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FOREWORD 
 
USING THIS REPORT 
 
Because this report will be used by many people whose needs for detailed information will differ 
widely, an Executive Summary has been included at the beginning of this report.  This executive 
summary contains a summary and overview which briefly describes the content and main 
conclusions of the report.  Thus, readers may gain a good general understanding of the direction of 
the report and its contents by reading the Executive Summary.  If a reader wishes to explore the 
subject in greater detail, the appropriate section in the text can be consulted.  Each section has also 
been generally organized so as to move from the general to the specific. 
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EXECUTIVE SUMMARY 

 

INTRODUCTION 

This Storm Drainage System Master Plan assesses the City’s existing storm drainage system and 
provides recommendations for drainage within the City of Mt. Angel.  Without the benefit of a 
storm drainage master plan, storm drainage improvements are often constructed as needed 
without analyzing overall system needs and impacts.  Although this approach alleviates isolated 
problems, there is no way of making well informed decisions regarding improvements to the 
system, or assessing the potential impact of future development.  
 
The City's current development standards require findings that adequate capacity is available in 
the utility systems prior to development occurring.  Without a current storm drainage system 
master plan that identifies area-wide improvements required with a schedule guiding their 
construction, implementation of these policies is difficult.  Without a community wide 
understanding of how the storm drainage system works and how development within the 
community impacts its performance, it is difficult at best to determine what improvements to the 
storm drainage system are required by new development. 

PROJECT OBJECTIVES 

The primary purpose of the master plan is to provide the City with specific engineering 
recommendations for the management of storm drainage throughout the study area.  It is 
intended that the information contained herein assist the City in the planning and implementation 
of capital improvements to the storm drainage system, as well as ongoing system maintenance. 

ELEMENTS OF THE MASTER PLAN 

Section 2, Study Area and Planning Considerations 

 
Mt. Angel is located in the Willamette Valley 15 miles northeast of Salem at the base of the 
Cascade foothills.  The City consists of approximately 625 acres inside the City limits, with an 
additional 245 acres outside the City limits but within the UGB.  This study also evaluates areas 
upstream and downstream of the City to ensure the influences of these areas are properly 
addressed in the analysis. 
 
The City has three land use zones: residential, commercial, and industrial.  The land within the 
City limits has not fully developed to the degree allowed by the zoning standards.  Land within 
the UGBand outside the City Limits is generally undeveloped, or developed at levels far below 
what may be allowed upon annexation.  The study evaluates the storm drainage system both 
according to the current state of development, and assuming the full 870 acres is developed to 
the full extent allowed by the current zoning ordinances. 
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Section 3, Description of the Existing System 

The City is divided into two main drainage basins designated in the report as the North Basin and 
the South Basin, plus three additional minor basins on the perimeter of the City.  The North 
Basin consists of approximately 384 acres generally north of Church Street.  The South Basin, 
predominantly south of Church Street consists of approximately 316 acres.  The minor basins, 
designated by the geographic location as Northwest, Southwest, and East, consist of 117 acres, 
45 acres, and 39 acres, respectively. 
 
The two major drainage basins are served by storm drain trunk line systems running from east to 
west, with the discharges near the west City Limits.  The North Basin system is a relatively 
complex network of main routes and overflow paths that ultimately discharge at Marquam Street.  
The South Basin is primarily served by a major trunk line discharging at West Church Street, and 
working its way east until the Garfield street area.  
 
When all of the various elements of the storm drainage system are totaled, the City has over 
58,000 feet of pipe ranging in size from 6-inches in diameter up to 48-inches in diameter.  There 
are also roughly 360 catch basins and 70 manholes, as well as approximately 2.5 miles of 
ditches. 
 

Section 4, Hydrologic/Hydraulic Analysis 

The primary method for calculating the predicted stormwater run-off was using the Haested 
Method PondPack Santa Barbara Urban Hydrograph (SBUH) computer modeling program.  To 
use this program, the two drainage basins were divided into sub-basins generally defined by a 
region’s downstream intersection with the basin’s major storm drain trunk line.  The North Basin 
was divided into 14 sub-basins while the south was broken up into 9 sub-basins. 
 
Calculations were performed for existing and future development conditions using 25-year 
design storms, which is the storm event specified for the analysis of trunk lines 18-inches in size 
or larger.  Once the run-off calculations were completed, the predicted flows were used to assess 
the adequacy of the major trunk lines.  Ideally, the trunk lines should have the capacity to carry 
the 25-year storm without surcharging. 

Section 5, Storm System Evaluation and Recommendations 

The evaluation of the North Basin indicates that large portions of the major trunk line system are 
adequate for both existing and projected future flows.  The most prominent problem area is from 
John Street east over to Garfield Street and up to Marquam Street.  This area contains a series of 
36-inch and 30-inch pipes to Garfield Street, and an 18-inch pipe in Marquam Street that are 
undersized for the projected flows.  The recommended solution is to construct a new 36-inch 
pipe in John Street up to Marquam Street, then over to the west side of the Middle School. 
 
Other problem areas in the North Basin include the culverts crossing Marquam Street at the west 
City Limits, the 48-inch trunk line heading southeast into the City from the Marquam Street 
culverts, and a 27-inch pipe from Marquam Street just east of Pershing Street running northeast 
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to the railroad tracks.  An additional 48-inch culvert across Marquam Street would provide the 
necessary capacity in that location.  The capacity of the 48-inch trunk line must have its capacity 
supplemented.  Currently there is a 24-inch pipe parallel to the 48-inch that serves little purpose, 
and could be put to use with minimal cost or effort.  This would add some capacity, but not 
enough for all of the projected future flows.  The long term solution in this location is to replace 
the 24-inch with a 36-inch pipe.  The 27-inch from Marquam Street to the railroad needs to be 
replaced with a 36-inch pipe, but such replacement may wait until development of this area. 
 
The majority of the major trunk line for the South Basin is marginal at best, and in large sections 
it is substantially undersized.  The proposed solution to this serious problem is to construct a new 
48-inch line in Academy Street, and then south along Highway 214 that will carry flows from 
sub-basins S7, S8, and S9.  If this line was constructed, the existing trunk line would have 
sufficient capacity to carry both existing and projected future flows.  
 
The recommended improvements, and their associated costs are summarized in Figure 5-13 and 
Table 5-13, which are included on the following pages for the convenience of the reader. 
 
This section also provides a discussion on stormwater detention explaining the purpose of 
detention, the most important benefits, and pointing out certain costs and disadvantages.  In 
general detention is most beneficial to the storm drainage system immediately downstream of a 
development site.  The benefit to the major trunk lines, while it exists, can be less dramatic.  The 
major drawbacks to detention relate to the cost to development, in either money or lost 
developable ground, or both.  Weighing the benefits and drawbacks of detention within the 
context of Mt. Angel’s specific situation, we recommend that the City continue to support its 
current stormwater detention standards. 
 
Finally, we have identified several local problem areas where the existing drainage system does 
not function as desired.  The report lists these areas and makes suggestions as to possible 
remedies that the City may wish to pursue.  

