
CITY OF SEDRO-WOOLLEY 
COMPREHENSIVE SEWER SYSTEM PLAN 
 

SECTION 5 

COLLECTION SYSTEM MINIMUM DESIGN CRITERIA 

 
5.1 INTRODUCTION 
This Section of the Plan identifies minimum collection system design criteria for the purpose of 
analyzing the existing system and planning future improvements.  Minimum design criteria 
include capacity requirements for various system facilities, infiltration and inflow rates, and 
peaking factors to be utilized in design of improved or new facilities.  Minimum design criteria 
and projected flows will be used to evaluate the existing system and project future sewer system 
requirements for the planning area under anticipated growth scenarios.  The minimum design 
criteria presented herein are intended for analysis of the system and do not in any way 
supercede other City documents and standards governing location, placement, sizing or 
construction of sanitary sewer system facilities located within the City of Sedro-Woolley or its 
sewer service area.   
 
5.2 MINIMUM DESIGN REQUIREMENTS  
The "Criteria for Sewage Works Design" (Design Criteria), as published by the State 
Department of Ecology (DOE, 1998) in cooperation with the State Department of Health (DOH) 
and the U.S. Environmental Protection Agency (EPA), and modified by the City of Sedro-
Woolley Public Works Department Standards (SWPWDS), sets forth guidelines, standards and 
minimum requirements for sanitary sewer systems operating within the State of Washington.  
These guidelines, in conjunction with the City’s minimum requirements, establish the design 
criteria and construction standards to be used for extensions, upgrades and additions to the City 
of Sedro-Woolley’s sanitary sewer system.   
 
5.3 GENERAL DESIGN CRITERIA 
All sanitary sewer facilities are to be designed in accordance with good engineering practices to 
suit the actual conditions at the project location by a professional engineer approved by the City 
and licensed in the State of Washington.  All pipelines are to be designed and constructed in 
accordance with DOE’s "Criteria for Sewage Works Design", the City’s sewer extension policies, 
and the requirements identified in this Comprehensive Sewer Plan.   
 
Sewer system facilities must be designed with sufficient capacity to carry peak flows from the 
tributary area at ultimate development unless the City has established other criteria.  Sewer 
systems shall be designed and constructed to achieve total containment of sanitary wastes and 
to minimize infiltration and inflow.  
 

5.3.1 Period of Design 
In planning sewage facilities it is necessary to evaluate both present conditions and 
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future service needs, and to design a system capable of meeting variable demands over 
a given length of time, or period of design.  Minimum design periods of 20 years for 
mechanical facilities and 50 years for collection facilities are recommended.  The DOE 
design criteria, as put forth in the “Criteria for Sewage Works Design Manual”, 
recommends consideration of the following factors which affect design periods for 
specific facilities: 
 

• Service laterals and sewer mains should be designed for the ultimate 
development of the parcel with current zoning or tributary areas to be served.   

• The design period for trunk and interceptor sewers should be based on an 
evaluation of economic, functional, and other considerations, including, but 
not limited to:  
 Possible solids deposition, odor, and pipe corrosion that might occur at 

initial flows;  
 Population and economic growth projections and the accuracy of the 

projections;  
 Infiltration and Inflow;  
 Comparative costs of staggered construction alternatives; and,  
 The effect of sewer sizing on land use and development.   

• Pump station design should be based on ultimate development under current 
zoning of the served and potentially served areas.  

 
5.3.2 Planning 
Initial system construction and additions should conform to the City of Sedro-Woolley 
Comprehensive Plan.  The City Planning and Overview Committee shall review all 
developments against comprehensive plan landuse, future growth for the neighboring 
area, and sewer capital improvement plans to determine if joint ventures can co-exist 
between the developer and the City.  Phased development is permitted where full 
development will take several years.   

 
5.4 REFERENCE DATUM 
Mapping and analyses for this Plan are based on Horizontal Reference Datum NAD 83 and 
Vertical Reference Datum NAVD88.   
 
