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CITY OF PORTLA1'\ID 

NVIRONMENTAL ERVICES
1211 SW Fifth Avenue, Room 800 Portland, Oregon 97204-3713 Dean Marriott, Director(503) 823-7740 , FAX (503) 823-6995

RULES FOR SEWER CONNECTION
July 1998

Sewer connections must be made in accordance with the City s Standard Construction
Specifications , the City Code , and the following rules. Any deviations must be approved by the
Bureau of Environmental Services (BES). Contact BES for information on obtaining copies of
the codes , provisions, and standard specifications identified in these rules of connection.

SECTION A. GENERAL RULES

Sewer connection permits are required for;
Sewer repairs in the right of way,
All connections to the public sewer main and laterals
Relocations of existing laterals
Connections to existing laterals extended to private property
Construction and/or extension of branches to private property for future use

Sewer connection permits shall be obtained by and sewer connections shall be installed
by:

the legal owner of the property
a plumbing contractor, licensed and registered with the state of Oregon and the
city of Portland
a sewer contractor, licensed and registered with the state of Oregon and the city
of Portland.
the general contractor, licensed and registered with the state of Oregon and the
city of Portland.

Permittee is responsible for verifYing location and depth of existing branches and
verifying that the branch is clear of obstructions before installing the sewer branch.
Oregon Law requires you to follow rules adopted by the Oregon Utility Notification
Center. Those rules are set forth in OAR 952-001-0010 through 0090. If you have
questions or want to obtain a copy of these rules, contact the Center by calling (503)232-
1987. You must notifY the center at least two business days , but not more than 
business days , before starting an excavation. The notification number is (503) 246-6699.

The sewer branch connection procedures shall be as follows:

Determine the elevation difference between the ground at the service branch and
the lowest floor to be drained.

Subtract this difference from the depth of the branch indicated by construction
as-built records to yield the available fall.

If the available fall is greater than a minimum of 2.0 feet plus 1/4 inch per foot
from the lowest finished floor of the building to the branch, gravity service
should be available. Exceptions to the minimum slope requirement on private

All Equal Opportullity Employer

(a)

(b)

(c)

Prillted a/I Recycled Paper TOO 823-3520
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property may be allowed upon review and approval ofthe Bureau of Buildings
(BOB). The maximum slope in the public right of way, without encasement, is
one foot to one foot.

A sewer line with a slope less than the minimum grade and/or proposals to
install private pump systems must be approved by BOB and BES.

(d) Expose the end ofthe branch to verifY that as-built information is correct prior
to any plumbing installation. Before contacting the Bureau of Maintenance
(BOM) for assistance in finding the branch, the exploration for the end of the
branch should extend up to 3 feet in all directions (horizontally and vertically).

(e) Ifthe available fall appears to be less than the minimum required or you have
excavated to the above limits and still cannot find the end of the branch , contact

Development Assistance at 823-7761. Be prepared to adequately shore the
excavation and allow access to the building so the City can accurately investigate
the situation. Ifthe City s investigation verifies the sewer connection installer
findings , the City will work with the property owner and/or sewer connection
installer to resolve the problem.

If gravity service is not available , the City s sole responsibility will be to resolve
the problem in a timely fashion, but not on an emergency basis. The sewer
connection installer is not entitled to collect or recover from the City any
damage , loss or expense incurred due to the branch being unserviceable. The
property owner may seek compensation for any such loss incurred through the
Bureau of Risk Management claim process.

Pipes must be inspected before backfill. Four hours notice is required for inspection in
the right-of-way, for inspection on private property you must call to request an
inspection prior to 7:30 a.m. on the day the inspection is requested. For a manhole tap,
give the right of way inspector 24 hours notice.

Work left open overnight shall be protected in accordance with the requirements of the
Traffic Engineer and City s Standard Construction Specifications.

The City of Portland disclaims all liability or damage to privately-owned sewers in the
public right of way and private property.

Permittee agrees to protect and hold harmless the City of Portland, its officers , agents

and employees from any and all injury to persons or damage to property that may result
from or in any manner arise out of the action of said applicant or permittee making
changes , improvements , or alterations pursuant to this permit on or within any public
street or other right-of-way in which a public sewer is found.

The permittee is responsible for any repair or cost to repair damage to the main sewer
or manhole when making a new connection to the city sewer system.