Section 6, Design Standards and Management Practices 

This section provides a discussion of the standards and procedures the City has adopted to 
promote an efficient, effective storm drainage system.  Included in this section are general 
discussions of Storm Drainage System Design Standards, Stormwater Quality Standards, Storm 
Drainage System Construction Standards, and Management Practices.  In addition, we have 
provided information concerning legal and liability issues, as well as system funding issues. 
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SECTION 1 
INTRODUCTION 

 

1.1 Background 

Mt. Angel is located in north central Marion County, approximately 15 miles northeast of Salem, 
in the heart of the Willamette Valley.  Incorporated in 1893, the City of Mt. Angel has grown to 
a population of approximately 3,400 in 2001, according to the Population Research Center at 
Portland State University.  The Urban Growth Boundary (UGB) encompasses 870 acres, of 
which approximately 625 acres are within the City Limits.  Mt. Angel has developed a stable 
economy with strong agricultural and diversified small commercial and industrial sectors.   
 
The City is currently divided into two main drainage basins, generally dividing north and south 
of Church Street.  Each basin is served by a primary storm drain trunk line that collects the 
drainage from the various sub-basins and conveys it to the west out of the City.  Overall, much of 
the City’s storm drainage system appears to be fairly well designed and suitable to handle 
anticipated demands.  However, there are a number of areas that will require attention to correct 
shortcomings. 
 
The North Basin is served by a 48-inch diameter trunk line and a series of overflow routes that 
appear generally adequate for both current and future flows.  While generally in good shape, 
there are a number of inadequacies in need of correction.  The trunk line for the South Basin is 
currently inadequate for current flows, and will become even more overtaxed as development 
occurs.  However, a relatively simple system modification appears to provide the opportunity to 
correct most of the major problems with the South Basin trunk line.  Beyond the trunk lines, 
there are also a few specific drainage system problems that have been identified and will be 
addressed by this report. 
 
Building on a detailed analysis of the City’s basins and sub-basins, this report provides a 
comprehensive look at the City’s storm drainage system to establish a baseline for future 
upgrades to the main drainage systems as necessary, reviews requirements for storm drainage 
detention, and references standards for improvements to local storm drainage facilities. 

1.2 Authorization 

In September of 2000, the City authorized Westech Engineering to prepare a Storm Drainage 
System Master Plan for the City.  The report will be the City’s guide to establish a program for 
upgrading existing storm drainage facilities, establishing storm drainage system design and 
construction standards, establishing stormwater run-off detention requirements, and 
implementing storm drainage management procedures.  Originally scheduled for completion in 
May of 2001, the City and Westech Engineering agreed to delay delivery for one year due to the 
drought during the winter of 2000-2001. 
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1.3 Project Objectives 

The purpose of this study is to evaluate the portion of City's storm drainage system with respect to 
its existing and future needs; identify improvements and associated costs necessary to meet those 
needs; and provide the City with a design guide for future growth of the City's storm drainage 
system in this area.  It is intended that the information contained herein assist the City in the 
planning and implementation of capital improvements to the storm drainage system, as well as 
ongoing system maintenance. 
 
This evaluation and master plan accomplishes the following specific objectives. 
 
• Identify and delineate the boundaries of the major drainage basins within the Planning Area. 
 
• Map the applicable portion of the existing storm drainage system based on field data 

collection and as-built drawings.  
 
• Identify current and future storm drain system deficiencies within the applicable basins, 

particularly in the following areas: 
 
 • Localized flooding, flow routing capacity 
 • System reliability 
 • Maintenance considerations 
 
• Analyze the drainage systems under fully developed (buildout) conditions to determine the 

most cost effective approach to drainage management within the study area. 
 
• Provide an evaluation of the options for correcting these deficiencies with preliminary 

construction cost estimates for recommended alternatives. 
 
• Provide specific recommendations to the community and City Council for action.   
 
This report does not include a wetland inventory or delineations, on-site environmental 
investigations or geotechnical investigations. 

1.4 Prior Studies and Work 

The most recent studies, reports and documents utilized in the preparation of this master plan are 
as follows:  
 
• Master Drainage Plan, for the City of Mt. Angel, Oregon by Westech Engineering, July 

1982. 
 
• Flood Insurance Study, Marion County, Oregon, Unincorporated Areas, by Federal 

Emergency Management Agency, January 19, 2000. 
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• Soil Survey of Marion County Area, Oregon, by USDA Soil Conservation Service, 

September 1972.   
 
• Public Works Design Standards for the City of Mt. Angel, Oregon by Westech Engineering, 

September 1996. 
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SECTION 2 
STUDY AREA AND PLANNING CONSIDERATIONS 

 

2.1 Study Area 

The City of Mt. Angel is located in Marion County approximately 15 miles northeast of Salem, 4 
miles north of Silverton, and 8 miles south of Woodburn.  The primary study area is coincident 
with the Urban Growth Boundary (UGB) established by the City's Comprehensive Plan.  
However, since the storm drainage system within the UGB is influenced by run-off from 
upstream of the City, as well as the performance of the downstream drainage system, these areas 
were also investigated as part of this study.   
 
The City is bisected north to south by Highway 214 and the Old Mt. Angel Highway.  These two 
roads intersect at the City center (Church Street), and provide the major road transportation route 
to Mt. Angel.  Highway 214 is variously designated as the Wilco Highway, Mt. Angel Hillsboro 
Highway, and the Mt. Angel Silverton Highway.  The Union Pacific Railroad Co. also has a rail 
line passing through the City north to south.   
 
As previously noted in the introduction, the Urban Growth Boundary (UGB) currently 
encompasses approximately 870 acres, of which approximately 625 acres are within the City 
Limits.  Eventually the entire area will be part of the City and will be served by the City's utility 
systems.   
 
This report is based on the assumption that there will be no significant changes to the Urban 
Growth Boundary during the study period.  The improvements recommended in this plan are 
based on development of land within the UGB in its present location, as well as the existing land 
use zoning for these areas.  It is assumed that no significant development will occur within the 
study area that will require major changes to the existing zoning.  Changes in any of these 
assumptions could change the recommendations contained in the master plan.  Should significant 
changes in any of the above occur, the master plan should be updated accordingly. 

2.2 Climate and Rainfall Patterns 

The study area is located east of the area in the north central Marion County commonly referred 
to as Howell Prairie, and is close to the foothills of the Cascade mountain range.   
 
Since there is no National Weather Service recording station in Mt. Angel, rainfall data from 
Silverton was examined.  As noted above, Silverton is just four miles south of Mt. Angel.  Their 
common location at the eastern edge of the Willamette Valley, at the base of the Cascade 
foothills provides a basis for assuming similar weather patterns. 
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The weather is characterized by cool wet winters and warm dry summers.  Winters are typically 
mild, with very low temperatures being uncommon.  Summers are generally mild with little 
precipitation.  Average high temperatures range from the mid 40’s to the low 50’s in the winter 
months and are in the 70’s in the summer.  Average low temperatures run in the mid-30’s to low 
40’s in the winter, and are in the low 50’s in the summer. 
 
The study area receives an average of approximately 46 inches of precipitation annually, with the 
majority of the rainfall occurring during the winter months.  Oregon Climate Service records for 
Silverton start in 1962.  Since then, the wettest year was 1996 when approximately 77 inches of 
rainfall was measured.  The second wettest year, based on a complete year of records was 1968, 
with approximately 59 inches of rainfall.  Approximately 2/3 of the annual precipitation occurs 
between November 1 and April 30.  Winters are characterized as mild, with very low 
temperatures being uncommon.  Summers are generally mild with little precipitation.  July is 
typically the driest month with an average rainfall for the month of just under one inch. 
 
