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CITY OF RENTON SURFACE WATER DESIGN MANUAL

CHAPTER 4
CONVEYANCE SYSTEM ANALYSIS & DESIGN

This chapter presents the City of Renton’s approved methods for the hydraulic analysis and design of
conveyance systems. A conveyance system includes all portions of the surface water system, either natural
or man-made, that transports surface and storm water runoff.

This chapter contains the detailed design criteria, methods of analysis, and schematic representations for
all components of the conveyance system. In some cases, reference is made to other adopted or accepted
design standards and criteria such as the City of Renton Standard Details and the requirements of the City
of Renton Transportation department and Surface Water Utility as applicable.

The figures included in this chapter are provided as schematic representations and should not be used for
design. Refer to the City of Renton Standard Details for specific design information. The figures provided
in this chapter illustrate one example of how the conveyance system design criteria may be applied.
Although the figures are meant to illustrate many of the most important design criteria, they may not show
all criteria that apply. In general, the figures are not used to specify requirements unless they are indicated
elsewhere in this manual. If this manual refers to a standard detail not included in the City of Renton
Standard Details, the applicant shall use the figure provided in this manual.

Chapter Organization
The information presented in this chapter is organized into four main sections:

Section 4.1, “Route Design and Easement Requirements*
Section 4.2, “Pipes, Outfalls, and Pumps”

Section 4.3, “Culverts and Bridges”

Section 4.4, “Open Channels, Floodplains, and Floodways”

These sections begin on odd pages so the user can insert tabs if desired for quicker reference.

Required vs. Recommended Design Criteria

Both required and recommended design criteria are presented in this chapter. Criteria stated using “shall”
or “must” are mandatory, to be followed unless there is a good reason to deviate as allowed by the
adjustment process (see Section 1.4). These criteria are required design criteria and generally affect
facility performance or critical maintenance factors.

Sometimes options are stated as part of the required design criteria using the language “should” or “may.”
These criteria are recommended design criteria, but are closely related to the required criteria, so they
are placed in the same section.
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CITY OF RENTON SURFACE WATER DESIGN MANUAL

4.1 ROUTE DESIGN AND EASEMENT REQUIREMENTS
This section presents the general requirements for aligning conveyance systems and providing easements
and setbacks to allow for proper maintenance and inspection of all conveyance system elements.

411 ROUTE DESIGN

The most efficient route selected for new conveyance systems will result from careful consideration of the

topography of the area to be traversed, the legal property boundaries, and access for inspection and

maintenance. Additionally, topography and native soil characteristics beneficial to Low Impact

Development (LID) applications may influence the route. The general requirements for route design are as

follows:

1. Proposed new conveyance systems should be aligned to emulate the natural conveyance system to
the extent feasible. Inflow to the system and discharge from the system should occur at the natural
drainage points as determined by topography and existing drainage patterns.

2. New conveyance system alignments in residential subdivisions should be located adjacent and
parallel to property lines so that required drainage easements can be situated along property lines.
Drainage easements should be located entirely on one property and not split between adjacent
properties.

3. Exception: Streams and natural drainage channels shall not be relocated to meet this requirement.

4. Aesthetic considerations, traffic routes and on-site BMP strategies may dictate the placement and
alignment of open channels. Appropriate vehicular and pedestrian traffic crossings must be provided
in the design.

5. For any reach or partial reach of new conveyance (ditch, channel or closed pipe system) proposed by a
project, a geotechnical analysis and report is required if the conveyance is located within 200 feet of a
steep slope hazard area or landslide hazard area, OR if the conveyance is located within a setback
distance from top of slope equal to the total vertical height of the slope area that is steeper than 15%.
The geotechnical analysis must consider cumulative impacts from the project and surrounding areas
under full built-out conditions. A low-permeability liner per Section 6.2.4 for the trench or channel
may be required if warranted by soil stability conditions.

412 EASEMENT AND SETBACK REQUIREMENTS

Proposed projects must comply with the following easement and setback requirements unless otherwise

approved by the City:

1. Any onsite conveyance system element (including on-site BMPs used as conveyance) constructed as
part of a subdivision project shall be located in a dedicated drainage easement, tract, or right-of-way
that preserves the system'’s route and conveyance capacity as follows:

e Onsite conveyance systems within the right-of-way will be inspected and maintained by the City.

e Onsite conveyance systems within the drainage easements or tracts will be maintained by the
property owners through the Homeowners Association created by the subdivision (with each
property owner having equal responsibility for maintenance). These conveyance elements include
those entering and exiting the tract from/to the public right-of-way. For conveyance pipes entering
the tract from right-of-way, responsibility begins at the last structure prior to entering the tract.
For conveyance pipes exiting the tract to right-of-way, responsibility ends at the next downstream
structure. The easement shall grant the City rights for inspection.
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SECTION 4.1 ROUTE DESIGN AND EASEMENT REQUIREMENTS

Exception: Roof downspout, minor yard, and footing drains do not require easements, tracts, or right-
of-way. If easements are provided for these minor drains (or for other utilities such as power, gas or
telephone), they need not comply with the requirements of this section.

