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EXECUTIVE SUMMARY  

The City of Ashland Stormwater and Drainage Master Plan identifies existing drainage problems in the 
City of Ashland and proposes solutions to address them. It provides an inventory of creeks, including 
identification of areas requiring protection and restoration, and recommends future actions by the City 
and private developers to enhance the City’s creek corridors, improve water quality, and handle future 
storm drain capacity problems. 

The master plan completes the City’s stormwater inventory, which was begun with preparation of reports 
on the watersheds of two city creeks: the Roca Creek Watershed Assessment (October 15, 1997) and the 
Ashland Creek Flood Restoration Project (November 26, 1997).  

The January 9, 1998 revision of the Federal Register listed the City of Ashland is listed as a “potentially 
designated” incorporated area for inclusion in the National Pollutant Discharge Elimination System 
(NPDES). With this listing, the City is very likely to be subject to NPDES requirements in the near future. 
This report is a step toward meeting the requirements.  

STUDY AREA DESCRIPTION 

The City of Ashland is in southern Oregon along the Bear Creek and Interstate 5 corridor in Jackson 
County, approximately 14 miles north of the California-Oregon state border. The Ashland Urban Growth 
Boundary (UGB) contains approximately 9 square miles. Topographically, it consists of steep slopes in 
foothills to the south, a terrace in the center that is highly developed, and the relatively flat area of the 
Bear Creek floodplain along the northern edge. Soils in the area have moderate to very slow rates of 
infiltration. Annual precipitation is about 20 inches. Most land use in the City is residential, with two 
areas of commercial or industrial development. 

EXISTING DRAINAGE SYSTEM DESCRIPTION 

Within the City of Ashland, Tolman Creek, Hamilton Creek, Clay Creek, Cemetery Creek, Roca/Paradise 
Creek, Beach Creek, Mountain Creek, Ashland Creek, and Wright’s Creek flow from north to south and 
discharge to Bear Creek, which flows through the north section of the City. Kitchen Creek, which 
discharges to Bear Creek from the north, enters the City at its downstream end. Several small, intermittent 
drainage courses in the eastern part of the City, in the vicinity of the golf course and the middle school, 
discharge to Bear Creek or Neil Creek.  

Because they were previously evaluated in other reports, Ashland Creek and Roca/Paradise Creek were 
not assessed for this master plan, although the constructed storm drainage system in the Ashland Creek 
drainage area was evaluated. Piped systems also were evaluated in the Cemetery, Beach, and Mountain 
Creek basins, as well as the drainage basin surrounding the Ashland Hospital, which discharges to 
Billings Pond. Other constructed facilities evaluated include most of the culverts conveying open 
channels under roadways. 

Existing flooding problems in the City drainage system have been identified by incidents reported during 
previous storms and the Flood Insurance Study prepared for the City in 1980. 
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DRAINAGE SYSTEM EVALUATION 

The constructed drainage system was evaluated using computer modeling of hydrology (the expected 
rainfall runoff flowing to the system for a given storm) and hydraulics (the pipes’ capacity to hold the 
runoff entering the system). Culverts were analyzed separately from the rest of the constructed drainage 
system. The analysis predicted flooding in all piped systems for the 25-year storm, which is the design 
storm for drainage system pipes (the design storm is the storm that drainage facilities should be designed 
to accommodate). The design storm for culverts is the 50-year storm, and the analysis showed flooding 
during the 50-year storm for 12 culverts. 

Creeks were evaluated by inspection of aerial photography and by field visits to the streams. They were 
assessed for the condition of native vegetation in and along the stream, the condition of the stream 
channel itself, and the level of surrounding development. Findings for each creek were as follows: 

• Wright’s Creek is relatively undeveloped and the upper, steeply sloped reaches of its 
watershed are still heavily forested. Future development should be reviewed carefully 
because it would increase erosion and flooding problems and reduce the possibility of a 
wildlife connection. 

• The small Beach, Mountain, and Clear Creek watersheds have been highly encroached 
by residential development. Ninety percent of the streams’ lengths have been piped. 
Little native vegetation exists along the stream reaches. The streams pose little threat to 
property but they show some signs of erosion. 

• Most of Cemetery Creek has been affected by development in its upper reaches and 
farm practices in the lower reaches. Approximately 30 percent of the native riparian 
vegetation remains along the stream corridor.  

• Clay Creek has been highly encroached upon by residential development in the upper 
section and farmlands along its lower sections. Much of the creek’s native riparian 
vegetation has been removed along the stream corridor. There is a large amount of 
erosion and many flooding problems along the creek.  

• Hamilton Creek has been highly encroached by development, and about 50 percent of 
its native riparian vegetation is currently intact. Future development in the watershed 
would increase flooding and erosion.  

• The Golf Course Creeks are small creeks that have been severely impacted by 
surrounding development. Little native riparian vegetation currently exists along the 
stream corridors. Water temperature is a major issue due to the lack of vegetation 
coverage.  

• Tolman Creek has been highly encroached upon in its lower reaches that pass through 
the City. Riparian vegetation along the stream corridor is relatively intact. The slopes 
along the stream corridor are relatively low. Future development along the creek should 
be kept to a minimum. 

EVALUATION OF IMPROVEMENTS 

Improvements were evaluated to address identified problem areas as follows: 

• A new storm system along Nutley Street was evaluated to alleviate excess flows in the 
existing system along Granite Street. 
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• A new outfall near the intersection of Central Avenue and Helman Street was evaluated 
to prevent storm flows in the area from overtopping Highway 99. 

• Four alignments were evaluated for a new storm drain system to alleviated flooding in 
the Beach and Mountain Creek drainage basins, where most of the City’s past flooding 
has been reported. 

• New, larger culverts were evaluated to address inadequate existing capacity at the 
following culverts: 

– Clay Creek at Highway 99 

– Clay Creek at East Main Street 

– Cemetery Creek at East Main Street 

– Cemetery Creek at Railroad Tracks 

– Park Branch of Cemetery Creek at Clay Street 

– Kitchen Creek at Mountain Avenue 

– Clear Creek at Hersey Street 

– East Main Street at Dead Indian Memorial Road 

– East Main Culvert near Interstate 5 

– East Main Culvert near Tolman Creek 

– East Main Culvert near Greensprings Highway 

• Three alternatives were evaluated to ensure adequate system capacity of the culvert 
under Interstate 5 near Crowson Road as future development occurs. The alternatives 
included enlarging the culvert, constructing a wetland to detain flows, and requiring 
on-site detention for new development. 

• For each stream corridor in need of improvement, four improvement measures were 
evaluated: channel stabilization; riparian corridor restoration; community-based 
enhancement; and protection from future development. 

• Three nonstructural approaches were evaluated for ongoing management of stormwater 
throughout the City: adoption of a stormwater manual; public education including 
preparation of “watershed owner’s manuals”; and ongoing system operation and 
maintenance. 

CAPITAL IMPROVEMENT PLAN 

Based on the evaluation of improvements, a capital improvement plan (CIP) was developed ranking 
recommended improvements and including planning-level cost estimates. Table ES-1 summarizes the 
CIP.  

TABLE ES-1. 
CAPITAL IMPROVEMENT PROJECTS 

Project Estimated Cost Priority 

Nutley Street Storm System $317,000 High 

Central Avenue Outfall $125,000 High 
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Beach Creek and Mountain Creek Basins Interceptor $4,258,000 High 

Clay Creek Culvert at Highway 99 $156,000 High 

Clear Creek Wetland at Hersey Street $95,000 High 

Clay Creek Culvert at East Main Street $125,000 Medium 

Cemetery Creek Culvert at East Main Street $125,000 Medium 

Culvert at East Main Street and Dead Indian Memorial Road $225,000 Medium 

Culvert at East Main Street West of Green Springs Highway $125,000 Medium 

Stormwater Manual $25,000 Low 

Watershed Owner’s Manual $20,000 Low 

Streamside Planting Brochure $10,000 Low 

Operations and Maintenance Plan $15,000 Low 

The following regulatory measures also are recommended: 

• Develop a stormwater manual. 

• Ensure enforcement of existing erosion and sediment control guidelines. 

• Develop new water quality control guidelines. 

• Include drainage design standards in the stormwater manual. 

• Adopt landscape design standards. 

• Adopt riparian corridor protection measures. 
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CHAPTER 1. 
INTRODUCTION  

BACKGROUND 

The City of Ashland recently prepared reports on the watersheds of two city creeks: the Roca Creek 
Watershed Assessment (October 15, 1997) and the Ashland Creek Flood Restoration Project (November 
26, 1997). To complete the City’s stormwater inventory, the City contracted with TetraTech/KCM, Inc. to 
evaluate drainage conditions and requirements in all areas of the City not covered by the Roca Creek and 
Ashland Creek studies and to prepare this stormwater and drainage master plan. The master plan 
identifies existing drainage problems and proposed solutions, provides an inventory of creeks, including 
identification of areas requiring protection and restoration, and recommends future actions by the City 
and private developers to enhance the City’s creek corridors, improve water quality, and handle future 
storm drain capacity problems. 

In the final Stormwater Phase II rule published in the Federal Register (December 9, 1999), the City of 
Ashland is listed as a “potentially designated” incorporated area for inclusion in the National Pollutant 
Discharge Elimination System (NPDES; 40 CFR Parts 122 and 123). This indicates that the City is very 
likely to be subject to NPDES requirements in the near future. This report is a step toward meeting the 
requirements.  

AUTHORIZATION 

In February 1998, the City of Ashland contracted with TetraTech/KCM, Inc. to develop this stormwater 
and drainage master plan. Greenworks, PC, participated with TetraTech/KCM by developing the 
inventory of the City’s natural creek corridors and assisting in public involvement. The project was 
scheduled to allow the use of new citywide mapping that was completed in November 1998.  

PURPOSE AND SCOPE 

The approach to this study was to evaluate and inventory Ashland’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 City staff input. Evaluate the pipes using hydrologic and hydraulic modeling for 
existing and future land-use conditions. 

• Develop an inventory of stream reaches and classify the reaches by geomorphology, 
vegetation, habitat, erosion, adjacent land-use and restoration potential. 

• Identify measures for improving 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 and public. 
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• Develop a capital improvement program for recommended projects with cost estimates 
and priorities for each recommendation. 

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

• Develop specific best management practices (BMPs) and maintenance 
recommendations. 

REPORT ORGANIZATION 

The City of Ashland Stormwater and Drainage System 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, hydrologic and hydraulic modeling, 
Examples of Stormwater Facilities and Best Management Practices (BMPs), and maintenance guidelines. 
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CHAPTER 2. 
STUDY AREA AND  

EXISTING DRAINAGE SYSTEM DESCRIPTION  

STUDY AREA DESCRIPTION 

Location and Boundaries 

The City of Ashland is in southern Oregon along the Bear Creek and Interstate 5 corridor in Jackson 
County, approximately 14 miles north of the California-Oregon state border (see Figure 2-1). The 
Ashland Urban Growth Boundary (UGB) contains approximately 9 square miles. The study area is shown 
in Figure 2-2. 

Topography 

The study area can be divided into three topographic zones: 

• The first zone is the southern section of the study area, which consists of steep slopes 
associated with foothills. This zone is fully developed in some basins and is seeing 
rapid development in other sections. Slopes in this zone range from 5 percent to greater 
than 20 percent.  

• The second zone is the terrace between the foothills and the Bear Creek floodplain. 
This area is highly developed and contains most of the downtown area. Slopes in this 
zone range from 1 percent to greater than 10 percent.  

• The third zone is the Bear Creek floodplain and associated banks. This area has slopes 
ranging from essentially flat to greater than 10 percent.  

Sensitive Areas 

Sensitive areas are identified by City maps and ordinance. They include floodplain corridor land, riparian 
preservation, hillside lands, wildfire lands, and severe constraint lands. A description of these areas and 
the regulations that apply to them is contained in Chapter 18.62 of the City ordinances. 

Soils 

Soils data for this study was obtained from the Soil Survey of Jackson County developed by the U.S. 
Department of Agriculture. The soil in Ashland is predominantly sediment derived from granite rock 
found in the surrounding mountains. 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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Figure 2-1. Project Vicinity 
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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 B, C and D soils are found in the study area. The area of Group B soils consists of Shefflein 
Loam over most of the developed areas of the City. The Group C soils are along the ridges and made up 
mainly of Tallowbox Gravelly Sandy Loam and Manita Loam. The Group D soils are around Bear Creek 
and the lower terraces and consist primarily of Kubli Loam, Coker Clay and Carney Cobbly Clay. A 
portion of the watersheds outside the UGB is not mapped in the soil survey. 

Rainfall 

Ashland receives approximately 20 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).   

TABLE 2-1. 
STUDY AREA RAINFALL DATA 

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

2-Year 1.0 2.5 

5-Year 1.3 3.0 

10-Year 1.6 3.5 

25-Year 1.8 4.0 

50-Year 2.2 4.3 

100-Year 2.4 4.5 

This study also used the rainfall intensity curves developed by the Oregon Department of Transportation 
(ODOT). ODOT divided the state into zones with similar rainfall patterns and developed intensity-
duration-frequency curves for each zone. The City of Ashland is in Zone 5. The curves were used to 
analyze the piped storm sewer system in highly developed sections of the City.  



City of Ashland Stormwater and Drainage System Master Plan… 

 

2-4 

Current and Future Land Use 

Land use in the City of Ashland is mainly residential, with two areas of commercial or industrial 
development. The residential density generally ranges from high-density multi-family development to 
low-density 10,000-square-foot parcels. There are residential parcels much larger, but this study evaluates 
the effects of development on surface water runoff and therefore assumes that these parcels will develop 
to the highest density allowed by zoning. 

The hydrologic analyses in this report look at existing and future flows. Existing flows were developed by 
estimating the impervious area in each basin as mapped in aerial photography in the spring of 1998. 
Future flows were estimated by assuming maximum buildout of the UGB, which is shown on Figure 2-2. 

Tables in Appendix C provide details on the land use estimates used in developing the amount of 
impervious area in each basin. City zoning maps and land use maps were used to estimate future 
development in each basin. These maps were not reproduced in this report. 

EXISTING DRAINAGE SYSTEM DESCRIPTION 

Creek Systems 

Natural and man-made open channel systems are assessed as creek systems in this report. Figure 2-2 
shows the City’s major creek systems and their drainage basins. Tolman Creek, Hamilton Creek, Clay 
Creek, Cemetery Creek, Roca/Paradise Creek, Beach Creek, Mountain Creek, Ashland Creek, and 
Wright’s Creek flow from north to south and discharge to Bear Creek, which flows through the north 
section of the City. Kitchen Creek, which discharges to Bear Creek from the north, enters the City at its 
downstream end. Several small, intermittent drainage courses also are addressed in this report. These are 
generally in the eastern part of the City, with several in the vicinity of the golf course and the middle 
school, and discharge to Bear Creek or Neil Creek. 

Ashland Creek was excluded from this study, although the storm drainage systems in its watershed are 
assessed. All drainage in the Roca/Paradise Creek watershed was excluded from this study. 

The Talent Irrigation District (TID) has several canals in the study area that affect drainage patterns and 
flooding. The main TID canal through Ashland is shown on Figure 2-2. In winter, the canal carries both 
irrigation water and stormwater, leading to some interbasin transfer of stormwater. The effects of this 
transfer were not evaluated for this study. 

Development in Ashland has altered the creeks to the extent that the natural stream’s geomorphologic 
structure and processes cannot be fully restored; such impacts are typical of communities of similar size. 
However, some natural functions can be achieved by planning, capital projects, and community-based 
stream enhancement. Such measures would help achieve this master plan’s goals of protecting property, 
improving water quality, and protecting and enhancing riparian habitat. Further stream degradation can be 
prevented to some extent with improved development regulations, and enforcement of citywide erosion 
control policies.  

Water Quality 

The Oregon Department of Environmental Quality (DEQ) has established Total Maximum Daily Load 
(TMDL) limitations on Bear Creek. 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. The parameters by which Bear Creek was originally listed are biochemical oxygen demand (BOD), 
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ammonia, and phosphorus. Water temperature was added at a later date. Oregon’s 303(d) list for water 
bodies was revised in 1998 and is due to be revised again in April 2000. The two creeks on the list 
directly affected by activities in the City of Ashland are Bear Creek and Ashland Creek.  

Storm Sewers 

Only piped storm sewers 12 inches in diameter or larger are evaluated in this study. It is assumed that 
smaller pipes serve only local drainage needs and need simply to be maintained or repaired. Storm 
systems with 12-inch diameter pipe and larger are main trunk lines whose proper sizing is essential to 
prevent flooding in the City.  

Cemetery Basin 

Cemetery Basin has three storm sewer systems that were modeled for this study.  

• The first system starts on the west side of Clay Street at the intersection with Canyon 
Park Drive. It conveys flow north on Clay Street to Siskiyou Boulevard, where it 
discharges to the north side of Siskiyou Boulevard and flows in an open channel north 
to the park at the corner of Clay Street and Faith Avenue.  

• The second system starts at the intersection of Terra Avenue and Verda Street. It 
conveys flow north on Faith Street, where it crosses Greensprings Highway and 
discharges to an open channel on the east side of the cemetery on Greensprings 
Highway. 

• The third system starts at the intersection of Crestview Drive and Park Street. From this 
intersection it conveys flow north along Park Street under Siskiyou Boulevard and 
Greensprings Highway and discharges to the same channel as the second Cemetery 
Basin system. 

Beach Creek Basin  

The storm sewer system in the Beach 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. 
The system starts at the Southern Oregon University (SOU) parking lot south of Henry Street along the 
alley between Mountain Avenue and Beach Street. The system then runs north on the west side of 
Mountain Avenue until it crosses Mountain Avenue north of Siskiyou Boulevard. It discharges east of 
Mountain Avenue and north of the Central Oregon Pacific Railroad tracks. 

Mountain Creek Basin 

The storm sewer system in the Mountain Creek Basin consists of pipe less than 12 inches in diameter 
south of Siskiyou Boulevard. At the corner of Siskiyou Boulevard and Morton Street, the 12-inch pipe 
starts, conveying flow north along the alley east of Dewey Street and then down 8th Street. It discharges 
to an open channel upstream of the Central Oregon Pacific Railroad tracks.  

Ashland Creek Basin 

Six storm sewer systems were modeled in the Ashland Creek Basin (upper reaches of the creek were 
modeled in the Otak study after the January 1997 flood): 

• A system discharging at the north end of Glendower Street drains the section of the 
City north of the railroad tracks and west of Laurel Street. 
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• A system along Helman Street discharges to Ashland Creek at Nevada Street. 

• A system along Oak Street on the east side of Ashland Creek starts south of the 
intersection of Oak Street and Hersey Street and discharges to Ashland Creek at 
Nevada Street.  

• A system that runs along Hersey Street west of Ashland Creek starts on Wimer Street 
south of Highway 99 and discharges to Ashland Creek at Hersey Street. 

• The Church Street system starts at Scenic Drive, goes north on Church Street, and 
discharges to Ashland Creek downstream of Highway 99.  

• The Granite Street system starts at Nutley Street and discharges to Ashland Creek 
upstream of Highway 99.  

Hospital Basin 

The Hospital Basin system consists of all the pipes that discharge to the piped system along Highway 99. 
The Highway 99 system discharges north of the railroad tracks to Billings Pond. The pipe systems collect 
runoff from the area around the Ashland Hospital. Systems modeled in this area include the pipes along 
Maple Street and Sheridan Street. 

Culverts  

Most of the City’s road crossings of creeks and roadside channels were analyzed to determine whether 
existing culverts can accommodate design storms (storms with a 25-year recurrence interval) under 
buildout conditions (predicted development conditions in 2020). Table 2-2 summarizes the characteristics 
of the culverts evaluated. The data were 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 2-2. 
CULVERTS EVALUATED FOR MASTER PLAN 

Structure Size and Type 
Tributary Drainage 

Area (acres) 
Assumed 
Slope (%) 

Tolman Creek 

Highway 99 4' X 4' BC 1,683  
I-5 5' H X 6' V BC 1,710  
Crowson Rd. 60" CMP 1,735 1.11% 
E. Main St. 6' X 6' BC 1,771 0.83% 

Golf Course Basin 

GC-100 18" CMP 41 0.50% 
GC-200 18" CONC. 6 0.50% 
GC-350 Not Accessible 36  
GC-340 36" CONC. 56 0.50% 
GC-330 18" CONC. 15 0.50% 
GC-320 36" CMP 22 0.50% 
GC-310 18" CONC. 109 0.50% 
GC-300 (2) 18"HDPE 65 0.50% 

 

12"CONC.  0.50% 
GC-400 18" CONC. 7 0.50% 
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GC-500 24" CONC. 73 0.50% 
GC-600 30" CONC. 11 0.50% 
GC-740 Not Accessible 56  
GC-730 Not Accessible 32  
GC-720 Not Accessible 52  
GC-710 Not Accessible 11  
GC-700 36" CMP 98 0.50% 
GC-900 Not Accessible 21  

Hamilton Creek 

Tolman Cr. Rd. 36" CMP 142 1.25% 
Tolman Cr. Rd. 24" CONC. 92 0.71% 
Highway 99 4' X 6' BC 292 0.50% 
School Field 24" HDPE 292 5.37% 
RR Tracks 8' Arch 5' High 353 0.50% 
Mistletoe Rd. 48" CMP 353 1.67% 
Highway 66 6' X 6' BC 393 0.50% 

BC = box culvert; CMP = corrugated metal pipe;  
CONC = concrete pipe; HDPE = high-density polyethylene pipe 
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TABLE 2-2 (continued). 
CULVERTS EVALUATED FOR MASTER PLAN 

Structure Size and Type 
Tributary Drainage 

Area (acres) 
Assumed 
Slope (%) 

Clay Creek 

Highway 99 60" CMP 795 0.50% 
Diane St. 96" CMP 807 0.62% 
RR Tracks 8' X 4' BC 851 1.00% 
E. Main St. 36" CMP 885 0.60% 

Cemetery Creek 

Clay St. 12" CMP 48 1.67% 
RR Tracks (2) 36" CMP 199 0.71% 

 

36" CMP  0.71% 
E. Main St. (2) 30" CMP 261 0.83% 

 

24" CMP  0.83% 

Middle School 

E. Main St. - East 24" CMP 34 0.55% 
E. Main St. - West 24" CMP 28 0.44% 

Beach Creek 

Village Green Dr. 60" CMP 199 1.11% 

Kitchen Creek 

Mountain Ave. 72" CMP 2,838 1.82% 

Clear Creek 

RR Tracks 1' X 2' BC 27 0.50% 
Hersey St. (2) 15" CONC. 41 0.50% 
Crispin St. 36" CONC 45 0.50% 

Wright's Creek 

Orchard 30" CONC. 79 4.44% 
Wright's Creek Dr. 30" CONC. 96 4.44% 
Benjamin Ct. 42" CONC. 197 4.71% 
Highway 99 48" CONC. 2,084 3.75% 

BC = box culvert; CMP = corrugated metal pipe;  
CONC = concrete pipe; HDPE = high-density polyethylene pipe 

A Flood Insurance Study (FIS) was prepared and adopted by the City in December 1980. The study 
investigated the flood levels of Bear Creek, Ashland Creek and Clay Creek. The structures along Bear 
Creek and Ashland Creek were not analyzed as part of this master plan. The flood profiles for Clay Creek 
show the 50-year storm overtopping all the structures along Clay Creek within the city limits. The 
structures shown on the profile are the mobile home park culvert, the Clay Street culvert, the Siskiyou 
Boulevard culvert and the culvert under the college housing block. The Ashland Street and Railroad 
overpass are shown on the profile, but the vertical location of the structure is not shown.  
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Reported Flooding Problems 

The City has identified areas that have been subject to flooding during past storms. Figure 2-3 shows 
these areas. 
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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: 

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

– 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 accommodate 
the flow. 

• Field reconnaissance of the City’s creeks were conducted to classify the creeks and 
determine their condition 

STORM SEWER SYSTEM EVALUATION 

Evaluation Approach 

Hydrologic Analysis 

Storm system hydrologic analysis involved the determination of the following parameters: 

• A runoff coefficient for the area draining to each storm inlet—Runoff coefficient is 
related to land use under buildout conditions. In this analysis, a percent of the total area 
that is covered with impervious surface (percent impervious) was defined for each type 
of land use, as shown in Table 3-1. After determining the amount of each type of land 
use in a drainage area (the actual amount for existing conditions and the maximum 
amount the zoning allows for future conditions), the percent impervious was used to 
calculate the total pervious and impervious surface in that drainage area. The runoff 
coefficient for each area was calculated by applying a coefficient of 0.20 to its percent 
of pervious area and a coefficient of 0.98 to its percent of impervious area.   
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TABLE 3-1. 
PERCENT IMPERVIOUS BY LAND USE 

Land Use Percent Impervious 

Open Area/Undeveloped 0 

Residential  
R-20 (Low Density)  
R-10  
R-7  
R-5  
R-4  
A-2 (High Density)  

25 
40 
50 
65 
70 
70 

Commercial 80 

Industrial Park 80 

  

Source: Unified Sewerage Agency Surface Water Management 
Subbasin Strategies, Volume II; Tualatin Basinwide Report and 
Technical Guidelines. Brown and Caldwell. October 1992. 

• The equivalent impervious runoff area for the area draining to each storm inlet—
The equivalent impervious runoff area for each drainage area was calculated by 
multiplying its runoff coefficient by its total acreage. 

