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Executive Summary of Hydrologic Conditions

The pre-developed condition flow pattern has been maintained for the post-developed condition.
The site has been divided into seven (7) outfalls (or Confluence Points) labeled CP1 to CP7. The
eventual downstream receiving water for all outfalls is a tributary to Live Oak Creek. There is a
portion of the tributary on the east and west on the site, with convergence to the south Upon
visual inspection, there is no evidence of erosion in this tributary in the areas surrounding this
site

For the entire 33-acre site, there will be a 3 2 cfs increase in the Post-Developed Condition.
Runoff is outlet at seven (7) points throughout the property. Outfall point 1 actually has a
negative differential Qoo (-2.8 cfs) Outfall Points 2, 3, & 7 are less than 1 cfs  Qutfall Points 4,
5 and 6 are less than 2 cfs, each draining directly to the tributary.

The Qg0 of the creek has been evaluated at confluence points directly downstream of the site.
The point in the tributary at which Outfall 1 and Outfall 2 enter (to the south of the southerly
property line), has a Qoo of 2039 cfs. The actual differential Qoo for the Post-Developed
condition is a decrease (-28 + 09 cfs) of -19 cfs for this confluence point. This Point of
confluence is shown as Point A on Exhibit 1 within this report.

Outfalls 3 through 7 drain to the west and then directly to the existing tributary on the westerly
side of the site. The increase in Qyoo varies between 0.2 cfs at Outfall 7 and 1.8 cfs for Outfall 6,
for a total increase in Qoo of 5 cfs. The Qoo for the confluence point of the creek downstream of
these Outfalls is increased from 239.6 cfs in the pre-developed condition, to 244 6 cfs in the
post-developed condition. This Point of confluence is shown as Point B on Exhibit 1 within this
report. This represents a 2% increase in flow at the 100-year level and is deemed insignificant, as
there is no historical evidence of flooding or erosive conditions within this receiving water or in
surrounding properties

Outfalls 3 through 7 each sheet flow westerly across an existing driveway and into the tributary
to the west. This is the historical drainage pattern. As the drainage pattern and sheet flow
condition will be maintained, there will be no concentration of flow to the offsite properties
Existing structures are not in danger of being effected by this development, as they are not within
the existing drainage pattern

Outfall 8 is where the tributary offsite water crosses through the northwest property corner and
underneath Ridge Creek Drive (formerly Dip Drive). There is no increase in storm water from
the off site improvements to the private road, Ridge Creek Drive The additional 2,200 square
feet of asphalt to the Ridge Creek Drive (550 feet by 4 feet) generates approximately 2/10 CFS
more runoff {o a total of 4 2 CFS, from the 100-year event. This compares to approximately 4 cfs
from thel00-year event This additional storm water out falls to Qutfall 8. The pre-developed
runoff at CP8 is about 161.1 CFS. The post-developed runoff is 1613 CFS (012 percent
increase) The total tributary area to Outfall 8 907 acres, the additional impervious area of 2200
square feet is an increase of 0 05 percent. This increase is also deemed insignificant.

There will be no divergence of flow or significant increase in velocity or flow due to the
development of this project. Therefore this project is not expected to cause flooding to down
stream properties All runoff will follow in the same historical drainage pattern and the pre-
developed Q’s have been essentially maintained in the post-developed condition
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Declaration of Responsible Charge

I hereby declare that 1 am the civil engineer of work for this
Preliminary Drainage Study

That 1 have exercised responsible charge over this
Preliminary Drainage Study

As defined in Section 6703 of the Business and Professions code,
and that the design is consistent with current design.

T understand that the check of project drawings, specifications and
technical studies by the county of San Diego is confined to a
review only and does not relieve me, as engineer of work of my
responsibilities for project design

O/Z., ﬂék)ﬁf 12 Ay 20077

Yeffréy N/ Wilson DATE

R.C.E. C057740 EXP. 12-31-07
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Drainage Study Statement

This CEQA preliminary drainage study has been prepared for the discretionary review of
Tentative Map 5469 This study defines the pre-development hydrology to the level of
detail shown on the 200-scale county topography maps. It addresses post-development
hydrology to the level of detail shown tentative parcel map.

This study is not intended as final and upon preparation of the final map and the
preparation of Ridge Creek Drive improvement plans it should be reviewed. And this
study should be revised if any necessary changes are found that will significantly alter or
modify the project’s design or drainage discharge characteristics.

The plans and specifications in this preliminary drainage analysis are not for construction
purposes There are only preliminary hydraulic calculations in the document. The storm
drain systems are tentatively sized based on the preliminary grading plan An adequate
field survey and cross section data will be collected during the final preparation of the
improvement plans for Ridge Creek Drive. Detailed hydrology and hydraulic calculations
in conjunction with the survey data will be done at that time.  This study was done using
current acceptable engineering practices, good engineering judgment, published technical
manuals and profession experience

b
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Off Site Stormwater Facilities Statement

This preliminary drainage study does not evaluate the capacity of existing
off-site improvements outside of the proposed projects hydrologic impact,
specifically the private easement road, known as Ridge Drive, which is used
as the primary access for TM 5469. Since the proposed project is entirely
downstream and therefore results in no hydraulic impact to Ridge Drive, the
hydraulic capacity of the easement road and its culverts crossing have not
been analyzed. Any future flooding problems, including potential loss of
access and cost to repair the road in the event of storm damage, are the
responsibility of the private road easement owners and its users.

Lo~
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SECTION 1.0 INTRODUCTION

Project Over View 1.10
This document provides preliminary hydrologic and hydraulic technical data and design support
for the preliminary grading plans required by Tentative Parcel Map 5469RPL. The focus of this
drainage study is a 33-acre parcel that is situated between two drainage courses (Project Area)
Tentative Parcel Map 5469RPL proposes to subdivide the parcel into 14-lots. The area tributary
to the confluence point of these drainage courses is about 400 acres (Study Area).

The study area includes the project’s 33 acres, 93 acres due north from the site and 9 acres along
the eastern boundary of the site, and 265 acres down stream from the project site. The land use
is best characterized as large residential agriculture estates.

Propose 1.20
This hydrology and hydraulics report is in support of the preliminary grading and improvement
plans  The document will provide the preliminary calculations required for verifying the
capacity of any existing storm drain and related infrastructure. This study will also provide
initial technical data for the design of both temporary and permanent post construction storm
water pollution prevention devices.

Scope 1.30
The scope of this study includes the following:

1- Determine if the proposed development lies within any designated flood plain as defined
by the Federal Emergency Management Agency (FEMA).

2- Determine the pre-development (existing) 100-year tributary peak runoff from the study
area and the project area.

3- Determine the post-development (proposed) 100-year tributary peak runoff from the study
area and the project area.

4- Provide an exhibit that delineates the 100-year flood line of any natural channels that cross
any lots with tributary watersheds in excess of twenty-five (25) acres.

5. Provide a Summary Drainage Table for post-development conditions, showing the following
basin information at all out fall points for the 100-year storm events

Length, Nodal Elevations, Slope, Area, Runoff Coefficient “C” Time of Concentration
Basin runoff rate, Peak runoff rate, and Intensity
6- Provide a narrative description for each out fall point.

7- Determine if there are pre-development drainage conditions that may adversely impact the
contiguous properties

8- Determine if the post-development conditions will have an impact on down stream properties
due to any significant change of the peak flow characteristics that can not be mitigated

9. Address local drainage facilities receiving additional runoff due to the proposed development
and identify any runoff contribution that would exceed their capacity

14
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Project Description 1.30
The McConnell Family 1989 Trust and the Leising Family Trust UTD April 12, 1999 has
retained Acal Engineering and Surveying to prepare and submit to the County of San Diego
documents for the subdivision and development of APN 105-310-2200 This hydrology study is
in support of those documents. The development includes grading 14 separate building pads for
14 residential parcels and approximately 1400 lineal feet of private road.

The layout of the site is designed to minimize the use of impervious areas. The access road
ending with a cul-de-sac is the shortest practicable This design reduces to the maximum extent
practical the surface area that comes in contact with storm water run off  The on site street and
associated improvements use the County of San Diego’s minimum width criteria. The streets will
have a graded width of 28 feet and a paved width of 24-feet with a low mountable ac curb. The
graded road will be super elevated. The road will drain two percent from the southerly edge of
pavement to the northerly edge where the ac curb will be. To the maximum extent practicable, all
of proposed private driveways will be constructed to drain into landscaped areas to promote
infiltration and reduce surface water run off,

Project Location 131
The project is located in the unincorporated community of Fallbrook (See Appendix A). The 33-
acre site is approximately 3 miles due east of downtown Fallbrook and a mile west of Interstate 15.
Access to the project area is from East Mission Road and Live Oak Park Road. Specifically, Ridge
Creek Drive is six tenths of a mile east of Live Oak Park along Ridge Drive. The 1360° by 1020’
parcel is located on the south side of Ridge Creek Drive. The street address for APN 105-310-2200
is 3061 Ridge Creek Drive. The site can be described as being a portion of the NE1/4 of the SE1/4
of Section 21, Township 9 South, Range 3 West, San Bernardino Base Meridian. The site can be
found on the USGS Quadrangle sheet is entitled “Temecula” The geographic position of the
middle of the project is Latitude. 33° 22" 30” North Longitude; 117° 117 30” West

Project Area Description 132
The rectangular shaped parcel covers nearly 33 acres of rolling terrain that was used for cultivation
of strawberries and tomatoes. Approximately 95-percent of the project area has been previously
disturbed The parcel has an east-west dimension of nearly 1138 at it’s widest and a dimension of
1357 feet north to south. The parcel has a maximum elevation of over 960 feet near the northeast
corner. The elevation of the southeast corner is about 807. The site has a southern exposure with
historical drainage patterns trending north to south. The site is bounded on both the west and the
east by a natural drainage channels. These slope to the south from 5-percent to nearly 20-percent.
The average slope of the property is 14.96-percent. Ten-percent of the site has slopes in excess of
twenty five-percent. There are several structures on this parcel, including two large packing shed
and two residential dwellings The site has been fallow for the last few years

15
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Pre-Developed Drainage Facilities 133

There are three storm drain facilities in and around this project area. (See Appendix A, Existing
Storm Drain Facilities Exhibit). All three are part of the western drainage course There is a 36”
culvert that crosses underneath Ridge Creek Drive with a slope of about 4-percent. It is close to
the project entrance at the northwest property corner. This exit or discharge point is CP-8. The
upstream entrance of the 36-inch culvert is a thin projecting edge and the outlet was at one time
also. Currently, it is overgrown and has undercut part of the bank. The second structure is located
about 2000 feet south of CP-8, and about 650 feet past the southern project boundary. This
drainage structure conveys storm water underneath a private road. It is situated between Camino
Alisos and Arroyo Pacific. It consists of concrete headwall and a 36-inch diameter corrugated
metal pipe (CMP) and a 24-inch CMP. The inverts of both pipes are the same and the slope is
about five-percent The third facility, 550 feet downstream from the culverts, is a small pond with
a surface area of about three-quarter-acre {33,000 SF), locally know as “Goodman’s Pond”. The
pond’s earth filled dam is the road fill from. Los Alisos Drive The road fill was used to bridge the
drainage course and now it is the dam There are two 24-inch corrugated metal pipes (CMP) that
allow some water to pass. There also is an emergency spillway section (W=15 Feet) on Los Alisos
Drive. This spillway is about 2 feet above the top of the culverts, (four feet above the inverts)
This spillway will be the trial point of insignificant impact.

Hydrologic Description 134

The site is entirely with in the San Luis Rey Watershed, Hydrologic Unit 903 Specifically it is
in the Lower San Luis Rey Hydrologic Area, (HA 903 12) and entirely in the Bonsall Hydrologic
Sub-Area (HSA 903.12). The CWA 303(d) List: Pacific Ocean and the Lower San Luis Rey
River are impacted. This tributary area of this project covers approximately 33 Acres or 0.052
Square Miles. This is about 0 0094 percent of the total San Luis Rey watershed

Flood Zone Information 1.34
Flood Panel Information Flood Zone Information
FiPS Code 6 FEMA Code 161
FEMA Community Panel 060284 Floodplain Information
Fuil Panel 175F FEMA Zone X
FIS Date 19-JUN-97 e o |

Zone “X is defined as an area that the flood elevations have not yet been determined

lb
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Project Area Soil Description 135
The soils underlying this project have been identified from the San Diego County Soil Survey
(See Appendix A, Soil Map Exhibit). The three most predominant soils are Vista Sandy Loam
with slopes between 9% and 15% (FvD); Fallbrook Sandy Loam with slopes between 9%, 15%
(FaD2), Placentia Sandy Loam with thick surface with slopes between 2% and 9%{PeC), and
there is some Placentia Sandy Loam with slopes between 2% and 9% (PfC). The parent material
for all three soils is Residium Weathered from Granodiorite. The drainage courses on both sides
of the project site have been classified as Steep Gullied Land (St(3).

The run off coefficients are based on land use and soil type These local soil types were
determined to be in the Hydrologic Soil Group “D” (San Diego County Soil Survey) Typically,
Hydrologic Soil Group “D” soils are shallow and underlain by dense or nearly impervious
materials. This soil group also has very low infiltration rates when thoroughly wetted. The value
of the runoff coefficient (C) was taken from Table 3-1 (Page 3-6). Good engineering judgment
was used when choosing the values presented in Table 3-1. No adjustments were made to these
The identified soils have surface soils that are easily eroded. The parent material of the lower soil
horizons is weathered granite These deep soils are moderately resistance to erosion

Pre-Developed Land Use and Zoning 1.36
The existing land use of the property is Low Density Residential 1.0 DU/Ac (1 dwelling unit per
acre). The former land use was agriculture. That zoning was A-70.

Pre-Developed Coefficient of Runoff 1.37
From Table 3.1, SDCO HM using the NRCS Element, “Undisturbed Natural Terrain,
Permanent Open Space Hydrological Soil Group “D”; The Coefficient of Run Off, C=0.35

Post Development Land Use and Zoning 138
The current land use of the property is Low Density Residential 0.5.DU/Ac (1 dwelling unit per
two acres) The project proposes to create 14 single-family residences.

Post Development Coefficient of Runoff 139
From Table 3 1, SDCQ HM using Low Density Residential (1.0 DU/ Ac or less)

Hydrological Soil Group “D” the Value for the Coefficient of Run Off, C=0.39. This coefficient
was calculated by using the following formula.

Site is 0.5 DU/Acre with 6% or less impervious surfaces
5000/87120 =5.7% >> 6.0% Impervious surface

60% of 0.35>>041 =006=036~ 4

Therefore, C =0 39

It will be applied uniformly in the Post-developed hydrologic models for the proposed parcels
The constant value of C=0 39, was adjusted and accounts for Impervious area such as driveways,
rooftops and concrete flat work. The C-value used in the modeling of any basin with a large
percentage of asphalt was weighted as shown below

Basin CP1_E®6 C=0442
Basin CP2S_1A C=0.590
Basin CP2S_1B C=0520

VT



EAPROJECTS\RIDGE_CREEKJUL2007\RC DS SECTION | REVD AUGO7.doc
11:21 AMB/7/2007

Proposed Storm Drain Facilities 1.40
There are two drainage systems proposed for this project, one within the project boundary (On
Site) and the other is located along and under Ridge Creek Drive (Off Site). The off site system
is located 50 feet before the project entrance (north west corner). The on site system is comprised
of three separate sub-systems (Sub-system A, B and C). Sub-system A is located at Ridge Creek
Drive Station 2+00, Sub-system B is located between Ridge Creek Drive Station 10+00 and
11400, and Sub-system C is located at the end of Ridge Creek Drive Station 15+12.

Proposed Off Site Facilities 141
This proposed system conveys storm water from the off site areas north of the project area
(Basins FW-1 through FW-5) through the northwest corner of the site (Out Fall point CP-8) and
from the On Site basins CP7TW_1A to CP7W_3B (Out Fall point CP-7). It also will collect and
treat to the most practicable extent possible run off fiom a portion of Ridge Drive and from the
new (widened) portion of Ridge Creek Drive (See Off Site Drainage Exhibit No. 1) The off site
system will include a Type G-1 (SDR D8) n with 2 ft by 3 ft grated inlet per SDR D-11, D-13
and D-15 The inlet will be fitted with a “Kristar” type of filter (See the SWMP). The catch basin
will be installed on the north side of the road directly over the existing 36” culvert The existing
60 foot long pipe is in good condition with a good amount of existing “Rip-Rap” and concrete at
the down stream end. Some of the existing rocks are about 3-feet in diameter. This portion of
Ridge Creek Drive is to be improved to a full width of 24-feet The existing pipe will be
protected in place, the slope of the storm drain is approximately 4 percent. It should be noted
that the capacity of this existing storm drain has been checked and acceptable. However when
this project is nearing the final approval an adequate field survey should be done. This survey
should accurately locate both horizontal and vertical coordinates of this culvert It should collect
channel cross section data at both ends of the pipe and as well as at 50 feet and 100 feet up
stream and down stream. Detailed hydrology and hydraulic calculations in conjunction with the
survey data should be done during the final preparation of the improvement plans for Ridge
Creek Drive

Proposed On Site Facilities 1.42
Sub-system A is located at approximately Ridge Creek Drive Station 2+00. These facilities
convey storm water from basins CP6W_IA to 1C, CP6W_2A to 2C (Out Fall point CP-6) The
proposed structures include a modified D-22 (Concrete Spillway), D-40 Energy Dissipater and a
100 ft x 3 f “Bio-Swale” treatment swale (See the SWMP)

Sub-system B is located in the dip section between Ridge Creek Drive Station 10+00 and 11+00.
These facilities convey storm water from basin CP1_E6 to the easterly drainage course (Out Fall
point CP-1). The proposed structures include a D-2 (Type B-1) curb inlet, 12-inch storm drain, a
D-9 (Type A) clean out, a D-30 Headwall, a D-40 Energy Dissipater and a 100 ft x 3 fi “Bio-
Swale” treatment swale (See the SWMP)

Sub-system C is located at the Cul-De-Sac end of Ridge Creek Drive Station 15+12. These
facilities convey storm water from basin CP2S_1A to 1C to the south (Out Fall point CP-2). The
proposed structures include D-22 (Asphalt Spillway), D-40 Energy Dissipater and a series of two
detention / treatment basins (See the SWMP). The basins will each have capacity of between
1250 cubic feet to 1300 cubic feet of storage. The total depth including storm water, sediment
and free board is 4 feet, with the bottom dimensions set at 10 feet by 18 feet. Side slopes will be
3 horizontal to 1 vertical (See the SWMP).
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Project Area Outfall Descriptions 150

There are eight distinct places where the storm water runoff leaves or flows through the project
site. The locations of these drainage outfalls, discharge or concentration points (CP) will not be
moved. They will be perpetuated. The total on site project area is 37 8= acres. Five of the
outfalls are situated adjacent to the drainage course near the west boundary; two are on the
southern boundary and one is where it flows through the northwest corner. The eastern portion of
the project site drains a bit more than 18 acres to a point on the south boundary, near the
southeast comer This is identified as CP1. The other southern boundary outfall, located
midway on the south boundary is designated as CP2 (1.5 acres). Outfall points, CP3-CP7 are
along the west boundary with 17.95 acres, with outfall point CP8 being on the north end of
culvert crossing under Ridge Creek Drive. This is where run off flows through the northwest
corner. (See Basin exhibits in Appendix A). Both drainage courses trend to the south and are
roughly parallel to the east and west property lines

Outfall CP1 Description 1.51
The eastern watershed encompasses approximately 19 acres. Nine of the nineteen (47%) acres of
this watershed are located off site on the east side of the drainage course. The land use of this
area is single family residential on large 2-acre parcels The storm water from this area sheet
flows across the easterly property line. This historic pattern will be continued. Four of the eleven
(21%) remaining acres of the watershed will be in a protected “Open Space” easement. The
remaining 6-acres (32%) will be impacted to the minimum extent practicable.