Table 2-1 summarizes the 24-hour rainfall intensity data for the Mt. Angel area. 
 

TABLE 2-1  
Storm Event, 24 Hour  Rainfall Intensities 

Storm Event 24 hour Precipitation 
(inch) 

2-year 24-hour 2.5 

5-year 24-hour 3.0 

10-year 24-hour 3.5 

50-year 24-hour 4.4 

100-year 24-hour 4.5 
1 – From 1973 NOAA Atlas 2, Volume X (Oregon). 

 
The rainfall-intensity-duration curve for use in the City of Mt. Angel for sizing storm drain 
piping under the rational method is the ODOT Zone 8 curve (see Public Works Design 
Standards).   

2.3 Topography 

Mt. Angel is located east of the Pudding River, approximately 40 miles upstream of the point 
where the Pudding River enters the Willamette River.  The City center is located on the first 
major bench east of the Pudding River.  The natural surface drainage across the study area flows 
to the west into the Pudding River.  The most prominent topographic feature is Mt. Angel, which 
is located at the southeast corner of the city, and rises to a height of 485 feet above sea level. 
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The topography within the City Limits and the UGB is generally gently sloping and undulating.  
The topography within the study area ranges from relatively flat within the majority of town to 
somewhat steeper slopes near the base of Mt. Angel in the southeast corner of town.  The 
elevation within the study area ranges from approximately 150 feet on the west edge of the City 
to about 250 feet near the southeast corner of town.  The majority of the land within the UGB is 
at or below an elevation of 200 feet, with the City center having an elevation of approximately 
170 feet.   
 

2.4 Soils and Geology 

A variety of soils are found in Mt. Angel.  Although a detailed analysis of the soils and geology 
is outside the scope of this report, a review of information from existing soil surveys was 
performed.  In 1972, the Soil Conservation Service published a detailed report entitled, “Soil 
Survey of Marion County, Oregon,” which documents and maps the different soil types within 
the County.  Soil information from the Soil Survey is provided in Appendix A. 
 
Almost all soil within the City limits belong to the Amity, Concord, Dayton, and Woodburn 
series with Amity the most prevalent.  In general, the soils experience high water tables during 
the winter months and have moderate to low permeabilities.  These soils are typically resistant to 
infiltration, and thus result in a higher natural run-off than would be normally found in sandy or 
gravelly soils.  The soil descriptions indicate that run-off is slow, but that is due to the flat terrain 
where these soils are found.  One positive consequence of having these types of soils is that there 
is a smaller increase in run-off when a property develops than would occur with more pervious 
soils. 
 
The importance of these classifications to this report is to emphasize that the soil infiltration 
capacity within the developable portions of the study area is limited at best, particularly during 
the late winter months after the ground has become saturated.   

2.5 Land Use and Community Planning 

Land within the City is divided into three general zones based on the type of use allowed (ie. 
Residential, Commercial, and Industrial).  The Zoning Map (Figure 2-1) shows the location of 
the UGB, City limits and land use zoning designations within the City.  Table 2-2 summarizes 
the approximate areas contained under each zoning designation.  
 
For the purposes of this study land use was examined under both its current state of development 
and assuming all land would develop to the full use of the designated zone, both for land within 
the City Limits and land inside the UGB.  Land outside the UGB was assumed to remain in 
agricultural use. 
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TABLE 2-2 

Approximate Areas by Land Use Category 
Category Total Area (acre) 

 Within 
City Limits 

Between City 
Limits & UGB 

Total Within 
City Limits and UGB 

RS – Residential Single Family 222 N/A 222 

RM – Residential Multi-Family 58 N/A 58 

CR – Commercial Residential 12 N/A 12 

CG – Commercial General 26 N/A 26 

I – Industrial 53 N/A 53 

P – Public 160 N/A 161 

Right-of-Way  94 11 105 

UGB(RL) – Residential, Low Density N/A 185 185 

UGB (RH) – Residential, High Density N/A 4 4 

UGB (I) - Industrial N/A 45 45 

 TOTAL 625 245 870 

 
 

2.6 FEMA Flood Insurance Status 

In 1968, the U.S. Congress passed the Flood Insurance Act which established a federal program 
enabling property owners to buy flood insurance at a reasonable cost (FEMA, 1980).  In return, 
communities carry out local floodplain management measures to protect lives and new 
construction from future flooding.  The program is administered by the Federal Insurance 
Administration within the Federal Emergency Management Agency (FEMA).   
 
Continued encroachments on floodplains decrease the natural flood-control capacity of these 
land areas, creates the need for expensive manmade flood-control measures and disaster-relief 
activities, and endangers both lives and property.  Projects obtaining federal funding must 
demonstrate compliance with federal floodplain management regulations, and avoid to the extent 
possible: 
 
• The long and short-term adverse impacts associated with the occupancy and modification 

of floodplains, and 
 
• Direct or indirect support of floodplain development wherever there is a practicable 

alternative. 
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The relevant floodplain for most proposed projects is an area that has a 1-percent chance of a 
flood occurrence in a given year.  The flood of this interval is referred to as the 100-year flood or 
the base flood.  The floodplain management guidelines further require Federal agencies to apply 
the 0.2 percent or 500-year flood occurrence standard to the location of “critical facilities.”  
Facilities considered “critical facilities” are those whose loss would disrupt utility service to 
large areas for a considerable period of time or would disrupt utility service to critical facilities 
such as hospitals.  Critical facilities include water treatment plants, wastewater treatment 
facilities, large pump stations, and centralized operations or communication facilities.   
 
Mt. Angel is located in northern Willamette Valley on the first bench west of the Pudding River.  
The elevation within the study area is generally above 150 feet (above sea level).  The Pudding 
River is located west of town, and flows from south to north west.  The Federal Emergency 
Management Agency (FEMA) has established 100-year floodplain designation and insurance 
ratings areas along the Pudding River and its tributaries.  While sometimes referred to as the 
"100 year flood", it is more accurate to consider it the flood having a 1 percent chance of 
occurrence in any year, or a 10 percent chance of occurrence during any 10 year period.  The 500 
year flood is a flood having a 0.2 percent chance of occurrence in any given year.   
 
Both the City of Mt. Angel and Marion County presently participate in the regular phase of the 
Flood Insurance Program (date of entry into the Regular Program for Mt. Angel was June 30, 
1976, for Marion County it was August 15, 1979).   
 
According to the FEMA “National Flood Insurance Program Community Status Book,” the City 
of Mt. Angel is listed as having no current flood map published for areas within the City Limits, 
but is still participating in the National Flood Insurance Program.   
 
Flood profiles and maps for those portions of the Pudding River adjacent to the study area are 
included in the Flood Insurance Study prepared for Marion County Unincorporated Areas as 
follows.  
 
• FIRM panel 250 of 1150 (map 41047C0250 G) dated 1/19/00 
 
The entire study area and all of the proposed improvements are above the 100 year and the 500 
year flood plain of the Pudding River.  The current FIRM panel indicates that no flood elevations 
have been determined for the Pudding River west of Mt. Angel.  The nearest portion of the 
floodplain to the City is directly to the west, approximately one mile from the western city limits.  
 
