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INTRODUCTION

The Devon Estates development is a proposed 86 lot subdivision located south of Sahalee Court SE and

west of Devon Avenue SE. The parcel of land to be developed is Tax Lot 300 of Marion County Assessor's

Map 08 3W 22C. A vicinity map and supporting maps are in Appendix A of this report.

Project Site

Green Stormwater Infrastructure (GSI) to the Maximum Extent Feasible (MEF) is being used for the new

developed areas along the easterly side of the development per City of Salem Administrative Rules,

Chapter 109, Division 004, Stormwater System, Appendix 4E (Standards). Because of natural steep

slopes at approximately 10 percent, stormwater quality will be proposed as Manufactured Treatment

Technologies; Contech Stormwater Solutions Inc. stormfilters using ZPG media devices for the westerly

side of the development. Stormwater flow control facilities will be constructed to meet the City of Salem

standards.
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EXISTING CONDITIONS

The 19.7-acre site is generally rectangular in the shape. Surface conditions consists of grass, brush and

minimal trees. There are no identified wetlands, streams or sensitive areas located on the property. A

topographical high point is located on the southerly side of the site. Drainage from this high point flows

westerly and easterly. The maximum relief is approximately 112-feet with a high point elevation of 651.

The abutting properties are zoned single family residential with nearby public improvements that

include minimal storm water conveyance systems. Infrastructure will be designed and constructed to

connect to these systems. Appendix A contains multiple maps of the site.

Soils

The Natural Resources Conservation Service (NRCS) Soil Resource Report for Marion County was used to

determine a Hydrological Soil Group classification for runoff calculations. The report identifies the site

soils to be Jory, Nekia and Salkum soils. The predominate soils are in the hydrologic soil group C. The

report is in Appendix B.

Infiltration

Infiltration testing was performed at the site to determine percolation rate of the soil. Test results

recommend design infiltration rates between 0.3 and 0.4 inches per hour. Appendix B contains an

excerpt from the geotechnical report with recommended infiltration rates.

WATER QUALITY METHODOLOGY

Because of the poor percolation rates of the soils and natural steep slopes located on the site, green

stormwater facilities will be designed as volume control facilities with off-site water quality swales for

the easterly side. Volume control facilities with Manufactured Treatment Technology devices for the

westerly side.

WATER QUALITY ANALYSIS

Water quality flow rates will be calculated with HydroCAD 10.00. The Santa Barbara Unit Hydrograph

method will be used to generate the hydrographs. A Type 1A storm and a 24-hour rainfall depth of 1.38

inches per hour will be used to determine the water quality flow rate.

WATER QUALITY SWALE DESIGN

The proposed water quality swale will provide water quality treatment by slowing the stormwater

down, allowing for the removal of pollutants through sedimentation, adsorption onto surrounding
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vegetation, filtration and biological uptake. The swale will be designed per the City of Salem design

standards.

MANUFACTURED TREATMENT TECHNOLOGY DESIGN

The proposed manufactured treatment device will be CONTECH Stormwater Solutions storm filters using

ZPG media. The system will be designed in accordance to the manufacturer’s recommendations per City

of Salem design standards.

STORMWATER QUANTITY ANALYSIS

Stormwater quantity (Flow Control) is proposed to be handled by on-site detention. Runoff from the

developed basins will be routed to the facilities that ultimately controls runoff to pre-developed flow

rates. It should be noted that the site currently has three independent drainage basins and were

analyzed independently.

Per Subsection 4.2(p)(3)(A) of the standards, one-half of the post development peak runoff rate of the

two-year storm must be equal to or less than one-half of the peak runoff rate of the pre-developed two-

year, 24-hour storm. This also applies to the 10-year, 24-hour storm event. Because the facility will be a

volume based, the system will retain the 100-year event for post-developed conditions and control the

flow to pre-developed conditions.

The pre-developed flow rates were calculated using HydroCAD 10.00. Table 1 below lists the 24-hour

rainfall depths used for the analysis of each storm event. Please note that the 2-year event was halved

and then analyzed.

Table 1

Storm Event
(year)

24-hour
Rainfall Depth

(in)

Half of 2 1.1

10 3.2

100 4.4

WQ 1.38

For the pre-developed conditions, a time of concentration of 22.2 minutes was calculated for Basin 1,

21.6 minutes for Basin 2A and 18.6 minutes for Basin 2B. The time of concentration data is in Appendix

C. The calculations are incorporated in the HydroCAD output located in Appendix D. The entire area was
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classified as "City of Salem Pre-Development, HSG C" with a Curve Number (CN) of 72. A pre-developed

basin map is in Appendix A. Because portions of Devon Avenue will drain into the Basin 2 systems, the

areas were included in the pre-developed areas. The portion of the right-of-way was assumed to be

impervious and a CN value of 98 was used in the analysis.

The Santa Barbara Unit Hydrograph method was used to generate the hydrographs. A Type 1A rainfall

distribution was used with the above rainfall depths. Table 2 below identifies the allowable pre-

developed release rates for each storm event.

Table 2

Storm Event
Basin #1

Allowable
Release Rate

(cfs)

Basin #2A
Allowable

Release Rate
(cfs)

Basin #2B
Allowable

Release Rate
(cfs))

1/2 of 2-year 0.09 0.05 0.02

10-year 2.61 1.25 0.61

100-year 5.04 2.37 1.12

The post-developed flow rates were calculated using HydroCAD 10.00. A time of concentration of 10

minutes was assumed for all basins. The calculations are incorporated in the HydroCAD output located

in Appendix D. Each on-site basin was classified as 60 percent "Impervious, HSG C" with a CN of 98 and

40 percent “> 75% Grass cover, HSG C” with a CN of 74. This was based on code setback requirements

and City street section standards. Off-site areas contributing to the development’s drainage system

were classified as "City of Salem Pre-Development, HSG C" with a Curve Number (CN) of 72 or

“Impervious, HSG C” with a CN of 98. Table 3 below lists the CN values for the developed areas that will

contribute storm water runoff to the detention systems. A developed basin map is in Appendix A.
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Table 3

Basin Impervious

Area (Ac)

CN = 98

Landscape

Area (Ac)

CN = 74

Exist. Impervious
Area (AC)

CN = 98

TOTAL

Area (Ac)

Composite

CN

Basin 1A 6.25 4.16 0 10.41 88

Basin 1B 0.64 0.43 0 1.07 88

Basin 2A 0.84 0.57 0.15 1.56 89

Basin 2B 4.11 2.74 0.18 7.03 89

Table 4 below identifies the calculated detention volume requirements for each storm event. The

required detention was determined by taking the differential runoff volume from each hydrograph

between the pre-developed and post-developed conditions for the three storm events and multiplying

by 0.80. Multiplying by 0.80 gives the best approximation for facility sizing and reduces design iterations.

