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Davis Public Works Design Standards PART TWO, STORM DESIGN

b. 25-year Storm Design Criteria

The storm drainage conveyance system for all drainage sheds with an upstream area which is greater
than 160 acres and equal to or less than 640 acres shall be designed to contain the flows from the
25-year Storm. All flows shall be based on a computerized modeling routine such as HEC-1. The flows
shall be routed using the modeling routine. The hydraulic performance of the system shall be analyzed
and designed using a computerized modeling routine such as HEC-2.. Modeling routines which are
substantially equivalent require approval of the City Engineer prior to their use.

c. 100-year Storm Design Criteria

The storm drainage conveyance system for all drainage sheds with an upstream area which is greater
than 640 acres shall be designed to contain the flows from the 100-year Storm. All flows shall be based
on a computerized modeling routine such as HEC-1. The flows shall be routed using the modeling
routine. The hydraulic performance of the system shall be analyzed and designed using a computerized
modeling routine such as HEC-2. Modeling routines which are substantially equivalent require approval
of the City Engineer prior to their use.

5. Storm Shed Map

The Project Engineer shall prepare and submit copies of a Storm Shed Map which indicates all of the
drainage sub-areas used for the calculations. The map for the onsite areas shall be the same scale as
the Project Grading Plan. Each sub-area shall be labeled using a numbering system which assigns a
letter for each distinct storm drain line and a number for each sub-area connected to that line (1-A, 2-A,
3-A, ..., 1-B, 2-B, etc.). The limits of all assumed land uses shall be clearly labeled and shall indicate the
Rational Method C-value or SCS Method CN-value. Alifeatures of the conveyance system shall be shown,
including pipe size, type, flow direction, design slope (s,), hydraulic slope (s,), and design flow (Q,).
Design information shall be indicated at each inlet, including design flows thru, in and out (Qg, Qq, Qg),
and design water surface (W,;). Localized flooding locations for 100-year storm water runoff and any
overland flow raeutes shall be indicated. The escape route for storim fiows which exceed the 100-year
storm shall be indicated.

B. DESIGN RUNOFF

All storm drainage design shall be based on the runoff calculated using the following methods. All
caiculations shall be presented substantially in accordance with the Sample Calculations at the end of
this Section. Deviation from these methods and requirements must be approved by the City Engineer.

1. Davis Modified Rational Method

The Rational Method of calculating runoff shall be used for all portions of storm-drainage systems which
are smaller than 640 acres. The City of Davis method of calculating runoff is an adaptation of the Yolo
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Davis Public Works Design Standards PART TWO, STORM DESIGN

County Basic Hydrology and Drainage Design Procedure (hereinafter referred to as the Yolo County
method). Equation (A) shall be used to calculate runoff.

Equation (A) Rational Formula for Storm Runoff Calculation

Q=CxIxAxFxG
Q=Design Storm Runoff for Recurrence Interval t (cubic feet per second)
C=Composite Runoff Coefficient
I=Intensity of T-yr Design Storm (inches per hour)
A=Upstream Sub-Basin Tributary Area (acres)
F=Frequency Factor (1.00 for 10-yr & 100-yr Storms)
G=Geographic Factor (1.00 for Davis)

a Frequency Factors

The design intensities of 10-year and 100-year storms shall be used with a frequency factor of 1.00 when
calculating flows for these storm events. The design intensity for the 10-year storm shall be used with the
following frequency factors when calculating flows for events other than the 10-year and 100-year storms.

0.63 0.83 1.00 (Use 10-yr 1.18 1.33 1.00 (Use 100-yr

design intensity) design intensity)
b. Runoff Coefficients

The Project Engineer shall verify that the selected coefficient is appropriate for the land use. Runoff
coefficients for selected land uses and the 10-year and 100-year storms are listed in the following table.
Coefficients for land uses other than those listed shall be calculated by figuring the weighted average of
the amount of impervious area and the amount of landscaped area in the tributary area. The City
Engineer will review and approve all runoff coefficients for uses not listed.

Runoff coefficients for storm events other than the 10-year and 100-year storm shall be modified using
Figure 1.
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The following table lists coefficients for land use vs 10-year and 100-year storm:

Impervious 0.95 0.99
Core Commercial Area 0.80 0.93
Office/Commercial 0.75 0.90
Mutltiple Family 0.55 0.70
Single Family 0.45 0.60
School 0.35 0.50
Parks 0.25 0.40
Farm Land 0.25 0.40
Other Weighted Average | Weighted Average
c. Time of Concentration

The Time of Concentration shall be based on the amount of time it takes runoff to travel from the farthest
portions of a drainage basin to the point of concentration. It shall be based on the sum of overland flow,
or starting time, channel or gutter flow and pipe flow. Engineering judgement shall be used in selecting
an appropriate starting time of concentration.

The starting times of concentration generally need not be iess than those listed in the following table.

Residential sub-areas 10-15 minutes
(10,000 ft? lots and smaller) :
Residential sub-areas 15-20 minutes

(v4 acre lots and larger)

Commercial and Office sub-areas| 10-15 minutes

Industrial sub-areas 10-15 minutes
Parking lots 5-10 minutes
Landscaping 15-30 minutes
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Davis Public Works Design Standards PART TWO, STORM DESIGN

d. Rainfall Intensity

The Rainfall Intensity for the design storm shall be based on rainfall records for the Davis area. These
records are published by the State of California, Department of Water Resources. The Public Works
Department has compiled these records in Figure 2 and Figure 3.

