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INTRODUCTION 
 
This report represents the analysis done for the West Banks development stormwater 
management facilities, to demonstrate compliance with Clean Water Services 
(District) R&O 19-22 standards. All calculations and supporting figures are included 
with this document. 
 
PROJECT BACKGROUND 
 
PROJECT LOCATION 
 
The proposed development is located on tax lot 600 of Washington County Tax Map 
2N436 and 5200 of Washington County Tax Map 2N331BC (See Exhibit 1 for associated 
Tax Maps). The site is located within the City of Banks, west of SW Main Street. The 
project is bordered along the north by SW Cedar Canyon Road, along the south by the 
privately owned Sunset Park, and along the east by a row of properties consisting of a 
mix of residential and commercial businesses along NW Main Street. The western edge 
of the site is situated along the Green Banks wetland mitigation banks. The area of 
the West Banks project is 30.3-acres.  
 
PROJECT ZONING/LAND USE 
 
The existing zoning designations for the site are Medium Density Residential – High, 
High Density Residential, Industrial, and Mixed Use. The land is proposed to be Master 
Planned and subdivided, with proposed zoning of Medium Density Residential – Low, 
High Density Residential, and Mixed Use (the Industrial zoned area will be excluded 
from the subdivision). 
 
The proposed 19.25-acre subdivision will consist of 83 single-family detached homes, 
61 single-family attached homes, and associated street and utility infrastructure. The 
site will also include a 3.67-acre open space parcel that includes a trail corridor and 
approximately 0.88-acres of public parks. The proposed development’s onsite 
stormwater management facilities will include vegetated planters to provide water 
quality treatment. These facilities will be constructed along the west edge of the 
project adjacent to the wetland mitigation bank, and stormwater will be released at 
low velocity into the adjacent wetlands. 
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EXISTING TOPOGRAPHY, LAND USE, AND ONSITE DRAINAGE 
 
EXISTING TOPOGRAPHY 
 
The subject property slopes from the high point of 210 feet at the southern end of the 
site to 206 feet at the northern end of the site, with a low point of 193 feet along the 
west edge in the middle of the site. The existing gradient across the developed 
portion of the site varies from 1 to 7 percent with an average gradient of about 3 
percent. 
 
EXISTING SOILS 
 
Based on the Natural Resources Conservation Service (NRCS), Woodburn silt loams 
(shown as soil unit numbers 45A and 45B) dominate the site, with McBee silty loam 
(soil unit number 30) also present. These soil types are included in the C hydrologic 
soil group. Refer to Exhibit 2 for NRCS soils report and associated maps. 
 
Below is a summary of the existing soil conditions for West Banks.  
 
 

TABLE 1 
PROJECT SITE SOILS 

 

 
 
 
EXISTING LAND USE 
 
The project is bordered along the north by SW Cedar Canyon Road, along the south by 
the privately owned Sunset Park, and along the east by a row of properties consisting 
of a mix of residential and commercial businesses along NW Main Street. The western 
edge of the site is situated along the Green Banks wetland mitigation bank. 
 
There are two existing single-family residences and associated farm use structures on 
the northern portion of the site, while the remaining property has been primarily 
utilized as agricultural land. Refer to Exhibit 3.1 for existing conditions. 
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EXISTING DRAINAGE 
 
There are two separate drainage basins located upstream of the project site and 
described below (refer to Exhibit 3.1 for pre-developed drainage map). 
 
Shed B & C – Upstream Drainage Basin 
 
Shed B and C are located to the east of the project site. Shed B is 11.7-acres in size 
and Shed C is 10.7-acres in size and. Both sheds have been developed as primarily 
residential communities with some commercial along NW Main Street. Stormwater 
runoff is collected within each shed by catch basins and storm laterals and conveyed 
across the shed through an underground storm drainage system. These systems convey 
the runoff through the project site and outfalls west of the site in the Green Banks 
mitigation bank. 
 
Shed A – Onsite Drainage Basin 
 
Shed A is the subject site and is 26.8-acres in size. There are two existing single-
family residences and associated farm use structures on the northern portion of the 
site, while the remaining property has been primarily utilized as agricultural land. 
The existing topography has northern and southern ends of the site draining via 
surface flow to the middle of the site, then west towards the existing wetlands 
adjacent to the site within the Green Banks mitigation bank. 
 
