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SECTION I
INTRODUCTION
1.01

Purpose:
This manual has been prepared for use by engineers in the design of storm water facilities
within Merced County. The criteria and guidelines set forth herein shall be followed in
instances where the facilities are subject to the approval of the Department of Public
Works.
It is recognized that it is not possible to anticipate all situations that may arise and to
prescribe criteria and guidelines applicable to every situation. It is anticipated that the
design policies in this manual will be applicable to the majority of cases, but are not
inflexible rules without exceptions. The Department of Public Works may make
exceptions where the application of the design policies to a specific situation results in
unreasonably difficult requirements.
A written request complete with supporting calculations shall be presented to the
Department of Public Works for approval of any design exceptions. All design exception
approvals shall be in writing from the Director of Public Works.

1.02

Scope:
For the purpose of this manual, storm drainage facilities are defined as those which
collect, convey, and dispose of local runoff originating in or immediately adjacent to
urban and suburban type areas and localized agricultural areas. Facilities for the control
of flood waters originating from snow melt or storms covering major watersheds outside
county areas are beyond the scope of this manual.
The standards and procedures contained in this manual provide the basic data needed for
the sizing and general design of storm water drainage facilities. Providing supplemental
engineering data and design details not otherwise specified herein are the responsibility
of the engineer designing the facilities.
This Storm Drainage Design Manual attempts to put design procedures, design policies,
and design standards in one manual. Thus constraints for percolation basins, catch basin
capacity, gutter capacity, pump station discharge rates, pipeline configuration, etc. which
have been part of “Merced County Department of Public Works Policy” is now in this
document available to local engineers.

1.03

Basis:
The theoretical basis for runoff determination utilized in this design manual is the Soil
Conservation Service Technical Release 55, revised June 1986. The Soil Conservation
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Service (SCS) TR-55 Method of Runoff Determination was chosen for the following
reasons:

1.04

A.

Merced County has soil types that vary from sandy soils with high infiltration
rates to heavy clay soils with infiltration rates of nearly zero. The SCS TR-55
Method utilizes the actual soil types found on a particular site in the derivation of
runoff quantities. In contrast, the rational method calculates runoff quantities
using an “average soil type” and then allows for adjustment of runoff quantities
based on the “experience of a local engineer.” Thus, the SCS TR-55 Method
allows a local engineer to utilize the expertise of the Soil Conservation Service
instead of forcing them to rely on their own experience in soils engineering which
may be very limited.

B.

The SCS Engineers have analyzed actual Storm Rainfall Distributions for
different regions throughout the United States. The curve that represents rainfall
distributions for storms within Merced County is shown in Exhibit 4-I of the TR55 manual.

C.

The American Public Works Association recommends that the rational method be
used for drainage areas not exceeding 20 acres in size. However, the
recommended maximum drainage area for the SCS TR-55 Method is based on a
maximum time of concentration of 10 hours. Thus, the SCS TR-55 Method is
applicable for use in the drainage plan of a small development as well as for the
Master Storm Drainage Plan of an entire community.

Changes from Past Policies:
Included in this manual are some changes from past policies. Following is a list of some
of these changes:

1.05

A.

Use of the Soil Conservation Service TR-55 Method of Runoff Determination as
opposed to the Rational Method.

B.

New limitations on discharge rates into an irrigation lateral or natural creek. See
Section 3.02.C.

C.

New Percolation Testing Standard. See Appendix A.

D.

Numerous Design Standard Modifications.

Required Submittals:
The required submittals for all proposed Storm Drainage Systems shall be:
A.

A soils report on conformance with the Merced County Code and the following
requirements.
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B.

1.

The soils report should include log of soil profile borings. These borings
should extend a minimum of 15 feet below the existing ground surface.
The required number of borings shall be determined by the soils engineer
and should be confirmed by the Department of Public Works prior to the
borings being conducted. One of the required borings shall be conducted
within the proposed detention basin and shall extend a minimum of 15 feet
below the bottom of the proposed basin.

2.