Table 4

Storm Event
Basin #1A

Detention Volume
(cf)

Basin #2A
Detention Volume

(cf)

Basin #2B
Detention Volume

(cf)

1/2 of 2-year 15,000 750 10,400

10-year 26,400 0 35,300

100-year 28,300 0 50,200

A 1.07-acre portion of Basin 1, developed Basin 1B, will not drain into the detention pond that will serve

the westerly side of the development. To compensate for this uncontrolled release, a portion of the off-

site runoff flowing through the system will be metered. In other words, off-site flow rates will be

reduced to mirror uncontrolled release rates from Basin 1B.

It should be noted that the existing 5.39-acre Basin 2A historically drained to a County system along

Devon Avenue SE just north of the site near the intersection with Elkins Way SE. The outlet of this

system drains to an undefined system. Table 2 above identifies the flow rates. The developed Basin 2A

will be reduced to 1.41-acres with flow rates at or below pre-developed conditions.
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The proposed detention systems will be pond facilities located near the lowest point in each basin to

maximize the capture of runoff. A basin map has been provided in Appendix A showing the locations of

the detention ponds.

STORMWATER QUALITY ANALYSIS

Water quality flow rates were calculated using HydroCAD 10.00. The Santa Barbara Unit Hydrograph

method was used to generate the hydrographs. A Type 1A rainfall distribution was used with a 1.38

rainfall depth. Appendix E contains the analysis.

Because of natural slopes that exceed 10 percent for Basin 1, a design exception for implementing green

stormwater infrastructure to the maximum extent feasible is being requested to allow for a

manufactured stormwater treatment facility to treat runoff from Basin 1A. A copy of the design

exception request is in Appendix E.

The proposed facility is a Contech StormFilter system using ZPG media. The filters will be in a vault with

a high flow bypass to convey larger storm events. The media filters will be the 27-inch height type that

have the capacity to treat 22.5 gpm per filter. Because a 1.07-acres portion will not drain into the

detention and water quality facility, the system will be sized as if the basin was draining into it. This will

allow the future upstream development to be treated by the facility. Table 5 below identifies flow rates

and required treatment filters. Appendix E contains the analysis and a generic plan of the Contech

system.

Table 5

Storm Event
Basin 1A & 1B
WQ Flow Rate

(cfs)

Basin 1A & 1B
WQ Flow Rate

(gpm)

Required
Filters

System
Capacity
(Filters)

WQ 2.0 898 40 48

Because of natural slopes that exceed 7 percent for Basin 2, a water quality swale is being proposed

downstream to the south and adjacent to the east of Devon Avenue. A post-development basin map is

in Appendix A. Because Basin 2A is not capable of being serve by a water quality facility, the entire

length of Devon Avenue will be treated by the facility as a suitable exchange. Both basins drain to Powell

Creek. Table 6 below contains the water quality flow rates as well as the 100-year flow rate for

conveyance. Note that Basin 2A are being included in the table. This is being provided to demonstrate

that off-site flows will be equal or greater than that basin.
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Table 6

Storm Event
Basin 2A

WQ Flow Rate
(cfs)

Basin 2B
WQ Flow Rate

(cfs)

Basin OS1
WQ Flow Rate

(cfs)

Basin OS2
WQ Flow Rate

(cfs)

WQ 0.08 * 0.04 0.14 0.07

100-year 1.12 0.47 2.11

* Will not enter the WQ facility

The program Hydraulic Toolbox 4.2 from the Federal Highway Administration (FHWA) was used to

analysis the swale. The calculated WQ flow rate for the swale is 0.25 cfs. A design flow rate of 2.0 cfs

was used in the analysis. The swale will have a width of 10-feet with side slopes at 3:1 and a longitudinal

slope of 6.0 percent. The analysis yields an average velocity of 0.613 feet per second. With a length of

550-feet, the average hydraulic residence time is calculated to be 897 seconds or 15 minutes, which

exceeds the required 9 minutes residence time. The maximum depth is 0.299 feet or 3.6 inches. Below is

the computer output of the analysis.

The calculated 100-year flow rate of 3.70 cfs was used in the analysis. The analysis yields an average

velocity of 2.92 feet per second. The maximum depth is 0.122 feet or 1.5 inches. Below is the computer

output of the analysis.
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CONCLUSION

Based on the presented information, the preliminary design can meet the City of Salem water quality

and quantity standards. If there are any questions regarding this analysis or the design, please contact

Matthew Hendrick at Multi/Tech Engineering by phone at (503) 363-9227 or via e-mail at

mhendrick@mtengineering.net.



Appendix A



User045
Text Box
Site

User045
Polygon
Site



User045
Text Box
Drawing is Not to Scale



User045
Text Box
Drawing is Not to Scale



BASIN #1

12.06 Acres

BASIN #2A

5.39 Acres

BASIN #2B

2.30 Acres

#2A-(OFFSITE)

1.115 Ac.

#2B-(OFFSITE)

0.122 Ac.

PREDEVELOPED

BASIN MAP

PH. (503) 363 - 9227   FAX (503) 364-1260

www.mtengineering.net    office@mtengineering.net

ENGINEERING SERVICES, INC.