 
CLEAN WATER SERVICES DESIGN STANDARDS 
 
 
SECTION 2.04.2.m.3 – DOWNSTREAM CONVEYANCE SYSTEM ANALYSIS 
 
Under the developed condition and during the 25-year storm event, the project site 
(Sheds A-1, A-2 and A-3) and existing development along SW Main Street (Shed D) 
combined discharges 17.0 cubic feet per second (cfs) to the existing wetlands along 
the western edge of the site. Additionally, runoff from Shed B and Shed C is conveyed 
via pipe through the project site and discharged into the wetlands (8.5-cfs and 7.4-
cfs, respectively) for a combined pre-developed flow of 27.8-cfs. 
 
The runoff drains west to south within the wetland mitigation bank, into a ditch and 
through a culvert that flows under NW Wilson River Hwy. Once the runoff is conveyed 
past NW Wilson River Hwy it continues within a tributary of the West Fork Dairy Creek 
located to the south of the road for approximately 3 miles, at which point it drains 
into the West Fork Dairy Creek. 
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SECTION 4.03.3 – HYDROMODIFICATION ASSESSMENT 
 
The project site drains to the adjacent wetland mitigation bank located west of the 
project. From this point, the runoff is conveyed through ditches to the south where it 
is conveyed under NW Wilson River Hwy. Reviewing this section of tributary ¼-mile 
downstream on the CWS Hydromodification Map, the site is located within a low risk 
level (see below image). 
 

 
 
The project was incorporated into the Metro Urban Growth Boundary (UGB) in 2011 
and is largely undeveloped, as such it is considered within the CWS expansion area. 
 
The project will be over 80,000 square feet in impervious area once developed, as 
such it is considered a large project in terms of hydromodification assessment. 
 
Based on the above, and Table 4-2 below, the site is within Category 3. 
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There are no downstream conveyance deficiencies based on the above downstream 
analysis so traditionally a hydromodification approach will be utilized for sizing the 
stormwater management facility. However, due to the site draining into a floodplain 
that is currently being utilized as a new wetland mitigation bank facility and the 
identification of no downstream conveyance deficiencies, the project is proposing to 
discharge the runoff un-detained. Analysis has been completed to construct outflow 
structures that will distribute runoff with non-erosive velocities (less than 1 ft/sec) 
and is included in this report. 

 
 
SECTION 4.08.6 – PEAK FLOW MATCHING HYDRAULIC DESIGN 
 
METHODOLOGY 
  
The Santa Barbara Urban Hydrograph (SBUH) methodology was used to calculate the 
runoff hydrographs for the project site. The Hydraflow Hydrographs Extension for 
AutoCAD Civil 3D was used to generate hydrographs for existing and developed 
conditions. The storm events modeled in this report reflect the CWS storm events as 
shown in the following table.  
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CWS TABLE 4-4 

24-HOUR STORM EVENT RATES (inches) 
 

STORM EVENT PRECIPITATION 

2-YEAR 2.50 

5-YEAR 3.10 

10-YEAR 3.45 

25-YEAR 3.90 

100-YEAR 4.50 

 
 
PRE-DEVELOPED CONDITIONS 
 
The pre-developed conditions were analyzed to include on-site Shed A and upstream 
Shed B and Shed C. 
 
All flows were generated using a composite SCS curve number based on the existing 
hydrologic soil group C Assuming current land use. 
 
The time of concentration (Tc) was calculated based on the existing drainage 
conditions. The following tables summarize the input parameters for the hydrographs 
as well as the results of the pre-developed analysis.  
 
 

TABLE 2 

PRE-DEVELOPED CONDITIONS HYDROCAD INPUT PARAMETERS 
 

SHED ID 
AREA 
(acre) 

TIME OF 
CONCENTRATION 

(min) 

COMPOSITE 
CURVE NUMBER 

Shed A 26.8 27.65 85.8 

Shed B 11.7 9.31 91.1 

Shed C 10.7 12.04 90.8 
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TABLE 3 

PRE-DEVELOPED CONDITIONS RUNOFF RATES (cfs) – TARGET RATES 
 

SHED ID 2-YEAR 5-YEAR 10-YEAR 25-YEAR 100-YEAR 

Combined 
Shed A+B+C  

13.83 19.62 23.10 27.63 33.75 

 
 
DEVELOPED CONDITIONS 
 
The Santa Barbara Urban Hydrograph (SBUH) method was used to determine 
developed flows from three onsite basins: Shed A-1, Shed A-2 and Shed A-3. The 
developed flows for Shed A-1 will be analyzed assuming the development of the 
future water treatment site located at the north end of the project. This analysis will 
assume that 90% of the area is impervious to ensure the future development can be 
adequately mitigated with the proposed stormwater management facility.  
 