The soils engineer shall attempt to establish a water table elevation history
for the site by compiling record data that may be available from local
irrigation districts or other pertinent agencies. If no record data is
available and if there is a potential conflict between the bottom of a storm
drainage basin and the water table, then the soils engineer shall establish a
water table elevation monitoring well. The monitoring well shall be
observed by the soils engineer once every two weeks for a period of two
months.

3.

If a percolation basin is proposed, then percolation tests based upon the
method presented in Appendix A shall be conducted.

4.

If corrugated metal pipe is proposed for use as part of the permanent storm
drainage system, then California Test No. 643 shall be conducted in the
pipe bedding zone. Pursuant to Section 7-851.1 of the CALTRANS
Highway Design Manual, the minimum design service life shall be 50
years.

5.

If in the opinion of the soils engineer the pipe bedding zone may be
unstable, then penetration resistance tests (ASTM D 1586 or an alternate
test deemed appropriate by the soils engineer) shall be conducted at each
boring location.

6.

The soils engineer shall either confirm or suggest an alternate to the soils
series as presented in the Soil Conservation Service Soil survey maps.
The maps are available for reference at either the Public Works
Department, the Planning Department or the Soil Conservation Service
Office.

7.

If a percolation basin is proposed, then a trenching inspection of the basin
site is required and shall be observed by a representative of the
Department of Public Works.

A set of improvement plans approved by an engineer legally authorized to
practice Civil Engineering in the State of California shall be submitted that shows
all of the required storm drainage improvements. The grading and drainage sheet
of the improvement plans shall show the following:
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1.06

1.

Locations of all storm drainage catch basins, manholes and pipes.

2.

Proposed lot corner and building pad finished floor elevations.

3.

Proposed gutter or ditch flow arrows and slopes.

C.

A completed Runoff Curve Number and Runoff Chart. (Worksheet 2 of TR-55)

D.

A completed Drainage Calculation Chart. If the Graphical Peak Discharge
Method is utilized, the blank Drainage Calculation Chart provided shall be used
as opposed to Worksheet 4 in the SCS TR-55 manual. If the Tabular Hydrograph
Method is chosen, use the worksheets provided in the SCS TR-55 manual.

E.

Any supplemental information or calculations necessary to clarify storm drainage
system operation.

Drainage Maintenance Zone of Benefit:
A drainage maintenance zone of benefit shall be provided for new multiple lot
developments with a single storm drainage system. Single lot developments, such as
apartment projects or industrial developments not part of a larger master storm drainage
plan, shall maintain their own drainage system. Whenever a maintenance zone of benefit
is required, the following shall be provided:
A.

A legal description of the project boundaries, including total acreage.

B.

An 8 ½” x 11” map of the project boundaries.

C.

A petition signed by all the current owners of the project property requesting
either the formation or annexation of the drainage maintenance zone of benefit.
The wording on the petition shall be as follows:
a. Formation of a Zone:
Honorable Board of Supervisors:
We, as owners of the attached described property, hereby request the
formation of a Drainage Maintenance Zone of Benefit in County Service
Area Number ______.
We understand that the purpose of the Maintenance Zone is to provide for the
collection of user charges to operate and maintain drainage improvements
constructed as part of the improvement requirements for the (Name and Type
of Development and County Assigned Number).
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Upon creation of a County Service Area Zone, we understand that we will be
responsible for operation costs, on a prorate share, of the drainage system
upon land that we own until such time as sufficient user fees are collected.
Fees are to be divided on a land ownership basis.
____________________________________
Signed

__________________
Date

b. Annexation to an Existing Zone:
Honorable Board of Supervisors:
We, as owners, hereby request annexation of the attached described property
to the existing Drainage Maintenance Zone of Benefit No. ________, which
is part of County Service Area Number ________.
We understand that he purpose of the Maintenance Zone is to provide for the
collection of user charges to operate and maintain drainage improvements
constructed as part of the improvement requirements for the (Name and Type
of Development and County Assigned Number).
Upon annexation to a County Service Area Zone, we understand that we will
be responsible for operation costs, on a prorata share, of the drainage system
upon land that we own until such time as sufficient user fees are collected.
Fees are to be divided on a land ownership basis.
____________________________________
Signed
D.