2. Other Methods of Analysis

Other methods, such as, the U.S. Soil Conservation Service (hereinafter referred to as SCS methods), or
the various methods prepared by the Army Corps of Engineers (known by HEC-## designations), shall
be used for analysis of major sub-area portions of storm drainage systems when the entire system is
larger than 640 acres. The details of application of the other methods requires special approval of the

City Engineer.
a. SCS - Volume of Runoff

When the volume of runoff needs to be calculated, such as in the design of a detention basin facility with
a very limited outlet, then it shall be calculated in accordance with Section 4, Hydrology, of the SCS
National Engineering Handbook, latest edition, or the approved equivalent. The soils types shall be based
on the Soil Survey of Yolo County, by SCS, dated June 1972.

b. SCS TR-55

When the peak flow vs time (hydrograph) needs to be calculated, it shall be based on SCS method TR-55,
or the approved equivalent. The design storm shall be based on the Davis area rainfall records,

C. HEC Programs (Corps of Engineers)

The preferred method for determining the rainfall excess is the SCS Curve Number method. Other
methods may be used, provided it calibration of the model against measured storm flows is performed.
All elements of a project storm system shall be modeled and the flows routed to determine the storm
watar hydrograph at significant points in the system. All storm water routing shali be verified by
performing hydraulic calculations using HEC-2 or similar approved programs.

d. Presentation of Data

All data shall be presented with a written report which outlines the basic process used, including any
assumptions not covered herein. Detailed computer print-outs shall be included with the report, including

all input information.

C. CONVEYANCE FACILITIES DESIGN

All Projects shall be designed with stormwater conveyance facilities which safely convey the 10-year storm
flows. All Projects shall be designed in accordance with the Municipal Code to provide flood protection
for the 100-year storm. The Project Engineer shall provide calculations which indicate compliance with
the following criteria. All Modified Rational Method calculations shall substantially comply with the Sample
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Calculations at the end of this Section. The following requirements shall be considered to be additive if
a project is required to comply with sub-section 3, it shall also comply with sub-sections 1 and 2.

1. Grade Line Calculations

The use of the term "hydraulic grade line" shall mean the actual water surface or the elevation of the
kinetic energy grade line, whichever is higher.

The hydraulic grade line and energy grade line in the conveyance system shall be calculated for the
required design storm. The design storm water surface at structures and flows in pipes shall be indicated
on the Improvement Plans.

Suitable factors shall be used to account for losses due to the effect of: inflow and outflow losses through
structures; changes in the direction of flow; substantial changes in flow velocity; changes in pipe size or
slope; and any other physical feature or flow characteristic which impacts the hydraulic grade line.

2. 100-year Storm Flows Design

The hydraulic grade line of the 100-year storm shall be lower than the elevation of the finish floor for any
residential structures, including any appurtenant electrical, mechanical, or plumbing which may be
damaged by flood waters. The 100-year excess which cannot fit in the enclosed system shall be safely
routed overland through and/or around the project to an acceptable storm drain facility, while maintaining
the required clearance to pads. It may also be stored within the street areas for short periods of time.
The Project Engineer shall provide written evidence of the ability of the project to safely withstand the
effects of a 100-year storm event.

3. Enclosed Conveyance Systems (Pipe)

An enclosed system is preferred when the design storm peak flow is less than or equal to 100 cfs. The
hydraulic grade line for the design storm peak flow shall not be higher than the finish elevation of the
ground surface. It shall also be lower than the rim of manholes and lower than the gutter flow line at
drainage inlets.

4. Open Conveyance Systems (Channels and Ditches)
An open conveyance system may be used when the design storm peak flow exceeds 100 cfs. The
hydraulic grade line of the design storm peak flow shall be at or below the top of bank of the open

conveyance facility. The water surfaces in any appurtenant piped conveyance systems shall be at or
below the top of the structure (manhole rim or guitter) if it is designed for these peak flows.

Page 88




Davis Public Works Design Standards PART TWO, STORM DESIGN

5. Manning’s Formula

Manning's Formula, Equation (B), shall be used to determine the design parameters such as, capacity,
slopes, velocity, hydraulic grade line, kinetic energy grade line, etc.

Equation (B) Manning’s Formula
Q= 1.486xR??xS'2xA

n
Q=Peak Flow (cfs)
R=Hydraulic Radius (ft)
S=Slope (ft/ft)
A=Cross-sectional Area (f%)
n=Manning’s n

Manning'’s *n* for use in Equation (B), shall be based on the values listed in the following table.

Ductile Iron Pipe 0.013
Concrete Pipe up to 60" diameter (good quality) 0.013 |l
Concrete Pipe up to 60* diameter (poor quality) 0.015 "
Concrete Pipe 60" and larger 0.012
Plastic Pipe (PVC, ABS, etc.) 0.010
Corrugated Steel Pipe, annular, unpaved 0.024
Corrugated Steel Pipe, annular, 100% paved 0.012
Corrugated Steel Pipe, helical, unpaved, 12* = 0.011°
(2-2/3" x 1/2" corrugations) 18" = 0.013’
24" = 0.015'
36" = 0.018'
48" = 0.020'
60"+ = 0.021'
Corrugated Steel Pipe, helical, 100% paved, 0.012
(2-2/3" x 1/2" corrugations)

Note 1: Do not interpolate for intermediate sizes of pipes. Use
the highest listed values adjacent to the desired range.
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Manning's *n* for all types and sizes of pipe, and for situations not covered herein, shall be approved by
the City Engineer. Manning’s *n* for the sizes and types of corrugated steel pipe not listed shall be based
on the values as listed in the Handbook of Steel Drainage and Highway Construction Products, American
Jron and Steel Institute. Manning’s "n* for other unlisted pipe materials shall be based on publications of
the appropriate Pipe Manufacturer's Association or King’s Handbook of Hydraulics, McGraw-Hill.

6. Minimum Velocity

All new storm systems shall be designed to achieve a velocity of 2.5 feet per second when flowing 40%
full or greater. All pipes flowing less than 40% full shall be designed to achieve a minimum velocity of 2.0
feet per second.

7. Minimum Sizes - Streets

The minimum size of storm line in public streets shall be 15 inches in inside diameter. The minimum size
lateral from a street drainage inlet to a manhole shall be 12 inches in inside diameter.

8. Pipeé in Parks and Greenbelts

Plastic Pipes for use in City Parks and Greenbelts shall meet the following criteria:

6" 0.5 Ac. 1.0% Only allowed on last upstream section of storm drain.
Minimum velocity not required.

