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CHAPTER 1. 
INTRODUCTION 

 

BACKGROUND 

The City of Molalla is developing a stormwater master plan to inventory the City’s existing 
drainage system and address existing and future potential problems in the system. The 
City contracted with Tetra Tech/KCM, Inc. to evaluate drainage conditions and future 
requirements within the City’s urban growth boundary (UGB). The master plan identifies 
existing drainage problems and proposed solutions and recommends future actions by the 
City and private developers to enhance the City’s creek corridors, improve water quality, 
and handle future storm flows. 

Wetlands in the City are being inventoried by others concurrently with this study. 
Therefore, in this report wetlands and natural drainageways will only be discussed in terms 
of their ability to convey stormwater runoff. This report does not address protection of 
existing wetlands, creation of future wetlands, or the ability of wetlands to provide water 
quality treatment. Together with the wetland inventory, this report will form a 
comprehensive stormwater plan that addresses natural and man-made elements of the 
drainage system.  

AUTHORIZATION 

In June 2001, the City of Molalla contracted with Tetra Tech/KCM, Inc. to develop this 
stormwater and drainage master plan. The plan uses information from existing stormwater 
maps developed in 1984, as-built drawings, the Clackamas County geographic information 
system (GIS), and field reconnaissance.  

PURPOSE AND SCOPE 

The approach to this study was to evaluate and inventory Molalla’s man-made and natural 
drainage systems and to identify their condition and deficiencies. The study investigated 
ways to address deficiencies and protect the remaining system. The project scope includes 
the following: 

• Review existing information, including previous designs, maps, drainage 
reports, and other data. 

• Develop an inventory of existing drainage pipes using City as-built 
drawings and maps and input from City staff. Evaluate the pipes using 
hydrologic and hydraulic modeling for existing and future land-use 
conditions. 

• Identify measures for improving the conveyance of the piped and natural 
drainage systems. Investigate alternatives and recommend improvements 
to reduce existing and predicted future capacity problems. 

• Present improvement alternatives to the City. 
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• Develop a capital improvement program for recommended projects with 
cost estimates and priorities for each recommendation. 

• Document the analysis and recommendations in a draft and final master 
plan report. 

REPORT ORGANIZATION 

The City of Molalla Stormwater Master Plan consists of the following chapters: 
• Introduction—Describing project background, authorization, purpose, 

scope, and report organization 
• Study Area and Existing System Description—Describing the study area’s 

location, topography, climate, existing storm sewer systems, creek corridors 
and land use 

• Drainage System Evaluation—Describing the methods used to evaluate the 
drainage system and the findings of the evaluation 

• Evaluation of Improvements—Describing alternatives to improve the 
existing system and methods for comparing alternatives 

• Capital Improvement Program—Describing the overall plan for structural 
and nonstructural improvements, along with a phasing plan and 
alternative funding methods. 

Appendices provide supporting information on project cost and hydrologic and hydraulic 
modeling. 



CHAPTER 2. 
STUDY AREA AND  

EXISTING DRAINAGE SYSTEM DESCRIPTION 

 

STUDY AREA DESCRIPTION 

Location and Boundaries 

The City of Molalla is in Clackamas County, approximately 30 miles south of Portland (see 
Figure 2-1). Highway 213 runs north-south through the west end of the City and Highway 
211 runs east-west through the middle. The Molalla River is located just east of the City. 

The study area is defined by the existing urban growth boundary (UGB), which is shown in 
Figure 2-2. Areas outside the UGB that discharge runoff to areas within the UGB are also 
included as part of the study area. The area within the UGB is approximately 1,763 acres.  

The existing UGB is expected to reach buildout (the maximum amount of development 
allowed by zoning) within the 20-year planning period. Future conditions in this report are 
defined as the buildout conditions, or the condition expected in 20 years, including possible 
expansions of the UGB.  

Topography 

The study area consists of level to gently sloping land with the center of the City (the 
intersection of Highway 211 and Molalla Avenue) at an approximate elevation of 375 feet. 
Elevations within the City range from approximately 300 feet to 420 feet. Ground slopes 
range from nearly flat to approximately 10 percent. 

Soils 

Soils data for this study was obtained from the Soil Survey of Clackamas County developed 
by the U.S. Department of Agriculture. Predominant soils in the study area are alluvial silt 
deposits of the Concord-Clackamas-Amity and Briedwell associations. These soils have high 
seasonal water tables and a depth to hard rock of 20 to 40 inches or more. Although 
classified as silts, these soils contain areas of clay, gravel, or loam and are somewhat poorly 
drained. Septic tank limitations in the area are classified as moderate to severe. The soils, 
however, are classified as having fair stability for building sites with slight to moderate 
restrictions. 

The soil survey divides soils into four hydrologic soil groups defined by how easily rainfall 
can infiltrate the soil: 

• Group A—Soils with a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission. 
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• Group B—Soils with a moderate infiltration rate when thoroughly wet. 
These consist chiefly of moderately deep or deep, moderately well drained 
or well drained soils that have moderately fine texture to moderately coarse 
texture. These soils have a moderate rate of water transmission. 

• Group C—Soils with a slow infiltration rate when thoroughly wet. These 
consist chiefly of soils with a layer that impedes the downward movement 
of water or soils of moderately fine or fine texture. These soils have a slow 
rate of water transmission. 

• Group D—Soils with a very slow infiltration rate (high runoff potential) 
when thoroughly wet. These consist chiefly of clays that have a high shrink-
swell potential, soils that have a permanent high water table, soils that 
have a claypan or clay layer at or near the surface, and soils that are 
shallow over nearly impervious material. These soils have a very slow rate 
of water transmission. 

Only Group C and D soils are found in the study area. The majority of area within the UGB 
is Saum silt loam, 3 to 8 percent slopes. This is a deep, well drained Group C soil found in 
uplands. West of Ridings Street, Dayton silt loam becomes the predominate soil found. This 
is a deep, poorly drained Group D soil.  

Climate and Rainfall 

The climate of the study area includes dry, moderately warm summers and mild, wet 
winters. The temperature ranges from an average high of 81oF in July to an average low of 
33oF in January.  

Molalla usually receives between 40 and 50 inches of rainfall annually, most of it between 
October and March. These are the months when most flooding events have occurred. 
Summer months generally have hot days with little rainfall. Table 2-1 shows the rainfall 
amounts obtained from the Precipitation—Frequency Atlas of the Western United States, 
Volume X—Oregon developed by the National Oceanic and Atmospheric Administration 
(NOAA).  

Current and Future Land Use 

Molalla’s Comprehensive Plan was published in 1987 and is implemented by the City’s 
zoning code and other plans and ordinances. Figure 2-3 shows the Molalla zoning map from 
the 1987 Comprehensive Plan. 

The City is primarily zoned residential, with a downtown commercial center and an 
industrial area in the southwest. Wood-product mills are the largest industries in Molalla; 
however, significant industrial land exists within the UGB for diversified industrial growth 
in the future. 
 

TABLE 2-1. 
STUDY AREA RAINFALL DATA 

Return Rainfall Depth (in) 
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Frequency 6-Hour 24-Hour 

2-Year 1.25 2.7 
5-Year 1.5 3.5 
10-Year 1.8 4.0 
25-Year 2.0 4.2 
50-Year 2.2 4.5 
100-Year 2.4 5.0 

There are no designated floodplains in Molalla, but Bear Creek lies within the UGB. Bear 
Creek’s floodplain has never been defined, as it was outside the corporate limits when the 
U.S. Army Corps of Engineers last mapped floodplains in Oregon. A floodplain mapping 
project for Bear Creek should be conducted in the near future.  

Lands surrounding Molalla are predominantly used for agricultural purposes. Significant 
stands of timber are located nearby to the east in the Cascade Range foothills. 

Population 

Historical population records and expected land development were used to project future 
populations through the 20-year study period. 

Table 2-2 summarizes historical population and average annual growth rates for the City of 
Molalla. Population data are from Portland State University’s (PSU) Population Research 
and Census Center. 

PSU calculated a population density value from the 1980 census of 2.80 people per 
dwelling. For subsequent population estimates, PSU has assumed a slightly lower density. 
PSU assumed 2.73 people per dwelling for its 1998 population estimate. 

Previous Population Projections 

Population projections in the 1987 Molalla Comprehensive Plan assumed strong growth 
during the 1980s (7 percent annual average) and slower growth during the 1990s and early 
2000s (2 to 3 percent annual average). The resulting population projection for 1998 was 
7,317, which is 36 percent higher than the actual 1998 population of 5,395. The strong 
growth predicted in the 1980s, however, did occur during the mid-1990s. 

A more recent population projection was performed for the Water System Master Plan 
(EAS, 1996), which assumed a steady 5 percent average annual growth rate over a 20-year 
planning period. Based on the 1995 population of 4,000, the population projection for 2016 
was 11,144. 
 