The flows were generated using an SCS curve number based on the hydrologic soil 
group C, and a land use of open space in good condition; 86 for pervious areas, and 98 
for impervious areas. The time of concentration (Tc) was based on the conveyance 
calculations for the individual pipe runs, assuming an initial catchment time of 5 
minutes.  
 
The following tables summarize the input parameters used to generate the 
hydrographs, as well as the results of the overall developed analysis.  
 
 

TABLE 4 

DEVELOPED CONDITIONS HYDROCAD INPUT PARAMETERS 
 

SHED ID 
AREA 
(acre) 

TIME OF 
CONCENTRATION 

(min) 

COMPOSITE 
CURVE NUMBER 

Shed A-1 5.80 9.4 96.0 

Shed A-2 5.93 10.1 96.0 

Shed A-3 4.85 10.9 95.4 
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TABLE 5 

DEVELOPED CONDITIONS RUNOFF RATES (cfs) 
 

SHED ID 2-YEAR 5-YEAR 10-YEAR 25-YEAR 100-YEAR 

Shed A-1 2.95 3.78 4.26 4.88 5.70 

Shed A-2 3.00 3.83 4.32 4.95 5.77 

Shed A-3 2.31 2.99 3.39 3.90 4.57 

 
 
RESULTS – ALTERNATIVE TO DETENTION REQUIREMENT 
 
The configuration of the project site and the topography does not provide an 
opportunity for a detention pond. Due to the this and the adjacent wetland mitigation 
bank, stormwater management will be accomplished by routing the runoff from each 
shed area to a water quality swale/flow through planter that will be sized to convey 
the 25-year storm event and provide water quality treatment. A flow spreader weir 
will be incorporated into the water quality planter to reduce the velocity of the 
flowrate discharged from the stormwater planters to the mitigation bank to non-
erosive velocities (less than 1 ft/sec).  
 
In addition to the analysis below, multiple discussions have taken place with the 
operators of the wetland mitigation bank to ensure that the discharge velocities and 
discharge locations were acceptable and would not impact compliance with their 
permit to operate a wetland mitigation bank facility. 
 
The following table summarizes the flowrates and velocities that will be discharged 
from the weirs mounted to the water quality planters. Detailed design results are 
contained in Exhibit 8.  
 

TABLE 6 

WATER QUALITY SWALE/FLOW THROUGH PLANTER WEIR SUMMARY 
 

SWALE ID 
WEIR 

WIDTH 
(ft) 

25-YEAR 
FLOWRATE 

(cfs) 

25-YEAR MAX 
VELOCITY 

(ft/s) 

100-YEAR 
FLOWRATE 

(cfs) 

100-YEAR MAX 
VELOCITY 

(ft/s) 

Shed A-1 95 4.88 0.83 5.70 0.87 

Shed A-2 97 4.95 0.83 5.77 0.87 

Shed A-3 97 3.90 0.77 4.57 0.81 
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SECTION 4.04 – WATER QUALITY TREATMENT 
 
Clean Water Services requires that 65% removal of phosphorous be provided for 
stormwater runoff if any new impervious surfaces are created during site 
development. A permanent water quality facility must be constructed or funded to 
reduce contaminants that enter the storm and surface water system. In addition, 30% 
of the site’s impervious area is required to be treated by a LIDA facility. Impervious 
surfaces shall include pavement, gravel roads, buildings, public and private roadways, 
and other surfaces that contribute runoff to the surface water system. 
 
To meet CWS standards, the water quality storm event was analyzed to determine the 
flow rate and volume of runoff that is required to be treated. The water quality event 
is identified as a storm event contributing 0.36-inches of precipitation in a 4-hour 
period. Exhibit 7 includes calculations for water quality storm events for each of the 
Sheds: A-1, A-2 and A-3. 
  
For each shed, pre-treatment is provided in a water quality manhole located directly 
upstream of each water quality facility. CWS requires a minimum sump volume of 20 
cubic feet per cfs, based on the water quality storm event.  Calculations showing the 
provided sump volume in each water quality manhole are provided in Exhibit 7. 
 