__________________
Date

Payment of all fees as calculated by the Public Services Division of the
Department of Public Works.
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SECTION II
DETENTION BASIN DESIGN CONSTRAINTS AND PROCEDURES

2.01

Purpose:
The purpose of a detention basin is to provide temporary storage of excess runoff which
occurs as a result of the development of a land site.

2.02

2.03

General Design Constraints:
A.

All Detention Basins except those approved for non-interruptible discharge shall
have the capacity to fully contain the entire runoff resulting from a 10-year, 24Hour storm with the highest design water surface elevation no higher than the
lowest tributary inlet grate elevation.

B.

The basin shall have a minimum of 0.2 feet of freeboard above the highest design
water surface elevation.

C.

The maximum design water surface elevation in a detention basin without a fence
shall be 1 ½ feet with side slopes not exceeding 8:1. Otherwise, a fence will be
required around the entire basin perimeter in accordance with the specifications in
Section 10.04 of the Improvement Standards and Specifications; the maximum
detention basin side slope when a fence is proposed shall be 3:1 in sandy soil and
2:1 in heavy soil.

D.

All of the required submittals as specified in Section 1.05 of this manual must be
received by the Department of Public Works.

E.

The required basin size is determined by Section 2.04 may be reduced by the
volume of the transmission pipe that leads to the basin.

Detention Basins Types and Additional Constraints:
A.

Detention Basin with Positive Discharge:
A detention basin with a positive discharge will be defined in this manual as a
detention basin utilizing a pumped discharge or an interruptible metered gravity
flow into an irrigation lateral or natural creek. A detention basin with a positive
discharge can be considered for approval only after the following criteria have
been satisfied:
1.

The minimum separation between the bottom of a detention basin with a
positive discharge and any ground water or perched water shall be 5 feet
in accordance with the Health Department requirements. In no case shall
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separation be less than 2 feet in the event that the Health Department
waives its separation requirements.

B.

2.

The appropriate irrigation district shall first agree to accept the proposed
storm drainage water.

3.

Pumped or gravity discharge shall be designed to completely interrupt
storm water flow into the discharge channel whenever the water level in
the discharge channel is at or above a high water mark established by the
appropriate agency.

Detention Basins with Non-Interruptible Discharge:
The Department of Public Works will allow non-interruptible discharge to be
utilized for newly constructed storm drainage systems within the County of
Merced only on a very limited basis. The following criteria must be satisfied in
order for non-interruptible discharge to be approved:
1.

The entire property being developed must currently drain directly into the
channel being proposed as the discharge point.

2.

The channel must have the existing capacity to contain the runoff from a
2-year storm for the entire drainage area upstream of the development.
The Merced County Streams Report prepared by the Corps of Engineers
may be used in determining capacity.

3.

The proposed non-interruptible discharge must gravity flow from the
detention basin into the discharge point in the channel.

4.

The maximum allowable discharge rate shall be based upon the runoff
from a 2-year storm for the undeveloped state of the land.

5.

Required Detention Basin Volume shall be determined from Chapter 6 to
TR-55.

6.

Channels under the jurisdiction of an irrigation district must receive
specific approval from them allowing non-interruptible gravity discharge
into their facilities.

7.

Pumped discharge cannot be assumed to be non-interruptible because of a
historical problem with pump failures and power disruptions.
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C.

Percolation Basins:
A percolation basin will be defined in this manual as a detention basin with a
discharge that relies totally on the infiltration rate associated with the underlaying
soils.
1.

2.

General Percolation Basin Constraints
a)

The minimum separation between the bottom of a percolation
basin and any ground water or perched water shall be 10 feet.
The minimum separation between the bottom of a percolation
basin and any impenetrable soil strata or hardpan layer when no
perched water is present shall be 6 feet. The hardpan layer may
be removed if the groundwater separation requirements can be
satisfied.

b)

A trenching inspection, arranged by the developer, shall be
observed by a representative of Merced County Department of
Public Works and must confirm the findings of the soils reports.