TABLE 2-2. 
HISTORICAL POPULATION 

  Annual Growth Rates 
Year Population 1-year Average 5-year Average 10-year Average 20-year Average 
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1965 1,599 — — — — 
1970 2,005 — 4.6% — — 
1975 2,760 — 6.6% 5.6% — 
1980 2,992 — 1.6% 4.1% — 
1985 3,100 — 0.7% 1.2% 3.4% 
1990 3,637 — 3.2% 2.0% 3.0% 
1991 3,650 0.4% 2.8% 1.6% 2.6% 
1992 3,680 0.8% 2.7% 1.8% 2.4% 
1993 3,820 3.8% 3.4% 2.4% 2.3% 
1994 3,915 2.5% 3.9% 2.4% 2.0% 
1995 4,045 3.3% 2.1% 2.7% 1.9% 
1996 4,505 11.4% 4.3% 3.5% 2.4% 
1997 4,920 9.2% 6.0% 4.3% 2.6% 
1998 5,395 9.7% 7.1% 5.3% 3.2% 

Metro, the planning agency for the Portland metropolitan area, has performed population 
projections throughout its four-county area (Clackamas County, Multnomah County, 
Washington County, and Columbia County). The Metro projections are based on 1995 
population and are delineated by transportation analysis zone (TAZ). Molalla is included in 
a very large TAZ, TAZ 535, which is roughly bounded by the divide between the Molalla 
and Clackamas River basins on the east, the Clackamas County boundary on the 
southwest, and the Cities of Canby and Estacada on the north. The 1995 population 
estimate for this TAZ was 25,963, of which Molalla’s population made up 15.4 percent. The 
Metro projections for this TAZ assume 1.8 percent average annual growth between 1995 
and 2000 and somewhat declining growth rates through 2020, for an overall average annual 
growth rate between 1995 and 2020 of 0.9 percent. The resulting 2000 and 2020 projected 
populations for the TAZ are 28,345 and 32,593, respectively. 

PSU has also made countywide population projections based on the estimated 1995 
population (312,294 for Clackamas County, with Molalla contributing 1.3 percent). PSU 
estimates that the county population will grow at average annual rates of 1.7 percent 
through 2000, 1.6 percent from 2000 to 2005, and 1.5 percent from 2005 to 2010. The 
resulting 2000 and 2010 projected county populations are 339,451 and 395,138, 
respectively. 

Table 2-3 summarizes the previous population projections. The annual rates shown 
represent the average annual growth rate between the corresponding population projection 
and the previous (five year earlier) population projection. 
 

TABLE 2-3. 
PREVIOUS POPULATION PROJECTIONS 

 1985 Comp Plan – 
City of Molalla 

1996 Water Plan – 
City of Molalla 

Metro Projections - 
TAZ 535 

PSU Projections - 
Clackamas County 

Year 
Populatio

n 
Annual 

Rate 
Populatio

n 
Annual 

Rate 
Populatio

n 
Annual 

Rate 
Populatio

n 
Annual 

Rate 
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1980 3,663 — — — — — — — 

1985 5,136 7.0% — — — — — — 

1990 5,952 3.0% — — — — — — 

1995 6,897 3.0% 4,000 — 25,963 — 312,294 — 

2000 7,645 2.1% 5,105 5.0% 28,345 1.8% 339,451 1.7% 

2005 7,940 0.8% 6,516 5.0% 30,187 1.3% 367,332 1.6% 

2010 — — 8,316 5.0% 31,479 0.8% 395,138 1.5% 

2015 — — 10,613 5.0% 32,032 0.4% — — 

2020 — — — — 32,593 0.4% — — 

 

The City of Molalla Wastewater Facilities Plan (April 2000, Tetra Tech/KCM) projects a 
population of 13,400 in 2019. All the population projections indicate that within the next 
20 years the area within the Molalla UGB will experience urbanization and a higher level 
of impervious area. Therefore this report assumes the future or buildout condition will 
occur within the next 20 years.  

EXISTING DRAINAGE SYSTEM DESCRIPTION 

Creek Systems 

Depending on the location within the City, stormwater runoff flows directly to one of three 
natural systems. The very northeast sections of the City drain directly to the Molalla River. 
The southwest and west sections of the City drain to Bear Creek and the remaining areas 
drain to Creamery Creek. The map in Appendix A shows the Creek systems and drainage 
divides for Molalla and the surrounding areas. The City is located at approximately river 
mile 20 of the Molalla River. Two branches of Creamery Creek flow through the north end 
of the City and run generally from the southeast to the northwest. These branches meet 
east of Highway 213, and Creamery Creek flows into the Molalla River several miles 
outside the UGB. Bear Creek, which runs generally parallel to and south of Creamery 
Creek in the vicinity of Molalla, eventually flows into the Pudding River. The Pudding 
River flows into the Molalla River at approximately river mile 1, just before the Molalla 
River enters the Willamette River. 

Development in Molalla has altered the creeks to the extent that the stream’s natural 
geomorphologic structure and processes cannot be fully restored; such impacts are typical of 
communities of similar size. Although this plan will not discuss the condition of the natural 
features, some natural functions can be attained with planning measures, capital projects, 
and community-based stream enhancement. Although not investigated in this study, such 
measures would help to achieve the overall objective of this master plan’s goal of protecting 
property, improving water quality, and protecting and enhancing riparian habitat.  
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Storm Sewers 

Computer modeling of the storm system performed for this master plan was limited to 
public systems and pipes greater than 8 inches in diameter. The analysis was for the main 
pipe system and did not include catch basins or the single pipes leading from them. The 
Creamery Creek Basin model incorporated the creek as part of the overall storm system 
model. The Bear Creek Basin model assumed the creek was the outfall and the storm 
system was broken into several smaller systems. The model assumes that Bear Creek does 
not cause backwater effects within the pipe system. To include the actual creek in the 
model, more topographic information would be required. The detailed layout of the storm 
sewer system is shown in the map in Appendix A. 

Creamery Creek Basin 

The headwaters of the Creamery Creek Basin is the field on the east side of Mathias Road 
and North of Feyrer Park Road. The creek passes below Mathias Road and travels through 
the heart of Molalla, crossing under Main Street at Cole Avenue and under Molalla Avenue 
at Heintz Street. The creek crosses under Toliver Road next to vacated railroad tracks, 
crosses under the tracks, and then flows out of the UGB. This main branch of Creamery 
Creek has a watershed that extends from 5th Street to the south and Frances Street to the 
North. The watershed extends from east of Mathias Road to the vacated railroad west of 
Kennel Avenue. 

Creamery Creek has a western branch that drains an area west of the vacated railroad 
tracks, travels through the Big Meadows development and joins the main branch of 
Creamery Creek north of the Big Meadows development and outside the UGB.  

Bear Creek Basin  

The storm sewer system in the Bear Creek Basin is segmented, with reaches of open 
channel between pipe sections. Sewers in much of the upper reaches of the basin are 
smaller than 12 inches in diameter. Modeling of the system was also segmented, with large 
portions of the open channel not modeled.  

Four major storm systems were modeled in the Bear Creek Basin. The first system extends 
east from Bear Creek down Main Street and consists of open ditch with driveway culverts 
and piped systems around Bi-Mart. The second system is the area around Industrial Way 
and the channel east and upstream of Industrial Way. The third system extends into the 
western section of the Big Meadows Development. The fourth system extends south on 
Highway 213 and incorporates the new Safeway development and the Highway 213 and 
Main Street intersection. 

Areas that Discharge Directly to the Molalla River 

The area that discharges directly into the Molalla River and is inside the UGB is very small 
and not developed. This area has no identifiable storm system and therefore no modeling 
was conducted in this area. 
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Culverts  

Most of the City’s road crossings of creeks and channels were analyzed to determine 
whether existing culverts can accommodate design storms (storms with a 25-year 
recurrence interval). Culverts in the Creamery Creek basin were modeled and are discussed 
as part of the Creamery Creek storm system. Culverts in the Bear Creek Basin within the 
UGB were analyzed separately using a culvert program. Table 2-4 summarizes the 
characteristics of the Bear Creek Basin culverts that were evaluated. These culverts are 
Bear Creek at Mathias Road, Molalla Road, Ona Way, Highway 211, the old North Forest 
Road (no longer in use) downstream of Highway 211, and Highway 213. Two other culverts 
were evaluated, the first is the 48” culvert below Highway 211 directly south of the new 
Safeway Store and the second is the 36” culvert below the North Forest Road south of Lowe 
Road. 

The data was compiled through field study of each culvert. Some of the identified culverts 
were not accessible for measurement. Although these culverts’ characteristics are not 
recorded, they have been identified for the hydrologic modeling described in Chapter 3. 
 

TABLE 2-4. 
BEAR CREEK BASIN CULVERTS EVALUATED FOR MASTER PLAN 

Location Size and Type 
Tributary Drainage 

Area (acres) 
Assumed Slope 

(%) 
Mathias Road (2) 36" CMP 1,060 0.9% 
Molalla Road 72" x 44” CMPA 

60” x 36” CMPA 
1,611 

 
0.2% 
2.5% 

Ona Way 64” x 42” CMPA 
(2) 72” x 44” CMPA 

2,158 
 

1.0% 
1.0% 

Highway 211 6’ x 15’ Bridge 2,204 No Slope 
North Forest Road (3) 6’ x 6’ Wooden Box 2,250 0.5% 
Highway 213 (2) 48” RCP 

(1) 48” CMP 
2,590 

 
1.25% 
1.1% 

Highway 211 48” CMP 184 1.1% 
Forest Road 36” CMP 408  0.9% 
    

CMP = corrugated metal pipe; CMPA = corrugated metal arch pipe;  
RCP = reinforced concrete pipe 

Reported Flooding Problems 

The City has identified areas that have been subject to flooding during past storms. The 
map in Appendix A shows these areas. The City has identified five culverts along Bear 
Creek that have flooded in recent history. The culvert under Ona Way has been upgraded 
since reports of flooding and is not expected to flood in the future. The other four culverts 
are below Highway 213, below Highway 211, below Molalla Avenue and below Mathias 
Road. 
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Other areas identified with recent flooding are near the Industrial Road and Toliver Road 
intersection, on Hoyt Street between Dixon and Ridings, the area along Heintz Street east 
of Ridings, Main Street at Kennel Avenue and at Molalla Avenue, Creamery Creek between 
Main Street and Stowers Avenue, on Stowers Avenue between 5th Street and 6th Street, 
and along 5th Street. 