A vegetated swale will be constructed to provide water quality treatment and meet 
the LIDA requirement for the hydromodification approach. The sizing calculations for 
the required swales are shown in Exhibit 7. The following table is a summary of the 
swale dimensions for each facility. 
 

TABLE 7 
WATER QUALITY SWALE CHARACTERISTICS 

 

SWALE ID 
FLOW 
RATE 
(cfs) 

SLOPE 
BASE WIDTH 

(ft.) 
REQUIRED 

LENGTH (ft.) 
PROVIDED  

LENGTH (ft.) 

A-1 0.44 0.5% 10 92.6 103.0 

A-2 0.45 0.5% 10 93.4 105.0 

A-3 0.34 0.5% 8 90.9 105.0 

 
As shown in the table above, the proposed vegetated swales will be sized adequately 
to provide water quality treatment for each basin. 
 
In addition, the 25-year storm event was analyzed for each swale to ensure that 
adequate capacity was provided to convey the 25-year storm event and to ensure that 
the flow velocities within the swales would not damage the vegetation. The following 
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table summarizes the 25-year storm event flow rates, flow depth, and flow velocities 
for each swale. 
 
 
CONCLUSION 
 
The proposed water quality facilities within the West Banks development are 
consistent with the design requirements of Clean Water Services. The water quality 
flow-through planters are designed to convey the 25-year storm event, and to ensure 
the release of the 25-year and 100-year storm events are at a low velocity to 
minimize erosion impacts to the adjacent wetland mitigation bank. The water quality 
swales are sized to treat all developed impervious areas as defined in CWS’s 
standards. 
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Exhibit 2 - Soil Survey Map 
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The soil surveys that comprise your AOI were mapped at 
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Washington County, Oregon
Survey Area Data: Version 23, Sep 7, 2023

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: May 17, 2023—Jun 
3, 2023

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Hydrologic Soil Group—Washington County, Oregon
(West Banks)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/29/2024
Page 2 of 4



Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

30 McBee silty clay loam C 3.4 10.2%

45A Woodburn silt loam, 0 to 
3 percent slopes

C 17.9 52.9%

45B Woodburn silt loam, 3 to 
7 percent slopes

C 12.5 36.9%

Totals for Area of Interest 33.7 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having 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.

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

Group D. Soils having 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 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.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Hydrologic Soil Group—Washington County, Oregon West Banks

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/29/2024
Page 3 of 4



Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—Washington County, Oregon West Banks

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/29/2024
Page 4 of 4
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Exhibit 3 – Pre-Developed Conditions Maps 
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Exhibit 4 – Developed Conditions Map 
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Exhibit 5 - Hydrographs 
 



Hydrograph Summary Report
1

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SBUH Runoff 5.390 2 482 119,685 ------ ------ ------ Shed A

2 SBUH Runoff 4.569 2 480 68,740 ------ ------ ------ Shed B

3 SBUH Runoff 3.949 2 480 61,922 ------ ------ ------ Shed C

5 Combine 13.83 2 480 250,347 1, 2, 3, ------ ------ Combined

7 SBUH Runoff 38.94 2 530 1,532,430 ------ ------ ------ Pre-Dev Point of Discharge

8 SBUH Runoff 45.51 2 552 2,172,859 ------ ------ ------ Pre-Dev Downstream

11 SBUH Runoff 41.57 2 524 1,532,430 ------ ------ ------ Post-Dev Point of Discharge

12 SBUH Runoff 47.85 2 540 2,172,855 ------ ------ ------ Post-Dev Downstream

15 SBUH Runoff 2.953 2 478 43,398 ------ ------ ------ Shed A-1

16 SBUH Runoff 2.995 2 480 44,371 ------ ------ ------ Shed A-2

17 SBUH Runoff 2.309 2 480 34,493 ------ ------ ------ Shed A-3

19 SBUH Runoff 1.647 2 480 28,515 ------ ------ ------ Shed D

20 Combine 9.902 2 480 150,777 15, 16, 17,
19

------ ------ Combined Post

130004.Prelim Hydro.gpw Return Period: 2 Year Wednesday, 03 / 20 / 2024

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 1

Shed A

Hydrograph type =  SBUH Runoff Peak discharge =  5.390 cfs
Storm frequency =  2 yrs Time to peak =  482 min
Time interval =  2 min Hyd. volume =  119,685 cuft
Drainage area =  26.800 ac Curve number =  85.8
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  27.60 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