1155 13th ST. S.E. SALEM, OR. 97302

MULTI

TECH

M

T

E

N

G

I

N

E

E

R

I

N

G

.

N

E

T

NOT TO SCALE

6502p.dwg/BASIN1

IMPERVIOUS SURFACE HSG C CN = 98

CITY OF SALEM PREDEVELOPEDHSG C CN=79

AutoCAD SHX Text
TAX LOT #100

AutoCAD SHX Text
ARV

AutoCAD SHX Text
6x10 LAUREL

AutoCAD SHX Text
W



BASIN #2B

6.85 Ac.

BASIN #2A

1.41 Ac.

BASIN #1A

10.41 Ac.

BASIN #1B

1.07 Ac.

OS2

EXISTING

PERVIOUS

4.88 Ac.

OS1

EXISTING

IMPERVIOUS

0.479 Ac.

#2A-(OFFSITE)

0.149 Ac.

#2B-(OFFSITE)

0.179 Ac.

T

O

P

 
B

E

R

M

 
6

0

8

T

O

P

 
B

E

R

M

 
6

2

4

M

A

X

.
 
W

.
S

.
 
6

2

3

.
0

M

A

X

.
 
W

.
S

.
 
6

0

7

.
0

T

O

P

 
B

E

R

M

 
5

6

2

M

A

X

.

 

W

.

S

.

 

5

6

1

.

0

PROPOSED W.Q. SWALE

LENGTH= 550'

WIDTH = 10'

SLOPE = 6%

DEPTH = 12"

DETENTION

BASIN

DETENTION

BASIN

DETENTION

BASIN

C

O

N

T

E

C

H

POST-DEVELOPED

BASIN MAP

PH. (503) 363 - 9227   FAX (503) 364-1260

www.mtengineering.net    office@mtengineering.net

ENGINEERING SERVICES, INC.

1155 13th ST. S.E. SALEM, OR. 97302

MULTI

TECH

M

T

E

N

G

I

N

E

E

R

I

N

G

.

N

E

T

NOT TO SCALE

6502p.dwg/BASIN2

DEVELOPED SITE

60%IMPERVIOUS SURFACE  HSG C CN = 98

40%LANDSCAPE  HSG C CN = 74

BASIN 2A & 2B

IMPERVIOUS SURFACE  HSG C CN = 98

OS1

IMPERVIOUS SURFACE  HSG C CN = 98

OS2

CITY OF SALEM PREDEVELOPED  HSG CCN = 79

REFERENCE TABLE 3 OF THE PRELIMINARY DRAINAGE

REPORT FOR DEVELOPED SITE AREA BREAKDOWN

J:
\
6
5
0
0
-
6
5
9
9
\
6
5
0
2
-
D
e
vo
n
A
ve
n
u
e
S
u
b
d
iv
is
io
n
\
D
w
g
\
6
5
0
2
p
.d
w
g
, 
B
A
S
IN
2
, 
7
/
1
/
2
0
1
9
 
1
1
:3
4
:2
3
 
A
M
, 
P
S
a
u
n
d
e
rs

AutoCAD SHX Text
TAX LOT #100

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
ARV

AutoCAD SHX Text
W

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D

AutoCAD SHX Text
D



Appendix B



United States
Department of
Agriculture

A product of the National
Cooperative Soil Survey,
a joint effort of the United
States Department of
Agriculture and other
Federal agencies, State
agencies including the
Agricultural Experiment
Stations, and local
participants

Custom Soil Resource 
Report for

Marion County 
Area, Oregon
Devon Estates

Natural
Resources
Conservation
Service

October 11, 2018



Hydrologic Soil Group—Marion County Area, Oregon
(Devon Estates)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/11/2018
Page 1 of 4

49
67

09
0

49
67

14
0

49
67

19
0

49
67

24
0

49
67

29
0

49
67

34
0

49
67

39
0

49
67

09
0

49
67

14
0

49
67

19
0

49
67

24
0

49
67

29
0

49
67

34
0

49
67

39
0496340 496390 496440 496490 496540 496590 496640 496690 496740 496790

496340 496390 496440 496490 496540 496590 496640 496690 496740 496790

44°  51' 35'' N
12

3°
  2

' 4
7'

' W
44°  51' 35'' N

12
3°

  2
' 2

5'
' W

44°  51' 25'' N

12
3°

  2
' 4

7'
' W

44°  51' 25'' N

12
3°

  2
' 2

5'
' W

N

Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 10N WGS84
0 100 200 400 600

Feet
0 30 60 120 180

Meters
Map Scale: 1:2,190 if printed on A landscape (11" x 8.5") sheet.

Soil Map may not be valid at this scale.



MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Lines
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Points
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

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: Marion County Area, Oregon
Survey Area Data: Version 15, Sep 18, 2018

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

Date(s) aerial images were photographed: Jun 15, 2015—Jun 
23, 2015

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—Marion County Area, Oregon
(Devon Estates)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/11/2018
Page 2 of 4



Hydrologic Soil Group

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

JoC Jory silty clay loam, 7 to 
12 percent slopes

C 1.8 8.8%

JoD Jory silty clay loam, 12 
to 20 percent slopes

C 10.3 50.5%

NeB Nekia silty clay loam, 2 
to 7 percent slopes

C 7.1 34.7%

NeC Nekia silty clay loam, 7 
to 12 percent slopes

C 0.4 1.8%

SlB Salkum silty clay loam, 
basin, 0 to 6 percent 
slopes

B 0.8 4.1%

Totals for Area of Interest 20.5 100.0%

Hydrologic Soil Group—Marion County Area, Oregon Devon Estates

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/11/2018
Page 3 of 4



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.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—Marion County Area, Oregon Devon Estates

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/11/2018
Page 4 of 4
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D–3(210-VI-TR-55, Second Ed., June 1986)

Worksheet 3: Time of Concentration (Tc) or travel time (Tt)
Project By Date

Location Checked Date

Check one:           Present           Developed

Sheet flow  (Applicable to Tc only)

1. Surface description (Table 4D4)  ...................................

2. Manning’s roughness coefficient, n (Table 4D4) ..........

3. Flow length, L (total L † 300 ft) ................................. ft

4. Two-year 24-hour rainfall, P2 ..................................  in

5. Land slope, s  ........................................................ ft/ft

6.