5.5 FLOW RATES  
Flow in a sanitary sewer system is composed of domestic, commercial and industrial wastes, 
groundwater infiltration and surface water inflows.  All portions of the sewer system must be 
capable of carrying the peak volumes from these sources.  Table 5-1 identifies the estimated 
quantities of flow associated with various land uses within the City.  The flows presented do not 
include infiltration and inflow.  Analysis of flows associated with more specific land uses should 
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be based on actual water consumption data and/or DOH Design Criteria.   
 
 Table 5-1 
 City of Sedro-Woolley 

Estimated Base Flow Rates by Land Use 

Land Use Average Daily Flow 

Single Family 75 gallons/capita/day 
(2.6 persons per unit) 

Multi-Family 75 gallons/capita/day 
(2.2 persons per unit) 

Retail/Commercial 35 gallons/employee/day 

Industrial 75 gallons/employee/day 

Institutional 35 gallons/employee/day 

Schools 10-16 gallons/person/day 

Notes: 
Estimated flows do not include Infiltration and Inflow. 
Estimated flows are based on the DOE’s “Criteria for Sewage Works Design” (December 1998). 

   
5.5.1 Peaking Factors  
Sanitary sewers and associated collection facilities shall be designed to carry at least 
peak hour flows.  Table 5-2 provides a summary of typical peaking factors used in the 
analysis of sanitary sewer system collection facilities.  More specific peaking factors put 
forth in the DOE Design Criteria, which are based on ratio of peak hourly flow to design 
flow according to population, should be utilized in the actual design process of new 
system facilities.  

 

Table 5-2 
City of Sedro-Woolley 

Design Peaking Factors 

Type of Facility DOE Standard City Standard 

Lateral and Local Sewers 4 4 

Trunks and Interceptors 3 3 

Pump Stations --- 2.5 

Notes: 
Peaking Factors indicate the multiplier to be used to determine peak flow.  
DOE peaking factors are based on a population of 15,000 for trunks and interceptors. 
Peaking Factors do not apply to Infiltration and Inflow. 
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5.5.2 Infiltration and Inflow 
Infiltration is groundwater which enters sewers through pipe joints or porous pipe.  Inflow 
is surface water which enters the sewer through manhole covers or illegal connections 
such as footing drains, roof drains and area drains. 
 
Infiltration and inflow is expressed in units of gallons per acre per day (gpad).  Although 
new sewers are constructed with materials and methods to eliminate infiltration and 
inflow, some allowance must be made for the future deterioration of facilities and 
potential illegal connections.  Typical values utilized for infiltration and inflow in 
evaluation and/or design of sewer systems are 600 gpad for infiltration and 500 gpad for 
inflow, although these values may vary according to local conditions.  For older sewers, 
values are determined on a case by case basis and verified by pump station and flow 
monitoring data.  Based on historical regional data, average infiltration and inflow rates 
for the City are approximately 1200 gpad.  Future planning should be based on an 
average I & I rate of 1200 gpad (see section 6.3.2.2. and section 3.3 for more 
information).   

 
5.6 COLLECTION FACILITIES 
Collection facilities should be designed for the ultimate development of the tributary areas based 
on the design factors outlined in Tables 5-1 and 5-2 and anticipated infiltration and inflow rates. 
       

5.6.1 Gravity Sewers 
Gravity sewers are to be utilized wherever possible.  Gravity sewer designs should 
consider at least the following:  

• Peak sewage flows from residential, commercial, and industrial sources; 
• Infiltration and inflow;  
• Topography and depth of excavation; 
• Treatment plant location; 
• Soil conditions; 
• Flow impacts from upstream pump station, if applicable;  
• Maintenance; 
• Existing sewers;  
• Existing and future surface improvements;  
• Controlling service connection elevations;  
• Flow from existing combined systems, if applicable;  
• Potential surcharge from downstream sewers; and  
• Maximum/minimum velocity compliance. 
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Pump stations may be allowed only after a thorough investigation has shown that no 
other cost effective alternatives are available.  Allowance of pump stations is at the sole 
discretion of the City. 

 
5.6.2 Trunk and Interceptor Sewers 
Trunk and interceptor sewers must be designed with sufficient capacity to carry peak 
flows from the ultimate development of the tributary area based on criteria established 
previously in Tables 5-1 and 5-2.  