This existing drainage course originates near the northeast corner of the project. The elevation is
around 954 MSL. The first 300 feet has a uniform slope of about 8-percent with a mixture of
grass covering the ground The first section is best described as a grassy swale. The reach has
side slopes with ratios averaging 10:1. After this point the slope becomes steeper there is
pronounced stream bank erosion The surface run off is flowing through a deep gully. The gully
has very steep sides with portions with nearly vertical The steep sides are irregularly interrupted
by smaller finger gullies. The pace of the erosion has been very slow. This is evident due to the
density of plant coverage The vegetation after this point consists of native costal sage scrub and
chaparral plants The plant cover is about 70-80 percent. The upper soil is a course sandy loam
(Disintegrated or Decomposed Granite), while the deeper soil horizons are weathered less and
more resistive to erosion. CP-1 is located on the south property line about 50 feet west of the
southeastern corner The slope of this drainage course when it exits the site at discharge point
CP-1 is approximately 6 4 percent. The westerly side slope is over 29-percent and the east side
is over 37-percent This point of discharge has an elevation of 807 MSL and 120 feet away at
the top of the west bank (Lot No. 9) having an elevation of around 832 MSL. The discharge
point is 1,266 feet from the top of the drainage basin. There are five points along the 900 feet of
the steep gullied drainage course that surface run off becomes concentrated and drops into the
gullied drainage course
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Qutfall CP2 Description 1.52
The slope of this drainage course at this outfall point is approximately 8.6 percent. The ground
cover is short non-native grasses. This swale is bounded by a citrus grove on the west. The
existing drainage swale has side slopes less than 10.1 and the width is about 12 feet. The run off
is conveyed in this swale about 550 feet south of CP-2. The lower reach of the swale is an access
road for the citrus grove. At the bottom, the swale flattens out and the storm water sheet flows
for about fifty feet crossing Los Alisos Drive. The flows down the existing stream bank. The
stream bank is completely covered with a dense growth of native shrubs, including Toyon or
Christmas Berry, Poison Oak and Cottonwood and Oak trees. There it enters the easterly
drainage course

Outfall CP3 Description 1.53
This discharge point is at the southwest comer of the project. This corner area has a 15° by 10’
sump about one-foot deep. It appears that normal cultivating practices, such as plowing and
creating furrows pushed the soil up along the boundary The existing ground is void of any
vegetation due to weed abatement. The majority of the project area has been plowed allowing
rainwater to infiltrate. There has been no evidence of erosion in the area If any excess storm
water cannot infiltrate (due saturation), the water would pond to a depth of less than 1 foot. At
that point it would drain across the south and west property lines off site. Then trend overland via
an existing shallow landscaped brow ditch (W=2 ft D=8") toward Arroyo Pacifica, a private road
then into the drainage course. The drainage course is approximately 285 feet west of CP3. The
proposed development will perpetuate the existing and historical flow path. However the depth
of any excess storm water as well as its velocity will be controlled by the placement of two
swales and riprap at the discharge point.

Outfall CP4 Description 154
The excess storm water exist the project and trends westerly through the previously described
landscaped area across private driveway through the second half of the landscape area into the
west drainage course. The proposed development will perpetuate the existing and historical flow
path. However the flow depth of any excess storm water as well as its velocity will be controlled
by the placement of riprap at the discharge point.

Outfall CP5 Description 155
The excess storm water exist the project and trends westerly through the previously described
landscaped area across private driveway through the second half of the landscape area into the
west drainage course. There is an existing 10-12 inch steel pipe that currently accepts some
storm water allowing it to go under the driveway. But the majority of the flow crosses over the
driveway. The proposed development will perpetuate the existing and historical flow path
However the flow depth of any excess storm water as well as its velocity will be controlled by
the placement of riprap at the discharge point.

Outfall CP6 Description 1.56
The excess storm water exist the project and trends westerly through the previously described
landscaped area across private driveway through the second half of the landscape area into the
west drainage course. The proposed development will perpetuate the existing and historical flow
path. However the depth of any excess storm water as well as its velocity will be controlied by
the placement of riprap at the discharge point
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Qutfall CP7 Description 157
The majority of the runoff follows the existing Ridge Creek Drive along the inside edge (south
side of the road) of the asphalt then continues south through the landscaped area then over the
bank and into the drainage course. The balance of the basin’s run off follows its historic flow
path overland to the landscaped area. The post development run off will be directed and
controlled using vegetated swales and riprap

Qutfall CP8 Description 158
The upper far west drainage basins cover 90.7 acres that are directly tributary to CP-8. At this
outfall the storm water flows through an existing 36-inch culvert The majority of the runoff
comes from off site from the existing Ridge Drive area before it enters the project site. At a
point about 250 feet northeast of CP-8 the western drainage course enters the site. The slope of
the drainage course flattens out from 5 percent to around 2 percent. There is evidence at this
point that run off from previous storm events has transported a lot of sediments. There is a large
deposit of sand here. It is apparent that sediments drop out of suspension at this point. This flat
250-foot reach has several low areas that are filled with sand. This sand is evidence of that
erosion is occurring off site, as well as ongoing movement downstream.

Study Area Outfall Description 1.59
The outfall point for the study area, totaling approximately 340 Acres is CP9. This is also the
point of insignificant impact. This outfall point is south and east of Los Alisos Drive. The
stream banks in this area are well maintained and landscaped covered with a lush grass and

shrubs.

Current Erosion Status at Outfall Points 1.60
The project’s current soil erosion situation over all is stable. The ground is contour tilled using a
disc harrow on a monthly basis. This practice has prevented the movement of sediments. There
has been no noticeable soil transportation near outfall points CP1 to CP7.

The eastern drainage course has been eroding at a slow pace for a very long time. The erosion is
evident in the steep sides with weathered hard rock on its bottom. It is over 30 feet depth at CP1.
According to the San Diego Soil Survey, the soil in this drainage course is classified as “Steep
Gullied Land” (See appendix A, Soil Map Exhibit). This area is protected as open space.

The slope of the western drainage course flattens out when it crosses the northwest corner. The
slope goes from over 5 percent to near 2 percent. There is evidence at this point that run off from
previous storm events has transported sediments. This flatter area near the culvert inlet has large
deposits of sand. It is apparent that sediments drop out of suspension at this point. This flat 250-
foot reach has several low areas that are filled with sand. This sand is evidence of that erosion is
occurring off site and upstream from this proposed “Protected Open Space”.

It should be noted that the tributary area to CP8 is proposed “Protected Open Space” and the
area adjacent down stream is off site and cannot be modified either. These designations will
perpetuate the ongoing natural processes. This project will to the maximum extent practical to
minimize any impacts to this area, while maintaining the historical flow paths as well as the
historical run off amounts.
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HYDROLOGY SECTION 2.00
Hydrologic Method 2.10
The Modified Rational Method (MRM) for junction analysis was used to determine the
peak run off rate from the required storm events
Topography 2.11
The project area (on site) topography was compiled by photogrammetric methods supplemented
with a field survey. The study area topography (off site) was taken from the San Diego County
Ortho-Topographic maps, 442-1707, 442-1713 438-1707 and 438-1713.
On Site Maps 2.12
The proposed on-site tributary watershed for this project was electronic copy of the Preliminary
Grading Plan {50 Scale).
Runoff Intensity — Duration Curve 2.13
The intensity-duration information was calculated using the Figure 3 1, Figure 3 3 and Table 32
from the San Diego County Hydrology Manual”. These charts are located in Appendix A The
data charts are generated using the formula shown below was used to calculate the intensity
Intensity, I = 7.44 (P$ D "%
Hydrologic Calculation Methods 2.20
The Modified Rational Method (MRM) is a mathematical formula used to determine the
maximum runoff rate from a given rainfall. It has particular application in urban storm drainage,
where it is used to estimate peak runoff rates from small urban and rural watersheds for the
design of storm drains and small drainage structures. The MRM is recommended for analyzing
the runoff response from drainage areas up to approximately one square mile in size. The MRM
was applied using any design storm frequency of 100-year and 10-year. The design storm
frequency is based on the type of project and specific local requirements.

A procedure has been developed that converts the 6 hour and 24-hour precipitation isopluvial
map data to an Intensity-Duration curve that can be used for the rainfall intensity in the MRM
formula as shown The MRM is applicable to a 6-hour storm duration because The procedure
uses Intensity-Duration design charts that are hosed on a 6-hour storm duration.

The Rational Method formula, Q=CIA, where, Q = Peak rate of flow in cubic feet per

second
C = Runoff Coefficient I = Rainfall Intensity A = Basin Area

At the junction point, the peak Q, Tc, I, for each independent drainage systems are calculated by
the Rational Method Then using the junction equation, with T1 < T2 and the following

Q1, T1, Il correspond with the stream with the shortest Tc
Q2. T2, 12 correspond with the stream with the longer Tc
QT1=Q1+[TI/T2]x Q2 and QT2=Q2 + {I2/11]x Q1

Q (p) = Q peak is the larger of QT1 or QT2

A
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Hydrologic Drainage Patterns Discussion 2.300

The project as shown on the Tentative Map 5469 and the preliminary grading plans will not
significantly alter drainage patterns within the project boundaries or the surrounding area.
Runoff from the project site may be concentrated at the existing outfalls, but those points are the
historic outfall locations.

Impervious Cover ........... csssessressersassasessasrans srrossvesvaen veressaressansssansisasansrarsarnsveansennns S 231
The project will add approximately 99,525 square feet of imperious area (6.9% of the total
project area) in the form rooftops, patios, driveways, guest parking and the private road. Because
of the increase in imperious area resultant increases have been calculated

Theoretically, the typical subdivision and development of any site will cause an increase in runoff
due to the increase in impervious surfaces. This project is not a typical subdivision. The reasons
include but not limited to, the site’s rural location, large lots with two acres a minimum as is the
some what limited building coverage and the amount of open space areas required

Peak Runoff.......ccocceecvreenncecnerees vestsesasrasireRssIsvSREsTRSLASIALSSISRS RS SRR SRR e RS Ra AL Sa RN RES e N RSSO OB SRR RO RRER RS 2.32
The results of the hydrology study are summarized and are shown on the following tables.

In general, the entire 33-acre site, there will be a 3 2 CFS increase in Post-Developed Condition.
Runoffis outlet at seven points throughout the property. The eastern half of the project the peak
runoff does not change, Outfall point 1 actually has a negative differential Qg0 (-2 .8 CES)

The western portion will be subject to an increase in runoff. Qutfall Points 2, 3, & 7 are less than
1 CFS. Outfall Points 4, 5 and 6 are less than 2 CFS, each draining directly to the creek

Erosion and or Sedimentation ..........cccceveas cerrsesaressssesisasrsssarreearassare resssssassrarnasaresrnnrens verens 2.33
The construction of the project will neither significantly increase nor contribute to stream bank

erosion down stream from the seven on site outfall points and the off site outfall point

Tn addition, this development neither significantly increases nor contributes to the transportation
of soil sediments downstream from of outfall point

Hydrologic Results Summary 2.400

A table summarizing the differences between the Pre-developed data and the Post-developed
data and results from the 100-year 6-hour storm event is on Table No. 1 on page 8

The Pre-developed 100-year 6-hour storm event spread sheets showing the results are in
Appendix B. The Post-developed 100-year 6-hour storm event results are Appendix C

A4
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Hydrologic Results: Outfall Discussion 2.500
There are nine subbasins within the eastern watershed that drain toward outfall point CP No. 1
Runoff from this area flows through a natural drainage course. A large portion of this natural
drainage course is in an open space easement including the outfall. The 100-year storm event
runoff at this point is 26 1 CFS. The pre-developed runoff is 28.9 CFS, at this outfall. The
negative change in storm water runoff is negligible and requires no mitigation

There is no significant diversion of acreage from the pre-developed condition, 18.58 acre, verses
18 98 post developed acres, a difference of 0 4 acre. A possible reason for the some of the
differences in basin area could be from the method used to calculate the areas. The areas were
calculated using drafting software. The existing and historical flow paths are maintained. The
project does not alter any flow paths on or off site, there fore no increase in siltation or in erosion
is expected

Impacts at CP No. | and Suggested Mitigations 2501
This project when completed will neither significantly increase nor contribute to stream bank
erosion down stream of discharge point CP-1. In addition, this development neither significantly
increases nor contributes to the transportation of additional soil sediments downstream from of
outfall point CP-1.

Proposed Improvements at CP No. 1 2.502
There are no proposed improvements at outfall point CP No. 1. The building pads (Lot No. 3 to
Lot No. 9) adjacent to this drainage course will have a combination of permanent Best
Management Practices (BMP) and proposed runoff management facilities constructed. The
runoff management facilities include appropriate grading of the pads such that the runoff is
directed away from on site structures, storm drains, and at least two vegetated swales on each
pad

CPNo. 2 2510
Three drainage basins, CP2S_1A, CP2S_1B, CP2S_IC, drain to this outfall. The 100-year storm
event runoff at this point is 3 3 CFS. The pre-developed runoff is 24 CFS, at this outfall, an
increase of 09 CFS There is no diversion of acreage from the pre-developed drainage basin,
1.35-acre. The existing and historical flow paths are maintained The project does not alter any
flow paths on or off site, there fore no increase in siltation or in erosion is expected.

Impacts at CP No. 2 and Suggested Mitigations 2.511
The grading plan incorporated in Tentative Map 5469 will not cause an adverse impact in the
quantity or the quality flow. The increase in the peak flow from a 100-year storm event is 09
CFS The small amount of excess runoff (0.90 CFS) is insignificant. However, insignificant, the
proposed improvements will provide more than enough mitigation at this outfall

Proposed Improvements at CP No. 1 2.512
At the end of the proposed Cul-de-Sac an asphalt concrete spillway (SDRSD D-22), will direct
and control the storm water to a least a 10-foot long rock energy dissipater (SDRSD D-40) A
grass swale will control and convey the runoff south to the subdivision boundary.
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Hydrologic Results: Outfall Points Discussion (continued) 2.500

O N0, 3 o e o e . 2520
Two drainage basins, CP3W_1A, CP3W_IB drain to this outfall The 100-year storm event
runoff at this point is 4 2 CFS The pre-developed runoffis 3 9 CFS, at this outfall, an increase of
03 CFS. The decrease is basin area (0.19 acre) is not a significant diversion of acreage. The
existing and historical flow paths are maintained. The project does not alter any flow paths on or
off site, there fore no increase in siltation or in erosion is expected.

Impacts at CP No. 3 and Suggested Mitigations 2.521
The small amount of excess runoff (0.3 CFS) is insignificant. There are no adverse impacts
expected from the excess runoff of 0.3 CFS. Although no mitigations are required the
proposed improvements will provide more than enough mitigation at this outfall.

Proposed Improvements at CP No. 3 2.522
There are no proposed improvements at outfall point CP No. 3. The building pads (Lot No. 10
and portions of Lot No. 11) within this drainage basin will have a combination of permanent
Best Management Practices (BMP) and runoff’ management facilities (RMF) constructed. The
runoff management facilities include appropriate grading of the pads such that the runoff is
directed away from on site structures to pervious areas, rock energy dissipater (SDRSD D-40)
and at least two vegetated swales on each pad The overall effect of these BMP devises will
mitigate the small increase of storm water.

CPNo 4 2530
Two drainage basins, CP4W_1A, CPAW_1B drain to this outfall. The 100-year storm event
runoff at this point is 7.7 CFS. The pre-developed runoff is 6 47 CFS, at this outfall This excess
storm water runoff (1,23 CFS) is insignificant. The decrease is basin area (0.86 acre) is not a
significant diversion of acreage The reason for insignificance is because the western portion of
the project has five outfall points on the westerly subdivision boundary All five are within 1065
feet of each other These all flow and merge with the same drainage course The total tributary
area of the western outfall points (CP-3, CP-4, CP-5, CP-6 and CP-7) is 17 89 acres pre-
development and 17 49 acres post-development (0 4 acre) The existing and historical flow paths
are maintained. The project does not alter any flow paths on or off site, there fore no increase in
siltation or in erosion is expected.

Impacts at CP No. 4 and Suggested Mitigations 2.531
The small amount of excess runoff (1.23 CFS) is insignificant. There are no adverse impacts
expected from the excess runoff of 1.23 CFS. Although no mitigations are required the
proposed improvements will provide more than enough mitigation at this outfall.

Proposed Improvements at CP No. 4 2.532
There are no proposed improvements specifically at outfall point CP No 4. However, the
portions of each building pad on Lot No. 11 and Lot No 12 that are within this drainage basin
will have a combination of permanent BMP’s and RMF’s constructed The RMF’s include
appropriate grading of the pads such that the runoff is directed away from on site structures 10
pervious area, rock energy dissipaters (SDRSD D-40) and at least two vegetated swales on each
pad. The overall effect of these BMP devises will mitigate the small increase of storm water.

4.
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Hydrologic Results: Outfall Points Discussion (continued) 2.500

CP No. 5 2.540
Four drainage basins, CPSW_1A, CP5W_1B CP5W_1C and CP5W_ID drain to this outfall
The 100-year storm event runoff at this point is 5.7 CFS. The pre-developed runoff is 4.2 CFS, at
this outfall, an increase of 1.5 CFS. The increase in area from 3.12 acres to 3.25 acres (0.13 acre)
is not a significant diversion of acreage The existing and historical flow paths are maintained
The project does not alter any flow paths on or off site, there fore no increase in siltation or in
erosion is expected

Impacts at CP No. 5 and Suggested Mitigations 2.541
The small amount of excess runeff (1.5 CFS) is insignificant. There are no adverse impacts
expected from the excess runoff of 1.50 CFS. The small change in the basin size is not a
significant diversion of acreage. Although no mitigations are required the proposed
improvements will provide more than enough mitigation at this outfall

Propesed Improvements at CP No. 5 2.542
There are no proposed improvements specifically at outfall point CP No. 5 However, the
portions of each building pad on Lot No. 11, Lot No. 12, Lot No. 13, and Lot No. 14, that are
tributary to this outfall point will have a combination of permanent BMP’s and RMEF’s
constructed. The RMF’s include appropriate grading of the pads such that the runoff is directed
away from on site structures to pervious area, rock energy dissipaters (SDRSD D-40) and at least
two vegetated swales on each pad. The overall effect of these BMP devises will mitigate the
small increase of storm water.

CP No. 6 2.550
Seven drainage basins, CP6W_1A, to CP6W_1C, CPSW_2A to CP6W_2B and CP6W _3A to

CP6W 3B drain to this outfall The 100-year storm event runoff at this point is 6 4 CFS. The

pre-developed runoff is 4.57 CFS, at this outfail, an increase of 1.83 CFS. The increase in area
from 3.34 acres to 3.54 acres (0.20 acre) is not a significant diversion of acreage. The existing
and historical flow paths are maintained. The project does not alter any flow paths on or off site,
there fore no increase in siltation or in siltation or in erosion is expected.