10. For sewer connections where the City is providing a tee , tap or wye , the permittee may
be subject to additional service charges by the BOM ifthe area of excavation does not
meet the standards specified in these rules or its supporting regulations.
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SECTION B. RULES SPECIFIC TO SEWER CONNECTIONS IN THE PUBLIC
RIGHT OF WAY OR IN PUBLIC SEWER EASEMENTS

Allowed pipe materials and minimum pipe sizes for new connections to public sewers
in the public right of way are specified in Table No. 1.

1 & 2 Family Dwellings Commercial Industrial & Multi-Family

Material Min. Size Sewer Type Min. Size Sewer Type

Concrete Sanitary, Storm Sanitary, Storm

Cast Iron Sanitary. Storm Sanitary. Storm

PVC Sanitary. Storm Sanitary Only

HDPE Sanitary, Storm Sanitary, Storm

Table No. 1.

All pipe material shall conform to the standards shown in the City of Portland, Standard
Construction Specifications Manual and the City of Portland , Sewer Design Manual.

The top of the sewer lateral must be a minimum of7 feet below the top of the existing
or future curb line , or meet the existing branch from the main sewer.

The top ofthe sewer lateral must be a minimum of 2 feet below the street grade at the
property line.

No bend greater than 1/8 (45 Degrees) is permitted in the right of way.

Sewer taps , wyes and branches must be installed perpendicular to the main sewer on
uniform line and grade. The connection must allow the sewer flow to merge with the
existing sewer flow.

Bedding, backfill and compaction of trenches must be made in conformance with the
City s Standard Construction Specifications and Title 17 of the Code of the City of
Portland.

Storm connections to combination sewer lines require approval from BES. For approved
combination connections , the storm and sanitary sewer lines may combine at the curb
and must leave the property separately to simplifY future storm work. Storm and
sanitary lines must remain in parallel and at the same grade in the right of way
wherever possible.

Shoring and trench protection shall be installed as required by OSHA Standards
Chapter 437 , Rule 1926.650 through 652. and City of Portland Standard Construction
Specification Section 204. 140.

10. The permittee is responsible for de-watering the excavation in accordance with the City
of Portland , Standard Construction Specifications Section 204. 15.
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.L .L.

12.

13.

14.

15.

16.

Table No. 2 identifies the sizes and types of connections which can be made to various
types and sizes of main sewers when a branch or wye is not available.

Main Sewer Material

Branch
Size

VSP CSP PVC , HDPE

All Sizes 10" 12" ::-12"

Insert-a-tee Insert-a-tee Insert-a-tee

BOM WYE Insert-a-tee

BOM WYE BOM WYE

BOM
TAP

BOM
TAP

BOM = Bureau of Maintenance
TEE = factory manufactured tee or wye
TAP = tap installed in field
NIP = not permitted

VSP = vitreous sewer pipe
CSP = concrete sewer pipe
MH = manhole
Size = main sewer and/or

connection size
Insert-a-tee = factory manufactured tap or and approved equivalent (may be installed
by contractor)

Table No.

A permittee with equipment to make an insert-a-tee connection may tap the main line.
The sewer tap size shall not exceed one-half main diameter ofthe main sewer.

The permittee must schedule sewer taps and tee installations to be constructed by the
City directly with the BOM a minimum of 1 working day in advance. For locations east
ofthe Willamette River, call 823-1780. For locations west of the Willamette River, call
823-1744. The permittee is responsible for providing and adequately shoring the
excavation and furnishing all materials required for the City to install the tap or tee.

Written approval must be obtained from BES and the Bureau of Transportation
Engineering and Development (BTED) prior to boring or tunneling in the public right
of way. Contact BTED at 823-7002 to initiate the permit process to bore or tunnel under
the public right of way.

Replacement of street pavements (except concrete) in City areas , must be made by the
City, or as approved by the BTED.

Written approval must be obtained from BES for inside drop connections to manholes.
The following conditions must exist for BES to permit an inside drop.

Miminimum depth for the main sewer must be 15' for and inside drop
connection.

No other inside drop structure can exist in the manhole.

A drop support frame must have a minimum clearance of one foot from the
outside ofthe frame to the manhole steps and/or all other connections to the face
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20.

of the manhole. The drop must not be placed in a location that will obstruct the
flow of any other connection to the manhole.

The condition of brick manholes must be inspected by the BTED right of way
inspector prior to permitting an inside drop to brick manholes.