8" 2.0 Ac. 0.5% Minin_‘s‘i'f.fm velogity required.

10° 5.0 Ac. 0.35% Minimum velocity required.

12 None 0.25% Maximum size of plastic pipe which is allowed.

Maximum area is only limited by capacity of pipe.

If sizes larger than 12* are required, then they shall conform to the requirements for pipe in streets.

D. DETENTION FACILITIES DESIGN

Detention Facilities shall be used, as required, to reduce and/or eliminate any impact due to development
on downstream properties. All detention facilities shall be designed to provide protection for the 100-year
storm.

Detention facilities shall be owned and operated by the City of Davis. The land encumbered by the
detention facility shall be dedicated in fee to the City.
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1. Capacity

All detention facilities shall be designed to safely store the flow from the critical 100-year storm event. A
freeboard of 1 foot shall be provided to the lowest top of bank. The water surface in the facility during
overflow conditions shall not be higher than the lowest residential finish fioor in the tributary area.

2. Fencing

Fencing shall be provided around the detention facility to discourage human trespass and to prevent the
intrusion of domestic pets. The minimum elevation for this fence shall be the 10-year water surface. The
fence shall be a 5 feet in height chain link, painted a non-intrusive color.

3. Qutlet Facilities

The Outlet Facilities shall be designed to discharge the maximum allowable flow based on project
conditions. Outlet discharge capacity will be determined on a case by case basis and will require
approval of the City Engineer and Yolo Flood. Suitable backup systems and/or redundant pumping
capability shall be provided in order to assure reliable operation. All pumping facilities shall be connected
to the City SCADA system.

4, Erosion Control
Erosion Control measures shall be developed and implemented for the detention facility. This shall
include measures which prevent erosion due to wind generated waves and runoff from rainfall. The
maximum slope of all banks or levees subject to inundation shall be a maximum of 3 (horizontal) : 1
(vertical). Al slopes shall be protectet. by hydro-seeding or the equivalent.
An access road, minimum width 12 feet, shall be placed along the top of ali levees (banks) and shall be

covered with 4 inches of Aggregate Base or a standard City bike path. An access road shall be provided
to the floor of the detention facility, which shall be at least 12 feet wide and shall not exceed a 10% slope.

5. Wildlife Enhancement
A Wildlife Enhancement and Landscaping Plan shall be developed for all detention facilities. This plan
shall be prepared by an appropriately licensed and qualified firm or individual. This plan shall detail the
number, size and species of plants to be used in planting within the facility, as well as the method of
providing water to maintain the wildlife and vegetation. This plan shall be submitted, reviewed and
approved by the Public Works Department and Parks and Community Services Department.

6. Wildlife Area Posting

The detention facility shall be posted as a wildlife area with permanent signs at appropriate intervals.

7. Construction Access
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All construction firms and workers will be required to minimize their impact on any existing detention
facility. Only personnel and equipment working in the facility area will be allowed access. Temporary
fencing shall be installed to prevent any unauthorized access.

E. STRUCTURES AND APPURTENANCES

1. Manholes

Manholes shall be placed at intervals not to exceed 500 feet and at the intersections of all main lines.
A drop of 0.10 feet through the manhole is required when the deflection angle between the inlet and outlet
line(s) exceeds 45°. The deflection angle through a manhole shall not exceed 90°.

The invert of an incoming line shall not be higher than 12 inches above the crown of the largest pipe.
In general, when the incoming line is smaller than the outgoing line, the crown of the incoming line shall
not be lower than the crown of the outgoing line. The crown of minor lines shall match the crown of main
lines, when feasible. In no case, shall the invert of the minor line be lower than the springline of the main
line. All storm laterals which connect to a main line which is 30 inches in inside diameter or smaller, shall
be connected to main lines at a manhole.

2. Drop Inlet Substitution for Manhole

A standard City Drop Inlet with a manhole base may be substituted for a manhole provided that the inlet
and outlet pipes are not larger than 24 inches in inside diameter. The inlet top shall be mounted on an
appropriate “flat-top" slab.

3. Manhole Access Roads
All weather access shall be provided to all manholes not in the public street right of way. The minimum
width for an acceptable access road shall be 12 feet. The minimum width for the storm drain and access

easement shail be 15 feet. Details of the access road design are subject to review and approval of the
City Engineer,

4. Drop Inlets
City Standard Drop Inlets shall be used to pick up all storm water runoff in the street area. Inlets shall
be spaced so that the longest gutter flow length from summit to inlet does not exceed 500 feet, or such
that the 10-year peak storm flow does not encroach into the nearest travel lane, or such that the depth
of the 10-year peak flow is not higher than the top of curb.
The minimum fall from an inlet to a manhole shall be 0.2 feet.
The maximum depth of a drop inlet shall be 4.5 feet from the flow line of the gutter to the invert of the

inlet. Inlets may be deeper if they are constructed with a manhole type base, although the iniet portion
shall not exceed 24 inches in height, excluding the top slab thickness.

5. Special Structures
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All special structures shall be designed and detailed on the plans. Special consideration shall be given
to earth loads and traffic loads. Any manhole which exceeds the dimensions of the City standard designs
shall be considered a special structure. Special Manhole designs shall be prepared by the Project
Engineer when the trunk storm line size exceeds 48 inches in inside diameter.

6. Private Connections

The maximum amount of area which will be allowed to drain across the sidewalk into the public street
right of way shall not exceed 10,000 square feet in residential areas and shall not exceed 5,000 square
feet in office, commercial or industrial type areas. Any drainage exceeding these limitations shall be
collected via an underground pipe system and connected to a defined drainage system, whether public

or private.

The minimum size of private service shall be 12 inches in inside diameter and shall connect to the system
at a drop inlet or manhole.