Impacts at CP No. 6 and Suggested Mitigations 2.551
The small amount of excess runoff (1.83 CFS) is insignificant. There are no adverse impacts
expected from the excess runoff of 1.83 CFS. The small change in the basin size is not a
significant diversion of acreage. Although no mitigations are required the proposed
improvements will provide more than enough mitigation at this outfall

Proposed Improvements at CP No. 6 2.445
There are no proposed improvements specifically at outfall point CP No. 6 However, the
portions of each building pad on Lot No 1, to Lot No. 5, and Lot No. 13, and Lot No. 14, that
are tributary to this outfall point will have a combination of permanent BMP’s and RMF’s
constructed The RMF’s include appropriate grading of the pads such that the runoff is directed
away from on site structures to pervious area, rock energy dissipaters (SDRSD D-40) and at least
two vegetated swales on each pad. The overall effect of these BMP devises will mitigate the
small increase of storm water

-5-
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Hydrologic Results: Qutfall Points Discussion (continued) 2.500

CPNo.7 2560
Six drainage basins, CPTW_1A, CTW_IB, CPTW 2A, CP7W 2B and CP7W_3A, CPTW_3B

drain to this outfall The 100-year storm event runoff at this point is 5.7 CFS. The pre-developed
runoff is 5 48 CFS, at this outfall, an increase of 0.22 CFS. The increase in area from 4 07 acres
to 4 39 acres (0 32 acre) is not a significant diversion of acreage. The existing and historical flow
paths are maintained. The project does not alter any flow paths on or off site, there fore no
increase in siltation or in siltation or in erosion is expected.

Tmpacts at CP No. 7 and Suggested Mitigations 2561
The small amount of excess runoff (0.22 CFS) is insignificant. There are no adverse impacts
expected from the excess runoff of 0.22 CFS. The small change in the basin size is not a
significant diversion of acreage. Although no mitigations are required the proposed
improvements will provide more than enough mitigation at this outfall

Proposed Improvements at CP No. 7 2.562
There are no proposed improvements specifically at outfall point CP No. 7. However, the
portions of each building pad on Lot No. 1, to Lot No 3, that are tributary to this outfall point
will have a combination of permanent BMP’s and RMF’s constructed The RMF’s include
appropriate grading of the pads such that the runoff is directed away from on site structures to
pervious area, rock energy dissipaters (SDRSD D-40) and at least two vegetated swales on each
pad. The overall effect of these BMP devises will mitigate the small increase of storm water.

CPNo 8 2570
The area tributary to CP8 remains the same for both pre-development and post-
development conditions. The total storm water from the 100-year event amounts to 161.3
CFS. This runeff flows through the northwest corner of the site, confluences with runoff
from CP7 then flows through an existing culvert. The small amount of excess runeff 0.22
CFS is insignificant. There are no adverse impacts to the culvert expected from the 161.5
CFS of runoff CFS. There is not any significant diversion of acreage. Although, no
mitigations are required, the proposed improvements on Lots No. 1 through Lot No. 3 will
provide more than enough mitigation at this outfall

Impacts at CP No. 8 and Suggested Mitigations 2571
The small amount of excess runoff (0.22 CFS) is insignificant. There are no adverse impacts
expected from the excess runoff to the areas in and around the culvert The existing and
historical flow paths are maintained. The project does not alter any flow paths on or off site
There will not be an increase in siltation, in sediment transport and soil and bank erosion.

Proposed Improvements at CP No. 8 2.572
There could be improvements to this area around the culvert. When this project is nearing the
final approval an adequate field survey should be done This survey should accurately locate

both horizontal and vertical coordinates of this culvert. 1t should collect channel cross section
data at both ends of the pipe and as well as at 50 feet and 100 feet up stream and down stream
Detailed hydrology and hydraulic calculations in conjunction with the survey data should be

done during the final preparation of the improvement plans for Ridge Creek Drive.

-6 -
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Hydrologic Scope Conclusions 2.600

Addressing the scope of the study, it was determined that the proposed development does not lie
within any designated flood plain as defined by the Federal Emergency Management Agency

The pre-development (existing) 100-year tributary peak runoff from the study area and the
project area was determined (See Results Summary)

The post-development {proposed) 100-year tributary peak runoff from the study area and the
project area was determined (See Results Summary)

Tt was determined that there is a drainage basin greater than 25 Acres to the north of the project
The storm water, and the historical flow path will be maintained,

The 100-year flood line of the natural channel that crosses the northwest project corner, tributary
watershed over ninety (90.7) acres has been delineated (See Exhibit No 2 in Appendix A)

A summary table has been provided for post-development conditions. (See Section No. 1.50)
A narrative description for each out fall point has been provided (See Section No. 2.700)

There are no are pre-development drainage conditions that may adversely impact the contiguous
properties

There no post-development conditions that will have an impact on down stream properties due to
any significant change of the peak flow characteristics

There are no local drainage facilities that receive additional and significant runoff due to the
proposed development

Summary and Conclusions 2.601
This proposed improvements neither significantly increases nor contributes to stream bank
erosion down stream from all eight of the outfall points. This is accomplished using wide and
long vegetated swales and energy dissipaters. The project does impact a large portion of each lot
These septic areas cannot be developed and will have some type of ground cover.

In addition, this development neither significantly increases nor contributes to the transportation
of soil sediments downstream from of outfall point The leach field areas with a ground cover
will catch and retain a large portion any soil particles or sediments that are transported overland.
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HYDRAULIC SECTION 3.000
Hydraulics Analysis Methods 3.100

The velocity calculations were performed using “FlowMaster” software. “FlowMaster” uses the
data to calculate the water surface elevation. These are on the right side of the irregular channel
worksheet. The irregular channel is a conveyance element lacking symmetry, consisting of two
or more connected line segments. When calculating composite roughness, FlowMaster uses the
Horton and Lotter equations The Horton composite roughness equation is used for solving
closed top irregular channels such as custom arches or Cunnette conduit sections. This equation
is also applied in certain specific situations to open channels where steep banks or wide flat
floodplains are encountered (see note below) The Lotter equation is applied for open, irregular
channels such as natural floodplains. Both methods are based on Manning's conveyance
equations

Hydraulics Calculations 3.200
The FlowMaster worksheets and related reference information are in Appendix D

Calculations for Proposed Storm Drain Facilities 3.300
There are two drainage systems proposed for this project, one within the project boundary {On
Site) and the other is located along and under Ridge Creek Drive (Off Site). The off site system
is located 50 feet before the project entrance {north west corner). The on site system is comprised
of three separate sub-systems {Sub-system A, B and C). Sub-system A is located at Ridge Creek
Drive Station 2+00, Sub-system B is located between Ridge Creek Drive Station 10+00 and
11+00, and Sub-system C is located at the end of Ridge Creek Drive Station 15+12.

Proposed Off Site Facilities 3310
This proposed system conveys storm water from the off site areas north of the project area
(Basins FW-1 through FW-5) through the northwest corner of the site (OQut Fall point CP-8) and
from the On Site basins CP7W_1A to CP7W_3B (Out Fall point CP-7). 1t also will collect and
treat to the most practicable extent possible run off from a portion of Ridge Drive and from the
new (widened) portion of Ridge Creek Drive (See Off Site Drainage Exhibit No 1} The off site
system will include a grated inlet (typical SDR D8) n with 2 ft by 2 ft grated inlet (typically per
SDR D-11, D-13 and D-15 The inlet will be fitted with a “Kristar” type of filter (See the
SWMP). The catch basin will be installed on the north side of the road directly over the existing
36” culvert The existing 60 foot long pipe is in good condition with 2 good amount of existing
“Rip-Rap” and concrete at the down stream end. Some of the existing rocks are about 3-feet in
diameter This portion of Ridge Creek Drive is to be improved to a full width of 24-feet. The
existing pipe will be protected in place; the slope of the storm drain is approximately 4 percent.
It should be noted that the capacity of this existing storm drain has been checked and acceptable
However when this project is nearing the final approval an adequate field survey should be done
This survey should accurately locate both horizontal and vertical coordinates of this culvert. It
should collect channel cross section data at both ends of the pipe and as well as at 50 feet and
100 feet up stream and down stream. Detailed hydrology and hydraulic calculations in
conjunction with the survey data should be done during the final preparation of the improvement
plans for Ridge Creek Drive.

See Appendix D, Figure 2-5 from San Diego Drainage Design Manual for Grate Capacity
Calculations
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Proposed On Site Facilities : 3311

Sub-system A is located at approximately Ridge Creek Drive Station 2+00 These facilities
convey storm water from basins CP6W_1A to 1C, CP6W_2A to 2C (Out Fall point CP-6). The
proposed structures include a modified D-22 (Concrete Spillway), D-40 Energy Dissipater and a
100 ft x 3 ft “Bio-Swale” treatment swale {See the SWMP)

Sub-system B is located in the dip section between Ridge Creek Drive Station 10+00 and 11+00.
These facilities convey storm water from basin CP1_E6 to the easterly drainage course {Out Fall
point CP-1). The proposed structures include a D-2 (Type B-1) curb inlet, 12-inch storm drain, a
D-9 (Type A) clean out, 2 D-30 Headwall, a D-40 Energy Dissipater and a 100 ft x 3 ft “Bio-
Swale” treatment swale (See the SWMP)

Sub-system C is located at the Cul-De-Sac end of Ridge Creek Drive Station 15+12. These
facilities convey storm water from basin CP2S_1A to 1C to the south (Out Fall point CP-2). The
proposed structures include D-22 (Asphalt Spillway), D-40 Energy Dissipater.

3%
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Hydraulics Results Data Table 3.320

Off Site Storm Drain System

Existing 36" Culvert at CP8

Q (YR) Size FLOW DEPTH SLOPE | VELOCITY COMMENTS

CFS Inches CFS Feet FT/FT FPS
i00 36 1334 2.97 0.04 189 144.5 max
i00 36 149.1 2.98 0.05 21,10 160.4 max
100 37.7 162 3.12 0.04 21.2 Sized for 162 cfs
160 36.5 154.6 3.10 0.05 22.37 Sized for 162 cfy
160 39 162 2.4 0.04 227 177.6 max
100 39 184.6 3.25 0.05 22.3 198.6 max

On Site Storm Drain Sub-System A
Sub-system A is located at approximately Ridge Creek Drive Station 2+00 conveys storm water

to outfall CP6.

The proposed structures include

Modified D-22 {Concrete Spiliway)

D-40 Energy Dissipater

“Bio-Swale” 100 ft x 3 ft treatment swale (See the SWMP)

On Site Storm Drain Sub-System B

Located in the dip section between Ridge Creek Drive Station 10+00 and 11+00. These facilities
convey storm water from basin CP1_E6 to the easterly drainage course (Qut Fall point CP-1).
The proposed structures include

D-2 (Type B-2) curb inlet, Part A, L= 12 f

12~inch storm drain, Part B

D-9 (Type A) clean out,

D-30 Headwall,

“Bio-Swale” 100 ft x 3 ft treatment swale (See the SWMP) Part C

D-40 Energy Dissipater Part D

On Site Storm Drain Sub-System C

Located at the Cul-De-Sac end of Ridge Creek Drive, Station 15+12 These facilities convey
storm water from basin CP2S_1A to 1C to the south to Out Fall point CP-2

The proposed structures include

D-22 (Asphalt Spillway)

D-40 Energy Disstpater

39
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HYDRAULICS (continued) 3.320

Off Site Storm Drain Ridge Creek Culvert Rip-Rap Sizing
Recommended Rock Data Table
Using Figure 5-14 SD County Drainage Manual from Caltrans RSP Layer Method
And V=22 FPS
Minimum Weight =700 pounds,
= Going up to next standard Size
= 1000 pounds or use % ton Rock for outside layer
QOutstde Layer = ¥ ton

Using Figure 5-6 SD County Drainage Manual from Caltrans RSP Layer Method
Inner Layer No. 1 Backing

Fabric “B”
ionClass D50=23ff W50=1000 lbs *Thickness= 3 40 &
Backing Class D50=10ft W50=75 lbs *Thickness= 1.80 £t

Total Thickness

See Appendix D, Sizing Worksheets Calculations

On Site Storm Drain Subsystem B Rip-Rap Sizing

Recommended Rock Data Table

Using Table 7.1 SD County Drainage Design Manual and V=4.31 ¥PS
From table Velocity 6-7 fps

No 3 Class D50=041f W50=221Ibs * Thickness = 0.5 ft
Do5=0.2 ft W95=10Ibs * Thickness = 0.5 f}
DOS=0.7f  WS50=25 lbs * Thickness  0.5f

Total Thickness
Filter Blanket DG filter (Per San Diego Green Book) 1 ft
Use SDRSD D-40 Type 1 Total Thickness = 2 feet L= 10 feet W= 3 feet Min

On Site Storm Drain Subsystem C Rip-Rap Sizing

Recommended Rock Data Table

Using Table 7.1 SD County Drainage Design Manual and V=4 31 FPS
From table Velocity 6-7 fps

Recommended Rock Data Table

Using Table 7.1 SD County Drainage Design Manual and V=4 31 FPS
From table Velocity 6-7 fps

No. 3Class D50=04ft W50=221Ibs * Thickness =
D95=02fi W95=10Ilbs * Thickness =
DO5=0 7 fi W350=25 Ibs * Thickness =

Gradation Total Thickness
Filter Blanket DG filier (Per San Diego Green Book) 1 ft
Use SDRSD D-40 Type 1 Total Thickness = 2 feet L= 10 feet W= 3 feet Min




HYDRAULICS (continued)

Recommended Rip Rap Selection Table (From the Green Book)
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3320

“4)
()
(6}

Speuf' ications {or Public Works Construction (Green Book)
DG is Disintegrated Granite PB is process miscellaneous base material Type B bedding material
Sand 75% retained in #200 sieve

Vclocxty Rock Rxp Rnp Opt } Opi 2 Opt 30 s Lower /i
: _Fllsec of Class Tluckness 8eg.nf - Bec {100_ _ - Layer .
[ T @@ & HO)
6-7 No.3 6” 3/16" C2 DG -
78 No 2 o i B3 DG :
895 Facing Lat" 378" - DG -
9.5-11 Light 29 1" - o 1-1/2" -
PB
11-13 Yt 7 w” - ¥’ to 1-1/27 SAND
B
13-15 b2t 3q 1 - %" o 1-1/27 SAND
PB
15-17 11 +3" j-1/27 - Type B SAND
17-20 11 5.4 2 B Type B SAND
(1) Average velocity in pipe or botiom velocity in Energy Dissipater which ever is greater
(2) If Selected riprap and filter blanket class no available use next size up
(3) Minkmum filter blanket is } foot or “T” which ever is less
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Hydraulics Vegetated Swales 3.330
Grass Swales:

Grass Swales should be considered wherever site conditions and climate allow vegetation to be
established and where flow velocities are not high enough to cause scour. Vegetated areas
provide treatment of rainfall and reduce the overall impervious surface. Swales have two design
goals: 1) maximize treatment, 2) provide adequate hydraulic function for flood routing, adequate
drainage and scour prevention. Treatment is maximized by designing the flow of water through
the swale to be as shallow and long as site constraints allow. No minimum dimensions are
required for treatment purposes, as this could exclude swales from consideration at some sites.
To maximize treatment efficiency, strips should be designed to be as long (in the direction of
flow) and as flat as the site will allow. No minimum lengths or maximum slopes are required for
treatment purposes. The area to be used for the strip should be free of gullies or rills that can
concentrate overland flow and cause erosion Bio filtration Grassy Swales have two design goats.
1) to meet treatment criteria under Water Quality Flow IWQF) conditions. And second to
provide adequate hydraulic function for flood routing and scour prevention for larger storm
events. Treatment Is Maximized By Designing The Swale To Be As Gently Sloped Arid As
Long As The Site Constraints Allow. For swale to be designated as a Treatment BMP, criteria
relating depth, velocity, and Hydraulic Residence Time (HRT) as presented in the formula below

must be met;
HRT / {depth velocity) > C) Where:

HRT Hydraulic Residence Time during WQF, Minutes > 5 minutes)
Travel tisne in swale (not related to time of concentration)
Depth Depth of flow of WQF (varies with velocity selecled. up t0 0.5 ft

Velocity Velocity of WQF (varies with velocity selected. up to 1.0 fps
Use geosynthetic reinforcement if velocity exceeds 3.9 fps
Q=CIA, Where Intensity is for 10-year 6-hour rain event
Area is tributary to swale

Siope 1% to 2% preferred (0 25% minimum 6% maximum
C A constant: 20 for US customary units

Z A constant: 1:4 or flatter nits

BW 0.0 fi —10 fi. Maximum bottom width

Per Section G.8 1 3 of San Diego County Storm Water Ordinance “All drainage from all new roof arcas should be
directed 1o a vegetated arca not less than 15 feet wide in the direction of run off” “All drainage from all new
impervious areas should be directed to a vegetated area not less than 15 feet wide in the direction of run off”

The swales will be constructed to a minimum length of 80-feet The initial length will be 100
feet, with a width of ten feet. The sides will have slope ratio of 5(H) to 1(V) or 20 percent. The
depth will be one foot. The recommended grass varieties shall include at a minimum the
following list.

Common Name- Scientific Name
1) Tall Fescue Fesque arundinacea
2) Common Bermuda Grass Cynodon dactylon
3) Hybrid Bermuda Grass Cynodon ssp
4) Rye Grass Lollium ssp
5) Perennial Rye Grass Lollium ssp
6) Chewings Fesque Fesque rubra commulata
7) Hard Fesque Fesque longifolia

The velocity of the water shall be kept below 7 feet per second (FPS) and the depth of flow shall
be less than 1 foot
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Hydraulics Results Summary Table for Q (10) and Water Quality Flow Q (wq) 3.331
TLotNo. | Area ] Slope | QIO { V10 | Q0. | Qwg | . w0 NOTES -l
- Swale . | Acre | Fufi | CFS | FPS -} - "Depth CFS .4
i LotNol.:o.
Lot Ne3 -
- LotNod .~
- LotNe 5.
o LotNo 6
Lot No 7o
s LotNoB
s LotNe 9
.- Lot Ne, 10
Lot No 11
s Lot No 12
- LotNo13
“LotNo14 -
Notes:
“#7 .Calculated Values Shown
“#+"_Negign Values Shown Caleulated Values Rounded Up
Water Quality (Qwq) discharge data is from building pads and slopes areas that are tributary and
directed toward Grass Swales and are not necessarily the same values at the discharge points (CP)
Maximum Permissible Velocity
Generally accepted velocity values for storm water run off in channels lined with erodible soils of fine
sands or sand loams with sand transportation range from 1.5 fps to 2.0 fps.
Generally accepted velocity values for storm water run off in channcls lined with erodible soils of fine
sands or sand loams without sand transportation range from 2.5 fps to 2.5 fps
Generally accepted velocity values for storm water run off in barren and casily erodible of fine sands or
sandy loam soils range from 1 5 fpsto 1 7 fps

Maximum Permissible Velocity For Channels Lined With Uniform Stands Of 6-Inches Or Thicker Grass

 Vegetated Swales | Slope “Erosion ~ = .} . Easily -1
" Maintained and - .|  Range ‘Resistant | - . -Froded *
" Planted Primarily | - o8l | s Bl

With Percent O FPS o o FPS
Bermuda Grass 0% - 3% 8 6
Bermuda Grass 5% - 10% 7 5
Bermuda Grass Over 10% 6 4
Grass Mixture 0% - 3% 5 4
Grass Mixture 3% ~ 10% 4 3

N3
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Hydraulics Results Summary 3.332
Lot No. - - Area Slope || Q100 | V100 - Q00 | - o NOTES .- oot
“Swale | Acre | Fyft | CFS | FPS | Depth - 2 VELOCITY CHECKS .. -
“TotNo1
SLotNe3 oo
. LotNo4 -~
o JotNes- b
LotNo6
ecTotNe 7
SLotNoB -
o LotNe 9 i
.- Lot No. 10
“iLotNe Il -
T LotNo 12
Lot No 13
“LotNold -
Notes 1)"N”-Denotes Swale Located On North Side Of Lot
“§” _Denotes Swale Located On South Side Of Lot
“#". Calculated Values Shown
“*%"_Design Values Shown Calculated Values Rounded Up
Water Quality (Qwq) discharge data is from building pads and slopes areas that are tributary and
directed toward Grass Swales and are not necessarily the same values at the described discharge
points (CP)
Maximum Permissible Velocity
Generally accepted velocity values for storm water run off in channels lined with erodible soils of fine
sands or sand loams with sand transportation range from 1 5 fpsto 2 0 fps
Generally accepted velocity values for storm water run off in channels lined with erodible soils of fine
sands or sand loams without sand transportation range from 2.5 fps to 2.5 fps
Generally accepted velocity values for storm water run off in barren and casily erodible of fine sands or
sandy loam soils range from 1.5 fpsto 1.7 fps

Maximum Permissible Velocity For Channels Lined With Uniform Stands Of 6-inches Or Thicker Grass

Vegetated Swales | Slope | - - Erosion S U RBasily
. 'Maintamed and |  Range " Resistant | . i Eroded

- Planted Primarily N B 8ol e el

o CWith Percent - FPS o FPS
Bermuda Grass 0% - 5% 8 6
Bermuda Grass 5% - 10% 7 3
Bermuda (rass Over 10% 6 4
Grass Mixture 0% ~ 5% 5 4
Grass Mixture 3% - 10% 4 3
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Hydraulics Conclusions 34

The exact slope of the existing culvert is unknown, but it is between 4 and 5 percent. The
analysis ran a variety of calculations The existing culvert is marginally acceptable, however,
these are preliminary calculations. When this project is nearing the final approval an adequate
field survey should be done This survey should accurately locate both horizontal and vertical
coordinates of this culvert. It should collect channel cross section data at both ends of the pipe
and as well as at 50 feet and 100 feet up stream and down stream Detailed hydrology and
hydraulic calculations in conjunction with the survey data should be done during the final
preparation of the improvement plans for Ridge Creek Drive.