The bolts of the support frame must be installed into the concrete or brick facia
ofthe manhole. Fasteners in grout or mortar are not prohibited.

Contact Development Assistance at 823-7761 for approval of inside drops to public
manholes.

17. Each lot shall have individual gravity connections to a public sanitary sewer as
approved by BES. Pumped connections require written approval from BES and BOB.

18. Taps to main sewers shall have a minimum separation of 3 feet from the outside
diameter to the next lateral. Only one tap is permitted per pipe section for concrete
sewer pIpe.

19. The City of Portland is responsible for maintenance of inspected sewer laterals to the
curb line in the right of way and at the end ofthe tee or wye in easement areas. Beyond
those areas , property owners are responsible for lateral maintenance.

Connection of unlike pipe material shall be made with an approved flexible coupling
with stainless steel shear bands or an approved equal.

SECTION C. RULES SPECIFIC TO SEWER CONNECTIONS ON PRIVATE
PROPERTY

The building sanitary sewer must be the same size as the mam building drain
(minimum 3" inside diameter) but may be larger if desired.

A cleanout fitting is required immediately inside or outside ofthe building and at the
upper terminal ofthe building's drain system. An additional cleanout is required if the
sewer offsets horizontally more than 135 degrees from the previous cleanout or if the
sewer line is over 100 feet in length. A cleanout riser on a two-way cleanout is limited
to three foot extensions to grade.

Fittings permitted to be installed shall be 1/16 bend (22.5 degrees), 1/8 bend (45
degrees), 45 degree wye fittings , or fittings of equivalent sweep.

A "test wye" fitting shall be installed at the point of connection to the City installed
sewer branch. A test balloon or ball shall be inserted and the entire sewer filled with
water to the cleanout for the required inspection.

Pipes shall be installed in trenches so that it rests on a solid and continuous bearing.
Over excavated trenches shall be backfilled and compacted earth, sand, fine gravel or
similar granular material. Piping may not be supported on rocks or blocks at any point.

Care shall be exercised in backfilling trenches to avoid rocks , broken concrete , frozen
chunks and other rubble until the pipe is covered by at least 12 inches of an approved
backfill material. Backfill shall be placed evenly on both sides of the pipe and tamped
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to retain proper alignment. Clean native soil shall be carefully placed in the trench in
inch layers and tamped in place.

Trenching installed parallel to footings shall not extend below the 45-degree bearing
plane ofthe bottom edge of a wall or footing. (See Figure 1.)

Figure No.

PIPE LOCATION WITH RESPECT TO FOOTINGS

1350

SECTION D. OAR 340-71-185 DECOMMISSIONING OF SYSTEMS

(1) The owner shall decommission a system when:

(a)

(b)

(c)

(d)

A sewerage system becomes available and the building sewer has been connected
there to; or

The source of sewage has been permanently eliminated; or

The system has been operated in violation of OAR 340-71-130(13), unless and

until a repair permit and Certificate of Satisfactory Completion are subsequently

issued therefor; or

The system has been constructed , installed, altered, or repaired without a
required permit authorizing the same , unless and until a permit is subsequently
issued therefor; or

(e) The system has been operated or used without a required Certificate of
Satisfactory Completion or Authorization Notice authorizing same , unless and

until a Certificate of Satisfactory Completion or Authorization Notice is
subsequently issued therefor.
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(3)

(2) Procedures for Decommissioning:

(a) The tank(s), cesspool or seepage pit shall be pumped by a licensed sewage
disposal service to remove all septage;

(b) The tank(s), cesspool or seepage pit shall be filled with reject sand, bar run
gravel , or other material approved by the Agent, or the container shall be
removed and properly disposed;

, in the judgement of the Agent, it is not reasonably possible or necessary to comply
with subsections (2)(a) and (2)(b) of the rule , the Agent may waive either or both ofthese
requirements provided such action does not constitute a menace to public health
welfare or safety.
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Appendix I:  Inlets and Inlet Leads 
 

(This Appendix is adapted from the BES 1991 “Sewer Design Manual”, section 31, Inlets and 
Inlet Leads.) 
 
1.  GENERAL INFORMATION 

Street inlets/catch basins, field inlets and their outlet pipes (i.e. leads) collect stormwater 
from appropriate locations within a right-of-way and discharge this runoff into a storm 
sewer or another suitable facility designed to receive this water.  Inlets are generally 
located adjacent to the curb face in the gutter section of improved streets and prevent 
street flooding and to protect both traffic flow and pedestrians. 