Note: except for those facilities that have been formally accepted for maintenance by the City,
maintenance and repair of drainage facilities and BMPs on private property is the responsibility of
the property owner. Except for the inflow pipe and discharge pipe of a City-accepted flow control or
water quality facility, the City does not normally accept maintenance of conveyance systems
constructed through private property.

Any onsite conveyance system element (including on-site BMPs used as conveyance) constructed
under a commercial building or commercial development permit shall be covered by the drainage
facility declaration of covenant and grant of easement in Reference Section 8-J (or equivalent) that
provides the City right of access for inspection, maintenance, and repair.

Note: except for those facilities that have been formally accepted for maintenance by the City,
maintenance and repair of drainage facilities on private property is the responsibility of the property
owner.

Any offsite conveyance system element (including on-site BMPs used as conveyance) constructed
through private property as part of a proposed project that conveys runoff from public roads within the
project site shall be located in a drainage easement dedicated to the City. If an offsite conveyance
system through private property is proposed by a project to convey runoff diverted from the natural
discharge location, the City may require a drainage release covenant per Reference Section 8-K as a
condition of approval of the adjustment required in Section 1.2.1.

A river protection easement per Reference Section 8-P (or equivalent) shall be required for all
properties adjoining or including major rivers? that may be dedicated to the City or County as
applicable. The County shall review and approve river protection easements dedicated to the County.

Table 4.1 lists the required widths and building setback lines for drainage easements. For all pipes
or any channels or constructed swales greater than 30 feet wide, facilities must be placed in the center
of the easement. For channels or constructed swales less than or equal to 30 feet wide, the easement
extends to only one side of the facility.

Any portion of a conveyance system drainage easement (shown in Table 4.1) shall not be located
within an adjacent property or right-of-way. Building setback lines may cross into adjacent

property.

The distance between the easement line and building or other structure footings shall be no less than
the building setback line (BSBL) distance shown in Table 4.1.

Exception: The BSBL distance indicated in Table 4.1 may be measured from the edge of a pipe in the
easement plus 2 feet if all of the following conditions are met:

a) As-builts showing the location of the pipe are submitted
b) A geotechnical/structure analysis demonstrates stability of the proposed structure

c) Access for maintenance/replacement remains unobstructed.

1 Maijor rivers are defined in the King County Flood Hazard Management Plan.

12/12/2016
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4.1.2 EASEMENT AND SETBACK REQUIREMENTS

TABLE 41 EASEMENT WIDTHS AND BUILDING SETBACK LINES

For Pipes:® BSBL
Inside Diameter (ID) Easement Width (From Easement)
ID < 36" depth to invert < 8": 10 feet@ 5 feet
depth to invert > 8" 15 feet
36" < ID < 60" depth to invert < 8": 10 feet® 7.5 feet
depth to invert > 8" 15 feet
ID > 60" ID plus 10 feet 10 feet
For Channels and Swales: BSBL
Top Width of Channel (W) Easement Width (From Easement)
W < 10 feet W plus 10 feet on one side 5 feet
W if no access required®
10 feet <W < 30 feet W plus 15 feet on one side 5 feet
W > 30 feet W plus 15 feet on both sides 5 feet
BSBL
For Major Rivers Easement Width (From Easement)
See the King County Flood Varies per site conditions 5 feet

Hazard Management Plan for
a list of the major rivers

Minimum 30 feet
from stable top of bank®

Notes:

(@ Pipes installed deeper than 10 feet require one of the following actions:

¢ Increase the BSBL such that the distance from the BSBL to the centerline of the pipe is at least 1.5 times the depth to

pipe invert, or

e Place a restriction on adjacent lots that the footings be placed at a specific elevation, deep enough that the closest
horizontal distance from the footing to the pipe centerline is 1.5 times the difference in elevation of the footing and

pipe invert, or

e Place a restriction on adjacent lots that the footings be designed by a geotechnical engineer or licensed engineering
geologist, such that excavation of the pipe may be performed without necessitating shoring of adjacent structures.

@) Fifteen-foot easement width is required for maintenance access to all manholes, inlets, and culverts.

() Access is not required for small channels if the channel gradient is greater than 5% (assumes steep channels will be

self-cleaning).