The proposed street improvements associated with this project in conjunction the storm drain
facilities adequately handles and disposes of all surface waters originating above or within the
site and all the surface water that may flow onto the project site from adjacent properties. The
proposed energy dissipaters reduce the velocity of all surface waters as they exit the site to a
level that is non-erosive. The gradation and depth of the “Rip-Rap™ as well the length of the
aprons are specified to control the velocity of the post development, 100-year storm event peak
run off

See Appendix F for references material in support of these results

Y5
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1:47 AM7/27/2007
Hydrologic Results Summary
Qutfall point Velocity Comparisen Table No. [ ]
ouT PRE PRE POST POST MAXIMUM* OUTFALL AREA SOIL **
FALL V160 Q160 V100 0100 PERMISSIBLE AND GROUND COVER NOTES
ID FT/SEC CFS FT/SEC CFS FT/SEC
CP1 6.41 29 6.22 257 8 to 10 Weather Granite (DG)
Cp2 3.05 2.4 5.26 1.90 )+ Rap-Rap (Detention Basin)
CP3 2.39 3,91 2.34 3.60 1.7103.0 Grass over Sandy Loam (DG)
CP4 2,39 6.47 2.40 6.60 1.710 3.0 Grass over Sandy Loam (DG)
CP5 1.50 4.20 1.67 5.50 1.7103.0 Grass over Sandy Loam (DG)
CPo 1.79 457 1.94 6.40 1.7103.0 Grass over Sandy Loam (DG)
CP7 429 5.48 6,22 5.90 10+ Asphalt Pavement

* MAXIMUM PERMISSIBLE FOR BARE GROUND
** MAXIMUM PERMISSIBLE FOR GRASS COVER W/ SLOPE 5% OR LESS 5 FT/SEC TO 8 FT/SEC

Y
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IL MAP EXHIBIT

M 9-15% SLOPES

-15% SLOPES

FALLBROOK-VISTA SANDY LOA
FALLBROOK SANDY LOAM 9

[FvD}

fFaD2]

[PeC]
[PfC]

CE 2-9% SLOPES

PLACENTIA SANDY LOAM THICK SURFA
PLACENTIA SANDY LOAM 2-9% SLOPES

STEEP GULLIED LAND
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SSURGO CA: Mapunit Browser Page 1 0of 8

..-ﬁ.ﬁ_ a0
{g‘f.vm"a s j
e oo oo S0iE Taxonomy
oem
20cn
HZ
N
: 30cn
i H3
Ticm
o4
: Quotiad map unit outlined in blue,
. Orger Alfisols
' Suborder: Xeralfs {Map of Suborders]
Greatgroup: Haploxeralfs
| Subgroup: Typlc Haploxeralfs
| s 104cn:  Family: TYPIC HAPLOXERALFS, FINE-LOAMY, MIXED, THERMIC
¢ [Phase: Fallbrook-Vista sandy loams, 9 v 15 percent slopes
442 Sofl Sefles: FALLBROOK (Link to Official Serfes Description)

Typicof profila Data: [Lab Data]  [Nitrate Groundwaler Pollution Hazard Index]
Land Ciassification
Storie index 54
Land Capabiilty Class [non-irrigated] 420
Lard Capablity Class [irrigated] 4-20

Soil Suitability Ratings

Wasle Related Enpinesring
Urban/Recreational Irrigalfon
ilcliife Rurnotf
Erosion
Wind Erodiblity Group 3
Wind Erodiblity Index 86
T Eroslon Factor i 4
Runofl " High
Drainage Wellf drained
Parent Materlak: residuurn weathered from granodiotite
Geomorphology

http://casoilresource lawr ucdavis edu/soil_web/ssurgo php?action=explain_com ponent&mukey=4 6/4/2006



SSURGO CA. Mapunit Browser Page 1 of ©

24

5

R e 5 5 ¢ : o i v E 3 kR 4 s sy IR
NS 7 A e A AARE AT ST ST IO O St e

e - - - S0 Taxonomy

Ocm
i HL
3
| e i
'xE« I : ot ‘ ‘?é':::"-:
Cuerled map unit outlined In blue.
. Order: Alflsols
i i Suborder: Xeralfs [Map of Subordars]
Greatgroup: Nalrixeralls
Subgroup: Typlc Nalrixeralfs
Family: TYPIC NATRIXERALFS, FINE, MONTMORILLONITIC. THERMIC
Phase: Placentla sandy loam, Thick suriace. 210 3 percent sfo pes
BEem Sofll Serles: PLACENTIA  (Link fo Official Series Description)
Typleat proflio | Data: {Leb Data]  [Nitrate Groundwatsr Pollution Hazard Index]

Land Ciassification

Stotle Index &0
Land Capabillty Class [non-irrigated] 4-e0
L.and Capability Class [irrigated] 2-g0

Soil Suitability Ratings

Waste Related Erginesting
Urban/Recreational Irrigation
Witdlife Runoff
Erosion
Wind Erodiblility Group 3
Wind Erodibllity Index 86
T Erosion Factor 2
Runoff Very high
Dratnage Moderately well drained
Parent Materlal: alluvium derved from granile
Geomorphology

http.//casoilresource Jawr.ucdavis edu/soil _web/ssurgo php?action=explain_component&mukey=4 . 6/4/2006



Soil-Web: CA, AZ NV Page 1 of 2
55

Map Unit Composition
Map unils consist of 1 or more soil types. commaonly referred to as ‘components”

Component Name % of Map Unit Component Type Horizi
Soil Type 1 STEEP GULLIED LAND a5 Major Soll Type
Soil Type 2 UNNAMED 1 fnclusion

Nota: inks fo horizon data marked with a * are approximale.

iVlap Uinit Data wnat s 2 Map Unir?

Ve

- ¥ -3
Qusriod map unlt polygors In yoffow, quoriod point In red.

Carographic informalion about this

Map Unit Name: Steep gullled land —
Map Unlt Type: Consoclation @
Map Unit Symboi: | __StG

Map Unit Acres: 91 acres (7072ac. total In survey area)

Map Unit Aggregated Data

Generaiized soils information within this map unit

Fanmland Class: Not prime farmiand
Avallable Water Storage (0-100cm): cm

Max Flood Freg: None

Dralnage Class:

Hydrlc Conditions: Partiafly hydric

Min Water Table Depth: nfa

Raw Map Unit Data click hers

Map Unit Notes

Miscellaneous notes recorded by NRCS staff about {his map unit

Adjacent Soil Polygons
Links 1o the soil polygons touching the currenlly setecled polypen
1 Failbrook sandy loam, 15 lo 30 percent slopes, ercded

http://casoilresource(iawr‘.ucdavis‘edu/soiimweb/ssurgo.php?acﬁonmexplainwmapunit&qu. . 11/15/2006
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San Diego County Hydrology Manual Section: 3
Date: June 2003 Page: 12026

Note that the Initial Time of Concentration should be reflective of the general land-use at the
upstream end of a drainage basin. A single lot with an area of two or less acres does not have
a significant effect where the drainage basin area 1s 20 to 600 acres.

Table 3-2 provides limits of the length (Maximum Length (La)) of sheet flow to be used in
hydrology studies. Initial T; values based on average C values for the Land Use Element are
also included. These values can be used in planning and design applications as described
below. Exceptions may be approved by the “Regulating Agency” when submitted with a
detailed study.

Table 3-2

MAXIMUM OVERLAND FLOW LENGTH (L)
& INITIAL TIME OF CONCENTRATION (T;)

Element* | DU/ 5% 1% 2% 3% 5% 10%
Acre {Lm 1Ty | Lm | T Lu t T; Lm | T; Ly | Ti [Lm | T
Natural 50|13.2| 70112.5| 851109]100]103100]| 8.7/1100] 6.9
LDR 1 501122 70115} 85]10.0]100: 951100 8.0 100 64
LDR 2 5011131 701105 | 85 921100 8810074100 538
LDR 2.9 501107 701100| 85| 88| 95| 8.1[100]7.0]100 5.6

MDR 4.3 50[102| 70 96| 80| 81| 95| 781100] 6.7 [100] 5.3

MDR 7.3 50| 92| 65! 84| 80 74| 95| 7.0;100] 6.0]100| 4.8

MDR 10,9 | 50| 87| 651 79| 80| 69| 90! 641100 5.7]100| 4.5

MDR 145 | 50| 82| 65| 74| 80| 65| 90| 6.0:100] 54100 4.3

HDR 24 50| 67651 61| 751 51| 90| 491 95[43]100) 35

HDR 43 50| 53| 65| 47| 751 40| 85| 3.8] 95]34 100 2.7

N. Com 50| 53| 60] 451 75| 40| 85| 38 95134100 2.7
G. Com 50 47| 60| 41| 75| 36| 85| 341 90129100} 24
0.P./Com 50 421 601 371 701 3.1| 80| 291 9026|100 2.2
Limited 1. 50 421 60| 371 70] 31| 80| 29| 90126100 2.2
General 1. 501 371 60| 32; 70 27( 80| 26| 90123|100|19

*See Table 3-1 for more detailed description
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APPENDIX D
REFERENCE CALCULATIONS AND EXHIBITS

4.22
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V100 Caic's For CP1 w/g100 PRE DEVEL
Worksheet for Triangular Channel

Project Description

Project File e\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet V Calc’s For pr 100 Discharge Point CP1
Flow Element Ttiangular Channel
Method Manning's Formula
Saolve For Channel Depth

Input Data

Mannings Coefficient 0.040

Channel Slope 0.044700 ft/ft
Left Side Slope 0.750000 H : V
Right Side Slope 0.750000H:V
Discharge 29.00 cfs
Resulls

Depth 2.46 ft

Flow Area 4.53 {2
Weited Perimeter 6.14 ft

Top Width 368 ft

Critical Depth 248 ft

Critical Slope 0.042910 ft/ft
Velocity 6.41 ftls
Velocity Head 0.64 it
Specific Energy 3.09 ft

Froude Number 1.02

Flow is supercritical.

07126107

09:14:12 AM

Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 (203) 755-1666

FlowMaster v5 07
Page 1 of 1
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V100 Calc's For CP2 w/Q100 PREDEV
Worksheet for Triangular Channel

Project Descripfion

Project File e:\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet V Calc's For OUTFALL CP2 Q100 PREDEV

Flow Element Triangular Channel

Method Manning's Formula

Solve For Channel Depth

input Data

Mannings Coefficient

Channel Slope

0.035
0 179000 fi/ft

Left Side Siope 40.000000H : V
Right Side Slope 40000000 H : V
Discharge 240 cfs
Results

Depth 0.14 ft

Flow Area 079 ftz
Wetted Perimeter 11.22 ft

Top Width 11.22 fi
Critical Depth 0.19 f
Critical Slope 0.039403 f/ft
Velocity 3.05 ft/s
Velocity Head 0.14 ft
Specific Energy 0.29 f
Froude Number 2.03

Flow is supercritical.

07/26/07
09:17:24 AM

Haestad Methods, Inc

37 Brookside Road Waterbury, CT 06708

(203) 755-1666

FlowMaster v5 07
Page 1 of 1
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V100 Estimate Worksheet Basin CP3 PREDEV
Worksheet for frregular Channel

Project Description

Project File e:\program files\engineering\haestad\imwiridge cr.fm2
Worksheet VELOCITY ESTIMATE for EX CP3

Flow Element Irregular Channel

Method Manning's Formula

Salve For VWater Elevation

input Data

Channel Slope

0.050000 fi/ft

Elevation range: 844.00 ft to 850.00 ft

Station (ft) Elevation {ff) Start Station End Station
0.00 847.00 0.00 300.00
100.00 845.00
150.00 844.00
240.00 845.00
300.00 850.00
Discharge 3.91 cfs
Results
Witd. Marnnings Coefficient 0.025
Water Surface Elevation 844.15 ft
Flow Area 1.63 ft2
Wetted Perimeter 21.39 ft
Top Width 21.39 ft
Height 0.15 ft
Critical Depth 844.18 ft
Critical Slope 0.020290 /it
Velocity 2.39 fifs
Velocity Head 0.09 ft
Specific Energy 844.24 ft
Froude Number 1.53

Flow is supercritical.

07/26/067
09:39:55 AM

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

Roughness

0.025

FlowMaster v5 07
Page 1 of 1
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V100 Estimate Worksheet Basin CP4 PREDEV
Worksheet for lrregular Channel

Project Description

Project Fite e:\program files\engineering\haestad\fmwlridge cr fm2
Worksheet VELOCITY ESTIMATE for EX CP4

Fiow Element Iregular Channel

Method Manning's Formula

Solve For Water Elevation

Input Data

Channel Slope 0.075000 fi/it

Elevation range: 864.20 ftto 864 45 ft.

Station (ft) Elevation (ft) Start Station End Station
0.00 864.40 0.00 100.00

40.00 864.25

50.00 864 20

60.00 864.30

100.00 864.45

Discharge 6.47 cfs
Resulis
Wid. Mannings Coefficient 0.025
Water Surface Elevation 864.33 ft
Flow Area 2.7 ft?
Wetted Perimeter 48.04 ft
Top Width 48,04 ft
Height 0.13 ft
Critical Depth 864.36 ft
Critical Slope 0.022272 fiift
Velocity 239 ft's
Velocity Head 0.09 ft
Specific Energy 864.42 ft
Froude Number 1.78

Flow is supercritical.

Q7126107
08:41:04 AM

Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708  (203) 755-1666

Roughness

0.023

FlowMaster v5.07
Page 1 of 1

q0



V100 Estimate Worksheet Basin CP5 PREDEV
Worksheet for Irregular Channel

Project Description

Project File e\program files\engineering\haestad\fmwiridge cr fm?2
Worksheet VELOCITY ESTIMATE for EX CP5
Flow Element Irregutar Channel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channel Slope 0.075000 fi/ft
Elevation range: 964.22 ft to 964.27 {t.
Station (ft) Elevation (ft) Start Station End Station
0.00 964.25 0.00 100.00

40.00 964.24

50.00 964,22

60.00 964.23

100.00 964.27

Discharge 4.20 cfs
Resuits
Witd. Mannings Coefficient 0.025
Water Surface Elevation 984 27 ft
Flow Area 2.80 ft?
Wetted Perimeter 100.02 ft
Top Width 100.00 ft
Height 0.05 ft
Critical Depth 964.28 ft
Critical Slope 0.027088 fifit
Velocity 1.50 fils
Velocity Head 0.03 it
Specific Energy 964.31 ft
Froude Number .58

Flow is supercritical.
Water elevation exceeds lowest end station by 0.02 fi.

07726/07

08:42:04 AM Haestad Methods, Inc. 37 Brookside Read  Walterbury, CT 06708 {203) 755-1666

Roughness

0.025

FlowMaster v5.07
Page 1 of t

A



V100 Estimate Worksheet Basin CP6 PREDEV
Worksheet for irreguiar Channel

Project Description

Project File e:\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet VELOCITY ESTIMATE for EX CP6

Flow Element irregutar Channel

Method Manning's Formula

Solve For Water Elevation

Input Data

Channe! Slope

0.100000 f/ft

Elevation range: 964.22 ft to 964.30 ft.

Station (ft) Elevation (ft) Start Station End Station
0.00 964.30 0.00 100.00

40.00 964.25

50.00 964 22

60.00 964.25

100.00 964.30

Discharge 4 57 ofs
Resuiis
Wid. Mannings Coefficient 0.025
Water Surface Elevation 964.29 ft
Flow Area 2.56 fi
Wetted Perimeter 87.33 ft
Top Width 87.33 ft
Height 0.07 ft
Critical Depth 964.31 ft
Critical Slope 0.026583 fi/ft
Velocity 1.79 fils
Velocity Head 005 ft
Specific Energy 964.34 ft
Froude Number 1.84

Flow is superciitica

],

07126/07
09:42:37 AM

Haestad Methods, Inc 37 Brookside Road  Walerbury, CT 06708  (203) 755-1666

Raoughness

0.025

FlowMaster v5 07
Page 1 of 1

945



V100 CALC Worksheet FOR CP7 PREDEV
Worksheet for Irregular Channel

Project Description
Project File e\program files\engineering\haestad\fmwiridge cr fm2
Workshest V100 CALCS FOR CP7 PREDEV
Flow Element imegular Channel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channel Slope 0.072800 fi/ft
Elevation range: 856.00 ft to 858 41 ft,
Station (ft) Elevation {ft) Start Station End Station
0.00 856.00 0.00 17.00
0.50 856.50 17.00 21.86
0.93 856.51
1.18 856.00
17.00 856.10
19.18 856.90
19.86 857.41
21.86 858.41
Discharge 548 ofs
Results
Witd. Mannings Coefficient 0.017
Water Surface Elevation 856.13 ft
Flow Area 1.28 ft2
Wetted Perimeter 16.36 ft
Top Width 16.09 ft
Height 0.13 ft
Critical Depth 856.20 ft
Critical Stope 0.008335 /it
Velocity 4.29 fifs
Velocity Head 0.29 ft
Specific Energy 856.42 it
Froude Number 269

Flow is supercritical.
Flow is divided.
Water elevation exceeds lowest end station by 0.13 fi.

Q7726107

08:10:39 PM Haeslad Methods, Ino. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666

Roughness

6.017
0.025

FlowMaster v5.07
Page 1 of t
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V100 Estimate Worksheet for CPl E9
Worksheet for Irregular Channei

Project Description

Project File e:\program files\engineering\haestad\fmwyidge crfm2
Worksheet V cale's for cp1Q100

Flow Element Iregular Channel

Method Manning's Formuta

Solve For Water Elevation

input Data

Channel Slope

0.021100 ft/it

Elevation range: 807.00 ft to 812.00 it.