It is the responsibility of the designer to determine the suitable locations to collect and 
dispose of this runoff, select the appropriate type and size of inlet, and determine the 
proper lead size, slope and location.  Once the design is completed, final approval from 
the Portland Office of Transportation (PDOT) must be obtained. 

2.   INLET AND CATCH BASIN LOCATIONS 
Inlets must be placed at all street low points, at intersections, at points where change to 
the street configuration directs water flow across the travel lane(s) or sidewalk and at 
intervals on continuous grades to control the width of runoff carried in a street gutter.  
Unless otherwise approved by PDOT, inlets shall be designed and spaced to limit the 
width (i.e. spread) of gutter flow to 2 feet or less into the travel lane.  If bike lanes are 
present, then that space can be included when calculating allowable gutter flow width.  
(See CHARTS 25 and 26, STREET GEOMETRICS, at the end of this appendix.) 

Field inlets are often used to collect water from ditches, creeks and other side streams in 
order to convey water and runoff safely under a street to prevent overflow and street 
damage or a public safety hazard.  (See Appendix J: Culverts, Sewer and Drainage 
Facilities Design Manual (SDFDM)) 

3.  GUTTER FLOW QUANTITY 
Use the Rational Method to estimate the quantity of gutter flow.  The design storm 
frequency and the coefficient of runoff shall be the same as those selected for design of 
the storm sewer system.  The contributing drainage basin is the entire area that drains 
directly to an inlet.  For an inlet located in an improved right-of-way the Time of 
Concentration (Tc) shall be 5 minutes (maximum) unless it can be shown that the time to 
reach the inlet is greater than 5-minutes.  (Refer to Chapter 6, Hydrologic Analysis in the 
SDFDM). 

The quantity of gutter flow for a given width and flow depth, street cross slope and gutter 
longitudinal slope is calculated using a modification of Manning's equation.  The modified 
equation is shown in CHART 1, STANDARD EQUATIONS (see end of this appendix).  
For a paved gutter surface in good condition use a Manning coefficient of roughness 
(ngutter) equal to 0.018.  CHART 30, FLOW IN TRIANGULAR GUTTER SECTIONS, (see 
end of this appendix), may also be used to determine the width, depth and quantity of 
flow. 

4.  INLET AND CATCH BASIN CAPACITY 
The capacity of an inlet depends upon the type and size; the street cross slope; whether 
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it is located, in a street sag section (i.e. sump) or on a continuous grade; the allowed 
depth and width of gutter flow and the velocity of the approaching flow when following a 
continuous grade.  Clogging of the grate with debris reduces the capacity of an inlet.  
Therefore, for design purposes, the City requires designers to reduce the theoretical 
capacity of gutter inlets grates by 50% and a curb/gutter inlet grate by 35% to 
compensate for partial clogging of the grate with debris.  CHART 28, INLET CAPACITY - 
Sag Locations (see end of this appendix), shows capacities for various water depths for 
standard inlets in sags.  FORMS 3 and 4, with the accompanying PROCEDURES, and 
CHARTS 29 through 32 (all at end of this appendix) may be used to determine the 
capacities of inlets on a continuous grade. 

The inlet design flow must equal or exceed the gutter design flow.  Where practical, each 
inlet should collect all of the upstream gutter flow.  Any bypassing flow must be 
compensated for in the capacity of downstream inlet(s).  In locations where overflow 
may cause significant damage or pose a safety hazard, the inlet design flow must be 
increased to provide adequate capacity for any stormwater that may bypass uphill inlets 
or otherwise reach the inlet resulting from a 100-year storm. 

5.  INLET LEAD SIZE, SLOPE AND LOCATION 
The minimum pipe diameter for all inlet leads is 10 inches.  The minimum slope is 2%.  
Inlet leads shall be designed without vertical or horizontal bends whenever possible.  If 
bends are needed, keep to a minimum of 1/16th bend (22.5 degrees). 