Water Quality 

The Oregon Department of Environmental Quality (DEQ) has established total maximum 
daily load (TMDL) limitations on the Molalla River and the Pudding River. These 
limitations were established under guidelines developed by the Environmental Protection 
Agency (EPA) under section 303(d) of 40 CFR Part 130 of the Clean Water Act. Table 2-5 
identifies the listed portions of these rivers.  

For the foreseeable future, the City of Molalla will not be required to regulate stormwater 
quality. However, eventually the City will need to develop methods to reduce the amount of 
pollutants being discharged through the City’s storm system. The City has begun 
regulating stormwater quality with the requirement of stormwater treatment in the City’s 
Design Standards. The next step for the City to reduce pollutants is to develop an erosion 
control program. The movement of total suspended solids (TSS) impacts fish habitat 
downstream, and in urban areas a portion of the pollutants can be attributed to TSS. 

The TMDLs should also be part of the review process when selecting CIP alternatives. For 
example, if detention ponds are reviewed as alternatives, they should not be permanent 
pool facilities, which are know to elevate water temperature.  
 

TABLE 2-5. 
303(D) LISTINGS FOR THE MOLALLA RIVER AND THE PUDDING RIVER 

River Water Body Boundaries Parameter Season 
Molalla Mouth to North Fork Molalla (R.M. 26) Flow Modification  
  Bacteria Fall, Winter, Spring 
  Temperature Summer 

 North Fork Molalla (R.M. 26) to Headwaters Temperature Summer 

Pudding Mouth to Little Pudding River (R.M. 36) Bacteria Year-Round 
  Temperature Summer 
  Toxics  

 



CHAPTER 3. 
DRAINAGE SYSTEM EVALUATION 

 

The following analyses were performed to evaluate the City’s existing storm drainage 
system: 

• Storm Sewers: 
– A hydrologic analysis of the storm sewer system was performed to 

estimate flows through each pipe reach for the 10- and 25-year storms 
under existing and future (full buildout) land use conditions. The 
25-year storm is the design storm for storm sewers. 

– A hydraulic analysis of the storm sewer system was performed to 
determine the flow capacity of each pipe reach. 

– Computer modeling was performed for storm sewers with capacities 
less than the predicted design storm flows to determine the pipe size 
required to accommodate the flow. 

• Culverts: 
– Culverts in the Creamery Creek Basin were analyzed as part of the 

storm sewer system evaluation. Culverts in the Bear Creek Basin 
were analyzed in a separate analysis.  

– A hydrologic analysis of Bear Creek Basin culverts was performed to 
estimate flows through each pipe reach for the 25-, 50-, and 100-year 
storms under future (full buildout) land use conditions.  

– A hydraulic analysis was performed to determine the flow capacity of 
each culvert. 

– Computer modeling was performed for culverts with capacities less 
than the predicted design storm flows to determine the pipe size 
required to pass the flow. The new culvert structures were sized for 
100-year, 24-hour storm flows. 

• Field reconnaissance was conducted to inventory the City’s drainage 
system. 

EVALUATION OF THE PIPED STORM SYSTEM 

The hydrology and hydraulics of the City’s piped storm system was evaluated using XP-
SWMM 2000 developed by XP Software Ltd. And is based on the U.S. Environmental 
Protection Agency’s SWMM computer model. The model uses the methodology described in 
Appendix B. The SWMM model combines hydrology and hydraulics into one model for piped 
systems. The model was used for the Creamery Creek basin portion of the study area, 
which has very little open channel. It was also used for the following urbanized sections of 
the Bear Creek basin: 
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• The closed system serving the area around the Highway 211 and Highway 
213 intersection 

• The ditch and piped section along Highway 211 east of the Bear Creek 
crossing 

• The system North of the Highway 213 crossing of Bear Creek that includes 
Big Meadows and Toliver Road.  

The rest of the Bear Creek basin within the study area is open channel with culverts, and a 
different modeling approach was used for that area. Appendix A includes a map of the 
modeled storm sewer systems. 

A SWMM model simulates a series of manholes with connecting pipes. Hydrographs 
(estimates of expected flow for the duration of a storm) are developed for each manhole and 
the program checks the flow in each pipe, as well as the combined flow through the entire 
system. Catch basins were not modeled; it was assumed that runoff can flow from each 
catch basin to the downstream manhole.  The manholes throughout the systems were 
numbered as shown in Appendix A. The downstream pipe from each manhole was assigned 
the same number as the manhole. Appendix C presents flow information in pipes for three 
modeling conditions: the 25-year storm with existing hydrology and existing pipe system; 
the 25-year storm with future hydrology and existing pipe system; and the 25-year storm 
with future hydrology and proposed pipe system (as described in Chapters 4 and 5). 

The modeling predicts flooding in most of the Creamery Creek storm system for existing 
and future land use conditions. The main flooding problems predicted are as follows: 

• The main stem of the Creamery Creek system enters the City below 
Mathias Road approximately 500 feet south of Highway 211. It travels in 
an open channel with culverts from Mathias Road to north of Highway 211, 
where it enters a piped storm system. The piped system appears to be a 
straight system traveling southeast to northwest and cutting across private 
property until it reaches Heintz Street. There, the pipe turns west and 
continues to Kennel Street, at which point it turns north, then northwest. 
The system crosses Toliver Road just east of the vacated railroad tracks. 
The modeling shows this system is undersized for almost its entire length.  

• Five major pipe reaches drain the area south of the main pipeline. These 
reaches run along the streets of Fenton Avenue, Grange Avenue, Center 
Avenue, Molalla Avenue and Kennel Avenue. The modeling indicates that 
portions of each of these systems are undersized.  

• When the main Creamery Creek Pipe system turns west at Heintz Street, it 
is joined by a large pipe system that comes down Heintz Street. This large 
system is undersized down a portion of Heintz Street and along Shirley 
Street that discharges into the system along Heintz Street. Both systems, 
as well as with the connection, need to be upsized. 

• The western fork of the Creamery Creek system starts in the vicinity of 
Hoyt Street and Dixon Avenue and travels in pipes north along Ridings 
Avenue to Toliver Road. North of Toliver Road, it discharges into a channel 
that travels through the Big Meadows subdivision and joins the main 
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branch of Creamery Creek north of Big Meadows. The piped storm system 
along Ridings Avenue is undersized. 

The City’s storm system has not experienced all the flooding predicted by the modeling and 
there was no calibration information to refine the model. Without calibration, modeling 
typically predicts more flooding than is actually experienced. The following factors 
contribute to the differences between modeled flooding and actual past reported flooding: 

• The City is not at buildout conditions and therefore does not generate the 
flows predicted by the modeling for future land use conditions. When a 
basin develops, peak flows increase due to more impervious surface area 
and greater connectivity of the storm system.  

• Although the existing-conditions model uses impervious surface area 
estimates from aerial photography, the modeled storm system has a 
buildout connectivity. This means that it does not account for flow 
reductions due to water that ponds in vacant lots and front yards. 

• The SCS Type I-A rainfall curve was used for the modeling on this project. 
This rainfall curve is an industry standard that was developed using 
rainfall information throughout the Northwest and Northern California. It 
is not area specific and it has been observed in other studies to over-predict 
rainfall intensities for the Portland area, leading to higher modeled flows in 
a storm system. 

In developing storm system improvement projects, the highest priority is given to projects 
addressing problems that have actually been reported in the past. Lower priority is given to 
measures that address problems predicted by the computer modeling but not actually 
reported. 

BEAR CREEK CULVERT EVALUATION 

The Bear Creek basin culverts addressed in the culvert evaluation are described in 
Chapter 2 (see Table 2-4). For these culverts, the Santa Barbara Urban Hydrograph model 
was used to generate hydrographs. Information required to calculate hydrographs includes 
drainage area, soil permeability (as measured by curve number), time of concentration (Tc), 
and rainfall information. Table 3-1 summarizes this information for future conditions in 
each culvert’s drainage basin. Only future conditions were modeled because Bear Creek is a 
large basin that lies mainly outside the urban growth boundary, so there little difference 
between existing and future hydrology. 

Culvert hydraulics were evaluated using the program HY-8, developed for the Federal 
Highway Administration. The detailed model output is presented in Appendix D and 
summarized in Table 3-2. The overtopping flows listed represent the levels at which flow 
starts passing over the road. Culverts are defined as undersized when their overtopping 
capacity is less than predicted flows.  

Some culverts, such as the Bear Creek culvert under Highway 211, were found to have 
adequate capacity for a 100-year storm. Others, such as the Bear Creek culvert under 
Mathias Road, have capacities inadequate to pass the 25-year storm. No culverts were 



City of Molalla Stormwater Master Plan… 

 
3-4 

found to fall between these extremes. For this study, all structures that cannot pass the 
25 year storm flows are considered undersized, with the exception of the 36-inch culvert 
under Forest Road, which is further discussed in Chapter 4. 
 