(4 stable top of bank shall be as determined by King County.
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CITY OF RENTON SURFACE WATER DESIGN MANUAL

4.2 PIPES, OUTFALLS, AND PUMPS
This section presents the methods, criteria, and schematic representations for analysis and design of pipe
systems, outfalls, and pump-dependent conveyance systems. The information presented is organized as
follows:
Section 4.2.1, “Pipe Systems”
“Design Criteria,” Section 4.2.1.1
“Methods of Analysis,” Section 4.2.1.2
Section 4.2.2, “Outfall Systems”
“Design Criteria,” Section 4.2.2.1
Section 4.2.3, “Pump Systems”
“Design Criteria,” Section 4.2.3.1
“Methods of Analysis,” Section 4.2.3.2
421 PIPESYSTEMS
Pipe systems are networks of storm drain pipes, catch basins, manholes, inlets, and outfalls designed and
constructed to convey surface water. The hydraulic analysis of flow in storm drain pipes typically is
limited to gravity flow; however, in analyzing existing systems it may be necessary to address pressurized
conditions. A properly designed pipe system will maximize hydraulic efficiency by utilizing proper
material, slope, and pipe size.
42.1.1 DESIGN CRITERIA
General
In addition to the design criteria described below, pipe systems shall be design to meet the hydraulic
criteria as described in Section 1.2.4.1. These criteria supersede the methodology descriptions contained in
Chapter 4.
All pipe material, joints, protective treatment, construction workmanship, and inspection requirements
shall be in accordance with the City of Renton Standard Details and the requirements of the City of Renton
Transportation Department of Surface Water Utility as applicable.
Note: The pipe materials and specifications included in this section are for conveyance systems installed
according to engineering plans required for City permits/approvals. Other pipe materials and
specifications may be used by private property owners for drainage systems they construct and maintain
when such systems are not required by or granted to City.
Acceptable Pipe Sizes and Length Between Structures
Acceptable pipe sizes shall be per Table 4.2.1.Al.
2017 City of Renton Surface Water Design Manual 12/12/2016



SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

TABLE 4.2.1.A1 PIPE SIZES AND LENGTHS BETWEEN STRUCTURES

PIPE SIZES AND LENGTHS BETWEEN STRUCTURES
UPSTREAM MINIMUM SLOPE (%) AND
STRUCTURE TO PIPE MIN. FULL FLOW
DOWNSTREAM DIAMETER VELOCITY (FPS) AT MAXIMUM WHERE
STRUCTURE (IN) DESIGN FLOW LENGTH (FT) ALLOWED
Inlet to CB/MH 12 0.5%, 3.0 fps 60 Public, See Note 1
Inlet to CB/MH 8 0.5%, 3.0 fps 40 Private
CBto CB 8 0.5%, 3.0 fps 100 Private
CB/MH to CB/MH 12 or 0.5%, 3.0 fps 300 Public
greater

Note 1. Minimum pipe size shall be 12-inch diameter. 8-inch diameter may be permitted on cross street laterals less than 66
feet to avoid utility conflicts or to meet shallow grade.

Note 2. Maximum spacing on surface drainage course between inlets and catch basins shall be 150 on grades less than 1%
and 200 feet on grades from 1% to 3%. Otherwise, maximum spacing shall be 300 feet on grades over 3%, or as
required by grate flow capacities. Maximum CB to inlet spacing may need to be reduced depending on street width and
inlet capacity analysis in Section 4.2.1.2.

Note 3. Minimum slope and full flow velocity is desirable unless it cannot be achieved due to outlet control, site topography,
burial depth or other situations or conditions.

Allowable Pipe Materials and Minimum Cover Requirements

1. The designer shall have the option of constructing storm sewers, drains and culverts of the pipe types
listed below within the cover limits specified. In addition, concrete pipe shall be rubber gasketed and
metal pipe shall be gasketed and securely banded. Leak testing shall be conducted if required by the
City Engineer.

2. The pipe materials included in Table 4.2.1.A2 are allowed for use in meeting the requirements of this
manual. Refer to the current edition of WSDOT/APWA Standard Specifications 7-02, 7-03 and 7-04
for detailed specifications for acceptable pipe materials. Refer to the City of Renton Standard Details
for pipe materials allowed in the City road right-of-way.2, 3, 4, 5

TABLE 4.2.1.A2 ALLOWABLE PIPE MATERIALS AND MINIMUM COVER
Allowed
Minimum in Zone 1
Cover of the
Pipe Type (ft) Public Private APA

Corrugated Steel Pipe 2.0 Yes Yes Yes
Spiral Rib Steel Pipe 2.0 Yes Yes Yes
Plain Concrete Pipe (PCP) 2.0 No Yes No
Reinforced Concrete Pipe (RCP) 1.0 Yes Yes No
Corrugated or Spiral Rib Aluminum Pipe 2.0 Yes Yes No
Ductile Iron 1.0 Yes Yes Yes
Line Corrugated Polyethylene Pipe (LCPE) 2.0 Yes Yes Yes
Corrugated Polyethylene Pipe (CPE) — Triple Wall 2.0 Yes Yes Yes
Polyvinyl Chloride Pipe (PVC) 3.0 Yes Yes Yes
Solid Wall High Density Polyethylene Pipe (HDPE) 2.0 Yes Yes Yes
For pipe specifications including acceptable pipe joints see RMC 4-3-050S.

2 Footnote 2 is not used.

3 Footnote 3 is not used.

4 Footnote 4 is not used.

5 Footnote 5 is not used.
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4.2.1 PIPE SYSTEMS

Allowable Pipe Joints

1.

