
program, SacCalc. The SacCalc model was used to calculate design flows using the Sacramento
Method as described in the Sacramento City/County Drainage Manual, Volume 2 - Hydrology
Standards. The calculated flow hydrographs were used during the hydraulic analysis of major
creeks and channels, detention basins, and pipelines.

For watersheds that are completely built-out, or nearly so, flow hydrographs were calculated for
buildout conditions. For watersheds where existing and buildout flows are anticipated to be
significantly different, both existing and buildout flow hydrographs were calculated. Existing
land-uses were determined from subdivision maps and aerial photographs provided by the City.
Buildout condition land-use was determined from current General Plan for the City.

Watershed boundaries were determined from a variety of sources including 2-foot contour
topographic mapping, drainage facility maps, as-built plans, previous studies, aerial photographs,
and field visits.

Soil types were determined from a soil survey prepared by the U.S. Department of Agriculture
Natural Resources Conservation Service. The soil survey provides a classification of soils based on
their capacity to infiltrate rainfall. The majority of the soils within the City are classified as Type D
soils that have a low capacity to infiltrate storm water. In watersheds that have only a small
percentage of other soil types, it was assumed that the entire watershed consists of Type D soils.
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HYDRAULIC ANALYSES - CALCULATION OF WATER SURFACE ELEVATIONS

Hydraulic models were prepared to evaluate the flood control performance of the major existing
drainage facilities serving the City. The results of the hydraulic analyses were used to identify
existing performance deficiencies and, when necessary, to evaluate the improvements required to
bring the existing system into compliance with the drainage criteria. Hydraulic models were also
prepared to evaluate and size the facilities required to serve the three future development areas
described above. The approach to the hydraulic modeling varied depending upon the facility
being analyzed.

Storm Drainage Pipelines: Existing and future storm drainage pipelines were evaluated using the
XPSWMM modeling software. The XPSWMM program was configured to perform unsteady-state
calculations, which allowed the effects of surface storage and overland flow to be considered.

Creeks, Channels, Culverts, and Flood Control Detention Basins: Most major creeks, channels,
culverts, and detention basins were evaluated using the HEC-RAS program. For many of the
major creeks, the HEC-RAS models were configured to run in an unsteady-state mode. This
allowed the effects of channel storage on the flows in the creeks to be evaluated more
effectively. The unsteady-state mode also allowed off-channel detention basins to be included in
the hydraulic model.

For the Laguna West Channel and Grant Line Channel watersheds, the hydraulic analyses were
performed using XPSWMM. Much of the existing pipe system in these watersheds were
evaluated during this SDMP and use of the XPSWMM model allowed the pipe and channel
systems to be linked together in a single model.

In the Laguna West Lakes and Lakeside watersheds, the modeled drainage system consists of a
underground pipe network that delivers runoff to a lake system that is evacuated by a pump
station. There are no open channels within these watersheds. Again, XPSWMM was used for
these watersheds since it allowed the pipe, lake, and pump systems to be linked together in a
single model.

For the Laguna Stonelake watershed, the modeled facilities include a detention basin and a pump
station. Because pipeline and channel modeling was not required, the modeling for this
watershed was performed entirely with the SacCalc program.

STORMWATER QUALITY

New development projects within the City are required to provide facilities to reduce the
pollutant discharges associated with stormwater. It was beyond the scope of this SDMP to define
the specific stormwater quality treatment facilities required within individual development
projects. However, within Shed C, a preliminary regional drainage improvement plan was
developed that will provide, among other things, stormwater quality treatment. In the other major
future development areas, it was assumed that stormwater quality treatment would be provided
with dry detention basins. The basins were preliminarily sized to provide enough information to
develop a preliminary cost for inclusion in a future Capital Improvement Plan.
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CHAPTER 4. LAGUNA CREEK

WATERSHED DESCRIPTION

Laguna Creek is the largest stream within the City of EIk Grove. The location of the Laguna Creek
watershed is shown on Figure 4-1. Runoff in the watershed flows generally to the southwest until the
creek reaches Waterman Road. There, the creek bends, flowing to the northwest, towards its
confluence with Morrison Creek. The total watershed area, at the confluence of Morrison Creek, is
approximately 48 square miles (mi?). Laguna Creek is the most southern stream of the larger
Morrison Creek stream group.

The headwaters of Laguna Creek begin in the City of Rancho Cordova to the northeast. Laguna
Creek flows into the City at Calvine Road, picking up Whitehouse Creek and Elk Grove Creek before
leaving the City boundaries near Sheldon Road. The creek then picks up flows from Jacinto Creek
within the City of Sacramento limits and joins Morrison Creek just east of Interstate 5.

The largest tributaries to Laguna Creek include:

e Elk Grove Creek, with a watershed area of 6.5 mi-.
e Tributary No. 1, with a watershed area of 5.0 mi.

e Whitehouse Creek, with a watershed area of 1.8 mi-.
e Jacinto Creek, with a watershed area of 1.0 mi®.

EVALUATION OF LAGUNA CREEK (INCLUDING WHITEHOUSE CREEK)

The evaluation of Laguna Creek also included a concurrent evaluation of Whitehouse Creek. A single
hydraulic model was created for the two creeks since the water surface elevations in Laguna Creek
are felt to have a significant effect on those in Whitehouse Creek. Therefore, it was beneficial to link
the modeling of the two creeks together. The Laguna Creek analysis also required inflows from the
other major tributaries to be calculated (e.g. EIk Grove Creek and Tributary No. 1), but the hydraulic
modeling for the other major tributaries was performed separately and the discussion of that
modeling occurs in other chapters of this report.

Subsequent to the preparation of the Laguna Creek/Whitehouse Creek modeling, a more refined
hydrologic and hydraulic model for the upper reach of Whitehouse Creek was prepared David Ford
Consulting. This modeling was used by Ford to define the existing 100-year water surface elevations
and floodplain limits in Whitehouse Creek upstream of the UPRR (formerly the SPRR). The City
submitted a Letter of Map Revision to FEMA requesting that they recognize the revised floodplain
limits in this area. For this SDMP, the results from the refined modeling have been used as the basis
of the 100-year water surface elevations and floodplain limits along Whitehouse Creek upstream of
the UPRR. A report describing the development of the upper Whitehouse Creek modeling is provided
as Attachment 4A.
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Hydrologic Analysis for Laguna Creek

For the hydrologic analysis, a watershed model was used to transform design rainfall (of specified
probability) over a given area to runoff hydrographs. The watershed model provided the inflow
hydrographs needed for the channel hydraulic model, which was used route the flows through Laguna
Creek. See Figures 4-2a and 4-2b for the subshed boundaries and designations.

For the Laguna Creek analysis, the design flows at several key locations are needed, so the design
storms for the subsheds contributing at those points must be correctly defined. The Laguna Creek
Watershed is over 48 square miles and requires multiple SacCalc models to be used, each with
appropriate aerial adjustment factors for the design storms.

The computed runoff hydrographs for four storm centerings (contributing basin areas) were used for
this analysis. These are listed in Table 4-1. Each of these storm centerings was routed though the
Laguna Creek watershed using the HEC-RAS model.

Table 4-1. Storm Centering Locations

Storm Area, mi® Approximate Centering Location®
22 Laguna Creek at upstream City limit at Calvine Road.
32 Laguna Creek near intersection of Waterman Road and Bond Road.
40 Laguna Creek near the confluence with Elk Grove Creek.
48 Laguna Creek near the confluence with Morrison Creek, entire Laguna
Creek watershed.

@ Approximate location represents the point in the watershed with the specified contributing area.

Hydrology for Existing Conditions

The existing conditions hydrology for Laguna and Whitehouse Creeks was developed using the most
recent topographic data, storm drain system maps, land use designations, soil maps and aerial
photography information. The information developed from these sources was input into SacCalc
(Sacramento County’s HEC-1 preprocessor, 2004) for development of existing storm runoff
conditions. The 2-year, 10-year and 100-year events were evaluated.

The SacCalc model was originally created by David Ford Consulting in 2005 for a hydrologic study of
the Laguna Creek watershed for the City of EIk Grove. For this SDMP the subshed boundaries were
modified based on the most current topographic information. The model was also updated to be consistent
with the modeling prepared for the East EIk Grove area/rural region, as discussed in Chapter 6.

The flow hydrographs from the East Elk Grove area/rural region are for buildout conditions as that is the
only scenario evaluated for that area. Therefore, the existing conditions analysis for Laguna Creek
actually uses buildout condition flows for Tributary 1. However, as land use changes from existing to
buildout will not significantly change runoff patterns in this portion of the watershed, buildout condition
flows coming in from Tributary 1 will not greatly overestimate the existing condition flows for the entire
watershed. The hydrologic data for each subshed is shown in Table 4-2. The SacCalc layout configuration
is shown in Figure 4-3a and 4-3b.
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The SacCalc model was used to generate inflow hydrographs for the HEC-RAS hydraulic model.
Table 4-3 lists the hydrographs calculated with SacCalc and the location where they are input info the
HEC-RAS model.

Table 4-3. HEC-RAS Inflow Locations — Existing Conditions

SacCalc SacCalc HEC-RAS HEC-RAS
Creek Location Node Type |Boundary Type| Inflow Station
Laguna LCC2A Junction Flow 65509
LC19 Subbasin Lateral 64410
LC21 Subbasin Uniform 63584 to 61053
LCR23 Routing Uniform 61053 to 60773
LC22 Subbasin Uniform 60584 to 57584
LC24 Subbasin Uniform 57584 to 56584
LC26 Subbasin Uniform 53669 to 48924
LC30 Subbasin Lateral 48349
LC31 Subbasin Uniform 47954 t0 43824
LC35 Subbasin Uniform 43824 to 33787
LC40 Subbasin Lateral 33587
LC41 Subbasin Uniform 33357 to 23674
LC42A Subbasin Uniform 23663 to 15915
LC42B Subbasin Uniform 15793 to 10509
LC45 Subbasin Uniform 10315 to 5203
Tributary 1 JNC19 (Trib 1) | Junction Lateral 4251
Tributary 2 JNC 1 (Trib 2) | Junction Lateral 3942
Tributary 3 JNC 4 (Trib 3) | Junction Lateral 2631
JNC 015
Tributary 4 (Trib 4) Junction Lateral 1446
Laguna L21680 Subbasin Lateral 7.622
L21640 Subbasin Lateral 7.025
L21650 Subbasin Lateral 7.006
L21610 Subbasin Lateral 6.762
L21625 Subbasin Lateral 6.642
L21670 Subbasin Lateral 6.424
L21580 Subbasin Lateral 6.146
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Table 4-3. HEC-RAS Inflow Locations — Existing Conditions, Cont’d...

296\00-05-01
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SacCalc SacCalc HEC-RAS HEC-RAS

Creek Location Node Type |Boundary Type| Inflow Station
L21590 Subbasin Lateral 6.072
L21560 Subbasin Lateral 5.55
Bypass Hand Input | Flow Hydro. 1.515
L51540 Subbasin Lateral 1.345
L51490 Subbasin Lateral 0.989
L21490 Subbasin Lateral 0.863
L51480 Subbasin Lateral 0.385
L21460 Subbasin Lateral 0.341
L21390 Subbasin Lateral 0.038
L21410 Subbasin Lateral 0.019
L21510 Subbasin Lateral 4.831
L21520 Subbasin Lateral 4.785

L43415 Subbasin Uniform 4.137t0 4.116
L21370 Subbasin Lateral 3.203
C-JC3 Subbasin Lateral 2.942
L21310 Subbasin Lateral 1.78
L21320 Subbasin Lateral 1.769
L21250 Subbasin Lateral 0.865
L21150 Subbasin Lateral 0.402
DS confluence | Hand Input Stage 0.195
Transfer Reach | Hand Input | Flow Hydro. 6000
Transfer Reach Transfer Reach DS Boundary| Normal Depth 600
L53675 Junction Flow Hydro. 4.323
Whitehouse L51670 Subbasin Lateral 3.684
L51660 Subbasin Lateral 3.489
L51590 Subbasin Lateral 3.393
L51580 Subbasin Lateral 3.028
L51570 Subbasin Lateral 2.638
L51550 Subbasin Lateral 2.087
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Hydroloqy for Buildout Conditions

The hydrologic model for buildout conditions was developed by updating the existing conditions
model with buildout land use information. The schematic of buildout conditions is the same as the
existing conditions schematic shown on Figure 4-3a and 4-3b. The input for the buildout conditions
model can also be found in Table 4-2.

Other than land-use changes, there is one significant change between existing and buildout
conditions. This is the addition of detention basins by Sacramento County in the upper portion of the
watershed. Detention basins are planned for construction in the Laguna Creek watershed upstream of
the City within the County of Sacramento. These basins are intended to limit the increase in flows
due to development in the County. The exact sizes and locations of these basins are not known.
However, planning information was provided by Sacramento County for use with this SDMP.

Table 4-4 lists the hydrographs calculated with SacCalc and the location where they are input into the
HEC-RAS model.

Table 4-4. HEC-RAS Inflow Locations - Buildout Conditions

HEC-RAS
SacCalc SacCalc Boundary HEC-RAS

Creek Location Node Type Type Inflow Station
Laguna LCC2A Junction Flow 65509
LC19 Subbasin Lateral 64410

LC21 Subbasin Uniform 63584 to 61053

LCR23 Routing Uniform 61053 to 60773

LC22 Subbasin Uniform 60584 to 57584

LC24 Subbasin Uniform 57584 to 56584

LC26 Subbasin Uniform 53669 to 48924
LC30 Subbasin Lateral 48349

LC31 Subbasin Uniform 47954 to 43824

LC35 Subbasin Uniform 43824 to 33787
LC40 Subbasin Lateral 33587

LC41 Subbasin Uniform 33357 to 23674

LC42A Subbasin Uniform 23663 to 15915

LC42B Subbasin Uniform 15793 to 10509

LC45 Subbasin Uniform 10315 to 5203
Tributary 1 JNC19 (Trib 1) Junction Lateral 4251
Tributary 2 JNC 1 (Trib 2) Junction Lateral 3942
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Table 4-4. HEC-RAS Inflow Locations - Buildout Conditions, Cont’d...

HEC-RAS
SacCalc SacCalc Boundary HEC-RAS

Creek Location Node Type Type Inflow Station
Tributary 3 JNC 4 (Trib 3) Junction Lateral 2631
JNC 015 (Trib 4) Junction Lateral 1446
Laguna L21680 Subbasin Lateral 7.622
L21640 Subbasin Lateral 7.025
L21650 Subbasin Lateral 7.006
L21610 Subbasin Lateral 6.762
L21625 Subbasin Lateral 6.642
L21670 Subbasin Lateral 6.424
L21580 Subbasin Lateral 6.146
L21590 Subbasin Lateral 6.072
L21560 Subbasin Lateral 5.55
Bypass Hand Input | Flow Hydro. 1.515
L51540 Subbasin Lateral 1.345
L51490 Subbasin Lateral 0.989
L21490 Subbasin Lateral 0.863
L51480 Subbasin Lateral 0.385
L21460 Subbasin Lateral 0.341
L21390 Subbasin Lateral 0.038
L21410 Subbasin Lateral 0.019
L21510 Subbasin Lateral 4.831
L21520 Subbasin Lateral 4.785

L43415 Subbasin Uniform 4.137t0 4.116
L21370 Subbasin Lateral 3.203
C-JC3 Subbasin Lateral 2.942
L21310 Subbasin Lateral 1.78
L21320 Subbasin Lateral 1.769
L21250 Subbasin Lateral 0.865
L21150 Subbasin Lateral 0.402
DS Confluence | Hand Input Stage 0.195
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Table 4-4. HEC-RAS Inflow Locations - Buildout Conditions, Cont’d...

HEC-RAS
SacCalc SacCalc Boundary HEC-RAS
Creek Location Node Type Type Inflow Station
Transfer Reach | Transfer Reach | Hand Input | Flow Hydro. 6000
Transfer Reach | DS Boundary |Normal Depth 600
\Whitehouse L53675 Junction Flow hydro. 4.323
L51670 Subbasin Lateral 3.684
L51660 Subbasin Lateral 3.489
L51590 Subbasin Lateral 3.400
L51580 Subbasin Lateral 3.028
L51570 Subbasin Lateral 2.638
L51550 Subbasin Lateral 2.087

Hydraulic Analysis for Laguna Creek and Whitehouse Creek

An unsteady-flow hydraulic model was prepared for Laguna Creek and Whitehouse Creek using
HEC-RAS. The unsteady-flow model, using input runoff hydrographs, considers backwater, ponding, and
channel storage effects as the flow is routed through the open channel system. Also, the unsteady-flow
model provides an effective tool to evaluate the effects of Laguna Creek water surface elevations on those
in Whitehouse Creek. See Figures 4-4a and 4-4b for the layout of the hydraulic model. More detailed
maps showing the model cross section locations are provided on Figures 4-6a through 4-6j.

Existing Conditions Hydraulic Analysis

An unsteady state hydraulic model for existing conditions was developed using the inflow
hydrographs from the SacCalc model developed using existing land use conditions. The downstream
boundary condition, a stage hydrograph in Morrison Creek, is based on hydraulic modeling prepared
for the County of Sacramento.

Table 4-5 shows the peak flows and water surface elevations at key locations as calculated in the
HEC-RAS model for existing conditions. Figures 4-5a through 4-5i show the water surface profiles
along Laguna and Whitehouse Creeks.
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Table 4-5. Existing Condition Flows and Water Surface Elevations for Laguna and Whitehouse Creeks

2-year 10-year 10- 100-year
max 2-year max year max
HEC-RAS water max water max water 100-year
River surface, | flow, | surface, | flow, | surface, max
Station Creek Location ft cfs ft cfs ft flow, cfs
1.94 Whitehouse Low flow weir 30.1 81 31.0 147 32.1 242
2.2455 Whitehouse Ski Lake Dr 324 99 33.0 170 33.6 254
2.5 Whitehouse Harding Hall Drive 325 101 33.2 172 34.0 257
2.6165 Whitehouse Bike Crossing 32.6 106 33.3 181 34.0 267
2.755 Whitehouse Sheldon Creek Drive 32.6 95 33.3 164 34.0 246
3.159 Whitehouse Camden Parkway 32.8 68 335 123 345 210
3.3595 Whitehouse UPRR 33.2 69 33.8 119 34.7 217
3.459 Whitehouse Elk Grove Florin Road 33.7 62 34.4 107 36.8 200
3.662 Whitehouse Borrow Pit Road 38.4 43 38.7 64 41.1 134
4.067 Whitehouse Campbell Road 43.4 28 43.6 37 43.8 200
3.5615 Laguna Creek Bruceville Road 23.0 285 23.8 401 24.0 522
4.054 Laguna Creek Lewis Stein 25.8 296 26.2 416 26.4 523
4.711 Laguna Creek West Stockton 29.1 931 29.8 1,652 30.7 2,752
4.727 Laguna Creek Hwy 99 29.2 931 30.0 1,652 30.9 2,752
4.745 Laguna Creek East Stockton 29.2 931 30.1 1,652 31.3 2,752
6.32 Laguna Creek Bond Road 34.8 895 35.8 1,583 36.8 2,591
6.57 Laguna Creek Elk Grove Florin Road 36.1 892 37.6 1,579 39.0 2,580
6.94 Laguna Creek SPRR Crossing 39.5 890 40.6 1,572 41.6 2,565
7.082 Laguna Creek | DS of Waterman, US of SPRR | 39.8 880 40.9 1,557 42.1 2,538
Low water crossing DS of
7.561 Laguna Creek Waterman 41.1 882 41.9 1,564 43.2 2,550
8.1175 Laguna Creek Waterman Road 43.5 883 45.0 1,563 46.6 2,546
51 Laguna Creek Bond Rd 43.9 884 45.4 1,563 47.1 2,546
8734 Laguna Creek Sheldon Road 49.7 637 50.2 898 50.8 1,235
15854 Laguna Creek Calvine Road 54.9 640 55.5 893 56.1 1,241
Bypass
0 Channel Downstream End 14.8 1057 16.5 2063 18.3 3521
Bypass
0.3575 Channel Bruceville Road 17.4 1055 19.1 2052 20.8 3507
Bypass
1.446 Channel Upstream End 21.7 865 23.7 1538 26.0 2532

Note: The 100-Year data on Whitehouse Creek from station 3.659 upstream to station 4.067 is based on modeling by David Ford
Consulting from a LOMR submitted to FEMA in 2011.
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The results from the HEC-RAS model indicate that there are some areas of over bank flooding in the
watershed during the 100-year event. However, there are no structures that are threatened during the
100-year event. There are some backwater effects into Whitehouse Creek at the confluence with
Laguna, but these do not result in predicted structure flooding.

Hydraulic Analysis for Buildout Conditions

For buildout conditions, the hydraulic model was revised to include flow hydrographs representing
buildout land uses. Table 4-6 summarizes the results from the HEC-RAS model for buildout
conditions. Comparisons of existing and buildout condition peak flows and water surface elevations
are presented on Table 4-7. Buildout condition water surface profiles produced from the HEC-RAS
model are shown on Figures 4-7a through 4-7i.

Improvements to Creek System

Because the Laguna Creek system provides adequate flood protection for both existing and buildout
conditions, no improvements are recommended.

EVALUATION OF EXISTING PIPELINES

As indicated in Chapter 3, existing pipelines within the City’s arterial roadways with diameters 27 inches
and greater were evaluated during this SDMP. Pipelines meeting that size criterion within the “Old
Town” area were also evaluated. The Old Town area is bounded by Waterman Road, Bond Road,
Highway 99, and Grant Line Road and a portion of this area lies within the Laguna Creek watershed.
Nine existing trunk pipelines in the Laguna Creek watershed meet the criterion for a detailed evaluation.
Figures 4-8 through 4-12 show the sizes and limits of the existing pipelines that were evaluated.

Hydrologic Analysis of Existing Pipelines

SacCalc models were prepared to calculate the 2-year, 10-year, and 100-year flows into the existing
pipe systems. The SacCalc models used to calculate flows in the existing pipelines are more refined
than the model used to calculate flows in Laguna Creek. Smaller subsheds were used in the pipeline
models to better define the variation in flow along the pipeline.

All of the subsheds served by the existing pipelines are completely developed, or nearly so.
Therefore, flow rates were calculated for buildout conditions only. Existing condition flows are not
expected to differ significantly.