• The time of concentration to each storm inlet—The time of concentration for a 
drainage area is defined as the time it takes for storm runoff to travel to the storm inlet 
from the most hydraulically distant point in the drainage area. Along the length of a 
storm sewer system, the time of concentration was calculated as the sum of the initial 
time of concentration and the travel time along the length of the system. 

• The corresponding rainfall intensity—Rainfall intensity is a function of the duration 
of a storm. The shorter the duration of a given frequency storm, the higher the rainfall 
intensity. Time of concentration was used as an estimate of duration, and rainfall 
intensity was estimated from a chart developed by the Oregon Department of 
Transportation (ODOT). ODOT used historical Oregon rainfall information to develop 
a series of intensity-duration-frequency curves for zones with the same rainfall 
characteristics; the City of Ashland is in Zone 5 under this system. Table 3-2 
summarizes the data for this zone. 

• Runoff discharge to each manhole along the length of each system.— The runoff 
discharge for a drainage area was calculated by multiplying the equivalent impervious 
runoff area by the rainfall intensity.  

TABLE 3-2. 
RAINFALL DURATION AND INTENSITY 

Storm Duration Rainfall Intensity (inches/hour) 
 (minutes) 10-Year Storm 25-Year Storm 

5 2.50 2.90 

10 1.95 2.25 

15 1.65 1.92 
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20 1.42 1.68 

25 1.28 1.59 

Manholes were used as collection points because this was an evaluation of main lines; inlet spurs were 
not investigated. Runoff discharges were calculated along the length of each system. 

Hydraulic Analysis 

Storm tabulation spreadsheets were used to evaluate the storm sewers for existing and future development 
conditions. The full-flow gravity capacity and velocity of each pipe segment were calculated, based on 
the segment’s material, slope, diameter, and length, the pipe invert elevation at the upstream and 
downstream ends, and the elevation of manhole tops. Head losses for free-surface and pressure conditions 
were calculated using flows estimated in the hydrologic analysis. 

The hydraulic analysis assumed a tailwater elevation (the water elevation at the downstream end of the 
system) equal to the elevation of the crown of the downstream end of the outfall pipe. From this starting 
elevation, the system’s hydraulic grade line (the effective elevation of the water throughout the system) 
was determined using the invert elevations provided by the storm system inventory and the head losses 
calculated for each pipe. The method used to determine tailwater and headwater elevations for each pipe 
is shown in Figure 3-1. 

Evaluation Findings 

Headwater elevations for each pipe determined in the hydraulic analysis were compared to the upstream 
top-of-manhole elevations. If the headwater elevation was greater than the top of manhole elevations 
(indicating surcharging in the manhole and flooding over the manhole rim), the system was defined as 
under-capacity somewhere downstream of the flooded manhole. Flooded manholes are likely to result 
only in nuisance flooding during the 25-year storm. The top of manhole elevations used in the evaluation 
were, in many cases, estimated from available mapping and may not reflect actual elevations.  
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Is the TW Elev. of the pipe plus the
Pressure HL greater than the U/S crown

elevation of the pipe?

Is the TW Elev. of the pipe plus the Free
Surface HL greater than the U/S crown

elevation of the pipe?

HEADWATER ELEVATION

HW Elev. = TW Elev. + Pressure HL HW Elev. = TW Elev. + Free Surface HL

ABBREVIATIONS: TW Elev.: TailWater Elevation
HW Elev.: HeadWater Elevation
U/S: Upstream
D/S: Downstream
HL: Head Losses

NOYES

YES NO

Is this the outfall pipe?

Is the HW Elev. of the D/S
pipe greater than the D/S

crown elevation of the pipe?

TAILWATER ELEVATION

TW Elev. = Crown of D/S end of pipe

TW Elev. = D/S HW

 

Elev. TW D/S crown elevation

NO

NO

YES

YES 

Figure 3-1. Procedure for Determining Headwater and Tailwater Elevations 

All storm systems evaluated showed flooding. The modeling output shown in Appendix B shows the pipe 
size required for each pipe section to accommodate the future-conditions design flow.  
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CULVERT EVALUATION 

Evaluation Approach 

Hydrologic Analysis 

The Hydrologic Engineering Center Flood Hydrograph Package (HEC-1) was used to generate 
hydrographs (estimates of expected flow for the duration of a storm) for each culvert. The information 
required for the HEC-1 hydrograph method includes basin area, soil permeability (as measured by “curve 
number,” a value defined by the U.S. Soil Conservation Service), time of concentration (Tc), and rainfall 
information. The information for each culvert’s drainage basin is summarized in Table 3-3 and listed in 
detail in Appendix C, which also contains the HEC-1 computer model input and output files.   

TABLE 3-3. 
DRAINAGE BASIN DATA USED FOR HYDROLOGIC EVALUATION OF CULVERTS 

 

Drainage Impervious Surface 

   

Area % of Total Area Area (acres) Curve Number Tc 

Basin  (acres) Existing Future Existing Future Existing Future  (min.)

 

Tolman         

Highway 99 1,683.0 0% 0% 0.0 0.0 67 67 109 
I-5 27.0 7% 7% 2.0 2.0 77 77 7 
Crowson Rd. 25.0 8% 8% 2.0 2.0 77 77 8 
E. Main St. 36.0 10% 38% 3.4 13.7 75 71 30 

Golf Course         

GC-100 41.0 12% 12% 4.8 4.8 80 80 10 
GC-200 6.1 0% 0% 0.0 0.0 80 80 14 
GC-350 36.0 0% 0% 0.0 0.0 72 72 5 
GC-340 20.4 30% 60% 6.1 12.2 84 84 5 
GC-330 15.4 0% 0% 0.0 0.0 73 73 5 
GC-320 6.8 57% 65% 3.9 4.4 84 84 3 
GC-310 30.2 40% 80% 12.1 24.2 82 80 10 
GC-300 65.4 24% 24% 15.9 15.9 80 80 22 
GC-400 6.6 31% 31% 2.1 2.1 80 80 4 
GC-500 73.2 42% 63% 31.0 46.3 81 80 15 
GC-600 11.0 40% 80% 4.4 8.8 82 80 6 
GC-740 55.8 73% 80% 40.6 44.6 80 80 11 
GC-730 32.2 20% 80% 6.6 25.8 83 80 6 
GC-720 19.3 47% 80% 9.0 15.4 82 80 7 
GC-710 11.1 44% 80% 4.9 8.9 82 80 10 
GC-700 35.0 11% 50% 4.0 17.5 83 80 9 
GC-800 1.6 0% 45% 0.0 0.7 84 80 3 
GC-900 21.3 0% 45% 0.0 9.6 84 80 6 

 

TABLE 3-3 (continued). 
DRAINAGE BASIN DATA USED FOR HYDROLOGIC EVALUATION OF CULVERTS 

 

Drainage Impervious Surface 
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Area % of Total Area Area (acres) SCS Curve Number Tc 
Basin  (acres) Existing Future Existing Future Existing Future  (min.)

 
Hamilton Creek    

H-100 142.0 0% 0% 0.0 0.0 68 68 20 
H-200 58.3 27% 27% 15.8 15.8 72 72 43 
H-250 91.8 20% 25% 18.0 22.5 72 72 25 
H-300 60.7 22% 62% 13.4 37.9 82 80 26 
H-400 30.3 40% 80% 12.0 24.2 84 84 14 
H-500 36.2 40% 80% 14.5 29.0 84 80 22 
H-510 31.4 33% 60% 10.5 18.7 81 80 23 
H-520 14.2 24% 80% 3.4 11.4 84 80 15 
H-530 40.2 48% 54% 19.3 21.9 81 80 24 
H-540 7.8 80% 80% 6.2 6.2 80 80 17 
H-600 9.5 17% 56% 1.6 5.4 84 80 45 

Clay Basin         

U/S of Siskiyou Blvd 795.0 2% 5% 12.2 38.7 63 64 79 
U/S of Diane St. 12.4 41% 55% 5.1 6.8 80 79 5 
U/S of RR Tracks 44.0 35% 52% 15.3 22.8 80 79 16 
U/S of E. Main St. 33.9 47% 47% 16.0 16.0 81 81 17 

E. Main Basins         

E-100 23.4 0% 50% 0.0 11.7 84 80 10 
E-200 1.6 30% 80% 0.5 1.3 83 80 4 
E-300 2.9 0% 50% 0.0 1.5 84 80 8 
E-310 1.8 36% 80% 0.6 1.4 82 80 6 
E-320 23.7 0% 50% 0.0 11.9 84 80 27 
E-330 21.5 0% 50% 0.0 10.8 84 80 33 

Middle School         

E. Main - East 33.5 13% 50% 4.4 16.8 73 75 31 
E. Main - West 27.5 44% 60% 12.0 16.5 72 66 19 

Kitchen         

Mountain Ave. 2,838.0 0% 0% 0.0 0.0 83 83 72 

Clear Creek         

RR Tracks 27.4 55% 55% 15.1 15.1 80 80 16 
Hersey St. 13.8 0% 55% 0.0 7.6 84 80 10 
Crispen St. 4.0 50% 50% 2.0 2.0 80 80 4 

Wright's         

Orchard 79.0 0% 28% 0.0 21.8 59 74 30 
Wright's Creek Dr. 96.0 8% 31% 7.7 29.4 61 74 24 
Benjamin Ct. 197.0 0% 6% 0.0 12.3 58 60 22 
Highway 99 2,084.0 1% 4% 22.5 86.3 66 66 56 

Hydraulic Analysis 

For the hydraulic analysis of culverts, circular pipes were modeled using Manning’s equation. The value 
of “n,” a measure of pipe surface roughness, was set at 0.013 for concrete pipe and 0.024 for corrugated 
metal pipe. Arches were modeled as circular pipes with an equivalent diameter. Slopes were based on 
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survey measurements of upstream and downstream invert elevations and length of pipe. The hydraulic 
analysis assumed a tailwater elevation (the water elevation at the downstream end of the system) equal to 
the elevation of the crown of the downstream end of the outfall pipe. 

Evaluation Findings 

Table 3-4 summarizes the culvert capacities estimated by the hydraulic analysis, as well as the predicted 
flows estimated in the hydrologic analysis. Table 3-5 lists culverts whose capacity is less than the existing 
conditions 50-year storm flow, as identified by the hydrologic and hydraulic analysis.  

TABLE 3-4. 
SUMMARY OF RESULTS FROM CULVERT HYDROLOGIC AND HYDRAULIC ANALYSES 

  

Tributary 
Drainage Flow (cfs) 

   

Area 25-year 50-year 100-year Capacity 
Culvert Size  (acres) Existing Future Existing Future Existing Future  (cfs) 

Tolman Creek   
Highway 99 4’x4’

 

1,683 102 102 131 131 184 184  
I-5 5’x6’

 

1,710 104 104 134 134 187 187  
Crowson Rd. 60” 1,735 106 106 136 136 191 191 155 
E. Main St. 6’x6’

 

1,771 110 111 141 142 197 198 492 

Golf Course Basin   

GC-100 18” 41 8 8 9 9 11 11 4 
GC-200 18” 6 1 1 1 1 2 2 7 
GC-350 — 36 4 4 4 4 6 6  
GC-340 36” 56 8 9 10 11 13 13 47 
GC-330 18” 15 2 2 2 2 3 3 7 
GC-320 36” 22 4 4 4 4 5 5 27 
GC-310 18” 109 19 22 22 25 28 30 7 
GC-300 18” 65 32 35 37 40 46 48 7 

(2 culverts) 12”        3 
GC-400 18” 7 1 1 2 2 2 2 7 
GC-500 24” 73 19 21 21 24 25 28 16 
GC-600 30” 11 3 3 3 4 4 4 29 
GC-740 — 56 16 17 18 19 21 22  
GC-730 — 32 23 27 26 29 30 34  
GC-720 — 52 28 31 32 36 37 41  
GC-710 — 11 3 3 3 4 4 4  
GC-700 36” 98 38 43 44 49 51 57 27 
GC-900 — 21 4 5 5 6 6 7  

 

TABLE 3-4 (continued). 
SUMMARY OF RESULTS FROM CULVERT  

HYDROLOGIC AND HYDRAULIC ANALYSES 

  

Tributary 
Drainage Flow (cfs) 

   

Area 25-year 50-year 100-year Capacity 
Culvert Size  (acres) Existing Future Existing Future Existing Future  (cfs) 
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Hamilton Creek   
Tolman Cr. Rd. 36” 142 10 10 12 12 17 17 42 
Tolman Cr. Rd. 24” 92 9 9 10 10 13 13 19 
Highway 99 4’x6’

 
292 29 29 35 35 46 47 219 

School Field 24” 292 29 29 35 35 46 47 52 
RR Tracks 8’x5’

 
353 41 45 49 53 64 68 210 

Mistletoe Rd. 48” 353 41 45 49 53 64 68 105 
Highway 66 6’x6’

 

393 48 54 57 64 73 80 381 

Clay Creek   
Highway 99 60” 795 32 44 44 57 66 80 85 
Diane St. 96” 807 34 46 45 59 68 82 405 
RR Tracks 8’x4’

 

851 38 50 50 64 73 88 443 
E. Main St. 36” 885 41 53 53 67 77 92 29 

Cemetery Creek   
Clay St. 12” 48 10 11 11 12 13 15 8 
RR Tracks 36” 199 46 50 52 56 63 67 32 

(2 culverts) 36”        32 
E. Main St. 30” 261 62 71 70 79 85 94 21 

(2 culverts) 24”        12 

Middle School   
E. Main - East 24” 34 4 8 5 9 7 10 9 
E. Main - West 24” 28 6 7 6 7 8 9 9 

Beach Creek   
Village Green Dr. 60” 199 59 61 66 68 79 81 132 

Kitchen Creek   
Mountain Ave. 72” 2,838 491 491 574 574 716 716 275 

Clear Creek   
RR Tracks 1’x2’

 

27 12 13 13 14 16 16 8 
Hersey St. (2) 15” 41 15 17 16 18 19 22 9 
Crispin St. 36” 45 15 17 16 18 19 22 47 

Wright's Creek   
Orchard 30” 79 2 13 3 15 5 19 87 
Wright's Creek Dr. 30” 96 5 17 6 20 9 24 87 
Benjamin Ct. 42” 197 5 8 7 11 11 16 218 
Highway 99 48” 2,084 117 130 152 166 215 230 278 

 

TABLE 3-5. 
 CULVERTS WITH INADEQUATE CAPACITY AS IDENTIFIED BY 

HYDROLOGIC AND HYDRAULIC ANALYSES 

Culvert Current Size

 

Tributary Drainage 
Area (acres) 

Design Flowa 

(cfs) 

 Existing Culvert 
Capacity 

(cfs) 

GC-100 (E. Main St. west of Tolman 
Creek) 

18” 41 9 4 

GC-310 (Under Interstate 5) 18” 109 22 7 
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GC-300 (E. Main St. @ Dead 18” 65 37 7 
Indian Memorial Rd; 2 culverts) 12”   3 

GC-500 (E. Main St. at Greensprings 
Highway) 

24” 73 21 16 

GC-700 (E. Main St. east of I-5) 36” 98 44 27 

Clay Creek at Highway 99 60” 795 44 85b 

Clay Creek at E. Main St. 36” 885 53 29 

Cemetery Creek at Clay St. 12” 48 11 8 

Cemetery Creek at E. Main St. 30” 261 70 21 
(2 culverts) 24”   12 

Kitchen Creek at Mountain Ave. 72” 2,838 574 275 

Clear Creek at RR Tracks 1’x2’ 27 13 8 

Clear Creek at Hersey St. 15” 41 16 9 
(2 culverts)     

     

a. The design flow is the predicted existing-conditions flow for the 50-year storm. 
b. Although this culvert’s design capacity exceeds the design flow, the culvert is severely damaged and cannot 

convey its full design capacity. 
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CREEK SYSTEM EVALUATION 

The process for inventorying existing stream corridor conditions focused on gathering data that would 
identify planning policies, capital projects, and community-based enhancement projects that would meet 
the project goals. The study team divided each stream into easily identifiable reaches and mapped each 
reach for conditions that indicate its overall health: 

• Existing vegetation—Native vegetation helps hold banks during storm events, 
provides shade to lower water temperature, and provides habitat for many native 
species of wildlife.  

• Stream channel condition—If a stream’s banks appear stable and show few signs of 
erosion, then the stream is probably fairly healthy. Signs of erosion, downcutting, and 
flood damage indicate a stream in a degraded condition. 

• Encroachment of development—If the land near a stream has been relatively 
undeveloped, then the overall health of the stream is probably good. Highly developed 
urban streams are usually the most degraded streams.  

Using these three stream conditions as a tool for analysis gives a good indication of whether a stream is 
healthy. Most of the analysis of the streams was conducted by referencing the City’s recent aerial 
photography, with some field-checking. Tables 3-6 through 3-12 summarize the findings of the creek 
system evaluation. Each table includes an overall description of the creek system, followed by photos and 
descriptions of individual stream reaches. 
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Table 3-6. Wright’s Creek Evaluation 

Wright’s Creek lies in the northwest portion of Ashland. The creek is relatively undeveloped and 
the upper, steeply sloped reaches of its watershed are still heavily forested. With its preserved 
vegetation, the watershed provides an opportunity for a vegetated wildlife link between the 
National Forest and the Bear Creek Greenway. Future development should be reviewed 
carefully because it would increase erosion and flooding problems and reduce the possibility of 
a wildlife connection.  

Reach Location  Reach Photo Reach Condition 

WR-1 

From confluence of Bear 
Creek to 1000 feet 
upstream.  

  

Moderate vegetation coverage. 
Northern half of reach has major 
blackberry coverage.  
No threat to buildings or other 
structures 
Bank has been severely eroded 
along southern half of reach  
Slopes average 2% 

WR-2 

From 1000 feet upstream 
to culvert at Highway 
99. 

  

Good riparian vegetation coverage 
Moderate encroachment from 
property owner along stream bank 
Stable bank condition along 95% 
of reach 
Slopes average 2% 
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Table 3-6 (continued). Wright’s Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

WR-3 

From culvert at Highway 
99 to intersection near 
Birnam Wood Road 

  
Full riparian vegetation coverage 
along the entire stream reach 
No major encroachment of 
buildings or structures 
Reach bank is in stable condition 

WR-4 

From Birnam Road to 
Nyla Road 

  

Good vegetation coverage along 
stream reach 
Moderate encroachment of private 
residences along east side of stream 
reach  
Bank condition is stable and shows 
no major signs of erosion  
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Table 3-6 (continued). Wright’s Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

WR-5 

From Nyla Lane to 
intersection near 
Strawberry Lane  

 

From Nyla Lane looking South  

Northern section of reach has 
moderate vegetation due to 
encroachment along the stream 
bank. Banks show some signs of 
erosion in this area. 
Southern section of stream reach 
has good vegetation coverage and 
little encroachment. Banks are 
intact and show little sign of 
erosion 

WR-6 

Tributary from 
confluence to 
intersection with 
Ashland Mine Road    

No Photo Available –  

Private Property not accessed    

Moderate vegetation coverage 
along upper section of reach.  
Reach is encroached at lower end 
by private property owner. Reach 
has been piped under property to 
confluence with main stem 
Bank stability conditions unknown 
Slopes average 7%   

WR-7 

Tributary that parallels 
Ashland Mine Road    

No Photo Available – 

Private Property not accessed   

Moderate vegetation coverage 
along upper section of reach.  
Reach is encroached at lower end 
by private property owner 
Bank stability conditions unknown 
Slopes average 4.5%   

WR-8     

No Photo Available –  

Private Property not accessed    

Good vegetation coverage along 
stream reach. 
Reach is encroached by private 
property at confluence with main 
stem  
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Table 3-6 (continued). Wright’s Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

WR-9 

From Birnam Wood 
Road to 500 feet    

No Photo Available –  

Private Property not accessed    

Good vegetation coverage along 
stream reach 
No encroachment from any 
structures 
Bank are in stable conditions  

WR-10 

From Grandview Drive 
to Orchard Street 

  

Moderate vegetation coverage. 
Major patches of blackberries 
along stream bank 
Reach is highly encroached on 
either side of the stream bank 
Bank conditions are moderate  

WR-11 

From Orchard Street 
south, parallel to 
Westwood Street along 
east side 

  

Good vegetation coverage along 
entire stream reach 
Moderate encroachment due to 
road along west side of reach 
Bank conditions are moderate. 
Reach shows some signs of erosion    
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Table 3-7. Beach, Mountain and Clear Creeks Evaluation 

These small watersheds have been highly encroached by mostly residential development. Ninety 
percent of the streams’ lengths have been piped. Little native vegetation exists along the stream 
reaches. Due to the streams’ proximity to schools, there is an opportunity for public education in 
these areas. Overall, the streams and their watersheds pose little threat to property but they 
show some signs of erosion.  

Reach Location  Reach Photo Reach Condition 

BE-1 

From confluence with 
Bear Creek to Village 
Green Drive 

  

Little vegetation exists along the 
stream corridor 
Severe erosion problems are 
apparent along stream bank 
Reach has been highly encroached 
by structures in its northern section, 
and farming practices in its 
southern sections  

BE-2 

From Village Green 
Drive to East Main 
Street 

  

Most of the native riparian 
vegetation has been removed from 
the stream corridor 
Reach has been highly encroached 
by farming at southern end 
Banks are unstable and are 
showing signs of erosion  
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Table 3-7 (continued). Beach, Mountain and Clear Creeks Evaluation 
Reach Location  Reach Photo Reach Condition 

BE-3 

From Beach Street to 
Waterline Road  

 

Reach HA-2 at culvert under Ashland Street  

Vegetation along this stream reach 
is in good condition 
Banks appear to be downcutting 
severely in the lower portion of the 
reach.  
This reach has been moderately 
encroached upon by development 
along its eastern bank.   

BE-4 

From confluence with 
CE-3 to railroad tracks  

 

From Ashland Loop Road looking North  

Riparian canopy is moderately 
intact along the stream reach 
Banks are showing signs of 
downcutting in the upper portion of 
the stream reach 
Reach has not been encroached by 
much development along its entire 
length   

MT-1 

From railroad tracks to 
Siskiyou Boulevard  

 

From new development near Munson Drive  

Little vegetation exists along the 
stream corridor. Most existing 
vegetation is blackberry patches 
Severe erosion problems are 
apparent along stream bank 
Reach has been highly encroached 
by new development along 
southern section of stream corridor  
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Table 3-7 (continued). Beach, Mountain and Clear Creeks Evaluation 
Reach Location  Reach Photo Reach Condition 

CR-1 

From railroad tracks to 
Siskiyou Boulevard  

 

From Hersey Street looking North  

No vegetation exists along this 
small stream reach 
Banks are moderately unstable 
along the entire stream reach 
Reach has been encroached by 
farming practices around the entire 
stream section. Also stream has 
been impacted by runoff from 
upstream development  
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Table 3-8. Cemetery Creek Evaluation 

Cemetery Creek lies in the eastern portion of Ashland. The creek parallels Glendale Avenue, 
then passes Clay Street Park on the east side on its way to its confluence with Bear Creek. Most 
of the creek has been affected by development in its upper reaches and farm practices in the 
lower reaches. Approximately 30 percent of the native riparian vegetation currently remains 
along the stream corridor. The creek’s proximity to Clay Street Park provides an opportunity for 
public education along this stretch.  

Reach Location  Reach Photo Reach Condition 

CE-1 

From confluence with 
Bear Creek to East Main 
Street 

 

Little vegetation exists along this 
stream reach. Blackberries cover 
75% of stream reach  
Bank is showing some signs of 
downcutting and erosion 
Reach has only been encroached by 
farming practices 

CE-2 

From East Main Street to 
wetlands   

 

From East Main Street looking South 

Vegetation is in moderate condition 
along the stream reach 
This reach has been moderately 
encroached along its northern 
portion  
The banks are moderately stable and 
are mostly degraded along the 
middle portion of the reach 
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Table 3-8 (continued). Cemetery Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

CE-3 

From wetlands to 
railroad tracks 

 
Vegetation along this stream 
corridor is in good condition 
There has been little encroachment 
of development along the stream 
banks 
Banks are in stable condition 

CE-4 

From confluence with 
CE-3 to railroad tracks 

 

Looking North from Railroad tracks 

Vegetation is in good condition 
Moderate encroachment along east 
side of stream bank 
Banks are in moderately stable 
condition 

CE-5 

From Ashland St. to 
Siskiyou Drive 

 

Looking South through Clay Street Park 

Vegetation has been severely degraded 
along this stream reach 
This reach has been highly encroached 
along both banks 
Banks are in poor condition and are 
showing signs of erosion 
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Table 3-9. Clay Creek Evaluation 

Clay Creek passes through the eastern portion of Ashland, parallel to Clay Street. This creek has 
been highly encroached upon by residential development in the upper section and farmlands 
along its lower sections. Much of the creek’s native riparian vegetation has been removed along 
the stream corridor. There is a large amount of erosion and many flooding problems along the 
creek. Reestablishment of riparian species and stabilization of streambanks would reduce 
erosion problems and provide an opportunity for a link between the Nation Forest and the Bear 
Creek Greenway.  