2
3
4.
5

Concrete pipe shall be rubber gasketed.

CMP shall be rubber gasketed and securely banded.

Spiral rib pipe shall be “hat-banded” with neoprene gaskets.

Ductile pipe joints shall be flanged, bell and spigot, or restrained mechanical joints.

PP and CPE pipe joints (lined and single wall, fully corrugated) shall conform to the current
WSDOT/APWA Standard Specifications.

PVC pipe, CPE pipe and PP pipe shall be installed following procedures outlined in ASTM
D2321.Solid wall HDPE pipe shall be jointed by butt fusion methods or flanged according to the City
of Renton Standard Details.

Pipe Alignment

1.
2.

Pipes must be laid true to line and grade with no curves, bends, or deflections in any direction.

Exception: Vertical deflections in solid wall HDPE and ductile iron pipe with flanged restrained
mechanical joint bends (not greater than 30°) on steep slopes, provided the pipe drains.

A break in grade or alignment, or changes in pipe material shall occur only at catch basins or
manholes.

Maximum Pipe Slopes and Velocities

Table 4.2.1.A3 presents maximum pipe slopes and velocities by pipe material.

TABLE 4.2.1.A3 MAXIMUM PIPE SLOPES AND VELOCITIES

Pipe Slope above which Pipe Maximum
Anchors Required and Maximum Velocity at
Pipe Material Minimum Anchor Spacing Slope Allowed Full Flow
CMP, Spiral Rib, PVC® 20% 30%® 30 fps
(1 anchor per 100 LF of pipe)
Concrete, CPE, or PP® 10% 20%®) 30 fps
(1 anchor per 50 LF of pipe)
Ductile Iron® 20% None None
(1 anchor per pipe section)
Solid wall HDPE® 20% None None
(1 anchor per 100 LF of pipe,
cross-slope installations only)

Notes:

(@) These materials are not allowed in landslide hazard areas.
@ Butt-fused or flanged pipe joints are required; above ground installation is recommended on slopes greater than 40%.

() A maximum slope of 200% is allowed for these pipe materials with no joints (one section), with structures at each end,
and with proper grouting.
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

Changes in Pipe Size

1.

Increase or decreases in pipe size are allowed only at structures. Exceptions may be allowed as
follows:

Connections to pipe systems may be made without placing a catch basin or manhole on the
mainline by meeting all of the following conditions:

a) The mainline pipe is 48 inches or greater and at least two times the size of the connecting pipe.

b) Make connections in accordance with the manufacture’s recommendations. Standard shop
fabricated tees, wyes and saddles shall be used, except for concrete connections constructed in
accordance with the City of Renton Standard Details.

c) There shall be a catch basin or manhole on the connecting pipe within 2 to 10 feet of the external
wall of the main line.

d) Offset angle of connecting pipe to mainline, horizontally and vertically shall be less than
45 degrees.

e) Two-point survey control shall be used to set catch basin locations.

When connecting pipes at structures, match any of the following (in descending order of
preference): crowns, 80% diameters,s or inverts of pipes. Side lateral connections?, 12 inches and
smaller, are exempt from this requirement.

Drop manholes may be used for energy dissipation when pipe velocities exceed 10 feet per second.
External drop manholes are preferred where maintenance access to the upstream pipe is preserved by
use of a tee section. Internal drop structures may be approved only if adequate scour protection is
provided for the manhole walls. Drop structures must be individually engineered to account for design
variations, such as flow rates, velocities, scour potential and tipping forces.

Downsizing pipes larger than 12 inches may be allowed provided pipe capacity is adequate for design
flows.

Note: The above criteria do not apply to detention tanks.

Structures

Table 4.2.1.B lists typical drainage structures with corresponding maximum allowable pipe sizes.

1.

Catch basin (or manhole) diameter shall be determined by pipe orientation at the junction structure. A
plan view of the junction structure, drawn to scale, will be required when more than four pipes enter
the structure on the same plane, or if angles of approach and clearance between pipes is of concern.
The plan view (and sections if necessary) must ensure a minimum distance (of solid concrete wall)
between pipe openings of 8 inches for 48-inch and 54-inch catch basins, and 12 inches for 72-inch and
96-inch catch basins.

Evaluation of the structural integrity for H-20 loading, or as required by the City of Renton Standard
Details, may be required for multiple junction catch basins and other structures.

Catch basins shall be provided within 50 feet of the entrance to a pipe system to provide for silt and
debris removal.

Match point is at 80% of the pipe diameter, measured from the invert of the respective pipes.

Side laterals include any 8-inch or smaller pipe connected to the main conveyance system at a catch basin, or manhole, as
allowed under this manual and/or the City of Renton Standard Details. In addition, 12-inch and smaller pipes that serve a single
inlet point (e.g., roadway simple inlets, footing drains, and lot stubouts including manifold systems serving multiple residential
lots) are also included. Excluded from this definition are inlet pipes that contribute 30% or more of the total flow into a catch
basin, or that collect or convey flows from a continuous source.