Figures 4-8 through 4-12 present the subshed boundaries used for the flow calculations. Table 4-8
presents the key hydrologic parameters for each subshed under buildout land use conditions. Table 4-9
presents the calculated peak flows from each subshed for the three storm events.
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Table 4-6. Buildout Condition Flows and Water Surface Elevations for Laguna and Whitehouse Creeks

2-year 10-year 100-year
max 2-year max 10-year max
HEC-RAS water max water max water | 100-year
River surface, | flow, | surface, | flow, surface, max
Station Creek Location ft cfs ft cfs ft flow, cfs
1.94 Whitehouse Low flow weir 30.3 98 31.1 167 32.1 258
2.2455 | Whitehouse Ski Lake Dr 32.6 121 33.1 183 33.7 271
25 Whitehouse Harding Hall Drive 32.7 141 33.3 184 34.1 272
2.6165 | Whitehouse Bike Crossing 32.8 126 334 190 34.1 279
2.755 Whitehouse Sheldon Creek Drive 32.8 116 334 174 34.2 258
3.159 Whitehouse Camden Parkway 32.8 68 335 123 34.5 210
3.3595 | Whitehouse UPRR 33.2 69 33.8 119 34.7 217
3.459 Whitehouse Elk Grove Florin Road 33.7 62 344 107 36.8 200
3.662 Whitehouse Borrow Pit Road 38.4 43 38.7 64 41.1 134
4.067 Whitehouse Campbell Road 43.4 28 43.6 37 43.8 200
3.5615 | Laguna Creek | Bruceville Road 23.1 332 23.8 454 24.1 570
4.054 Laguna Creek | Lewis Stein 26.0 345 26.3 459 26.6 573
4711 Laguna Creek | West Stockton 29.1 912 29.7 1,554 30.5 2,540
4.727 Laguna Creek | Hwy 99 29.2 912 29.9 1,554 30.8 2,540
4.745 Laguna Creek | East Stockton 29.2 912 30.0 1,554 32.1 2,540
6.32 Laguna Creek | Bond Road 34.7 837 35.7 1,453 36.7 2,360
6.57 Laguna Creek | Elk Grove Florin Road 36.0 834 37.2 1,448 38.7 2,349
6.94 Laguna Creek | SPRR Crossing 39.5 828 40.4 1,438 41.4 2,375
7.082 Laguna Creek | DS of Waterman, US of SPRR 39.7 818 40.7 1,421 41.8 2,308
7.561 Laguna Creek | Low water crossing DS of Waterman 41.1 820 41.7 1,430 42.9 2,320
8.1175 | Laguna Creek | Waterman Road 43.4 817 44.7 1,427 46.3 2,317
51 Laguna Creek | Bond Rd 43.7 817 45.1 1,427 46.7 2,318
8734 Laguna Creek | Sheldon Road 49.5 585 50.3 927 50.9 1,303
15854 Laguna Creek | Calvine Road 54.8 578 55.5 927 56.2 1,322
Bypass
0 Channel Downstream End 15.0 1,143 16.7 2,196 18.3 3,509
Bypass
0.3575 Channel Bruceville Road 17.6 1,147 19.3 | 2,187 20.8 3,496
Bypass
1.446 Channel Upstream End 21.8 848 23.8 1,446 25.8 2,348

West Yost— June 2011
296\00-05-01

4-11

City of Elk Grove
Storm Drainage Master Plan VVolume 11




11 sWNJOA Ueld JaiselN abeurelq wiols

T0-S0-00\96¢

an0ID X[3 Jo AND 21 TTOZ duNnf —ISOA 1S9\
8'G¢ 0'9¢ 8'€¢ L'€C 8'T¢ L'T¢ pu3 weansumod [uueyD ssedAg 'l
8'0¢ 8'0¢ €61 76T 9.7 VLT peoy sj[insdnig [auueyd ssedAg G/GE0
€8T €8T L'9T §'9T 0'ST 8vT puz weansumoqg |  [suuey) ssedAg 0
299 199 G§'q9 G'qeg 8175 6'7S peoy auined Y9810 eunbe] G847
6°0S 809 €09 ¢'0S S'6¥ L6y peoy uopjsys %9810 euUnBe] vEL8
L9y A% T'sy 7414 L'EV 6'Er pyd puogd 38310 eunbe TS
€9y 9'9¥ L'y 0'sy I7A%% R34 peoy uewlsiepn 8810 eunbe G/T1'8
8¢ ey LTy 6'TY Tty Ty UewIgBAN JO S BuIsso.d Jerem Mo 8810 eunbe T9G°L
8’1y T¢y L0y 6°0v L'6€ 8'6¢ dddN 40 SN ‘uewIBIeAA JO SA 19810 eunbe] ¢80°L
7Ty 91y 4014 90v S'6E S'6E Buissoid YHdS %8810 eunfe ¥6'9
L'8¢ 0'6¢ c'LE 9/¢ 09¢ T9¢ peoy uLIo]4 8ACID X3 8810 eunbe LS9
L9¢ 8'9¢ L'SE 8'GE L'vE 8'vE peoy puoqg Y9810 eunbe] g9
T1€E eTe 00¢e T0€ 2'6¢ 2'6¢ uol}20Is 1seq %8810 eunfe Sv.L'v
8'0¢ 60¢ 6'6¢ 00¢ c'6¢ (A4 66 AMH 8810 eunbe L2L'y
G0¢ L0€ L'6C 8'6¢ T'6¢ T'6¢ uopR{o01S IS8\ 8810 eunbe TTLY
9'9¢ ¥'9¢ €9¢ 2'9¢ 0'9¢ 8'G¢ UIglS SIMaT Y9810 eunbe] 125100 %
Tve 0've 8'€¢ 8'¢€c T€e 0€e peoy sj[insonig %8810 eunfe GT99°€
8ty 8ty 9ty 9ty v'ey veEy peoy |jaqdwed asnoysHym 190V
Ty Ty L'8E L'8¢ ¥'8¢ ¥'8¢ peoy 1id moliog 3SNOYanym ¢99°¢
8'9¢ 8'9¢ A% A% L'YvE L'EE peoy uLio]4 8A0ID MIF 8SNOYyalyM 6SY'€
L've L've 8¢t g€t C'ee Z'ee dddn asSNoYsaNymM G6GEE
Sve Sve L'EE €ee 8'€t 8¢e Aemired uspwed 3SNOYaHym 6GT'€
(A% 0've v'ee gee 8¢e 9¢e 3ALIQ %3810 uop|ays 3SNOYanymM GGL'¢C
Tve 0've v'ee g'ee 8'¢e 9¢e Buissold axig asnoysiym G919°¢
Tve 0ve €ee g'ee L'¢e q¢e aAlQ [leH BuipseH aSNoyaNyM ¢
L'EE 9€e T€e 0€e 9¢e vee 1@ e S asNOYaHym qGvee
T¢e T¢e TTE 0'Te €0¢e T0€ J1I3M MOJ} MO 8SNOYyalyM v6'T
4 nopjing Y ‘Bunsixs 4 ‘nopjing Y ‘Bunsixs 4 nopjing 1 ‘Bunsixe uoleao LEEN) uonels JaAry
80eLINS Jajem aoeyIns 90BLINS J9JeM | B0BLINS J9JeM | 80BJINS JBJEM | 3JBLINS Igjem Svd-23H
Xew Jeak-00T Jarem Xew Jeak-0T Xew Jeak-0T Xew Jeak-g Xew Jeah-z
Xew Jeak-00T

SUOITeAS|T 898LING 4318 AA UOIIPUOD 1nopjing pue Bunsix3 o uosiaedwo) */-i a|qel




Table 4-8. Hydrologic Parameters for Existing Pipeline Models LC1-LC6

Land-use, acres and Percent Impervious
Resd, 6-8 | Resd, | Resd,
Mean Basin Basin Basin Com_m./ du/ac, 4-6 3-4 | Rural
Area, | Elevation, ft, | Length, | Centroid Slope, Office | HDR | MDR School | du/ac | du/ac | Res. | Park | Open Average
Subshed | acres NGVD29 ft Length, ft | ft/ft 90% | 80% | 70% 50% | 40% | 30% | 10% | 5% | 2% | % Imp. |
Buildout Conditions

BH110 18.3 22 880 282 0.0020 18.3 40
BH115 99.0 22 5,827 2,901 0.0005 91.3 3.8 3.8 37
BH120 11.4 22 1,162 393 0.0014 11.4 40
BH125 59.0 22 3,037 837 0.0016 7.4 44.2 7.4 41
BH130 72.5 22 2,642 780 0.0012 0.7 65.3 5.1 1.5 37
BH205 41.9 22 2,031 719 0.0016 18.9 23.0 54
BH210 23.1 22 1,682 786 0.0012 23.1 40
BH215 8.5 22 830 358 0.0014 8.5 40
BH220 15.2 22 1,479 595 0.0020 15.2 40
BH230 53.2 22 1,922 260 0.0008 53.2 40
LB105 68.0 28 3,859 1,359 0.0012 1.4 8.8 44.2 13.6 39
LB110 44.9 28 1,891 765 0.0030 42.7 2.2 38
LB115 38.0 28 993 174 0.0038 7.6 30.4 42
LB120 112.6 28 2,466 1,403 0.0013 2.3 2.3 33.8 73.2 1.1 44
LB125 317.0 28 5,275 1,719 0.0005 3.2 15.8 7.9 12.7 237.7 39.6 39
LB130 14.2 28 1,345 291 0.0007 12.0 0.7 1.4 85
LB135 17.8 28 1,057 343 0.0009 11.9 5.9 87
LB140 24.8 28 2,160 907 0.0019 1.2 23.6 43
LB145 129.0 28 3,820 1,350 0.0010 3.9 25.8 96.7 2.6 43
LC3101 4.3 26 900 450 0.0006 4.3 10
LC3105 17.0 29 1,330 660 0.0015 11.7 3.2 2.0 71
LC3110 61.8 29 3,060 1,530 0.0007 61.8 90
LC4110 93.1 36 4,610 2,350 0.0009 85.9 7.2 89
LC4120 19.1 36 2,040 1,000 0.0010 19.1 90
LC4130 15.0 36 1,460 700 0.0014 9.5 5.5 75
LC4150 37.6 36 2,140 1,100 0.0019 37.6 50
LC4160 39.9 36 2,930 1,460 0.0017 35.7 4.2 45
LC4170 37.4 36 1,710 1,400 0.0023 37.4 50
LC4200 6.7 36 900 500 0.0022 6.7 90
LC5110 6.5 39 760 380 0.0030 6.5 90
LC5120 9.7 39 1,020 510 0.0013 9.7 50
LC5130 34.8 39 2,480 1,240 0.0006 34.8 50
LC6110 6.0 39 570 280 0.0007 6.0 40
LC6120 16.4 39 1,110 550 0.0008 5.1 11.3 43
LC6130 39.1 39 1,940 970 0.0010 7.2 31.9 42
LC7110 21.2 40 2,430 1,200 0.0012 18.6 2.6 36
LC7120 16.0 40 1,420 700 0.0028 16.0 40
LC8110 9.3 40 1,180 600 0.0017 9.3 90
LC8120 9.5 40 850 430 0.0024 9.5 90
LC8130 36.9 40 1,600 800 0.0013 249 | 12.0 37
LC8140 52.4 42 2,360 1,100 0.0017 52.4 40
LC8150 36.9 43 2,320 1,160 0.0017 35.8 1.1 39
LC910 30.1 59 1,100 500 0.0009 0.0 30.1 40
LC920 19.6 61 850 386 0.0012 13.6 6.0 75
LC930 27.5 61 1,750 795 0.0006 27.5 40
LC940 107.2 64 4,100 1,864 0.0005 107.2 40
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Table 4-9. Calculated Subshed Flows for Existing Pipelines LC1-LC9

Buildout Condition Flows, cfs

Subshed Area, acres 2-Year 10-Year 100-Year
BH110 18.3 15 29 44
BH115 99.0 35 63 89
BH120 114 8 16 24
BH125 59.0 32 61 90
BH130 72.5 40 76 111
BH205 41.9 27 52 75
BH210 23.1 14 27 39
BH215 8.5 7 13 19
BH220 15.2 10 20 29
BH230 53.2 37 70 104
LB105 68.0 30 59 87
LB110 44.9 27 55 81
LB115 38.0 31 66 103
LB120 112.6 56 112 161
LB125 317.0 117 231 331
LB130 14.2 11 22 33
LB135 17.8 14 29 44
LB140 24.8 14 28 41
LB145 129.0 58 115 164
LC3101 4.3 3 5 8
LC3105 17.0 13 23 35
LC3110 61.8 37 67 95
LC4110 93.1 50 88 124
LC4120 19.1 13 24 35
LC4130 15.0 11 21 31
LC4150 37.6 23 42 61
LC4160 39.9 21 38 56
LC4170 374 23 43 62
LC4200 6.7 6 11 17
LC5110 6.5 6 12 18
LC5120 9.7 7 14 20
LC5130 34.8 18 33 46
LC6110 6.0 5 10 15
LC6120 16.4 11 21 31
LC6130 39.1 23 42 61
LC7110 21.2 11 21 30
LC7120 16.0 11 21 31
LC8110 9.3 8 15 22
LC8120 9.5 9 17 26
LC8130 36.9 23 42 62
LC8140 52.4 30 56 80
LC8150 36.9 21 39 56
LC910 30.1 21 40 58
LC920 19.6 17 32 48
LC930 275 16 30 43
LC940 107.2 46 83 116
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Hydraulic Analysis of Existing Pipelines

Hydraulic models of the nine existing pipe systems were created using XPSWMM. Calculated
water surface elevations for the 2-year, 10-year, and 100-year storm events are summarized on
Table 4-10. Calculated peak flows are summarized in Table 4-11. As Table 4-10 shows, the
City’s performance criteria for existing pipelines are met for all but two pipelines. EXxisting
Pipeline LC4 has two locations where the 10-year water surface elevation is above the curb and
one location where the 100-year water surface elevation is predicted to inundate a building pad.
Existing Pipeline LC8 has one location with 10-year flooding above the curb.

Improvements to Existing Pipelines

Pipe improvements are necessary to eliminate the predicted flooding along Existing Pipelines LC4
and LC8. For Existing Pipeline LC4, upsizing of 2,460 feet of pipeline is required to eliminate the
street and building pad flooding. For Existing Pipeline LC8, upsizing of 3,080 feet of pipeline is
required to eliminate the excessive street flooding. The pipe improvements required to bring the pipe
systems in compliance with the performance criteria are shown on Figures 4-13 and 4-14.

EVALUATION OF FUTURE PIPELINES AND STORMWATER QUALITY FACILITIES

In the Laguna Creek watershed, future pipeline improvements are expected in the area southeast
of the intersection of Calvine Road and Waterman Road. This area is largely undeveloped and is
anticipated for future Rural Residential and Estate Residential development. Potential future
trunk pipeline alignments were estimated and sized. In addition to the pipeline improvements,
facilities will be required to provide stormwater quality treatment for runoff from development
areas. It was assumed that stormwater quality treatment would be provided with dry detention
basins located near the end of each trunk pipeline.

Because the future development patterns and roadway layouts in this area are unknown, it is
anticipated that the actual layout of the trunk pipe system will be different from that proposed in
this SDMP. However, the trunk pipelines and stormwater quality facilities defined in this SDMP
are adequate for the development of a Capital Improvement Plan in the future.

Hydrologic Analysis of Future Pipelines

The future trunk pipes were analyzed for the 10-year storm only. Evaluation of the 2-year storm
is unnecessary since the water surface will be contained within the pipe. The water surface
elevations for the 100-year storm will be dependent on the layout and grading of the future
streets, which are unknown at this time.

SacCalc models were prepared to calculate the buildout 10-year flows into the future trunk pipe
systems. Figure 4-15 presents the subshed boundaries used for the flow calculations. Table 4-12
presents the key hydrologic parameters for each subshed for buildout conditions. Table 4-13
presents the calculated 10-year peak flows from each subshed.

Hydraulic Analysis of Future Pipelines

Hydraulic models of six trunk pipe systems were created using XPSWMM. Pipelines were sized
to provide a 10-year water surface elevation that is a minimum of 0.5 feet below the anticipated
gutter elevations in the future streets. The estimated pipe lengths, sizes, and slopes are presented
on Table 4-14 along with the calculated water surface elevations for the 10-year storm event. The
pipe alignments and sizes are shown on Figure 4-15.
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Table 4-10. Calculated Water Surface Elevations for Existing Pipelines LC1-LC9 (NGVD29)

Estimated
Top of | Estimated 10-Year
Curb Pad 2-Year Water | 10-Year Water | 100-Year Water | Flooding [ 100-Year
Elevation, | Elevation, Surface Surface Surface Above Pad
Node Name feet feet Elevation, feet | Elevation, feet | Elevation, feet | Curb? | Flooding?
Pipeline No. LC1
BH100 n/a 20.0 8.7 14.1 16.1 - -
BH110 20.1 20.0 16.8 17.2 18.0 - -
BH115 21.8 22.0 17.3 17.9 19.1 - -
BH120 22.3 23.0 18.0 18.7 19.8 - -
BH125 20.8 23.0 18.4 19.2 20.2 - -
BH127 22.3 21.0 18.7 19.3 19.9 -
BH130 21.0 22.0 18.9 19.5 20.0 - -
BH205 19.7 21.0 17.4 18.8 19.9 - -
BH210 21.1 22.0 17.7 19.3 20.6 - -
BH215 23.4 22.0 17.9 19.6 20.8 - -
BH220 21.3 23.0 18.5 20.1 21.1 - -
BH225 20.7 23.7 19.0 20.1 20.9 - -
BH230 21.0 21.7 19.9 20.4 20.9 - -
Pipeline No. LC2
LB100 n/a n/a 12.9 17.1 19.3 - -
LB105 22.9 24.0 17.5 18.1 19.6 - -
LB110 23.3 24.9 18.5 20.1 21.0 - -
LB115 24.0 26.0 20.4 22.8 23.6 - -
LB120 24.6 27.0 21.6 23.9 24.8 - -
LB125 25.9 27.0 24.3 25.1 25.7 - -
LB130 28.6 30.0 27.1 21.7 28.0 - -
LB135 30.0 32.0 27.9 29.6 29.5 - -
LB140 32.1 32.0 28.2 29.0 29.4 - -
LB145 31.0 32.0 27.5 28.5 29.0 - -
Pipeline No. LC3
LC3101 26.8 27.0 21.8 23.8 24.0 - -
LC3105 26.6 26.8 22.4 23.9 25.3 - -
LC3110 27.3 28.9 22.8 24.8 26.9 - -
Pipeline No. LC4
LC4100 34.6 36.0 29.2 30.1 31.4 - -
LC4110 34.6 36.0 30.1 31.6 32.9 - -
LC4120 37.4 35.8 30.5 32.4 33.7 - -
LC4130 35.6 35.5 30.7 32.8 34.1 - -
LC4150 35.2 35.5 31.2 33.6 34.7 - -
LC4160 34.3 35.2 32.8 34.8 35.7 Yes Yes
LC4170 35.8 36.7 34.6 36.2 36.6 Yes -
LC4200 35.6 36.0 31.2 32.9 34.6 - -
Pipeline No. LC5
LC5100 35.8 n/a 31.0 35.0 36.0 - -
LC5110 37.4 38.0 31.8 35.0 36.0 - -
LC5120 37.5 38.5 33.4 36.2 37.4 - -
LC5130 37.7 38.7 35.2 37.7 38.4 - -
Pipeline No. LC6
LC6100 35.7 n/a 35.1 35.2 36.2 - -
LC6110 38.7 40.1 36.6 37.3 37.9 - -
LC6120 39.2 40.4 38.1 39.2 39.7 - -
LC6130 39.9 41.0 39.7 39.9 40.1 - -
Pipeline No. LC7
LC7100 40.3 n/a 31.2 35.7 36.8 - -
LC7110 39.8 39.2 31.5 35.7 36.8 - -
LC7115 37.8 39.2 325 35.7 36.8 - -
LC7120 38.2 39.5 33.1 35.7 37.3 - -
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Table 4-10. Calculated Water Surface Elevations and Flows for Existing Pipelines LC1-LC9

(NGVD29), cont'd...
Estimated
Top of | Estimated 10-Year
Curb Pad 2-Year Water | 10-Year Water | 100-Year Water | Flooding [ 100-Year
Elevation, | Elevation, Surface Surface Surface Above Pad
Node Name feet feet Elevation, feet | Elevation, feet | Elevation, feet | Curb? | Flooding?
Pipeline No. LC8
LC8100 40.5 n/a 33.3 35.7 36.8 - -
LC8110 41.0 40.0 33.8 35.7 36.9 - -
LC8120 415 40.0 34.4 36.2 37.7 - -
LC8130 44.5 46.0 36.6 39.6 42.0 - -
LC8140 425 44.0 39.3 41.3 43.4 - -
LC8145 40.1 44.0 39.9 40.7 41.4 Yes -
LC8150 43.3 44.0 42.8 43.3 43.5 - -
Pipeline No. LC9
LC900 n/a 60.0 51.0 55.3 55.9 - -
LC910 58.5 59.0 52.5 58.0 58.5 - -
LC920 60.8 61.3 53.5 60.5 60.8 - -
LC930 61.3 61.8 54.7 61.0 61.5 - -
LC940 63.5 64.0 57.0 62.3 62.9 - -
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Table 4-11. Calculated Peak Flows for Existing Pipelines LC1-LC9

Conduit [ Upstream | Downstream| Conduit 2-Year Peak |10-Year Peak|100-Year Peak
Name Node Node Type Flow, cfs Flow, cfs Flow, cfs
Pipeline No. LC1
BH110R BH110 BH100 Pipe 158 228 287
BH115R BH115 BH110 Pipe 87 123 151
BH120R BH120 BH115 Pipe 60 66 74
BH125R BH125 BH120 Pipe 55 57 62
BH127R BH127 BH125 Pipe 33 41 44
BH130R BH130 BH127 Pipe 33 41 44
BH205R BH205 BH110 Pipe 68 108 135
BH210R BH210 BH205 Pipe 41 56 73
BH215R BH215 BH210 Pipe 28 34 36
BH220R BH220 BH215 Pipe 22 23 27
BH225R BH225 BH220 Pipe 17 19 20
BH230R BH230 BH225 Pipe 17 19 20
Pipeline No. LC2
LB105A.1 | LB105 LB102 Pipe 111 152 177
LB105B LB105 LB102 Pipe 111 152 177
LB110R LB110 LB105 Pipe 197 259 286
LB115R LB115 LB110 Pipe 184 213 230
237.1 LB120 LB115 Pipe 181 181 189
236.1 LB125 LB120 Pipe 146 159 148
231.1 LB130 LB125 Pipe 77 90 92
LB135R LB135 LB130 Pipe 22 38 28
LB140R LB140 LB135 Pipe 14 15 15
232.1 LB145 LB130 Pipe 58 65 60
OLR120 LB120 LB115 Overland 0 0 7
OLR125 LB125 LB120 Overland 0 0 1
Pipeline No. LC3
206.1 LC3105 LC3101 Pipe 43 84 118
205.1 LC3110 LC3105 Pipe 36 67 95
Pipeline No. LC4
220.1 LC4110 LC4100 Pipe 104 182 212
219.1 LC4120 LC4110 Pipe 64 96 111
218.1 LC4130 LC4120 Pipe 56 82 94
216.1 LC4150 LC4130 Pipe 54 70 81
215.1 LC4160 LC4150 Pipe 38 50 51
214.1 LC4170 LC4160 Pipe 19 24 24
LC4_200C | LC4200 LC4130 Pipe 6 10 15
215.2 LC4160 LC4150 Overland 0 0 3
214.2 LC4170 LC4160 Overland 0 1 9
Pipeline No. LC5
208.1 LC5110 LC5100 Pipe 23 34 40
206.1 LC5120 LC5110 Pipe 21 25 26
204.1 LC5130 LC5120 Pipe 17 18 16
204.2 LC5130 LC5120 Overland 0 0 8
Pipeline No. LC6
110.1 LC6110 LC6100 Pipe 29 38 42
120.1 LC6120 LC6110 Pipe 26 30 31
130.1 LC6130 LC6120 Pipe 19 20 20
120.2 LC6120 LC6110 Overland 0 0 5
130.2 LC6130 LC6120 Overland 0 0 2
Pipeline No. LC7
LC7110C | LC7110 LC7100 Pipe 21 37 75
203.1 LC7120 LC7115 Pipe 11 21 31
205.1 LC7115 LC7110 Pipe 11 21 31
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Table 4-11. Calculated Peak Flows for Existing Pipelines LC1-LC9, cont'd...