TABLE 3-1. 
CULVERT DRAINAGE BASIN DATA USED FOR HYDROLOGIC EVALUATION 

 Drainage Area (acres) Curve Number Tc 
Culvert Location  (acres) Pervious Impervious Pervious Impervious  (min.) 
Mathias Road 1,060 1,052 8 78.5 98 76 
Molalla Road 1,611 1,589 22 78.4 98 97 
Ona Way 2,158 2,086 72 78.3 98 130 
Highway 211 (Bridge) 2,204 2,130 74 77.5 98 138 
North Forest Rd. 2,250 2,174 76 77.5 98 138 
Highway 213 2,590 2,446 144 77.5 98 149 
Highway 211 (Culvert) 184 174 10 77.5 98 31 
Forest Road 408 388 20 76 98 44 

 

TABLE 3-2. 
CULVERT HYDRAULIC ANALYSIS RESULTS 

  Length Peak Flow (cfs) Overtopping 
Location Structure  (feet) 25-Year 50-Year 100-Year Flows (cfs) 
Mathias Road (2) 36" CMP 175 232 266 324 104 

Molalla Road 72" x 44” CMPA 
60” x 36” CMPA 

27 
24 311 355 432 203 

Ona Way 64” x 42” CMPA 
(2) 72” x 44” CMPA 

30 
30 364 415 504 317 

Highway 211 6’ x 15’ Bridge 30 364 415 504 600 
North Forest Rd. (3) 6’ x 6’ Wooden 

Box 
22 364 415 504 950 

Highway 213 (2) 48” RCP 
(1) 48” CMP 

32 
45 398 455 552 358 

Highway 211 48” CMP 131 63 71 86 99 
Forest Road 36” CMP 32 108 124 152 71 

CMP = corrugated metal pipe; CMPA = corrugated metal arch pipe; RCP = reinforced concrete pipe 

 



CHAPTER 4. 
EVALUATION OF IMPROVEMENTS 

 

Four types of improvements were developed to address identified problems in the City’s 
stormwater system: storm sewer improvements, culvert improvements, creek 
improvements, and nonstructural improvements. Nonstructural improvements include 
maintenance programs, regulations, education programs, and other projects that do not 
address individual problem locations. Projects that fall under more than one category are 
described below in the section for which they are most important. Design elements and 
costs described in this chapter are intended to be used only for comparison of alternatives. 
Preliminary and final design will be required prior to construction.  

Alternatives were developed and evaluated at a planning level of detail. Cost estimates are 
based on construction costs for similar projects. Attempts were made to develop all projects 
within public right-of-way. If a project requires land purchase or easements, this is noted in 
the project description but not included in the estimated cost. The estimates are budget 
level estimates only; actual project cost should be within the range of plus 35 percent to 
minus 20 percent of the estimate. The budget estimates contain the following elements: 

• Construction cost—the cost of materials and installation 
• Construction contingencies—20 percent of construction cost 
• Allied costs (engineering, administration, legal, financing and construction 

administration)—25 percent of construction. 

A project-by-project breakdown of the budget level estimates are provided in Appendix E. A 
proposed capital improvement program (CIP) incorporating recommended projects is 
presented in Chapter 5. 

STORM SEWER IMPROVEMENTS 

All flow from the Creamery Creek system drains into one series of pipes through the middle 
of downtown. This pipeline is shallow, undersized and nearing the end of its design life, and 
sections of it are on private land. Replacing this line with adequately sized pipe at a proper 
depth would be difficult and expensive. Therefore, ways were investigated to divert flow 
from this pipeline to a single new pipe system or several smaller systems.  

One opportunity exists in the railroad that is currently in the process of being removed. The 
old railway alignment is conveniently located to allow the construction of a new drainage 
channel that will relieve capacity problems on the Creamery Creek main system. Systems 
improvements throughout the basin, as well as existing storm systems south of Main 
Street, could discharge to this new drainage channel. If the railroad right of way is not 
available or is cost-prohibitive, then the Heintz Street outfall project described below will 
be required to convey flow from the corner of Heintz Street and Kennel Avenue.  

All pipes within the proposed alternatives are smooth walled pipes (ADS, PVC, Concrete). 
Cost were based on using ADS or PVC pipe. 
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2nd Street Relief Project 

The purpose of this project is to intercept flow along 2nd Street, relieve flow along Main 
Street, and provide a main system from this section of the City down to the lower reaches of 
Creamery Creek within the City limits. A new storm system along 2nd Street is proposed to 
relieve excess flows in the existing Grange Avenue, Center Avenue, Molalla Avenue and 
Kennel Avenue storm systems and to allow for increased future storm runoff. The new 
storm system along 2nd Street will eliminate several flooding points along Main Street and 
limit the work required in ODOT right of way. Two alternatives were developed for this 
project: 

• Alternative 1—2nd Street/Railroad Alignment Storm System (see 
Figure 4-1). This alternative, which is recommended if the railroad 
alignment is available and is not cost-prohibitive,  includes the following: 
– Replacing the storm pipe along 2nd Street between Eckerd Avenue 

and Berkeley Avenue 
– Installing a new storm pipe along 2nd Street from Berkeley Avenue to 

Molalla Avenue, continuing on through new rights of way to the old 
railroad alignment.  

– Constructing a new channel in the old railroad alignment to convey 
flow from the new piped systems to Creamery Creek at the point 
where it crosses the railroad alignment. 

– Replacement of some existing pipe sections along 2nd Street to 
maintain hydraulic connectivity 

• Alternative 2—2nd Street/Kennel Avenue Storm System (see Figure 4-2). 
This alternative, which is recommended if the railroad alignment is not 
available or its use is cost-prohibitive, includes the following: 
– Replacing the storm pipe along 2nd Street between Eckerd Avenue 

and Berkeley Avenue (same as in Alternative 1) 
– Installing a new storm pipe along 2nd Street from Berkeley Avenue to 

Molalla Avenue, continuing on through new rights of way to Hart 
Avenue and then to Kennel Avenue 

– Installing a new pipe down Kennel Avenue to Heintz Street to convey 
flow to a new Creamery Creek system, as described in the Heintz 
Street Outfall project below. 

– Replacement of some existing pipe sections along 2nd Street to 
maintain hydraulic connectivity 

Estimated Cost: $1,230,000 (Alternative 1); $1,400,000 (Alternative 2).  
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Industrial Way  

Flooding has been reported near Industrial Way along Toliver Road. This is a result of 
undersized pipes and downstream conditions. Considerable improvements have been made 
as part of the Toliver Road project. We do not recommend any improvements at this time; 
however, if flooding persists, the existing 36-inch pipe would need to be upgraded to a 
48-inch pipe, as shown on Figure 4-5. No alternative was identified for this improvement. 
Because flooding at this location does not pose a risk to any structures, monitoring of the 
area is proposed rather than the pipe upgrade. The upgrade should be implemented only if 
a persistent problem is noted in the monitoring. 

Estimated Cost: $51,000. 

Shirley Street Drainage Improvements  

Figure 4-6 shows drainage improvements that would allow the drainage system on Shirley 
Street to discharge to the proposed Heintz Street system. Implementing these 
improvements would eliminate the need for one project included in the City’s existing 
stormwater CIP. 

Estimated Cost: $91,000 

Dixon Avenue Improvements  

Figure 4-7 shows potential drainage improvements along Dixon Avenue. Recent channel 
improvements along Hoyt Street may have solved reported flooding problems in this area. 
This area should be monitored to determine the need for further improvements. The system 
along Dixon Avenue could be developed as part of a long-term plan when this area is 
developed. Implementing these improvements would eliminate the need for one project 
included in the City’s existing stormwater CIP. 

Estimated Cost: $139,000 

Effect of Proposed Projects on Existing Stormwater CIP Projects 

The existing 10-year stormwater CIP summary is included in Appendix G of this report. 
Although current work and planned work will eliminate the need for some projects included 
in the existing CIP, other existing CIP projects should be incorporated into a proposed new 
CIP. 

The following existing CIP projects can be eliminated because of the 5th Street 
improvement project (Schedules A through E) scheduled to start construction in the spring 
of 2002: 

• May Street Drainage Improvements  Estimated Cost: $29,235 
• Part of Sunrise Acres Drainage Imp.; Phase 1 Estimated Cost: $62,277 
• Sunrise Acres Drainage Imp. – Phase 2  Estimated Cost: $16,804 

 
4-8 







…4. EVALUATION OF IMPROVEMENTS 
 

Heintz Street Collector Replacement Project 

This project is to replace the existing Creamery Creek pipe. The existing 60-inch CMP pipe 
is old and in places very shallow. In addition, the system capacity is inadequate for 
predicted future flows. At least two failures have been recorded in the last few years. Only 
one alternative has been identified for this project. The proposed improvement is to 
intercept Creamery Creek at the South end of Indian Oak Court and divert the creek down 
to Heintz Street. A new pipe would then be constructed down Heintz Street to the corner of 
Kennel Avenue and Heintz Street. The pipeline will consist of pipe between 18 and 
60 inches in diameter. Figure 4-3 shows the elements of this project. 

Estimated Cost: $1,200,000. 