Reach Location  Reach Photo Reach Condition 

CL-1  

From confluence with 
Bear Creek to East Main 
Street   

 

At Main Street looking North  

Little vegetation exists along the 
northern portion of the stream 
corridor. Vegetation consists 
mostly of blackberries 
The stream reach has been 
encroached by farming practices 
along the southern portion 
Bank conditions are unstable along 
the southern portion of the stream 
reach   

CL-2 

From East Main St. to 
southern end of new 
development  

 

Looking South from Creek Drive  

Vegetation coverage is in poor 
condition along this stream reach 
This reach has been highly 
encroached at its northern and 
southern ends by development 
Banks are unstable and in poor 
condition along the entire stream 
reach  
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Table 3-9 (continued). Clay Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

CL-3 

From development to 
intersection with 
Ashland Street  

 

Looking North from Railroad Tracks  

Vegetation is in fair condition 
along the stream reach.  
Stream reach has been moderately 
encroached by development. 
Storage ponds have been 
constructed along the entire reach. 
Banks are stable along the entire 
stream reach 

CL-4 

From Ashland Street to 
500 feet south of 
Takelma Way  

 

Creek at Clay Street  

Vegetation is in good condition 
along this stream reach 
This reach has been highly 
encroached by residential 
development along both banks 
Bank conditions are moderately 
stable along the reach  

CL-5 

From 500 feet south of 
Takelma Way to Diane 
Street  

 

Behind Church on Clay Street  

Vegetation is in moderate condition 
along this stream reach 
The reach has been highly 
encroached by residential 
development along both banks 
Banks along this stream reach are 
moderately unstable  
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Table 3-9 (continued). Clay Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

CL-6 

From Diane St. to 
Siskiyou Blvd.  

 

Looking North from Siskiyou Blvd.  

Vegetation is in moderate condition 
in the southern end of the stream 
reach.  
The reach has been highly 
encroached by development along 
both stream banks 
Banks are highly unstable in the 
northern portion of the reach due to 
lack of vegetation  

CL-7 

From Siskiyou 
Boulevard to near end of 
Sam Evans Place  

 

Looking South from Siskiyou Blvd.  

Vegetation is in good condition 
along the stream reach 
This reach has been highly 
impacted by development mainly in 
the northern portion of the stream 
reach 
Bank conditions are moderately 
stable along the stream reach  

CL-8 

From near Sam Evans 
Place to 300 feet south 
of TID canal 

  

Vegetation is in good condition 
along this stream reach 
No encroachment was found along 
the stream banks 
Banks are in stable condition  
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Table 3-10. Hamilton Creek Evaluation 

Hamilton Creek lies in the eastern portion of Ashland. The creek has been highly encroached by 
development, and about 50 percent of its native riparian vegetation is currently intact. Future 
development in the watershed would increase flooding and erosion. With the creek’s proximity to 
Bellview Elementary School, there is an opportunity for public education of the natural riparian 
corridor that passes through the area.  

Reach Location  Reach Photo Reach Condition 

HA-1 

From confluence with 
Bear Creek, 500 feet 
upstream to culvert 
under I-5   

 

Looking North from E. Main Street 

Vegetation is in moderate condition 
along this stream reach. Upper 
section has been cleared of most 
riparian species 
The reach has been moderately 
encroached upon mostly in the upper 
section of the stream reach 
Bank conditions are moderate 
throughout the entire reach 

HA-2 

From culvert under I-5, 
1,500 feet upstream to 
pipe outlet at 
Washington Street  

 

North of Shopping Center looking North 

Vegetation is poor along the 
majority of this stream reach. 
Development impacts have removed 
most of the vegetation in the upper 
section near the shopping mall 
The reach has been highly 
encroached upon by both 
development and farm land on either 
side of the stream. 
Banks are in poor condition and are 
showing signs of erosion along the 
entire stream section  
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Table 3-10 (continued). Hamilton Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

HA-3 

From culvert south of 
railroad to pipe north of 
Bellview Elementary 

 

Looking North from Bellview Elementary School 

Vegetation is in good condition 
along the stream reach 
Upper section of the stream reach 
was buried by construction of ball 
field at Bellview Elementary School. 
Rest of stream is moderately 
impacted by industrial development 
in the lower portions of the reach. 
Banks are in moderate condition. 
Some downcutting was visible 
coming from pipe at school.  

HA-4 

From Siskiyou Blvd. to 
pipe outlet 1200 feet 
south of Greenmeadows 
Way.  

 

Looking North near Washington Street 

Vegetation along this stream reach is 
in good condition. Large amounts of 
riparian species were found 
The reach has been highly 
encroached upon by residential 
development along the west bank 
and farm land to the east 
Banks are in moderate condition  

HA-5 

From 300 feet south of 
Siskiyou Blvd. to end of 
Apple Way.  

 

Looking North along Tolman Creek Road 

Vegetation is in good condition. 
Riparian species cover three quarters 
of the stream reach. 
Stream reach has been highly 
encroached upon by residential 
development along both stream 
banks 
Banks are in moderate condition. 
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Table 3-10 (continued). Hamilton Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

HA-6 

From 400 feet south of 
Greenmeadows Way to 
700 feet south of 
reservoir drive 

  
Vegetation is in good condition 

Encroachment in this reach has been 
minor 
Bank conditions are in stable 
condition 



City of Ashland Stormwater and Drainage Master Plan… 

 

3-26 

Table 3-11. Golf Course Creeks Evaluation 

The Golf Course Creeks lie in the southeast section of Ashland. Many of the creeks are small 
creeks that have been severely impacted by surrounding development. Little native riparian 
vegetation currently exists along the stream corridors. Water temperature is a major issue due to 
the lack of vegetation coverage. These creek corridors provide a great opportunity for public 
education with their proximity to the golf course.  

Reach Location  Reach Photo Reach Condition 

GC-1  

From E. Main Street to 
Ashland Street  

  

Some vegetation exists along 
northern section of reach. Mostly 
blackberries occupy the southern 
section. 
Reach has not been encroached by 
development 
Bank condition appears mostly 
intact. Little erosion is apparent. 

GC-2 

From end of Spring 
Creek Drive to 
intersection with 
Interstate 5 

  

Moderate vegetation coverage is 
found along the reach corridor 
Stream has been highly 
encroached along east bank 
Bank condition is in moderate 
condition  
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Table 3-11 (continued). Golf Course Creeks Evaluation 
Reach Location  Reach Photo Reach Condition 

GC-3 

From E. Main Street to 
pond near Oak Knoll 
Drive 

  
Little vegetation exists along the 
stream reach 
The stream has been highly 
encroached by private residences and 
the golf course 
Banks along the stream corridor are in 
poor condition 

GC-4 

From mouth near 
railroad to Siskiyou 
Blvd. 

  

Little vegetation exists along this 
stream corridor 
The reach has not been encroached 
by any structures 
Banks are in poor condition and are 
showing signs of erosion  
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Table 3-12. Tolman Creek Evaluation 

Tolman Creek lies in the southeasternmost portion of Ashland. The creek has been highly 
encroached upon in its lower reaches that pass through the City. Riparian vegetation along the 
stream corridor is relatively intact. The slopes along the stream corridor are relatively low. 
Future development along the creek should be kept to a minimum.  

Reach Location  Reach Photo Reach Condition 

TO-1  

From confluence with 
Neil Creek to Highway 
66 (Greensprings 
Highway)  

 

From Highway 66 looking North  

Little vegetation exists along the 
stream reach 
Stream corridor is highly 
encroached by development along 
both sides of creek 
Bank conditions are moderate to 
low due to signs of erosion 

TO-2 

From Highway 66 to 
Crowson Road 

 

From Highway 66 looking South  

No vegetation along reach 
corridor 
Creek has been encroached by 
golf course that it passes through 
Bank is highly unstable along this 
reach  
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Table 3-12 (continued). Tolman Creek Evaluation 
Reach Location  Reach Photo Reach Condition 

TO-3 

From Crowson Road to 
Interstate 5 

  
Vegetation is providing good 
coverage along the corridor 
Stream is highly encroached by 
private residences specifically 
along the west bank 
Bank condition is moderate and 
shown some signs of erosion 

TO-4 

From Interstate 5 to 
Siskiyou Blvd. 

 

From Siskiyou Blvd. looking North  

Good vegetation coverage along 
stream reach 
Reach is highly encroached with 
private residences along west bank 
Bank condition is stable and 
showing little signs of erosion  

 





City of Ashland Stormwater and Drainage Master Plan  

Chapter 4 

EVALUATION OF IMPROVEMENTS  

 



 

4-1 

CHAPTER 4. 
EVALUATION OF IMPROVEMENTS  

Four types of alternatives were identified to address problem areas and shortfalls in the City’s stormwater 
system: storm sewer improvements, culvert improvements, creek corridor improvements and 
nonstructural improvements. Nonstructural alternatives include maintenance programs, regulations, 
education programs and other projects that do not involve specific project locations. Some projects fall 
under more than one section and are described in the section for which they are most important. 
Alternatives were developed and evaluated at a planning level of detail. Preliminary and final design will 
be required prior to construction. Design elements and costs described in this chapter are to be used only 
for comparison of alternatives as part of the planning process. 

Cost estimates for the identified improvements are based on construction and land costs for similar 
projects. The estimates reflect project costs for June 1999 (Engineering News Record, Construction Cost 
Index, Seattle ENR CCI = 6932). 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. 

STORM SEWER IMPROVEMENTS 

Modification to two storm systems and the construction of a new storm system are proposed. The design 
storm for storm sewer projects is the 25-year storm. 

Nutley Street Storm System 

A new storm system along Nutley Street is required to relieve excess flows in the existing Granite Street 
storm system and to give future development in the Strawberry Lane area a place to discharge storm 
runoff. The new system should have a box structure that provides water quality treatment prior to 
discharging to Ashland Creek. Energy dissipation will also be needed prior to discharging to Ashland 
Creek. No other improvement alternative was found to be feasible for this area; upsizing the Granite 
Street system would be cost-prohibitive and discharging to Wright’s Creek, would alter the basin 
hydrology and could degrade the creek system. The proposed Nutley Street storm system improvement is 
shown in Figure 4-1. 

Recommendation—New System 

The new system would extend from Alnutt Street to Ashland Creek. It will have inlets along Nutley Street 
and intercept the Granite Street system at the intersection of Nutley and Granite Streets. Estimated Cost: 
$317,000. 
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Figure 4-1. Recommended Improvements for Nutley Street and Central Avenue 
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Central Avenue Outfall 

A new outfall is needed for the storm system at the corner of Central Avenue and Helman Street. The 
proposed improvement is to construct an inlet on the northwest corner of Central and Helman to intercept 
the 6- or 8-inch pipe going north from the southwest corner inlet. From this inlet, a 12-inch PVC pipe to 
Ashland Creek would be constructed. If there is room by Ashland Creek, the pipe should discharge to a 
sand filter vault to help improve water quality. The end of the pipe will need an energy dissipater.  

The area should be inspected during a high-intensity rain to observe how the existing system performs. 
After this inspection, the system could be expanded northwest on Central Avenue to the alley connecting 
Central Avenue to Highway 99. A way is needed to direct curb flow into the inlets on the south side of 
Highway 99 at Bush Street. This will keep the flow from crossing Highway 99. Figure 4-1 shows the 
proposed Central Avenue outfall. 

Recommendation—New system 

Construct a new system to eliminate flooding in the area. The design should include a visual inspection 
during an intense storm. Estimated Cost: $125,000. 

Beach Creek and Mountain Creek Basins 

Most of the City’s reported flooding problems are in the Beach and Mountain Creek Basins, both of 
which were developed and piped through the flatter section of the City and have experienced new 
development in the last 20 years in the hills to the south. Most storm sewers in the basins are undersized. 
Several alternatives were investigated to alleviate the flooding in the basins. Figures 4-2 through 4-6 
show the five alternatives. Detailed cost estimates are included in Appendix A. General approaches and 
estimated total project cost (based on a 10-year design storm) for the alternatives are as follows: 

• Alternative 1—Enlarge all the major undersized pipes in the basins. This would include 
some realignment. The reduction of flooding would mean more flow at the downstream 
end of the pipes, so detention would be required. The detention could be designed with 
features to improve water quality. Estimated Cost: $4,007,000. 

• Alternatives 2 and 5—Install a new bypass pipe system to intercept the existing 
Mountain Creek and Beach Creek systems and convey flood flows to a new 
downstream detention facility. The facility would also provide water quality treatment. 
Estimated Cost: $3,064,000 for Alternative 2; $3,956,000 for Alternative 5. 

• Alternative 3—Provide detention upstream of the areas with flooding problems. The 
detention would reduce peak flows and therefore reduce flooding. The area available 
for such facilities is limited, so a large portion of the detention would be in 
underground pipes. Estimated Cost: $6,621,000. 

• Alternative 4—Provide a combination of bypass pipe and upstream detention. 
Estimated Cost:$4,481,000. 
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Figure 4-2. Improvement Alternative 1 for Beach/Mountain Basins 
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Figure 4-3. Improvement Alternative 2 for Beach/Mountain Basins 
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Figure 4-4. Improvement Alternative 3 for Beach/Mountain Basins 
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Figure 4-5. Improvement Alternative 4 for Beach/Mountain Basins 
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Figure 4-6. Improvement Alternative 5 for Beach/Mountain Basins 
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Recommendation—Combination of Bypass and Upstream Detention 

Alternative 5 was selected as the recommended alternative for its cost-effectiveness, ability to be phased 
over several years, and water quality treatment. A cost estimate for designing this alternative to the 25-
year storm was prepared once it was selected as the preferred alternative, and is included in Appendix A. 
Estimated Cost: $4,258,000 for the 25-year design storm. 

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. 

Many culverts in the City could be improved for fish passage and habitat, but these are not included in the 
list of improvements. When new culverts or culvert replacements are proposed along the City’s major 
creeks in the future, the design review should include fish passage in accordance with Oregon Department 
of Fish and Wildlife guidelines. This should include creeks with fish populations and creeks with 
historical populations. This would allow the introduction of fish populations in the future.  

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

Clay Creek at Highway 99 (Siskiyou Boulevard) 

The existing culvert is a 5-foot diameter corrugated metal pipe (CMP). This pipe is of sufficient size to 
pass the flows from the 100-year storm under future conditions. However, flooding has been reported 
upstream of the culvert and field inspection identified the following factors that adversely effect the 
capacity of the culvert: 

• The approach of the creek to the culvert is an abrupt angle that is causing the flow to 
change direction and erode the banks. 

• The culvert is in poor shape, with abrupt changes in slope and some collapsing at 
joints. 

Recommendation—Replace Culvert 

The new culvert should convey flows of 80 cfs and have a natural creek bottom. Estimated Cost: 
$156,000. 

Clay Creek at East Main Street 

The existing culvert is a 3-foot diameter CMP that is too small to convey existing or future flows.  

Recommendation—Replace Culvert 

The new culvert should convey flows of 92 cfs and have a natural creek bottom. Estimated Cost: 
$125,000. 
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Cemetery Creek at East Main Street 

The existing culvert, consisting of a 30-inch CMP and a 24-inch CMP, is too small to convey existing or 
future flows.  

Recommendation—Replace Culvert 

The new culvert should convey flows of 92 cfs and have a natural creek bottom. Estimated Cost: 
$125,000. 

Cemetery Creek at Railroad Tracks 

The existing system is two 36-inch arch culverts approximately 400 feet apart. A drainage ditch that runs 
along the railroad tracks connects the upstream ends of culverts. The two culverts were analyzed as one 
culvert system and were found to be of adequate size.  

Recommendation—Do Not Alter Conditions Directly Upstream of Pipes 

If the upstream ditch were removed, the system would not act as one culvert and the system would not 
function properly. Estimated Cost: None. 

Park Branch of Cemetery Creek at Clay Street 

The existing culvert is a 12-inch diameter CMP below Clay Street near the intersection with Faith 
Avenue. It discharges to a 15-inch CMP that conveys runoff below Green Springs Highway. Both these 
pipes are too small to convey the existing or future flows. However, the park upstream of this crossing 
provides detention storage, and no flooding has been reported. Therefore, this project should not be 
upgraded unless flooding occurs in the future or there is an opportunity with other improvements in the 
area.  

Recommendation—Do Not Replace Culvert 

Monitor the crossing and, if an upgrade is required in the future, the replacement should be a 24-inch pipe 
with a design capacity of not less then 12 cfs. Estimated Cost: None. 

Kitchen Creek at Mountain Avenue 

The existing culvert is a 72-inch diameter CMP. Its slope was not measured, but it appears to be steep. 
This culvert is undersized for its tributary drainage area. The culvert for Kitchen Creek under Interstate 5 
(upstream of Mountain Avenue) includes a 60-inch CMP and a 48-inch CMP. The open area for the pipes 
below Interstate 5 is 32.2 square feet and the open area for Mountain Avenue is 28.3 square feet. Since 
there has been no reported flooding at this location, it is assumed that the Interstate 5 culverts detain water 
upstream, so the culvert should not be replaced until flooding is reported at this location.  

Recommendation—Do Not Replace Culvert 

Monitor the crossing and, if an upgrade is required in the future, the replacement should be a bottomless 
arch culvert that can pass the 100-year flow of 716 cfs. Estimated Cost: None. 
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Clear Creek at Hersey Street 

The existing culvert consists of twin 15-inch-diameter concrete pipes. A 24-inch pipe is required to 
convey 18 cfs at this location. Although culverts downstream of Hersey Street are of adequate size, 
additional flow in the channel downstream of Hersey Street might cause flooding at adjacent homes. An 
alternative to installing a larger pipe is to develop the upstream area into a wetland that would detain peak 
runoff events. 

Recommendation—Create Wetland Upstream 

Utility conflicts on Hersey Street could prohibit installation of a larger pipe. A wetland would improve 
water quality of runoff from the upstream commercial area. The wetland would need to reduce flows from 
18 cfs to 9 cfs. Estimated Cost: $95,000, excluding the cost of land acquisition. 

Culvert GC-310 under Interstate 5 

Development west of Crowson Road and upstream of Interstate 5 will direct additional runoff to the 18-
inch diameter concrete culvert under Interstate 5 approximately 1,200 feet west of Crowson Road. No 
flooding at this culvert has been reported, but the basin will continue to develop and there is a large low 
area upstream of the culvert. This area provides a place for the runoff to pond as it is discharged through 
the culvert. This area should be addressed before a problem arises. Three alternatives were identified:  

• Replace the existing 18-inch concrete culvert with a 36-inch concrete pipe. 

• Create a wetland that will continue to allow ponding upstream of the culvert. 

• Require detention for all new development in the basin to reduce the 25-year, 24-hour 
post-development peak runoff rate to the 10-year, 24-hour pre-developed peak runoff 
rate.  

Replacing the pipe would cause additional erosion along the channel downstream of Interstate 5, so 
detention upstream of the pipe is the best solution. Requiring upstream development to provide on-site 
detention would be a low-cost alternative. This alternative would require that no buildings or fill be 
placed in the low area adjacent to the upstream end of the culvert. 

Recommendation—Require Detention for Upstream Development 

Require upstream development to discharge the 25-year, 24-hour storm at the 10-year, 24-hour pre-
developed peak runoff rate and keep the low area upstream of the culvert from being filled. Estimated 
Cost: None. 

Culvert GC-300 under East Main Street at Dead Indian Memorial Road  

Northwest of the intersection of East Main and Dead Indian Memorial Road are two culverts with a large 
tributary basin. The 12-inch concrete and 18-inch HDPE culverts are undersized.  

Recommendation—Replace Pipes 

The new pipe should be a 36-inch diameter pipe and able to convey 40 cfs. A new outfall location is 
required. The two existing outfall locations are not suitable for the increased flow. Estimated Cost: 
$225,000.  
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Culvert GC-700 under East Main East of Interstate 5 

The existing 36-inch CMP culvert just east of Interstate 5 and 2,200 feet west of the Greensprings 
Highway (Ashland Street) will need to be replaced when the basin becomes more developed. The new 
culvert should be a 42-inch pipe capable of passing 49 cfs.  

Recommendation—Replace Culvert 

The culvert should be replaced with future roadwork or when future development in the basin starts 
increasing the flow downstream. Estimated Cost: $125,000. 

Culvert GC-100 under East Main near Tolman Creek 

The 18-inch culvert below East Main approximately 700 feet west of the Tolman Creek culvert was 
determined to be undersized; however, the ditch on the south side of the road (upstream) allows runoff to 
spill west to another culvert below East Main and east to Tolman Creek before impacting the road 
surface. Therefore this culvert is not recommended for replacement. 

Recommendation—Do Not Replace Culvert 

Monitor the crossing and replace the culvert if flooding becomes a problem in the future. Estimated Cost: 
None. 

Culvert GC-500 under East Main near Greensprings Highway 

The culvert serving basin GC-500 was replaced last year with a 24-inch pipe. The modeling shows that 
the culvert should have been replaced with a 30-inch pipe. Because the culvert was so recently replaced 
and the modeling shows that the required pipe diameter is only one pipe size larger, we recommend not 
replacing this pipe unless flooding becomes a problem at this location. 

Recommendation—Do Not Replace Culvert 

Monitor the crossing and replace the culvert if flooding becomes a problem in the future. Estimated Cost: 
None. 

CREEK IMPROVEMENTS 

Recommendations for creek system improvements are based on the inventory and analysis of each stream 
reach and the project goals of protecting property, protecting and enhancing water quality, and enhancing 
riparian habitat. Tables 4-1 through 4-7 list the improvements by stream reach, which are shown in 
Figures 4-7 through 4-13. Each recommendation is one of the following types of project: 

• Channel Stabilization—The focus of these projects is to stabilize streambeds and 
streambanks to protect property and infrastructure and alleviate sedimentation 
problems. This type of project requires 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. Cost estimates for these projects are based on similar 
projects in Oregon, with input from local consultants. Cost-sharing suggestions 
included in the tables are assumed in the estimates. 
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• Riparian Corridor Restoration—The focus of these projects is to restore natural plant 
communities as much as practical to reduce stream temperature and sedimentation and 
to restore riparian wildlife habitat. Cost-sharing suggestions included in the tables are 
assumed in the cost estimates for these projects. 

• 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 zones 
regulations in areas where future development might occur. 
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Table 4-1. Stream Corridor Recommendations—Wright’s Creek  

Main goals for the enhancement and protection of Wright’s Creek are as follows: 

1. Protection of undeveloped land along stream corridors and specifically in the upper reaches 
of the Wright’s Creek basin and at the confluence with Bear Creek. 