2
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Hyd. No. 1 -- 2 Year

Hyd No. 1



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 2

Shed B

Hydrograph type =  SBUH Runoff Peak discharge =  4.569 cfs
Storm frequency =  2 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  68,740 cuft
Drainage area =  11.700 ac Curve number =  91.1
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  9.30 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Hyd. No. 2 -- 2 Year

Hyd No. 2



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 3

Shed C

Hydrograph type =  SBUH Runoff Peak discharge =  3.949 cfs
Storm frequency =  2 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  61,922 cuft
Drainage area =  10.700 ac Curve number =  90.8
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  12.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Hyd No. 3



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 5

Combined

Hydrograph type =  Combine Peak discharge =  13.83 cfs
Storm frequency =  2 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  250,347 cuft
Inflow hyds. =  1, 2, 3 Contrib. drain. area =  49.200 ac
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Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 7

Pre-Dev Point of Discharge

Hydrograph type =  SBUH Runoff Peak discharge =  38.94 cfs
Storm frequency =  2 yrs Time to peak =  530 min
Time interval =  2 min Hyd. volume =  1,532,430 cuft
Drainage area =  290.200 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  114.20 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(22.050 x 98) + (21.180 x 85) + (206.230 x 86) + (37.200 x 100) + (3.540 x 76)] / 290.200
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Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 8

Pre-Dev Downstream

Hydrograph type =  SBUH Runoff Peak discharge =  45.51 cfs
Storm frequency =  2 yrs Time to peak =  552 min
Time interval =  2 min Hyd. volume =  2,172,859 cuft
Drainage area =  411.480 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  165.80 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(28.240 x 98) + (21.180 x 85) + (286.200 x 86) + (61.870 x 100) + (13.990 x 76)] / 411.480
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Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 11

Post-Dev Point of Discharge

Hydrograph type =  SBUH Runoff Peak discharge =  41.57 cfs
Storm frequency =  2 yrs Time to peak =  524 min
Time interval =  2 min Hyd. volume =  1,532,430 cuft
Drainage area =  290.200 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  99.57 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(35.660 x 98) + (21.180 x 85) + (192.620 x 86) + (37.200 x 100) + (3.540 x 76)] / 290.200
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Hyd. No. 11 -- 2 Year

Hyd No. 11



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 12

Post-Dev Downstream

Hydrograph type =  SBUH Runoff Peak discharge =  47.85 cfs
Storm frequency =  2 yrs Time to peak =  540 min
Time interval =  2 min Hyd. volume =  2,172,855 cuft
Drainage area =  411.480 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  151.10 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(41.850 x 98) + (21.180 x 85) + (272.590 x 86) + (61.870 x 100) + (13.990 x 76)] / 411.480
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Hyd No. 12



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 15

Shed A-1

Hydrograph type =  SBUH Runoff Peak discharge =  2.953 cfs
Storm frequency =  2 yrs Time to peak =  478 min
Time interval =  2 min Hyd. volume =  43,398 cuft
Drainage area =  5.800 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  9.40 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(4.850 x 98) + (0.950 x 86)] / 5.800
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Hyd. No. 16

Shed A-2

Hydrograph type =  SBUH Runoff Peak discharge =  2.995 cfs
Storm frequency =  2 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  44,371 cuft
Drainage area =  5.930 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.10 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(4.930 x 98) + (1.000 x 86)] / 5.930
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Hyd. No. 17

Shed A-3

Hydrograph type =  SBUH Runoff Peak discharge =  2.309 cfs
Storm frequency =  2 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  34,493 cuft
Drainage area =  4.840 ac Curve number =  95*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.90 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(3.790 x 98) + (1.050 x 86)] / 4.840
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Hyd. No. 19

Shed D

Hydrograph type =  SBUH Runoff Peak discharge =  1.647 cfs
Storm frequency =  2 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  28,515 cuft
Drainage area =  5.400 ac Curve number =  89
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  16.30 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Hyd. No. 20

Combined Post

Hydrograph type =  Combine Peak discharge =  9.902 cfs
Storm frequency =  2 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  150,777 cuft
Inflow hyds. =  15, 16, 17, 19 Contrib. drain. area =  21.970 ac
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Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SBUH Runoff 8.073 2 482 168,605 ------ ------ ------ Shed A