Each inlet lead must connect directly to a storm sewer, culvert, combined sewer, or to an 
approved discharge point.  When connected to a sewer or culvert less than 24 inches in 
diameter, the connection must be made at a manhole, as shown on Standard Plan 4-06-
3.  Inlets shall not be interconnected except where two Standard Plan 4-30 inlets are 
required for adequate capacity and interception.  In this case, two inlets may be 
connected end to end within a common gutter at a spacing not to exceed 10-feet.  In 
sags, interconnect three inlets together with either inlet from the low point being 0.1 feet 
higher in elevation as a safety factor in case of plugging.  The minimum pipe diameter 
for leads leaving these connected inlets shall be 12-inches. 

Inlet leads must be located in accordance with the requirements for sewers. (Also see 
Chapter 3, General Design Requirements in the SDFDM.  Leads will normally be placed 
at 90 degrees to a connecting sewer to minimize conflict during excavation with other 
underground utilities.  Where this is not practical, such as at intersections, inlets leads 
shall be placed on the straightest and most direct practical alignment.  Placing leads at 
an angle across the street as a means of shortening the pipe is not allowed. 

6.  INLET AND CATCH BASIN TYPE AND SIZE 
There are several street inlet and catch basin designs shown in the Oregon Standard 
Drawings.  These standards are suitable for most applications.  The choice of which inlet 
or catch basin to use depends upon several factors: quantity of flow; velocity of flow; sag 
or continuous grade; expected amount of debris; etc.  The typical application of each 
type of inlet or catch basin is described in the following paragraphs: 

 

RD364, G-1 A gutter inlet, suitable for small low velocity flows in areas with a minor 
amount of expected debris.  Use in bike lanes and where there is not 
full height curb.  Similar to City Standard Plan 4-30. 
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RD364, G-2 A medium size gutter inlet, suitable for moderate, low velocity flows in 
areas with a minor amount of expected debris.  They cannot be used 
where the downstream system is less than 10 inches in diameter.  Use 
where there is not full height curb.  Not suitable for bike lanes without 
approval from PDOT.  Similar to City Standard Plan 4-31-2. 

RD366, CG-1 A curb/gutter inlet, suitable for larger flows in sags and moderate, low 
velocity flows on slopes and in areas with a larger amount of expected 
debris. They cannot be used at driveways, where there is not a full 
height curb or where the downstream system is less than 10 inches in 
diameter.  Use in bike lanes and where there is full height curb.  Similar 
to City Standard Plan 4-32-3. 

RD366, CG-2 A double curb/gutter inlet, suitable for larger flows in sags and large, 
moderate velocity flows on slopes and in areas with a moderate amount 
of expected debris.  They cannot be used at driveways, where there is 
not full height curb or where the downstream system is less than 10 
inches in diameter.  Not suitable for bike lanes without approval from 
PDOT.  Similar to City Standard Plan 4-32-4. 

RD372, CG-3 A medium size curb inlet, suitable for larger flows in sags and low 
velocity flows on slopes and in areas with a larger amount of expected 
debris.  They cannot be used at driveways or where the downstream 
system is less than 10 inches in diameter.  Not suitable for bike lanes 
without approval from PDOT.  Similar to City Standard Plan 4-32-1. 

RD370, D A large sloped inlet used to capture flow in a ditch and redirect into a 
pipe.  Use two type 1 grates instead of one grate specified in drawing to 
make it easier to remove the grate for maintenance.  Similar to City 
Standard Plan 4-33-1. 

RD364,G-2MA A large drainage area inlet, typically placed in the low spot of a 
vegetated area.  Use two type 1 grates instead of one grate specified in 
drawing to make it easier to remove grate for maintenance.  Consider 
installing cross bars if bikes may use area. 

RD374 A catch basin to drain areas behind sidewalks.  Drawing needs to be 
modified to comply with Portland Plumbing Code when installed on 
private property. 

In general, gutter inlets are more suitable for use on slopes and curb/gutter inlets for use 
in sags.  Gutter inlets have a greater tendency to clog and curb inlets are inefficient for 
high velocity flows.  Large or high velocity flows may require multiple inlets or a special 
inlet design.  All grates must be designed using bars in both directions or have bicycle 
protection bars installed when using bars in one direction. 

References  
Reference 13 in the following charts is from: 

US Dept. of Transportation, Federal Highway Administration (FHWA), Washington, D.C. 
 

13.  DRAINAGE OF HIGHWAY PAVEMENTS  (HEC 12)  1984, 
 FHWA # TS-84-202,  NTIS # PB84-215003 / AS. 
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Appendix J:  Culverts 
 
(This Appendix is adapted from the BES 1991 “Sewer Design Manual”, section 32, Culvert 
Hydraulic Design.) 
 