12/12/2016

2017 City of Renton Surface Water Design Manual
4-10



4.2.1 PIPE SYSTEMS

10.
11.

12.
13.

14.

15.

16.

17.

18.
19.

All solid wall HDPE pipe systems (including buried solid wall HDPE pipe) must be secured at the
upstream end. The downstream end shall be placed in a 4-foot section of the next larger pipe size. This
sliding sleeve connection allows for the high thermal expansion/contraction coefficient of this pipe
material.

The maximum slope of the ground surface for a radius of 5 feet around a catch basin grate or solid
lid should be 5:1 (H:V) to facilitate maintenance access. Where not physically feasible, a maximum
slope of 3:1 (H:V) shall be provided around at least 50% of the catch basin circumference.

Catch basins (see City of Renton Standard Details) rather than inlets shall be used to collect storm
water from road surfaces, unless approved by the City Engineer.

Type 2 (see City of Renton Standard Details) catch basins shall be used where the depth to the invert
of the pipe exceeds 5 feet.

Manholes (see City of Renton Standard Details) may be used in lieu of catch basins if they do not
collect surface water. Manholes must be used if inverts are greater than 18 feet.

Roof and yard drains, or other concentrated flow from adjacent property shall not discharge over the
surface of roadways, sidewalks, walkways, or shoulders.

Catch basins or manholes are required when joining differing types of pipes.

The location of at least two points of all catch basins shall be surveyed to ensure that the catch basin,
frame and grate will properly align with finished curb, horizontally and vertically.

Metal castings for drainage structures shall not be dipped, painted, welded, plugged or repaired.

Porosity in metal castings for drainage structures shall be considered a workmanship defect subject to
rejection by the inspector.

Grates and covers shall be seated properly to prevent rocking, including the replacement of existing
covers with solid metal covers.

Unless otherwise specified, vaned grates (see City of Renton Standard Details), shall be used with
standard frame in the traveled way, gutter, or shoulder. Vaned grates shall not be located within
crosswalks.

At sag vertical curves, on the end of downgrade cul-de-sacs, or before intersections with a grade four
percent or greater, an analysis shall be done to assure that typical catch basin grates will collect the
surface runoff. To collect excessive volumes of runoff or protect against plugged grates and overflow
situations, the City Road Engineer will require the use of through inlet frames on vertical curbs, (see
City of Renton Standard Details). Where the through-curb inlets cannot be used, place a catch basin at
the low point and two extra inlets located not greater than 0.1 foot above the low point grate within a
spacing of 25 feet.

New catch basins and manholes that do not collect runoff shall use solid locking covers (per City of
Renton Standard Details). Existing catch basins, which no longer collect runoff, shall have their frame
and grates replaced with solid covers.

All storm drain covers and grates need to be locking regardless of their location.

Slot drains may be used when approved by the City Engineer. At a minimum, slot drains shall have
catch basins at either end unless used as a driveway culvert. The maximum distance between catch
basins along a slot drain shall be 50 feet.

2017 City of Renton Surface Water Design Manual 12/12/2016
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

TABLE 4.21.B ALLOWABLE STRUCTURES AND PIPE SIZES

Maximum Pipe Diameter

CMP, Spiral Rib, Solid Wall HDPE, Concrete,

Catch Basin Type® PVC, and Ductile Iron® CPE, PP
Inlet®) 12" 12"
Type 14 18"@ 12"
Type 1L.O) 24" 18"
Type 2 — 48-inch dia. 30" 24"
Type 2 — 54-inch dia. 36" 30"
Type 2 — 72-inch dia. 54" 42"
Type 2 — 96-inch dia. 72" 60"

Notes:
@ catch basins (including manhole steps, ladder, and handholds) shall conform to the City of Renton Standard Details.

@ Generally these pipe materials will be one size larger than concrete, CPE or PP due to smaller wall thickness. However,
for angled connections or those with several pipes on the same plane, this will not apply.

(3 A maximum of 5 vertical feet is allowed between finished grade and invert elevation.

@ Inlets are normally allowed only for use in privately maintained drainage systems and must discharge to a catch basin
immediately downstream.

Pipe Design between Structures

The following requirements are for privately maintained or City-maintained off-road right-of-way pipe
systems. See the City of Renton Standard Details for pipe design between structures in City road right-of-
way.

1. Minimum velocity at full flow should be 3.0 feet per second (fps). If site constraints result in
velocities less than 3 fps at full flow, impacts from sedimentation in the pipe system shall be
addressed with larger pipes, closer spacing of structures, sediment basins, or other similar measures.

2.  Minimum slope for 8-inch pipes shall be 0.5%; minimum slope for 12-inch or larger pipes shall be
0.2%.

3. Maximum lengths between structures shall be 300 feet (for design flows greater than 3 fps). Solid
wall HDPE tightlines down steep slopes are self-cleaning and do not require structures for
maintenance.