There is an area within the City Limits that is subject to local shallow flooding, and that used to 
be classified as a special flood hazard area.  This area includes the low area at the south end of 
Cleveland Street.  However, flooding in this area is due to backup of inadequate drainage 
facilities rather than flooding from nearby creeks or streams, and is therefore not shown on 
current FEMA flood maps.   
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SECTION 3 

DESCRIPTION OF EXISTING SYSTEM 
 

3.1 General 

The City's existing storm drainage system collects stormwater from open areas, streets, 
residences, businesses, industries, and public facilities and conveys the runoff to drainage 
channels outside the City that discharge to the Pudding River.  Flow through the storm drainage 
collection system is by gravity.  There are no public storm drainage pump stations within the 
City.   
 
This section provides an overview of the existing storm drainage system within the study area 
and summarizes known or reported problems. 

3.2 Stormwater Drainage Basins 

As shown on Figure 3-1, the study area is divided into a number of drainage basins.  The two 
largest basins, North and South, cover the majority of the City.  Several smaller basins exist on 
the outside edges of the City covering areas that are currently only lightly developed.  The basin 
boundaries were determined based on the topography, layout of the storm drainage system, and 
field investigation of actual drainage patterns.  Table 3-1 lists the approximate areas within each 
of the major drainage basins shown.  Each of these major drainage basins was then divided into 
sub-basins as appropriate to more accurately define their hydrologic characteristics.   
 

Table 3-1  
Major   Drainage Basin Areas 

Basin Name General Drainage Basin Location Area (Acres) 
NW Area north of Marquam Street that drains directly 

to Mt. Angel-Gervais Road west of town 
117 

N Area north of Church Street draining to 
Marquam Street at the west end of town 

384 

S Area south of Church Street draining to Church 
Street 

316 

SW Area south of Academy Street alignment 
draining to Walker Ditch 

45 

E Area east of Humpert Lane (including Mt. Angel 
Towers) draining to Marquam Street at the east 
end of town 

39 

 Total 901 
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Within the study area, several jurisdictions have responsibility for design and maintenance of the 
storm drainage system.  In addition to the City, who is responsible for the majority of the system, 
the Oregon Department of Transportation (ODOT) is has jurisdiction over facilities in the right-of-
ways along Main Street (Hwy 214), while Marion County technically has jurisdictional oversight 
over facilities within County right-of-ways.  Marion County typically defers review to the City for 
storm drainage facilities in County right-of-ways within City Limits.  Union Pacific Railroad has 
jurisdiction oversight for the portion of storm lines crossing the railroad right-of-way. 
 

3.3 Existing System 

The Storm Drainage System Map (Figure 3-2) shows the location and size of the existing 
known drainage system elements.  A full scale copy of this map is included in Appendix B.   
 
The existing storm drainage system is a combination of open channels, storm pipes and culverts 
in the well developed areas of the City, and roadside ditches, cross country ditches and perennial 
streams, and cross culverts in the less developed areas.  The total estimated length of pipe in the 
drainage system is approximately 58,000 feet (±11 miles) with ±360 catch basins and ±70 storm 
drain manholes.  The remainder of the storm drainage system consists of small perennial streams 
and constructed open channels, including roadside ditches.  A detailed inventory of these 
channels and ditches was not performed, but the total appears to be in excess of 2.5 miles 
(excluding highway and railroad ditches). 
 
As previously noted, the study area is crossed by three major transportation corridors, Highway 
214, the Old Mt. Angel Highway and the Union Pacific Railroad.  These corridors are the major 
obstacles that have modified the natural path of runoff flowing out of drainage basins upstream 
of these facilities, and the placement and sizing of these crossings effects the amount of runoff to 
downstream drainage areas.  The major storm lines crossing the Highway and railroad within or 
adjacent to the City are as follows, listed from north to south. 
 
Highway 214 (North Main Street/Wilco Highway) 
• 30" concrete, Taylor Street 
• 30” concrete, between Palmer & College Street 
• 3’ x 5’ box culvert, south end Garfield Street 
• 6’ x 9’ CMP culvert, south of City Limits 
 
Railroad 
• 18” CMP, north end of Mt. Angel Beverage property 
• 3’ x 4’ box culvert, north of west end of Franklin Street  
• 42”, Marion Street 
• 3’ x 5’ box culvert, Sherman Street 
• Twin 30” concrete, south end Garfield Street 
• 6’ x 6’ box culvert, south of City Limits 
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Old Mt. Angel Highway (South Main Street) 
• Twin 30" concrete culverts, south of May Street 
• 10” PVC and 12” Concrete, Academy Street alignment 
• 48” HDPE culvert, south of City Limits 
 
Table 3-2 contains a summary of the estimated quantities of piping by size and material type in 
the storm system by material type and diameter.   
 

Table 3-2  
Storm Drainage System, Estimated Piping Quantities 

 Total Estimated Pipe Quantities (feet) 

Pipe Size Concrete PVC HDPE CMP CI/DI Totals 

6” 970 120 100  170 1,360 

8” 15,640 80 120 330 210 16,380 

10" 4,850 1,530 70  20 6,470 

12" 13,310 230 390 170 60 14,160 

15" 3,260 890 320   4,470 

18" 2,180  180 50  2,410 

21” 1,130   60  1,190 

24" 2,550   140  2,690 

27” 1,230   200  1,430 

30" 2,540     2,540 

36" 300   260  560 

42” 1,350     1,350 

48” 3,160  70   3,230 

Totals 52,470 2,850 1,250 1,210 460 58,240 

Number of Catch Basins = ±360     Number of Manholes = ±70 

PVC = Poly Vinyl Chloride  HDPE = High Density Polyethylene  CMP = Corrugated Metal Pipe 

CI = Cast Iron   DI = Ductile Iron 

 
The quantities shown on the table are limited to those within the UGB.  As can be seen from this 
table, there is a variety of pipe materials in the current storm drainage system.  The size of the storm 
drain pipes vary from 6 to 12 inches in diameter for local systems to 18-inch and larger pipes for 
major collector systems.  Pipe materials include concrete, Poly Vinyl Chloride (PVC), High Density 
Polyethylene (HDPE), corrugated metal (CMP), cast iron (CI) and ductile iron (DI).  
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3.4 Typical Storm Drain System Problems 

Before addressing particular problems, it is helpful to define the categories of problems likely to 
be encountered.  We have found that problems can generally be divided into the following 
categories; lack of capacity, end of useful life, lack of facility, lack of maintenance, erosion, and 
on-site problems.  Not all categories of problems are present in every system.  A short 
description of each of these categories follows:  

a. Lack of Capacity  

This type of drainage problem results from open channels or pipes that are too small to 
handle the peak storm runoff.  This type of problem typically results when upstream 
development increases the peak flow and volume of runoff, or because the existing 
system was constructed before storm drainage design standards were established.  
Therefore, although the storm system may have capacity to handle the runoff from 
smaller magnitude storms, it is unable to convey the runoff during major storm events.  In 
either case, these portions of the existing system are undersized and need to be improved. 
 