Minor Percolation Basins
A minor percolation basin will be defined as a basin that has been sized to
contain less than 100,000 cubic feet of water for a 10-Year 24-Hour storm.
A minor percolation basin can be considered for approval only after the
following criteria have been satisfied:
a)

Minor percolation basins shall have the capability of emptying
the entire runoff volume of a 10-year 24-hour storm with 48
hours. This is to provide for mosquito abatement as well as to
prepare the basin for any oncoming storm. The infiltration rate
to be used in determining the emptying time shall be the
minimum rate as determined from the required percolation
testing. The surface area to be used in determining the emptying
time shall be 0.8 times the vertically projected area of the basin
at the 10-year high water elevation.

b)

The maximum design water depth of a minor percolation basin
that meets the above requirements shall be 1 ½ feet for a 10-year,
24-hour storm. This maximum design depth may be increased to
a maximum of 3 feet by the Department of Public Works if the
soils report indicates that the soils beneath the basin has a high
water storage capability and if no ground water or impenetrable
soil layer exists within 15 feet of the bottom of the proposed
basin.
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3.

Major Percolation Basins
A major percolation basin will be defined in this manual as a basin that
has been sized to contain more than 100,000 cubic feet of water for a 10year, 24-hour storm. A major percolation basin can be considered for
approval only after the following criteria have been satisfied:

2.04

a)

Major percolation basins shall have the capability of emptying of
the entire runoff volume of a 10-year, 24-hour storm within 6
days. Because of the potential occurrence of another storm while
the basin is partially full, major percolation basins shall be
oversized by 35%. The Mosquito Abatement District must
approve all major percolation basins. The infiltration rate used in
determining the emptying time shall be the minimum rate as
determined from the required percolation testing. The surface
area to be used shall be 0.8 times the vertically projected area of
the basin.

b)

The maximum design water depth of a major percolation basin
shall be 5 feet for a 10-year, 24-hour storm. This maximum
design depth may be increased by the Department of Public
Works if the soils report indicates that the soil beneath the basin
has a high water storage capability and if no ground water or
impenetrable soil layer exists within 15 feet of the bottom of the
proposed basin.

Design Volume Determination Procedure:
The Design Volume of all detention basins except those approved for non-interruptible
discharge shall be determined by the following equation:
V = Q/12 x A x 43560 ; (in cubic feet)
Where :
A.

Drainage Area (A)
The Drainage Area is the total watershed area, in acres, that contributes surface
runoff to the particular retention basin being sized.

B.

Runoff (Q)
Runoff shall be determined through procedures found in Chapter 2 of TR-55.
Worksheet 2 of TR-55 shall be submitted to the Department of Public Works as
part of the required storm drainage calculations. The following information must
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be utilized to bring Chapter 2 of TR-55 into conformance with conditions
encountered in Merced County:
1.

Runoff Curve Number (CN)
The Runoff Curve Number shall be determined from Table 2-2 of TR-55.
The following curve numbers should be used for R1 and R1-5000
developments since Table 2-2 does not contain a value for these size lots:
Average % Impervious
50

2.

A
68

Curve Numbers for R1 and R1-5000 Lots
B
C
D
79
86
89

Rainfall (P)
The rainfall utilized for determining Runoff shall be found from Exhibits
1A – 1D of this manual. The Design Engineer shall interpolate between
the isopluvials in order to determine runoff at a particular location. The 10
year storm shall be used for detention basin sizing calculations.
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SECTION III
STORM DRAINAGE TRANSMISSION FACILITIES
DESIGN CONSTRAINTS AND PROCEDURES
3.01

Purpose:
The purpose of storm drainage transmission facilities is to transport runoff from lots and
roads to a detention basin. Transmission facilities include curb, gutter, catch basins,
pipelines, pumps, etc.

3.02

Design Constraints:
A.

Design Return Frequency:
Storm drainage transmission facilities shall be designed to transport the runoff
from a 5-year, 24-hour storm as presented in this manual.

B.

Merced County Improvement Standards and Specifications:
The specifications for improvements such as curb and gutter, catch basins, etc.
can be found in the Merced County Improvement Standards and Specifications.