Conduit | Upstream | Downstream| Type of 2-Year Peak |10-Year Peak|100-Year Peak
Name Node Node Flow Flow, cfs Flow, cfs Flow, cfs
Pipeline No. LC8
LC8110C | LC8110 LC8100 Pipe 71 97 118
LC8120C | LC8120 LC8110 Pipe 68 86 99
LC8130C | LC8130 LC8120 Pipe 65 7 86
LC8140C | LC8140 LC8130 Pipe 46 42 42
LC8145C | LC8145 LC8140 Pipe 23 28 26
203.1 LC8150 LC8145 Pipe 20 20 20
203.2 LC8150 LC8145 Overland 0 18 36
Pipeline No. LC9
RLC910 LC910 LC900 Pipe 67 126 134
RLC920 LC920 LC910 Pipe 58 98 97
RLC930 LC930 LC920 Pipe 53 95 112
RLC940 LC940 LC930 Pipe 44 70 81
OLRLC920( LC920 LC910 Overland 0 1 8
OLRLC930( LC930 LC920 Overland 0 1 9
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Table 4-12. Hydrologic Parameters for Future Pipeline Models LCN1-LCN6

Land Use, acres and Percent Impervious Stormwater
Quality
Mean Basin Basin Basin Detention
Area, |Elevation, ft, | Length, | Centroid Slope, Resd, 3-4 du/ac Rural Res. Average | Volume,
Subshed | acres [ NGVD29 ft Length, ft |  fu/ft 30% 10% % Imp. ac-ft
Buildout Conditions
LCN110 | 194 67 1,290 586 0.0155 0.0 19.4 10 0.29
LCN120 | 28.3 67 780 354 0.0269 124 15.9 19 0.42
LCN130 | 32.3 70 1,380 625 0.0145 32.3 0.0 30 0.67
LCN210 | 78.0 57 1,790 971 0.0017 0.0 78.0 10 1.17
LCN310 6.5 57 420 201 0.0024 6.5 0.0 30 0.14
LCN320 | 28.9 59 1,530 698 0.0013 28.9 0.0 30 0.60
LCN410 8.6 57 450 212 0.0022 8.6 0.0 30 0.18
LCN420 | 29.1 59 1,930 878 0.0010 29.1 0.0 30 0.60
LCN510 | 294 55 870 395 0.0023 0.0 29.4 10 0.44
LCN520 | 50.1 58 1,440 744 0.0028 0.0 50.1 10 0.75
LCN610 | 37.6 60 1,140 700 0.0010 0.0 37.6 10 0.56
LCN620 | 54.1 62 1,360 680 0.0007 0.0 54.1 10 0.81
LCN630 | 26.9 64 1,720 900 0.0006 0.0 26.9 10 0.40
LCN640 | 39.4 60 1,520 800 0.0010 0.0 39.4 10 0.59
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Table 4-13. Calculated Subshed Flows for Future Pipelines LCN1-LCN6

Subshed Area, acres 10-Year Flow, cfs
LCN110 19.4 25
LCN120 28.3 47
LCN130 32.3 47
LCN210 78.0 71
LCN310 6.5 12
LCN320 28.9 33
LCN410 8.6 15
LCN420 29.1 30
LCN510 29.4 37
LCN520 50.1 53
LCN610 37.7 39
LCN620 54.1 51
LCN630 26.9 23
LCN640 39.4 37
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Table 4-14. Hydraulic Design Data for Future Pipelines LCN1-LCN6

Upstream Downstream 10-Year | Est. Future| Upstream
Upstream | Dowstream Invert Invert Design |Peak Flow,| Gutter 10-Year
Node Node Diameter, in Length Elevation, ft | Elevation, ft | Slope, ft/ft cfs Elev., ft hal, ft
Future Pipeline LCN1
LCN110 LCN100 60 670 45.7 45.0 0.0010 117 54.0 51.7
LCN120 LCN110 60 870 46.5 45.7 0.0010 93 54.5 53.4
LCN130 LCN120 36 580 52.0 46.5 0.0094 47 58.0 57.1
Future Pipeline LCN2
LCN210 LCN200 48 1060 | 46.0 [ 44.0 0.0019 71 53.0 52.3
Future Pipeline LCN3
LCN310 LCN300 48 250 49.0 47.0 0.0080 40 56.0 55.2
LCN320 LCN310 36 620 50.0 49.0 0.0016 33 56.5 55.9
Future Pipeline LCN4
LCN410 LCN400 42 490 47.4 46.9 0.0010 37 54.5 53.8
LCN420 LCN410 36 620 48.0 47.4 0.0010 30 56.0 54.9
Future Pipeline LCN5
LCN510 LCN500 54 500 46.0 45.5 0.0010 86 54.0 52.0
LCN520 LCN510 42 710 46.7 46.0 0.0010 52 56.0 54.1
Future Pipeline LCN6
LCN610 LCN600 | 48 (2 pipes) 690 54.5 54.0 0.0007 103 60.0 59.1
LCN620 LCN610 54 1360 56.0 54.5 0.0011 72 64.0 61.4
LCN630 LCN620 42 1110 58.0 56.0 0.0018 37 64.0 62.3
LCN640 LCN600 48 760 54.5 54.0 0.0007 24 64.0 58.7

1. All elevations are based on the National Geodetic Vertical Datum of 1929.
2. Pipe data is conceptual. More detailed analyses will be required with development projects as they occur.
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Analysis of Stormwater Quality Facilities

Stormwater quality treatment was assumed to be provided with dry detention basins near the end of
each trunk pipeline. The stormwater quality storage volumes required for the trunk pipeline
watersheds were estimated based on the method presented in Appendix E of the Stormwater Quality
Design Manual for the Sacramento and South Placer Regions, May 2007. The volumes required for
each subshed are presented in the last column of Table 4-12. The volumes for each subshed serving a
pipeline were added together to determine the total volume required at the end of the pipeline.
Table 4-15 summarizes the total water quality volume required within each pipe shed.

Table 4-15. Summary of Required Stormwater Quality Volumes

Future Pipeline/Watershed Required Storage Volume, ac-ft
LCN1 1.38
LCN2 1.7
LCN3 0.74
LCN4 0.78
LCN5 1.19
LCNG6 2.36

PRELIMINARY IMPROVEMENTS

As discussed above, future drainage improvements are anticipated in the Laguna Creek
watershed. These improvements are summarized below and on Table 4-16. These improvements
are considered preliminary. They are adequate for development of a Capital Improvement Plan,
but the ultimate improvements will be defined from a more detailed design study and could vary
from those recommended in this SDMP.

e Upsizing of Existing Pipelines LC4 and LC8 (See Figures 4-13 and 4-14).

e Construction of six new trunk pipelines to serve future development in the area
southeast of the intersection of Calvine and Waterman Roads (See Figure 4-15).

e Construction of six stormwater quality detention basins to serve the watersheds
drained by each of the new trunk lines (See Table 4-15). The total required storage
volume is estimated to be 7.6 acre-feet.
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Table 4-16. Preliminary Improvements in Laguna Creek Watershed

Item Quantity Unit
Existing Pipeline Upgrades
36" RCP 995 LF
60" RCP 2775 LF
66" RCP 1773 LF
Manholes 16 EA
Outfall Structures 1 EA
Future Pipelines
36" RCP 1820 LF
42" RCP 2310 LF
48" RCP 3450 LF
54" RCP 1860 LF
60" RCP 1540 LF
Manholes 31 EA
Outfall Structures 6 EA
Stormwater Quality Detention Basins
SWQ Detention for Sheds LCN1-LCN6 | 29,400 | CY

Notes:

1. Facilities in East Area are not included.
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Figure 4-3b. Lower Laguna and Whitehouse Creeks SacCalc Layout
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CHAPTER 5. ELK GROVE CREEK

WATERSHED DESCRIPTION

Elk Grove Creek is located in the southeast portion of the City and flows generally from east to
west, beginning just east of Grant Line Road and joining Laguna Creek just west of Highway 99
(See Figure 5-1). The contributing area for this creek is approximately 4,300 acres with
elevations ranging between 66 feet in the east to 35 feet in the west.

EVALUATION OF ELK GROVE CREEK
Hydrologic Analysis for EIk Grove Creek

For the hydrologic analysis of EIk Grove Creek, a watershed model was used to transform design
rainfall (of specified probability) over a given area to runoff hydrographs. The watershed model
was configured to route the flows from the subsheds through Elk Grove Creek and to calculate
the peak flows within the creek and key locations. The calculated peak flows are used in the
hydraulic model of the channel as discussed below. Figure 5-2 presents the subshed locations
used for the hydrologic model of the creek.

Hydrology for Existing Conditions

The existing conditions hydrology for EIk Grove Creek was developed using the most recent
topographic data, storm drain system maps, land use designations, soil maps and aerial
photographs. These sources were used to prepare the input data for a SacCalc hydrologic model
for existing runoff conditions. The 2-year, 10-year and 100-year events were evaluated.

The area east of Waterman Road was originally modeled by Harris and Associates for the East
Area Storm Drain Master Plan (EASDMP). This model was input directly into the SacCalc
model that was developed for the remaining watershed. However, only buildout conditions
were modeled for the EASDMP. To simulate existing flows from the East Elk Grove
Area/rural region, a detention basin was added to the model just upstream of Waterman Road
to reduce the peak 100-year flow to 513 cfs, which was estimated by others to be the existing
peak 100-year flow at that location. See Figure 5-3 for a schematic of the SacCalc model. The
subsheds that were copied from the EASDMP are L41801 through L41811. The hydrologic
parameters for each subshed are shown in Table 5-1.
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Table 5-1. Hydrologic Parameters for Elk Grove Creek Subsheds

Land Use, acres and Percent Impervious
Resd, 8 Resd, .02
Highway,| Comm./ to 10 Resd, 6 | Resd, 4 | Resd, 3 | Resd,2 | Resd, 1 |Resd, .05 to.05 |<.02du/ac, | OpenSpace,
Mean Basin Parking Office Ind. HDR | Mobile [ MDR du/ac_[to 8 du/ac|to 6 du/ac|to 4 du/ac|to 3 du/ac|to 2 du/ac|to 1 du/ac| du/ac recreation | grassland/ag | Vacant
Area, Elevation, Basin Centroid Basin Average
Subshed | acres | ft, NGVD29 | Length, ft | Length, ft [Slope, ft/ft] 95% 90% 85% | 80% 70% 60% 50% 40% 30% 25% 20% 15% 10% 5% 2% 1% % Imp |
Existing Conditions
141680 | 111.2 50 2,643 1,392 [ 0.0028 10.0 8.9 65.7 0.0 0.5 5.2 0.9 20.1 66
L41690 | 104.2 47 2,791 1,783 | 0.0025 3.4 9.8 0.0 3.2 7.0 80.7 12
L41650 | 1435 47 4,051 2,087 | 0.0012 15.1 0.3 25.8 33.6 9.1 0.3 23.7 35.7 40
141640 | 317.8 45 4,593 1,813 [ 0.0003 50.3 3.0 0.7 135.8 0.4 126.8 0.9 34
L41740 43.7 52 2,318 1,176 | 0.0016 1.6 0.0 7.3 26.3 8.5 6
L41660 | 232.7 50 5,213 3,614 | 0.0011 384 22.8 334 5.8 0.9 2.8 12.7 77.0 7.0 0.3 2.8 0.1 18.3 10.4 57
L41630 78.2 45 2,348 1,842 | 0.0030 12.2 5.5 3.8 1.7 43.8 0.2 0.4 10.3 0.3 48
L41620 | 150.6 46 2,258 1,835 | 0.0017 20.7 9.7 3.1 2.6 2.2 44.4 4.9 62.9 0.1 35
141580 | 136.4 42 4,480 2,246 | 0.0028 223 24.7 2.6 4.2 0.4 0.2 26.2 0.2 53.6 2.1 44
L41560 | 108.7 40 2,657 2,042 | 0.0010 223 3.4 0.5 78.4 3.7 0.4 52
141590 | 199.1 40 6,625 3,573 | 0.0007 35.6 44.5 2.1 8.2 61.1 37.9 9.8 54
L41550 | 228.3 38 5,198 2,657 | 0.0006 39.1 14.9 2.4 3.8 0.5 0.3 143.5 2.4 15.3 6.2 50
L41490 | 132.2 38 2,923 2,005 [ 0.0017 33.7 61.1 4.3 6.8 8.3 8.0 0.8 0.2 0.3 4.8 3.9 80
L41440 | 243.6 35 3,374 2,139 [ 0.0002 43.3 10.6 8.7 84.0 19.1 7.8 8.7 234 38.1 45
L41450 | 168.2 37 3,853 2,385 | 0.0020 39.4 64.6 0.6 3.2 0.0 11.1 0.8 14 10.1 37.1 62
L41430 | 1205 35 2,084 1,402 | 0.0009 16.0 43.7 0.3 0.4 7.8 52.4 46
L41420 | 158.6 30 3,536 1,863 [ 0.0008 20.0 11.8 45.1 1.0 13 1.0 375 40.8 40
141801 111.3 64 3,359 1,720 | 0.0014 |[Specified Basin "n" = 0.056, Loss Computed, % Imp. Computed 13
141802 31.9 60 1,182 650 | 0.0017 [Specified Basin "n" = 0.056, Loss Computed 15
141803 37.2 62 2,612 1,310 | 0.0023 |[Specified Basin "n" = 0.056, Loss Computed 15
141804 | 119.3 62 3,675 1,900 [ 0.0016 | | 100.0 2
L41805 47.6 58 2,777 1,420 | 0.0023 [Specified Basin "n" = 0.056, Loss Computed 15
L41806 96.6 54 4,188 2,150 | 0.0014 7.0 50.0 20.0 23.0 22
141807 64.6 52 2,636 1,360 [ 0.0015 37.0 46.0 10.0 7.0 52
141808 | 102.5 52 3,781 1,920 [ 0.0014 15.0 60.0 25.0 42
141809 | 295.3 52 5,250 2,700 [ 0.0015 4.0 96.0 1
141810 94.2 52 4,423 2,250 [ 0.0009 87.0 13.0 46
141811 | 109.2 66 3,150 2,200 [ 0.0019 100.0 2
141910 | 166.6 50 2,856 1,461 [ 0.0020 24.9 7.0 317 44.9 7.5 25.7 19.7 5.3 40
L41911 | 2119 50 5,582 2,489 [ 0.0004 41.0 0.7 113 79.9 37.2 2.0 14.8 20.6 4.5 42
L41912 | 162.1 50 4,729 2,951 [ 0.0008 29.3 145 26.8 0.1 66.2 0.2 173 7.7 39
Buildout Conditions

L41680 | 111.2 50 2,643 1,392 | 0.0028 28.6 8.9 54.5 0.3 1.8 1.8 15.3 73.7
L41690 | 104.2 47 2,791 1,783 | 0.0025 3.4 9.8 0.0 3.2 7.0 80.7 122
L41650 | 1435 47 4,051 2,087 | 0.0012 28.0 0.3 195 | 411 1.8 237 29.0 54.7
L41640 | 317.8 45 4,593 1,813 [ 0.0003 50.3 3.0 130.8 0.7 3.0 0.2 2.2 0.1 126.8 0.9 50.3
L41740 43.6 52 2,318 1,176 | 0.0016 1.6 0.1 7.3 26.3 8.5 5.8
L41660 | 232.7 50 5,213 3,614 | 0.0011 42.8 14.8 334 | 1005 4.0 0.2 3.0 0.3 15 25 139 15.6 72.3
L41630 78.2 45 2,348 1,842 | 0.0030 14.8 46.4 55 0.6 0.5 0.3 9.6 0.5 713
L41620 | 150.6 46 2,258 1,835 | 0.0017 229 9.7 44.5 5.2 0.5 4.9 62.9 0.1 475
L41580 | 136.4 42 4,480 2,246 | 0.0028 235 24.8 25.8 6.2 0.4 0.5 0.7 53.1 15 52.4
L41560 | 108.7 40 2,657 2,042 | 0.0010 223 3.4 74.2 4.2 0.7 3.7 0.2 80.0
L41590 | 199.0 40 6,625 3,573 | 0.0007 47.6 39.0 2.1 70.0 0.2 0.3 29.5 10.4 69.8
L41550 | 228.4 38 5,198 2,657 | 0.0006 44.3 12.8 133.3 14.4 0.7 0.5 2.2 15.3 4.9 75.1
L41490 | 132.2 38 2,923 2,095 | 0.0017 355 61.1 4.3 22.7 0.4 0.9 0.3 4.8 2.2 84.1
L41440 | 2436 35 3,374 2,139 | 0.0002 46.6 7.5 111.3 1.9 0.5 5.9 8.7 235 37.8 59.2
L41450 | 168.2 37 3,853 2,385 | 0.0020 65.4 61.1 0.6 13.9 0.9 0.8 12.6 13.0 772
L41430 | 1205 35 2,084 1,402 | 0.0009 28.7 34.5 2.1 1.2 2.0 8.7 43.4 51.8
L41420 | 158.6 30 3,536 1,863 [ 0.0008 19.9 19.7 47.2 275 13 37.6 5.5 59.7
141801 111.3 64 3,359 1,720 | 0.0014 |[Specified Basin "n" = 0.056, Loss Computed, % Imp. Computed 135
141802 31.9 60 1,182 650 | 0.0017 [Specified Basin "n" = 0.056, Loss Computed 15.0
141803 37.2 62 2,612 1,310 | 0.0023 |[Specified Basin "n" = 0.056, Loss Computed 15.0
141804 [ 119.3 62 3,675 1,900 [ 0.0016 [ [ [ [ [ [ 100.0 1.7
141805 47.6 58 2,777 1,420 | 0.0023 |[Specified Basin "n" = 0.056, Loss Computed 15.0
141806 96.6 54 4,188 2,150 [ 0.0014 7.0 50.0 20.0 23.0 217
141807 64.6 52 2,636 1,360 [ 0.0015 37.0 46.0 10.0 7.0 517
141808 | 1025 52 3,781 1,920 [ 0.0014 15.0 60.0 25.0 42.2
141809 | 295.3 52 5,250 2,700 [ 0.0015 4.0 96.0 1.1
141810 94.2 52 4,423 2,250 [ 0.0009 87.0 13.0 46.5
141811 | 109.2 66 3,150 2,200 [ 0.0019 100.0 1.8
L41910 | 166.7 50 2,856 1,461 [ 0.0020 25.4 5.6 86.2 0.2 1.6 6.7 19.7 214 59.8
L41911 | 211.8 50 5,582 2,489 | 0.0004 40.3 118.4 0.7 10.6 2.0 10.3 20.6 8.9 65.8
L41912 | 162.1 50 4,729 2,951 [ 0.0008 29.3 104.9 0.5 1.6 0.3 0.6 17.3 7.7 70.2
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An aerial reduction factor was applied to the rainfall totals based on storm area to properly depict the
rainfall that will generate the peak flows coming into EIk Grove Creek. The computed runoff
hydrographs for seven storm centerings (contributing basin areas) were used for this analysis. This
analysis yielded the peak flows that were then entered into HEC-RAS for the water surface profile
calculations. Table 5-2 presents the calculated peak flows in EIk Grove Creek for existing conditions.

Table 5-2. EIk Grove Creek SacCalc Peak Flows — Existing Conditions

HEC-RAS Total 10-year 100-year

SacCalc Creek [Contributing| 2-year Peak | Peak Flow, | Peak Flow,

Node Station | Area, sq mi| Flow, cfs cfs cfs
R4184 5.5243 1.59 183 356 604
L43745 5.229 1.73 161 309 512
L43635 4.147 4.19 325 688 1,147
L43565 3.188 4.81 370 771 1,194
L43545 2.434 5.48 406 805 1,179
L43435 1.148 6.52 453 901 1,269
L43415 0.34 6.76 458 909 1,271

Hydrology for Buildout Conditions

The hydrologic model for buildout conditions was developed by updating the existing conditions
model with buildout land use information. The area east of Waterman Road was kept the same as
the existing conditions model since future development in that area will be required to mitigate
for potential flow increases. The SacCalc schematic for buildout conditions is the same as the
existing conditions schematic shown on Figure 5-3. The input for the buildout conditions model
can also be found in Table 5-1.

The peak flow results for buildout conditions are shown in Table 5-3. These are the values that
were used to calculate water surface profiles in the creek for buildout conditions. The 10-year
and 100-year peak flows are predicted to increase by less than ten percent above existing
condition rates.
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Table 5-3. Elk Grove Creek SacCalc Peak Flows — Buildout Conditions

HEC-RAS Total 100-year
SacCalc Creek  [Contributing| 2-year Peak |10-year Peak| Peak Flow,
Location Station | Area, sqmi | Flow, cfs Flow, cfs cfs
R4184 5.5243 1.59 183 356 604
L43745 5.229 1.73 161 309 512
L43635 4.147 4.19 376 741 1,206
L43565 3.188 4.81 435 826 1,245
L43545 2.434 5.48 479 849 1,215
L43435 1.148 6.52 533 936 1,332
L43415 0.34 6.76 532 950 1,309

Hydraulic Analysis

A steady-state hydraulic model was prepared for Elk Grove Creek using HEC-RAS. A
steady-state analysis is adequate for EIk Grove Creek since there are no off-channel detention
basins within the modeled reach andthe flow attenuation from overbank flooding can be
adequately represented using hydrologic routing. This approach yielded good results based on a
comparison with observed high water marks from the storm of December 2005.

The hydraulic data for this project was developed using a combination of existing HEC-2 and
HEC-RAS models from previous studies, 2-foot contour topographic mapping provided by the
City, and field surveys of several bridges and culverts. Peak flow data from the SacCalc models
were used to calculate water surface elevations for the 2-year, 10-year, and 100-year events.
Figure 5-4 presents the overall layout of the hydraulic model. More detailed maps showing the
model cross section locations are provided on Figures 5-6a through 5-6e.

The starting water surface elevation at the downstream boundary of the HEC-RAS model, just
upstream of Laguna Creek, is based on normal depth calculations. The peak flows in Elk Grove
Creek are not expected to occur concurrently with the peak flows in Laguna Creek. Therefore,
setting the starting water surface elevation equal to the peak water surface elevation in Laguna
Creek is considered to be overly conservative. As a sensitivity analysis, hydraulic calculations
were performed with varying starting water surface elevations and the water surface profiles for
the various runs converged quickly. Therefore, using normal depth to determine the starting
water surface elevation is considered to be reasonable.
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Existing Conditions Hydraulic Analysis

Table 5-4 shows the calculated flows and water surface elevations at key locations for existing
conditions. Figures 5-5a through 5-5d show the water surface profiles along Elk Grove Creek.
Included on the profiles are the observed water surface elevations that were surveyed after the
December 2005 storm event. The City estimated that the December 2005 storm was
approximately a 45-year event. The observed water elevations from that storm are between the
calculated water surface elevations for the 10-year and 100-year storms, indicating that the
calculated water surface elevations are reasonable.

Table 5-4. Elk Grove Creek Existing Conditions Hydraulic Results

2-year 10-year 100-year
max max max
HEC-RAS 2-year | water | 10-year | water |100-year| water
Creek peak | surface, | peak | surface, | peak | surface,
Station Location flow, cfs ft flow, cfs ft flow, cfs ft
1.1035 |Laguna Boulevard 453 26.6 901 21.7 1,269 28.4
2.078 |Laguna Springs Drive 406 29.7 805 31.2 1,179 32.1
2.366  [Highway 99 406 31.7 805 32.8 1,179 33.7
2.74749 Emerald Vista 370 35.2 771 36.7 1,194 38.0
3.133  [Elk Grove Blvd 370 36.3 771 38.2 1,194 39.5
3.8505 |Elk Grove Florin 325 36.9 688 39.2 1,147 40.6
4.28649 |Markofer School Rd 161 38.2 309 40.5 313 42.2
4.67 Falcon Meadow Dr 161 39.2 309 41.4 512 43.7
4.8495 |UPRR 161 41.0 309 42.3 512 44.3
5.3195 |Waterman Road 161 43.1 309 44.6 512 46.5

Note: Water surface elevations are based on NGVD29.