Design standards typically require that as the storm channel or pipe gets larger, it must be 
designed to convey the flow from a more intense storm event due to the increased risk of 
property damage should the system fail.  For instance, local systems are typically sized 
based on a 10-year frequency storm, while larger storm drains or ditches serving a major 
basin must be designed for a 25 or 50 year frequency storm.  If the local system 
overflows, the likelihood of significant property damage is relatively small, while failure 
of the major systems can result in significant damage to property.   

b. On-site Problems  

Examples of on-site drainage problems include standing water in yards, flooded driveway 
culverts on small local systems, flooding in private parking lots and problems related to 
groundwater and springs.  In many cases, the on-site drainage problems are a result of 
conditions on the site (ie. clogged parking lot catch basins or driveway culverts) that are 
the responsibility of the private property owner.  Evaluation of these types of problems is 
beyond the scope of this report. 
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c. End of Useful Life  

This type of drainage problem is the result of old, damaged, or worn out systems that no 
longer function as designed.  The most common example of this type of problem includes 
rusted or collapsed pipes or culverts.  The correction of these types of problems requires 
replacement or reconstruction of the existing system.   

d.  Lack of Facility 

Drainage problems in this category are caused by the absence of a drainage system.  
Examples include areas where there is no catch basin at the low spot in a street, lack of 
drainage systems for homes set back from the street, or property which is too low to drain 
to an established drainage system.  Any of these cases typically results in ponding water 
and/or flooding on a regular basis.   

e. Lack of Maintenance  

Dirt, gravel, sediment, and other debris carried by storm runoff may settle out or become 
lodged in culverts, pipes and catch basins, resulting in flooding due to the reduced 
capacity of the system (sedimentation).  This type of problem can be prevented or 
minimized by routine inspection and cleaning.   
 
A second problem in this category results when ditches or other drainage facilities are 
located along back lot lines or through undeveloped areas without any provisions for 
maintenance access.  Under this scenario, it is difficult and expensive for the City to 
maintain the storm drainage facilities on a regular basis, as the costs for obtaining access 
or restoring the area following maintenance may cost as much as the maintenance work 
itself.   
 
A final concern under this category is when residents or developers dump debris into 
ditches during the dry season, which results in flooding when the wet season arrives. 

f. Erosion  

Unless erosion control measures are maintained during construction of new 
developments, rainfall washes soil from areas that have been cleared of vegetation and 
graded for development.  Erosion of streambeds and banks may also occur when 
development increases runoff flows.  Deposition of these sediments downstream 
contributes to the maintenance problems experienced by the system.  The irony of erosion 
problems is that the flooding caused by this sediment typically occurs far downstream of 
the source of the problem.  Although an analysis of this issue is beyond the scope of this 
report, the City does require erosion control facilities during construction of new 
developments. 
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3.5 Mt. Angel Storm Drain System Problem Areas 

The major problem areas and their associated categories are summarized in Table 3-3.  This list 
shows that there is one primary cause for most of the problems in the City’s storm drainage 
system: lack of capacity.  The suspected causes and recommended approaches for correcting 
these problems are presented in Section 5. 
 

Table 3-3  
Existing Drainage Problem Areas  
(Based on analysis or  City Input) 

Location Problem Category 

Major South Trunk Line, Church Street to Garfield Street Lack of Capacity 

Major North Trunk Line, John Street to Garfield Street to 
Marquam Street 

Lack of Capacity 

Major North Trunk Line, Marquam Street Culverts at the west 
City Limits 

Lack of Capacity 

Major North Trunk Line, from the Marquam Street Culverts 
southeast to the developed residential area 

Lack of Capacity 

 
Finally, while addressing problem areas it should be noted that the City is not currently under 
any specific regulatory water quality requirements for storm water flows.  As such, consideration 
of storm water quality issues are given limited treatment in this study.  At such time that the City 
comes under regulatory requirements for storm water quality, a storm water management 
program will need to be developed to address these issues.  

3.6 Existing Storm Drainage Funding Mechanisms 

According to the City, it does not presently have a dedicated storm drainage system funding 
mechanism available to finance needed repairs or upgrades to the storm drainage system.  
Maintenance of the storm drainage system is currently funded from other budgets, such as 
streets.  Potential storm drainage system funding mechanisms are discussed in Section 6. 
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SECTION 4 

HYDROLOGIC/HYDRAULIC ANALYSIS 
 

4.1 Hydrology Analysis Procedure 

a. Modeling Methodology 

The purpose of the drainage system capacity evaluation was to identify elements of the 
existing drainage system that cannot accommodate current and/or projected future storm 
water flows.  The calculation of peak flows and runoff volumes within the drainage 
basins is essential to any storm drainage master planning effort.  Peak flows are used to 
size ditches, culverts and pipe systems during the design process for new facilities.  The 
calculation of peak flows was accomplished using a mathematical computer simulation 
model, PondPack Santa Barbara Urban Hydrograph (SBUH), developed by Haested 
Methods.  These results were checked using a manual procedure, the Rational Method, as 
presented in the ODOT Hydraulics Manual.   
 
In addition to the typical advantages provided by computer simulations, the SBUH 
approach was selected because the rational method is generally considered to be reliable 
only for basins under 300 acres.  Additional differences between the SBUH method and 
the rational include the use of a 24-hour storm event model with SBUH compared with 
the Intensity-Duration-Frequency (IDF) tables used in the rational method that end after 6 
hours, and a greater variety of soil types in the SBUH.  The IDF curves used with the 
Rational Method generally represent a more intense, shorter duration storm events that 
work well with site specific storm system designs.  However, the 24-hour storm used by 
SBUH more closely follows the pattern of storms that should be applied to larger, more 
extensive drainage systems.  A brief description of each method is provided below. 
 
Santa Barbara Urban Hydrograph (SBUH) Method 
 
The SBUH procedure involves defining sub-basins of the drainage basin of interest 
according to two basic hydrologic characteristics, the soil type and the time of 
concentration, then applying a model storm to that basin.  The soil type involves the type 
of soil (as defined by the Soil Conservation Service soil maps), the use related to the 
parcel (residential, commercial, various types of agricultural activities, etc.), and 
judgement of relative quality of soil within that use (good, fair, poor).  Using these 
parameters a CN number was selected to represent each of the various areas within the 
drainage basin, and used as input in the computer model. 
 
The time of concentration is the length of time it takes for rain falling at the most distant 
point of a drainage area to travel to the discharge point.  Typically, rainfall must travel 
several segments before it reaches the basin discharge point.  These can include an 



 

 
 
Last printed 9/15/2014 4:04:00 PM Mt. Angel Storm Drainage System Master Plan 
WE • 4-2 Hydrologic/Hydraulic Analysis 

overland sheet flow segment, a shallow overland segment, open channel segments, and 
piped segments. 
 
The model storm used is a 24-hour rainfall event, where the total rainfall is distributed in 
time related increments based on the appropriately selected region of the country.  The 
type of storm used for this study is the Type IA, that represents typical storm patterns for 
the West Coast from the coastline to the first major mountain range (Cascades, Sierras, 
etc.).  The total rainfall is dependent on the magnitude of the event as described by the 
expected frequency: 2-year (2.5-inches), 5-year (3.0-inches), 10-year (3.5-inches), 25-
year (4.0-inches), 50-year (4.4-inches), or 100-year (4.5-inches).  These totals are 
mapped in the National Oceanic and Atmospheric Administration (NOAA) Atlas 2, 
Precipitation-Frequency Atlas of the Western United States, Volume X – Oregon.   
 