C.

Allowable Detention Basin Discharge Rate Constraints:
The amount of discharge into an irrigation canal or lateral is subject to the
approval of the appropriate irrigation district. However, since the Department of
Public Works is usually the responsible agency for providing maintenance for the
drainage maintenance zone of benefit, we reserve the right to reduce the discharge
from an irrigation districts approved allowable in order to decrease pump sizes
and reduce pump cycling.
The maximum allowable discharge rate from a detention basin with a positive
discharge shall be the rate required to empty the design volume of the entire basin
within no less than 15 hours. This rate shall be calculated by the following
formula:
Discharge Rate =

Where:

V
_
15 hours x 3600 seconds/hour

V = the Design Volume as calculated in Section 2.04; in cubic feet.

The minimum allowable discharge rate shall be the rate required to empty an
entire basin designed to contain the runoff from a 10-year, 24-hour storm in no
more than 48 hours.
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If the above requirements cannot be met because of the size of a detention basin,
the allowable discharge rate shall be approved on a case by case basis. The
maximum allowable discharge rate from a detention basin into an irrigation canal
or lateral is subject to the approval of the appropriate irrigation district.
D.

Pump System Design Constraints:
The design specifications and configuration of a standard storm drainage water
pump station can be found in Section 5.07 of the Improvement Standards and
Specifications. The maximum discharge of a pump station when both pumps are
operating shall be in accordance with Section 3.02.C of this manual.

E.

Gravity Discharge Design Constraints:
The design specifications and configuration of a standard gravity discharge can be
found in Section 5.10 of the Improvement Standards and Specifications.
Interruptible Gravity Discharge shall be metered to not exceed the maximum
discharge as specified in Section 3.02.C of this manual. Uninterruptible Gravity
Discharge shall be metered to not exceed the discharge rate determined from a 2
year storm occurring on the undeveloped state of the land.

F.

Roadside Ditch Design Constraints:
The minimum allowable flowline slope of a roadside of a roadside ditch shall be
0.0025. The maximum allowable capacity of a roadside ditch shall be determined
as follows:
1.

Determine the hydraulic radius of the proposed ditch. The design engineer
may either use a trial and error method to calculate the exact hydraulic
radius for the maximum design flowrate or the design engineer may use
the maximum allowable depth of an earth ditch to calculate the hydraulic
radius. In residential developments, the maximum water depth in a
roadside ditch should meet the following criteria:
a.

The edge of the water should be a minimum of 2 feet from the
edge of the gravel shoulder.

b.

The maximum allowable depth shall be 1 foot.

2.

Consult Exhibit 4 or use Manning’s Equation (See section 3.02.G for
Manning’s Equation.) to determine the velocity of the water based on the
calculated hydraulic radius.

3.

Determine if the water will be erosive by comparing the velocity found in
Exhibit 4 with the following table. If the velocity is erosive, modify the
hydraulic radius until the velocity becomes nonerosive.
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CHANNEL MATERIAL

Fine Sand
Sandy Loam
Alluvial Silt
Firm Loam/Clay Loam
Fine Gravel
Stiff Clay
Coarse Gravel

G.

MAX. ALLOWABLE
VELOCITY
fps
2.0
2.5
3.0
3.5
4.0
4.5
5.0

4.

Find the capacity of the roadside ditch by multiplying the velocity found
in Exhibit 4 by the cross section area of the ditch used in calculating the
hydraulic radius. Compare this capacity with the design flowrate.

5.

If the capacity exceeds the design flowrate and the velocity is nonerosive,
then the roadside ditch is adequate.

Pipe Selection Design Constraints:
1.