 
5.6.3 Side Sewers 
Side sewers shall be at least 6-inches in R.O.W. and 4-inches in private property and 
shall be installed at a minimum slope of 2 percent.  Side sewers shall be rubber 
gasketed PVC pipe meeting ASTM3034-SDR35 specifications.  Cleanouts shall be 
located at a maximum spacing of 100 feet and a cleanout shall be provided at the 
property line and at the foundation.  No bend greater than 45% will be permitted without 
a cleanout.  The minimum cover requirement is 18-inches on private property and 30-
inches at the property line.  Side sewers shall serve only one residence or building. 

  
5.6.4 Alternative Systems  
Low-pressure sewers, inverted siphons and other alternative methods of wastewater 
collections are allowed at the sole discretion of the City and only when no other feasible 
and cost effective alternatives exist.   
 
Low-pressure sewers may be used or required in areas where the size of the area to be 
served is not sufficient to warrant the expense of a pump station.  Where physical 
limitations make it impractical to otherwise serve an area, low pressure or vacuum 
collection systems may be appropriate.  Minimum pipe sizes and system configurations 
shall be calculated on a case-by-case basis to provide a minimum velocity of 2 feet per 
second. 
 
Inverted HDPE siphons may be required to accommodate severe grade changes and 
will only be allowed when no other feasible alternative exists.  Minimum pipe size for 
inverted siphons is 6-inch diameter pipe and a minimum velocity in siphons shall be 3 
feet per second.  Siphons must be equipped with at least two barrels and provided with 
air relief valves as well as adequate facilities for cleaning and maintenance of facilities.     

 
5.6.5 Combined Sewers  
Combined sanitary and storm sewers are NOT allowed within the City. 
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5.6.6 Overflows 
Overflows or new overflow structures are NOT permitted. 

 
5.7 PIPE SIZING 
All gravity collection sewers shall be a minimum of 8-inch diameter unless a specific exception 
is granted by the City to allow for 6-inch diameter lines. Conditions for consideration of six-inch 
mains are as follows:  
 

• The probable maximum number served should not exceed four single-family 
residences or 10 multi-family residences, except as specifically approved by the 
City. 

• The maximum length between access devices shall not exceed 150 feet without 
City approval. 

• A manhole shall be provided where the 6-inch line connects to a larger line and 
access devices cannot substitute for manholes. An access device or manhole shall 
be provided at the end of the six-inch main.  If an access device is used, the first 
manhole shall be placed within 150 feet of the end of the line. 

• There shall be no possible extension of a 6-inch main. 
• The minimum allowable slope on 6-inch lines shall be 2 feet per 100 feet (2%). 
• Six-inch pipes shall be PVC (ASTM D 3034, SDR 35) or ductile iron (ASTM A 

21.51).  Glued joints are not acceptable.  
 

Pressure sewer, outfall and force main pipe sizing shall be as hydraulically justified and 
approved by the City. 

 
5.7.1 Roughness Coefficient 
An "n" value of 0.013 (with 0.8 full flow) shall be used in Manning’s formula for the 
design of sewer facilities, regardless of type of pipe, except inverted siphons, where an 
“n” value of up to 0.015 can be used. 

 
5.7.2 Downsizing 
Downsizing of sewer lines, or the installation of a smaller diameter line downstream of a 
larger diameter line, will not be allowed unless otherwise approved by the City.  The 
downstream lines shall be upgraded as necessary.   

 
5.8 PIPE SLOPE 
All sewers shall be designed and constructed to give mean velocities at of not less than 2.0 feet 
per second.  Table 5-3 shows the minimum allowable slopes for different pipe sizes.  Slopes 
greater than those indicated are desired, particularly under low flow conditions.   
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In side sewers, flows less than super-critical depth are to be avoided because the associated 
shallow water depths often leave solids in the pipe.  Oversizing sewers with respect to capacity 
in order to allow the use of flatter slopes shall be avoided as this may create lower operational 
velocities (2 fps) resulting in high maintenance lines.   
   

Table 5-3 
City of Sedro-Woolley 

Minimum Slope Requirements (for Pipes Flowing Full) 

Sewer Main Size 
(inches) 

Minimum Slope (feet 
per 100 feet) 

Sewer Main Size 
(inches) 

Minimum Slope (feet 
per 100 feet) 

8 0.40 21 0.10 

10 0.28 24 0.08 

12 0.22 27 0.07 

15 0.15 30 0.06 

16 0.14 36 0.05 

18 0.12   
Note:  Minimum requirements from DOE’s “Criteria for Sewage Works Design” (December 1998) apply. 