Check one:           Tc          Tt through subarea

                                                                  Segment ID

7. Surface description (paved or unpaved)  .....................        

8. Flow length, L  ...........................................................ft

9. Watercourse slope, s  ............................................ ft/ft

10. Average velocity, V (figure 3-1)  ............................. ft/s

11.         Compute Tt ........... hr   

                                                                Segment ID

12. Cross sectional flow area, a  ................................. ft2

13. Wetted perimeter, pw  .............................................. ft

14. Hydraulic radius, r=        Compute r  ......................... ft

15 Channel slope, s  ..................................................... ft/ft

16. Manning’s  roughness coefficient, n  ............................

17.                                               Compute V ................ft/s

18. Flow length, L  .......................................................... ft   

19.                                                Compute Tt  .............. hr

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19)  ....................................................... Hr  

Shallow concentrated flow

Channel flow

0.007  (nL) 0.8
Tt = _____________

P2
 0.5 s0.4

LTt = _______
3600 V

          Compute Tt .........  hr + =

1.49 r 2/3 s 1/2

n
V = __________
____

L
3600 V

Tt = _________

Segment ID

+ =

Notes:   Space for as many as two segments per flow type can be used for each worksheet.
             Include a map, schematic, or description of flow segments.

+ =
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D–3(210-VI-TR-55, Second Ed., June 1986)

Worksheet 3: Time of Concentration (Tc) or travel time (Tt)
Project By Date

Location Checked Date

Check one:           Present           Developed

Sheet flow  (Applicable to Tc only)

1. Surface description (Table 4D4)  ...................................

2. Manning’s roughness coefficient, n (Table 4D4) ..........

3. Flow length, L (total L † 300 ft) ................................. ft

4. Two-year 24-hour rainfall, P2 ..................................  in

5. Land slope, s  ........................................................ ft/ft

6.

Check one:           Tc          Tt through subarea

                                                                  Segment ID

7. Surface description (paved or unpaved)  .....................        

8. Flow length, L  ...........................................................ft

9. Watercourse slope, s  ............................................ ft/ft

10. Average velocity, V (figure 3-1)  ............................. ft/s

11.         Compute Tt ........... hr   

                                                                Segment ID

12. Cross sectional flow area, a  ................................. ft2

13. Wetted perimeter, pw  .............................................. ft

14. Hydraulic radius, r=        Compute r  ......................... ft

15 Channel slope, s  ..................................................... ft/ft

16. Manning’s  roughness coefficient, n  ............................

17.                                               Compute V ................ft/s

18. Flow length, L  .......................................................... ft   

19.                                                Compute Tt  .............. hr

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19)  ....................................................... Hr  

Shallow concentrated flow

Channel flow

0.007  (nL) 0.8
Tt = _____________

P2
 0.5 s0.4

LTt = _______
3600 V

          Compute Tt .........  hr + =

1.49 r 2/3 s 1/2

n
V = __________
____

L
3600 V

Tt = _________

Segment ID

+ =

Notes:   Space for as many as two segments per flow type can be used for each worksheet.
             Include a map, schematic, or description of flow segments.
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  0.36

User045
Text Box
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D–3(210-VI-TR-55, Second Ed., June 1986)

Worksheet 3: Time of Concentration (Tc) or travel time (Tt)
Project By Date

Location Checked Date

Check one:           Present           Developed

Sheet flow  (Applicable to Tc only)

1. Surface description (Table 4D4)  ...................................

2. Manning’s roughness coefficient, n (Table 4D4) ..........

3. Flow length, L (total L † 300 ft) ................................. ft

4. Two-year 24-hour rainfall, P2 ..................................  in

5. Land slope, s  ........................................................ ft/ft

6.

Check one:           Tc          Tt through subarea

                                                                  Segment ID

7. Surface description (paved or unpaved)  .....................        

8. Flow length, L  ...........................................................ft

9. Watercourse slope, s  ............................................ ft/ft

10. Average velocity, V (figure 3-1)  ............................. ft/s

11.         Compute Tt ........... hr   

                                                                Segment ID

12. Cross sectional flow area, a  ................................. ft2

13. Wetted perimeter, pw  .............................................. ft

14. Hydraulic radius, r=        Compute r  ......................... ft

15 Channel slope, s  ..................................................... ft/ft

16. Manning’s  roughness coefficient, n  ............................

17.                                               Compute V ................ft/s

18. Flow length, L  .......................................................... ft   

19.                                                Compute Tt  .............. hr

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19)  ....................................................... Hr  

Shallow concentrated flow

Channel flow

0.007  (nL) 0.8
Tt = _____________

P2
 0.5 s0.4

LTt = _______
3600 V

          Compute Tt .........  hr + =

1.49 r 2/3 s 1/2

n
V = __________
____

L
3600 V

Tt = _________

Segment ID

+ =

Notes:   Space for as many as two segments per flow type can be used for each worksheet.
             Include a map, schematic, or description of flow segments.
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Manning’s Roughness Coefficients for Overland Sheet Flow