Heintz Street Outfall Project 

In the event the old railway alignment is not obtainable, the storm systems downstream of 
Kennel Avenue and Heintz Street will need to be upgraded. This will require a new system 
from this intersection down to Toliver Road. Because of shallow depth, the structure would 
need to be twin 48-inch pipe or a box structure. For planning purposes, we have assumed 
twin 48-inch pipes. No alternative to this project was identified. Figure 4-4 shows the 
elements of this project.  

Estimated Cost: $570,000. 

Detention Pond at Mathias Avenue and Creamery Creek 

A detention pond to store storm flows upstream of Mathias Avenue could reduce or 
eliminate flooding downstream along Creamery Creek. Without detailed survey information 
of the potential pond site, many assumptions were required to evaluate this project. The 
detention pond was modeled with a 12-inch concrete pipe for an outfall structure. Storage 
behind the pipe is defined in terms of depth and area. At 1-foot depth, it was assumed that 
1.5 acres would flood; at 3 foot of depth, 10 acres of pasture would flood. There would be no 
permanent pond. The pooled water would be less than 3 feet deep at the pipe for the 25-
year storm and the pool would dissipate within 24 hours following the storm. 

Downstream benefits would be significant. At Creamery Creek and Stowers Avenue, the 25-
year flow would drop from 31 cfs to 10 cfs. Where Creamery Creek crosses Heintz Street, 
the 25-year storm flows drop from 76.5 cfs to 58.5 cfs. A berm would have to be keyed into 
good ground and would require a concrete spillway. This berm would not be classified as a 
dam, but it would need to be engineered as a small dam because of the potential damage 
should it fail. Engineering, survey and permitting would be the largest expense of this 
project, estimated at $45,000. The project will increase periodic flooding on the land but will 
not produce a permanent pool. Cost of easements is not included in the cost estimate. This 
project could reduce the cost of the Heintz Street Outfall and Heintz Street Collector 
projects by allowing the use of smaller pipes for those projects. 

Estimated Cost: $96,000. 
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The following existing CIP projects would not be needed if projects described above are 
implemented: 

• Kennel Avenue Drainage Improvements  Estimated Cost: $43,324 
• Hart Avenue Drainage Improvements  Estimated Cost: $149,371 
• Heintz Street Drainage Improvements  Estimated Cost: $251,047 

The following existing CIP projects would be replaced by projects described above: 
 Dixon Avenue Drainage Improvements  Estimated Cost: $89,410 

 Shirley Street Drainage Improvements  Estimated Cost: $88,292 
  (Downstream improvements are required prior to this project) 

The following existing CIP projects are still required with the improvements described 
above:  

•  Miller Street Drainage Improvements  Estimated Cost: $45,480 
•  Sunrise Acres Drainage Improvements   Estimated Cost: $41,740 

Other Improvements 
The SWMM modeling indicated that a significant amount of the existing storm pipe system 
is undersized for a 25-year storm under future conditions. The pipe size needed to 
accommodate the 25-year future-conditions flow has been determined for all pipes in the 
system, as shown in Appendix F. The table in Appendix F includes pipe sizes for existing, 
future and with the Railroad Alignment and Heintz Street Collector Projects Constructed.  
These sizes should be used if any pipe not identified here as a capital improvement is 
replaced. This could occur when roads are being reconstructed, when land is being 
developed or redeveloped, or when the system has a failure or reaches its design life and is 
no longer functioning. No cost has been estimated for these improvements and they are not 
incorporated in the revised CIP program.  

CULVERT IMPROVEMENTS 

The culverts assessed for potential improvement were selected based on existing flooding 
problems or the potential for flooding in the future. Improvement cost estimates were based 
on culverts sized to pass flows from the 50-year design storm. The culverts also were 
checked for their ability to convey 100-year flows. Detailed information about the culverts is 
presented in Table 3-2. 

Many culverts in the City have adequate flow capacity but could be improved for fish 
passage and habitat; these are not included in the list of improvements. When new culverts 
or culvert replacements are proposed along Bear Creek, the design review should include 
fish passage in accordance with Oregon Department of Fish and Wildlife guidelines. 

The recommended sizes are based on general assumptions about site conditions. A survey of 
the site and creek conditions at each culvert is required to develop final design. The 
recommended size should not be used without a site survey and hydraulic design. 

 
4-12 



…4. EVALUATION OF IMPROVEMENTS 
 

If a future driveway crosses a creek, its culvert should be sized the same as the structure 
downstream. 

Bear Creek at Mathias Road 

The existing culverts are two 36-inch corrugated metal pipes (CMPs). As shown in 
Table 3-2, the culverts cannot pass the 25-year storm flows. The recommendation is to 
replace the culverts with a bottomless culvert that can pass 100-year storm flows (324 cfs). 
The preliminary recommendation for the new culvert is a 12-foot span bridge or arch span 
with a natural creek bottom. Mathias Road is a County road and therefore this project will 
be presented in the City’s storm CIP list in Chapter 5 however no cost will be presented in 
the list.  

Estimated Cost: $280,000. 

Bear Creek at Molalla Avenue 

The existing culverts are two arch CMPs. As shown in Table 3-2, the culverts cannot pass 
the 25-year storm flows. The recommendation is to replace the culverts with a bottomless 
culvert that can pass 100-year storm flows (432 cfs). The preliminary recommendation for 
the new culvert is a 14-foot span bridge or arch span with a natural creek bottom. Molalla 
Avenue is a County road and therefore this project will be presented in the City’s storm CIP 
list in Chapter 5 however no cost will be presented in the list.  

Estimated Cost: $300,000. 

Bear Creek at Ona Way 

The existing culverts are two arch CMPs. As shown in Table 3-2, the culverts cannot pass 
the 25-year storm flows. The recommendation is to replace the culverts with a bottomless 
culvert that can pass 100-year storm flows (504 cfs). The preliminary recommendation for 
the new culvert is a 15-foot span bridge with a natural creek bottom. This is the same size 
as the bridge below Highway 211. Ona Way is a County road and therefore this project will 
be presented in the City’s storm CIP list in Chapter 5 however no cost will be presented in 
the list.  

Estimated Cost: $320,000. 

Bear Creek at Highway 213 

The existing culverts are two arch CMPs. As shown in Table 3-2, the culverts cannot pass 
the 25-year storm flows. The recommendation is to replace the culverts with a bottomless 
culvert that can pass 100-year storm flows (552 cfs). The preliminary recommendation for 
the new culvert is an 18-foot span bridge with a natural creek bottom. Highway 213 is a 
State road and therefore this project will be presented in the City’s storm CIP list in 
Chapter 5 however no cost will be presented in the list.  

Estimated Cost: $350,000. 
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Culvert Below Forest Road 

The 36-inch CMP below Forest Road East of Ona Way is undersized for the flow expected 
from the upstream basin. We recommend leaving this culvert in place at this time. It 
appears that no habitat structures exist upstream and the area upstream provides 
temporary detention during large storm events. 

CREEK IMPROVEMENTS 

Although this study only investigated the condition of natural drainageways from a 
conveyance standpoint, several general recommendations for creek system improvements 
can be made. The City has a stream corridor protection ordinance for new development that 
protects the Bear and Creamery Creek corridors. The City should also look for opportunities 
to enhance creek corridors. Enhancement of these corridors has the effects of protecting 
property, protecting and enhancing water quality, and enhancing riparian habitat. 
Opportunities to look for include the following types of projects: 

• Channel Stabilization—These projects stabilize streambeds and 
streambanks to protect property and infrastructure and alleviate 
sedimentation problems. They require on-site professional expertise to 
determine appropriate measures to stabilize the streambed or streambank. 
The City should fully evaluate bioengineering concepts as the first choice 
for these projects, as opposed to traditional riprap solutions.  

• Riparian Corridor Restoration—These projects restore natural plant 
communities as much as practical to reduce stream temperature and 
sedimentation and to restore riparian wildlife habitat. 

• Community-Based Enhancement—These projects provide water quality 
benefits and riparian habitat enhancements through local neighborhood 
improvements using volunteer involvement with some City resources. City 
contributions might include plant materials, site preparation, volunteer 
coordination, etc. The focus of these projects is to eliminate blackberry and 
other invasive exotic plants and to plant desirable native species that will 
reestablish the riparian forest canopy and wildlife habitat. 

• Protection from future development—This strategy focuses on protecting 
existing riparian corridors and native vegetation by implementing stream 
buffer zone regulations in areas where future development might occur. 

NONSTRUCTURAL MEASURES 

Nonstructural alternatives consist of regulations, operation and maintenance activities, 
and public education. Their costs vary with the level of complexity at which they are 
implemented and often can be passed on to developers, so cost estimates are not included 
with these recommendations. 

Stormwater Codes 

The City should periodically review stormwater standards in its published Design 
Standards. This allows improvement to the code based on recent experience with 

 
4-14 



…4. EVALUATION OF IMPROVEMENTS 
 

 
4-15 

implementing it. The adoption of guidelines developed by other agencies is one way to 
better define City codes. For example, the City of Portland’s Stormwater Quality Facilities; 
A Design Guidance Manual could be a standard that the City follows when reviewing 
stormwater quality features for new development. This would allow developers guidance 
when designing a project. 

Operation and Maintenance 

This study did not attempt to match existing City maintenance staff with the duties and 
requirements of maintaining the City’s storm system. This should be left up to staff who 
have knowledge of crew sizes and the time required to accomplish each task. It is 
recommended that the City start a maintenance program with record keeping. With the 
new City-wide mapping, each segment of the system can be numbered and maintenance 
records can be kept. This would allow the City to maintain long-term records of 
maintenance problems.  