Station (f) Elevation (ft) Start Station End Station
0.00 81200 0.00 18.00
9.00 810.00 18.00 25.00
18.00 808.00 25.00 35.00
20.00 807.00
25.00 808.00
30.00 810.00
3500 512.00
Discharge 26.10 cfs
Resulls
Wid. Mannings Coefficient 0.036
Water Surface Elevation 808.30 ft
Flow Area 5.93 ftz
Wetted Perimeter 9.54 ft
Top Width 9.1 ft
Height 1.30 ft
Critical Depth 808.28 ft
Critical Slope 0.023166 ft/fi
Velocity 4.40 fii's
Velocity Head 0.30 ft
Specific Energy 808.60 ft
Froude Number 0.96

Flow is subcrilical.

07730107
02:29:11 PM

Haestad Methods. Inc. 37 Brookside Road  Waterbury, CT 06708 (203} 755-1666

T

Roughness
0.025
0.040
0.025

FlowMaster v5.07
Page 1 of 1



Cross Section
Cross Section for Irregular Channel

Project Description

Project File
Worksheet
Flow Element
Method
Solve For

e:\program files\engineering\haestad\fmwiridge cr.fm2
V calc’s for OUTFALL CP1 POSTDEV
Irregular Channel
Manning's Formula
Water Elevation

Section Data

Wid. Mannings Coefficient

Channel Slope

Water Surface Elevation

Discharge

0.036
0.021100 fi/ft
808.30 it
26.10 cfs

o7/30/07

B12.0§

811.5

\

8110

810.5

810.0

@
)
©
o

Elevation ()

809.0

808.5

808.0

AN

i Q

807.5

\/

807.0
0.0

02:40:37 PM

50

Haestad Methods, inc

10.0

15.0

20.0

Station  (ft)

25.0

37 Brookside Road  Waterbury, CT 06708 (203) 755-1666

30.0

350

FlowMaster v5.07
Page 1 of1

45



V100 Calc's For CP2 w/Q100 POSTDEV
Worksheet for Triangular Channel

Project Description

Project File e\program files\engineering\haestad\{fmwlridge cr.fm2
Worksheet V100 Estimate for CP2 POSTDEV
Flow Element Triangular Channel
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient 0.045

Channei Slope 0.100000 fi/ft
Lefi Side Slope 4000000 H .V
Right Side Stope 4000000 H : V
Discharge 3.30 cfs
Resuits

Depth 0.46 ft

Flow Area 0.86 ft2
Wetted Perimeter 3.81 ft

Top Width 3.70 ft
Critical Depth 0.53 ft
Critical Slope 0.047800 /it
Velooity 3.86 ftfs
Velocity Head 0.23 ft
Specific Energy 0.69 ft
Froude Number 141

Flow is supercritical.

Q7/30/07
07:17:20 PM

Haestad Methods, Ing. 37 Brookside Road Waterbury. CT 06708 (203) 755-1666

FlowMaster v5.07
Page 1 of 1

1



Cross Section
Cross Section for Triangular Channel

Project Description

Project File
Worksheet
Flow Element
Method

Solve For

e\program files\engineering\haestad\fmw\ridge cr fm?2
V100 Estimate for CP2 POSTDEV

Triangular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.045

Channel Slope 0.100000 ft/it
Depth 0.46 ft
Left Side Slope 4 .000000H:V
Right Side Slope 4.000000H:V
Discharge 3.30 cfs

17

07/30/07
Q71727 PM

Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708  (203) 755-1666

NTS

FlowMaster v5 07
Page 1 of 1



V100 Estimate Worksheet for CP3 POSTDEV
Worksheet for lrregutar Channel

Project Description

Project File e:\program files\engineering\haestad\fmw\ridge cr.fm2
Worksheet V100 ESTIMATE for CP3 POSTDEV

Flow Element frregular Channel

Method Manning's Formula

Solve For Water Elevation

input Data

Channe! Slope

0.063000 fu/ft

Elevation range: 844.00 ft to 850.00 ft.

Station (ft) Elevation (f) Start Station End Station
0.00 847.00 0.00 300.00
100.00 845.00
150.00 B44.00
240.00 845.00
300.00 850.00
Discharge 420 cfs
Results
Witd. Mannings Coefficient 0.025
Water Surface Elevation 844 15 fi
Flow Area i.58 ft2
Wetted Perimeter 21.04 ft
Top Width 21.04 ft
Height 0.15 ft
Critical Depth 844.19 ft
Critical Siope 0.020097 ft/it
Velocity 266 ftis
Velocity Head .11 ft
Specific Energy 844.26 ft
Froude Number 1.71

Flow is supercritical.

07/30/07
02:26:25 PM

Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666

Roughness
0.025

FlowMaster v5 07
Page 1 of 1
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Cross Section for Velocity Estimate
Cross Section for Irregular Channel

Project Description

Project File
Worksheet

Flow Element

Method
Scive For

e\program files\engineeringthaestad\fmwiridge cr.fm2
V100 ESTIMATE for CP3 POSTDEV

jrregular Channel

Manning's Formula

Water Elevation

Section Data

Witd, Mannings Goefficient 0.025

Channel Slope

0.063000 fi/ft

Water Surface Elevation 844.18 ft
Discharge

4.20 ofs

07130107
02:44:24 PM

Elevation (1t)

844 .9

\

844.8

8447

8446

w
A
~
o

844 4

B844.3

8442

N

844 .1

[t d
o

A\

\

8440
0.0

10.0 20.0 30.0 40.0 50.0 60.0 70.0
Station (1)

MHaestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 (203) 755-1666

80.0

80.0

FlowMaster v5.07
Page 1 of 1
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V100 Estimate Worksheet for CP4 POSTDEV
Worksheet for Irregular Channel

Project Description
Project File e:\program files\engineering\haestad\fmwyridge cr.fm2
Worksheet V100 ESTIMATE for CP4 POSTDEV
Flow Element iregular Channel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channel Slope 0.051000 ft/it
Elevation range: 864.20 ft to 864 .45 ft.
Station (ff) Eievation (ft) Start Station End Station Roughness
0.00 864.40 0.00 100.00 0.025

40.00 864.25

50.00 864.20

60.00 864.30

100.00 864.45

Discharge 7.70 cfs
Results
Wid. Mannings Coefficient 0.025
Water Surface Elevation 864.34 ft
Flow Area 3.62 1
Wetlted Perimeter 57.28 it
Top Width 57.28 ft
Height 0.14 ft
Critical Depth 864.37 ft
Critical Slope 0.021821 Wit
Velocity 213 ft/s
Velocity Head 0.07 ft
Specific Energy 864 42 ft
Froude Number 1.49

Flow is supercritical.

O7730/07 FlowMaster v5 07
02:24:46 PM Haeslad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of t



Cross Section for Velocity Estimate
Cross Section for Irregular Channel

Project Description

Project File eprogram files\engineering\haestad\fmwiridge cr.fm2
Worksheet V100 ESTIMATE for CP4 POSTDEV

Fiow Element Irregular Channel

Method Manning's Formula

Solve For Water Elevation

Section Data

Witd. Mannings Coefficient 0.025

Channel Slope 0.051000 ft/it

Water Surface Elevation 864.34 ft

Discharge 7.70 cfs
864.4G

SN %

864 .36 "\ /

bi] q

864.34 > 7
N /

864 32 \“\
BG4 .3

Elevation (ft)

864.28 ‘z\

864 26 \

864.24 -
864.22 \ /
864.2
0.0 10.0 200 300 400 500 600 700 800

Station (ft)

O7/30/07
02:45:29 PM Haestad Methods, Inc 37 Brookside Road Waterbury, CT 06708  (203) 7355-1666

80.0

FlowMaster v5 07
Page 1 of 1

1o\



V100 Estimate Worksheet Basin CP5 , Pos 7 Ve
Worksheet for Irregular Channel

Project Description

Project File e:\program files\engineeringthaestad\imwlridge cr.fm2
Worksheet V100 ESTIMATE for CP5 POSTDEV
Fiow Element Irregular Ghannel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channe! Slope 0.078000 fi/it
Elevation range: 864.22 ft to 964.27 ft.
Station (ft) Elevation (ft) Start Station End Station
0.00 964.25 0.00 100.00

40.00 964.24

50.00 964.22

£0.00 964.23

100.00 964 27

Discharge 5.70 cfs
Results
Witd. Mannings Coefficient 0.025
Water Surface Elevation 964 .28 ft
Flow Area 3.32 ft?
Wetted Perimeter 100.03 ft
Top Width 100.00 ft
Height 0.06 ft
Critical Depth 964 .29 ft
Critical Slope 0.025335 fifft
Velocity 1.72 fifs
Velocity Head 0.065 it
Specific Energy 964.32 ft
Froude Number 1.66

Flow is supercritical.
Water elevation exceeds lowest end station by 0.03 ft.

07/30/07

02:24:25 PM Haestzd Methods, Ing. 37 Brookside Road  Waterbury, GT 06708  (203) 7551666

Roughness

0.025

FlowMaster v5.07
Page 1 of 1
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Cross Section for Velocity Estimate
Cross Section for irregular Channel

Project Description

Project File e:\program files\engineering\haestad\fmw\ridge cr.fm2
Worksheet V100 ESTIMATE for CP5 POSTDEV

Flow Element Irregular Channel

Method Manning's Formula

Saolve For Water Elevation

Section Data

Wtd. Mannings Coefficient 0.025
Channel Slope 0.078000 ft/ft
Water Surface Elevation 964.29 ft
Discharge 5.70 cfs

Q7/30/07

02:48:29 PM Haestad Methads, Inc. 37 Brookside Road Waterbury, CT Q6708

964 3R

864.29

964.28

64 .27

964.26

Elevation (ft)

964.25

964 .24

964.23

964.22

0.0 20.0

40.0

Station  (ft)

60.0

80.0

(203} 755-1666

100.0

FlowMaster v5 07
Page 1 of t
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V100 Estimate Worksheet For CP6 POSTDEV
Worksheet for Irregutar Channel

Project Description

Project File e\program files\engineeringthaestad\fmwlridge cr.fm2
Worksheet V100 ESTIMATE for CP8 POSTDEV
Flow Element Irregular Channel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channel Slope 0.036000 f/ft
Elevation range: 964.22 ft to 964 .30 fi.
Station (ft) Elevation (ft) Start Station End Station
0.00 964.30 0.00 100.00

40.00 964.25

50.00 964.22

60.00 964.25

100.00 964.30

Discharge 6.40 cfs
Results
Wid, Mannings Coefficient 0.025
Water Surface Elevation 864.31 it
Flow Area 4.49 fi2
Wetted Perimeter 100.02 it
Top Width 100.00 ft
Height 0.09 it
Critical Depth 964.32 it
Critical Slope 0.024686 fi/ft
Velocity 142 ftis
Velocity Head 0.03 ft
Specific Energy 96434 ft
Froude Number 1.19

Flow is supercritical.
Water elevation exceeds lowest end station by 0.01 fi.

07/30/67

02:23:12 PM Manestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203} 755-1666

Roughness

0.025

FlowMaster v5 07
Page 1 of §

toY



Cross Section for Velocity Estimate
Cross Section for lrregular Channel

Project Description

Project File e:\program files\engineering\haestad\fmwvridge cr.fm2
Worksheet V100 ESTIMATE for CP6 POSTDEV

Flow Element irregular Channel

Method Manning's Formula

Solve For Water Elevation

Section Data

Wid. Mannings Coefficient 0.025
Channe! Slope 0.036000 fi/ft
Water Surface Elevation 964 .33 ft
Discharge 6.40 ofs

o7 130007

964.45

964.4

8964.35

Elevation (ft)
1 Q

964.3

064 25

064.2

0.0 200 40.0 60.0 800

Station  (ft)

100.0

02:51:09 PM Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 {203) 755-1666

1200

FlowMaster v5.07
Page 1 of 1

105



117

V100 Estimate Worksheet FOR CP7 POSTDEV
Worksheet for lrregular Channel

Project Description
Project File e-\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet V100 CALCS FOR CP7
Flow Element lrregular Channel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channei Slope 0.072800 ft/ft
Elevation range: 856.00 ft to 858.41 ft.
Station (it) Elevation (ft) Start Station End Station Roughness
0.00 856.50 0.00 19.86 0.017
050 856.50 19.86 21.86 0.025
0.93 856.51
1.18 856.00
19.18 856.90
19.43 857.40
19.86 857.41
21.86 858 .41
Discharge 570 cfs
Results
Wid. Mannings Coefficient 0.017
Water Surface Elevation 856.29 ft
Flow Area 0.89 ft?
Wetted Perimeter 6.22 ft
Top Width 6.03 ft
Height 0.29 ft
Critical Depth 856.45 it
Critical Slope 0.007198 ft/ft
Velocity 6.43 ftls
Velocity Head 0.64 ft
Specific Energy 856.94 ft
Froude Number 2.96

Flow is supercritical.

a7I30/07 FlowMaster v5.07
02:42:30 PM Haestad Methods. Ine. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666 Page 1 of 1



Cross Section
Cross Section for lrregular Channel

Project Description

Project File e:\program files\engineering\haestad\fmwiridge cr.fim2
Worksheet V100 CALCS FOR CP7

Flow Efement ireguiar Channel

Method Manning's Formula

Solve For Water Elevation

Section Data

FlowMaster v 07

Wid. Mannings Coefficient 0.017
Channe! Slope 0.072800 ft/it
Water Surface Elevation 856.20 ft
Discharge 5.70 cfs
858.5
858.0
- 857.5
£ &
c
0
I
>
o
Wes7 0
856 5 -
856.0
00 50 100 15.0 20.0 25.0
Station  (it)
73007
02:41:59 PM Haestad Methods. Inc. 37 Brookside Road Walerbury, CT 06708  (203) 755-1666

Page 1 of 1
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Flood Limits Section 1
Worksheet for Irregular Channel

Project Descriplion

Project File elprogram files\engineering\haestad\fmw\ridge cr.fm2
Worksheet Flood Limits Section 1

Flow Element Irregular Channel

Method Manning's Formula

Solve For Water Elevation

Input Data

Channel Siope 0.050900 fuft

Elevation range: 834.00 fi to 859.00 ft.

Station {ft) Elevation (ft) Start Station End Station
0.00 859.00 0.00 9000
70.00 852.00 90.00 110.00
90.00 846.00 110.00 195.00
110.00 834.00
115.00 834.00
138.00 839.00
165.00 848.00
Discharge 162.00 cfs
Results
Wid. Mannings Coefficient 0.038
Water Surface Elevation 83570 ft
Fiow Area 17.51 ft2
Wetted Perimeter 16.29 ft
Top Width 15.64 ft
Height 1.70 ft
Critical Depth 836.12 ft
Critical Stope 0.020435 fi/ft
Velocity 9.25 fils
Velocity Head 1.33 ft
Specific Energy 83703 fi
Froude Number 1.54

Flow is supercritical.

o8/107/07
03:59:55 PM

Haestad Methods, Inc. 37 Brookside Road  Waterbury. CT 06708 {(203) 7551666

(0%

Roughness
0.035
0.049
0.035

FlowMaster v& 07
Fage 1 of 1



Flood Limits Section 2
Worksheet for trregular Channel

Project Description

Project File e\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet Flood Limits Section 2

Flow Element Irregular Channel

Method Manning's Formula

Solve For Water Elevation

Input Data

Channel Slope

0.050900 ft/ft

Elevation range: 836.00 ft to 862.00 ft.

Station {ft) Elevation (ft) Start Station End Station
0.00 862.00 0.00 87.00
75.00 854.00 87.00 103.00
87.00 848.00 103.00 195.00
103.00 846.00
110.00 840.00
130.00 836.00
138.00 836.50
160.00 841.30
170.00 844.00
175.00 846,00
185.00 846.10
185.00 848.00
Discharge 162.00 cfs
Results
Wid. Mannings Coefficient 0.035
Water Surface Elevation 837.52 it
Flow Area 18.28 ft?
Wetted Perimeter 20.53 ft
Top Width 2025 ft
Height 1.52 ft
Critical Depth 837.91 it
Critical Slope 0.017517 fi/it
Velocity 8.86 ftls
Velocity Head 1.22 ft
Specific Energy B838.74 fit
Froude Number 1.65

Flow is supercritical.

0B/O7IO7
04:03:34 PM

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 05708 (203) 755-1666

109

Roughness
0,035
0.049
0.035

FlowMaster v5.07
Page 1 of 1



Flood Limits Section 2 Cross Section
Cross Section for Irregular Channel

Project Description

Project File e:\program filestengineeringthaestad\imwiridge cr.fm2
Worksheet Flood Limits Section 2

Flow Element lrregular Channel

Method Manning's Formula

Solve For Water Elevation

Section Data

Wid. Mannings Coefficient 0.035

Channel Slope 0.050200 fU/ft

Water Surface Elevation B37.52 ft

Discharge 162.00 cfs
865.0

(l\
860.0

<~

855.0 o

o
o
o
=)
M,.v“‘"

Elevation (ft)

845.0 ??

FlowMaster v5.07

840.0 \
835.0
0.0 20.0 40.0 60.0 80.0 100.0 1200 1400 1600 180.0 2000
Station  (ft)
08/07/07
04:03:44 PM Haestad Mathods. Inc. 37 Brookside Road  Waterbury. CT 06708 {203) 755-1666

Page 1 of 4
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Flood Limits Section 1 Cross Section
Cross Section for lrreguiar Channel

Project Description

Project File e:\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet Flood Limits Section 1

Flow Element Iregular Channe!

Method Manning's Formula

Solve For Water Elevation

Section Data

Wid. Mannings Coefficient 0.038
Channel Slope 0.050900 ft/fi
Water Surface Elevation 835.70 ft
Discharge 162.00 cfs

080757

860.0

™S

855.0

850.0
v\

Elevation (ft)
o]
B
o
]

840.0

835.0 \é..:/f

830.0

0.0 200 40.0 60.0 80.0 100.0  120.0
Station  (ft)

04:00:25 PM Haeslad Methods. Inc. 37 Brookside Road Waterbury, CT 06708

140.0 1860.0

{203) 755-1666

180.0 200.0

FlowMaster v 07
Page 1 of1
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Flood Limits Section 3
Worksheet for lrregular Channel

Project Description

Project File er\program files\engineeringthaestad\fmwlridge er.fm2
Worksheet Flood Limifs Section 3

Flow Element Irreguiar Channel

Method Manning's Formula

Solve For Water Elevation

Input Bata

Channel Stope 0.050800 fi/ft

Elevation range: 851.00 ft to 872.00 f.

Station (ft) Elevation (ft) Start Station End Station
0.00 872.00 0.00 75.00
50.00 866.00 75.00 135.00
75.00 860.00 135.00 235.00
135.00 851.00
210.00 852.50
235.00 860.00
Discharge 162.00 cfs
Results
Wid. Mannings Coefficient 0.036
Water Surface Elevation 851.99 fit
Flow Area 27.93 f2
Wetted Perimeter 56.35 ft
Top Width 56.27 ft
Height 0.99 ft
Critical Depth 852.16 ft
Critical Slope 0.023005 ft/ft
Velocity 5.80 fils
Velocity Head 0.52 ft
Specific Energy 85252 ft
Froude Number 145

Flow i supercrifical.