To this point, the SBUH and the rational methods are similar.  The most significant 
computational difference between SBUH and rational involves the method of adding 
together the various sub-basins.  For the SBUH the computer calculates a time dependent 
discharge from each sub-basin, and then adds these results together as the flow is 
“routed” mathematically along the central drainageway.  Using this procedure, the run-
off from a sub-basin with a short time of concentration can be properly combined with 
the run-off from a basin with a much longer time of concentration.  Information on the 
various input parameters used for the SBUH method, are presented in Appendix C. 
 
By contrast, the Rational Method as described below is generally used to compute flow 
from a single area.  If you have a large area that can be divided into two small areas, you 
must compute each area of interest separately.  (A large area is not typically the sum of 
two smaller areas, especially if the smaller areas are are substantially different in size, 
soil type, or type of development). 
 
The Rational Method 
 
The Rational Method is based on the formula: Q=CIA 
 
     where: Q = the runoff rate, cubic feet per second 
   C= the runoff coefficient, determined by land use  
   A = the contributing drainage area, acres 
   I  = the rainfall intensity, inches per hour 
 
The basic assumptions for application of the Rational Method are as outlined below, and 
typically result in conservative but realistic results. 
 
• The computed maximum rate of runoff to the design point is a function of the 
average rainfall rate during the Time of Concentration (Tc) to that point. 
 
• The maximum rate of rainfall occurs during the time of concentration, and the 
design rainfall depth during the time of concentration is converted to the average rainfall 
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intensity for the time of concentration.  For Mt. Angel, the Intensity-Duration-Frequency 
(IDF) curve for Zone 8 should be used. 
 
• The maximum runoff rate occurs when the entire area is contributing flow (ie. at 
the Time of Concentration). 
 
Table 4-1 presents a comparison between the SBUH and Rational methods for selected 
hypothetical conditions, including a 10 acre site, and a time of concentration of one hour.  
Overall this table suggests a reasonable comparability between the predictions of the 
SBUH and the Rational methods.  However, it is important to keep in mind the numerous 
inputs that affect the results of such calculations.  Care must be taken to select an 
appropriate CN or C number.  Probably more importantly, the time of concentration is 
critical.   
 
As discussed above, the Rational is generally more suited to smaller areas, and it employs 
a more intense, shorter duration storm.  The average increase for Rational over SBUH for 
all scenarios listed below is approximately 30%.  The increase is greater for the 2-year 
event (ranging from 40-80% increase), and smaller for the 50-year storm (ranging from 
0-20% increase).  For the storm event of interest in analyzing Mt. Angel’s storm drainage 
system, the 25-year event, the typical increase of Rational over SBUH is approximately 
20-30%.  While noticeable, this difference is not particularly significant given the overall 
level of uncertainties associated with estimating storm drainage runoff.   
 
Given this difference, we believe the appropriate course of action is to be conservative 
when evaluating cases where the capacity of a particular element of the storm drainage 
system appears marginal when compared to the estimated flows as predicted by SBUH.  
This conservative approach affects two different areas.  First, it should result in giving 
greater attention to the marginal problem areas, assuming the problem has the potential 
for being slightly greater than estimated by SBUH.  Second, the design process should be 
slightly more conservative in selecting from the various pipe sizes under consideration.  
If a particular size appears capable of just handling the flows predicted by SBUH, it may 
be desirable to go to the next larger pipe size to help ensure the pipe is adequate to handle 
flows predicted by the Rational method.  
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Table 4-1  

SBUH/Rational Peak Run-Off Compar ison (cfs) 
10 acre site, Time of Concentration = 1.0 hour   

Storm 
SBUH Total 
Rational  

2-year 
2.5-inches 
0.45 in/hr 

10-year 
3.5-inches 
0.64 in/hr 

25-year 
4.0-inches 
0.75 in/hr 

50-year 
4.4-inches 
0.84 in/hr 

Agricultural  
(CN = 82, C = 0.40) 
CN = 82 1.01 2.10 2.70 3.20 
C=0.40 1.80 2.56 3.00 3.36 
Residential  
(RS: CN = 84, C = 0.50; RM: CN = 91, C = 0.70) 
CN = 84 1.22 2.38 3.01 3.53 
C = 0.50 2.25 3.20 3.75 4.20 
CN = 91 2.12 3.49 4.18 4.74 
C = 0.70 3.15 4.48 5.25 5.88 
Urban 
(I: CN = 91, C = 0.70; CR: CN = 92, C = 0.70, CG: CN = 94, C = 0.80) 
CN = 91 2.12 3.49 4.18 4.74 
C = 0.70 3.15 4.48 5.25 5.88 
CN = 92 2.27 3.65 4.35 4.92 
C = 0.70 3.15 4.48 5.25 5.88 
CN = 94 2.58 3.99 4.69 5.25 
C = 0.80 3.60 5.12 6.00 6.72 

 

b. Design Storm Frequency 

The selection of the design storm requires the determination of the degree of protection 
desired from the storm drainage system.  A design storm with a low probability of being 
exceeded, such as the 100-year design storm (1% chance of being exceeded any given 
year), provides a high degree of safety in the drainage system design.  However, the cost 
of such a system is relatively high compared to a system based on a design storm with a 
high exceedance probability.  On the other hand, a system designed for a 2-year storm 
(50% chance of being exceeded any given year) will result in a lower cost drainage 
system whose capacity will be exceeded every few years, with possible property damage, 
public inconvenience and personal hazard.   
 
To determine a design storm for drainage planning purposes, the following factors must 
be considered: 
 
• The cost of the additional level of protection (ie. sizing system to convey a larger 
storm) 
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• The size of the drainage basin 
 
• The extent of probable property damage if the system fails 
 
• The availability of storage within the drainage system. 
 
The size of the drainage area has a dramatic impact on the recommended level of 
protection.  As the size of the drainage area increases, so does the total amount of runoff.  
As previously noted, design standards typically require that as the storm channel or pipe 
gets larger, it must be designed to convey the flow from a more intense storm event due 
to the increased risk of property damage should the system fail.   
 
For illustrative purposes, consider that if a small local system overflows, the likelihood of 
significant property damage is relatively small, while failure of the major systems can 
result in significant damage to property.  Conversely, if the drainage facilities of a large 
drainage basin (such as one with 50 times the flow of smaller basins) is undersized by as 
little as 10%, those excess flows will be five times greater than the entire flow through 
the small basin, and may produce serious flooding damage.  
 
Under certain circumstances, a detailed cost-benefit analysis may be appropriate for 
determining the appropriate magnitude storm to be used.  As an example, a large 
construction project in or near a floodplain, might warrant a study of the cost of 
conveying various quantities of stormwater compared to the expected cost of damage for 
each additional incremental rise in floodwater elevation.  However, such an analysis is 
generally beyond the scope of a report such as this.  Instead, standard guidelines relating 
the magnitude of storm to be considered to the various portions of a storm drainage 
system are commonly used. 
 