The City should prepare a program for maintaining all elements of its stormwater drainage 
system. This involves the following measures: 

• Develop and implement an inspection and maintenance plan for all 
drainageways, catchbasins, drainage channels, detention facilities, flow 
control structures, and pump stations. 

• Outline maintenance operations to clean catchbasins, remove channel 
debris, clear culvert obstructions, remove sediment from detention 
facilities, plant vegetation to control channel erosion, remove intrusive 
vegetation to increase channel conveyance capacity, and remove trash. 

• Adopt stream dumping regulations and inform residents about the 
regulations and how to report violations. 

Implementation of a plan should define scheduled maintenance for each facility and who is 
responsible, outline reports to be used for inspection documentation, and detail what can 
and cannot be removed.  



CHAPTER 5. 
CAPITAL IMPROVEMENT PROGRAM 

 

RECOMMENDED IMPROVEMENT PROJECTS 

Recommended improvement projects described in Chapter 4 make up the proposed new 
stormwater capital improvement program (CIP). In addition to the identification of the 
projects and their estimated cost, the CIP includes a priority for each project and a 
recommendation for project phasing based on priority. Five priority levels were identified: 

• High priority—Projects that have an immediate, regional benefit, or resolve 
an existing observed problem. 

• Medium priority—Projects that meet overall goals and objectives but 
require private land or private cooperation for implementation. 

• Low priority—Projects that are needed in conjunction with future land 
development according to local Comprehensive Plan zoning. Projects that 
resolve future problems identified by system analysis. 

• No action—Projects to address problems identified by the analysis process 
that don’t present a threat to property. If the problem is identified by 
complaints in the future, then it should be addressed. 

• Internal—Projects that can be conducted by City staff with no external cost.  

The high priority rating indicates that a problem already exists and should be addressed as 
soon as possible. Medium and low priority ratings indicate that a problem is not immediate 
but is likely to require attention in the future. Medium ratings are for projects that address 
a more significant future problem than low priority projects. The no-action rating is for 
projects where analysis found the system to be undersized but no flooding has been 
reported. No action should be taken for these problem areas, but they should be monitored. 

Capital improvement projects can be scheduled in phases based on their priority, available 
funding, and the potential to perform the improvement in conjunction with other planned 
projects. Based on these considerations, the following phasing is recommended for projects 
in the CIP: 

• High priority projects should be implemented within five years. 
• Medium priority projects should be implemented between five and 10 years 

from completion of this master plan. 
• Low priority projects should be implemented between 10 and 20 years from 

completion of this master plan. 

No-action projects and internal projects are not included in the phasing plan.   

Table 5-1 summarizes the capital projects in the CIP, along with their estimated costs and 
priorities.  
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TABLE 5-1. 
CAPITAL IMPROVEMENT PROJECTS 

Project Estimated Cost Priority 
2nd Street/Railway Alignment Storm System $1,230,000 High 
Detention Pond at Mathias Avenue and Creamery Creek $96,000 High 
Heintz Street Collector Replacement Project $1,200, 000 Medium 
Shirley Street Drainage Improvements $91,000 Medium 
Miller Street Drainage Improvements $45,480 Medium 
Sunrise Acres Drainage Improvements $41,740 Medium 
Bear Creek at Molalla Avenue Culvert Replacement County Road Medium 
Bear Creek at Highway 213 Culvert Replacement State Road Medium 
Bear Creek at Mathias Culvert Replacement County Road Low 
Bear Creek at Ona Way Culvert Replacement County Road Low 
Industrial Way Stormwater Improvements  Monitor 
Dixon Avenue Drainage Improvements  Monitor 

For Creamery Creek, the two highest priority projects will route flows south of Main Street 
west and around the downtown area to eliminate flooding along Main Street and allow 
development of the area south of Main Street and west of Molalla Avenue: 

• The railroad alignment allows for an opportunity to combine a stormwater 
project and a recreational project. A swale can be designed along this 
alignment that will allow trees and smaller brush to grow and provide 
water quality treatment to stormwater. The tree-lined swale would provide 
an attractive pedestrian trial through the downtown area. 

• The Mathias detention pond will reduce flows in the main channel of 
Creamery Creek. This, along with the routing of stormwater along the 
railroad alignment, will reduce the flows in Creamery Creek and reduce, 
but not eliminate, the need for the Heintz Street Collector Replacement 
Project.  

If these two projects are implemented, the major concerns of the Creamery Creek pipe 
system will be structural integrity and alignment of the pipe on private property. We 
recommend running a video camera through the main stem of the system to determine if 
the pipe is collapsing at any location. Depending on the results of the video survey, the 
Heintz Street Collector Replacement Project could become a high priority. 

The Shirley Street Project should be constructed concurrently or following the completion of 
the Heintz Street Collector Replacement Project. The remaining projects are independent 
and can be moved in priority depending on flooding problems or opportunities to combine 
with other projects. 

 
5-2 



…5. CAPITAL IMPROVEMENT PROGRAM 

NONSTRUCTURAL PROJECTS 

Drainage Design Standards 

The City’s drainage design standards (March 1997) should be periodically reviewed to 
ensure that their intent meets the City’s needs.  

Riparian Corridor Protection 

The City should require shading of surface facilities in order to reduce water temperatures 
in existing and new surface water facilities. In addition, the City should discourage the use 
of unshaded, shallow (less than 3 feet average depth) surface water facilities where water 
would be ponded more than two days. 

Oregon statutes ORS 498.351 and ORS 509.605 require any person, municipal corporation 
or government agency placing an artificial obstruction across a stream to provide a fishway 
for anadromous, food and game fish species where these are present or could be present in 
the future. Pursuant to these statutes, the City should require the use of culvert designs 
that meet Oregon Department of Fish and Wildlife Guidelines and Criteria for Stream-Road 
Crossings. 

NPDES Requirements 

The NPDES Storm Water Phase II Program identifies six implementation requirements:  
• Public Education and Outreach—Develop an education program to 

distribute materials to the community or conduct outreach about 
stormwater impacts. 

• Public Involvement and Participation—Comply with state, tribal and 
local public notice requirements and encourage the public to become 
involved in program implementation. 

• Illicit Discharge Detection and Elimination—Develop a storm system 
map with location of major pipes, outfalls and topography. 

• Construction Site Runoff Control—Develop, implement and enforce a 
program to reduce pollutants moving from construction activities to storm 
sewer system. 

• Post-Construction Stormwater Management—Develop, implement 
and enforce a program to address runoff from new development or 
redevelopment projects. 

• Pollution Prevention and Good Housekeeping—Implement a pollution 
and maintenance program for municipal operations. 

The capital improvement program addresses each of these items and therefore helps to 
prepare the City for NPDES requirements.  
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FUNDING ALTERNATIVES 

In Oregon, funding options available to cities for storm sewer operations, maintenance and 
improvements are identical to those established for other municipal utility functions. The 
flexibility established for stormwater financing and upheld in the Oregon Supreme Court 
(Oregon School District, et al. v. City of Roseburg) allows the City access to a service charge 
for funding stormwater operations and capital improvements. Following the adoption of 
this master plan, an evaluation of financing techniques and a re-calibration of rates will be 
required. This will provide the revenue to implement the CIP outlined in this document. 
The following is a general outline of funding options; no recommendation for funding 
options is made in this master plan. 

General Obligation Bonds 

Molalla can issue general obligation (GO) bonds for capital improvements. GO bonds are 
debt instruments backed by the full faith and credit of the City, which would be secured by 
an unconditional pledge of the City to levy assessments, charges or ad valorem taxes 
necessary to retire the bonds. GO bonds are the lowest-cost form of debt financing available 
to local governments and can be combined with other revenue sources such as specific fees 
or special assessment charges. These bonds are supported by the City as a whole, so the 
amount of debt issued for stormwater is limited to a fixed percentage of the real market 
value for taxable property within the City. This cap is a statutory mandate. 

Revenue Bonds 

Unlike GO bonds, revenue bonds are not backed by the City as a whole, but constitute a 
lien against the stormwater service charge revenues of the Storm Sewer Utility. Revenue 
bonds present a greater comparative risk to the investor than GO bonds, since repayment of 
debt depends on an adequate revenue stream, legally defensible rate structure and sound 
fiscal management by the issuing jurisdiction. Due to this increased risk, revenue bonds 
generally command a higher interest rate than GO bonds. This type of debt also has very 
specific coverage requirements in the form of a reserve fund specifying an amount, usually 
expressed in terms of average or maximum debt service due in any future year. This debt 
service is required to be held as a cash reserve for annual debt service payment to the 
benefit of bondholders.  