The results from the HEC-RAS model indicate that significant overbank flooding may occur
along the creek between Highway 99 and Falcon Meadow Way (see Figures 5-5¢ and 5-5d).
Because the accuracy of the available topographic mapping is limited (2-foot contours), the
extent of the overbank flooding is approximate.
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Buildout Conditions Hydraulic Analysis

For buildout conditions, there were no changes to the geometry of the river system. The only
difference from existing conditions is that buildout condition flows are used in the analysis. The
area east of Waterman Road includes large areas anticipated for future development. The City is
requiring development projects in that area to mitigate for potential flow increases due to
development. Therefore, the maximum flow from the east at Waterman road is unchanged from
existing conditions.

West of Waterman Road, there are smaller undeveloped areas scattered through the watershed
and infill development is expected. Runoff from this area was based on full buildout without
mitigation measures for future development.

Table 5-5 summarizes the results from HEC-RAS model for buildout conditions. Comparisons of
existing and buildout condition flows and water surface elevations are presented on Tables 5-6 and
5-7. For the 10-year storm, buildout condition peak flows are predicted to increase by 4 percent to
8 percent between Laguna Creek and Elk Grove Boulevard. For the 100-year storm, buildout
condition peak flows are predicted to increase by 3 percent to 5 percent in the same reach. These
flow increases result in an increase in water surface elevations between 0.1 to 0.2 feet.

Table 5-5. Elk Grove Creek Buildout Conditions Hydraulic Results

2-year 10-year 100-year
HEC- 2-year | max |10-year| max |100-year| max
RAS peak | water | peak water peak water
Creek flow, |surface| flow | surface flow surface
Station Location cfs ft cfs ft cfs ft
1.1035 |Laguna Boulevard 533 26.8 936 27.8 1,332 28.5
2.078 |Laguna Springs Drive 479 30.1 849 31.3 1,215 32.2
2.366 |Highway 99 479 31.9 849 32.9 1,215 33.8
2.74749|Emerald Vista 435 35.5 826 36.8 1,245 38.1
3.133 |Elk Grove Blvd 435 36.7 826 38.4 1,245 39.7
3.8505 |Elk Grove Florin 376 37.3 741 39.2 1,206 40.8
4.28649|Markofer School Rd 161 38.5 309 40.6 512 42.4
4.67 Falcon Meadow Dr 161 39.4 309 415 512 43.9
4.8495 |UPRR 161 41.0 309 42.3 512 444
5.3195 |Waterman Road 161 43.1 309 44.6 512 46.5

Note: Water surface elevations are based on NGVD29.
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Table 5-6. Comparison of Flows between Existing and Buildout Conditions

2-year | 2-year | 10-year | 10-year |100-year |100-year
peak peak peak peak peak peak
HEC-RAS flow flow flow flow flow flow

Creek existing, | buildout, | existing, | buildout, | existing, | buildout,
Station Location cfs cfs cfs cfs cfs cfs
1.1035 |Laguna Boulevard 453 533 901 936 1,269 | 1,332
2.078 Laguna Springs Drive 406 479 805 849 1,179 1,215
2.366 Highway 99 406 479 805 849 1,179 1,215
2.74749 |Emerald Vista 370 435 771 826 1,194 | 1,245
3.133 Elk Grove Blvd 370 435 771 826 1,194 | 1,245
3.8505 |Elk Grove Florin 325 376 688 741 1,147 1,206
4.28649 |Markofer School Rd 161 161 309 309 512 512
4.67 Falcon Meadow Dr 161 161 309 309 512 512
4.8495 |UPRR 161 161 309 309 512 512
5.3195 |Waterman Road 161 161 309 309 512 512

Table 5-7. Comparison of Water Surface Elevations between Existing and Buildout

2-year | 2-year | 10-year | 10-year |100-year|100-year
max max max max max max
water water water water water water
HEC-RAS surface | surface | surface | surface | surface | surface
River existing, | buildout, | existing, | buildout, | existing, | buildout,
Station Location ft ft ft ft ft ft
5.3195 (Waterman Road 43.1 43.1 44.6 44.6 46.5 46.5
4.8495 |SPRR 41.0 41.0 42.3 42.3 44.3 44.4
4.67 Falcon Meadow Dr 39.2 39.4 414 415 43.7 43.9
4.28649 |Markofer School Rd 38.2 38.5 40.5 40.6 42.2 42.4
3.8505 |[Elk Grove Florin 36.9 37.3 39.2 39.2 40.6 40.8
3.133 Elk Grove Blvd 36.3 36.7 38.2 38.4 39.5 39.7
2.74749 |Emerald Vista 35.2 35.5 36.7 36.8 38.0 38.1
2.366 Highway 99 31.7 31.9 32.8 32.9 33.7 33.8
2.078 Laguna Springs Drive | 29.7 30.1 31.2 31.3 32.1 32.2
1.1035 |Laguna Boulevard 26.6 26.8 27.7 27.8 28.4 28.5
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Other Hydrologic and Hydraulic Studies of Elk Grove Creek

A number of additional studies of the Elk Grove Creek system were performed after the
preparation of the hydrologic and hydraulic modeling described above. The studies were
focused on refining the hydraulic analysis to better understand the potential flooding along the
creek and on evaluating solutions to reduce or eliminate the flooding. These studies are
described below.

Analysis of North and South Branch Elk Grove Creek Detention Basins

David Ford Consulting Engineers evaluated the potential benefits of modifying four existing
detention basins in the upper Elk Grove Creek watershed. Each of the four existing detention
basins are located just upstream of Waterman Road. The goal of the study was to determine
whether modifications to the existing detention basins could reduce flood flows in Elk Grove
Creek for frequent events (10-year storm and smaller) without causing adverse impacts to
flood flows during infrequent events. Three alternatives were considered that were based on
modifying the detention basin outlets to produce increased storage for the more frequent storm
events. After evaluating the three alternatives with SacCalc and HEC-RAS modeling, Ford
determined that the potential reductions to peak flows in Elk Grove Creek during frequent
storm events were very small (< 3%) and these reductions did not translate into meaningful
reductions in water surface elevations in the creek. Therefore, these detention alternatives have
been dropped from further consideration. A report that describes the Ford study in detail is
provided as Attachment 5A.

Refined Elk Grove Creek Modeling and Preliminary Evaluation of Improvements

For this study, West Yost refined the HEC-RAS hydraulic model for EIk Grove Creek using
field survey data collected by Psomas in 2008. The field survey produced cross sections along
the creek at approximately 200 foot intervals between Laguna Boulevard and Elk Grove Florin
Road. With the refined model, West Yost assessed the potential flood control benefits of the
following improvements:

e Adding another box culvert under Highway 99.
e Constructing a flood control detention basin just upstream of Highway 99.

e Constructing a two flood control detention basins upstream of Elk Grove Florin Road.
e Constructing a flood control detention basin just downstream of the UPRR.

The results of the study revealed that none of the individual flood control improvements alone
would significantly reduce flooding. In combination, the benefits would increase, but
significant flood risk would still remain. These findings led the City to commission a study to
evaluate a multi-objective solution to the flooding problem that considered the improvements
listed above in addition to other improvements. This study is described below.
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Elk Grove Creek Conceptual Hydrodynamic Modeling

For this study, cbec eco-engineering assisted the City with the evaluation of a “no constraints”
alternative for multi-objective channel management of EIk Grove Creek. The purpose of this “no
constraints” alternative was to investigate opportunities for flood attenuation, ecosystem and
water quality enhancement. Using the previously developed hydrologic and hydraulic modeling
as a starting point, cbec developed a 2-dimensional hydrodynamic model of the creek using
MIKE21FM. The model was used to evaluate the 2-year and 100-year storms for both existing
conditions and for an alternative to reduce flooding and provide ecosystem improvements.

For existing conditions, the 2D model results showed reasonable agreement with those from the
prior HEC-RAS modeling. However, some differences were noted. In general, the 2D model
predicted a larger head loss across the bridges and culverts than those predicted by HEC-RAS.
This resulted in higher water surface elevations upstream of the bridges and greater backwater
conditions upstream. A maximum difference of approximately 1.5 feet is predicted upstream of
Elk Grove—Florin Road. On average, the water surface elevations predicted by the 2D model are
about 0.3 feet higher on average compared to those produced by the HEC-RAS model. The
floodplain limits predicted by the 2D model can be compared to those predicted by HEC-RAS on
Figures 5-6a through 5-6e.

The “no constraints” alternative consisted of the following elements:

e 10 multi-objective detention basins

e Channel modifications to develop a defined low flow channel and a lowered
maintenance path

e Channel realignment to provide a more sinuous path

e Lower of adjacent floodplain areas along the creek

Modeling results indicate the “no-constraints” alternative could produce significant reductions in
the 100-year water surface elevations along the creek. A maximum reduction of 4.2 feet is
predicted between Waterman Road and the SPRR Bridge. Downstream from this reach, 3.4 feet
of reduction is the maximum predicted benefit, decreasing to 2 feet and less downstream of
Falcon Meadow Road. On average, the alternative would produce a water surface elevation
reduction of 1.6 feet. These reductions would eliminate most of the predicted 100-year flooding,
although some residual flooding would remain.

An estimate of the cost for excavation and land acquisition was included in the study. The total
cost for these items was estimated to be approximately $70.8 million. A report that fully
describes the study is included as Attachment 5B.

Recommendations for EIk Grove Creek System

Although the remaining infill development anticipated west of Waterman Road is not predicted
to cause large increases to the peak flows and water surface elevations in Elk Grove Creek,
because there are existing flooding problems along the creek so it is important to not increase the
problem. Therefore, it is recommended that any potential increase in peak runoff due to future
development be fully mitigated.
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The storage volume required to mitigate for potential increases in runoff due to future infill
development west of Waterman Road was estimated by first calculating the volume in the buildout
condition hydrograph above the existing condition peak flow rate for a 100-year storm. This volume
was calculated to be approximately 12 acre-feet. The total required storage volume will be more than
this value due to the inherent inefficiencies in the operation of a detention basin. Therefore, the total
required storage volume was assumed to be 24 acre-feet. To estimate the excavation quantity for the
detention storage, it was assumed that the required storage volume will be spread between two or
three detention basins and that the basins will have 1.5 feet of freeboard during a 100-year storm.
Note that this estimated detention volume would only provide mitigation for the infill development
and would not reduce the existing flooding problem.

The evaluations of drainage system improvements as described above revealed that there are
opportunities to reduce the existing flooding problem along Elk Grove Creek, but the solutions
are costly. As indicated by the differences in the results between the HEC-RAS and 2D
modeling, there is some uncertainty in the water surface elevations predicted by the different
models developed for the creek system. To help reduce this uncertainty, it is recommended that
future modeling efforts include calibration to a historic storm event, such as the December 2005
event. Surveyed high water marks at various points along the creek are available for that storm.
A calibrated model would provide some assurance that the flood risk along the creek is
characterized accurately and that any facilities proposed to reduce the flood risk are not
oversized (or undersized).

The “no constraints” alternative shows promising results for flood protection and ecosystem
enhancement. However, implementation of the full alternative will be difficult due to its cost and
other constraints. Additional analyses should be performed to test the benefits of individual
elements and the facilities that provide the most significant benefits at a reasonable cost (i.e. low
cost-benefit ratio) should be given priority for implementation. Improvements that provide multiple
benefits such as flood control, stormwater quality treatment, and ecosystem enhancement are
desirable because these improvements may provide opportunities to obtain grant funding.

EVALUATION OF EXISTING PIPELINES

Existing pipelines within the City’s arterial roadways with diameters 27 inches and greater were
evaluated during this study. In addition, all of the pipelines meeting that size criterion within the “Old
Town” area were also evaluated. The Old Town area is bounded by Waterman Road, Bond Road,
Highway 99, and Grant Line Road and much of this area lies within the EIk Grove Creek watershed.
Seventeen existing trunk pipelines in the Elk Grove Creek watershed met the criterion that triggered
a detailed evaluation. Figures 5-7 through 5-12 show the existing pipelines that were evaluated.

Hydrologic Analysis of Existing Pipelines

SacCalc models were prepared to calculate the 2-year, 10-year, and 100-year flows into the pipe
systems. The SacCalc models for the existing pipelines are separate from the model used to
calculate flows in the creek. The pipeline models are more detailed to better define the variation
in flow along the pipeline.
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Many of the subsheds served by the existing pipelines are completely developed or nearly so. For
those cases, flows were only calculated for buildout conditions. A few subsheds have significant
areas of undeveloped land. The pipe systems serving those watersheds were evaluated and were
found to meet the performance criteria under buildout conditions. Therefore, existing flow rates
were not calculated for any subsheds.

Figures 5-7 through 5-12 present the subshed boundaries used for the flow calculations. Table 5-8
presents the key hydrologic parameters for each subshed under buildout land use conditions.
Table 5-9 presents the calculated peak flows from each subshed for the three storm events.

Hydraulic Analysis of Existing Pipelines

Hydraulic models of the nine pipe systems were created using XPSWMM. Calculated flows and
water surface elevations for the 2-year, 10-year, and 100-year storm events are summarized on
Table 5-10. Calculated peak flows are presented on Table 5-11. As Table 5-10 shows, the City’s
performance criteria for existing pipelines are met for all but two pipelines. Existing Pipeline
EGC9 has one location where the 10-year water surface elevation is above the curb and one
location where the 100-year water surface elevation is just above a building pad. Existing Pipeline
EGC15 has three locations where the 10-year water surface elevations are above the curb.

Improvements to Existing Pipelines

Pipe improvements are necessary to eliminate the predicted flooding along Existing Pipelines
EGC9 and EGC15. To eliminate the predicted flooding, 2,400 feet of pipeline will need to be
upsized. The pipe improvements required to bring the existing pipe systems in compliance with
the performance criteria are shown on Figures 5-13 and 5-14. These improvements are
considered preliminary. They are adequate for development of a Capital Improvement Plan, but
the ultimate improvements will be defined from a more detailed design study and could vary
from those recommended in this study.

EVALUATION OF FUTURE PIPELINES

West of Waterman Road, the EIk Grove Creek watershed is mostly developed and no major
trunk pipelines are anticipated in the future to serve new development. East of Waterman Road,
significant development is anticipated and future trunk pipelines will be required. The discussion
of the anticipated future facilities in the area east of Waterman Road is included with the
discussion of the East ElIk Grove area/rural region in Chapter 6.

PRELIMINARY IMPROVEMENTS

As discussed above, improvements are required in the Elk Grove Creek watershed west of
Waterman Road. These improvements are summarized below and on Table 5-12. These
improvements are considered preliminary. They are adequate for development of a Capital
Improvement Plan, but the ultimate improvements will be defined from a more detailed design
study and could vary from those recommended in this study.

e Improvements to Existing Pipeline EGC9 (See Figure 5-13).
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Table 5-8. Hydrologic Parameters for Existing Pipeline Models EGC1 - EGC17

Land Use, acres and Percent Impervious
Mobile Ext. Ind., |Resd, 6-8| Resd, | Resd,
Mean Basin Basin Basin Highvyay, Com_m./ Home Resd, 8-10( du/ac, 4-6 3-4 | Rural
Area, Elevation, | Length, | Centroid | Slope, Parking | Office | Indust. [ HDR | Park | MDR du/ac School | du/ac | du/ac | Res. | Park | Open Average
Subshed | acres [ ft, NGVD29 ft Length, ft ft/ft 95% 90% 85% 80% 75% 70% 60% 50% 40% | 30% | 10% | 5% 2% | % Imp.
Buildout Conditions
EG120 75 28 600 270 | 0.0003 4.1 34 50.4
EG130 38.7 30 2,290 1,400 | 0.0017 38.7 40.0
EG150 5.7 28 480 270 | 0.0010 0.6 5.1 10.8
EG160 37 29 520 280 | 0.0039 3.7 90.0
EG210 53 28 660 290 | 0.0031 0.3 5.0 9.3
EG220 22.1 30 2,070 870 | 0.0019 22.1 40.0
EG230 3.5 28 340 170 | 0.0015 2.1 14 70.0
EG240 12 30 660 290 | 0.0008 1.1 0.1 86.0
EG310 14.9 30 970 460 [ 0.0005 14.9 90.0
EG320 111 31 920 500 [ 0.0022 8.9 22 80.0
EG330 3.5 30 540 300 [ 0.0009 35 90.0
EG420 16.9 32 870 360 [ 0.0011 16.9 90.0
EG430 377 32 2,420 1,090 | 0.0008 37.7 90.0
EG440 15.8 32 1,600 760 | 0.0006 15.8 90.0
EG460 40.5 32 2,380 1,080 | 0.0008 40.5 90.0
EG520 43.2 34 1,490 840 | 0.0013 43.2 90.0
EG540 114 34 950 430 | 0.0042 114 90.0
EG550 10.1 34 1,110 580 | 0.0018 10.1 90.0
EG560 9.5 34 1,420 850 | 0.0014 9.5 90.0
EGC6110[ 13.6 33 1,230 620 | 0.0016 7.3 5.5 0.8 64.8
EGC6120( 16.0 35 1,050 520 | 0.0057 14.3 17 0.0 84.8
EGC6130| 31.7 34 1,440 720 | 0.0014 0.0 26.6 5.1 344
EGC7110( 174 33 1,470 730 | 0.0029 0.0 0.0 17.4 0.0 40.0
EGC7120( 234 35 1,500 750 | 0.0024 0.0 0.0 234 0.0 40.0
EGC7130( 112 34 1,200 530 | 0.0025 0.0 8.2 3.0 0.0 62.0
EGC7140( 142 34 1,140 550 | 0.0011 0.0 0.0 14.2 0.0 40.0
EGC7150( 10.1 35 880 590 | 0.0052 5.9 4.1 0.0 0.0 81.8
EGC7160| 7.1 36 790 390 | 0.0004 35 0.0 0.0 3.6 45.3
EGB810 124 35 550 249 | 0.0018 12.4 90.0
EG820 6.4 39 780 355 | 0.0128 6.4 90.0
EGB830 16.3 39 1,700 904 | 0.0006 16.3 90.0
EG840 31 39 670 371 | 0.0015 3.1 90.0
EG0910 6.3 36 960 430 [ 0.0021 6.3 90.0
EG0920 [ 154 38 1,240 580 | 0.0009 2.2 7.7 5.5 76.3
EG0930 [ 20.2 40 1,320 540 | 0.0015 4.4 10.1 5.7 79.9
EG0940 [ 19.6 39 1,320 630 | 0.0033 19.6 40.0
EG0950 [ 31.9 40 1,670 820 [ 0.0028 319 40.0
EG1010 [ 28.3 40 1,550 760 | 0.0013 13.6 0.5 14.2 64.7
EG1020 [ 30.8 40 2,380 1,220 | 0.0008 30.8 40.0
EG1025 24.9 40 1,540 770 [ 0.0013 15.6 4.3 4.9 55.1
EG1040 [ 41.7 40 3,000 1,480 | 0.0013 6.7 3.3 318 51.6
EG1105 2.6 40 460 250 | 0.0087 2.2 0.5 74.2
EG1110 3.8 40 490 270 [ 0.0020 3.8 90.0
EG1120 [ 157 42 1,360 790 | 0.0029 8.2 75 66.1
EG1140 32.6 40 2,220 1,170 | 0.0009 1.0 15 26.8 3.3 38.4
EG1160 9.1 44 1,270 690 | 0.0008 1.8 7.3 56.0
EG1210 7.6 44 1,370 759 [ 0.0044 2.8 0.0 4.8 0.0 64.6
EG1220 [ 17.6 47 1,280 583 | 0.0016 9.6 0.7 0.0 7.2 68.2
EG1230 34.8 47 1,290 664 [ 0.0008 11.0 1.7 0.0 22.1 56.8
EG1310 8.6 41 1,130 514 | 0.0009 8.6 40.0
EG1320 8.3 42 890 404 | 0.0011 8.3 40.0
EG1330 [ 37.2 43 1,740 792 | 0.0007 37.2 40.0
EG1510 [ 14.2 43 720 326 | 0.0036 0.0 14.2 40.0
EG1520 [ 20.3 43 1,120 507 | 0.0032 0.0 20.3 40.0
EG1530 [ 29.3 45 1,400 636 | 0.0014 4.2 25.1 47.2
EG1605 [ 29.6 46 2,000 910 | 0.0020 29.6 40.0
EG1610 [ 22.0 47 1,080 489 | 0.0014 22.0 40.0
EG1615 10.5 45 1,120 510 [ 0.0018 3.3 7.2 43.1
EG1620 8.3 46 760 347 | 0.0050 8.3 40.0
EG1625 [ 119 48 1,070 487 | 0.0009 11.9 40.0
EG1635 [ 20.1 45 1,070 486 | 0.0003 20.1 40.0
EG1645 [ 129 45 1,260 574 | 0.0020 12.9 40.0
EG1650 [ 124.7 45 4,570 2,075 | 0.0006 54 119.4 6.5
EG1715 [ 18.0 47 790 359 | 0.0022 6.6 6.8 4.6 375
EG1720 | 377 47 1,780 811 [ 0.0008 21.8 9.2 6.8 45.3
EG1725 [ 139 49 950 434 | 0.0021 13.9 0.0 60.0
EG1735 [ 36.9 48 2,130 969 [ 0.0016 327 0.0 4.2 755
EG1740 [ 29.6 47 1,600 728 | 0.0013 29.6 0.0 60.0
EG1765 [ 11.0 47 560 254 | 0.0036 11.0 40.0
EG1770 27.4 48 1,870 849 | 0.0005 27.4 40.0
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Table 5-9. Calculated Subshed Flows for Existing Pipelines EGC1 - EGC17

Buildout Condition Flows, cfs

Subshed Area, acres 2-Year 10-Year 100-Year
EG120 7.5 6 10 17
EG130 38.7 21 40 57
EG150 5.7 4 8 13
EG160 3.7 4 8 12
EG210 5.3 4 7 13
EG220 22.1 14 25 37
EG230 3.5 4 7 11
EG240 1.2 1 2 3
EG310 14.9 12 23 34
EG320 11.1 10 18 28
EG330 3.5 3 6 10
EG420 16.9 15 29 44
EG430 37.7 25 45 65
EG440 15.8 11 21 31
EG460 40.5 27 49 70
EG520 43.2 33 61 90
EG540 114 11 21 31
EG550 10.1 7 14 20
EG560 9.5 9 16 24

EGC6110 13.6 10 19 29
EGC6120 16.0 15 28 42
EGC6130 317 20 37 56
EGC7110 17.4 12 23 33
EGC7120 234 16 30 44
EGC7130 11.2 9 17 25
EGC7140 14.2 10 19 27
EGC7150 10.1 9 17 27
EGC7160 7.1 5 9 15
EG810 12.4 13 24 38
EG820 6.4 7 13 20
EG830 16.3 11 21 30
EG840 3.1 3 6 9