Surface Types: n

Impervious Areas 0.014

Gravel Pavement 0.02

Developed: Landscape Areas (Except Lawns) 0.08

Undeveloped: Meadow, Pasture, or Farm 0.15

Developed: Lawns 0.24

Pre-developed: Mixed 0.30

Pre-developed: Woodland and Forest 0.40

Development Types: n

Commercial Development 0.015

Industrial Development, Heavy 0.04

Industrial Development, Light 0.05

Dense Residential (over 6 units/acre) 0.08

Normal Residential (3 to 6 units/acre) 0.20

Light Residential (1 to 3 units/acre) 0.30

Parks 0.40

Table 4D-4. Manning’s Roughness Coefficients for Overland Sheet Flow





Appendix D



1A

Developed Conditions
Basin #1A

1B

Developed Conditions
Basin #1B

2A

Developed Conditions
Basin #2A

2B

Developed Conditions
Basin #2B

Ex1

Existing Conditions
Basin #1

Ex2A

Existing Conditions
Basin #2A

Ex2B

Existing Conditions
Basin #2B

OS1

Devon Ave Impervious

OS2

Existing Conditions
South

Routing Diagram for Devon Estates Hydrology
Prepared by Multitech Engineering Services, Inc., Printed 5/1/2019
HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type IA 24-hr Half of 2-year Rainfall=1.10"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex1: Existing Conditions Basin #1

Runoff = 0.09 cfs @ 18.85 hrs, Volume= 4,383 cf, Depth= 0.10"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr Half of 2-year Rainfall=1.10"

Area (ac) CN Description

* 12.060 79 City of Salem Pre-developed, HSG C

12.060 79 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.2 Direct Entry, TR-55 Worksheet

Subcatchment Ex1: Existing Conditions Basin #1

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

0.105

0.1

0.095

0.09

0.085

0.08

0.075

0.07

0.065

0.06

0.055

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Type IA 24-hr

Half of 2-year Rainfall=1.10"

Runoff Area=12.060 ac

Runoff Volume=4,383 cf

Runoff Depth=0.10"

Tc=22.2 min

CN=79/0

0.09 cfs



Type IA 24-hr Half of 2-year Rainfall=1.10"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff = 0.05 cfs @ 18.46 hrs, Volume= 2,330 cf, Depth= 0.12"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr Half of 2-year Rainfall=1.10"

Area (ac) CN Description

* 5.390 79 City of Salem Pre-developed, HSG C
0.115 98 Paved roads w/curbs & sewers, HSG C

5.505 79 Weighted Average
5.390 79 97.91% Pervious Area
0.115 98 2.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

0.05
0.048
0.046

0.044
0.042

0.04
0.038
0.036

0.034
0.032

0.03
0.028

0.026
0.024
0.022

0.02
0.018

0.016
0.014
0.012

0.01
0.008

0.006
0.004

0.002
0

Type IA 24-hr

Half of 2-year Rainfall=1.10"

Runoff Area=5.505 ac

Runoff Volume=2,330 cf

Runoff Depth=0.12"

Tc=21.6 min

CN=79/98

0.05 cfs



Type IA 24-hr Half of 2-year Rainfall=1.10"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff = 0.02 cfs @ 8.01 hrs, Volume= 1,229 cf, Depth= 0.14"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr Half of 2-year Rainfall=1.10"

Area (ac) CN Description

* 2.300 79 City of Salem Pre-developed, HSG C
0.122 98 Paved roads w/curbs & sewers, HSG C

2.422 80 Weighted Average
2.300 79 94.96% Pervious Area
0.122 98 5.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

0.026
0.025
0.024
0.023
0.022
0.021
0.02

0.019
0.018
0.017
0.016
0.015
0.014
0.013
0.012
0.011
0.01

0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

0

Type IA 24-hr

Half of 2-year Rainfall=1.10"

Runoff Area=2.422 ac

Runoff Volume=1,229 cf

Runoff Depth=0.14"

Tc=18.6 min

CN=79/98

0.02 cfs



Type IA 24-hr Half of 2-year Rainfall=1.10"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1A: Developed Conditions Basin #1A

Runoff = 1.37 cfs @ 7.98 hrs, Volume= 20,758 cf, Depth= 0.55"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr Half of 2-year Rainfall=1.10"

Area (ac) CN Description

4.160 74 >75% Grass cover, Good, HSG C
* 6.250 98 Impervious surface, HSG C

10.410 88 Weighted Average
4.160 74 39.96% Pervious Area
6.250 98 60.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1A: Developed Conditions Basin #1A

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

1

0

Type IA 24-hr

Half of 2-year Rainfall=1.10"

Runoff Area=10.410 ac

Runoff Volume=20,758 cf

Runoff Depth=0.55"

Tc=10.0 min

CN=74/98

1.37 cfs



Type IA 24-hr Half of 2-year Rainfall=1.10"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1B: Developed Conditions Basin #1B

Runoff = 0.14 cfs @ 7.98 hrs, Volume= 2,126 cf, Depth= 0.55"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr Half of 2-year Rainfall=1.10"

Area (ac) CN Description

0.430 74 >75% Grass cover, Good, HSG C
* 0.640 98 Impervious surface, HSG C

1.070 88 Weighted Average
0.430 74 40.19% Pervious Area
0.640 98 59.81% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1B: Developed Conditions Basin #1B

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

0.15

0.14

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

Type IA 24-hr

Half of 2-year Rainfall=1.10"

Runoff Area=1.070 ac

Runoff Volume=2,126 cf

Runoff Depth=0.55"

Tc=10.0 min

CN=74/98

0.14 cfs



Type IA 24-hr Half of 2-year Rainfall=1.10"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 2A: Developed Conditions Basin #2A

Runoff = 0.22 cfs @ 7.98 hrs, Volume= 3,272 cf, Depth= 0.58"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr Half of 2-year Rainfall=1.10"

Area (ac) CN Description

0.570 74 >75% Grass cover, Good, HSG C
* 0.840 98 Impervious surface, HSG C

0.149 98 Paved roads w/curbs & sewers, HSG C

1.559 89 Weighted Average
0.570 74 36.56% Pervious Area
0.989 98 63.44% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment 2A: Developed Conditions Basin #2A

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

0.24

0.23

0.22

0.21

0.2

0.19

0.18

0.17

0.16

0.15

0.14

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

Type IA 24-hr

Half of 2-year Rainfall=1.10"

Runoff Area=1.559 ac

Runoff Volume=3,272 cf

Runoff Depth=0.58"