State/Federal Grants and Loans 

Historically, local and county governments have received significant infrastructure funding 
support from state and federal agencies in the form of block grants, direct grants, 
interagency loans, and general revenue sharing. With federal deficit reduction pressures 
and virtual elimination of federal revenue sharing, local government now can expect less 
funding assistance for infrastructure finance. Presently, the primary sources of assistance 
for stormwater are federally funded grants provided by the Housing and Urban 
Development's Community Development Block Grant (CDBG) Program. Recent experience 
indicates that even when jurisdictions secure grants for their programs, the revenue 
provides only a small portion of the capital improvement cost.  
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System Development Charges 

ORS 223.297 establishes the use of system development charges (SDCs) and provides a 
framework for establishing fees that recover from new development the City’s costs in 
providing utility system capacity. It also establishes a basis for fee calculation, which the 
City must follow. However, the fundamental objective for the fee structure is the imposition 
on new development of a proportionate share of the costs associated with providing or 
expanding stormwater infrastructure to meet the capacity needs created by that specific 
development. SDCs cannot be applied retroactively and are a one-time charge at the time of 
development approval. Only infrastructure funded through stormwater charges or other 
City fees is eligible for inclusion in the SDC. If the existing system has any capacity 
remaining and available to new development, this available capacity becomes the basis for 
reimbursement of the SDC. Table 5-2 provides some SDC rates for communities in Oregon.  

Stormwater Management Service Charges 

As conventional funding sources for stormwater management become more difficult to 
access and as federal and state stormwater quality requirements become mandatory, the 
utility approach toward funding is becoming generally accepted. There are numerous 
combinations and variations for stormwater service charges. One method for rate 
structures uses an equivalent residential unit (ERU) approach based on estimated 
impervious surface. An ERU can be defined as a set number of square feet of impervious 
surface. This is based on average single-family residential lot size in the City, along with 
land use limitations on the percent of impervious coverage. Because most single-family 
residents have similar impervious surface footprints, all single-family homes are considered 
to be 1 ERU. All other properties are charged based on their measured impervious surface 
divided by the base ERU square footage to determine the number of ERUs applied to that 
property. Table 5-2 provides some stormwater utility rates for communities in Oregon. 

TABLE 5-2. 
RATES FOR SELECTED OREGON COMMUNITIES IN 1997 

City Population 
Stormwater Utility 
Rate (per month) 

ERU  
(square feet) 

SDC  
(charge per ERU) 

Banks 625 $4.00 2,640 $500.00 
Beaverton 66,225 $5.00 2,640 $901.00 
Cannon Beach 1,425 $3.50 5,000 $701.00 
Cottage Grove 8,005 $2.50  $928.96 
Gresham 81,865 $3.53 2,500 $725.00 
Medford 57,610 $2.95 3,000 $400.00 
Molalla (2001) 6,000 $2.00 $2,640 $289.00 
Roseburg 19,810 $2.85 3,000 $400.00 
Sherwood 8,125 $4.00 2,640  
Tigard 36,680 $4.00 2,640 $500.00 
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TABLE 5-2. CONTINUED 
RATES FOR SELECTED OREGON COMMUNITIES IN 1997 

City Population 
Stormwater Utility 
Rate (per month) 

ERU  
(square feet) 

SDC  
(charge per ERU) 

Tualatin 20,405 $4.00 2,640 $500.00 
West Linn 20,415 $3.75  $376.00 
Wilsonville 10,940 $1.40 2,000 $81.00 
Woodburn 16,150 n/a n/a $275.00 
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EXECUTIVE SUMMARY 

 

The City of Molalla is developing a stormwater master plan to inventory the City’s existing 
drainage system and address existing and potential problems. The City contracted with 
Tetra Tech/KCM, Inc. to evaluate drainage conditions and future requirements within the 
City’s urban growth boundary (UGB). The master plan identifies existing drainage 
problems and proposed solutions and recommends future actions by the City and private 
developers to enhance the City’s creek corridors, improve water quality, and handle future 
storm flows. Wetlands in the City are being inventoried by others concurrently with this 
study. Together with the wetland inventory, this report will form a comprehensive 
stormwater plan that addresses natural and man-made elements of the drainage system.  

STUDY AREA DESCRIPTION 

The City of Molalla is in Clackamas County, approximately 30 miles south of Portland. 
Highway 213 runs north-south through the west end of the City and Highway 211 runs 
east-west through the middle. The Molalla River is located just east of the City. The 
1,763-acre study area is defined by the existing urban growth boundary (UGB) plus areas 
outside the UGB that discharge runoff to areas within the UGB are.  

The City is primarily zoned residential, with a downtown commercial center and an 
industrial area in the southwest. Wood-product mills are the largest industries in Molalla; 
however, significant industrial land exists within the UGB for diversified industrial growth 
in the future. Lands surrounding Molalla are predominantly used for agricultural purposes. 
Significant stands of timber are located nearby to the east in the Cascade Range foothills.  

The existing UGB is expected to reach buildout (the maximum amount of development 
allowed by zoning) within the 20-year planning period. Future conditions in this report are 
defined as the buildout condition. 

EXISTING DRAINAGE SYSTEM DESCRIPTION 

Creek Systems 

Stormwater runoff in the City flows directly to one of three natural systems: the Molalla 
River, Bear Creek or Creamery Creek. Two branches of Creamery Creek flow through the 
north end of the City, generally from southeast to northwest, and meet east of Highway 
213; Creamery Creek flows into the Molalla River several miles outside the UGB. Bear 
Creek runs generally parallel to and south of Creamery Creek and eventually flows into the 
Pudding River. The Pudding River flows into the Molalla River just before the Molalla 
River enters the Willamette River. 

Modeled Storm Sewers and Culverts 

Computer modeling of public systems and pipes greater than 8 inches in diameter was 
performed for this master plan. Models were developed for the storm systems in the 
Creamery Creek and Bear Creek basins. The area inside the UGB that discharges directly 
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to the Molalla River has no identifiable storm system and therefore was not modeled. The 
Creamery Creek basin model included culverts; for the Bear Creek basin, culverts were 
analyzed separately using a culvert program. 

Reported Flooding Problems 

The City has identified five culverts along Bear Creek that have flooded in recent history. 
The culvert under Ona Way has been upgraded since reports of flooding and is not expected 
to flood in the future. The other four culverts are below Highway 213, below Highway 211, 
below Molalla Avenue and below Mathias Road. Other areas identified with recent flooding 
are near the Industrial Road and Toliver Road intersection, on Hoyt Street between Dixon 
and Ridings, the area along Heintz Street east of Ridings, Main Street at Kennel Avenue 
and at Molalla Avenue, Creamery Creek between Main Street and Stowers Avenue, on 
Stowers Avenue between 5th Street and 6th Street, and along 5th Street. 

Water Quality 

The Oregon Department of Environmental Quality (DEQ) has established total maximum 
daily load (TMDL) limitations for flow, bacteria and temperature on the Molalla River and 
TMDL limitations for bacteria, temperature and toxics on the Pudding River. At this time, 
the City of Molalla is not required to regulate stormwater quality, but eventually the City 
will need to develop methods to reduce the amount of pollutants being discharged through 
the City’s storm system.  

DRAINAGE SYSTEM EVALUATION 

The hydrology and hydraulics of the City’s piped storm system were evaluated using 
XP-SWMM 2000 for the Creamery Creek basin and urbanized sections of the Bear Creek 
basin. The Santa Barbara Urban Hydrograph model was used to generate hydrographs for 
the rest of the Bear Creek basin in the study area, which is open channel with culverts. 
Culvert hydraulics were evaluated using the program HY-8, developed for the Federal 
Highway Administration. 

Evaluation of the Piped Storm System 

The modeling predicts that the following systems are undersized for existing and future 
land use conditions: 

• The main stem of the Creamery Creek system, which enters the City below 
Mathias Road and travels in an open channel with culverts to north of 
Highway 211, where it enters a piped storm system. The piped system 
continues to Heintz Street, Kennel Street, and Toliver Road.  

• Five major pipe reaches south of the main pipeline, along Fenton Avenue, 
Grange Avenue, Center Avenue, Molalla Avenue and Kennel Avenue.  

• A large pipe system that comes down Heintz Street.  
• The western fork of the Creamery Creek system, from the vicinity of Hoyt 

Street and Dixon Avenue to a channel north of Toliver Road that travels 
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through the Big Meadows subdivision and joins the main branch of 
Creamery Creek north of Big Meadows.  

The City’s storm system has not experienced all the flooding predicted by the modeling. In 
developing storm system improvement projects, the highest priority is given to those that 
address actual past problems. Lower priority is given to measures to address problems 
predicted by the computer modeling. 

Bear Creek Culvert Evaluation 

Table ES-1 summarizes results of the evaluation of culverts in the Bear Creek basin. The 
overtopping flows listed represent the levels at which flow starts passing over the road. 
Culverts are defined as undersized when their predicted peak flow exceeds the overtopping 
flow. Some culverts, such as the Bear Creek culvert under Highway 211, were found to have 
adequate capacity for a 100-year storm. Others, such as the Bear Creek culvert under 
Mathias Road, have capacities inadequate to pass the 25-year storm.  
 

TABLE ES-1. 
CULVERT HYDRAULIC ANALYSIS RESULTS 

  Length Peak Flow (cfs) Overtopping 
Location Structure  (feet) 25-Year 50-Year 100-Year Flows (cfs) 
Mathias Road (2) 36" CMP 175 232 266 324 104 

Molalla Road 72" x 44” CMPA 
60” x 36” CMPA 

27 
24 311 355 432 203 

Ona Way 64” x 42” CMPA 
(2) 72” x 44” CMPA 

30 
30 364 415 504 317 

Highway 211 6’ x 15’ Bridge 30 364 415 504 600 
North Forest Rd. (3) 6’ x 6’ Wooden 

Box 
22 364 415 504 950 

Highway 213 (2) 48” RCP 
(1) 48” CMP 

32 
45 398 455 552 358 

Highway 211 48” CMP 131 63 71 86 99 
Forest Road 36” CMP 32 108 124 152 71 

CMP = corrugated metal pipe; CMPA = corrugated metal arch pipe; RCP = reinforced concrete pipe; 
cfs = cubic feet per second 

POTENTIAL IMPROVEMENT PROJECTS 

Four types of improvements were developed to address identified problems in the City’s 
stormwater system: storm sewer improvements, culvert improvements, creek 
improvements, and nonstructural improvements. Nonstructural improvements include 
maintenance programs, regulations, education programs, and other projects that do not 
address individual problem locations.  