2. Reestablishment of riparian plant species and removal of blackberries by local community 
groups and landowners.  

Location Protection Method Amount Cost Participants Benefits 

WR-1 Riparian enhancement 

Channel stabilization  

Protect banks from future 
development  

37,500 ft2 

1300 feet 

- 

$18,750 

$123,500 

- 

County and City 

County and City 

County 

Reduction of water temperature and 
sedimentation. Increase of riparian 
species diversity and wildlife habitat 

WR-2 Protect existing farmland from 
future development  

Community enhancement  

-   

65,000 ft2 

-    

$16,250 

Landowner with County and 
City involvement 

Community with City help 

Reduction of water temperature and 
sedimentation. Increase of riparian 
plant species and wildlife habitat 

WR-3 Protect from future development 

 

- - City Project  Preservation of riparian corridor  

WR-4 Protect from future development 

 

- - City Project  Preservation of riparian corridor 

WR-5 Community Enhancement 
(Northern section) 

Protection from development 

50,000 ft2   

- 

$12,500   

- 

City and future developers  

 City Project 

Reduction of water temperature and 
sedimentation, increase in plant 

diversity and wildlife habitat 

WR-6  Community Enhancement 

 Protection from development 

20,000 ft2 $5,000 Landowner with City 
involvement  

Reduction of water temperature and 
sedimentation, increase in plant 

diversity and wildlife habitat 

WR-7 Protection from development - - City Project Preservation of riparian corridor 

WR-8 Protection from development - - City Project Preservation of riparian corridor 

WR-9 Protection from development - - City Project Preservation of riparian corridor 

WR-10 Community Enhancement 
(Removal of Blackberries) 

50,000 ft2 $12,500 Community with City help Reduction of water temperatures and 
increase in diversity of plant species 

and wildlife habitat 

WR-11 Protection from development - - City Project Preservation of riparian corridor 
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Figure 4-7. Wright’s Creek Stream Reaches   
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Table 4-2. Stream Corridor Recommendations—Beach, Mountain and 
Clear Creeks 

Location Protection Method Amount Cost Participants Benefits 

BE-1 Being addressed by other 
projects 

- - City Project Reduction of water temperature and 
sedimentation  

BE-2 Riparian Enhancement 35,000 ft2 $17,500 City with Local Landowner 

 
Reestablishment of riparian species 
along stream corridor. Reduction of 

sedimentation and water temperature

 

BE-3 Protection from development - - City Project Preservation of riparian corridor 

BE-4 Protection from development - - City Project Preservation of riparian corridor 

Mountain Creek 

MT-1 Riparian Enhancement 60,000 ft2 $30,000 City with Local Landowner Revegetation of stream corridor for 
channel stability and reduction of 

water temperature 

Clear Creek 

CR-1 Riparian Enhancement 30,000 ft2 $15,000 City with Local Landowner Reestablishment of Riparian species 
and reduction of water temperature 

Water Quality Facilities 

WQF-CR1

 

Construction of Water Quality 
Facility   

City Project Reduction of Sedimentation  

WQF-CR2

 

Construction of Water Quality 
Facility   

City Project Reduction of Sedimentation 
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Figure 4-8. Beach, Mountain, and Clear Creeks Stream Reaches  
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Table 4-3. Stream Corridor Recommendations—Cemetery Creek 

Goals for the protection and enhancement of Cemetery Creek are as follows: 

1. Stabilize and enhance stream banks along entire stream corridor 

2. Protection of undeveloped lower reaches of the stream corridor from future development 

3. Revegetation and enhancement of native plant species along entire stream corridor   

Location Protection Method Amount Cost Participants Benefits 

CE-1 Riparian Enhancement  

Protect banks from future 
development 

35,500 ft2 

- 

$17,750 

- 

City and County with Local 
Landowner 

Reestablishment of riparian species 
and reduction of water temperature at 

confluence with Bear Creek 

CE-2 Community Enhancement 

Channel Stabilization 

30,000 ft2 

300 feet 

$7,500 

$28,500 

Local Landowner with City Reduction of water temperature and 
sedimentation, Increase in wildlife 

habitat and plant diversity 

CE-3 Protection from future 
development 

- - City Project Preservation of riparian corridor 

CE-4 Protection from future 
development  

Community Enhancement 

-   

25,000 ft2 

-   

$6,250 

City Project   

Local Landowner with City 

Preservation of riparian corridor, 
Increase in plant diversity and wildlife 

habitat 

CE-5 Channel Stabilization  

Riparian Enhancement 

600 feet 

80,000 ft2 

$57,000 

$40,000 

City Project 

City Project with 
Landowners 

Reduction of water temperature and 
sedimentation, Protection of structures 

from bank failure, Increase in plant 
diversity and wildlife habitat 
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Figure 4-9. Cemetery Creek Stream Reaches  
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Table 4-4. Stream Corridor Recommendations—Clay Creek 

The main goals for the protection and enhancement of Clay Creek are as follows: 

1. Undeveloped land in the lower sections of the stream needs to be protected. 

2. Stabilization and enhancement of stream banks in highly developed areas. 

3. Reestablishment of native riparian plant species along the entire stream length.   

Location Protection Method Amount Cost Participants Benefits 

CL-1 Channel Stabilization 500 feet $47,500 City and County with Local 
Landowner 

Reduction of water temperature and 
sedimentation, increase in native plant 

species, stabilization of bank 

CL-2 Riparian Enhancement 50,000 ft2 $25,000 City, Developers, and 
Church Group 

Stabilization of stream bank and 
reduction of sedimentation 

CL-3 Community Enhancement 10,000 ft2 $2500 Community Project with City 
help  

Reduction of water temperature 

CL-4 Community Enhancement 7500 ft2 $1,875 Community Project with City 
help  

Reduction of water temperature, 
increase of native plant species 

CL-5 Community Enhancement 60,000 ft2 $15,000 Community Project with City 
help  

Reduction of water temperature, 
increase of native plant species 

CL-6 Community Enhancement  

Protection from future 
development 

22,500 ft2 

- 

$5,625 

- 

Local Landowners, 
Developers, and City 

Protection of undeveloped stream 
reaches, increase of riparian plant 

species and wildlife habitat 

CL-7 Community Enhancement 10,000 ft2 $2,500 Neighborhood Organization 
and City 

Increase in native plant species and 
wildlife habitat 

CL-8 No recommendations - - -  - 

Water Quality Facilities 

WQF-CL1 Construction of Water Quality 
Facility   

City Project Reduction of Sedimentation  

WQF-CL2

 

Construction of Water Quality 
Facility   

City Project Reduction of Sedimentation 
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Figure 4-10. Clay Creek Stream Reaches  
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Table 4-5. Stream Corridor Recommendations—Hamilton Creek 

Main goals for the protection and enhancement of Hamilton Creek are as follows: 

1. Repair and enhancement of failing banks along the stream corridor. 

2. Revegetation of stream corridor with native riparian species. 

3. Protection and enhancement of undeveloped sections of stream corridor.   

Location Protection Method Amount Cost Participants Benefits 

HA-1 Riparian Enhancement 40,000 ft2  $20,000 City and Local Landowner Reduction of water temperature and 
sedimentation at mouth of creek 

HA-2 Channel Stabilization (Lower 
Section)  

Riparian Enhancement (Upper 
Section) 

500 feet  

 50,000 ft2

 

$47,500  

$25,000  

City Project (Lower Section) 

  

Property Owners with City 
(Upper Section) 

Reduction of water temperature and 
sedimentation, Increase of native 
plant diversity and wildlife habitat  

HA-3 Riparian Enhancement (Possible 
Daylighting Project)  

Protect from development 

80,000 ft2   

- 

$40,000   

- 

City Project   

City Project 

Increase in native plant diversity, 
reduction of sedimentation and water 

temperature.  

HA-4 Community Enhancement 75,000 ft2 $18,750 Community Project with City 
help  

Increase diversity of plant species and 
wildlife habitat, Reduction of water 

temperature and sedimentation 

HA-5 Community Enhancement 50,000 ft2 $12,500 Community Project with City 
help  

Increase diversity of plant species and 
wildlife habitat, Reduction of water 

temperature and sedimentation 



…4.EVALUATION OF IMPROVEMENTS 

  

4-23 

 

Figure 4-11. Hamilton Creek Stream Reaches  
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Table 4-6. Stream Corridor Recommendations—Golf Course Creeks 

Goals for the protection and enhancement of the Golf Course Creeks are as follows: 

1. Reestablishment of native riparian vegetation along all of the stream reaches 

2. Protection and reconstruction of stream banks along degraded reach sections   

Location Protection Method Amount Cost Participants Benefits 

GC-1 Community Enhancement 
(Removal of Blackberries),  

Protection from future 
development 

60,000 ft2   

- 

$15,000   

- 

Community Project with City 
help  

City with future developers 

Reestablishment of native riparian 
vegetation and wildlife habitat, 

Preservation of riparian corridor 

GC-2 Community Enhancement 30,000 ft2 $7,500 Community Project with City 
help  

Reestablishment of native riparian 
vegetation and wildlife habitat 

GC-3 Community Enhancement 

Riparian Enhancement 

40,000 ft2 

50,000 ft2 

$10,000 

$25,000 

City with Local Landowners 

City Project 

Reestablishment of native riparian 
vegetation and wildlife habitat, 

Reduction of water temperature 

GC-4 Community Enhancement 50,000 ft2 $12,500 Community Project with City 
help  

Reestablishment of native riparian 
vegetation and wildlife habitat 
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Figure 4-12. Golf Course Creeks Stream Reaches  
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Table 4-7. Stream Corridor Recommendations—Tolman Creek 

Goals for the protection and enhancement of Tolman Creek are as follows: 

1. Reestablishment of native riparian species along the stream corridor. 

2. Reconstruction and preservation of stream banks in degraded areas   

Location Protection Method Amount Cost Participants Benefits 

TO-1 Riparian Enhancement 20,000 ft2  $10,000 City Project with County Reduction of water temperature and 
sedimentation, Reestablishment of 

native vegetation and wildlife habitat 

TO-2 Channel Restoration 300 feet $28,500 City Project Reduction of water temperature and 
sedimentation  

TO-3 Community Enhancement 40,000 ft2 $10,000 Community Project with City 
help  

Reestablishment of native vegetation 
and wildlife habitat 

TO-4 Community Enhancement 5000 ft2 $1,250 Community Project with City 
help  

Reestablishment of native vegetation 
and wildlife habitat 
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Figure 4-13. Tolman Creek Stream Reaches  
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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 Manual 

The City should develop stormwater standards in the form of a manual or a section of City code that 
addresses new development. The standards would be a guide for developers and reviewers to ensure that 
all projects meet long-term goals of the community. A low cost approach to this is to adopt another 
jurisdiction’s existing manual with a list of special provisions for Ashland. Good manuals that have been 
adopted across the Northwest include the Washington State Department of Ecology’s 1992 Stormwater 
Management Manual for the Puget Sound Basin, The City of Portland’s Stormwater Quality Facilities; A 
Design Guidance Manual; Unified Sewerage Agency’s February 2000 Design and Construction 
Standards for Sanitary Sewer and Surface Water Management; The City of Portland’s 1999 Stormwater 
Management Manual, and King County, Washington’s 1990 Surface Water Design Manual. 

The manual would address issues such as on-site detention fees-in-lieu of detention for regional detention 
facilities, on-site water quality standards, design standards, and stream buffers and other sensitive area 
issues. The City has developed a Physical and Environmental Constraints Ordinance (Chapter 18.62) that 
would be a good cornerstone of a manual addressing development impacts on surface waters in Ashland. 
The City should budget in the range of $20,000 to $25,000 to complete this process. 

Watershed Owner’s Manuals 

Public education is a large part of the NPDES requirements for municipalities. Manuals for the public 
along with classes on how to interpret and implement the manuals would help educate the public on 
current City trends and methods of cleaning up surface water. The City should budget from $15,000 to 
$20,000 to complete this activity. 

Streamside Planting Brochure 

Homeowners and the general public can help protect and enhance riparian corridors and other important 
natural resources.  A guide for enhancement techniques could be developed in the form of a brochure to 
help the public control erosion, manage invasive plants and cultivate a native landscape. The City should 
budget from $5,000 to $10,000 to complete this activity. 

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. In the process of developing an inventory for this study, 
the project team had the opportunity to inspect a considerable amount of the City’s system, and it appears 
the system is well maintained. The maintenance program should be continued. When the City-wide GIS 
system is fully implemented, each segment of the system can be numbered and maintenance records can 
be kept using this system. This would allow the City to maintain long-term records of maintenance 
problems. The City should budget from $10,000 to $15,000 to complete this plan. 

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

• Develop an erosion protection program for areas susceptible to streambank erosion or 
head cutting. 

Implementation begins by creating and maintaining a complete drainage inventory. All drainage channels, 
stormwater control facilities, pipe networks, and natural channels should be inventoried and mapped. 
Based on the inventoried facilities, a maintenance plan can be developed. The plan should outline 
scheduled maintenance for each facility, clearly define who is responsible, outline reports to be used for 
inspection documentation, and detail what can and cannot be removed. Implementing agencies can 
include cities, counties, flood control districts, or drainage districts.  

Implementation should include the adoption of regulations to prohibit dumping debris in streams, lakes or 
other floodplain areas. Public outreach programs (e.g., mailings and stream clean-up days) should be 
conducted to inform affected residents and explain how to report violations. “No dumping” signs should 
be posted near problem areas. 

Appendix E provides general maintenance guidelines for drainage system facilities. It outlines frequency 
of maintenance, specific problems to check for, and actions to be taken to correct any identified problem. 
Appropriate elements of these tables should be included in the City’s final maintenance plan. In addition, 
the plan should provide for the following ongoing maintenance efforts: 

• Street and Drainage System Cleaning—A street cleaning program removes silt, sand, 
leaves, and miscellaneous debris from road surfaces before they enter the public 
drainage system, pollute the water, reduce the capacity of the conveyance system, and 
accelerate the deterioration of pumps. Street dirt should be removed by street sweepers 
once a month on all major, minor, and collector arterials and once every three months 
on residential roads. The drainage conveyance system should be cleaned by a vacuum 
or jet rodder truck. The entire drainage system, including catchbasins, manholes, pipes 
and vaults, should be cleaned on a three-year cycle. 

• Drainage Conveyance System Repair and Construction—Repair and minor 
construction of catchbasins, manholes, and pipes ensure the proper operation of the 
drainage conveyance system. Repair or construction of drainage system structures 
should be initiated by management or City officials, citizen complaints, or work 
requests resulting from observations by City maintenance staff. Activities include the 
following: repair and replacement of pipe; installation, repair and replacement of 
manholes and catchbasins; construction of minor capital improvements; repairs to 
sidewalks, curbs and gutters; minor dredging with a backhoe; asphalt repairs; and brush 
cutting. Repairs to catchbasins, manholes, and pipes should be coordinated with street 
repairs to minimize construction disturbance. 

• Open Channel and Ditch Maintenance—Cleaning and stabilizing public open-
channel and ditch systems maintains their conveyance capacity, minimizes channel and 
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ditch erosion, and improves water quality. This work should be performed as needed 
and include silt removal. Activities after storm events include excavation of materials 
from ditches and major drainageways and checking for plugged catchbasin grates and 
trash racks. 

• Emergency and Miscellaneous Services Program—A maintenance crew should 
provide emergency response during storm events and for other, non-storm-related 
emergencies. Typical emergency situations include flooding of roadways or buildings, 
landslides, trees fallen across roads or on structures, oil spills, chemical spills, etc. 

• Sensitive Areas—Maintenance of stormwater facilities in or adjacent to sensitive areas 
consists of replacing pipe, manholes or catchbasins as needed. Erosion control while 
performing maintenance activities should be achieved by applying BMPs such as silt 
fences, straw bales, riprap, sandbags and hydroseeding. Dredging or excavation in 
sensitive areas and their buffers must occur during the dry season, with water pumped 
or piped around the work area. 
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CHAPTER 5. 
CAPITAL IMPROVEMENT PROGRAM  

RECOMMENDED IMPROVEMENT PROJECTS 

The recommended improvement projects developed in Chapter 4 are the capital projects included in the 
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, the available annual 
funding for them, the availability of alternative funding sources, 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. 
Project locations are shown on Figure 5-1. 



City of Ashland Stormwater and Drainage Master Plan… 

 

5-2 

TABLE 5-1. 
CAPITAL IMPROVEMENT PROJECTS 

Project Estimated Cost Priority 

Nutley Street Storm System $317,000 High 

Central Avenue Outfall $125,000 High 

Beach Creek and Mountain Creek Basins Interceptor $4,258,000 High 

Clay Creek Culvert at Highway 99 (Siskiyou Blvd.) $156,000 High 

Clear Creek Wetland at Hersey Street $95,000 High 

Clay Creek Culvert at East Main Street $125,000 Medium 

Cemetery Creek Culvert at East Main Street $125,000 Medium 

Culvert GC-300 at East Main Street and Dead Indian Memorial Road $225,000 Medium 

Culvert GC-500 at East Main Street West of Greensprings Highway 
(Ashland Street) 

$125,000 Medium 

Stormwater Manual $25,000 Low 

Watershed Owner’s Manual $20,000 Low 

Streamside Planting Brochure $10,000 Low 

Operation and Maintenance Plan $15,000 Low 

DEVELOPMENT STANDARD REVIEW 

Stormwater regulations for the City of Ashland can be found in two documents. The Physical and 
Environmental Constraints Ordinance (Chapter 18.62, revised December 3, 1997) and the Streets 
Standard Handbook (adopted February 2, 1999). Based on the review of these documents and discussion 
with City staff, the following recommendations will help reduce the impacts of existing activities and 
future development on the City’s wetlands and creek corridors. These recommendations are designed to 
augment and not replace existing regulations. The recommendations are designed to prepare the City for 
anticipated future nonpoint source stormwater regulations under the NPDES program. 

Stormwater Manual 

The City should develop a collection of development standards in a single stormwater manual. The 
manual will incorporate all existing regulations and give the minimum standards that all new construction 
must meet. It will address erosion control, water quality treatment, drainage design, riparian buffers, 
operation and maintenance, and fees. The manual can also address show how one facility might 
accomplish several functions (e.g., a detention pond that provides water quality treatment). 

Erosion and Sediment Control Guidelines 

The City should develop uniform Erosion and Sediment Control Guidelines based upon the type of 
development, land slope, amount of exposed ground area, and season of the year for construction. The 
City should build upon its existing ordinance to expand coverage and strengthen enforcement provisions. 
Sample highlights from other jurisdiction’s requirements include the following: 
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• An erosion control permit is required for all construction activities disturbing an area 
larger than 500 square feet. 

• Construction on slopes steeper than 5 percent is subject to excavation limitations from 
November 1 through April 30. 

• All erosion control facilities must be effectively maintained throughout construction. If 
a permittee is notified that the approved plans are not effective, a revised plan must be 
submitted within three working days. 

Enforcement of erosion control measures is the responsibility of the City’s Public Works staff. 

Water Quality Control Guidelines 

The City should develop new water quality treatment regulations—such as pollutant removal percentages 
for particular pollutants and storm events—that will apply to stormwater runoff from all new 
development. These regulations could outline design standards for best management practices (BMPs) 
and apply the BMPs to all new development. Examples of typical water quality facilities are included in 
Appendix D. 

Drainage Design Standards 

Drainage design standards should be part of the stormwater manual. They should define design storms, 
emergency overflow routes, detention and pipe sizing requirements, channel design, and standard 
drawings for inlets and manholes. The standards could also discuss requirements for submitting drainage 
calculations.  

The City should use the above described guidelines for drainage improvements or develop design 
standards for drainage improvements within the UGB. The standards provided herein should be viewed as 
guidance for design, implementation, and construction of public drainage improvements. 

Landscape Design Standards 

In order to improve the function of open stormwater facilities, reduce maintenance requirements and 
enhance the aesthetics of surface water facilities, the following guidelines should be considered as part of 
stormwater design standards: 

Shrub and wetland plantings should be designed to minimize solar exposure  of open water. Trees 
should be located along the east, south and west sides of a facility.  Plantings should be designed 
to meet the following minimum quantities:  

Evergreen trees: 3 per 1000 square feet, minimum height 6 feet 
Deciduous trees: 2 per 1000 square feet, minimum caliper 1 to 1-1/2-inch at 2 

feet above base 
Shrubs: 30 per 1000 square feet, minimum container 1 gallon or equivalent 
Wetland plants: 1 per 2 square feet of pond emergent plant zone  

Use of fences should be avoided whenever possible.  Alternatively, side slopes 
should be constructed at safe slopes (side slopes greater than 3H:1V) and vegetated buffers or 10-
foot wide safety bench provided to maximize safety.  Where fencing is required by safety or 
security considerations, the fencing should be aesthetically designed and screened with vegetation 
and plantings that conform with the site design. 
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Access should be provided for maintenance purposes.  At a minimum, at least one access should 
be provided for maintenance and inspection.  Access roads should have a minimum width of 15 
feet and a maximum slope of 15%.  

Landscaping for new stormwater facilities should be maintained by the owner or 
responsible party. For stormwater facilities that become property of the City, 
landscaping should be maintained through a two year period prior to acceptance by the City.  

Water quality facility design standards must be supplemented with landscaping standards to ensure 
community acceptance and long term maintainability. Other jurisdictions that have employed design 
standards that overlooked the landscape aspect of these facilities have witnessed a variety of failures. The 
recommendations below are included to address these problems.  

Recommended Plant Communities  

The two cross sections below illustrate the most common water quality facilities: the pond, and the 
biofiltration swale. Plant community types have been referenced in the cross-sections. These plant 
communities should be comprised of species native to the Ashland area and are suitable for the conditions 
typically encountered in these facility types. Specific plant communities should be identified in the 
stormwater manual. 
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Landscape Maintenance 

Weed eradication should include eradicaton by herbicide and non-herbicide methods of all plants found 
on the prohibited species list below. The purpose of this is to discourage invasive exotic plant species 
from infesting Ashland’s natural drainage ways. 

Irrigation Guidelines 

It is recommended that all water quality facilities have a permanent or temporary automatic irrigation 
system to ensure initial establishment. 

Riparian Corridor Protection 

The City of Ashland should work with the Rogue Valley Council of Governments to adopt uniform 
stream buffer and setback requirements for urban streams.  Setbacks could vary significantly depending 
upon the depth and side slopes of the existing stream and riparian corridor, whether the stream has 
perennial flow, and extent of existing vegetation. The new standards should supplement or replace the 
riparian preservation provisions in the City’s current ordinance revision (City Code Chapter 18.62 – 
Physical and Environmental Constraints). The City should preserve existing open surface water facilities 
and encourage the expansion of surface facilities where practical.  The City Engineer should consider 
surface water facilities as a preferred approach, but may specify underground facilities where warranted 
because of efficiency, capacity, maintenance concerns, lack of perennial surface water flow or other 
considerations.  

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. 

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 the ORS, the City should 
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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 minimum measures for implementation:  

• 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 prepares the City for 
imminent NPDES requirements. This report also recommends projects that go beyond NPDES 
requirements by enhancing water quality and habitat value, reducing flooding and enhancing recreational 
use of creek corridors in the City. 

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 

Ashland can issue general obligation (GO) bonds for capital improvements and replacement. 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 to form a dual 
security through the City’s revenue generating authority. 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. 



…5. CAPITAL IMPROVEMENT PROGRAM 

 

5-7 

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.  

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.   

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 
Roseburg 19,810 $2.85 3,000 $400.00 
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Sherwood 8,125 $4.00 2,640  
Tigard 36,680 $4.00 2,640 $500.00 
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 

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. 
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This appendix outlines the cost estimates for the various recommended projects.  No detailed 
estimates were prepared for the culvert projects.  These estimates were taken from cost of similar 
projects. The estimates reflect project costs for June 1999 (Engineering News Record, 
Construction Cost Index, Seattle ENR CCI = 6932).  



CITY OF ASHLAND
STORM DRAINAGE MASTER PLAN

ASHLAND BASIN SYSTEM IMPROVEMENTS
Granite Street

Improvement Quantity Unit Unit Cost * Total Cost

Nutley Piping System
30-inch through City Maintenance Yard 70 LF $180 $13,000
24-inch to School Yard 350 LF $144 $50,000
18-inch to upstream end of System 1160 LF $108 $125,000
Nutley Piping System Subtotal $188,000

Water Quality Facility 1 LS $25,000 $25,000
Energy Dissipator 1 LS $5,000 $5,000

Construction Total $218,000
Construction Contingencies (percent of total) 20% $44,000
Engineering / Legal / Administration Fees (percent of total) 25% $55,000
TOTAL PROJECT COST $317,000

* Unit Costs are based on the following:
      Upsize and Add RCP Piping $6 per in.dia.-lf.

Filename:  AshlandCosts.xls; Granite Print Date:  11/20/2002
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Appendix B  

This appendix contains the modeling for the storm systems within the study area.   Included in 
this appendix are models for Cemetery Creek Basin, Beach Creek Basin, Mountain Creek Basin, 
Ashland Creek Basin, and Hospital Basin.  The 10-year and 25-year storms were modeled for 
existing and future conditions.  The systems are included on electronic files to be used in the 
City’s GIS system.   

Also included are the proposed improvement projects modeled for the 10-year and 25-year 
storms.  Improvements were designed for the 25-year storm. 
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Appendix C  

This appendix outlines the hydrologic modeling developed for this report.  The following tables 
present how the parameters were estimated for inputting into the HEC-1 Model.    

Table C-1 is a comparison of flows developed by various hydrologic models to justify the 
selection of the HEC-1 model for this project.  The HEC-1 model was compared with the rational 
method, Santa Barbara Urban Hydrograph Model (SBUH), and the regression equations 
developed for Western Oregon.    

Table C-2 is a summary of the culvert structure evaluation including assumed slopes and 
measured pipe lengths.  

Table C-3 is the summary of how the time of concentration was calculated for each basin.  The 
velocity equation from section 3.5.2 of the King County, Washington, Surface Water Design 
Manual was used to calculate the channel and overland (Figure 4.3.3B in the Manual) velocities.  

Table C-4 is the estimates of undeveloped land use.  Undeveloped land use was Forest, Pastures 
and Open Space, and Lawns.  Technical Release 55 (TR-55) developed by the SCS was used to 
estimate the Hydrologic Curve Numbers for these land uses.  

Table C-5 is how the amount of impervious surface was estimated for each land use. 