Small drains through the curb and under the sidewalk will be acceptable. The Project Engineer shall
prepare and show details of this type of drain on the Plans. The drain shall be capable of passing the
10-yr storm flows without overtopping the sidewalk. Provisions shall be made to prevent debris such as
leaves from interrupting the function of the drain.

All private service connections shall be sized and designed to convey the peak 10-year flows as
calculated in accordance with this Standard.

F. ALIGNMENT REQUIREMENTS

The horizontal and vertical alignment for storm drainage lines shall be designed in accordance with the
following provisions.

1. Mains in Streets

The preferred location for all storm mains is in the public street right of way. The Storm line shall be
placed 6 feet right or left of the centerline of the street, opposite the sewer main. At least 5 feet of
horizontal clearance shall be provided between the storm line and any parallel underground utility.

In streets with median curbs, the storm main shall not be located within the median area, except for
perpendicular crossings. The storm line shall be placed in the center of the lane adjacent to the island
curb.

2. Mains in Easements

The minimum size easement shall be 10 feet wide with the main centered in the easement, if there are
no manholes or inlets within the easement. If there are manholes or inlets within the easement then
additional width shall be added, but not less than 12 feet total, to accommodate an access road. The
access road need only extend to any inlets or manholes within the easement. Additional width shall also
be added to the easement when the storm main is deeper than 10 feet and/or when the storm main is
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larger than 24 inches in inside diameter, or when other parallel underground utilities share the same
easement.

3. Horizontal Curves

Horizontal curves will be allowed provided that the total angle of curvature does not exceed 90° between
structures. The minimum allowable curve radii shall be calculated using Equation (C).

Equation (C) Horizontal Curve Formula for Storm Drainage Pipe

' 57.3xLength (ft)

Radii= -
Allowable Deflection (°)

The allowable joint deflection shall be 80% of the manufacturers recommended maximum deflection.

4, Services

Storm services shall be located near the corners of the lot. The preferred focation is 10 feet right or left
of the lot corner. Services shall be provided at a spacing not to exceed 500 feet and shall connect to a
drop inlet or a manhole. The service shall generally extend at a right angle from the main to the lot.
Services shall enter the main or a manhole at a deflection angle not to exceed 90°.
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5. Minimum Cover

The required depth of cover for all storm drain pipes shall be determined based on the strength of the
pipe, soil loads, and traffic loads, including any impact factors. The minimum depth of cover shall be 12
inches below the flow line of the adjacent gutters. The following table lists the minimum aliowable cover:

ll;
Plain Concrete (CP) C-14, Class lI 225 ft. 1 ft.
Plain Concrete (CP) C-14, Class i 2.00 ft. 1t
Cast in Place Concrete None, See Std. Specs. | 1.0 ft. 0.5 ft.
(CIPCP)
Reinforced Concrete (RCP) | C-76, Class | 2.25 ft. 1 ft.
Reinforced Concrete (RCP) | C-76, Class Il 2.00 ft. 1 ft.
Reinforced Concrete (RCP) | C-76, Class lll 1.50 ft. 1ft.
Reinforced Concrete (RCP) | C-76, Class IV 1.00 ft. 0.5 ft.
Reinforced Concrete (RCP) | C-76, Class V 0.50 ft. 0.5 ft.
Asbestos Cement (ACP) C-663, Class il 1.50 ft. 1.0 ft.
Asbestos Cement (ACP) C-663, Class IV 1.00 ft. 1.0 ft.
Asbestos Cement (ACP) C-663, Class V 1.00 ft. 1.0 ft.
Vitrified Clay Pipe (VCP) £-700, Extra Strong 2.00 ft. 1.0 ft.
Polyvinylchloride (PVC) D-3034, SDR 35 Not Allowed | 1.0 ft.
(8"to 12

Corrugated Steel or Steel: AASHTO M-36 1.00 ft. 1.0 ft.
Aluminum (CMP) Alum: AASHTO M-196

1.0 ft.

The Project Owner assumes full responsibility for providing adequate cover and protection for the pipe
during construction activities.

6. Clearance Requirements to Other Utilities

The storm facilities shall generally be located higher than sewer utilities, and lower than water and other
facilities.
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a Clearances to Water Facilities
Storm facilities shall be installed at least 12 inches below all parallel or crossing water mains and services.

The vertical clearance may be reduced provided that the storm pipe material is Ductile Iron. The Ductile
Iron Pipe shall conform to all of the requirements for pressure water pipe in the City Standard
Specifications. Whenever the storm main crosses a water main or service with less than the required
clearance, the minimum pipe length shall be 18 feet and shall be centered on the water main or service.

Storm facilities shall be installed with at least 10 feet of horizontal clearance to all water mains or services.
Any reduction in horizontal clearance requires the approval of the City Engineer.

b. Vertical Clearance to Other Utilities

A vertical clearance of not less than 12 inches shall be maintained between all storm mains and all
crossing utilities.

A vertical clearance of not less than 6 inches shall be maintained between all private storm services and
all crossing utilities,

The vertical clearances required above may be reduced provided that Ductile Iron Pipe is used for storm,
sewer and/or water pipes at the utility crossing. The minimum pipe length shall be 10 feet and shall be
centered on the crossing utility.

C. Horizontal Clearance to Other Utilities

A horizontal clearance of not less than 5 .eet shall be provided between all storm facilities and all other
parallel utilities or structures.

7. Storm Drain Clearance to Water Wells

New Storm Drain Pipes shall not be placed closer than 50 feet to any proposed or existing public water
well or operating domestic water well.

G. OTHER CONSIDERATIONS

The Project Engineer shall design the drainage facilities for all types and conditions of use which can be
reasonably expected during the life of the facilities. The minimum design life for all passive or
non-mechanical items shall be 50 years. The minimum design life for all moving or mechanical items shall
be 20 years. The longest possible design life shall be provided for any item or facility whenever it can
be reasonably and practically attained.