EG0910 6.3 6 11 16
EG0920 15.4 12 22 32
EG0930 20.2 16 30 45
EG0940 19.6 14 27 40
EG0950 319 21 40 58
EG1010 28.3 20 37 54
EG1020 30.8 16 30 43
EG1025 24.9 22 41 58
EG1040 417 16 30 46
EG1105 2.6 3 5 9
EG1110 3.8 4 8 12
EG1120 15.7 12 22 33
EG1140 32.6 17 32 47
EG1160 9.1 6 12 17
EG1210 7.6 6 11 17
EG1220 17.6 14 25 38
EG1230 34.8 24 45 65
EG1310 8.6 6 11 17
EG1320 8.3 6 12 18
EG1330 37.2 22 41 59
EG1510 14.2 12 24 36
EG1520 20.3 16 29 44
EG1530 29.3 20 38 55
EG1605 29.6 18 34 49
EG1610 22.0 16 30 45
EG1615 105 8 15 22
EG1620 8.3 7 14 21
EG1625 11.9 8 16 23
EG1635 20.1 13 24 35
EG1645 12.9 9 17 26
EG1650 124.7 28 51 83
EG1715 18.0 14 27 42
EG1720 37.7 22 41 62
EG1725 13.9 12 22 33
EG1735 36.9 23 42 63
EG1740 29.6 20 38 56
EG1765 11.0 10 20 30
EG1770 27.4 15 29 41
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Table 5-10. Calculated Water Surface Elevations for Existing Pipelines EGC1 - EGC17 (NGVD29)

Estimated | Estimated 10-Year
Top of Curb Pad 2-Year Water | 10-Year Water |100-Year Water| Flooding 100-Year
Node & Elevation, | Elevation, Surface Surface Surface Above Pad
Conduit Name feet feet Elevation, feet | Elevation, feet | Elevation, feet Curb? Flooding?
Pipeline No. EGC1
EG100 N/A N/A 26.2 26.2 27.2 - -
EG110 N/A N/A 26.5 27.0 28.0 - -
EG120 28.5 30.0 26.7 27.7 28.7 - -
EG130 29.6 30.0 26.9 28.2 29.2 - -
EG140 28.5 30.0 26.9 28.3 29.1 - -
EG150 29.3 30.0 27.1 28.9 29.2 - -
EG160 28.5 30.0 26.9 28.3 29.1 - -
Pipeline No. EGC2
EG200 N/A N/A 26.0 26.4 27.0 - -
EG210 28.9 28.0 26.0 26.6 27.3 - -
EG220 28.5 29.0 26.2 27.0 28.0 - -
EG230 29.6 29.0 26.2 27.2 28.3 - -
EG240 29.5 30.0 26.2 27.1 28.0 - -
Pipeline No. EGC3
EG300 N/A N/A 27.0 27.0 28.0 - -
EG310 29.3 30.0 27.3 28.2 29.3 - -
EG320 29.4 30.0 27.6 28.9 29.9 - -
EG330 30.3 30.5 27.7 29.2 30.1 - -
Pipeline No. EGC4
EG400 33.0 N/A 28.2 28.2 28.3 - -
EG410 335 30.5 28.3 28.5 28.8 - -
EG420 32.3 30.5 28.7 29.2 29.9 - -
EG430 30.8 32.0 28.9 29.9 30.9 - -
EG440 32.7 30.5 28.2 28.3 28.6 - -
EG450 31.8 30.5 28.4 28.7 29.4 - -
EG460 30.5 32.0 28.7 29.4 30.5 - -
Pipeline No. EGC5
EG500 N/A 32.3 28.7 28.7 29.2 - -
EG520 33.8 323 29.2 30.0 31.3 - -
EG530 33.7 32.7 29.5 30.4 317 - -
EG540 34.1 33.0 29.8 311 32.2 - -
EG550 33.2 32.8 30.2 317 32.5 - -
EG560 32.0 33.1 30.4 32.0 32.7 - -
Pipeline No. EGC6
EG6100 325 32.0 29.5 29.5 30.5 - -
EG6105 34.5 32.0 29.5 29.5 30.7 - -
EG6110 34.5 325 29.7 29.9 31.4 - -
EG6115 36.5 34.0 30.1 30.4 315 - -
EG6120 335 34.0 31.1 317 32.4 - -
EG6125 32.4 34.0 31.3 31.8 32.3 - -
EG6130 32.7 34.2 317 32.1 32.6 - -
Pipeline No. EGC7
EGC7100 34.5 337 30.0 30.0 31.0 - -
EGC7110 33.1 34.5 30.6 31.1 32.3 - -
EGC7120 33.8 355 313 32.0 33.0 - -
EGC7130 33.2 34.9 31.8 32.4 33.0 - -
EGC7140 34.5 36.0 32.0 325 33.1 - -
EGC7150 33.0 35.0 32.2 32.8 33.3 - -
EGC7160 35.6 35.9 32.3 329 33.3 - -
Pipeline No. EGC8
EG800 n/a 34.2 315 31.6 32.4 - -
EG810 34.0 34.2 32.0 33.1 335 - -
EG820 34.0 34.2 32.1 33.6 34.1 - -
EG830 39.0 38.0 32.4 34.6 36.2 - -
EG840 38.4 38.0 32.4 35.0 36.3 - -
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Table 5-10. Calculated Water Surface Elevations for Existing Pipelines EGC1 - EGC17 (NGVD29), Cont'd...

Estimated | Estimated 10-Year
Top of Curb Pad 2-Year Water | 10-Year Water |100-Year Water| Flooding 100-Year
Elevation, | Elevation, Surface Surface Surface Above Pad
Node Name feet feet Elevation, feet | Elevation, feet | Elevation, feet Curb? Flooding?
Pipeline No. EGC9
EG0900 38.3 N/A 354 35.5 36.6 - -
EG0910 374 38.0 35.6 36.0 374 - -
EG0920 375 38.0 35.7 36.5 37.8 - -
EG0925 37.7 38.0 35.8 36.7 379 - -
EG0930 39.6 40.0 36.6 39.2 39.6 - -
EG0940 37.0 38.2 36.5 36.9 374 - -
EG0950 375 383 375 37.9 38.3 Yes Yes
Pipeline No. EGC10
EG1000 N/A N/A 35.8 35.8 35.8 - -
EG1010 375 40.0 36.9 374 379 - -
EG1015 429 40.0 37.6 38.0 38.3 - -
EG1020 42.3 40.0 384 38.9 39.2 - -
EG1025 417 42.0 38.6 39.1 39.5 - -
EG1040 41.0 42.0 39.6 40.0 405 - -
Pipeline No. EGC11
EG1100 N/A N/A 36.0 36.0 37.2 - -
EG1105 40.8 40.0 36.1 36.4 37.6 - -
EG1110 40.6 40.0 36.6 375 38.7 - -
EG1120 40.2 42.0 36.9 384 39.4 - -
EG1140 40.2 40.5 375 39.5 40.1 - -
EG1145 41.7 42.0 37.5 39.5 40.2 - -
EG1160 44.1 44.6 37.8 40.6 42.4 - -
Pipeline No. EGC12
EG1200 n/a 40.0 364 36.4 375 - -
EG1210 41.6 41.6 38.4 39.7 41.2 - -
EG1220 46.5 47.0 42.5 453 46.0 - -
EG1230 47.0 47.0 45.4 45.8 46.2 - -
Pipeline No. EGC13
EG1300 n/a 42.0 38.8 38.8 40.2 - -
EG1310 40.5 42.0 39.1 39.6 40.9 - -
EG1320 41.5 43.0 39.8 41.4 42.7 - -
EG1330 42.8 44.0 40.2 42.6 44.0 - -
Pipeline No. EGC15
EG1500 n/a 43.0 38.2 38.2 38.2 - -
EG1510 41.5 44.0 41.0 41.7 42.2 Yes -
EG1520 41.9 44.0 41.8 42.2 42.6 Yes -
EG1530 44.8 46.0 44.5 45.0 45.2 Yes -
Pipeline No. EGC16
EG1600 n/a 43.7 37.7 39.3 40.5 - -
EG1605 44.0 453 38.6 40.2 435 - -
EG1610 47.3 47.4 38.9 40.4 44.2 - -
EG1615 44.3 45.7 38.7 404 43.8 - -
EG1620 45.1 46.3 39.0 40.6 44.7 - -
EG1625 48.8 48.8 39.3 40.7 445 - -
EG1630 44.2 45.5 39.4 40.7 44.0 - -
EG1632 45.3 45.7 39.6 40.8 44.0 - -
EG1635 45.1 45.8 39.7 40.8 44.0 - -
EG1640 435 45.0 39.7 40.8 435 - -
EG1645 44.3 44.7 40.3 41.1 44.1 - -
EG1650 437 44.9 40.0 40.6 413 - -
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Table 5-10. Calculated Water Surface Elevations for Existing Pipelines EGC1 - EGC17 (NGVD29), Cont'd...

Estimated | Estimated 10-Year
Top of Curb Pad 2-Year Water | 10-Year Water |100-Year Water| Flooding 100-Year
Elevation, | Elevation, Surface Surface Surface Above Pad
Node Name feet feet Elevation, feet | Elevation, feet | Elevation, feet Curb? Flooding?
Pipeline No. EGC17
EG1700 n/a 45.0 39.6 413 413 - -
EG1705 n/a 47.0 40.4 43.0 44.0 - -
EG1710 n/a 47.5 40.8 43.8 44.9 - -
EG1715 46.6 476 41.3 44.7 45.9 - -
EG1720 46.8 48.5 41.6 45.3 46.2 - -
EG1725 46.8 48.5 42.0 45.6 46.5 - -
EG1730 46.1 48.0 42.1 45.7 46.6 - -
EG1735 n/a 49.0 42.7 475 48.7 - -
EG1740 46.3 49.0 42.8 46.3 46.9 - -
EG1760 45.0 45.0 39.7 427 434 - -
EG1765 47.0 47.0 39.7 43.8 44.6 - -
EG1770 46.9 475 39.8 445 45.2 - -

City of Elk Grove
Storm Drainage Master Plan Volume 11



West Yost—June 2011
296\00-05-01

Table 5-11. Calculated Peak Flows for Existing Pipelines EGC1 - EGC17

Upstream |Downstream| Conduit 2-Year Peak | 10-Year Peak | 100-Year Peak
Conduit Name Node Node Type Flow, cfs Flow, cfs Flow, cfs
Pipeline No. EGC1
REG110.1 EG110 EG100 Pipe 31 53 53
REG120.1 EG120 EG110 Pipe 31 53 53
REG130.1 EG130 EG120 Pipe 26 46 44
REG140.1 EG140 EG130 Pipe 4 8 10
REG150.1 EG150 EG140 Pipe 4 7 7
REG160.1 EG160 EG130 Pipe 4 7 8
OLR150 EG150 EG140 Overland 0 0 6
Pipeline No. EGC2
REG210.1 EG210 EG200 Pipe 19 36 51
REG220.1 EG220 EG210 Pipe 16 30 42
REG230.1 EG230 EG220 Pipe 4 7 11
REG240.1 EG240 EG220 Pipe 1 2 3
Pipeline No. EGC3
REG310.1 EG310 EG300 Pipe 25 46 49
REG320.1 EG320 EG310 Pipe 13 24 24
REG330.1 EG330 EG320 Pipe 3 6 9
Pipeline No. EGC4
REG410.1 EG410 EG400 Pipe 71 100 118
REG420.1 EG420 EG410 Pipe 38 65 83
REG430.1 EG430 EG420 Pipe 25 46 62
REG440.1 EG440 EG400 Pipe 38 69 91
REG450.1 EG450 EG440 Pipe 27 49 65
REG460.1 EG460 EG450 Pipe 27 49 65
Pipeline No. EGC5
REG520.1 EG520 EG500 Pipe 59 97 122
REG530.1 EG530 EG520 Pipe 26 37 37
REG540.1 EG540 EG530 Pipe 25 37 37
REG550.1 EG550 EG540 Pipe 16 27 29
REG560.1 EG560 EG550 Pipe 8 17 19
Pipeline No. EGC6
EGC6 105C EG6105 EG6100 Pipe 38 51 55
EGC6 110C EG6110 EG6105 Pipe 38 50 55
EGC6 115C EG6115 EG6110 Pipe 28 32 28
EGC6 120C EG6120 EG6115 Pipe 28 32 28
EGC6 125C EG6125 EG6120 Pipe 19 22 19
EGC6 130C EG6130 EG6125 Pipe 19 22 19
Pipeline No. EGC7
EGC7 110C EG7110 EG7100 Pipe 58 76 79
R7120 EG7120 EG7110 Pipe 46 54 49
239.1 EG7130 EG7120 Pipe 30 36 33
237.1 EG7140 EG7130 Pipe 23 32 30
235.1 EG7150 EG7140 Pipe 13 19 17
233.1 EG7160 EG7150 Pipe 5 9 14
Pipeline No. EGC8
REG810 EG810 EG800 Pipe 29 52 45
REG820 EG820 EG810 Pipe 19 33 35
REG830 EG830 EG820 Pipe 14 26 35
REG840 EG840 EG830 Pipe 3 11 8
OLR820 EG820 EG810 Overland 0 0 8
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Table 5-11. Calculated Peak Flows for Existing Pipelines EGC1 - EGC17, Cont'd...

Upstream |Downstream| Conduit 2-Year Peak | 10-Year Peak | 100-Year Peak
Conduit Name Node Node Type Flow, cfs Flow, cfs Flow, cfs
Pipeline No. EGC9
REG0910.1 EG0910 EG0900 Pipe 34 61 7
REG0920.1 EG0920 EG0910 Pipe 28 52 50
REG0925.1 EG0925 EG0920 Pipe 16 30 24
REG0930.1 EG0930 EG0925 Pipe 16 29 26
REG0940.1 EG0940 EG0900 Pipe 25 28 22
REG0950.1 EG0950 EG0940 Pipe 14 15 12
OLR0920 EG0920 EG0910 Overland 0 0 20
OLR0925 EG0925 EG0920 Overland 0 0 20
OLR0930 EG0930 EG0925 Overland 0 0 19
OLR0950 EG0950 EG0940 Overland 0 3 6
Pipeline No. EGC10
REG1010.1 EG1010 EG1000 Pipe 58 71 81
REG1015.1 EG1015 EG1010 Pipe 42 46 49
REG1020.1 EG1020 EG1015 Pipe 42 46 49
REG1025.1 EG1025 EG1020 Pipe 32 41 42
REG1040.1 EG1040 EG1025 Pipe 22 26 27
Pipeline No. EGC11
REG1105.1 EG1105 EG1100 Pipe 35 58 58
REG1110.1 EG1110 EG1105 Pipe 34 54 53
REG1120.1 EG1120 EG1110 Pipe 32 50 47
REG1140.1 EG1140 EG1120 Pipe 22 37 34
REG1145.1 EG1145 EG1140 Pipe 6 12 17
REG1160.1 EG1160 EG1145 Pipe 6 12 17
OLR2 EG1140 EG1100 Overland 0 0 3
Pipeline No. EGC12
REG1210 EG1210 EG1200 Pipe 36 46 49
REG1220 EG1220 EG1210 Pipe 31 35 33
REG1230 EG1230 EG1220 Pipe 21 23 23
Pipeline No. EGC13
REG1310 EG1310 EG1300 Pipe 33 52 51
REG1320 EG1320 EG1310 Pipe 27 44 43
REG1330 EG1330 EG1320 Pipe 22 37 39
Pipeline No. EGC15
REG1510 EG1510 EG1500 Pipe 31 35 38
REG1520 EG1520 EG1510 Pipe 22 20 21
REG1530 EG1530 EG1520 Pipe 17 18 18
OLREG1520 | EG1520 EG1510 Overland 7 28 41
OLREG1530 | EG1530 EG1520 Overland 2 19 37
Pipeline No. EGC16
REG1605 EG1605 EG1600 Pipe 57 108 170
REG1610 EG1610 EG1605 Pipe 35 70 104
REG1615 EG1615 EG1605 Pipe 7 15 27
REG1620 EG1620 EG1610 Pipe 24 50 59
REG1625 EG1625 EG1620 Pipe 21 47 45
REG1630 EG1630 EG1625 Pipe 15 36 25
REG1632 EG1632 EG1630 Pipe 15 38 26
REG1635 EG1635 EG1632 Pipe 15 39 28
REG1640 EG1640 EG1635 Pipe 9 15 21
REG1645 EG1645 EG1640 Pipe 9 17 27
REG1650 EG1650 EG1640 Pipe 10 14 21

City of Elk Grove
Storm Drainage Master Plan Volume 11



West Yost—June 2011
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Table 5-11. Calculated Peak Flows for Existing Pipelines EGC1 - EGC17, Cont'd...

Upstream |Downstream| Conduit 2-Year Peak | 10-Year Peak | 100-Year Peak
Conduit Name Node Node Type Flow, cfs Flow, cfs Flow, cfs
Pipeline No. EGC17
REG1705 EG1705 EG1700 Pipe 69 126 148
REG1710 EG1710 EG1705 Pipe 70 125 139
REG1715 EG1715 EG1710 Pipe 72 128 155
REG1720 EG1720 EG1715 Pipe 65 113 121
REG1725 EG1725 EG1720 Pipe 45 83 88
REG1730 EG1730 EG1725 Pipe 18 37 57
REG1735 EG1735 EG1725 Pipe 23 42 48
REG1740 EG1740 EG1730 Pipe 20 35 34
REG1760 EG1760 EG1700 Pipe 17 53 65
REG1765 EG1765 EG1760 Pipe 18 47 60
REG1770 EG1770 EG1765 Pipe 15 32 41
OLREG1730 | EG1730 EG1725 Overland 0 0 5
OLREG1735 | EG1735 EG1725 Overland 0 0 9
OLREG1740 | EG1740 EG1730 Overland 0 3 19

City of Elk Grove
Storm Drainage Master Plan Volume 11



Table 5-12. Preliminary Improvements for Elk Grove Creek Watershed

ltem Quantity Unit
Existing Pipeline Upgrades
36" RCP 1323 LF
42" RCP 1077 LF
Manholes 7 EA
Outfall Structures 2 EA
Detention Basins
Undefined Buildout Mitigation Basins [ 62,000 | CcY

Notes:

1. Facilities in the East Area are not included.
2. Improvements are required to eliminate or reduce existing flooding along the creek.
Additional studies are required to define the necessary improvements

West Yost—June 2011

296\00-05-01

City of Elk Grove
Storm Drainage Master Plan VVolume 11



e Improvements to Existing Pipeline EGC15 (See Figure 5-14).

e Provide 24 acre-feet of detention storage to mitigate for potential impacts to flows in
Elk Grove Creek due to future development.

Improvements are also necessary to eliminate the existing flood risk predicted along the creek.
Additional studies are required to define the specific improvements for creek flooding.

West Yost—June 2011 5-21 City of Elk Grove
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Figure 5-3. ElIk Grove Creek SacCalc Schematic
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Laguna Boulevard - 1.035

Highway 99 - 2.366

Laguna Springs Drive - 2.078

Emerald Vista — 2.74749

Elk Grove Boulevard — 3.133

Elk Grove - Florin Road — 3.8505

Markofer School Culverts - 4.28649

Falcon Meadow Drive - 4.67

Union Pacific Railroad — 4.8495

Waterman Road — 5.3195

Figure 5-4. Elk Grove Creek HEC-RAS Model Layout
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floodplain in this area. The FEMA maps
indicate that the 100-year floodplain is
contained in the channel.
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1 INTRODUCTION
1.1 BACKGROUND

At the request of Fernando Duefias of the City of Elk Grove (the City), cbec, inc., eco engineering (cbec)
assisted in the development of a “no constraints” alternative for multi-objective channel management
of Elk Grove Creek (EGC). The “no constraints” alternative that was developed is the product of field
investigations by cbec as well as through collaboration with the Elk Grove Expert Advisory Committee
(EAC) and the City. The purpose of this “no constraints” alternative was to investigate if any
opportunities for flood attenuation, ecosystem and water quality enhancement have been missed
through previous planning studies which feed into the Storm Drainage Master Plan for the City.

In order to evaluate the opportunities provided by the no constraints alternative (NCA), a two
dimensional (2D) hydrodynamic model, MIKE21FM, was developed for the EGC corridor. This model
was then used to simulate existing channel and floodplain conditions for EGC as well as for the NCA. In
addition, the results of the existing condition simulation were compared to the results of the existing
one dimensional HEC-RAS model of the creek, developed by West Yost Associates (WYA 2007). In
addition, the existing HEC-RAS model was used as a data source for channel topography and boundary
conditions.

1.2 STUDY OBJECTIVES

The goals and objectives of this conceptual hydrodynamic modeling effort are:
e Explore the maximum flood reduction benefit to EGC by utilizing floodplain areas and multi-
objective detention basins to store floodwaters during a 100-yr 24 hr precipitation event.
e Explore multi-objective channel management opportunities.
e Build upon the existing 1D HEC-RAS model and its results with a 2D hydrodynamic model.
e Collaborate with the EAC in development of the NCA.
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2 ALTERNATIVE DEVELOPMENT

2.1 NO CONSTRAINTS ALTERNATIVE

The development of the NCA was a collaborative process utilizing input from cbec staff, West Yost staff,
City staff and certain members of the EAC. The first step was to analyze the EGC corridor on recent
aerial photography in order to identify areas where channel/ floodplain expansion and multi-objective
detention basin creation was possible due to a lack of existing infrastructure. Following this initial
identification of possible areas, cbec staff walked the EGC corridor from intersection of Waterman Blvd
and EGC to the confluence of Laguna Creek and EGC to further investigate the feasibility of various
options, as well as identify others. After this field reconnaissance, cbec met with the City and West Yost
staff to discuss the proposed project elements. During this meeting several alterations were suggested,
which included the removal of some proposed elements, the inclusion of some new elements, and the
expansion of others. The final NCA consists of five floodplain areas and ten multi-objective detention
basins as shown in Figure 1.

2.2 EXISTING CONDITIONS

In order to develop a hydrodynamic model which accurately depicts the existing topographic conditions
within and adjacent to EGC several data sources were utilized. These sources include Sacramento
County LiDAR data collected in 2007 and cross sections extracted from the WYA HEC-RAS model for the
reach between Elk Grove Florin Rd and Laguna Blvd some of which were collected in 2008. These data
sources combined provide the best available topographic data for EGC and its floodplain. In AutoCAD,
the geo-referenced channel cross section data and creek centerline were used to create a three
dimensional surface representing EGC by interpolating between the individual cross sections. Given the
homogeneity of the shape of the EGC channel this approach provides a realistic three dimensional
representation of the channel derived from 2D cross section data. This surface was pasted into the
LiDAR surface to provide the best representation of the channel bottom, banks and adjacent floodplains.
LiDAR data could not be used solely, as the technology does not allow for an accurate representation of
underwater areas, instead recording the water surface as the ground surface.
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3 HYDRODYNAMIC MODEL DEVELOPMENT

3.1 EXISTING CONDITIONS MODEL

A 2D hydrodynamic model was developed for existing topographic conditions using DHI’s MIKE21FM
model (http://www.dhisoftware.com/). The modeling system is based on the numerical solution of 2D
incompressible Reynolds averaged Navier-Stokes equations, consisting of continuity and momentum
equations closed by a turbulent closure scheme. The spatial discretization of the equations is performed
using a cell-centered finite volume method whereby the unstructured mesh provides the flexibility to
adapt the mesh resolution to relevant physical scales. A combination of quadrilateral and triangular
elements were used.

To facilitate comparison between the HEC-RAS results and the MIKE21FM results, effort was made to
maintain consistency between the inputs. As discussed previously identical channel geometry and
inflow boundary conditions were utilized. In addition, similar loss coefficients were used for the
numerous hydraulic structures (i.e., culverts and bridges); however given the difference between the
two models exactly identical methods were not possible in every instance. Three values for channel
roughness (i.e., Manning’s n) were used: n=0.035 for the reach upstream of Waterman Blvd and the
tributary, n=0.045 for the reach between Waterman Blvd and Laguna Springs Dr., and n=0.055 for the
reach downstream of Laguna Springs Dr. These roughness values are similar to the values used in the
HEC-RAS model.