Tc=10.0 min

CN=74/98

0.22 cfs



Type IA 24-hr Half of 2-year Rainfall=1.10"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 2B: Developed Conditions Basin #2B

Runoff = 0.94 cfs @ 7.98 hrs, Volume= 14,228 cf, Depth= 0.56"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr Half of 2-year Rainfall=1.10"

Area (ac) CN Description

2.740 74 >75% Grass cover, Good, HSG C
* 4.110 98 Impervious surface, HSG C

0.179 98 Paved roads w/curbs & sewers, HSG C

7.029 89 Weighted Average
2.740 74 38.98% Pervious Area
4.289 98 61.02% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment 2B: Developed Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

1

0

Type IA 24-hr

Half of 2-year Rainfall=1.10"

Runoff Area=7.029 ac

Runoff Volume=14,228 cf

Runoff Depth=0.56"

Tc=10.0 min

CN=74/98

0.94 cfs



Type IA 24-hr 10-year Rainfall=3.20"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex1: Existing Conditions Basin #1

Runoff = 2.61 cfs @ 8.06 hrs, Volume= 58,518 cf, Depth= 1.34"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 10-year Rainfall=3.20"

Area (ac) CN Description

* 12.060 79 City of Salem Pre-developed, HSG C

12.060 79 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.2 Direct Entry, TR-55 Worksheet

Subcatchment Ex1: Existing Conditions Basin #1

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

2

1

0

Type IA 24-hr

10-year Rainfall=3.20"

Runoff Area=12.060 ac

Runoff Volume=58,518 cf

Runoff Depth=1.34"

Tc=22.2 min

CN=79/0

2.61 cfs



Type IA 24-hr 10-year Rainfall=3.20"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff = 1.25 cfs @ 8.05 hrs, Volume= 27,393 cf, Depth= 1.37"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 10-year Rainfall=3.20"

Area (ac) CN Description

* 5.390 79 City of Salem Pre-developed, HSG C
0.115 98 Paved roads w/curbs & sewers, HSG C

5.505 79 Weighted Average
5.390 79 97.91% Pervious Area
0.115 98 2.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

1

0

Type IA 24-hr

10-year Rainfall=3.20"

Runoff Area=5.505 ac

Runoff Volume=27,393 cf

Runoff Depth=1.37"

Tc=21.6 min

CN=79/98

1.25 cfs



Type IA 24-hr 10-year Rainfall=3.20"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff = 0.61 cfs @ 8.04 hrs, Volume= 12,474 cf, Depth= 1.42"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 10-year Rainfall=3.20"

Area (ac) CN Description

* 2.300 79 City of Salem Pre-developed, HSG C
0.122 98 Paved roads w/curbs & sewers, HSG C

2.422 80 Weighted Average
2.300 79 94.96% Pervious Area
0.122 98 5.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
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w
(c

fs
)

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type IA 24-hr

10-year Rainfall=3.20"

Runoff Area=2.422 ac

Runoff Volume=12,474 cf

Runoff Depth=1.42"

Tc=18.6 min

CN=79/98

0.61 cfs



Type IA 24-hr 10-year Rainfall=3.20"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1A: Developed Conditions Basin #1A

Runoff = 5.16 cfs @ 7.98 hrs, Volume= 82,993 cf, Depth= 2.20"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 10-year Rainfall=3.20"

Area (ac) CN Description

4.160 74 >75% Grass cover, Good, HSG C
* 6.250 98 Impervious surface, HSG C

10.410 88 Weighted Average
4.160 74 39.96% Pervious Area
6.250 98 60.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1A: Developed Conditions Basin #1A

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420
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w
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4

3

2

1

0

Type IA 24-hr

10-year Rainfall=3.20"

Runoff Area=10.410 ac

Runoff Volume=82,993 cf

Runoff Depth=2.20"

Tc=10.0 min

CN=74/98

5.16 cfs



Type IA 24-hr 10-year Rainfall=3.20"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1B: Developed Conditions Basin #1B

Runoff = 0.53 cfs @ 7.98 hrs, Volume= 8,514 cf, Depth= 2.19"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 10-year Rainfall=3.20"

Area (ac) CN Description

0.430 74 >75% Grass cover, Good, HSG C
* 0.640 98 Impervious surface, HSG C

1.070 88 Weighted Average
0.430 74 40.19% Pervious Area
0.640 98 59.81% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1B: Developed Conditions Basin #1B

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

10-year Rainfall=3.20"

Runoff Area=1.070 ac

Runoff Volume=8,514 cf

Runoff Depth=2.19"

Tc=10.0 min

CN=74/98

0.53 cfs



Type IA 24-hr 10-year Rainfall=3.20"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 2A: Developed Conditions Basin #2A

Runoff = 0.80 cfs @ 7.98 hrs, Volume= 12,800 cf, Depth= 2.26"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 10-year Rainfall=3.20"

Area (ac) CN Description

0.570 74 >75% Grass cover, Good, HSG C
* 0.840 98 Impervious surface, HSG C

0.149 98 Paved roads w/curbs & sewers, HSG C

1.559 89 Weighted Average
0.570 74 36.56% Pervious Area
0.989 98 63.44% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment 2A: Developed Conditions Basin #2A

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

10-year Rainfall=3.20"

Runoff Area=1.559 ac

Runoff Volume=12,800 cf

Runoff Depth=2.26"

Tc=10.0 min

CN=74/98

0.80 cfs



Type IA 24-hr 10-year Rainfall=3.20"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 2B: Developed Conditions Basin #2B

Runoff = 3.52 cfs @ 7.98 hrs, Volume= 56,521 cf, Depth= 2.22"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 10-year Rainfall=3.20"

Area (ac) CN Description

2.740 74 >75% Grass cover, Good, HSG C
* 4.110 98 Impervious surface, HSG C

0.179 98 Paved roads w/curbs & sewers, HSG C

7.029 89 Weighted Average
2.740 74 38.98% Pervious Area
4.289 98 61.02% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment 2B: Developed Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
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F
lo

w
(c

fs
)