1. Connections to the Existing System
All projects shall connect to the existing system at the locations specified by the City Engineer. When

required by the City Engineer, the Project Engineer shall verify the capacity of downstream portions of the
existing City Storm Drainage system. The Project Engineer shall specify on the Plans the methods and
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procedures to be used in tapping into the existing system. All connections to the existing system shall
be designed to minimize disruptions in service to existing users.

2. Future Expansions of the System
When a project is to be followed by subsequent phases of a multi-phase project, the Project Engineer
shall provide facilities to expand the system beyond the phase boundaries. Storm Drainage mains, and/or

other types of conveyance facilities, shall be extended beyond the edge of pavements to minimize
disruption of traffic or disturbance of existing improvements.

3. Trench Loading
All storm facilities shall be designed to withstand the imposed loads of trench backfill and traffic.

4, Corrosion Control
The minimum design life for any storm drain facility is 50 years. Consideration shall be given to choosing
materials and methods which provide the longest life. Metal pipes and similar materials shall not be used
in soils which are corrosive by their nature. Soils which are rated 10 or higher when tested in accordance

with the methods in Section VIil.H.4., shall be considered to be corrosive. All miscellaneous iron work
shall be hot-dip galvanized or shall be stainless steel.
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Davis Public Works Design Standards

Figure 1 Runoff Coefficient vs Rainfall Frequency
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Davis Public Works Design Standards

Figure 2 Rainfall Intensity (minutes) vs Duration
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Davis Public Works Design Standards PART TWO, STORM DESIGN

SAMPLE DAVIS HYDRAULIC CALCULATIONS

Sample Storm Line B

Jnct System Parameters Hydraulic Values - Full Flow | Inlet Above Below
Desc K FL L So Q D n Sf Vel Vi/2g L*Sf HGL Elev Crown Surface
End 90.00 96.00 98.00 N/A  -2.00

600 .333% 45.4 48 .015| .133% 3.6 .20 .80
B-5 =-.01 | 92.00 96.80 99.00 .80 -2.20
550 .364% 46.0 42 .015| .279% 4.8 .36 1.53
B-4 .06 | 94.00 98.35 | 100.00 .85 -1.65
500 .800% 40.1 36 .015| .482X 5.7 .50 2.41
A-1,5 .05 | 98.00 101.00| 104.00 .00 -3.00
450  .444% 36.2 36 .015| .391% 5.1 .41 1.76
B-3 .25 | 100.00 103.00| 106.00 .00 -3.00
400 .500% 17.9 30 .015| .255% 3.7 .21 1.02
B-2 .28 | 102.00 104.50| 108.00 .00 -3.50
350 .286% 8.0 24 .015| .168% 2.6 .10 .59
B-1 .50 | 103.00 105.14| 109.00 .14 -3.86
Sample Storm Line A
Jnct System Parameters Hydraulic Values - Full Flow | Inlet Above Below
Desc K FL L So Q D n Sf Vel Vi/2g L*Sf MHGL Elev Crown Surface
Line B 98.50 101.00( 104.00 N/A -3.00
400 375% 12.3 30 .015] .120% 2.5 .10 .48
A-5 .10 | 100.00 102.50| 104.00 .00 -1.50
350 .571% 11.6 24 .015| .347% 3.7 .21 1.2
A-4 .20 | 102.00 104.00| 106.00 .00 -2.00
300 .667% 10.1 21 .015| .541% 4.2 .27 1.62
A-3 .25 | 104.00 105.75| 108.00 .00 -2.25
250  .400% 7. 18 .015| .745% 4.4 .31 1.86
A-2 .50 | 105.00 107.76| 109.00 1.26 -1.24
200 .500% 5.1 15 .015| .817% 4.1 .26 1.63
A-1 1.00 | 106.00 109.66| 110.00 2.41 -.34
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SECTION Vii

SANITARY SEWER DESIGN

A. GENERAL

The Project Engineer shall present all design information and calculations in a neatly written and well
organized format. The design calculations shall be submitted with the initial submittal of the Improvement
Plans. All design calculations shall be appropriately titled, dated, stamped and signed by the Project
Engineer.

1. COMPUTER DESIGN AIDS

The Public Works Department has prepared several different computer spread sheets using Lotus® and
SuperCalc® for sewer design. Disc copies of these sheets will be provided to the Project Engineer at no
charge. Copies are provided on the condition that the Project Engineer assumes all risk and responsibility
for their use and application.

B. DISCHARGE REQUIREMENTS

All users connecting to the City sanitary sewer system shall comply with the prohibitions on discharge of
substances into the sanitary sewer system contained in Article lll, Chapter 23, "Sewers and Sewage
Disposal," of the Municipal Code. A summary of the Code requirements is contained in the Appendices
to these Standards.

In general, the City sewer system is designed to convey and treat the waste from residential type uses
or uses that are substantially equivalent. Waste discharge from most Commercial uses, such as
Professional Offices and Retail, may also be acceptable. All industrial users are required to fill out a
questionnaire and may he required to apply for a significant industrial user permit to connect to the City
sewer system.

1. Permits

All users are required to obtain permits to connect to the City sewer system and discharge wastewater.
Each user is classified according to the following sections and shall follow the requirements contained
therein.

a Single-Family Residential Permits

Individual Single-Family Residential permits are not issued for each unit. Prior to connection, the Map
shall be recorded, connection fees shall be paid, public improvements shall be accepted by the City, and
a Building Permit shall be issued by CDD. Each user shall connect to the service shown on the approved
Plans. Any user which desires to install a new service or alter the existing service shall apply for and
obtain a Utility Connection Permit from PW.
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Davis Public Works Design Standards PART TWO, SEWER DESIGN

b. Multiple-Family Permits

Permits for this use will be issued after application for a Building Permit and payment of all connection
fees. Each user shall apply to PW for a Utility Connection Permit.