0B/7/07
(4:06:44 PM

Haestad Metheds. Inc. 37 Brookside Road  Waterbury, CTO6708 (203) 755-1666

4

Roughness
0.035
0.049
0.035

FlowMaster v5.07
Page 1 of 1



Fiood Limits Section 3 Cross Section
Cross Section for irregular Channel

Project Description

Project File e\program files\engineering\haestad\ifmwlridge cr.im2
Worksheet Flood Limits Section 3

Flow Element frregular Channel

Method Manning's Formula

Solve For Water Elevation

Section Data

Wid. Mannings Coefficient 0.036

Channel Slope 0.050800 fi/ft

Water Surface Elevation 851.99 ft

Discharge 162.00 cfs
8750

(\\
870.0

865.0 \‘

Elevation (i)

860.0

855.0 \

WW"M‘
\EJ_,,.,,.:-»
850.0
0.0 50.0 100.0 150.0 200.0
Station  (ft)
08/07/07
04:06:54 PM Haastad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203} 755.1666

250.0

FlowMaster v5.07
Page 1 of t
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Flood Limits Section 3.75
Worksheet for Irregutar Channel

Project Description

Project File e:\program files\engineeringthaestad\fmw\ridge cr.fm2
Worksheet Flood Limits Section 3.75

Flow Element irregular Channel

Method Manning's Formula

Solve For Water Elevation

Input Data

Channel Slope

0.050800 ft/ft

Elevation range: 849.00 ft to 866.20 ft.

Station {ff) Elevation (ft) Start Station End Station
0.00 860.00 000 85.00
40.00 850.00 85.00 140.00
B5.00 849.00 140.00 150.00
100.00 850.00
121.00 860.00
140.00 866.00
150.00 866.20
Discharge 162.00 cfs
Resuits
Witd. Mannings Coefficient 0.038
Water Surface Elevation 84999 it
Flow Area 29.19 fi
Wetted Perimeter 5823 ft
Top Width 5918 it
Height 099 ft
Critical Depth 850.11 ft
Critical Slope 0.024507 /it
Velocity 555 fils
Velocity Head 0.48 ft
Specific Energy 850 47 ft
Froude Number 1.39

Flow is superctitical.

08/07167
04:08:48 PM

Haestad Methods. inc. 37 Brookside Road  Waterbury, CT 06708

{203) 755-1666

(AN

Roughness
0.0635
0.049
0.035

FlowMaster v5.07
Page 1 of 1



Flood Limits Section 3.75 Cross Section
Cross Section for irregular Channel

Project Description

Project File
Worksheet
Fiow Etement
Method
Solve For

e:\program files\engineering\haestad\fmwiridge cr.fm2
Flood Limits Section 3.75

frregular Ghannel

Manning's Formula

Water Elevation

Saction Data

Wid. Mannings Coefficient
Channel Slope
Water Surface Elevation

Discharge

0.038

0.050900 fi/ft
849.99 ft
162.00 cfs

8/07/07

868.0

866.0

864.0

862.0

860. 0

®
9
®
=)

Elevation (it)

856.0

854.0

8520

8500

kv
“‘MM [, = <‘g/
A e

848.0
0.0

04:09:02 PM

20.0 40.0 60.0 80.0

Station (ft)

100.0 120.0

Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

140.0

1680.0

FlowMaster v5.07
fage 1 of 1
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Flood Limits Section 4
Worksheet for irregular Channel

Project Description

Project File e\program files\engineeringthaestad\fmwiridge cr.fm2
Worksheet Flood Limits Section 4

Fiow Element Irregular Channel

Method Manning's Formula

Solve For Water Elevation

Input Data

Channel Slope

0.050900 fi/ft

Elevation range: 852.00 fi to 870.00 ft.

Station (ft) Elevation (ft) Start Station End Station
0.00 860.00 0.00 98.00
12.00 856.00 98.00 144.00
38.00 854.00 144 .00 150.00
52.00 852.00
74.00 852.00
94 .00 854.00
98.00 856.00
104.00 858.00
108.00 860.00
134.00 868.00
144.00 868.00
150.00 870.00
Discharge 162.00 cfs
Restits
Witd. Mannings Coefficient 0.035
Water Surface Elevation 85279 ft
Flow Area 2297 ft2
Wetted Perimeter 3557 ft
Top Width 3547 ft
Height 0.79 ft
Critical Depth 853.03 ft
Critical Slope 0.019274 fifft
Velocity 7.11 ftis
Velocity Head 079 ft
Specific Energy 853.58 ft
Froude Number 157

Flow is supercritica

8/07/07
Q4:12:44 PM

Haestad Methods. Ino. 37 Brookside Road  Waterbury, CT 06708 (203) 755-16606

Roughness
0.035
0.048
0.035

FlowMaster v5.07
Page 1 of 1
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Flood Limits Section 4 Cross Section
Cross Section for Irregular Channel

Project Description

Project File e-\program files\engineering\haestad\fmwlridge or.fm2
Worksheet Flood Limits Section 4

Fiow Element Irregular Channel

Method Manning's Formula

Solve For Water Elevation

Section Data

FlowMaster v5.07

Witd. Mannings Coefficient 0.035
Channei Slope 0.050800 ft/ft
Water Surface Elevation 852.79 ft
Discharge 162.00 cfs
8700
868.0
866.0
864.0 3
€ o0 /
c
L
g
o 860.04
L
858.0 /
856.0 < d
854 .0 5 /
AN .
N N f
852.0
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
Station  ({ft)
0B/07IOT
04:12:54 PM Haestad Methods. Inc. 37 Brookside Road Watarbury, CT 08708 (203} 755-1666

Page 1 of i
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Capacity Calc's for 39" Culvert at CP8

Worksheet for Circular Channel

Project Description

Project File e:\program files\engineering\haestad\fmwlridge er.fm2
Worksheet Capacity Calc's for Culvert at CP8
Flow Element Circutar Channel
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coefficient 0.013
Channel Slope 0.040000 fi/ft
Diameter 39.00 in
Discharge 162.00 cfs
Results

Depth N3 in
Flow Area 7.14 it
Wetted Perimeter 7.22 it
Top Width 259 ft
Critical Depth 321 ft
Percent Full 80.30

Critical Slope 0.035263 fi/it
Velocity 2269 fi/s
Velocity Head 8.00 it
Specific Energy 10.61 ft
Froude Number 241
Maximum Discharge 177.63 cfs
Fuli Flow Capacity 165.13 cfs
Full Flow Siope 0.038409 Uit

Flow is supercritical.

08/Q7/07

02:13:30 PM

Haestad Methods. Inc.

37 Brookside Road Waterbury, CT 06708

(203) 755-1666

FlowMaster v5.07
Fage 1 of 1
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Capacity Calc's for 39" Culvert at CP8

Worksheet for Circular Channel

Project Description

Project File e:\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet Capacity Calc's for Culvert at CP8
Flow Element Circular Channel
Method Manning's Formula
Solve For Full Flow Capacity
Input Data

Mannings Coefficient 0.013

Channel Slope 0.050000 fi/ft
Diameter 39.00 in
Results

Depth 39.0 in
Discharge 184.62 cfs
Fiow Area 8.30 ft?
Wetted Perimeter 10.21 ft
Top Width 000 ft
Critical Depth 3.23 ft
Percent Full 100.00

Critical Slope 0.046657 fi/ft
Velocity 22.25 fils
Velocity Head 7.70 ft
Specific Energy FULL ft
Froude Number FULL

Maximum Discharge 198 60 cfs
Full Flow Capacity 184 62 cfs
Full Flow Siope 0.050000 fi/ft

0B/0T7I07

02:14:52 PM

Haeslad Methods, Inc.

37 Brookside Road  Waterbury, CT 06708

(203) 755-1666

FlowMaster v5.07
fage 1 of 1
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aB/0707

02:07:18 PM Haestad Methods, Inc. 37 Brookside Road  Waterbury. CT 06708  (203) 765-1666

Rip Rap At CP8 at Outlet Cross Section
Cross Section for Irregular Channel

Project Description

Project File e\program files\engineeringthaestad\fmwiridge cr.fm2
Worksheet Rip-Rap Calc's At CP8 at outiet

Flow Element lrregular Channel

Method Manning's Formula

Solve For \Water Elevation

Section Data

Wid. Mannings Coefficient 0.049
Channel Slope 0.052000 fi/it
Water Surface Elevation 840.28 ft
Discharge 162.00 cfs

N

8430

o4]
B
N
Q

Elevation (it}

[24]
i
=
o

1 (]

840.0 f

Be

839.0

838.0

0.0 50 10.0 150 200 250 300 350 400 450 500 550 600

Station (ft)

FlowMaster v5.07
Page 1 of 1
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V35

V100 Calc's CP8 at Culvert Outlet
Worksheet for Irregular Channel!

Project Description

Project File e:\program files\engineering\haestad\fmwiridge or.fm2
Worksheet Rip-Rap Calc's At CP8 at outlet
Flow Element Irreguiar Channel
Method Manning's Formula
Solve For Water Elevation
input Data
Channel Slope 0.052000 fi/ft
Elevation range: 838 00 ft to 845.00 ft.
Station (it) Elevation (ft) Start Station End Station Roughness
0.00 845.00 0.00 18.00 0.035
12.00 844.00 18.00 52.00 0.040
18.00 842.00 52.00 59.00 0.035
20.00 840.00
21.00 839.00
23.00 838.00
36.00 840.00
44.00 842.00
52.00 842.00
59.00 844.00
Discharge 162.00 cfs
Results
Wid, Mannings Coefficient 0.049
Water Surface Elevation 840.28 ft
Flow Area 21.26 ft2
Wetted Perimeter 18.38 fi
Top Width 17.42 ft
Height 228 ft
Critical Depth 84047 ft
Critical Slope 0.034179 fiit
Velocity 7.62 ftfs
Velocity Head 0.80 ft
Specific Energy 841.19 ft
Froude Number 1.22

Flow is supercritical.

08/07/07 FlowMaster v5 07
02:07:05 PM Haestad Melhods, Inc. 37 Brookside Road  Waterbury. CT 06708  (203) 755-1666 Page 1 of 1



Required Size Calc's for Culvert at CP8
Worksheet for Circular Channel

Project Description
Project File e:\program files\engineeringthaestad\fmwiridge cr.fm2
Worksheet Capacity Calc's at CP8 Culvert
Flow Element Circular Channel
Method Manning's Formula
Solve For Full Flow Capacity
Input Data
Mannings Coefficient 0.013
Channel Slope 0.040000 /it
Diameter 36.00 in
Results
Depth 36.0 in
Discharge 133.39 cfs
Fiow Area 7.07 ft?
Wetted Perimeter 942 ft
Top Width 0.00 ft
Critical Depth 297 ft
Percent Full 100.00
Crifical Slope 0.036671 ft/ft
Velocity 18 87 f/s
Velocity Head 5.53 ft
Specific Energy FULL ft
Froude Number FULL
Maximum Discharge 143.49 cfs
Full Fiow Capacity 133.39 cfs
Full Flow Slope 0.040000 fi/ft
08/07/07
03:39:44 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

FlowMaster v5.07
Page 1 of 1
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Capacity Caic's for 36" Culvert AT CP8
Worksheet for Circular Channel

Project Description

Project File e:\program files\engineeringhaestad\fimwlridge cr.fm2
Worksheet Capacity Calc's at CP8 Culvert
Fiow Element Circular Channe!
Method Manning's Formuia
Solve For Full Flow Capacity
input Data

Mannings Coefficient 0.013

Channel Slope 0.050000 ft/fi
Diameter 36.00 in
Resuits

Depth 36.0 in
Discharge 149.13 cfs
Flow Area 7.07 f?
Wetted Perimeter 9.42 ft
Top Width 0.00 ft
Critical Depth 2.98 it
Percent Full 100.00

Critical Slope 0.046576 fi/ft
Velocity 2110 fils
Velocity Head 6.92 it
Specific Eneray FULL ft
Froude Number FULL

Maximum Discharge 160 42 cfs
Fuli Flow Capacity 149.13 cfs
Fuil Flow Slope 0.050000 fi/it

GRIO7I07

02:08:20 PM

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708

(203) 755-1666

FlowMaster v5 07
Page 1 of 1
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Required Size Calc's for Culvert at CP8
Worksheet for Circular Channe!

Project Description

Project File e:\program files\engineeringthaestad\fmwlridge cr.fm2
Worksheet Capacity Calc's for Culvert at CP8
Flow Element Circutar Channel
Method Manning's Formula
Solve For Channei Diameter
input Data

Mannings Coefficient 0.013
Channel Slope 0.040000 ft/it
Depth 36.0
Discharge 162.00 cfs
Results

Diameter 371 in
Flow Area 763 fi
Wetted Perimeter 8.52 ft
Top Width 1.31 ft
Criticaf Depth 3.142 ft
Percent Full 95.47

Critical Siope 0.042731 ft/it
Velocity 21.23 ft/s
Velocity Head 7.01 ft
Specific Energy 10.01 it
Froude Number 1.55
Maximum Discharge 162.36 cfs
Full Flow Capacity 150 94 cfs
Full Flow Slope 0.046079 fifit

Flow is supercritica

oB/e7 07

02:12:36 PM

Haestad Methods. Inc.

37 Brookside Road Waterbury. CT 06708  {203) 755-1666

FlowMaster v5.07
Page 1 of 1
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Required Size Calc's for Culvert at CP8

Worksheet for Circular Channel

Project Description

Project File e:\program files\engineeringthaestad\fmwiridge cr.fm2
Worksheet Capacity Calc's at CP8 Culver!
Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Diameter
Input Data

Mannings Coefficient 0.013
Channel Slope 0.050000 f/ft
Depth 36.0
Discharge 162.00 cfs
Resulis

Diameter 36.49 in
Flow Area 7.24 ft
Wetted Perimeter 8.85 ft
Top Width 0.70 ft
Critical Depth 3.02 ft
Percent Full 28.66

Critical Slope 0.051464 fi/tt
Velocity 22.37 fifs
Velocity Head 1.77 ft
Specific Energy 10.77 ft
Froude Number 1.23
Maximum Discharge 166.30 cfs
Full Flow Capacity 154.60 cfs
Full Flow Slope 0.054804 ft/it

Flow is supercritical.

Q8/G7/I07

02:11.05 PM

Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708

(203} 755-1666

FlowMaster v507
Page 1 of 1
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V100 Cale's 40' D/S FROM CP8 Rip-Rap
Worksheet for lrregular Channel

Project Description

Project File e\program files\engineering\haestad\fmwlridge cr.fm2
Worksheet Rip-Rap Calc's At CP8 + 40" dfs

Flow Etement Irregular Channel

Method Manning's Formula

Solve For Water Elevation

input Data

Channel Slope

0.052000 fi/ft

Elevation range: 835.00 ft to 842.00 fi.

Station (ft) Elevation (ft) Start Station End Station
0.00 842.00 0.00 12.00
5.00 840.00 12.00 48.00
12.00 838.00 48.00 60.00
20.00 826.00
24.00 835.00
30.00 836.00
48.00 838.00
57.00 840.00
60 00 842,00
Discharge 162.00 cfs
Resdilfs
Witd. Mannings Coefficient 0.049
Water Surface Elevation 837.10 ft
Flow Area 23.95 ft?
Wetted Perimeter 2475 ft
Top Width 24.34 ft
Height 210 ft
Critical Depth 837.26 ft
Critical Siope 0.035107 ii/it
Velocity 6.77 ft/s
Velocity Head 0.71 ft
Specific Energy 837.81 f#
Froude Number 1.20

Flow is supercrifical.

08/07/07
02:05:39 PM

Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT Q6708 (203) 755-1666

i%0

Roughness
0.035
0.049
0.035

FlowMaster v5.07
Page 1of 1



Rip Rap D/S FROM CP8 Cross Section
Cross Section for lrregular Channel

Project Description

Project File e:\program files\engineeringthaestadfmwiridge cr.fm2
Worksheet Rip-Rap Calc's At CP8

Flow Element Iregular Channel

Method Manning's Formula

Solve For Water Elevation

Section Data

Wid. Mannings Coefficient 0.0649

Channel Slope 0.052000 ft/it

Water Surface Elevation 837.88 it

Discharge 162.00 cfs
844.03 o
8430 s
842.0

8410 \

Elevation (ft)
©
oY
©
O

838.0 "

839.0 /

B837.0 7 /

836.0
0.0 10.0 20.0 30.0 40.0 50.0 60.0
Station  (ft)
OB/07I07
02:04:21 PM Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 753-1666

70.0

FlowMaster v5.07
Page 1 of 1
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V100 Calc's /S FROM CP8 Rip-Rap
Worksheet for lrregular Channel

Project Description

Project File eprogram files\engineering\haestad\fmwyridge cr.fm2
Worksheet Rip-Rap Calc's At CP8

Flow Element irregular Channel

Method Manning's Formula

Solve For Water Elevation

Input Data

Channel Slope 0.052000 fi/ft

Elevation range: 836.00 fi to 844.00 ft.

Station (ft) Elevation (ft) Start Station End Station
0.00 844.00 0.00 11.00
7.00 842.00 11.00 51.00
11.00 840.00 51.00 64.00
14.00 838.00
24.00 836.00
42.00 838.00
51.00 840.00
57.00 842.00
64.00 844.00
Discharge 162.00 cfs
Results
Wid. Mannings Coefficient 0.049
Water Surface Elevation 837.88 ft
Flow Area 2463 ft2
Wetted Perimeter 2655 ft
Top Width 2626 ft
Height 1.88 ft
Criticat Depth 838.01 ft
Critical Slope 0.035379 fft
Velocity 6.58 fis
Velocity Head 067 it
Specific Energy 838.55 ft
Froude Number 1.20

Flow is supercritical.

08/07107
02:04:00 PM

Haestad Methods. iInc. 37 Brookside Road Waterbury, CT 06708 {203) 755-1666

bh 2

Roughness
0.035
0.049
0.035

FlowMaster v5 07
Page 1 of 1



V100 Calc's Down Stream Rip Rap
Worksheet for Trapezoidal Channel

Project Description

Project File e:\program files\engineering\haestad\fmw\ridge cr.fm2
Worksheet RIP RAP FOR RIDGE CREEK 8D
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coefficient 0.049

Channel Slope 0.051700 ft/ft
Left Side Slope 3.000000H:V
Right Side Siope 3.000000H : V
Bottom Width 12.00 it
Discharge 162.00 cfs
Resulls

Depth 1.38 it

Flow Area 22.36 ft
Wetted Perimeter 20.75 ft

Top Width 20.30 it

Crifical Depth 1.55 ft

Critical Slope 0.033828 ftft
Velocity 725 ft/s
Velocity Head 0.82 it
Specific Energy 2.20 ft

Froude Number 1.22

Flow is supercritical,

oB/o7I07

02:16:00 PM

Haestad Melhods, Inc. 37 Brookside Road  Waterbury, CT 06708 (203) 755-1666

FlowMasler v3 07
Page 1 of 1
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RipRap Worksheet for RIDGE CREEK SD
Worksheet for Rectangular Channel

Project Description

Project File e:\program files\engineering\haestad\fmwhridge cr.fm2
Worksheet Rip Rap Worksheet for CULVERT

Fiow Element Rectangular Channel

Method Manning's Formula

Solve For Channe] Depth

input Data

Mannings Coefficient 0.042

Channel Slope 0.051700 ft/it -
Bottom Width 12.00 ft )/?
Discharge 173.10 cfs

Results

Depth 1.72 ft

Flow Area 2067 ff2

Wetted Perimeter 15.45 ft

Top Width 12.00 ft

Critical Depth 1.86 fi

Critical Siope 0.040778 {t/it

Velocity 8.37 ftls

Velocity Head 1.09 ft

Specific Energy 2.81 ft

Froude Number 1.12

Fiow is supercritical.

oBIov7IaT FlowMaster v5 07
02:15:33 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708  (203) 755-1666 Page 1of 1



Rip Rap 40' D/S FROM CP8 Cross Section
Cross Section for Irregular Channel

Projest Description
Project File e:\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet Rip-Rap Calc's At CP8 + 40" d/s
Fiow Element Iregular Channel
Method Manning's Formula
Solve For Water Elevation
Section Data
Wid. Mannings Coefficient 0.049
Channel Slope 0.052000 ft/ft
Water Surface Elevation 837.10 ft
Discharge 162.00 cfs
842.0
841.0
840.0

m
0
©
o

Elevation (ft)
®
@
@
=]

837.0 X

7

FlowMastar v507

836.0
8350
0.0 50 10.0 150 200 250 300 350 400 450 500 550 600
Station  (ft)
08/07/07
02:66:07 PM Maestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

Page ¥ of 1
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Workbook

. WB12 CURBINLET INSAG

L The guﬁi of this example is to show how to determine the length of inlet required to meet the
- “Drainage Design Manual standards for a given situation.