 
Sanitary sewers are to be laid with uniform slope between manholes.  Sewers with slopes 
greater than 15% are to be anchored securely with concrete anchors or retaining gaskets.  
Sewers with slopes in excess of 40% or with a velocity greater than 15 fps at any structure shall 
be equipped with approved energy dissipaters.  Anchors shall be required or specified by the 
City on a case by case basis depending on flowrate, velocity, and steep slopes.  The maximum 
azimuth angle for sewer flow shall not be lower than 90 degrees.  Any such devices shall be 
reviewed by the City on a case-by-case basis.   
 
5.9 MATERIALS 
Plastic (PVC) pipe may be used for gravity sewer lines where adequate soil foundation 
conditions permit and for slopes greater than 1% and less than 15% and depths less than 12 
feet.  Cement lined ductile iron pipe is required in all other areas and for force mains.  Ductile 
iron pipe placed in peat soils or potentially corrosive areas shall be polyethylene encased.  
 
All rigid pipes must pass standard crushing, flexural, and fill tests to insure that the installation 
will be watertight and able to withstand earth loads after being placed in the trench and during 
construction. 
 
Sewer pipes shall be connected by flexible rubber-gasket type joints, or other methods 
specifically approved by the City.   
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5.10 SEWER LOCATIONS 
In general, trunk and interceptor sewers are to be located in existing street rights-of-way or 
proposed street areas.  Certain sewers, however, will have to be located within easements in 
order to utilize natural drainage courses and topography.  In the event sewer mains must be 
outside of right-of-way boundaries, then easements shall be provided and be pre-approved by 
the City. 
 

5.10.1 Depth 
Minimum depth of cover for a sewer line in street right-of-way is three feet to the top of 
pipe. When specifically approved by the City, shallower depths may be used if pipe 
crush strength analyses are provided, however, in no case shall the depth of cover be 
less than 36 inches unless Ductile Iron (DI) pipe is used.  

 
5.10.2 Separation 
Sanitary sewer, when running parallel to another utility, shall maintain a minimum of 10 
feet horizontal separation, center to center, when all pipes are 24 inch inside diameter or 
less.  When pipe is greater than 24-inch inside diameter, a minimum horizontal 
separation is 10 feet measured from outside of pipe to outside of pipe. Crossings with 
water mains shall maintain a minimum of 18 inches of vertical separation between 
sanitary sewers and water pipes with water passing above the sanitary sewer pipe.  
Sewer joints are required to fall equidistant from any water crossing, and in some cases 
when separation cannot be maintained, it may be necessary to encase the water and 
sewer service in pipe approved by the City.  No concrete will be allowed unless 
specifically directed and approved by the City.  Where the required separation of water 
and sewer lines cannot be achieved, sewer lines are to be constructed as specified in 
the DOE “Criteria for Sewage Works Design”.  Cross connection control shall be done in 
accordance with State requirements and coordinated with local water service providers.   

 
5.10.3 Alignment 
Gravity sewers shall be designed with straight alignment between manholes. 

 
5.10.4 Trench 
The trench shall be kept clear of standing water in order to provide a clean, dry, joint 
seal.  Pumping equipment shall be provided in order to keep the trench dry and clear.  
The trench shall be cut out 6 inches below invert of the pipe and kept clear of roots, 
boulders, and other obstructions.  Compaction is to be provided per the modified proctor 
test ASTM D1557. 
 
5.10.5 Stream Crossings 
Stream crossing shall be minimized for new developments and determined as the only 
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feasible last alternative by the City.  Location of the nearest sewers shall be checked 
with the City prior to presenting stream crossing alternative.  The area served by a 
stream crossing shall be maximized.   

 
5.11 MANHOLES 
Manholes are to be installed at the end of each line 8-inches in diameter or greater.  Manholes 
shall also be installed at all changes in grade, size, or alignment, at all intersections and at 
distances not greater than 300 feet for sewers unless otherwise approved by the City.   
 