With all these factors in mind, Table 4-2 outlines the design storm frequencies typically 
employed in storm system analysis, and thus utilized for this report.  This level of 
protection is consistent with other Cities in the Willamette Valley and the City’s Public 
Works Design Standards.   
 

Table 4-2  
Design Storm Frequency 

Area Frequency 

Residential areas 10-year storm 

Commercial and high value districts 10-year storm 

Trunk lines (18" pipe and larger) 25-year storm 

Minor creeks and drainage ways (not shown as a flood 
plain on the Flood Insurance Rate Map (FIRM)) 

50-year storm 

Major creeks (shown as a flood plain on the FIRM) 100-year storm 
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Based on this Table, the analysis performed for this study used 10-year and 50-year storm 
events.  The 10-year storm provided values relevant to peak flows from individual sub-
basins that can be used to help size future piped or roadside systems.   

 

4.2 Hydraulic Analysis 

a. General 

A typical public storm drainage system generally consists of three main elements; pipes, 
culverts, and open channels (manmade ditches or natural streams).  While other elements 
exist, such as pumps, dams, ponds, and water quality features, the pipes, culverts, and 
open ditches serve as the primary means of conveying stormwater through and out of the 
City. 
 
The following sections provide a brief summary of the standard mathematical analysis 
used to determine the capacity of a given element.  Like a chain, a storm drainage system 
is only as good as its weakest link.  Thus, in completing an analysis of a storm drainage 
system it becomes necessary, as a minimum, to evaluate all of the major elements to 
identify any “weak link.”  For this study the evaluation included all major trunk lines 
down to those that handle the drainage for at least a full sub-basin.  Local collection 
systems within a sub-basin were not specifically addressed. 

b. Pipe Flow - Manning's Formula 

A large majority of Mt. Angel’s storm drainage system is made up of pipe elements.  The 
drainage is collected by an inlet structure, such as a catch basin, and conveyed from point 
to point through a series of pipes connected by structures, such as manholes or junction 
boxes.  Most pipes within the storm drainage system were assumed to be flowing full 
under open channel flow conditions.  (“Open Channel” in a pipe system refers to uniform 
gravity flow in a long pipe segment, not open to the air such as a ditch).  
 
In most areas of Mt. Angel, the storm system is flat enough that significant surcharge 
cannot be developed at most inlets and therefore this is a reasonable and conservative 
assumption.  The formula used to evaluate pipes under these circumstances is Manning’s 
Formula, which is expressed as: 
 

2/13/2486.1 SRA
n

Q ×××=  
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 where:  Q = flow, cubic feet per second 
   A = cross-sectional area, square feet 
   R = hydraulic radius, feet 
   S = slope, feet/feet 
   n = Manning roughness coefficient 
 
The roughness factor for pipes varies according to the material used and the age of the 
pipe material.  For this planning effort, a minimum "n" value of 0.013 shall be used in 
Manning's formula for the design of all smooth wall storm pipes regardless of pipe 
material.  In theory, new PVC sewers have manufacturer's "n" value of as low as 0.009.  
However, sand and grit as well as slime accumulations on the pipe walls over time tend 
to render a true, or operational, "n" value of 0.013.  Hence, an "n" value of less than 
0.013 for smooth wall pipe is not recommended for design purposes.  For corrugated 
pipes an "n" of 0.024 value was used, and is recommended for design purposes. 
 
Using the equation above it becomes a straightforward matter to calculate the capacity of 
any given pipe segment given a few simple, specific pieces of information.  The cross 
sectional area can be readily computed from the pipe diameter.  The hydraulic radius is 
defined as the cross sectional area divided by the wetted perimeter and is included in the 
formula because the friction resistance opposing the flow occurs at the wetted perimeter.  
For this study the interest is in the maximum capacity of the pipe, so all pipes are 
assumed to be flowing full.  The slope is self explanatory, and as the “n” value is 
discussed above.  Table 4-3 presents the computed capacity of a variety of pipe sizes and 
slopes assuming the pipes have a Manning’s “n” of 0.013 and are flowing full: 
 

Table 4-3 
Pipe Capacity, Flowing Full (cfs) 

Manning’s “n” = 0.013 

Slope (%) 
Pipe Size (inches) 

12 18 24 30 36 42 48 
0.2 2 5 10 18 30 45 64 
0.4 2 7 14 26 42 64 91 
0.6 3 8 18 32 52 78 112 
0.8 3 9 20 37 60 90 129 
1 4 11 23 41 67 101 144 

1.2 4 12 25 45 73 111 158 
1.4 4 12 27 49 79 119 170 
1.6 5 13 29 52 85 128 182 
1.8 5 14 30 55 90 135 193 
2 5 15 32 58 95 143 204 

2.2 5 16 34 61 99 150 214 
2.4 6 16 35 64 104 156 223 
2.6 6 17 37 66 108 163 232 
2.8 6 18 38 69 112 169 241 
3 6 18 39 71 116 175 249 
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c. Culvert Flow 

Culverts are distinguished from pipes in that they are open at both ends, rather than 
connected to structures such as catch basins or manholes.  Culverts function under several 
distinct conditions depending on the depth of flow at their upstream and downstream 
ends.  The desired condition for a properly sized channel and culvert is to have the 
downstream water surface level below the top of the pipe, and the upstream water surface 
level at or below the top of the pipe.  In this condition the culvert is not having any 
significant impact on the flow, and is simply conveying the water underground from one 
section of channel to another.   
 
If the downstream channel water surface level is below the top of the culvert, but the flow 
from upstream is greater than the full flow capacity of the culvert, the water surface 
height at the upstream end will rise.  This will increase the water pressure at the upstream 
end, which will then force water through the pipe at a higher rate.  This condition is 
described as inlet control.  Under this condition the water surface elevation will stabilize 
at the point where the water is being forced through the culvert at the same rate that it is 
arriving from upstream. 
 
If the downstream channel is undersized, the normal depth of flow will rise above the top 
of the outlet pipe.  In order for water to continue to flow through the pipe, the water at the 
upstream end must rise also.  This condition is described as outlet control.  Since outlet 
control also results in a higher than normal upstream water surface elevation, it is 
generally considered to be an undesirable condition and should be corrected whenever 
possible. 
 
Both inlet and outlet control capacities are frequently determined using nomographs that 
allow a simple, graphical solution for a wide range of pre-computed conditions.  Sample 
nomographs for concrete and corrugated metal pipes for both inlet and outlet control are 
presented in Appendix D.  
 
The final condition that may be relevant to culvert flow is that of a pipe flowing full.  Just 
as open channels have a “normal” condition, so do pipes.  The physical properties of a 
pipe define its capacity in the absence of bends, obstructions, changes in size, etc.  This is 
described in more detail in the following section. 

d. Open Channel Flow - Manning's Formula 

With the exception of some roadside ditches, and some open channels at the very upper 
and lower ends of the system, the Mt. Angel storm drainage system makes little use of 
open drainageways.  The following discussion is provided for completeness, and as a 
resource to aid in the evaluation of any open drainageways that might be proposed in the 
future.   
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Any analysis of open ditches should address at least two main issues.  The first is the 
ability of the ditch to carry the anticipated flows.  The second, and more subtle 
consideration, is ensuring that they are properly designed to accept flows from piped 
systems or other ditches discharging to them.  If the water surface in the ditch becomes 
too high, water in piped systems or adjacent roadside ditches tends to back up and resist 
the flow of water trying to enter the main ditch.  If such a situation occurs frequently, the 
slow drainage in the piped system can allow sediment to settle out and accumulate, 
thereby creating further reductions in system capacity as well as maintenance problems. 
 