A 4-foot curb inlet is located in a sag. The peak 100-year flow approaching the inlet in the
‘gutter is 12 cfs. The road cross slope is 2 percent and the curb height is 6 inches. Does the
‘curb inlet meet the design criteria set forth in the Drainage Design Manual? If not, what size
inlet is required? The following sketch helps itlustrate this example.

B : Flow Cagﬁube of Curb Inlet
'_'Equat_ion 2-8 determines the flow captured by a curb inlet In a sag condition:

: Q :.CwL_Wda,z

. Because a curb inlet in a sag needs 1o capture 100 percent of the flow, and we do not want flows

.. overtopping the curb during the 100-year event, we assume a depth of 9.9 inches (just below the
- 8an Diego Regional Standard B-Type inlet opening dimension) and solve Equation 2-8 for the

- curb Jength required. From Table 2-1, the weir coefficient for curb inlets Cy=3.0. Substituting
. ino Equation 28, this yields:

_— 3/2
| Q=120=Gyl yd¥? =300*L W*(?i:ég..) ~12.0cfs

Iz

Cu/{‘:}

3/,
Q - k0 (1-&"[1)& d=03D < 63
- oty £V Se,

oD ve ©.2 Type B-7
L‘;G‘* LL!/ 2~ 4" bwnua)

| R P,
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Worksheet for SD subsytem B part 1
Worksheet for Irregular Channel

Project Description

Project File e:\program files\engineering\haestad\fmwiridge cr.fm2
Worksheet sd subsystem B part 1
Flow Eiement Irregular Channel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channel Slope 0.103800 f/ft
Elevation range: 896.10 ft to 896.74 it.
Station (ft) Elevation (ft) Start Station End Station Roughness
0.00 896.56 0.00 5.00 0.024
5.00 896 46 500 32.00 0.017
6.25 896.44 32.00 40.00 0.024
7.99 896.11
8.00 896.10
20.00 896.34
32.00 596,58
40.00 896.74
Discharge 2.30 efs
Results
Witd. Mannings Coefficient 0.017
Water Surface Elevation 896.23 ft
Flow Area 0.50 ft2
Wetted Perimeter 7.42 ft
Top Width 7.40 ft
Height 013 ft
Critical Depth 896.21 ft
Critical Siope 0008920 fi/it
Velocity 4.64 fifs
Velocity Head 0.33 ft
Specific Energy 896 .57 ft
Froude Number 3.16

Flow is supercrifical.

08/08/67 FlowMaster v5.07
11:54:23 AM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1



Worksheet For SD Subsystem B part 2
Worksheet for Circular Channel

Project Description

Project File e\program files\engineering\haestad\fmw\ridge cr.fm2
Worksheet CP1_8E

Flow Efement Circular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

141

Mannings Coefficient 0.013
Channel! Slope 0.007500 fifft
Diameter 12.00 in
Discharge 2.30 cfs
Results
Depth 0.64 ft
Flow Area 0.53 i
Wetted Perimeter 1.86 ft
Top Width 096 ft
Critical Depth 0.65 fi ’
Percent Full 64.34 D= .
Critical Slope 0.007318 ft/ft W =2 ? ' !
VeEocity 431 fi/s 20 or 2W Min, st e
Velocity Head 0.29 LA e
Specific Energy 093 it (N
Froude Number 1.02 m ] ] m
Maximum Discharge 3.32 cfs = j
Full Flow Capacity 309 cfs - 5
Full Flow Slope 0.004168 fi/ft O g|F
Flow is supercritical. W E|
S P
8
‘ > Max (30, W} t
T
PLAN VIEW
=3 Proforrod;
1.5 Mirlmim
L
. .|_I|!/.“If‘/:» b
Pl Fabricondior — | NG .\\‘\llljk'|lllllll.llllﬂ!llllll_lnlllﬂlﬁit’ys‘?}yﬂ
TYPICAL SECTION B-B
08/08/07 FlowMaster v5.07
11:12:20 AM Haestad Methods, Inc. 37 Brookside Reoad  Walerbury, CT 06708  (203) 755-1666 Page T of 1
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SD Subsystem B part 3
Worksheet for Triangular Channel

Project Description

Project Fite e:\program files\engineering\haestad\fmw\ridge crfmz2
Worksheet SD subsystem b part 3
Flow Element Trangular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.040

Channel Slope 0.165000 /it
Left Side Siope 5.000000 H : V
Right Side Slope 5.000000H : V
Discharge 2.30 cfs
Results

Depth 0.32 ft

Flow Area 0.52 ft?
Wetted Perimeter 3.29 ft

Top Width 323 ft
Critical Depth 042 ft
Critical Slope 0.040244 ft/ft
Velocity 4.41 fils
Velocity Head 0.30 ft
Specific Energy 063 it
Froude Number 1.94

Flow is supercritical.

0810807 FlowMaster v5.07
11:19:01 AM Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666 Page 1 of 1



Worksheet SD subsytem B part 4
Worksheet for Rectangular Channel

Project Description

Project File e:\program files\engineering\haestad\fmw\ridge cr.fm2
Worksheet Sb SUBSYTEM b PART 4

Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

input Data

Mannings Coefficient 0.045

Channel Slope 0.021400 ft/ft

Bottom Width 3.00 ft

Discharge 2.30 cfs

Results

Depth 0.36 ft

Fiow Area 1.08 it?

Wetted Perimeter 3.72 ft

Top Width 3.00 ft

Critical Depth 0.26 ft

Critical Stope 0.057114 fi/ft /
Velocity 2.12 ftls 7 r Z- 4" ’g ! Fl’ 5.
Velocity Head 0.07 ft

Specific Energy 0.43 ft

Froude Number 0.62

Flow is subcritical.

08/08/07

11:23:17 AM

Haestad Methods. Inc.

37 Brookside Road Waterbury, CT 06708 (203) 755-1666

FlowMaster v5 07
Page 1 of 1
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Cross Section
Cross Section for Rectangular Channel

Project Description

Project File
Worksheet
Flow Element
Method

Soive For

e\program files\engineering\haestad\fmw\ridge cr fm2
Rip Rap Worksheet for Lot No. 6

Rectangular Channel

Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.045

Channel Slope 0.021400 ft/ft

Depth 0.36 ft

Bottom Width 300 ft

Discharge 2.30 cfs

S,
3.001ft

07/20/07
0B:47:10 PM Haesiad Methods, Inc. 37 Brookside Road  Waterbury. CT 06708 (203) 755-1666

0.36 ft

v

H i
NTS

FlowMaster v5 07
Page 1 of t

14y



s

FIVOS
0oL LON
SNOILIANOD LNANdO 1AAA0—-150d
ON 3LV1d 69%¥C WL HO4 LIBIHX3  OIMNVHOAH 8 WILSAS NS NIVYQ WHOLS
79.%&@/\@@ Q.nw
OO./@& r Q,.nv
e i } 1 w “ — Qnu%u
R e S |
57V 5o 14001=1 14 0L=T 199} glz=| o8
o> >
A0 GG00'0=S
E CLZ=T Nivad WHOIS ,

INIWISYI NIvad
WH0IS 01 "dOdd

‘NIN LL'0=L JINYIE ¥4 94
NIW,L=1 (,£'0=0G0)'ONMOYE T 'ON/M
OL=1 ' Sv=m (2 IdAL) OP~C OSY ¥3d
HOIVAISSIO AOHINT dvd—did TIWISNI

/ .o.or\
Nivdd WHOLS

3daH 21 "d0dd




Y

V Calc's Sta 14+60 CP2 part 1
Worksheet for Irregular Channel

Project Descripfion

Project File e:\program files\engineering\haestadimwlridge cr.fm2

Worksheet V Calc's Street A Sta 14+40 BASIN CP2

Flow Element irregular Channel

Method Manning's Formula

Selve For Water Elevation

Input Data

Channel Slope 0.166700 ft/it

Elevation range: 873.43 ftto 873.74 ft.

Station (ft) Elevation (ft) Start Station End Station Roughness
0.00 873.74 0.00 8.00 0.024
5.00 873.49 8.00 20.00 0.017
6.00 873.47
3.00 873.43
20.00 873.67

Discharge 3.30 cfs

Results

Wid. Mannings Coefficient 0.020

Water Surface Elevation 87355 ft

Flow Area 0.66 f2

Wetted Perimeter 10.19 ft

Top Width 10.18 ft

Height 0.12 ft

Critical Depth 87363 ft

Critical Slope 0.011502 ft/ft

Velocity 4.97 ft/s

Velocity Head 0.38 ft

Specific Energy 873.93 ft

Froude Number 3.44

Flow is supercritical.

08/08/07 FlowMaster v5.07
12:07:13 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708  (203) 755-1686 Page 1 of i
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V100 Sta 15+ For CP2 part 2
Worksheet for Triangular Channel

Project Description

Project File e:\program files\engineering\haestad\fmw\ridge cr.frn2
Worksheet V100 Estimate for CP2 POSTDEV
Flow Element Triangular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.045

Channel Slope 0.100000 ft/ft

Left Side Slope 4 000000 H :V

Right Side Slope 4000000 H : V

Discharge 3.30 cfs

Results

Depth 046 ft s
Flow Area 0.86 f?

Wetted Perimeter 3.81 ft

Top Width 370 ft

Critical Depth 0.53 ft

Critical Slope 0.047800 fi/it

Velocity 3.86 fi/'s

Velocity Head 0.23 ft

Specific Energy 0.69 fi

Froude Number 1.4

Flow is supercritical.

08/0B/07 FlowMaster v5 07
12:08:03 PM Haestad Methods. Inc. 37 Brookside Road  Waterbury, CT 06708 (203) 755-1666 Page 1t of 1
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Velocity calc's Worksheet for CP2 part 3
Worksheet for Irreguiar Channel

Project Description

Project File e:\program files\engineeringthaestad\fmw\ridge cr.fm2
Worksheet VELOCITY ESTIMATE BASIN 82
Flow Element Irregular Channel
Method Manning's Formula
Salve For Water Elevation
Input Data
Channel Slope 0.107100 fuft
Elevation range: 815.00 ft to 825.00 ft.
Station (ft) Elevation (ft) Start Station End Station Roughness
0.00 825.00 0.00 250.00 £.030
70.00 820.00

150.00 815.00

200.00 820.00

250.00 825.00
Discharge 3.30 cfs
Results
Wid. Mannings Coefficient 0.030
Water Surface Elevation 815.25 ft
Flow Area 0.82 ft?
Wetted Perimeter 6.53 ft
Top Width 6.51 ft
Height 0.25 ft
Critical Depth 815.33 ft
Critical Slope 0.023974 ft/ft
Velocity 405 fifs
Velocity Head 025 fi
Specific Energy 815.51 ft
Froude Number 202

Flow is supercritical.

080807 FlowMaster v5.07
12:09:18 PM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708  (203) 755-1666 Page 1 of 1
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APPENDIX E 4.24
REFERENCE PLANS AND EXHIBITS

EAPROJECTS\RIDGE CREEKJUL2007\RC APPENDIX AUGO07 doc
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APPENDIX F 4.25
REFERENCE INFORMATION AND REFERENCES
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Appendix B. Pipe Material

can accelerate the decomposition of metal through rusting (oxidation). Metallic pipe 1s not
recommended for culverts with flow in excess of 10 fi/s when high bed load and/or transport of
abrasive material is anticipated without application of a protective coating. When protection is
warranted, the invert of the pipe (i.c., the bottom 90 degrees of the pipe) shall be protected on all
straight-aways, and the invert and walls (i.c., the lower 180 degrees of the pipe) shall be protected
on all curves.

B.3.1 Corrugated Aluminum Pipe(CAP)

Corrugated aluminum is recommended for sea water applications, but should pot be used when
excessive wear from abrasive materials are present or expected in the flow.

0 Aluminum alloy conduit may be used where the minimum resistivity of the soil, backfill,
and effluent and the pH of the water and soil fails within the ranges specified below:

Resistivity Acidity (pH)
500 ohm-cm 5.5<pH<8.5
1500 ohm-cm 5.0<pH<5.5 or 8.56<pH<8.0

o Pipe gage shall be selected to achieve minimum design life based upon Figure B-1.
Minimum pipe thickness shall be 14 ga. Table B-5 may be used to determine addition
service life due to application of protective coatings. For sea water applications, specify
the next heavier gage than the gage calculated from Figure B-1.

Minimum cover shall be 2 ft, or 1 ft below pavement subgrade, whichever is greater.
Maximum cover shall be 15 ft.
Neoprene gaskets shall conform to ASTM D-1506.

B4 CORRUGATED METAL PIPE (CMP)

Corrugated metal pipe conduit is not appropriate for sea water exposure. In cases where a pipe is
expected to carry a large amount of debris or abrasive sediment material, it shall have measures to
provide sufficient design life for the facility.

O Pipe gage shall be selected to achieve minimum design life based upon Figure B-1.
Minimum pipe thickness shall be 14 ga. Table B-5 may be used to determine addition
service life due to application of protective coatings.

0  When placed under unpaved areas or under flexible pavement, the minimum cover for
CMP shall be 2 fi or onc-half the pipe diameter (0.5D,), whichever is greater

0o When placed under rigid pavements, the minimum cover for CMP shall be 1.2 feet below
slab or one-half the pipe diameter (0.5D,), whichever is greater.

0 Maximum cover over CMP shall be determined by corrugation type, pipe diameter, and
thickness as described in Table B-6 and Table B-7.

B.5 HIGH DENSITY POLYETHYLENE PIPE (HDPE)

B.5.1 General Requirements

0 HDPE pipe shall conform to current American Association of State Highway and
Transportation Officials (AASHTO). Pipes with a diameter of 4 inches through
36 inches shall conform to AASHTO designation M-294, Type S (Smooth Interior).
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Appendix B. Pipe Material

B.5.3

B.6

Pipes with a diameter of 42 inches through 48 inches shall conform to AASHTO
designation M-294, Type D.

The last 16 feet (typically two scctions) at cach exposed end of a culvert shall be
conslructed of reinforced concrete pipe (RCP).

HDPE is not permitted in areas with running ground water or in areas with unstable
trench walls.

HDPE Pipes 48 in Diameter and Smaller

Pipe shall be backfilled with crushed rock in accordance with Regional Standard Drawing
No. 54, Type C rock envelope, including appropriate filter fabric lining.

The remainder of the trench shall be backfilled with the specified backfill material
compacted to 90 percent Relative Compaction per California Test Method 216, as
modified by the County of San Diego or ASTM D-1557, except for the portion in the
pavement subgrade, which shall be compacted to 95 percent Relative Compaction.

Pipe with less than 2 feet of cover under highway loading shall be concrete-encased in
accordance with Regional Standard Drawing No. S-7. The portion above the encasement
shall be backfilled and compacted in accordance with the paragraph above.

Maximum pipe cover shall not exceed the amount specified in the current Caltrans
Design Manual.

HDPE Pipes Larger than 48 in
Maximum fill height over the pipe shall not exceed 19.5 ft.

54-in and 60-in diameter corrugated HDPE shall be backfilled with concrete, sturry
cement, or other “flowable fill material” satisfying Caltrans specifications. At minimum,
this backfiil shall be brought to a depth equivalent to 3/4 the pipe diameter.

Trench width shall be a minimum of | ft wider than the outstde diameter of the pipe on
each side, in accordance with Caltrans Standard Specification 19-3.0062.

Material placed above the level of the concrete backfill shall meet minimum Caltrans
requirements for embankment material. Rocks, broken concrete, or other solid materials
larger than 3 inches shall not be placed within 1 foot of the pipe. Compaction shall
conform to Caltrans Standard Specification Section 19-3.

When 54-in or 60-in diameter corrugated HDPE pipe is placed under rigid pavement with
3 feet or less of cover, the pipe shall be backfilled with concrete (or equivalent flowable
fill material) to a level a minimum of 6 inches above the soffit of the pipe.

When 54-in or 60-in diameter corrugated HDPE pipe is placed under flexible pavement
with between 2 feet and 3 feet of cover, the pipe shall be backfilled with concrete (or
equivalent flowable fill material) to a level a minimum of 6 inches above the soffit of the
pipe. Pipes with less than 2 feet of cover require concrete backfill Highway Design
Manual Index 854.9.
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City of San Diego. Drainage Design Manual. (April 1984). Document No. 768917.

County of San Diego Department of Public Works. (April 1993). Hydraulic Design and
Procedure Manual.

San Diego County Drainage Design Manual Page B4
July 2005

19 A



|53

Appendix B. Pipe Material

County of San Diego Materials Lab. (2004). Memorandum: Requirements for Utilization of
HDPE for Public/Private Improvements and Comments Regarding Metallic Pipe Subject to
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Chapter 5. Open Channels

Table 5-13 Maximum Permissible Velocities for Lined and Uniined Channeis

Material or Lining Maximum Permissible
Average Velocity* {ft/sec)

Natural and Improved Unlined Channels

FiNe Sand, COlOIAAL. ......oovconmsmmmranerssises s msis s o sae s e e nas smn 27 mananasensmaesisenns s < o oce 1
Sandy Loam, Noncolloidal ........coceeremmnne

Silt Loam, Noncolloldal. ... ....c..cicevmmmmomsnnnsencsimesssenmmeamms

Alluvial Silts, Noncolloidal .........cooerens samesecvne i

Ordinary Firm LOam ......ccoovmmnrronasonens
Volcanic ASH ... e oiniecacacnscensnonsnnonnones
Stiff Clay, Very Col!ondal
~ Alluvial Silts, Colloidal ..
Shales And Hardpans
Fine Gravel...
Graded Loam To Cobbles When Noncoi!mdal
Graded Silts To Cobbles When Coiloidal..........
Coarse Gravel, NORCONOIIAD ... .. cceoivissssnnsnssnnnsssunsnannnsuse sassnss s 1sassssesaassaansmamassasseamsnsine e
Cobbles And Shingles........

Sandy St e

Siity Clay ...
Clay... -
Poor Sedimentary Rock

Fully-Lined Channels
Unreinforced VEGELAHIONM .vv. .. uwircsscore oamins i sereen oo viaias s arasnsnnnarasssnnasnrus st nms rsnsmiman asns Feld
REINTOTCEA TUIT o ucrsramirruncammiunine oominearnsen ac rm s e ana e s s s s 1 4 0806 arid 0 42700 mn e amm i n 10 0
Loose Riprap ........ per Table 5-2
Grouted Riprap . - ..25.0
Gabions .......ocvnsacernaranenaana.
Soil Cement .............
COTICTEIR ...vevvacssmanvanincon v s s st a1 e o 8 8228 P64 76 7 855 4 B 14010 A 15 007 15

cens 150
-~ 15.0
35.0

* Maximum permissible velocily listed here is basic guideline; higher design velocities may be used, provided appropriate
technigal documentation from manufacturer.
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Appendix B. Excerpts of Caltrans Specifications

SECTION 72
SLOPE PROTECTION

72-1 GENERAL

72-1.01 Description.—Slope protection consists of rock, concrete,
concreted-tock or slope paving. The type of slope protection to be used
will be designated in the Engineer’s Estimate, the special provisions or
shown on the plans. The slope protection shall be placed in conformance
with these specifications, the special provisions, and the details and di-
mensions shown on the plans or directed by the Engineer.