Pipe Capacity:
Pipe capacity shall be determined by use of the hydraulic calculator
included in this manual or by use of the Manning equotation:
Q = VA = 1.486 R 2/3 S 1/2 A
n
Where:
Q=
A=
V=
R=
S=

n=

the flow rate in cubic feet per second
the cross sectional area of the flow in sq. ft.
the flow velocity in feet per second
the hydraulic radius, in feet, which is equal to the cross sectional
area divided by the wetted perimeter.
the slope of the hydraulic grade line in feet per foot. The low point
of the hydraulic grade line shall be the water elevation in the
drainage basin when filled with ½ the volume of a 5 year storm.
The high point of the hydraulic grade line shall be the grate
elevation of the most critical catch basin.
the approved Manning Coefficient for design. (See Section 5.06
of the Improvement Standards and Specifications)
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2.

Approved Pipes:
See Section 5.06 of the Improvement Standards and Specifications.

H.

Lot Slope Design Constraints:
The minimum lot slope shall be 0.5%. See Drawing SD-17 of the Improvement
Standards and Specifications for a typical lot grading detail.
However, A-R one acre zoned lots within sandy soil areas that have been
approved for a percolation based storm drainage system may utilize the following
lot grading exception. Only the portion of a lot from the back of the proposed
building pad to the road right of way is required to be graded at 0.5%. The
remainder of the lot may remain in its native state if there is no possibility that the
drainage from the back of the lot will cause damage to the back of an adjacent lot.
The area omitted from the grading requirement may also be excluded from the
detention basin sizing procedure.

I.

A.C. Dikes:
The maximum allowable capacity of A.C. Dikes shall be the same as the
maximum curb and gutter capacities as shown in Exhibit 4. An A.C. Dike will be
required to be installed in accordance with CALTRANS Standards if any one of
the following conditions exist:

J.

1.

The stormwater velocities are determined to be erosive.

2.

The side slope from the edge of the shoulder exceeds 4:1.

3.

The road is placed within a cut section where the slope catches at the
shoulder.

Curb and Gutter Design Constraints:
Maximum Curb and Gutter Capacity shall be determined by consulting Exhibit 3.
See Section 5.02 of the Improvement Standards and Specifications for more
detailed design requirements.

K.

Catch Basin Capacity Design Constraints:
Maximum Catch Basin Capacity shall be determined by consulting Exhibit 5. See
Section 5.03 of the Improvement Standards and Specifications for more detailed
design requirements.
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3.03

Design Peak Flowrate (qp):
The design peak flowrate shall be determined from the procedures found in either
Chapter 4 or 5 of TR-55. The procedures in Chapter 4 of TR-55 are simpler and provide,
in most cases, adequate results. Thus, it is expected that most Design Engineers will
utilize the procedures found in Chapter 4 of TR-55. The following information shall be
utilized to bring the procedures found in TR-55 into conformance with Merced County
Design Policies:
A.

Drainage Area (Am)
Every catch basin has one or more Drainage Areas that contribute surface runoff.
The size of a Drainage Area shall include the total contributing lot area plus the
total contributing road frontage area. It is necessary to compute the flowrate
contributed from each drainage area in order to be able to check curb and gutter
for conformance with maximum capacity constraints.

B.

Time of Concentration (Tc)
Every Drainage Area (Am) has an individual Time of Concentration. The Time of
Concentration shall be determined from the following formula:
(Tc) = Lot Flow Time + Gutter and/or Ditch Flow Time
1.

Lot Flow Time:
The Lot Flow Time utilized in determining the total time of concentration
shall be found in the following table. The Design Engineer should
extrapolate or interpolate to the desired lot depth. These values have been
calculated assuming the methods presented in Chapter 3 of TR-55 and
assuming lot grading as shown in Drawing SD-17 of the Improvement
Standard and Specifications.
Lot Depth
75 feet and less
100 feet
200 feet
300 feet

2.

Lot Flow Time
0.20 hrs.
0.27 hrs
0.58 hrs
0.85 hrs

Gutter or Ditch Flow Time:
Gutter or Ditch Flow Times may be estimated using the velocities given in
Exhibit 2 for Curb and Gutter areas or Exhibit 4 for Earth Ditch areas.
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C.

Drainage Calculation Chart
The Department of Public Works prefers that the Design Engineer utilize the
Storm Drainage Calculation Chart provided for peak flowrate calculations as
opposed to using Worksheet 4 of TR-55. See example found in Appendix C.
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