Pipe Cover

1. Pipe cover, measured from the finished grade elevation to the top of the outside surface of the pipe,
shall be 2 feet minimum unless otherwise specified or allowed below or as allowed above in Table
4.2.1.A2. Under drainage easements, driveways, parking stalls, or other areas subject to light vehicular
loading, pipe cover may be reduced to 1 foot minimum if the design considers expected vehicular
loading and the cover is consistent with pipe manufacturer’s recommendations. Pipe cover in areas not
subject to vehicular loads, such as landscape planters and yards, may be reduced to 1 foot minimum.

2. All flexible storm sewer pipe and culvert material shall be covered by a minimum of 2 feet of cover
unless the applicant submits detailed plans accompanied by manufacturer’s recommendations
specifying allowable cover less than 2 feet in depth. All non-flexible storm sewer pipe and culvert
material shall be covered by a minimum of 1 foot of cover. Pipe cover over concrete pipe shall
comply with Table 4.2.1.C. For other pipe types, the manufacturer’s specifications or other
documentation shall be provided for proposed cover in excess of 30 feet. Caution: Additional
precautions to protect against crushing during construction may be needed under roadways if the
road bed is included to meet minimum cover requirements. Damaged pipe shall be replaced.

12/12/2016 2017 City of Renton Surface Water Design Manual
4-12



4.2.1 PIPE SYSTEMS

3. For proposed pipe arches, the manufacturer’s specifications or other documentation shall be provided
for proposed cover in excess of 8 feet.

4. Pipe cover over P\VC SDR 35 shall be 3 feet minimum and 30 feet maximum.

TABLE 4.2.1.C MAXIMUM COVER (FEET) FOR CONCRETE PIPE
Pipe Diameter
(inches) Plain Class Il Class llI Class IV Class V
12 18 10 14 21 26
18 18 11 14 22 28
24 16 11 15 22 28
30 11 15 23 29
36 11 15 23 29
48 12 15 23 29
60 12 16 24 30
72 12 16 24 30
84 12 16 24 30
96 12 16 24 30
108 12 16 24 30
Note: See Figure 4.2.1.A for a schematic representation. Only Class IV and V are allowed in public right-of-way.

Pipe Clearances

A minimum 7-foot horizontal separation and 1-foot vertical separation (measured wall to wall) is required
between storm pipe and other utilities with the exception of water lines where a minimum 10-foot
horizontal separation is required.

Pipe Bedding, Backfill and Compaction

Pipe bedding and backfill shall be in accordance with the City of Renton Standard Details. Pipe
compaction shall follow the current WSDOT Standard Specifications. Where pipes pass through flood
containment structures, these standards shall be supplemented and modified as necessary in accordance
with standards set forth in Corps of Engineers Manual for Design and Construction of Levees

(EM 1110-2-1913).

Pipe System Connections

Connections to a pipe system shall be made only at catch basins or manholes. No wyes or tees are allowed
except on roof/footing/yard drain systems on pipes 8 inches in diameter or less, with clean-outs upstream
of each wye or tee.

Additional exceptions may be made provided the following conditions are met:
1. The mainline pipe is 48 inches or greater and at least two times the size of the connecting pipe.

2. Make connections in accordance with the manufacturer’s recommendations. Standard shop fabricated
tees, wyes and saddles shall be used, except for concrete connections constructed in accordance with
the City of Renton Standard Details.

3. There shall be a catch basin or manhole on the connecting pipe within 2 to 10 feet of the external wall
of the main line.

4. Offset angle of connecting pipe to mainline, horizontally and vertically shall be less than 45 degrees.

Storm drainage pipe systems shall not penetrate building foundations, except for sump pump discharge
lines used to drain crawl spaces, provided the sump pump system includes a backflow prevention or a
check valve.
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

Pipe Anchors

Table 4.2.1.A3 presents the requirements, by pipe material, for anchoring pipe systems. Figure 4.2.1.B and
Figure 4.2.1.C show schematic representations of pipe anchors.

Spill Control
Where spill control is required as specified in Section 1.2.4.3.G, allowable options are as follows:

a) A tee section (see Figure 5.1.4.A) in or subsequent to the last catch basin or manhole that collects
runoff from non-roof-top pollution-generating impervious surface prior to discharge from the
site or into an onsite natural drainage feature.8 The tee section typically provided in a wetvault or
detention facility may be used to meet the intent of this requirement. Unless otherwise specified,
the riser top of the tee section shall be at or above the headwater elevation for the 10-year design
flow and a minimum of 6 inches below the ceiling of the catch basin or manhole. The bottom end
of the tee section shall be as illustrated in Figure 5.1.4.A.

b) A wall section or other device as approved by the City that provides spill control equivalent to
that of the tee section specified in a) above.

c) A baffle or coalescing plate oil/water separator at or subsequent to the last catch basin or
manhole that collects runoff from non-roof-top pollution-generating impervious surface prior to
discharge from the site or into an onsite natural drainage feature.

d) An active spill control plan. To use this option, the spill control plan and summary of an existing
or proposed training schedule must be submitted as part of the drainage review submittal. At a
minimum, such plans must include the following:

e Instructions for isolating the site to prevent spills from moving downstream (shutoff valves,
blocking catch basins, etc.)