 

1.  GENERAL INFORMATION 
Culverts are conduits that convey stream flow through a roadway embankment or other 
type of obstruction such as driveways crossing roadside ditches.  They may be 
constructed from a variety of materials and in many different shapes and configurations.  
Culverts are hydraulically complex.  The design of culverts involves the determination of 
design flow, hydraulic performance, economy, pipe materials, horizontal and vertical 
locations and end designs.  In some locations, the designer must provide for fish 
passage, wetland preservation or other environmental impacts.  The design procedures, 
charts and forms in this appendix are limited to the type of culvert most commonly 
designed for a BES project; that is, a single barrel, round, concrete pipe of uniform size 
constructed with a straight slope and straight alignment.  Do not use these culverts as a 
detention basin outlet, which require a more detailed analysis.  If culverts are installed in 
fish bearing streams, the use of a bottomless culvert may be required. 

2.  DESIGN CALCULATIONS 
The procedures, charts and forms for culvert design are taken from the Federal Highway 
Administration publication HYDRAULIC DESIGN OF HIGHWAY CULVERTS (Reference 
10 in References at end of this appendix)  The designer should become familiar with that 
publication and should refer to it for the design of any culvert that does not conform to 
the limitations of the information provided in this appendix.  Design charts, forms and 
procedures for single barrel, round concrete pipe culverts are shown in CHART 33 
through 37, FORM 5 and its accompanying PROCEDURE (see end of this appendix) 

3.  DESIGN PROCEDURES 
Procedures have been developed (Ref. 10) for systematically analyzing culvert flow.  
Using those procedures, various types of flow are classified and analyzed based on a 
control section.  A control section is a location where there is a unique relationship 
between the flow rate and the upstream water surface elevation.  Many different flow 
conditions exist over time.  At a given time the flow is either governed by (1) the inlet 
geometry (inlet control: the culvert barrel and outlet each have more capacity than the 
inlet); or (2) a combination of the culvert inlet configuration, the characteristics of the 
barrel, and the tailwater (outlet control: the culvert barrel or outlet has less capacity than 
the inlet).  Control may oscillate from inlet to outlet; however, the described procedures 
are based upon the concept of "minimum performance.”  That is, while the culvert may 
operate more efficiently at times (more flow for a given headwater level), it will never 
operate at a lower level of performance than calculated (assuming good condition and 
no clogging.) 

4.  HEADWATER AND TAILWATER DEPTHS 
The allowable headwater depth must be determined by an evaluation of the site.  For 
economy, the headwater depth should be as great as practical as long as it does not 
compromise safety, flood plain regulations, environmental considerations or property 
rights.  Designs should always include an evaluation of the impact of a 100-year flood 
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and the results of roadway overtopping. 

Conditions downstream of the culvert may cause the tailwater to rise above the outlet 
invert.  The depth of tailwater is an important factor in determining the capacity of 
culverts flowing with outlet control and may change the minimum performance from inlet 
control to outlet control.  Where there is a downstream obstruction or other cause for 
submergence of the outlet invert, the tailwater depth must be calculated.  The tailwater 
depth may have a significant effect on the depth of the headwater. 

5.  DEBRIS CONTROL 
Accumulation of sediment or debris in or near a culvert entrance will reduce the effective 
entrance cross-sectional area and will cause turbulence.  Trash racks and safety grates 
placed over a culvert entrance will also cause turbulence.  The turbulence is increased 
when debris is trapped.  Turbulence at the culvert entrance reduces culvert capacity.  
Often the debris that is trapped could pass through the culvert without clogging.  Grates 
directly over the entrance should be avoided wherever possible.  Where debris too large 
to pass through the culvert is anticipated, debris control structures should be placed far 
enough upstream to allow subsidence of turbulence before the flow reaches the culvert 
entrance, but down stream of major debris sources.  The design of debris control 
structures should comply with the Federal Highway Administration publication DEBRIS-
CONTROL STRUCTURES (Reference No. 11) 

Regardless of the best design efforts to control debris, it is always possible for culverts 
to become clogged.  Therefore, all roadway fills should be evaluated for the results of 
headwater depths greater than design and of roadway overtopping. 