The minimum diameter of manholes is 48 inches with channel bottoms conforming to 
SWPWSD.  The minimum clear entrance opening in manholes shall be 24 inches.  Larger size 
manholes may be required to accommodate special requirements. 
 
A drop of up to 24 inches may be allowed if approved by the City and should be accommodated 
in the manhole channel in order to prevent deposition of solids. 
 
Flow channels in manholes shall be of shape and slope to provide smooth transition between 
inlet and outlet pipes and to minimize turbulence.  The channeling height shall be to the crown 
of the sewer main.  Benches shall be sloped from the manhole walls toward the channel to 
prevent solid accumulation.  All manhole connections shall be made with flexible joints which 
allow the manhole to settle without destroying the watertight integrity of the connection.  
Manhole channels shall be lined with plastic or fiberglass, unless otherwise specified by the 
City.   
 
New manholes shall be vacuum tested according to ASTM C1244. 
 
5.12 PUMPING STATIONS 
This section covers the design and construction of sewage pump stations and force mains.  
 

5.12.1 Location and Flood Protection 
Sewage pump stations shall be located as far as practical from present or proposed 
built-up residential areas, and an all weather road shall be provided for access to all 
pump stations.  Noise control, odor control, and station architectural design shall be 
considered in the locating and design of sewage pump stations.  Sites for pump stations 
shall be of sufficient size to accommodate expansion of facilities to meet projected build-
out conditions.  
 
Operational components shall be located at elevations above established 100-year 
flood/wave action or shall be adequately protected against such action.  All pump 
stations shall be designed to remain fully operational during 100-year flood conditions. 
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5.12.2 Pumping Rate and Number of Units 
At least two pumps shall be provided at each pump station and each shall be capable of 
handling the anticipated maximum flow, providing a City approved safety factor.  Where 
three or more pumps are provided, they shall be designed to fit actual flow conditions 
and shall be of such capacity to handle anticipated maximum flow with the largest pump 
out of service. 

 
5.12.3 Pump Cycle Ratios 
A pump cycle ratio represents the percentage of time during which a pump can be 
expected to run.  Recommended pump replacement sizes are based on cycle ratios of 
70% for theoretical peak day flows as generated for the design period conditions.  Pump 
station peaking factors of 2.5 are used to arrive at peak flows from average day figures.  
Conversely, average day flows represent approximately 50% of peak design flows, so 
that pumps sized according to recommendations operate approximately 35% of the time.  
These cycle ratios were selected to provide a margin of safety against pump overheating 
and subsequent wet well flooding that might occur if mechanical problems were to occur 
at or near peak flow conditions.  In addition, lower cycle ratios imply less running time 
and, therefore, longer pump life. 

  
5.12.4 Pumps 
Pumps shall be capable of passing spheres of at least 3 inches in diameter and run at 
least once per day.  Pump suction and discharge openings shall be at least 4 inches in 
diameter.  Under certain low flow/high head circumstances, grinder pumps, with smaller 
discharge openings may be approved.   
 
Pumps shall be placed so that they will operate under a net positive suction head under 
normal operating conditions (unless otherwise approved).   

 
5.12.5 Controls 
The method of pump station control shall be submitted to the City for approval at the 
time of design.  Provisions shall be made to automatically alternate pumps in use.  Pump 
stations with motors and/or controls below-grade should be equipped with a secure 
external disconnect switch.  All new pump stations shall be designed with the capability 
of measuring both pump run times and actual wastewater flow. 

 
5.12.6 Site Water 
Water service with a required backflow prevention device is required at each pump 
station. 
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5.12.7 Emergency Power 
All new pump stations shall be equipped with emergency power generators.  

 
5.12.8 Alarm System 
An alarm system to monitor the following is a minimum for all City owned and operated 
sewage pump stations: intrusion; power failure; wet dry well; high wet well; low wet well; 
smoke; operator in trouble; pump failure; and line failure. 
 
Test circuits should be provided to enable the alarm system to be tested and verified as 
in good working order. 

 
5.12.9 Wet Wells 
Pump station grease maintenance shall inspect wet pits weekly, create a cleaning list 
weekly, bi-weekly or monthly.  Documentation of all wet pits shall be recorded into a log 
book.  Flotation grease sludge shall be removed from surface sheen as to prevent 
frequent pump failures.   
 