C. Retail, Office, Commercial and Industrial Permits
Permits for these uses will be issued after application for a Building Permit. The connection fees for these
uses are paid at recordation of any Map creating the lots or at application for a Building Permit, whichever
is sooner. Each type of use shall submit information on the projected wastewater generation rates for
review by PW. Each user shall apply to PW for a Utility Connection Permit. All non-typical uses are
required to fill out a discharge questionnaire. Any significant pollutants, toxic materials or large
wastewater flows, will classify the user as a Significant Industrial User.

d. Significant Industrial User Permits

See the Appendices for the permit application requirements and definition of a Significant Industrial User.

C. FLOW RATES BY TYPE OF USE

The following flow rates shall be the basis for all sewer systems collection and conveyance facilities.
Where possible, they are based on City records of flow, including reasonable increases to insure a

conservative design.

1. Single Family Residential
Single Famiiy Residential uses include single family lots, duplex lots, triplex lots, fourplex lots, and mobile
home parks. Any condominium project in whicii 50% of the units are three bedroom or larger shall be
considered single family for the purposes of calculating flow rates.

The Single Farnily average daily «ry weather flow rate shall be 110 galions per capita per day. All Single
Family units shall e assumed to have 3.0 persons per unit. '

2. Muttiple Family Residential

Multiple Family Residential uses consist of residential uses not encompassed by the Single Family
definition.

The Multiple Family average daily dry weather flow rate shall be 110 gallons per capita per day. All
Multiple Family units shall be assumed to have 2.1 persons per unit.

3. Retail and Commercial uses

The average daily dry weather flow rate for Retail and Professional Office uses, except medical offices and
clinics, shall be 15 gailons per employee per day.
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Davis Public Works Design Standards

4.

Industrial uses

PART TWO, SEWER DESIGN

The average daily dry weather flow rate shall be based on a complete description of the proposed use.
The design flow rate shall be at least 10% more than the actual projected rate. All Industrial design flow
rates require approval of the City Engineer.

5.

Table of Wastewater Flow Rates

The average daily dry weather design flow rate shall not be less than those listed in the following Table:

15

Auto Service Station | Commercial | Employee
Auto Service Station | Commercial Auto 11
Bar | Commercial | Customer 2
Bar| Commercial | Employee 15
Country Club | Recreation Member 55
Hospital | Industrial Bed 175
Hospital | Industrial Employee 15
Hotel | Commercial | Employee 15
Hotel | Commercial Guest 55
Industrial Offices @Q@merciaﬂ' Employse 15
Laundry (self-serve) éori;mercial | Machine 600
Laundry (self-serve) | Commercial Wash 55
Motel | Commercial | Employee 15
Motel | Commercial Guest 35
Motel with kitchens | Commercial Guest 55
Office (Typical) | Commercial | Employee 15
Residential, Single-Family | Residential Unit 330
Residential, Multiple-Family Residentifl_ Unit 230
Restaurant | Cornmercial Meal 4
Retail (Typical) | Commercial | Employee 15
Retirement Home | Industrial Employee 15
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Davis Public Works Design Standards PART TWO, SEWER DESIGN

Retirement Home | Industrial Resident

School | Industrial | Student 1

School with Cafeteria| Industrial Student 16

School with Cafeteria and |  Industrial Student 21

Gym

Shopping Center | Commercial | Employee 15

Shopping Center | Commercial Toilet 550

Theater | Commercial Seat 3

6. Miscellaneous Uses

Uses for which it appears that the information listed above is not applicable, will be determined based on
wastewater generation and use patterns. This information may include, but is not limited to, analysis of
manufacturing processes, analysis of employee and patron use patterns, Code requirements, potential
for accidental discharges, suitable factors to provide a conservative design, etc,. These flow rates are
subject to special approval of the City Engineer.

D. LAND USES AND DENSITIES

The above flow rates for the various uses shali be applied to the Land Uses as contained in the General
Plan. They shall be applied at the maximum allowable densities regardless of the approved or proposed
uses.

1. Single Family
All Single Family uses will be calculated at the maximum allowable densities based on the current version

of the City’s General Plan (4.2 units per gross acre). If applicable, the General Plan Density bonus (up
to 25%) allowed for affordable housing units shall also be included in this density calculation.

2. Multiple Family
All Multiple Family uses will be calculated at the maximum allowable densities based on the current
version of the City’s General Plan {20 units per gross acre - Core area, 15 units per grass acre - All other

areas). If applicable, the General Plan Density bonus (up to 25%) allowed for affordable housing units
shall also be included in this density calculation.
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Davis Public Works Design Standards PART TWO, SEWER DESIGN

3. Retail, Commercial and Industrial Uses

The density of Retail and Professional Office uses shall be calculated by assuming 1 employee per 250
square feet of floor area. The floor area coverage shall be based on the Final Development Plan and/or
approved Zoning. In the absence of the above, the waste water generation may be estimated using the

following values:

Retail 100% 25%

Office 100% 35%

Industrial N/A 40%

Business Park N/A 35%
Service Commercial N/A 40%

If the waste water flows are estimated using the above values, then the Project Engineer shall verify
system capacity, with the uses based on the approved Building Plans, prior to hook up to the system.

E. PEAKING FACTORS
The flows generated from the above flow rates and land uses/densities shall be used in conjunction with
the Peaking Factors to calculate the peak flows in the sewer system. The Peaking Factor shall be figured
using one of the following methods.

a. Formula

The Peaking Factor shall be calculated based on the average daily dry weather flow using Equation (D).

Equation (D) Peaking Factor for Sewer Flows

PF=7.67xADDF-%%3
PF=Peaking Factor
ADDF=Average Daily Dry Weather Flow (Gallons)

b. Graph

Figure 4 is based on the above formula.
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Davis Public Works Design Standards PART TWO, SEWER DESIGN

F. INFILTRATION/INFLOW ALLOWANCE

An Infiltration and Inflow allowance shall be added to the peak sewer flows to figure the design flow in the
sewer system. The Infiltration/Inflow allowance for all new development areas shall be 600 gallons per
gross acre per day. The area of streets and lots in all residential and commercial areas shall be included
in the gross area. Areas such as parks and greenbelts which do not contain sewer facilities may be

excluded from the gross area.
G. PIPE AND CONVEYANCE SYSTEM DESIGN

All sewer system pipes and conveyance facilities shall be sized and desighed in accordance with the
following criteria and formulas. All gravity sewer systems shall convey the design flow without surcharging
any portion of the pipe system.