Figure 2 shows the model bathymetry and a sample of the model mesh used for the existing conditions
simulations.

The model was run with flow input hydrographs for the 24-hr design storms for 2- and 100-yr recurrence
intervals. These inflow hydrographs were taken from the HEC-RAS model, and were developed by WYA
using SacCalc (DFCE 2001). As the events simulated were design storms, and not actual runoff events,
calibration and validation of the MIKE21FM model was not possible. In addition, modification of the
model was not undertaken to improve agreement between the HEC-RAS model results and the
MIKE21FM model results for the existing conditions simulations.

3.2 ENLARGED HWY 99 BRIDGE MODEL

Previous hydraulic modeling of EGC has documented a significant backwater condition that results
upstream of the HWY 99 Bridge. In order to investigate the possibility for flood stage reduction by
increasing the capacity of the HWY 99 Bridge, the existing conditions model was slightly modified. In
the existing condition there are two box culverts (12 ft wide X 6 ft high X 244 ft long) which pass water
beneath HWY 99. For this alternative one additional box culvert with identical geometry was added to
this location, per the direction of the City staff. No changes were made to the channel cross sectional
geometry upstream or downstream of the bridge, or any other part of the model inputs, thus none of
the components comprising the NCA were included.
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3.3 NO CONSTRAINTS ALTERNATIVE MODEL

Following the development of the existing topographic conditions model, the topography and model
mesh were altered to include the 15 NCA elements, which included channel modifications, channel
realignments, floodplains and multi-objective detention basins. Channel modifications included the
creation of a narrow low-flow channel, and a lowering of the adjacent floodplain areas/access road to
allow for more channel capacity (Figure 3). All channel modifications were made within the existing
creek corridor and did not extend into adjacent developed lands. In two areas, FP-1 and FP-3 (Figures 1
and 4), the channel alignment was realigned to a more sinuous path. In five locations areas adjacent to
the channel were lowered to create floodplains which were inundated by flows less than the 2-yr flood
level. At ten additional locations, multi-objective detention basins were created by excavating areas to
no lower than the deepest point of the adjacent stream channel in order to facilitate drainage by gravity
flow. Basins were separated from adjacent channels/floodplains by entrance sills which limited basin
inundation to flows at or above the ~2-yr flood level. The areal extent and excavated volume of each of
the NCA floodplains and multi-objective detention basins are provided in Table 1. Aside from the
topographic modifications described above, identical boundary conditions, hydraulic structures and
roughness values were used in the NCA simulations as the existing conditions simulations.

Figure 4 shows the model bathymetry and a sample of the model mesh used for the NCA simulations.
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Table 1. No Constraints Alternative elements, size, excavated volume, simulated storage and
approximate earthwork and land acquisition costs

Element | Description Area | Excavated | Simulated | Earthwork and Land
(ac) Volume Storage Acquisition Costs®
(ac-ft) (ac-ft) (million USD)
Floodplain Areas
FP-1 B/W Waterman and SPRR 22.9 85 23 $10.5
FP-2 North of Markofer School 1.9 9 6 $0.91
FP-3 US of HWY 99 (carlot) 4.3 15 14 $2.0
FP-4 At Sutter Expansion 9.5 58 25 S4.7
FP-5 Channel US of Elk Grove Blvd 0.2 0.6 0.6 $0.09
Multi-Objective Detention Basins
DB-1 US Waterman 19.6 163 100 $10.5
DB-2 B/W Waterman and SPRR 34.6 400 131 $20.3
DB-3 DS SPPR river left 16.4 157 37 $9.1
DB-4 DS SPRR river right 53 47 23 $2.9
DB-5 Ranchette on EGC tributary 2.6 31 21 S1.5
DB-6 Markofer School Playground 3.2 16 19 $1.5
DB-7 North of FP-2 1.9 19 13 S1.1
DB-8 Park East of Markofer School 1.6 8 9 $0.77
DB-9 US of Elk Grove Blvd 6.8 28 25 $3.2
DB-10 West of FP-3 3.5 21 14 $1.7
Notes:

1. Earthwork and land acquisition costs calculated with the following values: $10/yd® for
excavation and $400,000/ac for land acquisition, per the direction of the City. Values reported
do not include project planning, design, environmental review, construction management, or
the construction cost associated with drainage facilities (e.g., weirs, headwalls, culverts, bridges,
etc.)

2. For location of the various NCA elements, please refer to Figure 1

3. US =upstream, DS = downstream
4. SPRR = Southern Pacific Railroad
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4 RESULTS AND DISCUSSION

4.1 EXISTING CONDITIONS

Results from the existing conditions MIKE21FM model simulations are provided in Figures 5 to 7. A
comparison of the 100-yr simulation WSE profiles for the HEC-RAS model and the MIKE21FM model
under existing conditions shows reasonable agreement between the two models considering the
numerical formulation differences between the two models (1D and 2D, respectively), as shown by
Figure 5. While the results are not identical, they do show similar trends. In general the existing
condition MIKE21FM model simulates a larger amount of head loss across the hydraulic structures (i.e.,
bridges) than shown by the HEC-RAS model results. This larger head loss, in general translates to
greater backwater conditions upstream of the bridges and subsequently higher water surface
elevations. A maximum difference of 1.52 ft is observed upstream of the Elk Grove — Florin Rd Bridge.
Throughout the model domain, the MIKE model results were 0.31 ft higher on average when compared
to the HEC-RAS model results.

Maximum inundation extents for the 2-yr design flood and 100-yr design flood are provided in Figures 6
and 7, respectively. Results from the 2-yr design flood simulation show that this level of flooding is
contained within the existing creek channel. In addition, Figure 6 shows that the floodplain areas
inundated at this flow level are negligible, with the one exception being the area downstream of Laguna
Blvd where shallow floodplain inundation occurs. Maximum inundation extents for the 100-yr design
flood are provided in Figure 7, along with the inundation extents predicted with HEC-RAS model.
Results from this simulation confirm the need for flood management along the EGC corridor. Large
areas of residential neighborhoods are inundated for this event, with the majority occurring
downstream of Southern Pacific Railroad, and upstream of HWY 99. In these areas, inundation levels
approach 3 ft in many areas. The inundation extents simulated with the MIKE21FM show remarkable
agreement with the HEC-RAS simulated floodplain extents. Notable differences are observed upstream
of HWY 99, where the MIKE results show floodwaters flowing north and then east and west down
residential streets, where the RAS results only show inundation down the streets to the east. Table 2
shows the number of buildings which were affected in some way by this design flood flow simulation.

4.2 EXPANDED HWY 99 BRIDGE

A comparison of existing condition 100-yr simulation results with the expanded HWY 99 Bridge
simulation results indicate that the addition of a third identical box culvert at HWY 99 did not have a
large impact on 100-yr flood water surface elevations. While minor amounts of stage reduction were
observed upstream of the bridge, they were generally small and did not persist very far upstream. A
maximum WSE reduction of 0.4 ft was simulated just upstream of the HWY 99 Bridge, with 0.2 ft of
reduction ~1,600 ft upstream of the bridge, and 0.1 ft of reduction ~7,150 ft upstream of the bridge.
Upstream of this point notable WSE reductions were not detected. The additional box culvert increased
WSE downstream by up to 0.2 ft for the first ~200ft downstream of the bridge, and 0.1 ft on average for
the remainder of the downstream channel.
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4.3 NO CONSTRAINTS ALTERNATIVE

Results from the NCA MIKE21FM model simulations are provided in Figures 8 to 12. A comparison of
the MIKE21FM 100-yr simulation WSE profiles for the existing conditions and NCA demonstrate the
magnitude of flood reduction that is possible through the combination of the various NCA elements. A
comparison of 100-yr simulated WSE profiles for the two alternatives demonstrates the magnitude of
reduction which is possible by utilizing multi-objective flood management techniques (i.e., channel
modifications, floodplains and multi-objective detention basins). A maximum benefit of 4.19 ft of WSE
reduction is achieved between Waterman Rd and the SPRR Bridge. Downstream from this reach, 3.35 ft
of reduction is the maximum benefit, reducing to 2 ft and less below Falcon Meadow Rd. On average,
there is 1.55 ft WSE reduction achieved throughout the model domain.

A majority of the flood benefit is attributed to the large floodplain (FP-1) and multi-objective detention
basins (DB-1 to DB-4) which are located in the upper reach of the creek, which store a large volume of
flood water, drastically reducing peak flow magnitude to the downstream reaches. Figure 10 shows a
comparison of existing condition and NCA 100-yr hydrographs for three locations within the model
domain. The upper most panel, which shows a hydrographic comparison just downstream of the
confluence of the northern branch (or tributary) of EGC (near Markofer Elementary School), indicates
that upstream storage reduced the peak flow magnitude from 1,023 cfs to 608 cfs.

Maximum inundation extents for the 2-yr design flood and 100-yr design flood are provided in Figures
11 and 12, respectively. Results from the 2-yr design flood simulation show that with the NCA
modifications, large areas are inundated by flows equaling or less than the 2-yr design flood. These
areas provide the opportunity for the creation of riparian forests and natural spaces within the city
limits. These floodplains and multi-objective detention basins would provide open spaces and natural
habitats for native plants and animals, which could be enjoyed by humans as well. In addition, these
areas present opportunities for water quality improvement due to the deposition of fine sediment and
particulate matter and the uptake of nutrients by vegetation.

Maximum inundation extents for the 100-yr design flood with NCA modifications are provided in Figure
12. This figure when compared to Figure 7 demonstrates that substantial flood reduction could be
achieved through multi-objective flood management strategies. Approximately 459 ac-ft of flood waters
are detained in the various NCA elements resulting in peak flow magnitude, WSE and inundation extent
reductions during the 100-year design flood, as shown. A small amount of inundation still occurs in the
area south of EGC near Emerald Vista Rd, however the widespread inundation simulated in the existing
conditions simulations is mostly alleviated. As shown in Table 2, 5 structures are affected by
floodwaters in the NCA as compared to 136 in the existing conditions simulation.
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Table 2. Number of structures, by type, inundated during the 100-yr event

Type of Structure Existing Conditions No Constraints Alternative
Home 104 4
Commercial / Public 21 1
Apartment 11 0
Total 136 5
Note:

1. Structures were counted in any part of the main structure was covered by the 100-yr inundation
predicted by the MIKE21FM models as shown in Figures 7 and 12.

2. Inundated structures in the NCA do not include structures which would be removed in the
construction of the NCA project elements.
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5 CONCLUSION AND RECCOMMENDED NEXT STEPS

This conceptual hydrodynamic modeling exercise demonstrates the substantial opportunities for
concomitant flood attenuation, ecosystem and water quality enhancement through multi-objective
flood management strategies on Elk Grove Creek through the City of Elk Grove. NCA simulations
demonstrate an increase in channel floodplain connectivity for frequently occurring floods as well as
substantial flood risk reduction for larger magnitude flood events. In summary, 134 acres of land are
proposed for enhancement providing flood risk reduction, water quality improvements, ecosystem
enhancements, aesthetic enhancement as well as recreational opportunities.

While the various project elements were iteratively designed in order to achieve inundation during the
2-yr flow, and maximum flood reduction benefits for the 100-yr flow, further optimization is possible
though not pursued at this time. These results could provide additional improvements to both
ecosystem function and flood control. In addition, the role of the individual NCA elements should be
investigated in order to determine the cost:benefit ratio of each element. Approximate earthwork and
land acquisition costs for each NCA elements are provided in Table 1 in order to allow for an initial
consideration of costs vs. benefits for the NCA. In addition to the investigation of individual elements,
future analysis should include simulation of a subset of the original 15 NCA elements which may be
more feasible as actual constraints are recognized. For example one possible future scenario that has
been identified includes DB-1, DB-2, FP-1, FP-5 and DB-8, as shown in Figure 1 and Table 1.

While reasonable agreement was observed between the HEC-RAS model results and those simulated
with the 2D MIKE21FM hydrodynamic model, caution should be used when translating the model results
to reality, as the MIKE21FM model was not calibrated or validated. Future efforts should include model
calibration and validation for a real flood event (e.g., ~45-yr 12-hr event which occurred in December
2005) in order to improve the predictive ability of the model. Furthermore, we recommend that the
incremental benefit of flood reduction elements be assessed individually, rather than cumulatively, as
has been done through this study.
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CHAPTER 6. EAST ELK GROVE
AREA/RURAL REGION

WATERSHED DESCRIPTION

The East ElIk Grove area/rural region lies in the eastern part of the City and covers approximately
6,800 acres. The area is generally bounded by Waterman Road and Laguna Creek on the west,
Calvine Road on the north, and Grant Line Road on the southeast (See Figure 6-1). This area
covers portions of both the Laguna Creek and Elk Grove Creek watersheds. The evaluation of
the drainage facilities in this area was previously performed by Harris & Associates and their
analyses and results are incorporated into this chapter. In addition, the drainage improvements
required in the portion of the Elk Grove Creek watershed that lies within the East EIk Grove
Specific Plan area were evaluated by MacKay & Somps Civil Engineers, Inc. The recommended
facilities from the MacKay & Somps study are also incorporated into this chapter.

EXISTING DRAINAGE FACILITIES
Existing storm drainage features and facilities in the study area include the following:

e Natural and semi-natural creeks and channels
e Excavated channels and roadside ditches

e Local detention basins serving low density development projects and individual
properties

e Storm drains in streets and selected subdivisions

e Cross-drainage structures at streets, driveways, railroads, and facilities on private
property

The more prominent creeks and channels, the larger detention basins, existing underground
storm drains, and cross drainage structures are represented on Figure 6-2. A field inventory and
measurement process was completed to determine the location, size and characteristics of
existing cross-drainage structures at arterial, collector, and local streets. The data that was
collected included measurement of cross-drainage structure dimensions, cross-drainage structure
lengths, height dimensions from invert to top of roadway, and photographs of the drainage
structure inlets and outlets. This has been provided to the City as a separate document in hard
copy and electronic format.

A HEC-RAS hydraulic model was formulated for each cross-drainage structure and was run
iteratively for different discharges to determine the capacities of each of them prior to flow
overtopping the roadway. The existing capacity of each of these cross-drainage structures is
listed on Table 6-1. As shown on Table 6-1, there are numerous cross-drainage structures that
currently have a very limited capacity when compared against the potential runoff rates that will
contribute to them. As a result, there will be flooding of several streets in the study area during
major storm events.
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Table 6-1. Capacities of Existing Cross-Drainage Structures®

Upgrade Upgrade
Type of Existing 10-year 100-year
No.| CulvertI.D. Location Structure Size® Capacity, cfs Q, cfs Q, cfs
Laguna Creek Tributary # 1
1|LT1-C01 Calvine Road/Grant Line Road Circular Culvert |2 Cells -18" 24 130 223
2[LT1-C02 Grant Line Rd. South of Calvine Rd. Circular Culvert {1 Cell - 18" 9 18 31
3|LT1-C03 Kinder Ln South of Calvine Rd. Circular Culvert |4 Cells - 36" 128 266 444
4|LT1-C04 Excelsior Rd. South of Calvine Rd. Box Culvert 2 Cells - 10'x5' 444 78 155
5|LT1-C05 Excelsior Rd. @ Halfway Rd 40" West Circular Culvert |1 Cell - 48" * 119 213
6|LT1-C06 Corfu Dr. 400" W of Excelsior Rd. Circular Culvert (3 Cells - 48" 261 153 274
7|LT1-C07 Calvine Rd. 1050' W of Excelsior Rd. Circular Culvert |1 Cell - 36" 61 36 66|
8[LT1-C07B Calvine Rd. 1700" W of Excelsior Rd. Box Culvert 2 Cells - 7'x4' 334 275 487
9[LT1-C08 Calvine Rd. 2500' W of Excelsior Rd. Circular Culvert {1 Cell - 40" * 71 125
10|LT1-C10 Mecca Rd. 500' S of Cul- de Sac Circular Culvert (3 Cells - 24" 60 20 36)
11{LT1-C11 Lincott Ct 500' E of Sleepy Hollow Ln Circular Culvert |3 Cells - 30" 122 27 47|
12|LT1-C12 Corfu Dr. 400" E of Sleepy Hollow Ln Circular Culvert {3 Cells - 30" 100 53 95)
13|LT1-C13 Corfu Dr. 450" w of Sleepy Hollow Ln Circular Culvert {1 Cell - 18" 9 7 13
14|LT1-C14 Atlantis Dr. @ Sleepy Hollow Unit 2 Circular Culvert |1 Cell - 15" 6 6 11
15[LT1-C15 Corfu Dr. @ Sleepy Hollow Unit 2 Circular Culvert |1 Cell - 24" 19 19 32
16|LT1-C17 Chambray Ln 5'S of Denim Rd Circular Culvert |1 Cell - 12" 4 3 5|
17|LT1-C18 Mecca Rd. 900" N of Chambray Ln Arch Culvert 1 Cell 18"x12" 3 27 50)
18|LT1-C19 Sleepy Hollow Ln 1000' S of Linscott Ct Circular Culvert  [1 Cell - 12" 4 72 131
19|LT1-C20 CCT 900' W of Sleepy Hollow Ln Circular Culvert |1 Cell - 24" 20 15 24
20|LT1-C21 Cherrington Ln 2400' N of Sheldon Rd Circular Culvert |1 Cell -30" 31 62 122
21{LT1-C21A Mix Ln 1300' E of Bader Rd Circular Culvert {1 Cell - 20" 15 129 229
22(LT1-C22 CCT 1900' SE of Calvine Rd Bridge 2 Cells - 13'x11' 2000 649 1135
23|LT1-C23 Bader Rd 2000' N of Sheldon Rd Bridge 2 Cells - 30'x 7.5' 990 674 1169
24|LT1-C24 Sheldon Rd 300" E of Cherrington Ln Circular Culvert |1 Cell - 18" 12 54 100
25[LT1-C25 Bader Rd 600" S of Sheldon Rd Circular Culvert {1 Cell - 15" 6 43 79
26{LT1-C26 Sheldon Rd 1100' W of Bader Rd Circular Culvert |2 Cells - 24" 38 92 167
27|LT1-C27 Sheldon Rd at Bradshaw Rd Bridge 2 Cells - 15'X7"' 900 637 1167
28|LT1-C27A Sheldon Rd 135' E of Bradshaw Rd Circular Culvert |1 Cell - 30" 30 36 66|
29(LT1-C28 Sandage Ave 1975' W of Bradshaw Rd Circular Culvert {1 Cell - 18" 9 14 25
30[LT1-C29 Denim Rd @ Excelsior Rd Circular Culvert |1 Cell - 12" 4 3 5)
31{LT1-C29A Mecca Rd 175' S of Cul- de Sac Circular Culvert |2 Cells - 18" 14 3 5|
32|LT1-C30 Grant Line Rd. South of Calvine Rd. Bridge 115 195)
Laguna Creek Tributary # 2
[ 1JLT2-co1 [Bradshaw Rd 550" N of Millpond Ct [Circuar Culvert  J1 Cell - 30" 31] 83 138§
Laguna Creek Tributary # 3
1[LT3-C01 Pleasant Grove School Rd 1200' E of Bader Rd Arch Culvert 1 Cell - 22"x15" 7 74 123]
2[LT3-C02 Ranch View Ct 380" S of Pleasant Grove School Rd  |Arch Culvert 1 Cell - 22"x15" 7 9 15
3[LT3-C03 Bader Rd 700' N of Bond Rd Arch Culvert 3 Cells 50"x 33" 101 170 286
4|LT3-C04 Pine Acre Ct 800" W of Bader Rd Circular Culvert |1 Cell - 21" 13 9 15
5|LT3-C05 Bradshaw Rd 450' S of Millpond Ct Arch Culvert 2 Cells - 26"x24" 37 194 328]
6[LT3-C06 Millpond Ct 700" W of Bradshaw Rd Arch Culvert 3 Cells 60"x36" 245 213 354
7[LT3-C07 Millpond Ct 100" S of Cul-de Sac Arch Culvert 4 Cells 60"x36" 246 226 373
Laguna Creek Tributary # 4
1[LT4-C01 Pleasant Grove School Rd 950' E of Mickey Rd Arch Culvert 1 Cell 36"x24" 24 86 145
2[LT4-C02 Bond Rd 500" W of Grant Line Rd Arch Culvert 2 Cells 36"x24" 52 73 118
3[LT4-C03 Grant Line Rd 1100' S of Bond Rd Arch Culvert 1 Cell 48"x 33" 66 27 55)
5[LT4-C05 Secretariat Ln Circular Culvert |1 Cell 36" * * 100]
6|LT4-C06 Kapalua Ln 290" W of Mango Ln Arch Culvert 1 Cell 25.7'x8.7' 1170 225 391
7|LT4-C07 Bradshaw Rd 400' s of Bond Rd Box Culvert 3 Cells 7'x5' 520 256 506
8[LT4-C08 Bond Rd. 1300' E of Bader Rd Circular Culvert {1 Cell 18" 9 26 44
9[LT4-C09 Salmon Creek Rd 700' S of Bond Rd Box Culvert 3 Cells 8'x5' 520 333 578
10{LT4-C10 Stonebrook Rd 1000' S of Bond Rd Box Culvert 3 Cells 9'x5' 520 333 578]
11|LT4-C11 Bond Road 1600' E of Waterman Rd Box Culvert 4 Cells 7'x5' 520 461 847
EIK Grove Creek
1[EGC-CO01 ElIk Grove Blvd 1900' West of Grant Line Rd Arch Culvert 1 Cell 22"x12" 7 83 138
2|EGC-C02 Grant Line Rd 1800' S of Elk Grove Blvd Circular Culvert |1 Cell 15" 6 54 89
3|EGC-C03 Bradshaw Rd 120' N of Ridgerock Dr Circular Culvert {1 Cell 42" el 183 301
4|EGC-C04 Grant Line Rd 2000' S of Bradshaw Rd Arch Culvert 2 Cells 56"x38" 104 117 191
5|EGC-C05 Waterman Rd @ Kent Street Arch Culvert 3 Cells 56"x36" 254 373 637

*

Existing storm drain outlet

** Existing storm drain inlet

(1) From Harris Associates November 2005.
(2) A cell is asingle culvert.
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HEC-RAS evaluations were also performed along selected reaches of Laguna Creek Tributary
No.’s 1 and 4 to aid in the evaluation of the capacity of these existing channels, their cross-drainage
structures, and infrastructure improvement options, and to assist in the hydrologic modeling work. In
general, there are several reaches of Laguna Creek Tributary No. 1 that have flood prone areas that
extend well outside of the main channel area under existing conditions. The effective flood zones
mapped by FEMA along Laguna Creek Tributary No. 1 have been overlaid onto Figure 6-2. Laguna
Creek Tributary No. 4 contains a number of cross-drainage structures at streets that will be
surcharged during a major storm in the absence of remedial measures.

HYDROLOGIC ANALYSIS FOR THE EAST ELK GROVE AREA/RURAL REGION

The East EIk Grove area/rural region was subdivided into primary watersheds and subsheds as
shown on Figure 6-2. The primary watersheds have been defined to be:

e Laguna Creek Tributary No. 1

Laguna Creek Tributary No. 2

Laguna Creek Tributary No. 3

Laguna Creek Tributary No. 4
Elk Grove Creek

Upstream portions of several of the primary watersheds extend into areas within Sacramento
County outside of the City corporate limits. The most significant of these upstream watershed
areas are the subsheds that contribute runoff to Laguna Creek Tributary No. 1, north of Calvine
Road and east of Grant Line Road (See Figure 6-2).