Onsite location of spill clean-up materials
Phone numbers to call for emergency response
Phone numbers of company officials to notify
Special safety precautions, if applicable.

Debris Barriers

Debris barriers (trash racks) are required on all pipes 18 to 36 inches in diameter entering a closed pipe
system. Debris barriers for pipes smaller than 18 inches and larger than 36 inches in diameter may be
required depending on conditions and safety concerns. Debris barriers shall have a bar spacing of 6 inches.
See Figure 4.2.1.D for a schematic representation of debris barriers on pipe ends outside of roadways. See
Figure 4.2.1.E and Section 4.3 for a schematic representation of debris barriers on pipe ends (culverts)
projecting from driveway or roadway side slopes.

Outfalls
Outfalls shall be designed as detailed in Section 4.2.2.

Other Details

In addition to the schematic representations provided in Figure 4.2.1.A through Figure 4.2.1.E , standard
construction details are available in the City of Renton Standard Details and APWA/WSDOT Standard
Plans for Road, Bridge and Municipal Construction. Commonly used details include field tapping of
concrete pipe, catch basins and catch basin details, manholes and manhole details, curb inlets, frames,
grates, and covers.

8 Natural onsite drainage feature means a natural swale, channel, stream, closed depression, wetland, or lake.
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4.2.1 PIPE SYSTEMS

FIGURE 42.1.A SCHEMATIC REPRESENTATION OF PIPE BEDDING AND BACKFILL DESIGNS
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

FIGURE 4.2.1.B SCHEMATIC REPRESENTATION OF A PIPE ANCHOR DETAIL
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4.2.1 PIPE SYSTEMS

FIGURE 4.2.1.C SCHEMATIC REPRESENTATION OF CORRUGATED METAL PIPE COUPLING
AND/OR GENERAL PIPE ANCHOR ASSEMBLY
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

FIGURE 42.1.D0 SCHEMATIC REPRESENTATION OF A DEBRIS BARRIER (OFF-ROAD RIGHT-OF-
WAY)
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4.2.1 PIPE SYSTEMS

FIGURE 42.1.E SCHEMATIC REPRESENTATION OF A DEBRIS BARRIER
(IN ROAD RIGHT-OF-WAY)
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

4212

METHODS OF ANALYSIS

This section presents the methods of analysis for designing new or evaluating existing pipe systems for
compliance with the conveyance capacity requirements set forth in Section 1.2.4, “Core Requirement #4:
Conveyance System.”

DESIGN FLOWS

Design flows for sizing or assessing the capacity of pipe systems shall be determined using the hydrologic
analysis methods described in Chapter 3.

INLET GRATE CAPACITY

The methods described in Chapter 5, Sections 4 and 5, of the Washington State Department of
Transportation (WSDOT) Hydraulics Manual may be used in determining the capacity of inlet grates
when capacity is of concern, with the following exceptions:

1. Use design flows as required in Section 1.2.4 of this manual.
2. Assume grate areas on slopes are 80% free of debris; “vaned” grates, 95% free.

3. Assume grate areas in sags or low spots are 50% free of debris; “vaned” grates, 75% free.

CONVEYANCE CAPACITY

Two methods of hydraulic analysis using Manning's equation are used sequentially for the design and
analysis of pipe systems. First, the Uniform Flow Analysis method is used for the preliminary design of
new pipe systems. Second, the Backwater Analysis method is used to analyze both proposed and existing
pipe systems to verify adequate capacity. See Core Requirement #4, Section 1.2.4, for sizing requirements
of pipe systems.

Note: Use of the Uniform Flow Analysis method to determine preliminary pipe sizes is only suggested as a
first step in the design process and is not required. Results of the Backwater Analysis method determine
final pipe sizes in all cases.

Uniform Flow Analysis Method

In addition to the design criteria described below, new pipe systems shall be design to meet the hydraulic
criteria as described in Section 1.2.4.1.

This method is used for preliminary sizing of new pipe systems to convey the design flow (i.e., the
10-year or 25-year peak flow rate as specified in Core Requirement #4, Section 1.2.4).

Assumptions:

e Flow is uniform in each pipe (i.e., depth and velocity remain constant throughout the pipe for a given
flow).

e Friction head loss in the pipe barrel alone controls capacity. Other head losses (e.g., entrance, exit,
junction, etc.) and any backwater effects or inlet control conditions are not specifically addressed.