1. Design Flows

The fiow for hydraulic design of the system shall be based on the Peak Wet Weather Flow and shall be
calculated using Equation (E).

Equation (E) Formula for Calculating Sewer Design Flow

PWWF=ADDF xPF +ll
PWWF= Peak Daily Wet Weather Flow (Gallons)
ADDF = Average Daily Dry Weather Flow (Gallons)
PF= Peaking Factor
I1= Infiltration and Inflow Allowance (Gallons)

2. Manning’s Formula

Manning’s Formula (Equation (F)) shall be used to determine the design parameters such as, capacity,
slopes, velocity, etc. Manning's "n* for vitrified clay sewer pipe shall be 0.013. Other pipe materials
require special approval.

Equation (F) Manning's Formula

0- 1.486xR¥*xS"2xA

n
Q=Peak Flow (cfs)
R=Hydraulic Radius (ft)
S=Slope (ft/ft)
Ax=Cross-sectional Area (ff)
n=Manning’s n
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Davis Public Works Design Standards PART TWO, SEWER DESIGN

a Variation of Manning’s "n" with Depth

The variation of Manning’s *n" with depth does not need to be considered for most normal design
situations. Manning’s *n* shall be appropriately adjusted for variation with depth whenever a Project
Engineer is proposing to design a system which does not meet the minimum criteria for slope or velocity.
it shall also be adjusted for depth of flow whenever flow monitoring results are being analyzed for
hydraulic performance. The Clay Pipe Engineering Manual, National Clay Pipe Institute, contains
information on the variation of Manning’s "n* vs depth.

3. Minimum Velocity
All new sewer systems shall be designed to achieve a velocity of 2.0 feet per second when flowing 40%
full or greater. All pipes flowing less than 40% full shall be designed to achieve a minimum velocity of 1.8

feet per second. Minimum size mains with limited upstream connections may be exempted from this
requirement. Although, every effort shall be made to provide the highest velocity possible.

4, Minimum Sizes

The minimum size of sewer main shall be 6 inches in inside diameter. The minimum pipe slopes shall be
as listed in the following table:

> 12" as approved

The minimum slopes for pipe sizes not listed shall be approved by the City Engineer.
5. Oversizing of Sewer Mains

Oversizing of sewer mains to meet slope constraints in a project is not allowed. Pipes designed to be laid
at less than the minimum slope require special approval of the City Engineer. When design constraints
require a lesser slope than those listed above, preference shall be given to using the smaller size pipes
at less than minimum slopes. Particular attention shall be paid to preventing excessive sedimentation and
to preventing generation of sulfides in flatter than minimum pipes.
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6. Maximum Slopes

The maximum allowable slope for a sewer main shall be 10.00%. A drop manhole shall be used when
the design requires a steeper slope. Slopes which prevent separation of the liquids and solids in the
waste stream shall be given preference over steeper slopes.

The maximum slope for sewer services may exceed this slope provided they are constructed in
accordance with Standard Pian 201-4.

H. STRUCTURES AND APPURTENANCES

All structures and appurtenances shall be designed and placed in accordance with the following
requirements.

1. Pipe Materials
Vitrified Clay Sewer Pipe shall be used on all sewer mains and services, unless shallow cover requires
the use of Ductile Iron Pipe. Ductile Iron Pipe, conforming to the City requirements for water pipe, shall

be used in areas with shallow cover. The use of any other types of materials will be subject to special
approval by the City Engineer.

2 Sewer Manholes
Manholes shall be placed at intervals not to exceed 500 feet and at the intersections of all main lines.

A drop of 0.10 feet through the manhole is required when the deflection angle between the inlet and outlet
line(s) exceeds 45°. The deflection angle of a main or service into or through a manhole shall not exceed

90°.

A drop manhole shall be used when the vertical drop between the invert of the inlet main or service and
the crown of the outlet main exceeds 12 inches.

All manholes shall be designed or placed to prevent storm water inflow through the top of the manhole.
The crowns of any inlet mains or services shall not be placed lower than the crown of the outlet main.
Sewer services shall be connected to trunk lines at a manhole.

An all weather access road shall be provided to all manholes outside of the public street right of way.
The minimum width for the access road shall be 12 feet. Details of the access road design are subject

to review and approval of the City Engineer.

3. Flusher Branches

Flustier branches may be used ai the upstream terminus of 8° neain lines when the distance to the
downstream manhole is not greater than 250 feet. The branch shalil be placed as near to the end of the
street as is possible. All flusher branches shall be designed or placed to prevent storm water inflow
through the top of the manhole.
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4. Service Connections

A separate sewer service shall be provided from the sewer main to each legal parcel, except as otherwise
provided in the Standard Specifications for duplex lots, single family attached units, and condominium
units. The minimum size of service shall be 4 inches in inside diameter. The service shall be sized and
designed to convey the Wet Weather Flows as calculated in accordance with this Standard or as may be
otherwise required by the Building Code, whichever is greater.

L ALIGNMENT REQUIREMENTS

The horizontal and vertical alignment for sewer mains and services shall be designed in accordance with
the following provisions.

1. Mains in Streets

All new sewer mains shall be located in the public street right of way. Locations in easements require
special approval of the City Engineer.

The Sewer line shall be placed opposite the storm line, 6 feet right or left of the centerline of the street.
On streets with landscaped median islands, the sewer line shall be placed in the center of the lane
adjacent to the island curb.