2 SBUH Runoff 6.232 2 480 92,313 ------ ------ ------ Shed B

3 SBUH Runoff 5.419 2 480 83,378 ------ ------ ------ Shed C

5 Combine 19.62 2 480 344,296 1, 2, 3, ------ ------ Combined

7 SBUH Runoff 55.49 2 526 2,096,799 ------ ------ ------ Pre-Dev Point of Discharge

8 SBUH Runoff 64.95 2 540 2,973,085 ------ ------ ------ Pre-Dev Downstream

11 SBUH Runoff 59.22 2 518 2,096,800 ------ ------ ------ Post-Dev Point of Discharge

12 SBUH Runoff 68.31 2 540 2,973,088 ------ ------ ------ Post-Dev Downstream

15 SBUH Runoff 3.782 2 478 55,805 ------ ------ ------ Shed A-1

16 SBUH Runoff 3.833 2 480 57,056 ------ ------ ------ Shed A-2

17 SBUH Runoff 2.993 2 480 44,750 ------ ------ ------ Shed A-3

19 SBUH Runoff 2.328 2 480 39,017 ------ ------ ------ Shed D

20 Combine 12.93 2 480 196,628 15, 16, 17,
19

------ ------ Combined Post
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Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 1

Shed A

Hydrograph type =  SBUH Runoff Peak discharge =  8.073 cfs
Storm frequency =  5 yrs Time to peak =  482 min
Time interval =  2 min Hyd. volume =  168,605 cuft
Drainage area =  26.800 ac Curve number =  85.8
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  27.60 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

16

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Q (cfs)

0.00 0.00

2.00 2.00

4.00 4.00

6.00 6.00

8.00 8.00

10.00 10.00

Q (cfs)

Time (min)

Shed A
Hyd. No. 1 -- 5 Year

Hyd No. 1



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 2

Shed B

Hydrograph type =  SBUH Runoff Peak discharge =  6.232 cfs
Storm frequency =  5 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  92,313 cuft
Drainage area =  11.700 ac Curve number =  91.1
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  9.30 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Hyd. No. 3

Shed C

Hydrograph type =  SBUH Runoff Peak discharge =  5.419 cfs
Storm frequency =  5 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  83,378 cuft
Drainage area =  10.700 ac Curve number =  90.8
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  12.00 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Hyd. No. 5

Combined

Hydrograph type =  Combine Peak discharge =  19.62 cfs
Storm frequency =  5 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  344,296 cuft
Inflow hyds. =  1, 2, 3 Contrib. drain. area =  49.200 ac
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Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 7

Pre-Dev Point of Discharge

Hydrograph type =  SBUH Runoff Peak discharge =  55.49 cfs
Storm frequency =  5 yrs Time to peak =  526 min
Time interval =  2 min Hyd. volume =  2,096,799 cuft
Drainage area =  290.200 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  114.20 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(22.050 x 98) + (21.180 x 85) + (206.230 x 86) + (37.200 x 100) + (3.540 x 76)] / 290.200
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Hyd. No. 8

Pre-Dev Downstream

Hydrograph type =  SBUH Runoff Peak discharge =  64.95 cfs
Storm frequency =  5 yrs Time to peak =  540 min
Time interval =  2 min Hyd. volume =  2,973,085 cuft
Drainage area =  411.480 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  165.80 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(28.240 x 98) + (21.180 x 85) + (286.200 x 86) + (61.870 x 100) + (13.990 x 76)] / 411.480
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Hyd. No. 11

Post-Dev Point of Discharge

Hydrograph type =  SBUH Runoff Peak discharge =  59.22 cfs
Storm frequency =  5 yrs Time to peak =  518 min
Time interval =  2 min Hyd. volume =  2,096,800 cuft
Drainage area =  290.200 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  99.57 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(35.660 x 98) + (21.180 x 85) + (192.620 x 86) + (37.200 x 100) + (3.540 x 76)] / 290.200
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Hyd. No. 12

Post-Dev Downstream

Hydrograph type =  SBUH Runoff Peak discharge =  68.31 cfs
Storm frequency =  5 yrs Time to peak =  540 min
Time interval =  2 min Hyd. volume =  2,973,088 cuft
Drainage area =  411.480 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  151.10 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(41.850 x 98) + (21.180 x 85) + (272.590 x 86) + (61.870 x 100) + (13.990 x 76)] / 411.480