APPENDIX C.
TABLE C-1.  COMPARISON OF FLOWS FROM VARIOUS HYDROLOGY METHODS

Rational HEC-1 SBUH Regression
Method

(cfs) (cfs) cfs/acre (cfs) cfs/acre (cfs) cfs/acre

Clay Creek
@ E. Main
Area = 885
10% Impervious
2yr 15 0.017 17 0.019 16 0.018
5yr 25 0.028 24 0.027 45 0.051
10yr 45 0.051 38 0.043 78 0.088
25yr 53 0.060 45 0.051 139 0.157
50yr 67 0.076 56 0.063 200 0.226
100yr 92 0.104 76 0.086 283 0.320

Beach Creek
@ RR Tracks (136 ac)
Area = 136
43% Impervious
2yr 92 32 0.235 52 0.382 5 0.037
5yr 44 0.324 73 0.537 14 0.103
10yr 104 56 0.412 95 0.699 25 0.184
25yr 110 61 0.449 103 0.757 43 0.316
50yr 68 0.500 117 0.860 61 0.449
100yr 81 0.596 140 1.029 87 0.640

Mountain Creek
@ RR Tracks (198 ac.) 
Area = 198
57% Impervious
2yr 85 31 0.157 45 0.227 4 0.020
5yr 41 0.207 61 0.308 12 0.061
10yr 89 51 0.258 77 0.389 21 0.106
25yr 96 55 0.278 84 0.424 37 0.187
50yr 61 0.308 94 0.475 52 0.263
100yr 72 0.364 111 0.561 74 0.374

W. Fork Ashland Creek E. Fork of Ashland Creek
Area= 6720 Area= 5210
(cfs) (cfs/acre) (cfs) (cfs/acre)

2yr 92 0.014 94 0.018
5yr 267 0.040 278 0.053
10yr 467 0.069 491 0.094
25yr 847 0.126 900 0.173
50yr 1240 0.185 1330 0.255
100yr 1760 0.262 1890 0.363
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TABLE C-2.  SUMMARY OF STRUCTURE EVALUATION

STRUCTURE DRAINAGE SIZE LENGTH ROAD ASSUMED ASSUMED ASSUMED FLOW (CFS) STRUCTURE
AREA AND ELEV. U/S D/S SLOPE 25 YR 50 YR 100 YR CAPACITY

(ACRES) TYPE FT INVERT INVERT % EXISTING FUTURE EXISTING FUTURE EXISTING FUTURE (CFS)

Tolman Creek
Hwy 99 1683.0 4' X 4' BC 102 102 131 131 184 184

I-5 1710.0 5' H X 6' V BC 104 104 134 134 187 187
Crowson Rd. 1735.0 60" CMP 90 1969.0 1961.0 1960.0 1.11% 106 106 136 136 191 191 155

E. Main 1771.0 6' X 6' BC 60 1951.0 1940.0 1939.5 0.83% 110 111 141 142 197 198 492

Golf Course Basin
GC-100 41.0 18" CMP 80 1942.0 1936.0 0.50% 8 8 9 9 11 11 4
GC-200 6.1 18" CONC. 50 1930.0 1924.0 0.50% 1 1 1 1 2 2 7
GC-350 36.0 Could Not Locate 4 4 4 4 6 6
GC-340 56.4 36" CONC. 55 2094.0 2086.0 0.50% 8 9 10 11 13 13 47
GC-330 15.4 18" CONC. 65 2142.0 2130.0 0.50% 2 2 2 2 3 3 7
GC-320 22.2 36" CMP 70 2106.0 2098.0 0.50% 4 4 4 4 5 5 27
GC-310 108.8 18" CONC. 290 2065.0 2034.0 2032.0 0.50% 19 22 22 25 28 30 7
GC-300 65.4 18"HDPE 100 1921.0 2016.0 0.50% 32 35 37 40 46 48 7

12"CONC. 100 1921.0 2016.0 0.50% 3
GC-400 6.6 18" CONC. 65 1906.0 2016.0 0.50% 1 1 2 2 2 2 7
GC-500 73.2 24" CONC. 80 1984.0 1978.0 0.50% 19 21 21 24 25 28 16
GC-600 11.0 30" CONC. 70 1885.0 1879.0 0.50% 3 3 3 4 4 4 29
GC-740 55.8 Could Not Locate 16 17 18 19 21 22
GC-730 32.2 Could Not Locate 23 27 26 29 30 34
GC-720 51.5 Could Not Locate 28 31 32 36 37 41
GC-710 11.1 Could Not Locate 3 3 3 4 4 4
GC-700 97.6 36"CMP 60 1878.0 1870.0 0.50% 38 43 44 49 51 57 27
GC-900 21.3 Could Not Locate 4 5 5 6 6 7

Hamilton Creek
Tolman Cr. Rd. 142.0 36" CMP 40 2300.0 2292.0 2291.5 1.25% 10 10 12 12 17 17 42
Tolman Cr. Rd. 91.8 24" CONC. 70 2184.0 2076.0 2075.5 0.71% 9 9 10 10 13 13 19

Hwy 99 292.1 4' X 6' BC 115 2151.5 2025.0 0.50% 29 29 35 35 46 47 219
School Field 292.1 24" HDPE 670 2131.0 2122.0 2086.0 5.37% 29 29 35 35 46 47 52
RR Tracks 352.8 8' ARCH 5' HIGH 60 2040.0 2020.0 0.50% 41 45 49 53 64 68 210

Mistletoe Rd. 352.8 48" CMP 480 2040.0 2038.0 2030.0 1.67% 41 45 49 53 64 68 105
Hwy 66 393.1 6' X 6' BC 80 1990.0 1972.0 0.50% 48 54 57 64 73 80 381

Hwy 66 @ YMCA 40.2 NO STRUCTURE 10 10 11 11 13 14

Clay Creek
Hwy 99 795.0 60" CMP 100 2130.0 2116.0 2115.5 0.50% 32 44 44 57 66 80 85

Diane St. 807.4 96" CMP 65 2084.7 2074.0 2073.6 0.62% 34 46 45 59 68 82 405
RR Tracks 851.4 8' X 4' BC 400 1998.0 1990.0 1986.0 1.00% 38 50 50 64 73 88 443
E. Main St. 885.3 36" CMP 50 1908.0 1902.0 1901.7 0.60% 41 53 53 67 77 92 29

Cemetery Creek
Clay St. 47.6 18" CMP 600 --- 1990.0 1980.0 1.67% 10 11 11 12 13 15 8

RR Tracks 199.0 36" CMP 70 1956.0 1948.5 1948.0 0.71% 46 50 52 56 63 67 32
36" CMP 70 1974.0 1964.5 1964.0 0.71% 32

E. Main St. 261.2 30" CMP 60 1894.0 1886.5 1886.0 0.83% 62 71 70 79 85 94 21
E. Main St. #2 24" CMP 60 1880.6 1872.5 1872.0 0.83% 12

Middle School
E. Main - East 33.5 24" CMP 55 1876.0 1871.0 1870.7 0.55% 4 8 5 9 7 10 9
E. Main - West 27.5 24" CMP 45 1876.0 1871.0 1870.8 0.44% 6 7 6 7 8 9 9

Beach Creek
Village Green Dr. 199.0 60" CMP 180 1838.0 1829.0 1827.0 1.11% 59 61 66 68 79 81 132

Kitchen Creek
Mountain Ave. 2838.0 72" CMP 110 1784.0 1773.0 1771.0 1.82% 491 491 574 574 716 716 275

Clear Creek
RR Tracks 27.4 1' X 2' BC 100 1867.0 1850.0 0.50% 12 13 13 14 16 16 8
Hersey St. 41.2 (2) 15" CONC. 80 1845.8 1839.0 0.50% 15 17 16 18 19 22 9
Crispin St. 45.2 36" CONC 50 1817.0 1812.0 0.50% 15 17 16 18 19 22 47

Wright's Creek
Orchard 79.0 30" CONC. 90 2238.0 2224.0 2220.0 4.44% 2 13 3 15 5 19 87

Wright's Creek Dr. 96.0 30" CONC. 90 2171.0 2162.0 2158.0 4.44% 5 17 6 20 9 24 87
Benjamin Ct. 197.0 42" CONC. 85 2197.0 2180.0 2176.0 4.71% 5 8 7 11 11 16 218

Hwy 99 2084.0 48" CONC. 160 1794.0 1782.0 1776.0 3.75% 117 130 152 166 215 230 278

STRUCTURES THAT WERE FOUND TO BE UNDERSIZED
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TABLE C-3.  DEVELOPING TIME OF CONCENTRATION FOR EACH BASIN

BASIN AREA AREA OVERLAND FLOW CHANNEL FLOW Tc Lag Tc MAIN CHANNEL

(ACRES) (SQ.MI) LENGTH DELTA H SLOPE VEL. LENGTH ELEV ELEV SLOPE VEL. HRS HRS MIN LENGTH U/S D/S SLOPE VEL. Cum.

FT FT % FT/SEC FT UP DOWN % FT/SEC FT ELEV. ELEV. % FT/SEC Tc

Tolman

1683 2.630 500 200 40.0% 1.6 10000 4600 2800 18.0% 4.2 0.74 0.44

Hwy 99 10000 2800 2130 6.7% 2.6 1.81 1.09 109

I-5 27 0.042 300 6 2.0% 1.0 500 2076 2055 4.2% 4.1 0.12 0.07 7 1800 2130 2055 4.2% 4.1 116

Crowson Rd. 25 0.039 400 20 5.0% 1.6 1200 2036 1965 5.9% 4.9 0.14 0.08 8 2100 2055 1965 4.3% 4.1 125

E. Main 36 0.056 100 6 6.0% 1.7 3000 1965 1942 0.8% 1.8 0.49 0.30 30 600 1965 1942 3.8% 3.9 127

Golf Course Basin

GC-100 41 0.064 200 8 4.0% 1.5 2000 2030 1940 4.5% 4.2 0.17 0.10 10

GC-200 6.1 0.010 600 14 2.3% 1.1 800 1948 1930 2.3% 3.0 0.23 0.14 14

GC-350 36 0.056 200 8 4.0% 1.5 2000 2800 2140 33.0% 11.5 0.09 0.05 5

GC-340 20.4 0.032 200 6 3.0% 1.3 600 1948 1910 6.3% 5.0 0.08 0.05 5

GC-330 15.4 0.024 200 8 4.0% 1.5 2000 2700 2140 28.0% 10.6 0.09 0.05 5

GC-320 6.8 0.011 100 6 6.0% 1.7 600 2136 2106 5.0% 4.5 0.05 0.03 3

GC-310 30.2 0.047 300 16 5.3% 1.6 1600 2100 2042 3.6% 3.8 0.17 0.10 10

GC-300 65.4 0.102 400 6 1.5% 0.8 2800 2000 1922 2.8% 3.3 0.37 0.22 22

GC-400 6.6 0.010 100 6 6.0% 1.7 800 1960 1910 6.3% 5.0 0.06 0.04 4

GC-500 73.2 0.114 400 20 5.0% 1.6 3000 2060 1905 5.2% 4.5 0.25 0.15 15

GC-600 11 0.017 100 4 4.0% 1.5 1200 1961 1900 5.1% 4.5 0.09 0.06 6

GC-740 55.8 0.087 200 6 3.0% 1.3 2200 2130 2030 4.5% 4.3 0.19 0.11 11

GC-730 32.2 0.050 300 8 2.7% 1.2 800 2060 1990 8.8% 5.9 0.11 0.06 6

GC-720 19.3 0.030 100 4 4.0% 1.5 1700 2030 1930 5.9% 4.9 0.12 0.07 7

GC-710 11.1 0.017 100 4 4.0% 1.5 1600 2018 1980 2.4% 3.1 0.16 0.10 10

GC-700 35 0.055 200 10 5.0% 1.6 1600 1950 1890 3.8% 3.9 0.15 0.09 9

GC-800 1.6 0.003 300 30 10.0% 2.3 400 1990 1930 15.0% 7.7 0.05 0.03 3

GC-900 21.3 0.033 200 6 3.0% 1.3 1200 1950 1840 9.2% 6.1 0.10 0.06 6

Hamilton Creek

H-100 142 0.222 600 200 33.3% 3.0 4000 3000 2330 16.8% 4.1 0.33 0.20 20

H-200 58.3 0.091 700 30 4.3% 1.6 2800 2172 2125 1.7% 1.3 0.72 0.43 43 2800 2172 2125 1.7% 2.6 38
H-250 91.8 0.143 2000 400 20.0% 3.0 2200 2340 2180 7.3% 2.7 0.41 0.25 25
H-300 60.7 0.095 400 16 4.0% 1.5 2800 2142 2016 4.5% 2.1 0.44 0.26 26 2600 2125 2016 4.2% 4.1 35
H-400 30.3 0.047 500 14 2.8% 1.2 900 2016 1978 4.2% 2.1 0.24 0.14 14 1500 2016 1978 2.5% 3.2 34
H-500 36.2 0.057 400 12 3.0% 1.3 2200 1976 1872 4.7% 2.2 0.37 0.22 22 2500 1978 1872 4.2% 4.1 24
H-510 31.4 0.049 400 14 3.5% 1.4 2000 1982 1914 3.4% 1.8 0.38 0.23 23
H-520 14.2 0.022 400 8 2.0% 1.0 800 2000 1980 2.5% 1.6 0.25 0.15 15
H-530 40.2 0.063 400 12 3.0% 1.3 2400 2125 2018 4.5% 2.1 0.40 0.24 24
H-540 7.8 0.012 100 4 4.0% 1.5 2200 1992 1872 5.5% 2.3 0.28 0.17 17
H-600 27.5 0.043 100 2 2.0% 1.0 4500 2018 1886 2.9% 1.7 0.76 0.45 45

Clay

Siskiyou Blvd. 795 1.242 2000 800 40.0% 1.6 11000 3200 2100 10.0% 3.2 1.31 0.79 79

Diane St. 12.4 0.019 600 36 6.0% 2.0 100 0 0 0.0% 0.0 0.08 0.05 5 700 2114 2074 5.7% 4.8 81

RR Tracks 44 0.069 600 50 8.3% 1.9 2000 2040 1990 2.5% 3.2 0.26 0.16 16 2400 2074 1990 3.5% 3.7 92

E. Main St. 33.9 0.053 700 14 2.0% 2.2 2600 1986 1902 3.2% 3.6 0.29 0.17 17 3000 1990 1902 2.9% 3.4 107

E. Main Basins
E-100 23.4 0.037 200 8 4.0% 1.5 1400 1964 1850 8.1% 2.9 0.17 0.10 10
E-200 1.6 0.003 200 20 10.0% 2.3 250 1906 1900 2.4% 1.5 0.07 0.04 4
E-300 2.9 0.005 200 4 2.0% 1.0 500 1920 1900 4.0% 2.0 0.13 0.08 8
E-310 1.8 0.003 250 20 8.0% 2.0 400 1916 1902 3.5% 1.9 0.09 0.06 6
E-320 23.7 0.037 300 8 2.7% 1.3 2400 1984 1910 3.1% 1.8 0.44 0.27 27
E-330 21.5 0.034 400 12 3.0% 1.3 2700 1980 1910 2.6% 1.6 0.55 0.33 33

Middle School

E. Main - East 33.5 0.052 600 10 1.7% 0.9 2000 1930 1871 3.0% 1.7 0.51 0.31 31

E. Main - West 27.5 0.043 600 12 2.0% 1.1 1200 1918 1871 3.9% 2.0 0.32 0.19 19

Kitchen

Mountain Ave. 2838 4.434 600 40 6.7% 1.9 28000 5200 1778 12.2% 7.0 1.20 0.72 72

Clear Creek

RR Tracks 27.4 0.043 400 18 4.5% 1.1 1000 1897 1868 2.9% 1.7 0.26 0.16 16

Hersey St. 13.8 0.022 200 8 4.0% 2.1 800 1860 1839 2.6% 1.6 0.16 0.10 10 800 1856 1839 2.1% 2.9 20

Crispen St. 4 0.006 50 2 4.0% 1.5 300 1832 1826 2.0% 1.4 0.07 0.04 4 450 1830 1826 0.9% 1.9 14

Wright's

Orchard 79 0.123 400 60 15.0% 0.4 3600 3000 2230 21.4% 4.6 0.49 0.30 30

Wright's Creek Dr. 96 0.150 400 60 15.0% 0.4 4100 3000 2160 20.5% 9.1 0.40 0.24 24

Benjamin Ct. 197 0.308 600 200 33.3% 1.4 8000 3800 2236 19.6% 8.8 0.37 0.22 22

Hwy 99 2084 3.256 2000 1000 50.0% 1.7 15000 3600 1800 12.0% 6.9 0.93 0.56 56



APPENDIX C.
TABLE C-4.  DEVELOPING PERVIOUS LAND USE SCS HYDROLOGIC CURVE NUMBERS (CN)

Forest Pasture & Open Space Lawns

B C D B C D B C D Existing Future

Pervious CN 55 70 77 69 79 84 61 74 80 Total Pervious Pervious

Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future (acreas) SCS CN SCS CN

(ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac)

Tolman

Hwy 99 340.0 340.0 1343.0 1343.0 1683.0 67 67

I-5 13.5 13.5 13.5 13.5 27.0 77 77

Crowson Rd. 12.5 12.5 12.5 12.5 25.0 77 77

E. Main 13.5 13.5 4.5 18.0 4.5 18.0 36.0 75 71

Golf Course Basin

GC-100 41.0 41.0 41.0 80 80

GC-200 6.1 6.1 6.1 80 80

GC-350 30.0 30.0 6.0 6.0 36.0 72 72

GC-340 20.4 20.4 20.4 84 84

GC-330 11.4 11.4 4.0 4.0 15.4 73 73

GC-320 6.8 6.8 6.8 84 84

GC-310 15.1 15.1 30.2 30.2 82 80

GC-300 65.4 65.4 65.4 80 80

GC-400 6.6 6.6 6.6 80 80

GC-500 20.0 53.2 73.2 73.2 81 80

GC-600 5.5 5.5 11.0 11.0 82 80

GC-740 5.0 50.8 55.8 55.8 80 80

GC-730 24.0 8.2 32.2 32.2 83 80

GC-720 8.0 11.3 19.3 19.3 82 80

GC-710 5.0 6.1 11.1 11.1 82 80

GC-700 30.0 5.0 35.0 35.0 83 80

GC-800 1.6 1.6 1.6 84 80

GC-900 21.3 21.3 21.3 84 80

Hamilton Creek

H-100 36.0 36.0 36.0 36.0 35.0 35.0 35.0 35.0 142.0 68 68

H-200 13.3 13.3 10.0 10.0 17.5 17.5 17.5 17.5 58.3 72 72

H-250 21.8 21.8 15.0 15.0 20.0 20.0 15.0 15.0 20.0 20.0 91.8 72 72

H-300 30.7 30.0 60.7 60.7 82 80

H-400 30.3 30.3 30.3 84 84

H-500 36.2 36.2 36.2 84 80

H-510 11.4 20.0 31.4 31.4 81 80

H-520 14.2 14.2 14.2 84 80

H-530 8.2 32.0 40.2 40.2 81 80

H-540 7.8 7.8 7.8 80 80

H-600 27.5 27.5 27.5 84 80

Clay Basin

U/S of Siskiyou Blvd 384.0 354.5 384.0 354.5 27.0 86.0 795.0 63 64

U/S of Diane St. 0.6 0.6 2.8 9.0 11.8 12.4 80 79

U/S of RR Tracks 2.0 4.0 10.0 30.0 42.0 44.0 80 79

U/S of E. Main St. 10.0 10.0 18.7 18.7 28.7 81 81

E. Main Basins

E-100 23.4 23.4 23.4 84 80

E-200 1.0 0.6 1.6 1.6 83 80

E-300 2.9 2.9 2.9 84 80

E-310 1.0 0.8 1.8 1.8 82 80

E-320 23.7 23.7 23.7 84 80

E-330 21.5 21.5 21.5 84 80

Middle School

East 8.0 8.0 9.0 10.5 8.0 23.0 33.3 73 75

West 3.5 4.0 10.0 20.0 10.0 7.5 27.5 72 66

Kitchen

Mountain Ave. 568.0 568.0 2270.0 2270.0 2838.0 83 83

Clear Creek

RR Tracks 27.4 27.4 27.4 80 80

Hersey St. 13.8 13.8 13.8 84 80

Crispen St. 4.0 4.0 4.0 80 80

Wright's

Orchard 59.0 20.0 79.0 79.0 59 74

Wright's Creek Dr. 59.0 20.0 17.0 96.0 96.0 61 74

Benjamin Ct. 148.0 148.0 49.0 49.0 197.0 58 60

Hwy 99 521.0 521.0 1042.0 1042.0 471.0 441.0 50.0 80.0 2084.0 66 66

TC4.xls 1 11/20/2002



APPENDIX C.
TABLE C-5.  DEVELOPING IMPERVIOUS LAND AMOUNTS FOR EXISTING AND FUTURE CONDITIONS

0 Impervious Multi Family 3,500 SqFt 5,000 SqFt 7,500 SqFt 10,000 SqFt 0.5 Acre 1 Acre Com. & ROW Industrial Existing Future Existing Future

Impervious % 0% 65% 60% 50% 45% 38% 25% 20% 80% 60% Area Impervious Impervious Impervious Impervious

Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future Exist Future (acreas) % % Area Area

(ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac) (ac)

Tolman

Hwy 99 1683 1683 1683 0% 0% 0.0 0.0

I-5 17.0 17.0 10.0 10.0 27.0 7% 7% 2.0 2.0

Crowson Rd. 15.0 15.0 10.0 10.0 25.0 8% 8% 2.0 2.0

E. Main 27.0 9.0 36.0 36.0 10% 38% 3.4 13.7

Golf Course Basin

GC-100 30.3 30.3 10.7 10.7 41.0 12% 12% 4.8 4.8

GC-200 6.1 6.1 6.1 0% 0% 0.0 0.0

GC-350 36.0 36.0 36.0 0% 0% 0.0 0.0

GC-340 10.2 10.2 20.4 20.4 30% 60% 6.1 12.2

GC-330 15.4 15.4 15.4 0% 0% 0.0 0.0

GC-320 0.8 6.0 6.8 6.8 57% 65% 3.9 4.4

GC-310 15.1 15.1 30.2 30.2 40% 80% 12.1 24.2

GC-300 30.0 30.0 35.4 35.4 65.4 24% 24% 15.9 15.9

GC-400 2.0 2.0 4.6 4.6 6.6 31% 31% 2.1 2.1

GC-500 19.1 35.0 35.0 19.1 38.2 73.2 42% 63% 31.0 46.3

GC-600 5.5 5.5 11.0 11.0 40% 80% 4.4 8.8

GC-740 5.0 50.8 55.8 55.8 73% 80% 40.6 44.6

GC-730 24.0 8.2 32.2 32.2 20% 80% 6.6 25.8

GC-720 8.0 11.3 19.3 19.3 47% 80% 9.0 15.4

GC-710 5.0 6.1 11.1 11.1 44% 80% 4.9 8.9

GC-700 30.0 30.0 5.0 5.0 35.0 11% 50% 4.0 17.5

GC-800 1.6 1.6 1.6 0% 45% 0.0 0.7

GC-900 21.3 21.3 21.3 0% 45% 0.0 9.6

Hamilton Creek

H-100 142.0 142.0 142.0 0% 0% 0.0 0.0

H-200 23.3 23.3 35.0 35.0 58.3 27% 27% 15.8 15.8

H-250 51.8 41.8 40.0 50.0 91.8 20% 25% 18.0 22.5

H-300 38.7 35.7 10.0 12.0 25.0 60.7 22% 62% 13.4 37.9

H-400 15.3 15.0 30.3 30.3 40% 80% 12.0 24.2

H-500 18.1 18.1 36.2 36.2 40% 80% 14.5 29.0

H-510 16.4 5.0 21.4 10.0 10.0 31.4 33% 60% 10.5 18.7

H-520 10.0 4.2 14.2 14.2 24% 80% 3.4 11.4

H-530 5.2 5.2 25.0 25.0 10.0 10.0 40.2 48% 54% 19.3 21.9

H-540 7.8 7.8 7.8 80% 80% 6.2 6.2

H-600 7.5 7.5 2.0 2.0 9.5 17% 56% 1.6 5.4

Clay Basin

U/S of Siskiyou Blvd 768.0 709.0 27.0 86.0 795.0 2% 5% 12.2 38.7

U/S of Diane St. 3.4 0.0 4.0 4.0 5.0 8.4 12.4 41% 55% 5.1 6.8

U/S of RR Tracks 14.0 0.0 29.0 41.5 1.0 2.5 44.0 35% 52% 15.3 22.8

U/S of E. Main St. 10.0 10.0 12.4 12.4 6.3 6.3 5.2 5.2 33.9 47% 47% 16.0 16.0

E. Main Basins

E-100 23.4 23.4 23.4 0% 50% 0.0 11.7

E-200 1.0 0.6 1.6 1.6 30% 80% 0.5 1.3

E-300 2.9 2.9 2.9 0% 50% 0.0 1.5

E-310 1.0 0.8 1.8 1.8 36% 80% 0.6 1.4

E-320 23.7 23.7 23.7 0% 50% 0.0 11.9

E-330 21.5 21.5 21.5 0% 50% 0.0 10.8

Middle School

E. Main - East 16.0 33.5 17.5 33.5 13% 50% 4.4 16.8

E. Main - West 7.5 20.0 27.5 27.5 44% 60% 12.0 16.5

Kitchen

Mountain Ave. 2838 2838 2838 0% 0% 0.0 0.0

Clear Creek

RR Tracks 12.4 12.4 2.5 2.5 12.5 12.5 27.4 55% 55% 15.1 15.1

Hersey St. 13.8 6.9 6.9 13.8 0% 55% 0.0 7.6

Crispen St. 4.0 4.0 4.0 50% 50% 2.0 2.0

Wright's

Orchard 79.0 10.0 69.0 79.0 0% 28% 0.0 21.8

Wright's Creek Dr. 79.0 17.0 27.0 69.0 96.0 8% 31% 7.7 29.4

Benjamin Ct. 197.0 148.0 49.0 197.0 0% 6% 0.0 12.3

Hwy 99 2034 1795 50.0 70.0 219.0 2084 1% 4% 22.5 86.3

TC5.xls 1 11/20/2002



APPENDIX C. 
HEC-1 MODELING FOR TOLMAN CREEK 

AND GOLF COURSE BASINS     

HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: tolman.hc1                                                         

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  04/19/1999  TIME  17:54:25 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                                X     X  XXXXXXX   XXXXX           X  
                                                X     X  X        X     X         XX  
                                                X     X  X        X                X  
                                                XXXXXXX  XXXX     X        XXXXX   X  
                                                X     X  X        X                X  
                                                X     X  X        X     X          X  
                                                X     X  XXXXXXX   XXXXX          XXX     

                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::                                     ::: 
                                            :::  Full Microcomputer Implementation  ::: 
                                            :::                 by                  ::: 
                                            :::        Haestad Methods, Inc.        ::: 
                                            :::                                     ::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::::::::::::::::::::::::::::::::::::::::::  

                                 37 Brookside Road * Waterbury, Connecticut  06708 * (203) 755-1666      

           THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.  

           THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
           THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
           NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
           DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION 
           KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM   



                                                       HEC-1 INPUT                                             PAGE  1  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10  

             1           ID            CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
             2           ID            EXISTING AND BUILT-OUT CONDITIONS                                    
             3           ID            RAINFALL DISTRIBUTION - SCS 1A                                       
             4           ID            PREPARED BY KCM INC., MARCH, 1999                                    
             5           ID            TOLMAN CREEK AND GOLF COURSE BASINS                                  
             6           IT       2                    1080                                                 
             7           IO       5       0                                                                 
             8           JP       2                                                                         
                         *           2-YR    5-YR    10-YR   25-YR   50-YR   100-YR                       
             9           JR    PREC     2.0     2.5     3.0     3.2     3.5     4.0                         
                         *                                                                                 

            10           KK    T100  TOLMAN CREEK UPSTREAM OF HWY 99                                        
            11           KM            RUNOFF FROM BASIN T100                                               
            12           BA   2.630                                                                         
            13           BF    -1.0    -.07    1.07                                                         
            14           IN      30                                                                         
            15           PC    .010    .013    .025    .038    .050    .067    .083    .102    .120    .141 
            16           PC    .162    .194    .225    .257    .288    .335    .383    .436    .488    .529 
            17           PC    .569    .592    .614    .637    .660    .679    .698    .717    .735    .752 
            18           PC    .768    .783    .797    .812    .826    .841    .855    .870    .884    .897 
            19           PC    .910    .923    .935    .947    .959    .969    .979    .990    1.00         
            20           LS       0      67       0                                                         
            21           UD     .44                                                                         
                         *           FUTURE HYDROLOGY                                                     
            22           KP       2                                                                         
            23           LS       0      67       0                                                         
            24           UD     .44                                                                         
                         *                                                                                 

            25           KK  RTT100                                                                         
            26           KM            ROUTE BASIN T100                                                     
            27           RT       0               4                                                         
                         *                                                                                 

            28           KK    T200  TOLMAN CREEK BETWEEN HWY 99 & I-5                                      
            29           KM            RUNOFF FROM BASIN T200                                               
            30           BA   0.042                                                                         
            31           LS       0      77       7                                                         
            32           UD     .07                                                                         
                         *           FUTURE HYDROLOGY                                                     
            33           KP       2                                                                         
            34           LS       0      77       7                                                         
            35           UD     .07                                                                         
                         *                                                                                 

            36           KK    CMB1  COMBINE T100 & T200                                                    
            37           KM            TOLMAN CREEK FLOW AT I-5                                             
            38           HC       2                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  2  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

            39           KK  RTT200  ROUTE FLOW BETWEEN I-5 & CROWSON ROAD                                  
            40           KM            ROUTE CMB1                                                           
            41           RT       5                                                                         
                         *                                                                                 

            42           KK    T300  TOLMAN CREEK BETWEEN I-5 & CROWSON ROAD                                
            43           KM            RUNOFF FROM BASIN T300                                               
            44           BA   0.039                                                                         
            45           LS       0      77       8                                                         
            46           UD     .08                                                                         
                         *                                                                                
            47           KP       2                                                                         
            48           LS       0      77       8                                                         
            49           UD     .08                                                                         
                         *                                                                                 

            50           KK    CMB2  COMBINE T300 & CMB1                                                    
            51           KM            TOLMAN CREEK FLOW AT CROWSON ROAD                                    
            52           HC       2                                                                         
                         *                                                                                 

            53           KK  RTT300  ROUTE FLOW BETWEEN CROWSON ROAD AND EAST MAIN                          
            54           KM            ROUTE CMB2                                                           
            55           RT       1                                                                         
                         *                                                                                 

            56           KK    T400  RUNOFF FROM BAISN BETWEEN CROWSON ROAD & E. MAIN                       
            57           KM            RUNOFF FROM BASIN T400                                               
            58           BA    .056                                                                         
            59           LS       0      75      10                                                         
            60           UD      .3                                                                         
                         *           FUTURE HYDROLOGY                                                     
            61           KP       2                                                                         
            62           LS       0      71      38                                                         
            63           UD      .3                                                                         
                         *                                                                                 

            64           KK    CMB3  COMBINE CMB2 & T400                                                    
            65           KM            TOLMAN CREEK FLOWS AT E. MAIN                                        
            66           HC       2                                                                         
                         *                                                                                
                         * GOLF COURSE AREA                                                               
                         *                                                                                 

            67           KK    G100                                                                         
            68           KM            RUNOFF FROM BASIN G100                                               
            69           BA   0.064                                                                         
            70           LS       0      80      12                                                         
            71           UD    0.10                                                                         
                         *           FUTURE HYDROLOGY                                                     
            72           KP       2                                                                         
            73           LS       0      80      12                                                         
            74           UD    0.10                                                                         
                         *                                                                                
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          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

            75           KK    G200                                                                         
            76           KM            RUNOFF FROM BASIN G200                                               
            77           BA   0.010                                                                         
            78           LS       0      80       0                                                         
            79           UD    0.14                                                                         
                         *                                                                                
            80           KP       2                                                                         
            81           LS       0      80       0                                                         
            82           UD    0.14                                                                         
                         *                                                                                 

            83           KK    G350                                                                         
            84           KM            RUNOFF FROM BASIN G-350                                              
            85           BA   0.056                                                                         
            86           LS       0      72       0                                                         
            87           UD    0.05                                                                         
                         *           FUTURE HYDROLOGY                                                     
            88           KP       2                                                                         
            89           LS       0      72       0                                                         
            90           UD    0.05                                                                         
                         *                                                                                 

            91           KK    G340                                                                         
            92           KM            RUNOFF FROM G-340                                                    
            93           BA   0.032                                                                         
            94           LS       0      84      30                                                         
            95           UD    0.08                                                                         
                         *                                                                                
            96           KP       2                                                                         
            97           LS       0      84      60                                                         
            98           UD    0.08                                                                         
                         *                                                                                 

            99           KK    CMB4                                                                         
           100           KM            COMBINE G340 & G350                                                  
           101           HC       2                                                                         
                         *                                                                                 

           102           KK    G330                                                                         
           103           KM            RUNOFF FROM G-330                                                    
           104           BA   0.024                                                                         
           105           LS       0      73       0                                                         
           106           UD    0.09                                                                         
                         *           FUTURE HYDROLOGY                                                     
           107           KP       2                                                                         
           108           LS       0      73       0                                                         
           109           UD    0.09                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  4  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

           110           KK    G320                                                                         
           111           KM            RUNOFF FROM BASIN G-320                                              
           112           BA   0.011                                                                         
           113           LS       0      84      57                                                         
           114           UD     .03                                                                         
                         *           FUTURE HYDROLOGY                                                      
          115           KP       2                                                                         

           116           LS       0      84      65                                                         
           117           UD     .03                                                                         
                         *                                                                                 

           118           KK    CMB5                                                                         
           119           KM            COMBINE G330 & G320                                                  
           120           HC       2                                                                         
                         *                                                                                 

           121           KK    G310                                                                         
           122           KM            RUNOFF FROM BASIN G-310                                              
           123           BA   0.047                                                                         
           124           LS       0      82      40                                                         
           125           UD    0.10                                                                         
                         *           FUTURE HYDROLOGY                                                     
           126           KP       2                                                                         
           127           LS       0      80      80                                                         
           128           UD    0.10                                                                         
                         *                                                                                 

           129           KK    CMB6                                                                         
           130           KM            COMBINE G310 & G320 & G340                                           
           131           HC       3                                                                         
                         *                                                                                 

           132           KK     RT4                                                                         
           133           KM            ROUTE COMBINE 6                                                      
           134           RT       0               6                                                         
                         *                                                                                 

           135           KK    G300                                                                         
           136           KM            RUNOFF FROM BASIN G300                                               
           137           BA   0.102                                                                         
           138           LS       0      80      24                                                         
           139           UD    0.22                                                                         
                         *                                                                                
           140           KP       2                                                                         
           141           LS       0      80      24                                                         
           142           UD    0.22                                                                         
                         *                                                                                 

           143           KK    CMB7                                                                         
           144           KM            COMBINE G300 & G310                                                  
           145           HC       2                                                                         
                         *                                                                                
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          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

           146           KK    G400                                                                         
           147           KM            BASIN G400                                                           
           148           BA   0.010                                                                         
           149           LS       0      80      31                                                         
           150           UD    0.04                                                                         
                         *                                                                                
           151           KP       2                                                                         
           152           LS       0      80      31                                                         
           153           UD    0.04                                                                         
                         *                                                                                 

           154           KK    G500                                                                         
           155           KM            BASIN G500                                                           
           156           BA   0.114                                                                         
           157           LS       0      81      42                                                         
           158           UD    0.15                                                                         
                         *                                                                                
           159           KP       2                                                                         
           160           LS       0      80      63                                                         
           161           UD    0.15                                                                         
                         *                                                                                 

           162           KK    CMB8                                                                         
           163           KM            COMBINE G500 & G400                                                  
           164           HC       2                                                                         
                         *                                                                                 

           165           KK    G600                                                                         
           166           KM            BASIN G600                                                           
           167           BA   0.017                                                                         
           168           LS       0      82      40                                                         
           169           UD    0.06                                                                         
                         *                                                                                
           170           KP       2                                                                         
           171           LS       0      80      80                                                         
           172           UD    0.06                                                                         
                         *                                                                                 

           173           KK    G740                                                                         
           174           KM            BASIN G740                                                           
           175           BA   0.087                                                                         
           176           LS       0      80      73                                                         
           177           UD    0.11                                                                         
                         *                                                                                
           178           KP       2                                                                         
           179           LS       0      80      80                                                         
           180           UD    0.11                                                                         
                         *                                                                                
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          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

           181           KK     RT5                                                                         
           182           KM            ROUTE G740                                                           
           183           RT       0               3                                                         
                         *                                                                                 

           184           KK    G730                                                                         
           185           KM            BASIN G730                                                           
           186           BA    0.05                                                                         
           187           LS       0      83      20                                                         
           188           UD    0.06                                                                         
                         *                                                                                
           189           KP       2                                                                         
           190           LS       0      80      80                                                         
           191           UD    0.06                                                                         
                         *                                                                                 

           192           KK    CMB9                                                                         
           193           KM            COMBINE G730 & G740                                                  
           194           HC       2                                                                         
                         *                                                                                 

           195           KK    G720                                                                         
           196           KM            BASIN G720                                                           
           197           BA    0.03                                                                         
           198           LS       0      82      47                                                         
           199           UD    0.07                                                                         
                         *                                                                                
           200           KP       2                                                                         
           201           LS       0      80      80                                                         
           202           UD    0.07                                                                         
                         *                                                                                 

           203           KK   CMB10                                                                         
           204           KM            COMBINE G720 & G730                                                  
           205           HC       2                                                                         
                         *                                                                                 

           206           KK    G710                                                                         
           207           KM            BASIN G710                                                           
           208           BA   0.017                                                                         
           209           LS       0      82      44                                                         
           210           UD    0.10                                                                         
                         *                                                                                
           211           KP       2                                                                         
           212           LS       0      80      80                                                         
           213           UD    0.10                                                                         
                         *                                                                                 

           214           KK   CMB11                                                                         
           215           KM            COMBINE G710 & CMB10                                                 
           216           HC       2                                                                         
                         *                                                                                
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          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

           217           KK     RT6                                                                         
           218           KM            ROUTE CMB11                                                          
           219           RT       3                                                                         
                         *                                                                                 

           220           KK    G700                                                                         
           221           KM            BASIN G700                                                           
           222           BA   0.055                                                                         
           223           LS       0      83      11                                                         
           224           UD    0.09                                                                         
                         *                                                                                
           225           KP       2                                                                         
           226           LS       0      80      50                                                         
           227           UD    0.09                                                                         
                         *                                                                                 

           228           KK   CMB12                                                                         
           229           KM            COMBINE G700 & CMB11                                                 
           230           HC       2                                                                         
                         *                                                                                 

           231           KK    G800                                                                         
           232           KM            BASIN G800                                                           
           233           BA   0.003                                                                         
           234           LS       0      84       0                                                         
           235           UD    0.03                                                                         
                         *                                                                                
           236           KP       2                                                                         
           237           LS       0      80      45                                                         
           238           UD    0.03                                                                         
                         *                                                                                 

           239           KK    G900                                                                         
           240           KM            BASIN G900                                                           
           241           BA   0.033                                                                         
           242           LS       0      84       0                                                         
           243           UD    0.06                                                                         
                         *                                                                                
           244           KP       2                                                                         
           245           LS       0      80      45                                                         
           246           UD    0.06                                                                         
                         *                                                                                
           247           ZZ                                                                                 



HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: tolman.hc1                                                         

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  04/19/1999  TIME  17:54:25 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                    CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
                                    EXISTING AND BUILT-OUT CONDITIONS                                    
                                    RAINFALL DISTRIBUTION - SCS 1A                                       
                                    PREPARED BY KCM INC., MARCH, 1999                                    
                                    TOLMAN CREEK AND GOLF COURSE BASINS                                   

   7 IO          OUTPUT CONTROL VARIABLES 
                       IPRNT           5  PRINT CONTROL 
                       IPLOT           0  PLOT CONTROL 
                       QSCAL          0.  HYDROGRAPH PLOT SCALE  

     IT          HYDROGRAPH TIME DATA 
                        NMIN           2  MINUTES IN COMPUTATION INTERVAL 
                       IDATE      1    0  STARTING DATE 
                       ITIME        0000  STARTING TIME 
                          NQ        1080  NUMBER OF HYDROGRAPH ORDINATES 
                      NDDATE      2    0  ENDING DATE 
                      NDTIME        1158  ENDING TIME 
                      ICENT           19  CENTURY MARK  

                   COMPUTATION INTERVAL    0.03 HOURS 
                        TOTAL TIME BASE   35.97 HOURS  

          ENGLISH UNITS 
               DRAINAGE AREA         SQUARE MILES 
               PRECIPITATION DEPTH   INCHES 
               LENGTH, ELEVATION     FEET 
               FLOW                  CUBIC FEET PER SECOND 
               STORAGE VOLUME        ACRE-FEET 
               SURFACE AREA          ACRES 
               TEMPERATURE           DEGREES FAHRENHEIT  

     JP          MULTI-PLAN OPTION 
                       NPLAN           2  NUMBER OF PLANS  

     JR          MULTI-RATIO OPTION 
                     RATIOS OF PRECIPITATION 
                    2.00      2.50      3.00      3.20      3.50      4.00 



  
               PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS 
                                 FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES 
                                                 TIME TO PEAK IN HOURS   

                                                          RATIOS APPLIED TO PRECIPITATION 
OPERATION       STATION     AREA    PLAN            RATIO 1  RATIO 2  RATIO 3  RATIO 4  RATIO 5  RATIO 6 
                                                       2.00     2.50     3.00     3.20     3.50     4.00  

HYDROGRAPH AT 
                   T100      2.63     1   FLOW          25.      43.      84.     102.     131.     184. 
                                          TIME        18.83    18.80    10.17    10.17    10.13    10.13 
                                      2   FLOW          25.      43.      84.     102.     131.     184.  
                                         TIME        18.83    18.80    10.17    10.17    10.13    10.13  

ROUTED TO 
                 RTT100      2.63     1   FLOW          25.      43.      84.     102.     131.     184. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.27 
                                      2   FLOW          25.      43.      84.     102.     131.     184. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.27  

HYDROGRAPH AT 
                   T200      0.04     1   FLOW           1.       2.       4.       4.       5.       6. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           1.       2.       4.       4.       5.       6. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB1      2.67     1   FLOW          25.      44.      86.     104.     134.     187. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.23 
                                      2   FLOW          25.      44.      86.     104.     134.     187. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.23  

ROUTED TO 
                 RTT200      2.67     1   FLOW          25.      44.      86.     104.     134.     187. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.23 
                                      2   FLOW          25.      44.      86.     104.     134.     187. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.23  

HYDROGRAPH AT 
                   T300      0.04     1   FLOW           1.       2.       3.       4.       5.       6. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           1.       2.       3.       4.       5.       6. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB2      2.71     1   FLOW          26.      46.      88.     106.     136.     191. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.03 
                                      2   FLOW          26.      46.      88.     106.     136.     191. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.03  

ROUTED TO 
                 RTT300      2.71     1   FLOW          26.      46.      88.     106.     136.     191. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.03 
                                      2   FLOW          26.      46.      88.     106.     136.     191. 
                                          TIME        18.97    18.93    10.30    10.30    10.27    10.03  

HYDROGRAPH AT 
                   T400      0.06     1   FLOW           2.       3.       4.       5.       6.       7. 
                                          TIME        10.07     9.17     9.13     9.13     9.13     9.10 
                                      2   FLOW           3.       4.       6.       6.       7.       9. 
                                          TIME         9.10     9.10     9.10     9.10     9.07     9.07  

 2 COMBINED AT 
                   CMB3      2.77     1   FLOW          27.      47.      91.     110.     141.     197. 
                                          TIME        18.93    10.37    10.30    10.27    10.27    10.03 
                                      2   FLOW          27.      48.      92.     111.     142.     198. 
                                          TIME        18.93    10.33    10.30    10.27    10.23    10.03  

HYDROGRAPH AT 
                   G100      0.06     1   FLOW           3.       5.       7.       8.       9.      11. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           3.       5.       7.       8.       9.      11. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G200      0.01     1   FLOW           0.       1.       1.       1.       1.       2. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW           0.       1.       1.       1.       1.       2. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03  

HYDROGRAPH AT 
                   G350      0.06     1   FLOW           1.       2.       3.       4.       4.       6. 
                                          TIME        10.00    10.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           1.       2.       3.       4.       4.       6. 
                                          TIME        10.00    10.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G340      0.03     1   FLOW           3.       4.       5.       5.       6.       7. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           3.       4.       5.       6.       6.       8. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  



 2 COMBINED AT 
                   CMB4      0.09     1   FLOW           3.       5.       8.       8.      10.      13. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           4.       6.       8.       9.      11.      13. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G330      0.02     1   FLOW           0.       1.       1.       2.       2.       3. 
                                          TIME        10.00    10.00     9.03     9.00     9.00     9.00 
                                      2   FLOW           0.       1.       1.       2.       2.       3. 
                                          TIME        10.00    10.00     9.03     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G320      0.01     1   FLOW           1.       1.       2.       2.       2.       3. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           1.       2.       2.       2.       2.       3. 
                                          TIME         9.00     9.00     9.00     8.50     8.50     8.50  

 2 COMBINED AT 
                   CMB5      0.04     1   FLOW           1.       2.       3.       4.       4.       5. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           1.       2.       3.       4.       4.       5. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G310      0.05     1   FLOW           4.       5.       7.       7.       8.      10. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           5.       7.       9.       9.      10.      12. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

 3 COMBINED AT 
                   CMB6      0.17     1   FLOW           8.      13.      17.      19.      22.      28. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          11.      15.      20.      22.      25.      30. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

ROUTED TO 
                    RT4      0.17     1   FLOW           8.      13.      17.      19.      22.      28. 
                                          TIME         9.20     9.20     9.20     9.20     9.20     9.20 
                                      2   FLOW          11.      15.      20.      22.      25.      30. 
                                          TIME         9.20     9.20     9.20     9.20     9.20     9.20  

HYDROGRAPH AT 
                   G300      0.10     1   FLOW           6.       9.      12.      13.      15.      18. 
                                          TIME         9.07     9.07     9.07     9.03     9.03     9.03 
                                      2   FLOW           6.       9.      12.      13.      15.      18. 
                                          TIME         9.07     9.07     9.07     9.03     9.03     9.03  

 2 COMBINED AT 
                   CMB7      0.27     1   FLOW          14.      21.      29.      32.      37.      46. 
                                          TIME         9.13     9.10     9.10     9.10     9.10     9.10 
                                      2   FLOW          17.      24.      32.      35.      40.      48. 
                                          TIME         9.10     9.10     9.10     9.10     9.10     9.10  

HYDROGRAPH AT 
                   G400      0.01     1   FLOW           1.       1.       1.       1.       2.       2. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           1.       1.       1.       1.       2.       2. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G500      0.11     1   FLOW           9.      12.      16.      18.      20.      24. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          11.      15.      18.      20.      22.      26. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB8      0.12     1   FLOW          10.      13.      17.      19.      21.      25. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          12.      16.      20.      21.      24.      28. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G600      0.02     1   FLOW           1.       2.       2.       3.       3.       4. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           2.       3.       3.       3.       4.       4. 
                                          TIME         8.50     8.50     8.50     8.50     8.50     8.50  

HYDROGRAPH AT 
                   G740      0.09     1   FLOW           9.      12.      15.      16.      18.      21. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53 
                                      2   FLOW          10.      13.      16.      17.      19.      22. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

ROUTED TO 
                    RT5      0.09     1   FLOW           9.      12.      15.      16.      18.      21. 
                                          TIME         8.63     8.63     8.63     8.63     8.63     8.63 
                                      2   FLOW          10.      13.      16.      17.      19.      22. 
                                          TIME         8.63     8.63     8.63     8.63     8.63     8.63  

HYDROGRAPH AT  
                  G730      0.05     1   FLOW           3.       5.       6.       7.       8.      10. 

                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           6.       7.       9.      10.      11.      12. 
                                          TIME         8.50     8.50     8.50     8.50     8.50     8.50 



 
 2 COMBINED AT 
                   CMB9      0.14     1   FLOW          13.      17.      21.      23.      26.      30. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          16.      20.      25.      27.      29.      34. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

HYDROGRAPH AT 
                   G720      0.03     1   FLOW           3.       4.       5.       5.       6.       7. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           3.       4.       5.       6.       6.       7. 
                                          TIME         8.50     8.50     8.50     8.50     8.50     8.50  

 2 COMBINED AT 
                  CMB10      0.17     1   FLOW          15.      21.      26.      28.      31.      37. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          19.      25.      30.      32.      36.      41. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

HYDROGRAPH AT 
                   G710      0.02     1   FLOW           1.       2.       3.       3.       3.       4. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           2.       3.       3.       3.       4.       4. 
                                          TIME         8.50     8.50     8.50     8.50     8.50     8.50  

 2 COMBINED AT 
                  CMB11      0.18     1   FLOW          17.      22.      28.      31.      34.      41. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          21.      27.      33.      36.      39.      46. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

ROUTED TO 
                    RT6      0.18     1   FLOW          17.      22.      28.      31.      34.      41. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          21.      27.      33.      36.      39.      46. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

HYDROGRAPH AT 
                   G700      0.05     1   FLOW           3.       5.       7.       7.       8.      10. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           5.       6.       8.       9.      10.      12. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                  CMB12      0.24     1   FLOW          20.      27.      35.      38.      43.      51. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          26.      33.      41.      44.      49.      57. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

HYDROGRAPH AT 
                   G800      0.00     1   FLOW           0.       0.       0.       0.       0.       1. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           0.       0.       0.       0.       1.       1. 
                                          TIME         8.97     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   G900      0.03     1   FLOW           2.       3.       4.       4.       5.       6. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           3.       4.       5.       5.       6.       7. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00    

*** NORMAL END OF HEC-1 *** 



APPENDIX C. 
HEC-1 MODELING FO HAMILTON CREEK AND  

BASINS ALONG E. MAIN AVENUE       

HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: ASHLAND.hc1                                                        

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  03/18/1999  TIME  21:58:23 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                                X     X  XXXXXXX   XXXXX           X  
                                                X     X  X        X     X         XX  
                                                X     X  X        X                X  
                                                XXXXXXX  XXXX     X        XXXXX   X  
                                                X     X  X        X                X  
                                                X     X  X        X     X          X  
                                                X     X  XXXXXXX   XXXXX          XXX     

                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::                                     ::: 
                                            :::  Full Microcomputer Implementation  ::: 
                                            :::                 by                  ::: 
                                            :::        Haestad Methods, Inc.        ::: 
                                            :::                                     ::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::::::::::::::::::::::::::::::::::::::::::  

                                 37 Brookside Road * Waterbury, Connecticut  06708 * (203) 755-1666      

           THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.  

           THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
           THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
           NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
           DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION 
           KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM   



                                                       HEC-1 INPUT                                             PAGE  1  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10  

             1           ID            CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
             2           ID            CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
             3           ID            EXISTING AND BUILT-OUT CONDITIONS                                    
             4           ID            RAINFALL DISTRIBUTION - SCS 1A                                       
             5           ID            PREPARED BY KCM INC., MARCH, 1999                                    
             6           ID            HAMILTON CREEK AND BASINS AROUND E. MAIN & I-5                       
             7           IT       2                    1080                                                 
             8           IO       5       0                                                                 
             9           JP       2                                                                         
                         *           2-YR    5-YR    10-YR   25-YR   50-YR   100-YR                       
            10           JR    PREC     2.0     2.5     3.0     3.2     3.5     4.0                         
                         *                                                                                 

            11           KK    H100                                                                         
            12           KM            RUNOFF FROM BASIN H100                                               
            13           BA   0.222                                                                         
            14           BF    -1.0    -.07    1.07                                                         
            15           IN      30                                                                         
            16           PC    .010    .013    .025    .038    .050    .067    .083    .102    .120    .141 
            17           PC    .162    .194    .225    .257    .288    .335    .383    .436    .488    .529 
            18           PC    .569    .592    .614    .637    .660    .679    .698    .717    .735    .752 
            19           PC    .768    .783    .797    .812    .826    .841    .855    .870    .884    .897 
            20           PC    .910    .923    .935    .947    .959    .969    .979    .990    1.00         
            21           LS       0      68       0                                                         
            22           UD     .20                                                                         
                         *           FUTURE HYDROLOGY                                                     
            23           KP       2                                                                         
            24           LS       0      68       0                                                         
            25           UD    0.20                                                                         
                         *                                                                                 

            26           KK  RTH100                                                                         
            27           KM            ROUTE BASIN H100                                                     
            28           RT       0              19                                                         
                         *                                                                                 

            29           KK    H200                                                                         
            30           KM            RUNOFF FROM BASIN H200                                               
            31           BA   0.091                                                                         
            32           LS       0      72      27                                                         
            33           UD     .43                                                                         
                         *           FUTURE HYDROLOGY                                                     
            34           KP       2                                                                         
            35           LS       0      72      27                                                         
            36           UD     .43                                                                         
                         *                                                                                 

            37           KK    H250                                                                         
            38           KM            RUNOFF FROM BASIN H250                                               
            39           BA   0.143                                                                         
            40           LS       0      72      20                                                         
            41           UD    0.25                                                                         
                         *           FUTURE HYDROLOGY                                                     
            42           KP       2                                                                         
            43           LS       0      72      25                                                         



                                                       HEC-1 INPUT                                             PAGE  2  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10  

            44           UD                                                                                 
                         *                                                                                 

            45           KK    CMB1                                                                         
            46           KM            HAMILTON CREEK AT HWY 99                                             
            47           HC       3                                                                         
                         *                                                                                 

            48           KK  RTH200                                                                         
            49           KM            ROUTE CMB1                                                           
            50           RT      17                                                                         
                         *                                                                                 

            51           KK    H300                                                                         
            52           KM            RUNOFF FROM BASIN H300                                               
            53           BA   0.095                                                                         
            54           LS       0      82      22                                                         
            55           UD     .26                                                                         
                         *                                                                                
            56           KP       2                                                                         
            57           LS       0      80      62                                                         
            58           UD     .26                                                                         
                         *                                                                                 

            59           KK    CMB2                                                                         
            60           KM            COMBINE H300 & RT2                                                   
            61           HC       2                                                                         
                         *                                                                                 

            62           KK  RTH400                                                                         
            63           KM            ROUTE CMB2                                                           
            64           RT      17                                                                         
                         *                                                                                 

            65           KK    H400                                                                         
            66           KM            RUNOFF FROM BASIN H400                                               
            67           BA    .047                                                                         
            68           LS       0      84      40                                                         
            69           UD    0.14                                                                         
                         *           FUTURE HYDROLOGY                                                     
            70           KP       2                                                                         
            71           LS       0      84      80                                                         
            72           UD    0.14                                                                         
                         *                                                                                 

            73           KK    CMB3                                                                         
            74           KM            COMBINE H400 & RT3                                                   
            75           HC       2                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  3  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

            76           KK  RTCMB3                                                                         
            77           KM            ROUTE COMBINE 3                                                      
            78           RT      12                                                                         
                         *                                                                                 

            79           KK    H500                                                                         
            80           KM            RUNOFF BASIN H500                                                    
            81           BA   0.057                                                                         
            82           LS       0      84      40                                                         
            83           UD    0.22                                                                         
                         *                                                                                
            84           KP       2                                                                         
            85           LS       0      80      80                                                         
            86           UD    0.22                                                                         
                         *                                                                                 

            87           KK    CMB4                                                                         
            88           KM            COMBINE H500 & RT4                                                   
            89           HC       2                                                                         
                         *                                                                                
                         *                                                                                
                         *                                                                                 

            90           KK    H570                                                                         
            91           KM            RUNOFF FROM BASIN H570                                               
            92           BA   0.085                                                                         
            93           LS       0      84      27                                                         
            94           UD    0.24                                                                         
                         *           FUTURE HYDROLOGY                                                     
            95           KP       2                                                                         
            96           LS       0      84      60                                                         
            97           UD    0.24                                                                         
                         *                                                                                 

            98           KK    H560                                                                         
            99           KM            RUNOFF FROM BASIN H560                                               
           100           BA   0.052                                                                         
           101           LS       0      84      19                                                         
           102           UD    0.30                                                                         
                         *                                                                                
           103           KP       2                                                                         
           104           LS       0      84      63                                                         
           105           UD    0.30                                                                         
                         *                                                                                 

           106           KK    CMB5                                                                         
           107           KM            COMBINE H570 & H560                                                  
           108           HC       2                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  4  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

           109           KK    H550                                                                         
           110           KM            RUNOFF FROM BASIN H550                                               
           111           BA   0.016                                                                         
           112           LS       0      83      17                                                         
           113           UD    0.24                                                                         
                         *           FUTURE HYDROLOGY                                                     
           114           KP       2                                                                         
           115           LS       0      80      81                                                         
           116           UD    0.24                                                                         
                         *                                                                                 

           117           KK    CMB6                                                                         
           118           KM            COMBINE H550 AND CMB5 AND 500                                        
           119           HC       3                                                                         
                         *                                                                                  

          120           KK    H540                                                                         
           121           KM            RUNOFF FROM H540                                                     
           122           BA   0.044                                                                         
           123           LS       0      80      85                                                         
           124           UD    0.29                                                                         
                         *                                                                                
           125           KP       2                                                                         
           126           LS       0      80      85                                                         
           127           UD    0.29                                                                         
                         *                                                                                 

           128           KK    CMB7                                                                         
           129           KM            COMBINE H540 & H500                                                  
           130           HC       2                                                                         
                         *                                                                                 

           131           KK    H530                                                                         
           132           KM            RUNOFF FROM H530                                                     
           133           BA   0.063                                                                         
           134           LS       0      81      48                                                         
           135           UD    0.24                                                                          
                        *          FUTURE HYDROLOGY                                                      

           136           KP       2                                                                         
           137           LS       0      80      54                                                         
           138           UD    0.24                                                                         
                         *                                                                                 

           139           KK    H520                                                                         
           140           KM            RUNOFF FROM BASIN H520                                               
           141           BA   0.022                                                                         
           142           LS       0      84      24                                                         
           143           UD     .15                                                                         
                         *           FUTURE HYDROLOGY                                                     
           144           KP       2                                                                         
           145           LS       0      80      80                                                         
           146           UD    0.15                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  5  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

           147           KK    CMB8                                                                         
           148           KM            COMBINE H520 & 530                                                   
           149           HC       2                                                                         
                         *                                                                                 

           150           KK    H510                                                                         
           151           KM            RUNOFF BASIN H510                                                    
           152           BA   0.049                                                                         
           153           LS       0      81      33                                                         
           154           UD    0.23                                                                         
                         *                                                                                
           155           KP       2                                                                         
           156           LS       0      80      60                                                         
           157           UD    0.23                                                                         
                         *                                                                                 

           158           KK    CMB9                                                                         
           159           KM            COMBINE H510 & CMB8 & H500                                           
           160           HC       3                                                                         
                         *                                                                                 

           161           KK    H600                                                                         
           162           KM            BASIN H600                                                           
           163           BA   0.043                                                                         
           164           LS       0      84      18                                                         
           165           UD    0.76                                                                         
                         *                                                                                
           166           KP       2                                                                         
           167           LS       0      84      57                                                         
           168           UD    0.76                                                                         
                         *                                                                                 

           169           KK   CMB10                                                                         
           170           KM            COMBINE H500 & H600                                                  
           171           HC       2                                                                         
                         *                                                                                
           172           ZZ                                                                                 



HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: ASHLAND.hc1                                                        

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  03/18/1999  TIME  21:58:23 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                    CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
                                    CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
                                    EXISTING AND BUILT-OUT CONDITIONS                                    
                                    RAINFALL DISTRIBUTION - SCS 1A                                       
                                    PREPARED BY KCM INC., MARCH, 1999                                    
                                    HAMILTON CREEK AND BASINS AROUND E. MAIN & I-5                        

   8 IO          OUTPUT CONTROL VARIABLES 
                       IPRNT           5  PRINT CONTROL 
                       IPLOT           0  PLOT CONTROL 
                       QSCAL          0.  HYDROGRAPH PLOT SCALE  

     IT          HYDROGRAPH TIME DATA 
                        NMIN           2  MINUTES IN COMPUTATION INTERVAL 
                       IDATE      1    0  STARTING DATE 
                       ITIME        0000  STARTING TIME 
                          NQ        1080  NUMBER OF HYDROGRAPH ORDINATES 
                      NDDATE      2    0  ENDING DATE 
                      NDTIME        1158  ENDING TIME 
                      ICENT           19  CENTURY MARK  

                   COMPUTATION INTERVAL    0.03 HOURS 
                        TOTAL TIME BASE   35.97 HOURS  

          ENGLISH UNITS 
               DRAINAGE AREA         SQUARE MILES 
               PRECIPITATION DEPTH   INCHES 
               LENGTH, ELEVATION     FEET 
               FLOW                  CUBIC FEET PER SECOND 
               STORAGE VOLUME        ACRE-FEET 
               SURFACE AREA          ACRES 
               TEMPERATURE           DEGREES FAHRENHEIT  

     JP          MULTI-PLAN OPTION 
                       NPLAN           2  NUMBER OF PLANS  

     JR          MULTI-RATIO OPTION 
                     RATIOS OF PRECIPITATION 
                    2.00      2.50      3.00      3.20      3.50      4.00 



  
               PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS 
                                 FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES 
                                                 TIME TO PEAK IN HOURS   

                                                          RATIOS APPLIED TO PRECIPITATION 
OPERATION       STATION     AREA    PLAN            RATIO 1  RATIO 2  RATIO 3  RATIO 4  RATIO 5  RATIO 6 
                                                       2.00     2.50     3.00     3.20     3.50     4.00  

HYDROGRAPH AT 
                   H100      0.22     1   FLOW           2.       5.       8.      10.      12.      17. 
                                          TIME        18.57    10.07    10.03    10.03    10.03     9.10 
                                      2   FLOW           2.       5.       8.      10.      12.      17. 
                                          TIME        18.57    10.07    10.03    10.03    10.03     9.10  

ROUTED TO 
                 RTH100      0.22     1   FLOW           2.       5.       8.      10.      12.      17. 
                                          TIME        19.20    10.70    10.67    10.67    10.67     9.73 
                                      2   FLOW           2.       5.       8.      10.      12.      17. 
                                          TIME        19.20    10.70    10.67    10.67    10.67     9.73  

HYDROGRAPH AT 
                   H200      0.09     1   FLOW           4.       6.       8.       9.      10.      13. 
                                          TIME         9.23     9.20     9.20     9.20     9.20     9.17 
                                      2   FLOW           4.       6.       8.       9.      10.      13. 
                                          TIME         9.23     9.20     9.20     9.20     9.20     9.17  

HYDROGRAPH AT 
                   H250      0.14     1   FLOW           5.       8.      11.      13.      15.      19. 
                                          TIME         9.10     9.10     9.10     9.10     9.10     9.07 
                                      2   FLOW           6.       9.      13.      15.      17.      21. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 3 COMBINED AT 
                   CMB1      0.46     1   FLOW           9.      16.      25.      29.      35.      46. 
                                          TIME         9.13    10.07     9.73     9.73     9.73     9.17 
                                      2   FLOW          10.      17.      26.      29.      36.      47. 
                                          TIME         9.00    10.00     9.77     9.77     9.73     9.00  

ROUTED TO 
                 RTH200      0.46     1   FLOW           9.      16.      25.      29.      35.      46. 
                                          TIME         9.13    10.07     9.73     9.73     9.73     9.17 
                                      2   FLOW          10.      17.      26.      29.      36.      47. 
                                          TIME         9.00    10.00     9.77     9.77     9.73     9.00  

HYDROGRAPH AT 
                   H300      0.09     1   FLOW           6.       9.      12.      13.      15.      18. 
                                          TIME         9.10     9.07     9.07     9.07     9.07     9.07 
                                      2   FLOW           9.      12.      15.      16.      18.      21. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03  

 2 COMBINED AT 
                   CMB2      0.55     1   FLOW          15.      23.      36.      41.      49.      64. 
                                          TIME         9.10    10.07     9.13     9.13     9.13     9.13 
                                      2   FLOW          19.      28.      40.      45.      53.      68. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

ROUTED TO 
                 RTH400      0.55     1   FLOW          15.      23.      36.      41.      49.      64. 
                                          TIME         9.10    10.07     9.13     9.13     9.13     9.13 
                                      2   FLOW          19.      28.      40.      45.      53.      68. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   H400      0.05     1   FLOW           4.       6.       7.       8.       9.      10. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           6.       7.       9.       9.      10.      12. 
                                          TIME         8.53     8.53     8.53     8.53     8.53     8.53  

 2 COMBINED AT 
                   CMB3      0.60     1   FLOW          19.      29.      42.      48.      57.      73. 
                                          TIME         9.07     9.10     9.10     9.10     9.10     9.10 
                                      2   FLOW          25.      35.      48.      54.      64.      80. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

ROUTED TO 
                 RTCMB3      0.60     1   FLOW          19.      29.      42.      48.      57.      73. 
                                          TIME         9.07     9.10     9.10     9.10     9.10     9.10 
                                      2   FLOW          25.      35.      48.      54.      64.      80. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   H500      0.06     1   FLOW           5.       7.       8.       9.      10.      12. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW           7.       8.      10.      11.      12.      14. 
                                          TIME         8.63     8.63     8.63     8.63     8.63     8.63  

 2 COMBINED AT 
                   CMB4      0.65     1   FLOW          23.      35.      51.      57.      68.      86. 
                                          TIME         9.07     9.10     9.10     9.10     9.07     9.07 
                                      2   FLOW          31.      43.      59.      65.      76.      94. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  



HYDROGRAPH AT 
                   H570      0.09     1   FLOW           6.       9.      12.      13.      14.      17. 
                                          TIME         9.07     9.07     9.03     9.03     9.03     9.03 
                                      2   FLOW           9.      11.      14.      15.      17.      20. 
                                          TIME         9.03     9.03     9.03     9.03     9.00     9.00  

HYDROGRAPH AT 
                   H560      0.05     1   FLOW           3.       5.       7.       7.       8.      10. 
                                          TIME         9.10     9.10     9.07     9.07     9.07     9.07 
                                      2   FLOW           5.       7.       9.       9.      11.      12. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03  

 2 COMBINED AT 
                   CMB5      0.14     1   FLOW          10.      14.      18.      20.      23.      28. 
                                          TIME         9.07     9.07     9.07     9.07     9.07     9.03 
                                      2   FLOW          14.      18.      23.      25.      28.      32. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.00  

HYDROGRAPH AT 
                   H550      0.02     1   FLOW           1.       1.       2.       2.       2.       3. 
                                          TIME         9.07     9.07     9.07     9.07     9.03     9.03 
                                      2   FLOW           2.       2.       3.       3.       3.       4. 
                                          TIME         8.63     8.67     8.67     8.67     8.67     8.67  

 3 COMBINED AT 
                   CMB6      0.81     1   FLOW          34.      51.      71.      80.      93.     116. 
                                          TIME         9.07     9.07     9.07     9.07     9.07     9.07 
                                      2   FLOW          47.      64.      85.      93.     107.     130. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   H540      0.04     1   FLOW           5.       7.       8.       9.      10.      11. 
                                          TIME         8.73     8.73     8.73     8.73     8.73     8.73 
                                      2   FLOW           5.       7.       8.       9.      10.      11. 
                                          TIME         8.73     8.73     8.73     8.73     8.73     8.73  

 2 COMBINED AT 
                   CMB7      0.85     1   FLOW          40.      57.      79.      88.     103.     127. 
                                          TIME         9.07     9.07     9.07     9.07     9.07     9.07 
                                      2   FLOW          52.      71.      93.     102.     116.     141. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   H530      0.06     1   FLOW           5.       7.       9.      10.      11.      13. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW           6.       7.       9.      10.      11.      14. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03  

HYDROGRAPH AT 
                   H520      0.02     1   FLOW           2.       2.       3.       3.       4.       4. 
                                          TIME         9.03     9.03     9.00     9.00     9.00     9.00 
                                      2   FLOW           3.       3.       4.       4.       5.       5. 
                                          TIME         8.57     8.57     8.57     8.57     8.57     8.57  

 2 COMBINED AT 
                   CMB8      0.09     1   FLOW           7.      10.      12.      13.      15.      18. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW           8.      11.      13.      15.      16.      19. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   H510      0.05     1   FLOW           3.       5.       6.       7.       8.      10. 
                                          TIME         9.07     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW           5.       6.       8.       8.       9.      11. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.00  

 3 COMBINED AT 
                   CMB9      0.99     1   FLOW          50.      72.      98.     109.     126.     155. 
                                          TIME         9.07     9.07     9.07     9.07     9.07     9.07 
                                      2   FLOW          65.      87.     114.     125.     142.     171. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   H600      0.04     1   FLOW           3.       4.       5.       6.       7.       8. 
                                          TIME         9.53     9.50     9.47     9.43     9.43     9.43 
                                      2   FLOW           4.       5.       7.       7.       8.       9. 
                                          TIME         9.37     9.37     9.33     9.33     9.33     9.33  

 2 COMBINED AT 
                  CMB10      1.03     1   FLOW          52.      75.     103.     114.     132.     162. 
                                          TIME         9.07     9.07     9.07     9.07     9.07     9.07 
                                      2   FLOW          69.      93.     120.     132.     150.     180. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00    

*** NORMAL END OF HEC-1 *** 



APPENDIX C. 
HEC-1 MODELING FOR CLAY CREEK, CEMETERY BASIN, 

AND THE MIDDLE SCHOOL BASINS    

HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: CLAYCEM.hc1                                                        

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  03/22/1999  TIME  11:09:04 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                                X     X  XXXXXXX   XXXXX           X  
                                                X     X  X        X     X         XX  
                                                X     X  X        X                X  
                                                XXXXXXX  XXXX     X        XXXXX   X  
                                                X     X  X        X                X  
                                                X     X  X        X     X          X  
                                                X     X  XXXXXXX   XXXXX          XXX     

                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::                                     ::: 
                                            :::  Full Microcomputer Implementation  ::: 
                                            :::                 by                  ::: 
                                            :::        Haestad Methods, Inc.        ::: 
                                            :::                                     ::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::::::::::::::::::::::::::::::::::::::::::  

                                 37 Brookside Road * Waterbury, Connecticut  06708 * (203) 755-1666      

           THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.  

           THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
           THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
           NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
           DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION 
           KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM   



                                                       HEC-1 INPUT                                             PAGE  1  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10  

             1           ID            CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
             2           ID            EXISTING AND BUILT-OUT CONDITIONS                                    
             3           ID            RAINFALL DISTRIBUTION - SCS 1A                                       
             4           ID            PREPARED BY KCM INC., MARCH, 1999                                    
             5           ID            CLAY,CEMETERY & MIDDLE SCHOOL BASINS                                 
             6           IT       2                    1080                                                 
             7           IO       5       0                                                                 
             8           JP       2                                                                         
                         *           2-YR    5-YR    10-YR   25-YR   50-YR   100-YR                       
             9           JR    PREC     2.0     2.5     3.0     3.2     3.5     4.0                         
                         *                                                                                 

            10           KK    C100                                                                         
            11           KM            RUNOFF FROM BASIN C100                                               
            12           BA   1.242                                                                         
            13           BF    -1.0    -.07    1.07                                                         
            14           IN      30                                                                         
            15           PC    .010    .013    .025    .038    .050    .067    .083    .102    .120    .141 
            16           PC    .162    .194    .225    .257    .288    .335    .383    .436    .488    .529 
            17           PC    .569    .592    .614    .637    .660    .679    .698    .717    .735    .752 
            18           PC    .768    .783    .797    .812    .826    .841    .855    .870    .884    .897 
            19           PC    .910    .923    .935    .947    .959    .969    .979    .990    1.00         
            20           LS       0      63       2                                                         
            21           UD     .79                                                                         
                         *           FUTURE HYDROLOGY                                                     
            22           KP       2                                                                         
            23           LS       0      64       5                                                         
            24           UD     .44                                                                         
                         *                                                                                 

            25           KK  RTC100                                                                         
            26           KM            ROUTE BASIN C100                                                     
            27           RT       0              40                                                         
                         *                                                                                 

            28           KK    C200                                                                         
            29           KM            RUNOFF FROM BASIN C200                                               
            30           BA   0.019                                                                         
            31           LS       0      80      41                                                         
            32           UD     .05                                                                         
                         *           FUTURE HYDROLOGY                                                     
            33           KP       2                                                                         
            34           LS       0      79      55                                                         
            35           UD     .05                                                                         
                         *                                                                                 

            36           KK    CMB1                                                                         
            37           KM            COMBINE C100 & C2005                                                 
            38           HC       2                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  2  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

            39           KK  RTC200                                                                         
            40           KM            ROUTE CMB1                                                           
            41           RT       0              45                                                         
                         *                                                                                 

            42           KK    C300                                                                         
            43           KM            RUNOFF FROM BASIN C300                                               
            44           BA   0.069                                                                         
            45           LS       0      80      35                                                         
            46           UD     .16                                                                         
                         *                                                                                
            47           KP       2                                                                         
            48           LS       0      79      52                                                         
            49           UD     .16                                                                         
                         *                                                                                 

            50           KK    CMB2                                                                         
            51           KM            COMBINE C200 & CC300                                                 
            52           HC       2                                                                         
                         *                                                                                 

            53           KK  RTC300                                                                         
            54           KM            ROUTE CMB2                                                           
            55           RT       0              53                                                         
                         *                                                                                 

            56           KK    C400                                                                         
            57           KM            RUNOFF FROM BASIN C400                                               
            58           BA    .053                                                                         
            59           LS       0      81      48                                                         
            60           UD     .17                                                                         
                         *           FUTURE HYDROLOGY                                                     
            61           KP       2                                                                         
            62           LS       0      81      60                                                         
            63           UD     .17                                                                         
                         *                                                                                 

            64           KK    CMB3                                                                         
            65           KM            COMBINE C300 & C400                                                  
            66           HC       2                                                                         
                         *                                                                                
                         *                                                                                
                         * *************  CEMETERY BASIN  **********************                          
                         *                                                                                
                         *                                                                                 

            67           KK   CE100                                                                         
            68           KM           CEMETERY BASIN U/S OF RR TRACKS                                       
            69           BA   0.320                                                                         
            70           LS       0      80      37                                                         
            71           UD    0.18                                                                         
                         *           FUTURE HYDROLOGY                                                     
            72           KP       2                                                                         
            73           LS       0      80      47                                                         



                                                       HEC-1 INPUT                                             PAGE  3  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10  

            74           UD    0.18                                                                         
                         *                                                                                 

            75           KK   CE200                                                                         
            76           KM            CEMETERY BASIN D/S OF RR TRACKS                                      
            77           BA    .115                                                                         
            78           LS       0      84      10                                                         
            79           UD     .15                                                                         
                         *           FUTURE HYDROLOGY                                                     
            80           KP       2                                                                         
            81           LS       0      84      60                                                         
            82           UD     .15                                                                         
                         *                                                                                 

            83           KK    CMB4                                                                         
            84           KM            COMBINE CEMETERY CREEK AT E. MAIN ST.                                
            85           HC       2                                                                         
                         *                                                                                
                         *                                                                                
                         * **************  MIDDLE SCHOOL BASIN  *****************                         
                         *                                                                                
                         *                                                                                 

            86           KK   MS100                                                                         
            87           KM            MIDDLE SCHOOL BASIN EAST                                             
            88           BA    .052                                                                         
            89           LS       0      73      13                                                         
            90           UD     .31                                                                         
                         *           FUTURE HYDROLOGY                                                     
            91           KP       2                                                                         
            92           LS       0      75      50                                                         
            93           UD     .15                                                                         
                         *                                                                                 

            94           KK   MS200                                                                         
            95           KM            MIDDLE SCHOOL BASIN WEST                                             
            96           BA    .043                                                                         
            97           LS       0      72      44                                                         
            98           UD     .19                                                                         
                         *                                                                                
            99           KP       2                                                                         
           100           LS       0      72      60                                                         
           101           UD     .15                                                                         
                         *                                                                                 

           102           KK    CMB5                                                                         
           103           KM            COMBINE MIDDLE SCHOOL BASIN AT E. MAIN ST.                           
           104           HC       2                                                                         
                         *                                                                                
           105           ZZ                                                                                 



HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: CLAYCEM.hc1                                                        

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  03/22/1999  TIME  11:09:04 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                    CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
                                    EXISTING AND BUILT-OUT CONDITIONS                                    
                                    RAINFALL DISTRIBUTION - SCS 1A                                       
                                    PREPARED BY KCM INC., MARCH, 1999                                    
                                    CLAY,CEMETERY & MIDDLE SCHOOL BASINS                                  

   7 IO          OUTPUT CONTROL VARIABLES 
                       IPRNT           5  PRINT CONTROL 
                       IPLOT           0  PLOT CONTROL 
                       QSCAL          0.  HYDROGRAPH PLOT SCALE  

     IT          HYDROGRAPH TIME DATA 
                        NMIN           2  MINUTES IN COMPUTATION INTERVAL 
                       IDATE      1    0  STARTING DATE 
                       ITIME        0000  STARTING TIME 
                          NQ        1080  NUMBER OF HYDROGRAPH ORDINATES 
                      NDDATE      2    0  ENDING DATE 
                      NDTIME        1158  ENDING TIME 
                      ICENT           19  CENTURY MARK  

                   COMPUTATION INTERVAL    0.03 HOURS 
                        TOTAL TIME BASE   35.97 HOURS  

          ENGLISH UNITS 
               DRAINAGE AREA         SQUARE MILES 
               PRECIPITATION DEPTH   INCHES 
               LENGTH, ELEVATION     FEET 
               FLOW                  CUBIC FEET PER SECOND 
               STORAGE VOLUME        ACRE-FEET 
               SURFACE AREA          ACRES 
               TEMPERATURE           DEGREES FAHRENHEIT  

     JP          MULTI-PLAN OPTION 
                       NPLAN           2  NUMBER OF PLANS  

     JR          MULTI-RATIO OPTION 
                     RATIOS OF PRECIPITATION 
                    2.00      2.50      3.00      3.20      3.50      4.00 



  
               PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS 
                                 FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES 
                                                 TIME TO PEAK IN HOURS   