 
ES-3 



City of Molalla Stormwater Master Plan… 

Storm Sewer Improvements 

All flow from the Creamery Creek system drains into one series of pipes through the middle 
of downtown. This pipeline is shallow, undersized and nearing the end of its design life. 
Replacing this line with adequately sized pipe at a proper depth would be difficult and 
expensive. The alignment of an old railroad that is in the process of being removed is 
conveniently located to allow the construction of a new drainage channel that would relieve 
capacity problems on the Creamery Creek main system. If the railroad right of way is 
available and not cost-prohibitive, then system improvements throughout the basin could 
discharge to this new drainage channel. The following projects were developed for 
addressing the deficiencies in this central pipeline: 

• 2nd Street Relief Project—A new storm system along 2nd Street is 
proposed to relieve excess flows in the existing Grange Avenue, Center 
Avenue, Molalla Avenue and Kennel Avenue storm systems and to allow for 
increased future storm runoff. Two alternatives were developed: 
– Alternative 1, 2nd Street/Railroad Alignment Storm System—This 

alternative, which is recommended if the railroad alignment is 
available and not cost-prohibitive, has an estimated cost of 
$1.23 million. 

– Alternative 2, 2nd Street/Kennel Avenue Storm System—This 
alternative, which is recommended if the railroad alignment is not 
available or its use is cost-prohibitive, has an estimated cost of 
$1.4 million: 

• Heintz Street Collector Replacement Project—–This project is to 
intercept Creamery Creek at the south end of Indian Oak Court and divert 
the creek down to Heintz Street. A new pipe would then be constructed 
down Heintz Street to the corner of Kennel Avenue and Heintz Street. The 
estimated cost of the project is $1.2 million. 

• Heintz Street Outfall Project—If the old railway alignment is not 
obtainable, the storm systems downstream of Kennel Avenue and Heintz 
Street will need to be upgraded. This will require a new system from this 
intersection down to Toliver Road. The estimated cost of the project is 
$570,000. 

• Detention Pond at Mathias Avenue and Creamery Creek—A 
detention pond to store storm flows upstream of Mathias Avenue could 
reduce or eliminate flooding downstream along Creamery Creek. The 
estimated cost of the project is $96,000, not including the cost of easements. 
This project could reduce the cost of the Heintz Street Outfall and Heintz 
Street Collector projects by allowing the use of smaller pipes for those 
projects. 

• Industrial Way—If flooding near Industrial Way along Toliver Road 
persists, the existing 36-inch pipe would need to be upgraded to a 48-inch 
pipe. The estimated cost of the project is $51,000. The upgrade should be 
implemented only if a persistent problem is noted. 
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• Shirley Street Drainage Improvements—These improvements would 
allow the drainage system on Shirley Street to discharge to the proposed 
Heintz Street system. Implementing these improvements would eliminate 
the need for one project included in the City’s existing stormwater CIP. The 
estimated cost of the project is $91,000. 

• Dixon Avenue Improvements— Recent channel improvements along 
Hoyt Street may have solved reported flooding problems in this area, so this 
area should be monitored to determine the need for further improvements. 
Drainage improvements along Dixon Avenue could be developed as part of a 
long-term plan when this area is developed. The estimated cost of the 
project is $139,000.  

Implementing the improvements described above, as well as others currently planned by 
the City, could allow many projects in the City’s existing 10-year stormwater capital 
improvement program (CIP) to be eliminated. 

Culvert Improvements 

The following Bear Creek culverts were identified for potential improvement, based on 
existing flooding problems or the potential for flooding in the future: 

• Bear Creek at Mathias Road—Replace two 36-inch corrugated metal 
pipes (CMPs) with a 12-foot span bridge or arch span with a natural creek 
bottom. The estimated cost of the project is $280,000. 

• Bear Creek at Molalla Avenue—Replace two arch CMPs with a 14-foot 
span bridge or arch span with a natural creek bottom. The estimated cost of 
the project is $300,000. 

• Bear Creek at Ona Way—Replace two arch CMPs with a 15-foot span 
bridge with a natural creek bottom. The estimated cost of the project is 
$320,000. 

• Bear Creek at Highway 213—Replace two arch CMPs with an 18-foot 
span bridge with a natural creek bottom. The estimated cost of the project 
is $350,000. 

Many culverts in the City have adequate flow capacity but could be improved for fish 
passage and habitat; these are not included in the list of improvements. When new culverts 
or culvert replacements are proposed along Bear Creek, the design review should include 
fish passage in accordance with Oregon Department of Fish and Wildlife guidelines. 

Creek Improvements 

Enhancement of creek corridors has the effect of protecting property, protecting and 
enhancing water quality, and enhancing riparian habitat. Opportunities to look for include 
the following types of projects: 

• Channel Stabilization—Stabilize streambeds and streambanks to protect 
property and infrastructure and alleviate sedimentation problems.  
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• Riparian Corridor Restoration—Restore natural plant communities as 
much as practical to reduce stream temperature and sedimentation and to 
restore riparian wildlife habitat. 

• Community-Based Enhancement—Provide water quality benefits and 
riparian habitat enhancements through local neighborhood improvements 
using volunteer involvement with some City resources. The focus of these 
projects is to eliminate blackberry and other invasive exotic plants and to 
plant desirable native species that will reestablish the riparian forest 
canopy and wildlife habitat. 

• Protection from Future Development—Protect existing riparian 
corridors and native vegetation by implementing stream buffer zone 
regulations in areas where future development might occur. 

Nonstructural Measures 

Nonstructural alternatives consist of regulations, operation and maintenance activities, 
and public education. Their costs vary with the level of complexity at which they are 
implemented and often can be passed on to developers, so cost estimates are not included 
with these recommendations. The following nonstructural measures were identified as part 
of this master plan: 

• Periodically review stormwater standards in the City’s published Design 
Standards. This would allow developers guidance when designing a project. 

• Develop and implement an inspection and maintenance plan for all 
drainageways, catchbasins, drainage channels, detention facilities, flow 
control structures, and pump stations. 

• Outline maintenance operations to clean catchbasins, remove channel 
debris, clear culvert obstructions, remove sediment from detention 
facilities, plant vegetation to control channel erosion, remove intrusive 
vegetation to increase channel conveyance capacity, and remove trash. 

• Adopt stream dumping regulations and inform residents about the 
regulations and how to report violations. 

CAPITAL IMPROVEMENT PROGRAM 

The improvement projects described above and summarized in Table ES-1 make up the 
proposed new stormwater CIP. The CIP includes a priority for each project as follows: 

• High priority—Projects that have an immediate, regional benefit, or resolve 
an existing observed problem. 

• Medium priority—Projects that meet overall goals and objectives but 
require private land or private cooperation for implementation. 

• Low priority—Projects that are needed in conjunction with future land 
development according to local Comprehensive Plan zoning. Projects that 
resolve future problems identified by system analysis. 
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TABLE ES-2. 
CAPITAL IMPROVEMENT PROJECTS 

Project Estimated Cost Priority 
2nd Street/Railway Alignment Storm System $1,230,000 High 
Detention Pond at Mathias Avenue and Creamery Creek $96,000 High 
Heintz Street Collector Replacement Project $1,200, 000 Medium 
Shirley Street Drainage Improvements $91,000 Medium 
Miller Street Drainage Improvements $45,480 Medium 
Sunrise Acres Drainage Improvements $41,740 Medium 
Bear Creek at Molalla Avenue Culvert Replacement County Road Medium 
Bear Creek at Highway 213 Culvert Replacement State Road Medium 
Bear Creek at Mathias Culvert Replacement County Road Low 
Bear Creek at Ona Way Culvert Replacement County Road Low 
Industrial Way Stormwater Improvements  Monitor 
Dixon Avenue Drainage Improvements  Monitor 

• No action—Projects to address problems identified by the analysis process 
that don’t present a threat to property. If the problem is identified by 
complaints in the future, then it should be addressed. 

• Internal—Projects that can be conducted by City staff with no external cost.  

High priority projects should be implemented within five years, medium priority projects in 
five to 10 years, and low priority projects in 10 to 20. No-action projects and internal 
projects are not included in the CIP phasing plan.   

The Shirley Street Project should be constructed concurrently or following the completion of 
the Heintz Street Collector Replacement Project. The remaining projects are independent 
and can be moved in priority depending on flooding problems or opportunities to combine 
with other projects. 

FUNDING ALTERNATIVES 

Following the adoption of this master plan, an evaluation of financing techniques and a re-
calibration of the City’s stormwater service charges will be required. This will provide the 
revenue to implement the CIP outlined in this document. Other options for funding the 
improvements include general obligation bonds, revenue bonds, state or federal grants and 
loans and system development charges. 
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