23

0 240 480 720 960 1200 1440 1680 1920 2160

Q (cfs)

0.00 0.00

10.00 10.00

20.00 20.00

30.00 30.00

40.00 40.00

50.00 50.00

60.00 60.00

70.00 70.00

Q (cfs)

Time (min)

Post-Dev Downstream
Hyd. No. 12 -- 5 Year

Hyd No. 12



Hydrograph Report
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Hyd. No. 15

Shed A-1

Hydrograph type =  SBUH Runoff Peak discharge =  3.782 cfs
Storm frequency =  5 yrs Time to peak =  478 min
Time interval =  2 min Hyd. volume =  55,805 cuft
Drainage area =  5.800 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  9.40 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(4.850 x 98) + (0.950 x 86)] / 5.800
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Hyd. No. 16

Shed A-2

Hydrograph type =  SBUH Runoff Peak discharge =  3.833 cfs
Storm frequency =  5 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  57,056 cuft
Drainage area =  5.930 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.10 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(4.930 x 98) + (1.000 x 86)] / 5.930
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Hyd. No. 17

Shed A-3

Hydrograph type =  SBUH Runoff Peak discharge =  2.993 cfs
Storm frequency =  5 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  44,750 cuft
Drainage area =  4.840 ac Curve number =  95*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.90 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a

* Composite (Area/CN) = [(3.790 x 98) + (1.050 x 86)] / 4.840

26

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00

3.00 3.00

Q (cfs)

Time (min)

Shed A-3
Hyd. No. 17 -- 5 Year

Hyd No. 17



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 03 / 20 / 2024

Hyd. No. 19

Shed D

Hydrograph type =  SBUH Runoff Peak discharge =  2.328 cfs
Storm frequency =  5 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  39,017 cuft
Drainage area =  5.400 ac Curve number =  89
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  16.30 min
Total precip. =  3.10 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Hyd. No. 20

Combined Post

Hydrograph type =  Combine Peak discharge =  12.93 cfs
Storm frequency =  5 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  196,628 cuft
Inflow hyds. =  15, 16, 17, 19 Contrib. drain. area =  21.970 ac
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Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SBUH Runoff 9.711 2 482 198,239 ------ ------ ------ Shed A

2 SBUH Runoff 7.211 2 480 106,314 ------ ------ ------ Shed B

3 SBUH Runoff 6.287 2 480 96,135 ------ ------ ------ Shed C

5 Combine 23.10 2 480 400,688 1, 2, 3, ------ ------ Combined

7 SBUH Runoff 65.48 2 524 2,434,464 ------ ------ ------ Pre-Dev Point of Discharge

8 SBUH Runoff 76.75 2 540 3,451,872 ------ ------ ------ Pre-Dev Downstream

11 SBUH Runoff 69.90 2 504 2,434,466 ------ ------ ------ Post-Dev Point of Discharge

12 SBUH Runoff 80.65 2 538 3,451,872 ------ ------ ------ Post-Dev Downstream

15 SBUH Runoff 4.263 2 478 63,075 ------ ------ ------ Shed A-1

16 SBUH Runoff 4.320 2 478 64,489 ------ ------ ------ Shed A-2

17 SBUH Runoff 3.390 2 480 50,775 ------ ------ ------ Shed A-3

19 SBUH Runoff 2.734 2 480 45,300 ------ ------ ------ Shed D

20 Combine 14.70 2 480 223,639 15, 16, 17,
19

------ ------ Combined Post
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Hyd. No. 1

Shed A

Hydrograph type =  SBUH Runoff Peak discharge =  9.711 cfs
Storm frequency =  10 yrs Time to peak =  482 min
Time interval =  2 min Hyd. volume =  198,239 cuft
Drainage area =  26.800 ac Curve number =  85.8
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  27.60 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Hyd. No. 2

Shed B

Hydrograph type =  SBUH Runoff Peak discharge =  7.211 cfs
Storm frequency =  10 yrs Time to peak =  480 min
Time interval =  2 min Hyd. volume =  106,314 cuft
Drainage area =  11.700 ac Curve number =  91.1
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  9.30 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  n/a
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Exhibit 6 – CN and Tc Calculations 
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Exhibit 7 – Water Quality Swale Calculations 
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Exhibit 8 – Weir Calculations 
 