2. Mains in Easements
Sewer mains located in easements across private property require special approval of the City Engineer.
The minimum size easement shall be 10 feet wide with the main centered in the easement, if there are
no manholes within the easement. The minimum width is 12 feet if there are manholes within the
easement, in order to accommodate the required access road to each manhole. Additional width shall

also be added to the easement when the sewer main is deeper than 10 feet and/or when ihe sewer is
a trunk ¢nain, or when other parallel underground utilities share the same easement.
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3. Horizontal Curves

Horizontal curves will be allowed provided that the summation of the angle of curvature between manholes
does not exceed 90°. The allowable joint deflection and curve radii requirements for VCP Sewer Pipe

are listed in the following table:

3to12 2.0 R=29xL 58 116 174 232 N/A
15to 24 1.5 R=38xL 76 152 228 304 380
27 to 36 © 1.0 R=57xL 114 228 342 456 570
39 to 42 075 | R=76xL 152 304 456 608 760

Refer to the Water Design Section for horizontal curve and deflection requirements on Ductile Iron Pipe
used in Sewer Mains.

4. Vertical Curves

Vertical curves shall be used to change the profile alignment grade of sewer mains between structures.
The minimum vertical curve length is 25 feet. The algebraic sum of the horizontal and verticat deflections
shall not exceed the values in the above table.

5. Services
Sewer services shall be focated within the centier one-third of the lot frontage on the street. The preferred

location is 5 feet west or south of the center of the lot. The service shall generally extend at a right angle
from the main to the lot. Services shall not enter the main or a manhole at a deflection angle greater than

90°.
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6. Minimum and Maximum Cover

The following minimum depths of cover shall be provided for all Sewer Pipes:

Vitrified Clay 5.0 feet 4.5 feet 4.0 feet ||
Ductile lron 3.0 feet 2.5 feet 2.0 feet "

The maximum depth of cover shall not exceed the manufacturer’'s recommendations. Any sewer depths
exceeding 16 feet requires special approval by the City Engineer.

7. Clearance Requirements to Other Utilities

The sewer facilities shall generally be located lower than all other utilities, except when it can be shown
that this is not feasible. When the sewer main is above other facilities, then the Project Engineer shall
comply with any additional requirements of the City Engineer, including, but not limited to, the use of
Ductile Iron Pipe for all sewers.

a. Horizontal and Vertical Clearances to Water Facilities

Sewer facilities shall be installed at least 12 inches below all paralle! or crossing water mains and services.
Placement of sewer facilities above water facilities requires special approval of the City Engineer.

The vertical clearance may be reduced provided that Ductile Iron is used in place of Vitrified Clay. The
Ductile lron Pipe shall conform to all of the regjuirements for pressure water pipe in the City Standard
Specifications. Whenever the sewer main crosses @ water main or service, the minimum pipe lengtii
betweer joints shall be 18 feet and shall be cenizred on the water main or service. The sewer main shali
cross perpendicular to the water main. Skew angle crossings (more or less than 90°) require special
approval of the City Engineer.

Sewer facilities shall be installed with at least 10 feet of horizontal clearance to all parallel water mains or
water services. Any reduction in horizontal clearance requires special approval of the City Engineer.

b. Vertical Clearance to Other Utilities

The preferred location for sewer mains is below all underground utilities. A vertical clearance of not less
than 12 inches shall be maintained between all sewer mains and all crossing utilities.

A vertical clearance of not less than 6 inches shall be maintained between all sewer services and all
crossing utilities.
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The vertical clearances required above may be reduced provided that Ductile iron Pipe is used in place
of Vitrified Clay at the utility crossing. The minimum pipe length shall be 10 feet and shall be centered

on the crossing utility.
C. Horizontal Clearance to Other Utilities

A horizontal clearance of not less than 5 feet shall be provided between all sewer facilities and all parallel
utilities or structures.

8. Sewer Main Clearance to Water Wells

New sewer mains shall not be placed closer than 100 feet to any proposed or existing public water well
or operating domestic water well. Whenever practical or feasible the water well shall be destroyed and
relocated to provide 100 feet of clearance to a sewer main located in a public street right of way.

J. OTHER CONSIDERATIONS

The Project Engineer shall design the sewer facilities for all types and conditions of use which can be
reasonably expected during the life of the sewer facilities. The minimum design life for all passive or
non-mechanical items shall be 50 years. The minimum design life for all moving or mechanical items shall
be 20 years. The longest possible design life shall be provided for any item or facility whenever it can
be reasonably and practically attained.

1. Connections to the Existing System

All projects shall connect to the existing system at the locations specified by the City Engineer. When
required by the City Engineer, the Project Engineer shall verify the capacity of downstream portions of the
existing City Sewer system. The Project Engineer shall specify on the Plans the methods and procedures
to be used in tapping into the existing system. Ail connections to the existing system shall be designed
to minimize disruptions in setvice to existing users.

2 Future Expansions of the System
When a project is to be followed by subsequent phases of a multi-phase project, the Project Engineer
shall provide facilities to expand the system beyond the phase boundaries. Sewer mains shall be

extended beyond the edge of pavements to minimize disruption of traffic or disturbance of existing
improvements.

3. Trench loading

All sewer facilities shall be designed to withstand the imposed loads of trench backfill and traffic. The
Project Owner and/or the Contractor assumes full responsibility for providing adequate cover during
construction activities.
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4, Sulfide Control
All new sewer systems shall be designed to resist the corrosive properties of the waste stream. In
particular, every effort shall be made to design a system which is immune to sulfide corrosion. Whenever
available, products such as Vitrified Clay and Plastic lining shall be used instead of any other materials.

New manholes on trunk facilities shall be Spirolite®, or substantially equivalent. All sulfide control
measures shall be subject to review and approval of the City Engineer.

5. Sewer Lift Stations

All sewer lift stations require special review and approval of the City Engineer. They shall be designed
by an appropriately experienced Engineer. Considerations in Lift Station design include: fully automatic
control systems, connection to City SCADA system, redundant pumping capability, manufacturer of pumps
and related mechanical equipment, location and placement of station, and provisions for use by other
areas of the City.
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Figure 4 Peaking Factor for Sewer Flows
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