Hydrologic modeling was performed for the primary watersheds and subsheds to determine
discharges produced at key points of concentration during the 10-year and 100-year storm
events. The hydrologic modeling was prepared using SacCalc and HEC-1. Because future land
use densities in the East EIk Grove area/rural region are relatively low, the difference in peak
flows between existing and buildout conditions is not expected to be large. Because of this, flows
were calculated for buildout conditions only. The key subshed data used to prepare the
hydrologic models are presented on Table 6-2. Schematic layouts of the SacCalc Models for
Laguna Creek Tributaries 1 through 4 are presented on Figures 6-3 through 6-6.

The Modified Pul’s (Storage) method was used to route the computed subshed hydrographs
through Laguna Creek Tributary No. 1. Storage-outflow rating curves were developed for several
channel reaches from its confluence with Laguna Creek to Excelsior Road using the HEC-RAS
computer model, based on Sacramento County provided data and applicable subdivision
topographic and hydraulic data. Upstream of Excelsior Road and along other tributary routing
reaches where HEC-RAS data was not available, the Muskingum-Cunge method was used,
assuming a trapezoidal channel having a 5-foot bottom width, 10:1 side slopes and a Manning’s
roughness coefficient of 0.08. For all other watersheds, the Muskingum-Cunge method was used
to perform the routing calculations for subsheds. Proposed detention basins that are a part of the
upgrade infrastructure discussed in a later section of this report were evaluated using the
Modified Puls method for reservoir routing.
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Calculated peak flows from each subshed are presented in Table 6-3. The calculated flows at key
points along the creeks are presented on Table 6-4 and Figure 6-2. The listed peak flows are for
buildout conditions assuming no modifications to the existing drainage system.

As discussed in the next section, detention basins are recommended for construction within the
watersheds for Laguna Creek Tributary No.’s 1 and 4. Hydrologic models were prepared to
evaluate the effects of these detention basins. Table 6-4 and Figure 6-7 present the peak flows at
key locations with the detention basins included.

PRELIMINARY IMPROVEMENTS FOR THE EAST ELK GROVE
AREA/RURAL REGION

This section presents the preliminary improvements that were considered for the East Elk Grove
area/rural region at buildout. The City’s General Plan contains a large number of goals, policies
and actions that are intended to provide guidance and direction with respect to future
development, the character of the City, and facilities. There are numerous references to the
“Sheldon” area and the importance of preserving its unique ecological and rural characteristics. It
is not practical to list all of the goals, policies, and actions that may be considered applicable to
the development of the recommended improvements for the East EIk Grove area/rural region.
However, the following paraphrased guidelines were strongly considered in the development of
the improvements recommended for the East EIk Grove area/rural region:

e Naturally vegetated stream corridors are of value in assisting in the removal of
pollutants and in the providing of habitat and community amenities. The retention of
natural stream corridors is encouraged.

e The City will permit stream channel realignment only when necessary to eliminate
flood hazards, to protect and preserve natural features and vegetation which would
otherwise be removed, or if the existing channel has been significantly disrupted by
agricultural improvements or other man-made changes.

e Development adjacent to a natural stream shall provide a stream buffer zone along the
stream. The list of natural streams includes Laguna Creek and its tributaries and Elk
Grove Creek.

e To the extent possible, retain natural drainage courses in all cases where preservation
of natural drainage is physically feasible and consistent with the need to provide flood
protection.

e Discourage the number of crossings of natural creeks in order to reduce potential
flooding and access problems.

e Vehicular access to the buildable area of all parcels must be at or above the 10-year
flood elevation.
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Table 6-3. Calculated Subshed Flows for

East EIk Grove Area/Rural Region

Buildout Condition Flows, cfs
Subshed Area, acres 10-Year |  100-Year
Laguna Creek Tributary No. 1
LT1A 311.7 130 223
LT1B 388.4 133 226
LT1E 105.9 68 121
LT1F 82.7 63 114
LT1G 57.5 36 64
LT1C 313.3 157 274
LT1l 159.4 77 134
LT1H 125.1 80 142
LT 82.4 66 120
LTIL 135.4 93 150
LT1K 83.8 67 122
LTIN 195.1 129 231
LT1P 55.1 54 100
LT1Q 57.4 40 72
LT1Q2 34.0 31 57
LT1M 151.2 98 175
LTIR 64.6 47 85
LT1S 61.3 39 70
LT1U 73.8 67 124
LTV 111.9 71 126
LT1T 82.8 72 132
LTIW 42.6 36 66
LT1X 39.4 36 66
LT1X2 59.2 45 81
LT1Y 69.8 46 83
LT1D 188.9 110 196
LT10 118.6 70 125
TL1IB 42.9 36 66
LT1IA 145.0 109 197
LTILA 51.3 35 64
LTILB 125.4 71 125
Laguna Creek Tributary No. 2
LT2A 102.7 83 138
LT2B 75.3 52 82
Laguna Creek Tributary No. 3
LT3A 114.8 74 123
LT3B 131.2 97 161
LT3C 59.8 45 75
LT3D 86.4 46 76
LT3E 117.2 90 126
Laguna Creek Tributary No. 4
LT4A 102.5 86 145
LT4B 139.3 95 158
LT4D 22.6 18 30
LT4E 19.8 17 29
LT4F 17.2 19 33

City of Elk Grove
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Table 6-3. Calculated Subshed Flows for

East EIk Grove Area/Rural Region, Cont'd...

Buildout Condition Flows, cfs
Subshed Area, acres 10-Year 100-Year
LT4C 44.6 39 66
LT4G 6.3 10 17
LT4l 46.9 40 67
LT4H 24.6 22 38
LT4K 15.6 17 29
LT4) 86.5 75 126
LT4L 18.6 22 37
LT4N 13.0 17 28
LT4M 45.2 39 65
LT40 33.7 38 64
LT4W 29.2 26 44
LT4P 20.0 14 24
LT4Q 33.4 34 57
LT4R 28.7 28 48
LT4S 8.9 9 15
LT4T 22.7 23 39
LT4U 46.2 45 75
LT4V 349.5 258 376
LT4X 33.8 37 54
LT4Y 26.1 32 47
LT4Z 45.3 58 99
LT4C2 49.3 47 80
LT4J2 67.3 35 59
Elk Grove Creek
EGC1 111.3 83 138
EGC2 31.9 35 60
EGC3 37.2 32 54
EGC4 119.3 54 89
EGC5 47.6 40 67
EGC9 295.3 117 191
EGC6 96.6 61 93
EGC7 64.6 58 85
EGC8 102.5 74 111
EGCI10 94.2 67 97
EGC11 109.2 51 84

City of Elk Grove
Storm Drainage Master Plan Volume 11



Table 6-4. Calculated Creek Flows for East EIk Grove Area/Rural Region

Buildout Condition Flows Without | Buildout Condition Flows With
Improvements, cfs Improvements, cfs
Location 10-Year |  100-Year 10-Year |  100-Year
Laguna Creek Tributary No. 1
Excelsior Road 265 449 78 155
CCTR 752 1,280 649 1,135
Bader Road 841 1,444 674 1,169
Bradshaw Road 804 1,470 637 1,167
Confluence with Laguna Creek 797 1,449 630 1,149
Laguna Creek Tributary No. 2
Bradshaw Road 83 138 83 138
Confluence with Laguna Creek 113 193 113 193
Laguna Creek Tributary No. 3
Bader Road 170 286 170 286
Bradshaw Road 194 328 194 328
Confluence with Laguna Creek 205 351 205 351
Laguna Creek Tributary No. 4
Bond Road (East Crossing) 149 255 73 118
Bradshaw Road 333 578 288 506
Bond Road (West Crossing) 478 886 461 847
Elk Grove Creek
Grant Line Road 54 89 54 89
\Waterman Road 373 637 309 512
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Descriptions of Preliminary Improvements

The preliminary storm drainage improvements that are considered for the East Elk Grove
area/rural region are shown on Figures 6-7 and 6-8. A list of the preliminary facilities is provided
in Table 6-5. These improvements include:

e Upgrading of many of the existing drainage structures that cross the primary and
secondary stream channels at roadways to improve capacity in conformance with the
design standards.

e Installation of underground storm drain systems along Bond Road and Sheldon Road
to intercept and convey contributing flows derived from local offsite subsheds and
accommodate future widening of these major arterial streets.

e Construction of four detention basins to lower downstream discharges along Laguna
Creek Tributary No.’s 1 and 4 to more manageable rates and reduce downstream
flood potential.

e Emphasis on retention of the natural and existing channels, except where
augmentation or reshaping of local channels is needed to improve capacity or provide
a local outfall for arterial street drainage.

e Within the East EIk Grove Specific Plan Area in the ElIk Grove Creek watershed, the
recommended improvements include construction of a new detention basin, a new
pump station, and realignment of a short reach of EIk Grove Creek.

Cross-Drainage Structures

Many of the existing drainage structures that cross primary and secondary stream channels at
streets within the study area have a very limited capacity and need to be upgraded. An evaluation
of each of the cross-drainage structures in the study area was performed. This evaluation
produced a list of cross-drainage structures that need to be upgraded and a determination of the
proposed replacement structure. Replacement structures were sized to pass the 100-year
discharge without flow overtopping the roadway and are listed on Table 6-5. Hydraulic
evaluations of each new structure were performed using the HEC-RAS computer model

Storm Drains

It is not the intent of this master plan to produce an integrated network of underground storm
drains to serve the East Elk Grove area/rural region. Instead, this master plan emphasizes the use
of existing streams and channels as the primary flow conveyance mechanisms in this area. Most
arterial streets in the East EIk Grove area/rural region traverse somewhat perpendicularly across
the direction of drainage flow, and the use of cross-drainage structures and underground storm
drains to convey street drainage, only, are the preferred solution for these streets.
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Table 6-5. Preliminary Improvements for the East EIk Grove Area/Rural Regioﬁl)

Linear Cubic Yards/
Item Feet Linear Foot Quantity | Unit
Culverts
LT1-C01 (2 - 6' x 4' CBC) 100 0.800 80| cvy
[lLT1-Cco7 (1 - 36" RCP) 100 | LF
[ILT1-C07B (add 1 - 7' x 4' cell to existing CBC) 100 0.467 47| cv
[ILT1-C20 (1 - 24" RCP, Materials & Bore) 30| LF
[ILT1-C23 (80" Long Bridge) 4800 | SF
[[LT1-Cc25 (1 - 6'x 3 CBC) 60 0.433 26| cy
[[LT1-C26 (2 - 5' x 3 CBC) 100 0.659 66 | CY
[ILT1-C27 (Bridge TBD - 80' Length Assumed) 8,000 | SF
ILT2-Co1 (2-5'x 3' CBC) 100 0.659 66| cy
[[LT3-Cco1 (2 - 6' x5 CBC) 60 0.874 52| cy
[ILT3-C03 (2-10'x 3.5' CBC) 60 1.470 88| cy
[IlLT3-Co5 (3 - 10' x 3' CBC) 100 2.164 216 | CY
[[LT4-C01 (3 - 6'x 2.5' CBC) 60 1.019 61| cy
[ILT4-C02 (2 - 6' x 2.5' CBC) 100 0.717 72| cy
[[EGC-C01 (3-6'x 2.5' CBC) 100 1.019 102 | cvy
[[EGC-C02 (1-7'x 2.5' CBC) 100 0.489 49 cv
[[EGC-C03 (2 - 7' x 4' CBC), Bradshaw & D/Ws 120 0.933 112 | cvy
EGC-C04 (2 - 4' x 4' CBC) 100 0.630 63| CY
Storm Drains
18" RCP (Bond Road) 3,100 | LF
24" RCP (Bond Road) 1,800 | LF
30" RCP (Bond Road) 700 [ LF
36" RCP (Bond Road) 1,800 [ LF
42" RCP (Bond Road) 1,000 | LF
48" RCP (Bond Road) 2,700 [ LF
18" RCP (Sheldon Road) 1,300 [ LF
24" RCP (Sheldon Road) 2,000 | LF
30" RCP (Sheldon Road) 2,100 | LF
36" RCP (Sheldon Road) 3,000 | LF
42" RCP (Sheldon Road) 1,800 | LF
48" RCP (Sheldon Road) 1,300 [ LF
Detention Basins
DET 1 (Laguna Creek Tributary # 1) 110 [ AF
[IDET 2 (Laguna Creek Tributary # 1) 20| AF
[IDET 3 (Laguna Creek Tributary # 1) 21| AF
[IDET 3 Pump Station (Capacity = 3 cfs) 1| Ls
[IDET 4 (Laguna Creek Tributary # 4) 17| AF
Open Channels
#1 - Bond Road to Trib. # 4 (Near Grant Line) 800 2.67 2,136 | CY
#2 - Bond Road to Trib. # 4 (Near Bradshaw) 250 2.67 668 | CY
#3 - Trib 3 Grading (Bader to Past Bradshaw) 3520 1.48 5210 | CY
#4 - EG Creek Overflow Channel 2300 4,74 10,902 | CY
East EIk Grove SPA - EIk Grove Creek®
10'x6' Box Culvert 1 LS
IChannel Realignment 700 21.43 15000 | CY
“Pappas Detention Basin 56 [ AF
Hudson Detention Expansion 12| AF

Source of items and quantities:

(1) City of Elk Grove East Area Storm Drainage Master Plan, Harris & Associates, November 18, 2005.
(2) Preliminary Costs for Reconstruction of EIk Grove Creek, Alternative 4C - Off Stream Detention with
Concrete Culverts, Mackay & Somps Civil Engineers, Inc., February 2006.
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There are two major arterial streets, Bond Road and Sheldon Road, which extend westerly in the
direction of drainage flow within their respective watersheds. These arterial streets are proposed
for future widening and traffic capacity improvements. To provide a storm drainage system that
will prevent these streets from being flooded during a 100-year storm event, the interception and
conveyance systems need to not only consider street drainage, but also consider flows that
encroach upon the street from several local offsite subsheds. As described in Volume I of this
SDMP, the City intends to test a variety of approaches for controlling runoff along these
roadways including dry wells, bottomless arch pipes, and detention basins. Should those
approaches not provide the intended performance, it may be necessary to construct storm drains
along these streets to intercept and convey the 10-year runoff. These potential storm drains are
represented at a planning level on Figure 6-7. The Bond Road storm drainage facilities are
proposed to utilize existing channelized sections of Laguna Creek Tributary No. 4 as points of
outfall. The Sheldon Road storm drainage facilities are proposed to utilize Laguna Creek
Tributary No. 1 at Bradshaw Road as their point of outfall.

The only other storm drain recommended for construction in the East EIk Grove area/rural region
consists of a pipe that is proposed to provide drainage relief to a low lying segment of Sleepy
Hollow Lane on the east side of the Central California Traction Railroad, north of Sheldon Road.
This segment of roadway is subjected to frequent ponding and flooding during the rainy season
due to the absence of a positive outlet. It is proposed that a storm drain inlet be installed at the
flooded area, and a pipe be extended to the north along Sleepy Hollow Lane to discharge into
future Detention Basin 2, which is proposed within a tributary to Laguna Creek Tributary No. 1.

Detention Basins

Construction of four detention basins is recommended as a part of the overall approach to future
development in the East EIk Grove area/rural region. These detention basins are proposed to serve
the primary watersheds for Laguna Creek Tributary No.’s 1 and 4 and are represented on Figure 6-7.
They have also been incorporated into the SacCalc/HEC-1 hydrologic models that reflect upgraded
conditions. The following are descriptions of each proposed detention basin and its intended benefits:

Detention Basin 1 (DET 1) — DET 1 is a proposed detention basin located east of Excelsior Road
that is intended to capture, store, and attenuate runoff generated within the upstream headwaters
for Laguna Creek Tributary No. 1 and provide a reduction in the 100-year peak flow rates
experienced along downstream reaches. It is proposed to be roughly 8.5 feet deep, have a storage
volume of 110 acre-feet and reduce the 100-year discharge from 444 cfs to 105 cfs at the
detention basin site, as well as reduce downstream discharges. This detention basin will reduce
the 100-year floodplain area for downstream channel reaches and reduce the capacity
requirements for existing and future downstream culverts and bridges.

Detention Basin 2 (DET 2) — DET 2 is proposed to capture and attenuate flow generated within
the upstream portions of a minor tributary to Laguna Creek Tributary No. 1, on the east side of
the Central California Traction Railroad. The existing minor tributary downstream of proposed
DET 2 consists of a generally low capacity, meandering channel or ditch that eventually joins
Laguna Creek Tributary No. 1 upstream of Bader Road. Major channelization work would be
required to provide capacity along the downstream reach of this minor tributary and this remedy
was considered to be undesirable and inconsistent with the General Plan. DET 2 is proposed to
have a depth of approximately four feet, a storage volume of 20 acre-feet and reduce the
100-year outflow from 160 cfs to 24 cfs at the detention basin site. This attenuation will lower
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the flood hazard along the downstream segment of this minor tributary. Also, the presence of
DET 2 will serve to provide an outfall for the minor storm drain improvement previously
described along Sleepy Hollow Lane and capacity improvements made to the upstream reach of
this minor tributary, if any, in conjunction with future land development activities in the area.

Detention Basin 3 (DET 3) — DET 3 is proposed to be located on the north side of Sheldon Road,
east of Bader Road. It is intended to function in conjunction with storm drain system installations
that have been recommended to accompany the future widening of Sheldon Road. The
accumulated rates of runoff that are proposed to be intercepted by Sheldon Road storm drains
become increasingly higher as the system extends westerly, and the proposed storm drains reach
a size of 2 — 48-inch pipes at the detention basin site. DET 3 is needed to reduce the size of storm
drains required to serve Sheldon Road from the detention basin site downstream to the outfall
location at Laguna Creek Tributary No. 1 (Bradshaw Road). It will also facilitate the
construction of the larger proposed storm drains that enter it from the east by providing available
depth, gradient and cover. DET 3 is proposed to have a capacity of 21 acre-feet and would
reduce the incoming 100-year discharge from 155 cfs to 3 cfs. This detention basin will be
roughly 10 feet deep and will be drained by a pump station.

Detention Basin 4 (DET 4) — DET 4 is proposed to be located on the north side of Bond Road
near its intersection with Grant Line Road and is proposed to store and attenuate runoff
generated within the most upstream subsheds within the primary watershed for Laguna Creek
Tributary No. 4. The detention basin will reduce the flows in the downstream channelized
sections of Laguna Creek Tributary No. 4 as it passes through existing subdivisions, which is
particularly important at the drainage structure crossings (which would currently be surcharged
during a 100-year event at watershed buildout). Further, the reduction in downstream flow rates
will lower channel water surface elevations in a manner that will lower the tailwater elevation
and improve hydraulic capacity for the future Bond Road drainage system points of outfall into
the channel between Bradshaw Road and Grant Line Road. DET 4 is proposed to be
approximately 4 feet deep, have a storage volume of 17 acre-feet and would reduce the incoming
100-year discharge from 255 cfs to 118 cfs.

Open Channels

In keeping with the goals, policies and actions contained in the General Plan, the natural and
existing stream channels within the East ElIk Grove area/rural region are proposed to remain
substantially intact. The proposed augmentations to existing channels and construction of new
channels are described below and are shown on Figure 6-7 and 6-8.

e Enlargement of an existing channel that extends from Bond Road south to a
channelized segment of Laguna Creek Tributary No. 4 about 1,300 feet east of
Bradshaw Road. This enlarged channel is proposed to be a point of outfall for
segments of the proposed storm drain serving the widening of Bond Road.

e Enlargement of an existing channel that extends from Bond Road south to a
channelized segment of Laguna Creek Tributary No. 4 about 2,000 feet west of Grant
Line Road. This enlarged channel is proposed to be a point of outfall for segments of
the proposed storm drain serving the widening of Bond Road.
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Clearing and reshaping of the existing manmade segment of Laguna Creek Tributary
No. 3 between Bader Road and a location just downstream of Bradshaw to eliminate
irregularities and create a continuous positive grade. There is also a 90 degree bend in
the existing channel that contains a low area on the south bank, roughly 1,300 feet
east of Bradshaw Road that allows higher stage flows to begin to spill south from the
Laguna Creek Tributary No. 3 primary watershed toward Bond Road and into the
Laguna Creek Tributary No. 4 primary watershed. It is proposed that this low
segment of the south bank be filled to eliminate this watershed spillover.

Construction of a new channel along the east side of Bradshaw Road at EIk Grove
Creek. This channel is needed to cost-effectively provide a 100-year return period
capacity to Bradshaw Road at this location. There is an existing drainage system
serving Elk Grove Creek that is inadequate at this location. The new channel will be
an “overflow” channel that will convey excess flow south along the east side of the
roadway and then west to rejoin Elk Grove Creek about 1,200 feet west of Bradshaw
Road. This improvement will require the installation of culvert crossings of the
channel extension along the east side of Bradshaw Road to facilitate continued
driveway access to private properties.

East Elk Grove Specific Plan Improvements

MacKay & Somps Civil Engineers, Inc. has prepared a preliminary drainage study that identifies
the required drainage improvements in the EIk Grove Creek watershed within the East EIk Grove
Specific Plan Area (See Reference No. 1). The required improvements are shown on Figure 6-8
and include:

Pappas Detention Basin — A new detention basin, referred to as the Pappas Basin, is
proposed within the East EIk Grove Specific Plan area. The basin will be located on
the north side of Elk Grove Creek approximately 3,000 feet upstream from Waterman
Road. The basin is intended to reduce the buildout condition flows to eliminate the
need to increase the capacity of the creek. The peak storage volume in the basin for a
100-year event is 56 acre-feet. A pump station with a capacity of 20 cfs will be
provided to evacuate runoff from the pond.

Hudson Detention Basin — The Hudson Detention Basin is an existing detention basin
location south of ElIk Grove Creek, just east of Waterman Road. The bottom of the
existing basin is proposed to be lowered to increase the storage capacity of the basin
by about 12 acre-feet.

Elk Grove Creek is proposed to be realigned from Waterman Road to a point about
700 feet upstream. The realignment is necessary to improve the operation of an
existing detention basin location just upstream of Waterman Road (Hudson Basin).

A new set of culverts will be required where the realigned channel crosses under
Waterman Road. Two 10 feet by 6 feet box culverts are proposed.
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Other East ElIk Grove Area/Rural Region Studies

Hydraulic Analysis of Channel Along Sheldon Road

In 2010, David Ford Consulting performed a hydrologic and hydraulic analysis for one of the
tributary channels that drains to Laguna Creek Tributary No. 1. The channel begins
approximately 200 feet upstream of Bader Road and continues north and west for approximately
1,700 feet to Tributary 1, crossing Sheldon Road on the way. The limits of the creek system can
be seen in the report prepared by Ford, which is included at the end of this Chapter as
Attachment 6A.

This watershed was evaluated by Harris and Associates as a part of their East Area Storm
Drainage Master Plan, but not to the same level of detail as Ford. Harris calculated flood flows
and evaluated the hydraulic capacity of the culverts at Bader Road and Sheldon Road, but they
did not evaluate the hydraulic capacity of the channel itself or consider the potential effects of
backwater from Tributary No. 1. Because of this, there was some concern that the culvert
improvements recommended by Harris may not be effective if the channel capacity was
insufficient to convey the flow or backwater impeded the flow. To address the issue, the City
asked Ford to prepare a refined hydraulic analysis of the system.

The Ford study concluded, among other things, that 10-year flood protection for Bader Road and
Sheldon Road can be achieved by upsizing the existing culverts to double 2°x4” boxes. For the
100-year storm, backwater from Tributary No. 1 can cause flooding Sheldon Road to be
overtopped regardless of the culvert capacity. The Harris study recommended that the Bader
Road and Sheldon Road culverts be upsized to a 3’x6’ box, and double 3°x5” boxes, respectively.
The Harris recommendations would provide a slightly higher capacity and could provide 100-
year protection to the roads in the absence of backwater from Tributary No. 1. Therefore, the
culvert improvements from the Harris study are included as the recommended improvements in
this master plan.