3

2

1

0

Type IA 24-hr

10-year Rainfall=3.20"

Runoff Area=7.029 ac

Runoff Volume=56,521 cf

Runoff Depth=2.22"

Tc=10.0 min

CN=74/98

3.52 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex1: Existing Conditions Basin #1

Runoff = 5.04 cfs @ 8.05 hrs, Volume= 100,374 cf, Depth= 2.29"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

* 12.060 79 City of Salem Pre-developed, HSG C

12.060 79 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.2 Direct Entry, TR-55 Worksheet

Subcatchment Ex1: Existing Conditions Basin #1

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=12.060 ac

Runoff Volume=100,374 cf

Runoff Depth=2.29"

Tc=22.2 min

CN=79/0

5.04 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff = 2.37 cfs @ 8.04 hrs, Volume= 46,599 cf, Depth= 2.33"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

* 5.390 79 City of Salem Pre-developed, HSG C
0.115 98 Paved roads w/curbs & sewers, HSG C

5.505 79 Weighted Average
5.390 79 97.91% Pervious Area
0.115 98 2.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=5.505 ac

Runoff Volume=46,599 cf

Runoff Depth=2.33"

Tc=21.6 min

CN=79/98

2.37 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff = 1.12 cfs @ 8.03 hrs, Volume= 20,987 cf, Depth= 2.39"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

* 2.300 79 City of Salem Pre-developed, HSG C
0.122 98 Paved roads w/curbs & sewers, HSG C

2.422 80 Weighted Average
2.300 79 94.96% Pervious Area
0.122 98 5.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=2.422 ac

Runoff Volume=20,987 cf

Runoff Depth=2.39"

Tc=18.6 min

CN=79/98

1.12 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1A: Developed Conditions Basin #1A

Runoff = 7.77 cfs @ 7.98 hrs, Volume= 123,104 cf, Depth= 3.26"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

4.160 74 >75% Grass cover, Good, HSG C
* 6.250 98 Impervious surface, HSG C

10.410 88 Weighted Average
4.160 74 39.96% Pervious Area
6.250 98 60.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1A: Developed Conditions Basin #1A

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=10.410 ac

Runoff Volume=123,104 cf

Runoff Depth=3.26"

Tc=10.0 min

CN=74/98

7.77 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1B: Developed Conditions Basin #1B

Runoff = 0.80 cfs @ 7.98 hrs, Volume= 12,633 cf, Depth= 3.25"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

0.430 74 >75% Grass cover, Good, HSG C
* 0.640 98 Impervious surface, HSG C

1.070 88 Weighted Average
0.430 74 40.19% Pervious Area
0.640 98 59.81% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1B: Developed Conditions Basin #1B

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=1.070 ac

Runoff Volume=12,633 cf

Runoff Depth=3.25"

Tc=10.0 min

CN=74/98

0.80 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 2A: Developed Conditions Basin #2A

Runoff = 1.20 cfs @ 7.98 hrs, Volume= 18,872 cf, Depth= 3.33"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

0.570 74 >75% Grass cover, Good, HSG C
* 0.840 98 Impervious surface, HSG C

0.149 98 Paved roads w/curbs & sewers, HSG C

1.559 89 Weighted Average
0.570 74 36.56% Pervious Area
0.989 98 63.44% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment 2A: Developed Conditions Basin #2A

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=1.559 ac

Runoff Volume=18,872 cf

Runoff Depth=3.33"

Tc=10.0 min

CN=74/98

1.20 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 2B: Developed Conditions Basin #2B

Runoff = 5.29 cfs @ 7.98 hrs, Volume= 83,689 cf, Depth= 3.28"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

2.740 74 >75% Grass cover, Good, HSG C
* 4.110 98 Impervious surface, HSG C

0.179 98 Paved roads w/curbs & sewers, HSG C

7.029 89 Weighted Average
2.740 74 38.98% Pervious Area
4.289 98 61.02% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment 2B: Developed Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=7.029 ac

Runoff Volume=83,689 cf

Runoff Depth=3.28"

Tc=10.0 min

CN=74/98

5.29 cfs
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1A

Developed Conditions
Basin #1A

1B

Developed Conditions
Basin #1B

2A

Developed Conditions
Basin #2A

2B

Developed Conditions
Basin #2B

Ex1

Existing Conditions
Basin #1

Ex2A

Existing Conditions
Basin #2A

Ex2B

Existing Conditions
Basin #2B

OS1

Devon Ave Impervious

OS2

Existing Conditions
South

Routing Diagram for Devon Estates Hydrology
Prepared by Multitech Engineering Services, Inc., Printed 5/1/2019
HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type IA 24-hr WQ Rainfall=1.38"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1A: Developed Conditions Basin #1A

Runoff = 1.78 cfs @ 7.98 hrs, Volume= 28,018 cf, Depth= 0.74"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ Rainfall=1.38"

Area (ac) CN Description

4.160 74 >75% Grass cover, Good, HSG C
* 6.250 98 Impervious surface, HSG C

10.410 88 Weighted Average
4.160 74 39.96% Pervious Area
6.250 98 60.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1A: Developed Conditions Basin #1A

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

WQ Rainfall=1.38"

Runoff Area=10.410 ac

Runoff Volume=28,018 cf

Runoff Depth=0.74"

Tc=10.0 min

CN=74/98

1.78 cfs



Type IA 24-hr WQ Rainfall=1.38"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 1B: Developed Conditions Basin #1B

Runoff = 0.18 cfs @ 7.98 hrs, Volume= 2,871 cf, Depth= 0.74"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ Rainfall=1.38"

Area (ac) CN Description

0.430 74 >75% Grass cover, Good, HSG C
* 0.640 98 Impervious surface, HSG C

1.070 88 Weighted Average
0.430 74 40.19% Pervious Area
0.640 98 59.81% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct Entry

Subcatchment 1B: Developed Conditions Basin #1B

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

WQ Rainfall=1.38"