72-2 RCCK SLOPE PROTECTION

72-2.01 Description.—This work shall consist of placing revetment
type rock courses on the slopes.

The mass of the individual pieces of rock in each class shall be as in-
dicated in the table in Section 72-2.02, “Materials,” or as gpecified in the
special provisions. The classes of rock slope protection will be designated
in the Engineer’s Estimate as 8T, 4T, 2T, 1T, /2T, 1/4T, Light, Facing,
and No. 1, No. 2 or No. 3 Backing.

72-2.02 Materials~The individual classes of rocks used in rock
slope protection shall conform to the following, unless otherwise specified
in the special provisions, or as shown on the plans.

GRADING OF HOCK SLOPE PROTECTION

PERCENTAGE LARGER THAN"
Rock Mass Method A Placement Method B Placement
Clagsses Classes

Backing

ar 47T ar 1T 12T fr N2 14T Light Focing Nol Ne? No 3

M5-Tonne ..... 5 —_— aen J— =y — p— —— —
725-Tonne ... 5100 05 o~ — e —_ e - -
3.6 Tonne ... 95-100 50-100 05 — o - — — —
1.B-Tonme...... — 95100 53100 G35 — e —
- 85160 50-10¢ 05 50-100 05 —— -
965-10¢ 50-100 — 100 05 o
§5-180 %100 - 60-100 O& o

08

Prrriedd

Blratnig
SERERERE

e e 86300 — 50-100 50-100 O5
e — 85100 50-109 90-100 2575 0.5
o e e = — 80100 2575
- e e e e BR00

(A R |

BRI
LT
(I

* The amount of material smaller than the smallest rock mass listed in
the table for any class of rock slope protection shall not exceed the per-
centage limit listed in the table determined on a mass basis. Compli-
ance with the percentage limit shown in the table for all other rock
masses of the individual pieces of any class of rock slope protection
shall be determined by the ratio of the number of individual pieces
larger than the specified rock mass compared to the total number of
individual pieces larger than the smallest rock mass listed in the table
for that class.

The material shall also conform to the following quality requirements:

B-1
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Cal;'[nmia

Test est Requirement

Apparent Specific Gravity ...ccemmemerivsmnnseers e 208 2.5 min.
SOTRLION orvrermrsssrmimnsinmiiemnnesnncsns s sarcssrassssassososnane 200 4.2% max.*

Durability IndeX ....oocevienncvincrenversnasoviasssnscrsinsnmnns 289 52min*

Coazse Durabauhty Index = Durability Absorption Ratio (DAR)
% Absorption + 1
* Based on the formula contained herein, absorption may exceed 4.2 per-
cent if DAR is greater than 10. Durability Index may be less than 52 if
DAR is greater than 24.

Rocks, when conforming to the provisions in this Section 72-2.02, may
be obtained from rock excavation of the roadway prism or other excava-
tion being performed under the provisions of the contract, in accordance
%ibhkthe provisions in Section 4-1.05, “Use of Materials Found on the

ork.”

Rocks shall be of such shape as to form a stable protection structure of
the required section. Rounded boulders or cobbles shall not be used on
prepared ground surfaces having slopes steeper than 1:2
(vertical:honzontal). Anﬁular shapes may be used on any planned slope.
Flat or needle shapes will not be accepted unless the thickness of the in-
dividual pieces is greater than 0.33 times the length.

712-2.025 Rock Slope Protection Fabrie.—-Rock slope protection
fabric shall be placed prior to placing rock slope protection, when the
fabric is shown on the plans, or specified in the special provisions, or or-
dered by the Engineer.

Rock slope protection fabric shall conform to the provisions in Section
88, “Engineering Fabrics,” and shall be Elaced in accordance with the de-
tails shown on the plans and as specified in these specifications.

Prior to placing rock slope protection fabrie, the surfaces upon or
against which rock slope protection fabric is to be placed, shall be free of
loose or extraneous material and sharp objects that may damage the fab-
ric during installation.

Rock slope protection fabrie shall be handled and placed in accordance
with the manufacturer's recommendations and as directed by the Engi-
neer. Rock slope protection fabric shall be placed loosely upon or against
the surface to receive the fabric so that the fabric conforms to the surface
without damage when the cover material is placed.

Rock slope protection fabrics shall be joined, at the option of the Con-
tractor, either with overlapped jeints or stitched seams,

When fabric is joined with overlapped joints all adjacent borders of
the fabric shall be overlapped not less than 600 mm. The fabric shall be
placed such that the fabric being placed shall overlap the adjacent sec-
tion of fabric in the direction the cover material is being placed.

When the fabric is joined by stitched seams, the fabric shall be
stitched with yarn of a contrasting color. The size and composition of the
yarn shall be as recommended by the fabric manufacturer. The number
of stitches per 25 mm of seam shall be approximately 5to 7. The
strength of stitched seams shall be the same as specified for the fabric,
except when stitched seams are oriented up and down a slope the
strength shall be 2 minimum of 80 percent of that specified for the fabric.

Equipment or vehicles shall not be operated or driven directly on the
rock slope protection fabric.

B-2
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_Rock slope protection fabric damaged during placement shall be re-
placed or repaired, as directed by the Engineer, by the Contractor at the
Contractor’s expense. Fabric damaged beyond repair, as determined by
the Engineer, shall be replaced. Repairing damaged fabric shall consist
of placing new fabric over the damaged area. The minimum fabric over-
lap from the edge of the damaged area shall be one meter for overlap
jomnts, If the new fabric joints at the damaged areas are joined by stitch-
%Ing, the stitched joints shall conform to the requirements specified

erein.

72-2.03 Placing.-—Rock slope protection shall be placed in accor-
dance with one of the following methods as designated in the Engineer’s

Estimate,

Method A Placement

A footing trench shall be excavated along the toe of slope as shown
on the plans.

The larger rocks shall be placed in the footing trench.

Rocks shall be placed with their longitudinal axis normal to the
embankment face and arranged so that each rock above the founda-
tion course has a 3-point bearing on the underlying rocks. Foundation
course is the course placed on the glope in contact with the ground
surface. Bearing on smaller rocks which may be used for chinking
voids will not be acceptable. Placing of rocks by dumping will not be
permitted.

Local surface irregularities of the slope protection shall not vary
from the planned slope by more than 0.3-m measured at right angles
to the slope.

Method B Placement

A footing trench shall be excavated along the toe of the slope as
shown on the plans.

Rocks shall be so placed as to provide a minimum of voids and the
larger rocks shall be placed in the toe course and on the outside sur-
face of the slope protection. The rock may be placed by dumping and
may be spread in layers by bulldozers or other suitable equipment.

Local surface irregularities of the slope protection shall not vary
from the planned slopes by more than 0.3-m measured at right angles
to the slope.

At the completion of slope protection work, the footing trench shall
be filled with excavated material and compaction will not be required.

72-2.04 Measurement.—Rock slope protection will be measured by
the tonne or cubic meter as designated in the Engineer’s Estimate,

Quantities of rock slope protection to be paid for by the cubic meter
will be determined from the dimensions shown on the plans or the di-
mensions directed by the Engineer and rock slope protection placed in
excess of these dimensions wiﬁ‘not be paid for.

Quantities of rock slope protection to be paid for by the tonne will be
weighed in accordance with the provisions in Section 9-1.01, “Measure-
ment of Quantities.”

Rock slope protection fabrie will be measured by the square meter.
The quantity to be paid for will be the actual area covered not including
additional fabric required for overlaps.

15%



72.2.05 Payment.—The contract ]price paid per cubic meter or per
tonne for rock slope protection (the class of rock and method of place-
ment to be designated in the Engineer’s Estimate) shall include full
compensation for furnishing all labor, materials, tools, equipment, and
incidentals, and for doing all the work involved in constructing the rock
slope protection, complete in place, including excavation, and backfilling
footing trenches, as shown on the plans, and as specified in these specifi-
cations and the special provisions, and as directed by the Engineer.

The contract price paid per square meter for rock slope protection
fabric shall include full compensation for furnishing all labor, materials,
tools, equipment, and incidentals, and for doing all the work involved in
furnishing and placing rock slope protection fabric, complete in place, as
shown on the J)lans, as specified in these specifications and the special
provisions, and as directed by the Engineer.

B-4



72-5 CONCRETER-ROCK SLOPE PROTECTION
72.5.01 Description.—This work shall consist of placing revetment

type conereted-rock courses on the sjopes,

The rock slope protection shall be concreted as shown on the plans
and as specified in these specifications and the special provisions.

The mass of the individual pieces of rock in each class shall be as
indicated in the table in Section 72-5.02, “Materials,” or as specified in
the special provisions. The classes of concreted-rock slope protection will
be designated in the Engineer's Estimate as V2T, 1/4T, Light, Facing,
and Cobble.

72-5.02 Materials.—The individual c¢lasses of rocks used in con-
creted-rock slope Erotection shall conform to the following, unless other-
wise specified in the special provisions or shown on the plans.

GRADING OF CONCRETED-ROCK SLOPE PROTECTION

Rock Mass PERCENTAGE L ARGER THAN®
Closses
1/2T 1/4T Light  Facing  Cobble
GO0-KE v verveencrnnrearissersnces 05 e — — —
450-KE cevirerrrnanre i ranenanan 50-100 0--5 — — —
220Kg 50-100  0-5 — —
B0-KZ voveereerncsneennens 30100 — 50--100 05 —
B4-KE ceverrcceniemannnnnninanss — 90-100 90-100 50-100 0-5
LL-KE oerenevemenemnemrnasnnness — — — 90-100  95-100
Minimum Penetration
of Concerete (millimeters) 450 350 250 200 150

* The amount of material smaller than the smallest rock mass listed in
the table for any class of conereted-rock slope protection shall not ex-
ceed the percentage limit listed in the table determined on a mass
bases. Compliance with the percentage limit shown in the table for all
other rock masses of the individual pieces of any class of conereted.-rock
slope protection shall be determined by the ratio of the number of
individual pieces larger than the specified rock mass compared to the
total number of individual pieces larger than the smallest rock mass
listed in the table for that class.

The rock shall also conform to the following quality requirements:

Cal;'[ornia
Tests est Requirements
Apparent Specific Gravity ....ocenvienisviccvirnne. 206 2.5 min.
SOTDEION. v rvsanansneamsnisnsnsnnes ivsramsesrencnssmssrarsssnsns SO0 4.2% max.*
Durabihity Index ..o evvcovicancrimecmnvesvosssssss ere v 229 52 min.*
Coarse Durability Index

% Absorption + 1 = Durability Absorption Ratio (DAR)

* Based on the formula contained herein, absorption may exceed 4.2 per-
cent if DAR is greater than 10. Durability Index may be less than 52 if
DAR is greater than 24,

Rocks, when conforming to the provisions in this Section 72-5.02, may
be obtained from rock excavation of the roadway prism or other excava-
tion being performed under the provisions of the contract, in accordance
%ithktbe provisions in Section 4-1.05, “Use of Materials Found on the

ork.

Rocks shall be of such shape as to form a stable protection structure of

B-5
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the required section. Flat or needle shapes will not be accepted unless
the thickness of the individual pieces is greater than 0.33-times the

length.

gc;mcrete shall be Class 3 conerete or minor concrete conforming to the
provisions in Section 90, “Portland Cement Concrete,” using 25-mm
combined aggregate and mixed as provided for structures. e water
content of tﬁe concrete shall be such as to permit gravity flow into the
interstices with limited spading and brooming. The amount of water
used shall be that designated by the Engineer.

72-5.08 Placing Rock,—Rock for concreted-rock slope protection
shall be placed in accordance with one of the following methods as desig-
nated in the Engineer’s Estimate.

Method A Placement

A footing trench shall be excavated along the toe of slope as shown
on the plans.

The larger rocks shall be placed in the footing trench.

Rocks shall be placed with their longitudinal axis normal to the
embankment face and arranged so that each rock above the founda-
tion course has a 3-point bearing on the underlying rocks. Foundation
course is the course placed on the slope in contact with the ground
surface. Bearing on smaller rocks which may be used for chinking
voids will not be acceptable. Placing of rocks by dumping will not be
permitted.

Local surface irregularities of the slope protection shall not vary
from the planned slope by more than 0.3-m measured at right angles
to the slope.

Method B Placement

A footing trench shall be excavated along the toe of the slope as
shown on the plans.

Rocks shall be so placed as to provide a minimum of voids and the
larger rocks shall be placed in the toe course and on the outside sur-
face of the slope protection. The rock may be placed by dumping and
may be spread in layers by bulldozers or other suitable eguipment.

Local surface irregularities of the slope protection shall not vary
from the planned slopes by more than 0.3-m measured at right angles
to the slope.

At the completion of slope protection work, the footing trench shall be
filled with excavated material and compaction will not be required.

72-5.04 Placing Concrete.—The surfaces of the rock to be con-
creted shall be cleaned of adhering dirt and clay and then moistened.
The concrete shall be placed in a continuous operation for any day’s run
at any one location. Concrete shall be brought to the place of final de-
posit by use of chutes, tubes, or buckets, or may be placed by means of
pneumatic equipment or other mechanical methods. In no case shall
c?_récrete be permitted to flow on the slope protection a distance in excess
of 3 m.

Immediately after depositing, the concrete shall be spaded and rodded
into place with suitable spades, trowels or other approved means until
the minimum penetration is that shown in the table entitled “Grading of
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Chapter 7. Energy Dissipation

velocities to non-erosive or pre-project levels. In these cases, the engineer shall apply a
reasonable design procedure to determine an appropriate riprap design.

7.3.1.1 San Diego Regional Standard Drawing

Apron Length and Width. Riprap apron length and width are a function of the diameter or vertical
dimension of the outlet pipe or culvert. The apron length shall be deterrnined using the following
equation, with a minimum length of 10 feet:

L,=4D, (7-1)
where ...
L, = minimum riprap apron length (ft); and
D, = diameter or width of culvert or storm drain (ft).

Where there is a well-defined channel downstream of the apron, the bottom width of the riprap
apron shall be at least equal to the bottom width of the channel. The riprap apron shall extend at
least one foot above the maximum tailwater elevation or the computed water surface elevation,
whichever is greater. The side slopes of the riprap apron shall be 3H:1V whenever practical, but
in no case be steeper than 1.5H:1V.

Where there is no well-defined channel downstream of the apron, the upstream width of the
riprap apron shall be equal to twice the width of conduit or the width of the headwall, whichever
is greater. The downstream width of the riprap apron shall be at jeast the width of the upstream
end of the apron, plus one conduit diameter (D,) on each side. Figure 7-1 illustrates the layout of
the San Diego regional standard riprap apron.

Riprap Size and Thickness. Flow energy governs the size of the riprap used for energy
dissipation. The San Diego Regional Standard Drawings use exit velocity as a surrogate for flow
energy (Table 7-1). Riprap apron thickness shall be at least 1.5 times the nominal ds of the
specified riprap. Riprap shall be placed over a geotextile filter fabric, and a filter blanket material
shall be placed under the fabric as appropriate. The equivalent diameter of stone (ds) shall not
exceed the diameter or vertical dimension of the outlet pipe, and the dimensions of the riprap
apron shall be adjusted to accommodate the required stone size.

Table 7-1 Rock Size for Riprap Aprons at Storm Drain Cutlets

Outlet Velocity (ft/s) Rock Classification Size of Stone, dsp (ft) @
6-10 No. 2 Backing 07
10-12 Vi Ton 18
12-14 % Ton 2.3
14-16 1 Ton 29
16-18 2 Ton 3.6

) pssumes spacific weight of 165 Ibfi°. The designer shall iake care lo apply a unit weight that is
applicable to the iype of riprap specified for the project, and adjust their calcufations if necessary

7.3.2 Stilling Basins

There are a number of additional types of stilling basins, and it is beyond the scope of this
Manual to provide detailed information on each of them. Information about their proper
application and design can be obtained from a number of sources, including the FHWA
Hydraulic Design of Energy Dissipaters for Culverts and Charnels (HEC-14), the U.S. Army

Corps of Engineers’ Hydraulic Design Criteria and Engineer Manuals, the Bureau of

San Diego County Drainage Design Manual Page 7-2
July 2005
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Table 5-2. California Layered RSP
Sl metric (US customary values shown for OUTSIDE LAYER only)
OUTSIDE LAYER | INNER LAYERS BACKING RSP-FABRIC
RSP-CLASS * RSP-CLASS * CLASS No. * TYPE *
8 T (8 ton) 2Tover1/2T 1 B
8T (8 ton) 1Tover14T Tor2 B
4T (4 ton) 12T 1 B
4T (4 ton) 1Tover1/4T 1or2 B
2T (2 ton) 1727 1 B
2T (2tom) x y 4T % ¥ 1or2 v B X
1T (1ton) LIGHT NONE B
17T (1ton) 14T lor2 B
1/2 T (1/2 ton) NONE 1 B
1/4 T (1/4 ton) NONE for2 A
LIGHT (LIGHT) NONE NONE A
Backing No. 1***
(Backing No. 1) NONE NONE A

* Rock grading and gquality requirements per Section 72-2.02 Materials of the

Caltrans Standard Specifications. (See Appendix B).

> RSP-fabric Type of geotextile and quality requirements per Section 88-1.04 Rock
Slope Protection Fabric of the Caltrans Standard Specifications. (See Appendix B).
Type A RSP-fabric has lighter mass per unit area and it also has lower toughness
(tensile x elongation, both at break) than Type B RSP-fabric. Both types require
minimum permittivity of 0.5 per second.

***  "Facing" RSP-Class has same gradation as Backing No. 1.

Material property values were selected for the RSP-fabric in Section 88-1.04 of the
Caltrans Standard Specifications, by assuming that construction inspectors will limit the
maximum height of rockfall during placement to about 1 meter. End dumping of rock down
embankments is not recommended, because rocks will damage and dislodge the RSP-

fabric and the rock sizes will segregate.
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Determine RSP-Class of Qutside Layer.

With W in metric units, 247 lbs=112 Kgs determine

the RSP-Class of the outside layer of the revetment using Table 5-1

Before proceeding, an explanation of the Caltrans standard RSP gradations and
terminology is needed. For this discussion see Table 5-1, which is similar to page 72-1
Section 72-2.02 Materials of the 1995 Caltrans Standard Specifications. All the standard
gradations are named RSP-Classes. Table 5-1 is divided into two sections with a bold
dashed vertical line, which separates two construction metheds of placing rock. "Method
A" is for larger RSP-Classes, and "Method B" is for smaller RSP-Classes. Column
headings listed immediately above the bold horizontal line are SI (metric) names of RSPClasses,
and US Customary names are listed above the SI (metric) names. RSP-Classes

are used on typical cross sections and plans and pay item descriptions in the engineer's
estimate. In SI (metric) units they are: 87, 47, 27, IT, 1727, 1/4T, Light, Facing, Backing
No. 1, Backing No. 2, and Backing No. 3.

The label for each horizontal row is a STANDARD Rock SIZE or Rock Mass or Rock

WEIGHT

Method A Placement
4 ton 0-5

2 ton 50-100
1 ton 95-100

Table 5-1. Guide for Determining RSP-Class of Qutside Layer
26
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