Laguna Creek Tributary 1 Hydraulic Analysis

In 2011, David Ford Consulting performed a hydraulic analysis for Laguna Creek Tributary 1. For
this analysis, an updated hydraulic model was prepared for the creek using HEC-RAS. The geometry
of the creek was defined using LIDAR topographic data prepared for the California Department of
Water Resources Central Valley floodplain mapping effort. Steady-state hydraulic models were
prepared using the flood flows calculated by Harris & Associates for the City of EIk Grove East Area
Storm Drainage Master Plan and also the flows developed for the FEMA Flood Insurance Study. The
flood flows developed by Harris & Associates are significantly larger than those developed by
FEMA. As a result, the 100-year water surface elevations calculated using the Harris & Associates
flows are significantly higher than those predicted with the FEMA flows. An unsteady-state
hydraulic model was also prepared using the Harris & Associates flows to assess the effects of
hydraulic routing on the flood flows. The water surface elevations calculated with the unsteady-state
model are slightly lower than those predicted with the steady-state model. Floodplain maps are
provided in the Ford study, which is included as Attachment 6B.
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Figure 6-3. Laguna Creek Tributary No. 1 SacCalc Layout
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Figure 6-3. Laguna Creek Tributary No. 1 SacCalc Layout, cont.
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Figure 6-4. Laguna Creek Tributary No. 2 SacCalc Layout

Figure 6-5. Laguna Creek Tributary No. 3 SacCalc Layout
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Figure 6-6. Laguna Creek Tributary No. 4 SacCalc Layout
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Figure 6-6. Laguna Creek Tributary No. 4 SacCalc Layout, cont.
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Figure 6-8. Recommended Improvements from Drainage Study for
Elk Grove Creek

Source: MacKay & Somps






ATTACHMENT 6A

Analysis of Channel Along Sheldon Road










































ATTACHMENT 6B

Laguna Creek Tributary 1 Hydraulic Analysis
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MEMORANDUM

Fernando Duenas, PE

Brian A. Brown, PE

May 26, 2011

Laguna Creek Tributary 1 hydraulic analysis

Situation

The City of Elk Grove (City) is investigating whether the p=0.01 event
floodplain changes along a portion of Laguna Creek Tributary 1 as a result of
new surveyed cross sections. The specific location of the new cross sections is
from Sleepy Hollow Unit 2 to Excelsior Road, as shown in Figure 1,
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Figure 1. Laguna Creek Tributary 1 from Sleepy Hollow Unit 2 to Excelsior
Road (map provided by City staff)

The hydrology and hydraulics of Tributary 1 were analyzed in several previous
studies:

* The existing model for Tributary 1 was configured by Sacramento County
(County model) at an unknown date, sometime prior to 1997, with the
topographic data available at the time of study.



The “2005 Laguna Creek watershed analysis” (2005 Laguna) used the
geometry from the County model for Tributary 1 when updating the
Laguna Creek watershed model.

The Tributary 1 hydrology was analyzed by Harris and Associates in the
“2005 City of Elk Grove East Area Storm Drainage Master Plan Revised
Draft” (Harris DMP),

The 2005 Draft City of Elk Grove Flood Control and Storm Drainage Master
Plan by West Yost and Associates (WYA Master Plan) used the Harris DMP
flow from Tributary 1 as a lateral inflow into Laguna Creek. The WYA
Master Plan included Laguna Creek but did not include Tributary 1.

Newly surveyed cross sections and LIDAR data for the area are now available
which provide a more accurate indication of the hydraulics in Tributary 1. The
Tributary 1 hydrologic analysis from the Harris DMP was used as the baseline
hydrology for this analysis.

Task

We determined whether the p=0.01 event floodplain changes along a portion
of Laguna Creek Tributary 1 based on new surveyed cross sections.

Actions

To evaluate the hydraulic characteristics of Tributary 1 based on updated
topographic data, we answered the following questions:

What is the p=0.01 water surface elevation (WSEL) in Tributary 1 using
the Harris DMP hydrology and new hydraulic cross sections?

How sensitive is the WSEL in Tributary 1 to different Manning’s n values?

How does the computed WSEL in Tributary 1 using the Harris DMP
hydrology compare to the computed WSEL using approximate FEMA flows?

Does running the model in unsteady mode, using runoff hydrographs
instead of peak flows, reduce the WSEL in Tributary 1?

What are the new floodplain extents for the p=0.01 event in Tributary 1
based on the Harris DMP hydrology?

Thus, we:

1.

Developed a digital terrain model (DTM) based on LiDAR topographic
information from the California Department of Water Resources (DWR)
Central Valley Floodplain Evaluation and Delineation (CVFED) program.

Compared cross sections cut from the DTM to the newly surveyed cross
sections.

. Added field survey points to the DTM to produce an updated base

topography dataset.

Created and executed a hydraulic model in steady state mode based on
new topography and the Harris DMP hydrology.

Executed the hydraulic model with FEMA hydrology for Tributary 1 for
comparison purposes.



6. Completed a Manning’s n value sensitivity analysis for the hydraulic
model.

7. Assessed the hydraulic model results to evaluate p=0.01 event.
8. Configured and ran an unsteady plan for the p=0.01 event.

9. Delineated the extents of the p=0.01 floodplain for Tributary 1.
Development of DTM

As part of the CVFED program, the DWR acquired detailed LiDAR data for the
Lower Sacramento River Basin in February and March 2010, For the Laguna
Creek Tributary 1 study area, we requested and received from DWR the Task
Order (TO) 13 CVFED LiDAR data. The CVFED LiDAR data are referenced to
the NAD 83 horizontal datum and NAVD 88 vertical datum.

To match the field survey data and previous modeling efforts for this area, we
converted the CVFED LiDAR data from the NAVD 88 datum to the NGVD 29
datum. We used a conversion factor of —2.38 feet to convert the data from
NAVD 88 to NGVD 29. We obtained the —-2.38 foot conversion factor using the
US Army Corps of Engineers computer program Corpscon, version 6.0. The
point LiDAR data received from the DWR were used to build a triangulated
irregular network (TIN) surface using the 3D Analyst extension in ArcGIS.

Comparison of cross sections

The point field survey data follow approximate cross section lines that were
provided in AutoCAD format. For this comparison of cross sections we:

1. Imported these planimetric cross section lines into GIS and adjusted them
to fit best the field survey points.

2. Used HEC-GeoRAS to assign georeferenced elevation data to these cross
sections based on the TIN.

3. Compared the resulting georeferenced cross sections to the field surveyed
cross sections.

4. Determined whether the LiDAR data captured the low flow portion of the
channel and whether the survey data correlate to the LiDAR data in the
channel and overbanks.

In all, 17 sections were compared to see how the LiDAR data compared to the
field survey data. The locations of these sections are shown in Figure 2.

Figure 3 through Figure 7 are screenshots of the HEC-RAS graphic cross-
section data editor showing the section comparison. The sections cut from the
LiDAR data are shown in black and the field surveyed sections are shown in
magenta.
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Figure 2. Locations where field-surveyed cross sections were compared to
cross sections cut from LiDAR data
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The main difference between the LIDAR and field survey datasets is that the
LiDAR data have a higher resolution than the field survey data, particularly in
the overbanks. For example, the right side of location 16 (Figure 7) shows a
dip in the LiDAR that is not present in the field survey data. (No field data
were acquired in this area.) Figure 7 illustrates the limitation of the field
survey data: there are not enough points to capture fully all of the elevation
changes in the overbanks.

In the comparison between the sections, the LIiDAR data adequately capture
the low flow portion of the channel in this area. Had the field survey data
captured a low flow portion of the channel that was not present in the LiDAR
data, we would have needed to develop an approximate low flow channel.
This approximate low flow channel would then have been stitched into the
LiDAR sections where there was no field survey data. This process would have
been required to represent field conditions better, as the LiDAR could
potentially miss the low flow portion of the channel if water was present
during data acquisition. Here, all 17 of the comparison cross sections were
provided to the City and discussed in a conference call. Since the LiDAR
sections adequately captured the low flow channel, there was no need to
stitch in an approximate low flow channel for Tributary 1.

After we compared the cross sections, we updated the TIN by adding the field
survey data. In doing so, we removed 4 of the field survey points. These
points were removed because the field survey showed elevations that were
approximately 3 feet lower than the LiDAR data in this area. The other field
survey points near these 4 points agreed with the LiDAR data, prompting the
removal of these points. We added the field survey data to the TIN to
enhance the surface, providing additional detail to the LiDAR data.

Hydraulic model configuration

We laid out new cross sections for Tributary 1 using the approximate stream
centerline distances from the 2005 Laguna model. Sections were also added
along bends and at locations where the overbank flow area changed to define
the flow path and flow area better. We developed the new cross-section
geometry using HEC-GeoRAS to assign georeferenced elevation data to the
model cross sections. The updated TIN provided the elevation source for the
cross sections. The hydraulic model cross section locations are shown in
Figure 8.

The 2005 Laguna model contains 2 hydraulic structures in the Tributary 1
reach. Both structures are bridges, 1 representing Bradshaw Road and the
other representing Bader Road. These bridges were previously modeled as
clear span bridges with less than 10 roadway deck points. In updating the
model, we anticipated using the bridge definitions from the previous model,
However, in the new sections, the elevations of the bridge decks in the
previous model are approximately 2 feet higher than the current topography.
Due to this discrepancy and the lack of definition in the previous roadway
decks, we updated the bridges for this model. We updated the bridges by
cutting new cross sections over the roadway and approximating a 1-foot deck
thickness for the bridges. We used the same procedure to add approximate
bridge definitions at the Central California Traction Railroad tracks (CCTRR)
and at Excelsior Road. The bridge definitions in this model are approximate
and can be refined by the City in future studies based on field survey data or
as-built plans.
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Figure 8. New cross section locations for Tributary 1 hydraulic model

Other parameters we configured in the new hydraulic model include
Manning’s n values, ineffective flow areas, and blocked obstructions. Per the
City’s instruction, we used Manning’s n values of 0.06 for the channel and
0.08 for the overbanks. The City based these values on previous modeling
efforts along Tributary 1. We configured ineffective flow areas in the model at
locations where the water is not being actively conveyed by the channel,
where we anticipate little or no velocity in the channel. We added blocked
obstructions in 2 areas of the model to remove area that is accounted for in
other models. The blocked obstructions at RS 44.94238 block out flow area
that is accounted for in the Laguna Creek model. The other blocked
obstructions in the model are located at RS 14897.08 through RS 15381.83
and represent storage accounted for in the Sleepy Hollow detention basin.
The routing effects of this detention basin are presumed to be included in the
storage-discharge relationship in the SacCalc hydrologic model.

Hydraulic model boundary conditions

The boundary conditions for the hydraulic model are from previous studies.
The downstream boundary for the model is the WSEL in Laguna Creek from
the WYA Master Plan model for the p=0.01 event. We removed the Tributary
1 lateral inflow and ran this model to establish the WSELs in Laguna Creek.
Tributary 1 enters Laguna Creek between RS 5109 and RS 4360. The average
WSEL between these 2 sections is 48.03 feet, which is used as the
downstream stage boundary condition.

The flows into the model are taken from the Harris DMP SacCalc model. The
flow change locations where the cumulative peak flows from the SacCalc
routing reaches enter the HEC-RAS model are listed in Table 1.



Table 1. Tributary 1 HEC-RAS flow change locations and cumulative peak
flows from routing reaches in Harris DMP model

HEC-RAS river
station SacCalc node Peak flow! (cfs)
(1) (2) 3)
21619.32 CHAQ2 448
20174.00 JNCO3 565
19836.53 JNC04 1075
18303.64 INCO09 1161
16845.68 JNC10 1179
14681.69 INC11 1280
11038.70 INC12 1422
9671.98 INC14 1444
7959.19 INC15 1455 59
6312.12 JNC16 1461
5486.56 JNC17 1470
2453.49 INC18 1450
647.02 INC19 1449

1. HEC-RAS steady model flow change locations.

Use of hydraulic model to compute WSEL

We used the hydraulic model to compute the steady-state WSEL for the
p=0.01 event. The profile computed using the Harris DMP flows shown in
Table 1 is shown in Figure 9.
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Comparison using FEMA hydrology

For comparison purposes we ran the regulatory FEMA flows through the
updated hydraulic model. The Sacramento County Flood Insurance Study
(FIS) contains 1 flow for Laguna Creek Tributary 1 for the p=0.01 event. This
flow, a peak discharge of 950 cubic feet per second (cfs), is the total flow in
Tributary 1 for the p=0.01 event. This is the only flow provided for the
p=0.01 event and there is uncertainty as to where the flow reaches this value
in the system. Using this flow as an upstream boundary condition provides a
worst-case scenario, as it overestimates the upstream flows and water
surface elevations. The FIS showed a downstream WSEL of 49.5 feet in
Tributary 1 for the p=0.01 event,

We used a model provided by the City for additional FIS flows in Tributary 1.
The City provided previous studies for Tributary 1 which included a portion of
the Tributary 1 FIS model (partial FIS model). This model contained flows for
the p=0.01 event in the upstream portion of Tributary 1. These flows can be
used in addition to the single flow of 950 cfs from the Sacramento County
FIS. To determine where these flows enter the updated model, we used the
distances from the partial FIS model flow change locations to the modeled
bridges. These were applied to the new model to obtain the approximate river
station for the flow change location in the new model. An estimated upstream
flow of 300 cfs is used to approximate the upstream boundary condition
because the upstream portion of the new model is outside the limits of the
partial FIS model. The location where the 950 cfs enters the model is a
conservative approximation because the location is closer to the upstream
flow change location than the downstream end of the model. These flow
change locations are listed in Table 2.

Table 2. Tributary 1 HEC-RAS locations where FIS flows are applied

HEC-RAS river FEMA p=0.01
station flow! (cfs)
(1) (2)
21619.32 3007
20918.76 380
18303.64 525
14681.69 665
9281.06 760
8651.72° 950

1. HEC-RAS steady model flow change locations.
2. Upstream flow value is estimated due to lack of data.

3. Downstream flow location is estimated due to lack of data.

We computed the water surface profile using the approximate FIS flows and
the new geometric data. This profile is then compared to the profile produced
from the Harris DMP to see the relationship between the 2 profiles. The profile
computed from the approximate FIS flows and the profile computed using the
Harris DMP hydrology for the p=0.01 event are shown in Figure 10. The
profile computed with the approximate FIS flows is lower than the profile
computed using the Harris DMP hydrology. As indicated in Table 1 and Table
2, the approximate FIS flows are significantly lower than the Harris DMP
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flows. For quantitative comparison, WSELs for the Harris DMP flows and the
approximate FIS flows are listed in Table 3.

Table 3. Tributary 1 HEC-RAS WSELs for Harris DMP flows and approximate
FIS flows

WSEL using
approximate FIS
WSEL for initial flows?
River station plan® (ft) (ft)

(1) (2) (4)
21619.32 70.88 70.62
20995.39 70.38 70.11
19836.53 68.01 66.96
17298.25 65.62 63.60
15606.75 64.47 62.47
13406.21 61.42 60.34
11711.45 60.58 59.54
10067.89 59.94 58.84
8551.72 58.05 57.30
6953.50 56.37 55.59
5898.28 55.95 55.19
3505.44 52.90 52.17
1490.47 50.24 50.05

1. Manning’s n values of 0.06 for the channel and 0.08 for the overbanks were used.
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Manning’s n value sensitivity

The City is interested in the sensitivity of the model to adjustments in the
Manning’s n value. Per the City’s instruction, we used Manning’s n values of
0.05 for the channel and 0.06 for the overbanks in the sensitivity analysis.
The initial model plan used Manning’s n values of 0.06 for the channel and
0.08 for the overbanks. The profile for the sensitivity model plan compared to
the initial profile is shown in Figure 11.

Reducing the Manning’s n values in the channel from 0.06 to 0.05 and in the
overbank from 0.08 to 0.06 reduces the WSEL in Tributary 1. The water
surface profile is reduced on average by 0.35 feet, with 0.00 being the
minimum reduction (RS 44.94, the downstream section) and 0.78 being the
maximum reduction (RS 14481.05, downstream of the CCTRR crossing). For
guantitative comparison, WSELs for the initial model plan and Manning’s n
sensitivity plan are listed in Table 4.

Table 4. Tributary 1 HEC-RAS WSELs for initial model plan and Manning’s n
sensitivity plan

WSEL for n value
WSEL for initial sensitivity plan?
River station plan® (ft) (ft)

(1) (2) (3)
21619.32 70.88 70.72
20995.39 70.38 70.24
19836.53 68.01 67.71
17298.25 65.62 65.14
15606.75 64.47 64.02
13406.21 61.42 60.98
11711.45 60.58 60.27
10067.89 59.94 59.74
8551.72 58.05 57.61
6953.50 56.37 55.96
5898.28 55.95 55.59
3505.44 52.90 52.46
1490.47 50.24 49.88

1. Manning’s n values of 0.06 for the channel and 0.08 for the overbanks were used.

2. Manning’s n values of 0.05 for the channel and 0.06 for the overbanks were used.

14
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Development of unsteady HEC-RAS model

The City requested an unsteady HEC-RAS model for Tributary 1 to determine
if running the model in unsteady mode, using runoff hydrographs instead of
peak flows, reduces the WSEL in Tributary 1. Per the City’s instruction, we
used Manning's n values of 0.05 for the channel and 0.06 for the overbanks.
We used information provided by West Yost and Associates (WYA) to
configure the unsteady model plan. Information provided by WYA included a
new hydrologic model to reflect the tributary area draining to a detention
basin and the hydraulic definition of the detention basin.

We updated the geometry for the unsteady plan to include the Sleepy Hollow
Unit No. 2 detention basin based on the definition provided by WYA. The basin
is defined in the HEC-RAS model using the elevation versus volume curve,
lateral weir, and culvert definitions provided in a spreadsheet by WYA on April
29, 2011,

The unsteady flow file for the model was configured using runoff hydrographs
from the updated SacCalc model provided by WYA on May 4, 2011. The
SacCalc model revised 2 subsheds so that all of the area that drains to the
Sleepy Hollow Unit No. 2 detention basin is covered by a single subshed. The
handoff locations where the hydrographs from the SacCalc model enter the
HEC-RAS model are listed in Table 5.

The downstream boundary for the model is the stage hydrograph from the
Laguna Creek WYA Master Plan model for the p=0.01 event. We removed the
Tributary 1 lateral inflow and ran this model to establish the stage hydrograph
in Laguna Creek for the p=0.01 event. The stage hydrograph for RS 3460 is
used as the downstream boundary condition and has a maximum stage of
47.85 feet. This is the first RS downstream of where Tributary 1 enters
Laguna Creek.

We used the unsteady HEC-RAS hydraulic model to compute the WSEL for the
p=0.01 event. The maximum WSEL profile for the unsteady HEC-RAS model
is shown in Figure 12.

The profile for the unsteady HEC-RAS model compared to the profile for the
steady model (both models having Manning’s n values of 0.05 for the channel
and 0.06 for the overbanks) is shown in Figure 13. The unsteady plan
produces a slightly lower WSEL than the steady plan for Tributary 1. This is
due to the steady model using flows based on the routing methods specified
in SacCalc while the unsteady model uses HEC-RAS to route the runoff
hydrographs. The unsteady HEC-RAS model routes the flows based on the
channel geometry and accounts for attenuation in the reach.

The unsteady HEC-RAS model profile and profile using the approximate FIS
flows (using Manning’s n values of 0.05 for the channel and 0.06 for the
overbanks) for the p=0.01 event are shown in Figure 14. The unsteady HEC-
RAS model profile is generally higher than the profile computed using the
approximate FIS flows. The exceptions to this trend are the 5 most
downstream cross sections, where the boundary condition influences the flow
profile. For quantitative comparison, WSELs for the steady model plan,
unsteady model plan, and the approximate FIS plan are listed in Table 6. All
of the WSEL values in the table are based on the models having Manning’s n
values of 0.05 for the channel and 0.06 for the overbanks. The differences
between the HEC-RAS computed WSELs are also listed in Table 6. A
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comparison between the approximate FIS flow WSELs and the unsteady plan

WSELs shows higher WSELs for the unsteady plan upstream of Bader Road.

Table 5. Tributary 1 handoff locations where computed hydrographs from

SacCalc (Harris DMP model) enter HEC-RAS model

HEC-RAS river

Peak hydrograph

station SacCalc node flow (cfs)
(1) (2) (3)
21619.32 IJNCO02 449
20481.38 CHAO09 500
20174.00 CHAO06 273
19499.75 TL1IB 66
18303.64 LT1iH 142
16845.68 LT1] 120
16761.29 LTiLB 125
15606.75 LT1K 83
11038.70 CHA15 351
10067.89 LTiM 175
9671.98 CHA18 65
7959.19 LT1iR 85
7510.15 CHA20 88
6590.31 LT1T 132
6312.12 LT1V 126
4938.25 LT1W 66
4059.49 LT1X 66
3505.44 LT1X2 81
647.02 LT1Y 83
Basinl LTiL 169

17
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Results
Based on our analysis, we found the following:

e The CVFED LiDAR data capture the low flow channel in the area where
survey data are available for comparison.

e The bridge definitions in the 2005 Laguna model (taken from the County
model for Tributary 1) were approximate and the deck elevations did not
reflect the elevations from the LiDAR data. Bridge decks were defined
from the LiDAR data and deck thicknesses were estimated.

e The hydraulic profile for the p=0.01 event using the Harris DMP flows
show bridge overtopping at Bader and Bradshaw Road.

e The WSELs computed for the p=0.01 event using the Harris DMP flows are
higher than the WSELs computed using approximate FIS flows.

* Reducing the Manning’s n values in the channel from 0.06 to 0.05 and in
the overbank from 0.08 to 0.06 reduces the WSEL in Tributary 1. The
average WSEL reduction is 0.35 feet.

e The unsteady model plan for Tributary 1 produces WSELs which are
slightly lower than the WSELs produced using the steady flow plan.

s The unsteady model plan for Tributary 1 produces WSELs which are
generally higher than the WSELs produced using the approximate FIS
flows. The exceptions to this trend are the 5 most downstream cross
sections, where the boundary condition influences the flow profile.

We used the computed WSELs to develop floodplain limits for the p=0.01
event. The floodplain limits were developed from within HEC-GeoRAS using
updated cross-section cut lines, computed WSELs, and topographic data. We
delineated 2 floodplains: the floodplain for the unsteady model plan and the
floodplain for the approximate FIS flows. The floodplain for the unsteady
model provides the best indication of existing conditions, using available
hydrology and the updated hydraulic model. The floodplain for the
approximate FIS flows provides a benchmark for comparison to the unsteady
model plan. The floodplain for the unsteady model plan is shown in Figure 15.
The floodplain for the approximate FIS flows is shown in Figure 16. Both
floodplains and the FEMA Q3 data for the area bounded by the CCTRR and
Excelsior Road are shown in Figure 17.
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Figure 15

Tributary 1

Approximate 100-yr floodplain
based on unsteady HEC-RAS
model plan
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Floodplain based on model results from 2011
Tributary 1 HEC-RAS model.

Model and floodplain based on LiDAR
topographic information from the California
Department of Water Resources (DWR)
Central Valley Floodplain Evaluation and
Delineation (CVFED) program.
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Figure 16

Tributary 1

Approximate 100-yr floodplain
based on approximate FIS flows
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