Runoff Area=1.070 ac

Runoff Volume=2,871 cf

Runoff Depth=0.74"

Tc=10.0 min

CN=74/98

0.18 cfs



Type IA 24-hr WQ Rainfall=1.38"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff = 0.08 cfs @ 16.70 hrs, Volume= 4,501 cf, Depth= 0.23"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ Rainfall=1.38"

Area (ac) CN Description

* 5.390 79 City of Salem Pre-developed, HSG C
0.115 98 Paved roads w/curbs & sewers, HSG C

5.505 79 Weighted Average
5.390 79 97.91% Pervious Area
0.115 98 2.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2A: Existing Conditions Basin #2A

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

WQ Rainfall=1.38"

Runoff Area=5.505 ac

Runoff Volume=4,501 cf

Runoff Depth=0.23"

Tc=21.6 min

CN=79/98

0.08 cfs



Type IA 24-hr WQ Rainfall=1.38"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff = 0.04 cfs @ 8.28 hrs, Volume= 2,228 cf, Depth= 0.25"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ Rainfall=1.38"

Area (ac) CN Description

* 2.300 79 City of Salem Pre-developed, HSG C
0.122 98 Paved roads w/curbs & sewers, HSG C

2.422 80 Weighted Average
2.300 79 94.96% Pervious Area
0.122 98 5.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

WQ Rainfall=1.38"

Runoff Area=2.422 ac

Runoff Volume=2,228 cf

Runoff Depth=0.25"

Tc=18.6 min

CN=79/98

0.04 cfs



Type IA 24-hr WQ Rainfall=1.38"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment OS1: Devon Ave Impervious

Runoff = 0.14 cfs @ 7.98 hrs, Volume= 2,021 cf, Depth= 1.16"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ Rainfall=1.38"

Area (ac) CN Description

* 0.479 98 Impervious surface, HSG C

0.479 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment OS1: Devon Ave Impervious

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

WQ Rainfall=1.38"

Runoff Area=0.479 ac

Runoff Volume=2,021 cf

Runoff Depth=1.16"

Tc=10.0 min

CN=0/98

0.14 cfs



Type IA 24-hr WQ Rainfall=1.38"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment OS2: Existing Conditions South

Runoff = 0.07 cfs @ 16.99 hrs, Volume= 3,636 cf, Depth= 0.21"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr WQ Rainfall=1.38"

Area (ac) CN Description

* 4.880 79 City of Salem Pre-developed, HSG C

4.880 79 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.0 Direct Entry, TR-55 Worksheet

Subcatchment OS2: Existing Conditions South

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

WQ Rainfall=1.38"

Runoff Area=4.880 ac

Runoff Volume=3,636 cf

Runoff Depth=0.21"

Tc=20.0 min

CN=79/0

0.07 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff = 1.12 cfs @ 8.03 hrs, Volume= 20,987 cf, Depth= 2.39"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

* 2.300 79 City of Salem Pre-developed, HSG C
0.122 98 Paved roads w/curbs & sewers, HSG C

2.422 80 Weighted Average
2.300 79 94.96% Pervious Area
0.122 98 5.04% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.6 Direct Entry, TR-55 Worksheet

Subcatchment Ex2B: Existing Conditions Basin #2B

Runoff

Hydrograph

Time (hours)
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Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=2.422 ac

Runoff Volume=20,987 cf

Runoff Depth=2.39"

Tc=18.6 min

CN=79/98

1.12 cfs



Type IA 24-hr 100-year Rainfall=4.40"Devon Estates Hydrology
Printed 5/1/2019Prepared by Multitech Engineering Services, Inc.

HydroCAD® 10.00-17 s/n 09412 © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment OS1: Devon Ave Impervious

Runoff = 0.47 cfs @ 7.98 hrs, Volume= 7,241 cf, Depth= 4.16"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

* 0.479 98 Impervious surface, HSG C

0.479 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, Direct entry

Subcatchment OS1: Devon Ave Impervious

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

0.52
0.5

0.48
0.46
0.44
0.42
0.4

0.38
0.36
0.34
0.32
0.3

0.28
0.26
0.24
0.22
0.2

0.18
0.16
0.14
0.12
0.1

0.08
0.06
0.04
0.02

0

Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=0.479 ac

Runoff Volume=7,241 cf

Runoff Depth=4.16"

Tc=10.0 min

CN=0/98

0.47 cfs
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Summary for Subcatchment OS2: Existing Conditions South

Runoff = 2.11 cfs @ 8.04 hrs, Volume= 40,616 cf, Depth= 2.29"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type IA 24-hr 100-year Rainfall=4.40"

Area (ac) CN Description

* 4.880 79 City of Salem Pre-developed, HSG C

4.880 79 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.0 Direct Entry, TR-55 Worksheet

Subcatchment OS2: Existing Conditions South

Runoff

Hydrograph

Time (hours)
484644424038363432302826242220181614121086420

F
lo

w
(c

fs
)

2

1

0

Type IA 24-hr

100-year Rainfall=4.40"

Runoff Area=4.880 ac

Runoff Volume=40,616 cf

Runoff Depth=2.29"

Tc=20.0 min

CN=79/0

2.11 cfs





Design Exception Request

2014 City of Salem's Public Works Administrative Rules Chapter 109, Division 004

Grantham Crest Subdivision (Previously Devon Estates)

The proposed subdivision is located on natural steep slopes that
exceed 10 percent for the westerly portion of the development
where the proposed Manufactured Treatment Technology will be
located. Steep slopes of this nature do not allow GSI facilities to be
constructed and are not feasible. The maximum slope for a swale is

6 percent. For planter facilities, concrete check dams would be
required every 2-feet.

Allow non-GSl

facilities,
Manufactured

Treatment
Technologies, to

mitigate the
impacts of runoff

from 50 percent of
the development

4E.7Stormwater System

City Engineer
Approval

lnitials
ReasonExceptionDivision DateSection

o/
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