                                                          RATIOS APPLIED TO PRECIPITATION 
OPERATION       STATION     AREA    PLAN            RATIO 1  RATIO 2  RATIO 3  RATIO 4  RATIO 5  RATIO 6 
                                                       2.00     2.50     3.00     3.20     3.50     4.00  

HYDROGRAPH AT 
                   C100      1.24     1   FLOW           9.      16.      25.      32.      44.      66. 
                                          TIME        20.97    19.27    19.20    10.50    10.43    10.37 
                                      2   FLOW          11.      19.      36.      44.      57.      80. 
                                          TIME        18.83    18.80    10.17    10.17    10.13    10.13  

ROUTED TO 
                 RTC100      1.24     1   FLOW           9.      16.      25.      32.      44.      66. 
                                          TIME        22.30    20.60    20.53    11.83    11.77    11.70 
                                      2   FLOW          11.      19.      36.      44.      57.      80. 
                                          TIME        20.17    20.13    11.50    11.50    11.47    11.47  

HYDROGRAPH AT 
                   C200      0.02     1   FLOW           1.       2.       3.       3.       3.       4. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           2.       2.       3.       3.       3.       4. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB1      1.26     1   FLOW           9.      17.      26.      34.      45.      68. 
                                          TIME        23.50    20.50    11.87    11.83    11.77    11.70 
                                      2   FLOW          11.      20.      38.      46.      59.      82. 
                                          TIME        20.17    20.13    11.50    11.50    11.47    11.47  

ROUTED TO 
                 RTC200      1.26     1   FLOW           9.      17.      26.      34.      45.      68. 
                                          TIME        25.00    22.00    13.37    13.33    13.27    13.20 
                                      2   FLOW          11.      20.      38.      46.      59.      82. 
                                          TIME        21.67    21.63    13.00    13.00    12.97    12.97  

HYDROGRAPH AT 
                   C300      0.07     1   FLOW           5.       7.       9.      10.      11.      13. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.00 
                                      2   FLOW           6.       8.      10.      11.      12.      15. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB2      1.33     1   FLOW          10.      19.      30.      38.      50.      73. 
                                          TIME        22.03    22.00    13.37    13.33    13.27    13.20 
                                      2   FLOW          13.      23.      42.      50.      64.      88. 
                                          TIME        11.50    13.07    13.00    13.00    12.97    12.97  

ROUTED TO 
                 RTC300      1.33     1   FLOW          10.      19.      30.      38.      50.      73. 
                                          TIME        23.80    23.77    15.13    15.10    15.03    14.97 
                                      2   FLOW          13.      23.      42.      50.      64.      88. 
                                          TIME        13.27    14.83    14.77    14.77    14.73    14.73  

HYDROGRAPH AT 
                   C400      0.05     1   FLOW           5.       6.       8.       8.      10.      11. 
                                          TIME         9.03     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           5.       7.       8.       9.      10.      12. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB3      1.38     1   FLOW          12.      20.      33.      41.      53.      77. 
                                          TIME        23.77    23.67    15.13    15.07    15.03    14.97 
                                      2   FLOW          15.      25.      45.      53.      67.      92. 
                                          TIME        10.10    14.83    14.77    14.77    14.73    14.70  

HYDROGRAPH AT 
                  CE100      0.32     1   FLOW          23.      32.      42.      46.      52.      63. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW          26.      36.      46.      50.      56.      67. 
                                          TIME         9.03     9.03     9.03     9.03     9.00     9.00  

HYDROGRAPH AT 
                  CE200      0.12     1   FLOW           7.      11.      14.      16.      18.      22. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.00 
                                      2   FLOW          12.      15.      19.      21.      23.      27. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB4      0.44     1   FLOW          30.      43.      56.      62.      70.      85. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW          38.      51.      65.      71.      79.      94. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                  MS100      0.05     1   FLOW           1.       2.       4.       4.       5.       7. 
                                          TIME        10.07     9.17     9.13     9.13     9.13     9.13 
                                      2   FLOW           4.       5.       7.       8.       9.      10. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  



HYDROGRAPH AT 
                  MS200      0.04     1   FLOW           3.       4.       5.       6.       6.       8. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW           4.       5.       6.       7.       7.       9. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

 2 COMBINED AT 
                   CMB5      0.09     1   FLOW           4.       6.       9.      10.      11.      14. 
                                          TIME         9.07     9.07     9.07     9.07     9.07     9.07 
                                      2   FLOW           8.      10.      13.      14.      16.      19. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00    

*** NORMAL END OF HEC-1 *** 



APPENDIX C. 
HEC-1 MODELING FOR BEACH CREEK, KITCHEN CREEK, 

AND CLEAR CREEK      

HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: beachm.hc1                                                         

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  04/26/1999  TIME  07:58:18 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                                X     X  XXXXXXX   XXXXX           X  
                                                X     X  X        X     X         XX  
                                                X     X  X        X                X  
                                                XXXXXXX  XXXX     X        XXXXX   X  
                                                X     X  X        X                X  
                                                X     X  X        X     X          X  
                                                X     X  XXXXXXX   XXXXX          XXX     

                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::                                     ::: 
                                            :::  Full Microcomputer Implementation  ::: 
                                            :::                 by                  ::: 
                                            :::        Haestad Methods, Inc.        ::: 
                                            :::                                     ::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::::::::::::::::::::::::::::::::::::::::::  

                                 37 Brookside Road * Waterbury, Connecticut  06708 * (203) 755-1666      

           THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.  

           THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
           THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
           NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
           DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION 
           KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM   



                                                       HEC-1 INPUT                                             PAGE  1  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10  

             1           ID            CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
             2           ID            EXISTING AND BUILT-OUT CONDITIONS                                    
             3           ID            RAINFALL DISTRIBUTION - SCS 1A                                       
             4           ID            PREPARED BY KCM INC., MARCH, 1999                                    
             5           ID            BEACH CREEK, MOUNTAIN CREEK,KITCHEN AND CLEAR                        
             6           IT       2                    1080                                                 
             7           IO       5       0                                                                 
             8           JP       2                                                                         
                         *           2-YR    5-YR    10-YR   25-YR   50-YR   100-YR                       
             9           JR    PREC     2.0     2.5     3.0     3.2     3.5     4.0                         
                         *                                                                                 

            10           KK    B100                                                                         
            11           KM            BEACH CREEK AT RR TRACKS                                             
            12           BA   0.368                                                                         
            13           BF    -1.0    -.07    1.07                                                         
            14           IN      30                                                                         
            15           PC    .010    .013    .025    .038    .050    .067    .083    .102    .120    .141 
            16           PC    .162    .194    .225    .257    .288    .335    .383    .436    .488    .529 
            17           PC    .569    .592    .614    .637    .660    .679    .698    .717    .735    .752 
            18           PC    .768    .783    .797    .812    .826    .841    .855    .870    .884    .897 
            19           PC    .910    .923    .935    .947    .959    .969    .979    .990    1.00         
            20           LS       0      84      37                                                         
            21           UD    0.20                                                                         
                         *           FUTURE HYDROLOGY                                                     
            22           KP       2                                                                         
            23           LS       0      84      43                                                         
            24           UD     .20                                                                         
                         *                                                                                
                         *                                                                                
                         * ****************  MOUNTAIN CREEK *******************                           
                         *                                                                                
                         *                                                                                 

            25           KK    M100                                                                         
            26           KM            MOUNTIAN CREEK AT RR TRACKS                                          
            27           BA   0.311                                                                         
            28           LS       0      84      49                                                         
            29           UD      .2                                                                         
                         *           FUTURE HYDROLOGY                                                     
            30           KP       2                                                                         
            31           LS       0      84      57                                                         
            32           UD      .2                                                                         
                         *                                                                                 

            33           KK    M200                                                                         
            34           KM            MOUNTAIN CREEK DOWNSTREAM OF RR TRACKS                               
            35           BA    0.11                                                                         
            36           LS       0      84      20                                                         
            37           UD     0.2                                                                         
                         *                                                                                
            38           KP       2                                                                         
            39           LS       0      84      85                                                         
            40           UD     0.2                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  2  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

            41           KK    CMB2                                                                         
            42           KM            COMBINE FLOWS AT HERSEY STREET                                       
            43           HC       2                                                                         
                         *                                                                                
                         *                                                                                
                         * **************  CLEAR CREEK  **************************                        
                         *                                                                                
                         *                                                                                 

            44           KK   CL100                                                                         
            45           KM            CLEAR CREEK U/S OF RR TREACKS                                        
            46           BA    .069                                                                         
            47           LS       0      84      50                                                         
            48           UD     .15                                                                         
                         *           FUTURE HYDROLOGY                                                     
            49           KP       2                                                                         
            50           LS       0      84      65                                                         
            51           UD     .15                                                                         
                         *                                                                                 

            52           KK   CL200                                                                         
            53           KM            RUNOFF OF BASIN D/S OF RR TRACKS                                     
            54           BA   0.021                                                                         
            55           LS       0      84       0                                                         
            56           UD    0.15                                                                         
                         *           FUTURE HYDROLOGY                                                     
            57           KP       2                                                                         
            58           LS       0      84      65                                                         
            59           UD    0.15                                                                         
                         *                                                                                 

            60           KK    CMB3                                                                         
            61           KM            COMBINE FLOW AT HERSEY STREET                                        
            62           HC       2                                                                         
                         *                                                                                
                         *                                                                                
                         * *****************   KITCHEN CREEK   **************************                 
                         *                                                                                
                         *                                                                                 

            63           KK    K100                                                                         
            64           KM            KITCHEN CREEK                                                        
            65           BA   4.434                                                                         
            66           LS       0      83       0                                                         
            67           UD    0.72                                                                         
                         *                                                                                
            68           KP       2                                                                         
            69           LS       0      83       0                                                         
            70           UD    0.72                                                                         
                         *                                                                                
            71           ZZ                                                                                 



HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: beachm.hc1                                                         

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  04/26/1999  TIME  07:58:18 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                    CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
                                    EXISTING AND BUILT-OUT CONDITIONS                                    
                                    RAINFALL DISTRIBUTION - SCS 1A                                       
                                    PREPARED BY KCM INC., MARCH, 1999                                    
                                    BEACH CREEK, MOUNTAIN CREEK,KITCHEN AND CLEAR                         

   7 IO          OUTPUT CONTROL VARIABLES 
                       IPRNT           5  PRINT CONTROL 
                       IPLOT           0  PLOT CONTROL 
                       QSCAL          0.  HYDROGRAPH PLOT SCALE  

     IT          HYDROGRAPH TIME DATA 
                        NMIN           2  MINUTES IN COMPUTATION INTERVAL 
                       IDATE      1    0  STARTING DATE 
                       ITIME        0000  STARTING TIME 
                          NQ        1080  NUMBER OF HYDROGRAPH ORDINATES 
                      NDDATE      2    0  ENDING DATE 
                      NDTIME        1158  ENDING TIME 
                      ICENT           19  CENTURY MARK  

                   COMPUTATION INTERVAL    0.03 HOURS 
                        TOTAL TIME BASE   35.97 HOURS  

          ENGLISH UNITS 
               DRAINAGE AREA         SQUARE MILES 
               PRECIPITATION DEPTH   INCHES 
               LENGTH, ELEVATION     FEET 
               FLOW                  CUBIC FEET PER SECOND 
               STORAGE VOLUME        ACRE-FEET 
               SURFACE AREA          ACRES 
               TEMPERATURE           DEGREES FAHRENHEIT  

     JP          MULTI-PLAN OPTION 
                       NPLAN           2  NUMBER OF PLANS  

     JR          MULTI-RATIO OPTION 
                     RATIOS OF PRECIPITATION 
                    2.00      2.50      3.00      3.20      3.50      4.00 



  
               PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS 
                                 FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES 
                                                 TIME TO PEAK IN HOURS   

                                                          RATIOS APPLIED TO PRECIPITATION 
OPERATION       STATION     AREA    PLAN            RATIO 1  RATIO 2  RATIO 3  RATIO 4  RATIO 5  RATIO 6 
                                                       2.00     2.50     3.00     3.20     3.50     4.00  

HYDROGRAPH AT 
                   B100      0.37     1   FLOW          30.      42.      54.      59.      66.      79. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW          32.      44.      56.      61.      68.      81. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.00  

HYDROGRAPH AT 
                   M100      0.31     1   FLOW          29.      39.      49.      53.      59.      70. 
                                          TIME         9.03     9.03     9.03     9.03     9.00     9.00 
                                      2   FLOW          31.      41.      51.      55.      61.      72. 
                                          TIME         9.03     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                   M200      0.11     1   FLOW           8.      11.      14.      16.      18.      22. 
                                          TIME         9.07     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW          14.      17.      21.      22.      25.      28. 
                                          TIME         8.60     8.60     8.60     8.60     8.60     8.60  

 2 COMBINED AT 
                   CMB2      0.42     1   FLOW          36.      50.      63.      69.      77.      92. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW          44.      58.      72.      77.      86.     100. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00  

HYDROGRAPH AT 
                  CL100      0.07     1   FLOW           6.       9.      11.      12.      13.      16. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW           7.      10.      12.      13.      14.      16. 
                                          TIME         9.00     9.00     9.00     9.00     8.57     8.57  

HYDROGRAPH AT 
                  CL200      0.02     1   FLOW           1.       2.       2.       3.       3.       4. 
                                          TIME         9.03     9.03     9.03     9.03     9.03     9.03 
                                      2   FLOW           2.       3.       4.       4.       4.       5. 
                                          TIME         9.00     9.00     9.00     9.00     8.57     8.57  

 2 COMBINED AT 
                   CMB3      0.09     1   FLOW           8.      10.      13.      15.      16.      19. 
                                          TIME         9.00     9.00     9.00     9.00     9.00     9.00 
                                      2   FLOW          10.      12.      15.      17.      18.      22. 
                                          TIME         9.00     9.00     9.00     9.00     8.57     8.57  

HYDROGRAPH AT 
                   K100      4.43     1   FLOW         193.     309.     437.     491.     574.     716. 
                                          TIME        10.10     9.60     9.53     9.50     9.47     9.43 
                                      2   FLOW         193.     309.     437.     491.     574.     716. 
                                          TIME        10.10     9.60     9.53     9.50     9.47     9.43    

*** NORMAL END OF HEC-1 *** 



APPENDIX C. 
HEC-1 MODELING FOR WRIGHT’S CREEK     

HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: WRIGHT.hc1                                                         

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  03/22/1999  TIME  15:09:25 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                                X     X  XXXXXXX   XXXXX           X  
                                                X     X  X        X     X         XX  
                                                X     X  X        X                X  
                                                XXXXXXX  XXXX     X        XXXXX   X  
                                                X     X  X        X                X  
                                                X     X  X        X     X          X  
                                                X     X  XXXXXXX   XXXXX          XXX     

                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::                                     ::: 
                                            :::  Full Microcomputer Implementation  ::: 
                                            :::                 by                  ::: 
                                            :::        Haestad Methods, Inc.        ::: 
                                            :::                                     ::: 
                                            ::::::::::::::::::::::::::::::::::::::::::: 
                                            :::::::::::::::::::::::::::::::::::::::::::  

                                 37 Brookside Road * Waterbury, Connecticut  06708 * (203) 755-1666      

           THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.  

           THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
           THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
           NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
           DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION 
           KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM   



                                                       HEC-1 INPUT                                             PAGE  1  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10  

             1           ID            CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
             2           ID            EXISTING AND BUILT-OUT CONDITIONS                                    
             3           ID            RAINFALL DISTRIBUTION - SCS 1A                                       
             4           ID            PREPARED BY KCM INC., MARCH, 1999                                    
             5           ID            WRIGHT'S CREEK                                                       
             6           IT       2                    1080                                                 
             7           IO       5       0                                                                 
             8           JP       2                                                                         
                         *           2-YR    5-YR    10-YR   25-YR   50-YR   100-YR                       
             9           JR    PREC     2.0     2.5     3.0     3.2     3.5     4.0                         
                         *                                                                                 

            10           KK    W100                                                                         
            11           KM            RUNOFF FROM BASIN W100 U/S OF ORCHARD                                
            12           BA   0.123                                                                         
            13           BF    -1.0    -.07    1.07                                                         
            14           IN      30                                                                         
            15           PC    .010    .013    .025    .038    .050    .067    .083    .102    .120    .141 
            16           PC    .162    .194    .225    .257    .288    .335    .383    .436    .488    .529 
            17           PC    .569    .592    .614    .637    .660    .679    .698    .717    .735    .752 
            18           PC    .768    .783    .797    .812    .826    .841    .855    .870    .884    .897 
            19           PC    .910    .923    .935    .947    .959    .969    .979    .990    1.00         
            20           LS       0      59       0                                                         
            21           UD     0.3                                                                         
                         *           FUTURE HYDROLOGY                                                     
            22           KP       2                                                                         
            23           LS       0      74      28                                                         
            24           UD     0.3                                                                         
                         *                                                                                 

            25           KK    W200                                                                         
            26           KM            WRIGHT'S CREEK ABOVE WRIGHT'S CREEK BLVD                             
            27           BA    0.15                                                                         
            28           LS       0      61       8                                                         
            29           UD    0.24                                                                         
                         *           FUTURE HYDROLOGY                                                     
            30           KP       2                                                                         
            31           LS       0      74      31                                                         
            32           UD    0.24                                                                         
                         *                                                                                 

            33           KK    W300                                                                         
            34           KM            RUNOFF AT BENJAMIN COURT                                             
            35           BA   0.308                                                                         
            36           LS       0      58       0                                                         
            37           UD     .22                                                                         
                         *                                                                                
            38           KP       2                                                                         
            39           LS       0      60       6                                                         
            40           UD     .22                                                                         
                         *                                                                                



                                                       HEC-1 INPUT                                             PAGE  2  

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10   

            41           KK    W400                                                                         
            42           KM            RUNOFF FROM WRIGHT'S CREEK U/S OF HWY 99                             
            43           BA   3.256                                                                         
            44           LS       0      66       1                                                         
            45           UD    0.56                                                                         
                         *           FUTURE HYDROLOGY                                                     
            46           KP       2                                                                         
            47           LS       0      66       4                                                         
            48           UD     .56                                                                         
                         *                                                                                
            49           ZZ                                                                                 



HEC1 S/N: 1343001167        HMVersion: 6.33    Data File: WRIGHT.hc1                                                         

*****************************************                                                   *************************************** 
*                                       *                                                   *                                     * 
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     * 
*               MAY   1991              *                                                   *    HYDROLOGIC ENGINEERING CENTER    * 
*            VERSION 4.0.1E             *                                                   *          609 SECOND STREET          * 
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       * 
*  RUN DATE  03/22/1999  TIME  15:09:25 *                                                   *           (916) 756-1104            * 
*                                       *                                                   *                                     * 
*****************************************                                                   ***************************************      

                                    CITY OF ASHLAND STORM WATER AND DRAINAGE MASTER PLAN                 
                                    EXISTING AND BUILT-OUT CONDITIONS                                    
                                    RAINFALL DISTRIBUTION - SCS 1A                                       
                                    PREPARED BY KCM INC., MARCH, 1999                                    
                                    WRIGHT'S CREEK                                                        

   7 IO          OUTPUT CONTROL VARIABLES 
                       IPRNT           5  PRINT CONTROL 
                       IPLOT           0  PLOT CONTROL 
                       QSCAL          0.  HYDROGRAPH PLOT SCALE  

     IT          HYDROGRAPH TIME DATA 
                        NMIN           2  MINUTES IN COMPUTATION INTERVAL 
                       IDATE      1    0  STARTING DATE 
                       ITIME        0000  STARTING TIME 
                          NQ        1080  NUMBER OF HYDROGRAPH ORDINATES 
                      NDDATE      2    0  ENDING DATE 
                      NDTIME        1158  ENDING TIME 
                      ICENT           19  CENTURY MARK  

                   COMPUTATION INTERVAL    0.03 HOURS 
                        TOTAL TIME BASE   35.97 HOURS  

          ENGLISH UNITS 
               DRAINAGE AREA         SQUARE MILES 
               PRECIPITATION DEPTH   INCHES 
               LENGTH, ELEVATION     FEET 
               FLOW                  CUBIC FEET PER SECOND 
               STORAGE VOLUME        ACRE-FEET 
               SURFACE AREA          ACRES 
               TEMPERATURE           DEGREES FAHRENHEIT  

     JP          MULTI-PLAN OPTION 
                       NPLAN           2  NUMBER OF PLANS  

     JR          MULTI-RATIO OPTION 
                     RATIOS OF PRECIPITATION 
                    2.00      2.50      3.00      3.20      3.50      4.00 



  
               PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS 
                                 FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES 
                                                 TIME TO PEAK IN HOURS   

                                                          RATIOS APPLIED TO PRECIPITATION 
OPERATION       STATION     AREA    PLAN            RATIO 1  RATIO 2  RATIO 3  RATIO 4  RATIO 5  RATIO 6 
                                                       2.00     2.50     3.00     3.20     3.50     4.00  

HYDROGRAPH AT 
                   W100      0.12     1   FLOW           1.       1.       2.       2.       3.       5. 
                                          TIME        23.60    18.67    18.63    18.63    10.13    10.10 
                                      2   FLOW           6.       9.      12.      13.      15.      19. 
                                          TIME         9.13     9.10     9.10     9.10     9.10     9.10  

HYDROGRAPH AT 
                   W200      0.15     1   FLOW           2.       2.       4.       5.       6.       9. 
                                          TIME         8.60     8.60    10.07    10.07    10.07    10.03 
                                      2   FLOW           8.      11.      15.      17.      20.      24. 
                                          TIME         9.07     9.07     9.07     9.07     9.07     9.07  

HYDROGRAPH AT 
                   W300      0.31     1   FLOW           1.       3.       5.       5.       7.      11. 
                                          TIME        23.57    22.03    18.60    18.60    18.57    10.07 
                                      2   FLOW           3.       4.       7.       8.      11.      16. 
                                          TIME         8.57    18.57    10.07    10.07    10.07    10.03  

HYDROGRAPH AT 
                   W400      3.26     1   FLOW          29.      51.      95.     117.     152.     215. 
                                          TIME        19.03    18.93    10.27    10.23    10.23    10.17 
                                      2   FLOW          31.      57.     107.     130.     166.     230. 
                                          TIME        19.00    10.30    10.23    10.23    10.20    10.17    

*** NORMAL END OF HEC-1 *** 



City of Ashland Stormwater and Drainage Master Plan  

Appendix D 

EXAMPLES OF STORMWATER FACILITIES  

  







































































City of Ashland Stormwater and Drainage Master Plan  

Appendix E 

DRAINAGE FACILITY MAINTENANCE 
GUIDELINES  

   



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR CLOSED DETENTION SYSTEMS (PIPES/TANKS) 

Frequency Problem Problems to Check For What to Do 

Air vent in storage area 

Storage area (pipe or tank) 

Manhole cover 

Manhole ladder 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR CATCHBASINS AND INLETS 

Frequency Problem Problems to Check For What to Do 

Catchbasin opening 

Catchbasin grate 

Catchbasin 

Oil-water separator (elbow or T in basin) 

Inlet and outlet pipes 

Inlet and outlet pipe joints 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR CATCHBASINS AND INLETS (continued) 

Frequency Problem Problems to Check For What to Do 

Pipe elbow 

Frame 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR CONVEYANCE SYSTEMS (PIPES, DITCHES AND SWALES) 

Frequency Problem Problems to Check For What to Do 

Pipes 

Open ditches and swales 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR CONVEYANCE SYSTEMS (PIPES, DITCHES AND SWALES) (continued) 

Frequency Problem Problems to Check For What to Do 

Swales 

 

MAINTENANCE CHECKLIST FOR DOWNSPOUTS 

Frequency Problem Problems to Check For What to Do 

Downspout 

Roof 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR ACCESS ROADS AND EASEMENTS 

Frequency Problem Problems to Check For What to Do 

General 

Road Surface 

Shoulders and ditches 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR SAND FILTERS 

Frequency Problem Problems to Check For What to Do 

Sand bed 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR OUTFLOW CONTROL STRUCTURE/FLOW RESTRICTOR  

Frequency Problem Problems to Check For What to Do 

Orifice Plate 

Outlet pipe 

Cleanout gate 

Orifice plate 

Overflow pipe 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR PONDS (WET, DRY OR INFILTRATION) 

Frequency Problem Problems to Check For What to Do 

Entire pond 

Dam or berm 

General 

Inlet 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR PONDS (WET, DRY OR INFILTRATION) (continued) 

Frequency Problem Problems to Check For What to Do 

Outlet 

Side slopes of pond 

Storage area 

Pond dikes 

Emergency overflow/spillway 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR INFILTRATION SYSTEMS 

Frequency Problem Problems to Check For What to Do 

Storage area 

Rock filters 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR ENERGY DISSIPATERS  

Frequency Problem Problems to Check For What to Do 

Rock pad 

Rock-filled trench for discharge from pond 

Dispersion trench 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR GROUNDS (LANDSCAPING) 

Frequency Problem Problems to Check For What to Do 

Landscaped areas 

Trees and shrubs 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR FENDING, SHRUBBERY SCREEN, OTHER LANDSCAPING 

Frequency Problem Problems to Check For What to Do 

Fence or shrubbery screen 

Shrubbery 

Wire Fences 

 



A = Annual (March or April preferred), Q = Quarterly, M = Monthly, W = Weekly, S = After major storms 

MAINTENANCE CHECKLIST FOR GATES 

Frequency Problem Problems to Check For What to Do 

General 
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