Each pipe within the system is sized and sloped such that its barrel capacity at normal full flow
(computed by Manning's equation) is equal to or greater than the design flow. The nomograph in

Figure 4.2.1.F may be used for an approximate solution of Manning's equation. For more precise results,
or for partial pipe full conditions, solve Manning's equation directly:

12/12/2016
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4.2.1 PIPESYSTEMS

V = g RZ3 12 (4-1)
n

or use the continuity equation, Q = AV, such that:

Q — %ARZIS S1/2 (4_2)
n

where Q = discharge (cfs)
V = velocity (fps)
A = area(sf)
n = Manning's roughness coefficient; see Table 4.2.1.D below
R = hydraulic radius = area/wetted perimeter (ft)
S = slope of the energy grade line (ft/ft)

For pipes flowing partially full, the actual velocity may be estimated from the hydraulic properties shown
in Figure 4.2.1.G by calculating Qs and Vi and using the ratio Qdesign/Qrun to find V and d (depth of
flow).

Table 4.2.1.D provides the recommended Manning's “n” values for preliminary design using the
Uniform Flow Analysis method for pipe systems. Note: The ““n” values for this method are 15% higher in
order to account for entrance, exit, junction, and bend head losses.

TABLE 4.2.1.D0 MANNING’S “n” VALUES FOR PIPES

Type of Pipe Material Analysis Method
Uniform Flow Backwater Flow
(preliminary (capacity
design) verification)
A. Concrete pipe, lined CPE pipe and lined PP pipe 0.014 0.012
B. Annular Corrugated Metal Pipe or Pipe Arch:
1. 2-2/3" x /2" corrugation (riveted):
a. plain or fully coated 0.028 0.024
b. paved invert (40% of circumference paved):
1) flow at full depth 0.021 0.018
2) flow at 80% full depth 0.018 0.016
3) flow at 60% full depth 0.015 0.013
c. treatment5 0.015 0.013
2. 3" x 1" corrugation 0.031 0.027
3. 6" x 2" corrugation (field bolted) 0.035 0.030
C. Helical 2-2/3" x /2" corrugation and unlined CPE pipe 0.028 0.024
D. Spiral rib metal pipe and PVC pipe 0.013 0.011
E. Ductile iron pipe cement lined 0.014 0.012
F. Solid wall HDPE pipe (butt fused only) 0.009 0.009
2017 City of Renton Surface Water Design Manual 12/12/2016
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

Backwater Analysis Method

This method is used to analyze the capacity of both new and existing pipe systems to convey the required
design flow (i.e., either the 10-year or 25-year peak flow, whichever is specified in Core Requirement #4,
Section 1.2.4). In either case, pipe system structures must be demonstrated to contain the headwater
surface (hydraulic grade line) for the specified peak flow rate. Structures may overtop for the 100-year
peak flow as allowed by Core Requirement #4. When this occurs, the additional flow over the ground
surface is analyzed using the methods for open channels described in Section 0 and added to the flow
capacity of the pipe system.

This method is used to compute a simple backwater profile (hydraulic grade line) through a proposed or
existing pipe system for the purposes of verifying adequate capacity. It incorporates a re-arranged form of
Manning's equation expressed in terms of friction slope (slope of the energy grade line in ft/ft). The
friction slope is used to determine the head loss in each pipe segment due to barrel friction, which can then
be combined with other head losses to obtain water surface elevations at all structures along the pipe
system.

The backwater analysis begins at the downstream end of the pipe system and is computed back through
each pipe segment and structure upstream. The friction, entrance, and exit head losses computed for each
pipe segment are added to that segment's tailwater elevation (the water surface elevation at the pipe's
outlet) to obtain its outlet control headwater elevation. This elevation is then compared with the inlet
control headwater elevation, computed assuming the pipe's inlet alone is controlling capacity using the
methods for inlet control presented in Section 4.3.1.2. The condition that creates the highest headwater
elevation determines the pipe's capacity. The approach velocity head is then subtracted from the
controlling headwater elevation, and the junction and bend head losses are added to compute the total
headwater elevation, which is then used as the tailwater elevation for the upstream pipe segment.

The Backwater Calculation Sheet in Figure 4.2.1.H may be used to compile the head losses
and headwater elevations for each pipe segment. The numbered columns on this sheet are described in
Figure 4.2.1.1. An example calculation is performed in Figure 4.2.1.J.

Note: This method should not be used to compute stage/discharge curves for level pool routing purposes.
Instead, a more sophisticated backwater analysis using the computer software provided with this manual
is recommended as described below.

Computer Applications

The King County Backwater (KCBW) computer program includes a subroutine BWPIPE, which may
be used to quickly compute a family of backwater profiles for a given range of flows through a proposed
or existing pipe system. A schematic description of the nomenclature used in this program is provided in
Figure 4.3.1.G. Program documentation providing instructions on the use of this and the other KCBW
subroutines is available from King County Department of Natural Resources and Parks (DNRP).
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4.2.1 PIPESYSTEMS

FIGURE 4.2.1.F NOMOGRAPH FOR SIZING CIRCULAR DRAINS FLOWING FULL
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

FIGURE 42.1.G CIRCULAR CHANNEL RATIOS
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