Under conditions described as “normal flow”, the depth of water in an open ditch can be 
determined using Manning’s equation: 
 

 2/13/2
2/12 }
])1(2[

)]([{)]([486.1 S
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××+××=  

 
 where:   Q = Flow (cfs) 
   n = Manning’s coefficient (0.035 used for open channel 
    with a natural bottom, 0.013 used for open channel 
    with a concrete bottom) 
   Y = Flow Depth (feet) 
   B = Channel Bottom Width (feet) 
   Z = Channel Side Slopes (Z horizontal: 1 Vertical) 
   S = Channel Slope (ft/ft) 
 
Normal flow occurs where the ditch or waterway is consistent, with no changes in slope, 
no bends, or obstructions such as culverts or weirs.  While normal flow is a best case 
situation, it provides a reliable estimate for flow depth at a given flow volume for man-
made channels with consistent cross sections and gradual bends.   
 
When an open drainageway encounters a culvert, the effect on the flow is dependent on 
the flow relative to the size and capacity of the culvert.  If culvert capacity is large 
relative to the flow, it is unlikely that it will have a significant impact on the open channel 
flow in the ditch.  However, if the flow in the ditch approaches or exceeds the capacity of 
the culvert, the conditions for normal flow can be violated and other methods must be 
applied to estimate the depth of flow in the ditch.  
 
While the details of the culvert flow were described in the preceding section, the primary 
effect of an undersized culvert on open channel flow is to raise the water surface 
elevation on the upstream end of the culvert.  This higher water surface elevation 
impedes normal flow for some distance upstream of the culvert.  This upstream region is 
described by a backwater curve that can be calculated either by hand or computer 
programs.   
 
For the purposes of this study, backwater analysis was not conducted.  It is important that 
culverts on the main drainage channels not be points of flow restrictions that cause 
significant backwater conditions.   
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4.3 Computed Stormwater Flows for Existing Conditions  

The baseline for analysis in this study are the existing conditions.  Using the CN values for 
current zoning, land uses, and estimated conditions, the various basins were modeled under 25-
year storm event conditions.  Where the current use does not match the zoning, such as land still 
being farmed in the RS zone, the CN for the actual use was employed in the study for existing 
conditions.  Where there is a mixture of uses, a CN based on a weighted average was computed.  
The CN numbers used in this modeling are shown in Table 4-4. 
 
 

Table 4-4  
Typical Sub-basin CN Parameters 

Zone CN 
RS – Single Family Residential 84 
RM – Multi-Family Residential 91 
I – Industrial  91 
CR – Commercial Residential 92 
CG – Commercial General 94 
Public Varies 
EFU/Farm Use 82 
RL – Light Residential, UGB 84 
RH – High Residential, UGB 91 
I – Industrial, UGB 91 

 
 
With possible CN numbers ranging from 30 or less for well drained, sandy meadows to 98 for 
paved surfaces, the numbers used in this study are restricted to a relatively narrow range.  This is 
due to the generally impervious nature of the native soil in and around Mt. Angel.  In areas 
where the natural soil drains readily, there can be a large change in CN number from 
undeveloped to developed conditions.   
 
The time of concentration was estimated for each basin in three segments; overland sheet flow, 
shallow overland flow, and piped or open channel flow.  For overland sheet flow, the ground 
slope, soil condition and flow length was estimated based on typical parameters for each area.  
Table 4-5 shows representative values for these parameters used in this study. 
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Table 4-5  

Typical Sub-basin Time of Concentration Parameters 
Time in Hours (Minutes) 

Overland Sheet Flow 
 100’ 150’ 200’ 
n = 0.05    
s = 2% 0.08 (5) 0.11 (6) 0.13 (8) 
s = 1% 0.10 (6) 0.14 (8) 0.17 (11) 
    n = 0.08    
s = 2% 0.11 (7) 0.15 (9) 0.19 (12) 
s = 1% 0.15 (9) 0.20 (12) 0.26 (16) 
    n = 0.15    
s = 2% 0.18 (11) 0.26 (15) 0.32 (19) 
s = 1% 0.24 (14) 0.34 (20) 0.42 (25) 
    n = 0.24    
s = 2% 0.27 (16) 0.37 (22) 0.47 (28) 
s = 1% 0.36 (21) 0.49 (29) 0.62 (37) 
Manning’s coefficients used as follows: 0.05 – Industrial and General Commercial; 
0.08 – Residential Multiple and Commercial Residential; 0.15 – Combination Areas; 
0.24 – Residential Single and Public (Schools and Parks) 

Shallow Concentrated Flow 
 Paved Unpaved  
s = 4% N/A 0.009 (0.5)  
s = 2% 0.010 (0.6) 0.012 (0.7)  
s = 1% 0.014 (0.8) 0.017 (1.0)  
Times shown are per 100 foot of distance traveled. 

Pipe Flow 
6 ft/sec assumed average velocity. 
 

4.4 Computed Stormwater Flows for Future Conditions 

The same values listed above were also used for calculating stormwater run-off under future 
conditions.  However, rather than representing a sub-basin by CN numbers and times of 
concentration based on the current state of development, all zones were assumed to be fully 
developed according to their respective zoning conditions.   Table 4-6 provides a summary of 
CN and time of concentration for all sub-basins in both existing and future conditions.   
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Table 4-6  

Sub-basin Character istic Summary 
  

CN 
Time of Concentration 

(hours) 
Sub-basin Size (acres) Existing Future Existing Future 

N1 19 81 84 0.52 0.52 
N2 19 85 91 0.42 0.22 
N3 22 82 84 0.67 0.30 
N4 16 90 90 0.30 0.30 
N5 9 91 93 0.30 0.30 
N6 50 85 91 0.82 0.42 
N7 13 89 90 0.32 0.32 
N8 8 95 95 0.22 0.22 
N9 32 89 91 0.55 0.38 
N10 37 85 89 0.62 0.38 
N11 44 88 88 0.32 0.32 
N12 23 84 85 0.32 0.32 
N13 67 83 87 0.78 0.72 
N14 25 86 86 0.33 0.33 

      
S1 16 82 84 0.65 0.40 
S2 44 85 86 0.73 0.57 
S3 28 84 86 0.72 0.55 
S4 25 91 92 0.23 0.23 
S5 17 95 95 0.17 0.17 
S6 33 87 87 0.57 0.32 
S7 17 83 85 0.47 0.33 
S8 46 85 86 0.37 0.37 
S9 90 83 84 0.67 0.67 

      
NW 117 83 85 1.22 0.93 

      
E 39 86 88 0.53 0.37 
      

SW1 19 83 85 0.77 0.30 
SW2 26 84 84 0.40 0.40 

4.5 Computed SBUH Hydrographs 

The SBUH stormwater hydrographs computed based on the input parameters listed above are 
included in this report as Appendix E.  The peak flow values from these calculations are used in 
Section 5 to evaluate the adequacy of the main trunk lines and culverts.  
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