5.12.10  Telemetry 
Telemetry is required at all City owned pump stations.  Conduit for fiber optic cable shall 
be installed to connect the pump station controls to the nearest logical point of 
connection, such as a telephone pole.  

 
5.13 CROSS CONNECTION CONTROL  
Protection of public water supplies is an important aspect in the design of sewer facilities.  There 
shall be no physical connection between a public or private potable water supply system and a 
sanitary sewer system, or appurtenance thereto, which would permit the passage of cross 
connection with the potable water supply system.  Separations should be maintained to the 
satisfaction of state, county, and city regulations for the crossings.  Casings may be required in 
the event of crossings lower than the minimum distance between separations.  Sewer joints 
should be maximized from the water crossing to further protect in the event of sewer pipe 
leakages.  Smoke and dye testing are to be used on an ongoing basis to assistance in City 
maintenance personnel in identifying illegal connections of surface water and sump pump 
connections.  Crews are to continuously monitor the collection system through visual 
inspections and CCTV equipment.  Investigation of excessive flows from direct sources shall be 
identified and investigated by performing simple dye, sound, or smoke testing.  Letters will be 
written to property owners if they possess cross connections informing them of corrective 
measures and solutions.   

 
PENHALLEGON ASSOCIATES CONSULTING ENGINEERS, INC.  
COLLECTION SYSTEM MINIMUM DESIGN CRITERIA      PAGE 5-11 



CITY OF SEDRO-WOOLLEY 
COMPREHENSIVE SEWER SYSTEM PLAN 
 

5.14 LOW PRESSURE SEWER 
Low pressure sewers should be inspected with pulled pumps and service as needed.  Diagnosis 
of electrical components with a licensed electrician is recommended on a yearly basis.  Open 
and clean check valve components, paint, and all force mains associated with low pressure 
sewers.  Pressure cleaning as deemed necessary for any lines needing service.  Pump station 
monthly pump hour log sheets should be reviewed for discrepancies and new monthly work 
order log sheets should be replaced.  On a yearly basis, the pumping capacity should be re-
calibrated for the pumps to ensure the maximum efficiency is being reached.   
  
5.15 GREASE TRAPS 
Implementation of a grease trap program is advised in areas where grease is a problem 
downstream within the collection system.  Fats, oils, and a grease program including 
identification, discharge survey, inspection, and installation of grease traps.  The grease trap 
inspection entails keeping date and information updated and complete, keeping 50% of its 
capacity for grease buildup or have it cleaned to have more than 50% capacity, and opening 
any traps during less busy business hours.  A grease control device called interceptors should 
be located outside the building with invoices and frequency of cleaning kept on file.   
 
5.16 FORCE MAINS AND LINE CLEANING  
The City of Sedro-Woolley is responsible for maintaining all public sewer force mains associated 
with its six pumping stations.  Maintenance of any motorized valves will be operated at a 
minimum of two times per year to ensure proper operation with inspection logs and pumping 
capacities.  Pigging (pressure cleaning) as necessary after inspection of all force mains.   
 
As an integral part of the City’s preventative maintenance program, a high pressure cleaning of 
the City’s sewer lines as well as the inspection and defect reporting of the manhole conditions 
which are opened to facility cleaning should be documented.  When frequent cleaning is 
needed, the location is added to the trouble spot documentation report within the Sewer 
Department.  The maintenance crew provides an observation an analysis of the manhole 
condition.  Physical observations of debris in the line are made and if warranted, a crew will 
respond with a closed circuit TV inspection unit to determine line condition.  After the combined 
information has been gathered, line cleaning is then determined for determining an increase in 
the preventative maintenance cleaning at that location.   
 
The City maintenance personnel will treat sewer line back-ups and blockages as a top priority.  
Every backup will be responded immediately with a sanitary sewer spill documented on a 
Sanitary Sewer Overflow form (SSO).  Any sewer spill that reaches a waterway of the County or 
State is reported to the Department of Ecology within 24 hours of its occurrence.  Corrective 
action is taken to assure reoccurrence does not occur.   
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