6.  TAPERED INLETS 
Side tapered and slope tapered inlets (improved inlets) are flared culvert inlets with 
enlarged face sections and a hydraulically efficient throat section.  They may include a 
depression (FALL) to further enhance their efficiency.  Some may have mitered faces. 
Tapered inlets may be costly; however, their use may be economically justified in some 
cases.  They should especially be considered as additions to existing inadequate 
culverts to avoid replacement, and on long culverts to reduce the barrel size.  They 
should be designed using Reference No. 10. 

7.  Alignment and Grade 
Wherever practical, culverts must be placed on a straight alignment and grade and 
should have straight entrance and exit channels.  The alignment and grade should be as 
close as possible to the natural streambed. When conditions make the ideal alignment 
and grade impractical, the designer should consider relocation of a portion of the 
channel or small angle bends. 

8.  Culvert End Structures 
Both the inlet and outlet ends of all culverts must be protected by an end structure of 
some type. The minimum requirement is a straight end wall. (Sewer Pipe Anchor Walls, 
Standard Plan 4-04, may be suitable for small culverts.) For adequate protection, it may 
be necessary to add riprap or to construct wingwalls or energy dissipaters. 
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9.  Minimum and Maximum Velocities 
Culverts should be designed with self-cleaning velocities at the entrance and in the 
barrel. The minimum velocity at design flow should be 3 feet per second to minimize 
silting and deposit of debris. The maximum velocity at design flow should be 10 feet per 
second to minimize abrasion of the culvert barrel and streambed scour and bank erosion 
at the outlet. Riprap or other type of revetment must be placed at the outlets of all 
culverts, unless it can be shown that expected outlet velocities will not cause streambed 
scour or bank erosion. Extreme velocities may require use of an energy dissipater. The 
design of riprap and energy dissipaters should comply with the Federal Highway 
Administration publications DESIGN OF RIPRAP REVETMENT (for large streams -more 
than 50 cfs) (Reference No. 12) or DESIGN OF ROADSIDE. CHANNELS WITH 
FLEXIBLE LININGS (for small streams -less than 50 cfs) (Reference No. l5), and 
HYDRAULIC DESIGN OF ENERGY DISSIPATORS FOR CULVERTS AND CHANNELS 
(Reference No. 14). 

10.  Other Design Criteria 
Culverts are to be constructed of round pipe or as concrete box structures. (Also see 
Chapter 4 of Sewer and Drainage Facilities Design Manual (SDFDM).) The value of the 
roughness coefficient, n, in Manning's equation shall be 0.013. Other materials require 
approval before design. The value of n will be determined at the time of approval. The 
minimum size for culverts shall be 12" diameter.  

All culvert entrances must be designed using the most efficient entrance coefficient 
which is practical. An entrance loss coefficient of 0.2 should be possible on most culverts 
by beveling of the entrance or other methods. (See CHART 35, ENTRANCE LOSS 
COEFFICIENTS.) 

Stormwater flow designs for culverts are determined by the methods described in 
Chapters 6 and 8 of the SDFDM 

 
References (in the above text and the following charts): 

From: US Dept. of Transportation, Federal Highway Administration (FHWA), Washington, D.C. 

10.  HYDRAULIC DESIGN OF HIGHWAY CULVERTS   (HDS 5) 1985,  
 FHWA # IP-85-15,   NTIS # PB86-196961 / AS. 
 

11.  DEBRIS-CONTROL STRUCTURES   (HEC 9) 1971,  
 FHWA # EPD-86-106,  NTIS # PB86-179801 / AS. 

12.  DESIGN OF RIPRAP REVETMENT  (HEC 11) 1989,  
 FHWA # IP-89-016,  NTIS # PB86-179793 / AS. 
 

13.  DRAINAGE OF HIGHWAY PAVEMENTS  (HEC 12)  1984, 
 FHWA # TS-84-202,  NTIS # PB84-215003 / AS.   
 

14.  HYDRAULIC DESIGN OF ENERGY DISSIPATORS FOR CULVERTS AND CHANNELS 
 (HEC 14) 1983,  
 FHWA # EPD-86-1107,  NTIS # PB86-180205 / AS. 
 

15.  DESIGN OF ROADSIDE CHANNELS WITH FLEXIBLE LININGS  (HEC 15) 1988,  
 FHWA # IP-87-7, NTIS # PB89-122584 / AS. 
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Appendix K:  Chapter 5 Designing and Avoiding Odor and Corrosion in New 
Wastewater Collections Systems, US Environmental Protection Agency 
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