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This project is located in the NE/4, Section 16, Township 8N, Range 3W Indian Meridian, at the 
southwest corner of 320th St. (Lamar Rd.) and NW 24th Ave. within the Town of Goldsby, 
McClain County, OK.  Figure 1 below illustrates the project. 
 

 
Figure 1 – Project Vicinity 

This project is phase 3 of a residential subdivision.  All sections of this subdivision is considered a 
rural estate with single family residential lots approximately 0.75 acres each.  Section 1, the first 
phase, contained 37 single family residential lots on a total of 41.5 acres.  Section 2, the second 
phase, is not yet constructed, but is approved for construction and consists of 46 single family 
residential lots on a total of 57.3 acres.  Section 3, the third phase consists of 62 single family 
residential lots on 61.6 acres.  On-site storm water retention pond and outlet structure were 
constructed in the northeast corner of the quarter section as part of Section 1.  As part of Section 
2 a new retention pond connecting to the existing Section 1 retention pond was included, along 
with a new detention pond along the east-central property line.  This third phase includes a 
proposed detention pond on the east property line in the southern area, and utilizes he east-central 
detention pond that is part of Section 2.  The east-central pond part of Section 2 was designed for 
a portion of the fully developed area of Section 3, and updated design calculations are provided in 
this report. 
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To be consistent with the Section 2 Drainage Study, the historic and developed drainage basins 
utilize the same nomenclature in this report, as they were in the Section 2 report. 

The drainage study has been prepared based on the Town of Goldsby Drainage Criteria and 
requirements and following phase 1 planning and drainage study. 
 
The following criteria was used to in this drainage study. 

• Spreadsheets were used to calculate the historic condition peak flows, proposed condition 
peak flows, and times of concentration using ODOT Roadway Design Manual. 

• HydroCad 10.20 was used to calculate stormwater detention with the Modified Rational 
Method 

• Rainfall intensities are based on ODOT Zone V. 

• Time span – 24-hour storm 

• Peak historic flows, and peak proposed flows for the 2-year, 5-year, 10-year, 25-year, 50 
year, and 100-year storms events are analyzed at design points leaving the site, and at each 
drainage structure. 
 

Below are the run-off coefficient values used for calculating the run-off: 
o Historic Unimproved Areas   C=0.35 
o Residential Rural Estate   C= 0.55 

Design Points are denoted with a “DP#” and are at the same location for pre-developed 
conditions and post developed conditions.  Historic drainage basins are designated with an “E#” 
for existing.  Post-developed drainage basins are denoted with a “DEV#” for developed.   
 
Drainage basins for drainage structures are denoted with a “P#”. 
 

The historic conditions of the property are used to determine the pre-developed peak flows.  The 
historic site consisted of agriculture land with crops and native grass and slopes from west to east 
towards NW 24th Ave.  The site historically consisted of three drainage basins.  Below is a 
summary of flow for the existing drainage basins: 
 
Drainage Area (E1): 
E1 is the northern most basin and runoff flows northerly to 320th St. and easterly to NW 24th Ave.  
The runoff is routed through ditches paralleling the respective streets to an existing 42” CMP 
culvert at the southwest corner of 320th St. and NW 24th Ave.  This 42” CMP culvert is denoted as 
Design Point DP1.  Basin E1 was considered in the Section 2 Drainage Study.  This drainage basin 
is unchanged by development of Section 3 and is not evaluated in this report. 
 
Drainage Area (E2): 
E2 consists of the central portion of the quarter section and runoff flows easterly toward NW 24th  
Ave. and is routed to an existing drop inlet box with a 36” CMP which crosses NW 24th Ave. and 
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discharge to a low area east of NW 24th Ave.  This 36” CMP is located near the mid quarter 
section (approximately 1/4 mile south of 320th St.) This 36” CMP is denoted as Design Point 
DP2. 
 
Drainage Area (E3): 
E3 consists of the southern portion of the quarter section and runoff flows easterly toward NW 
24th Ave. and is routed to an existing drop inlet box with a 36” CMP which crosses NW 24th Ave. 
and discharge to a low area east of NW 24th Ave.  This 36” CMP is located near the mid quarter 
section (approximately 3/4 miles south of 320th St.) This 36” CMP is denoted as Design Point 
DP3. 
 
 

The proposed developed drainage basin convey flow to the same design points through barditches 
along new streets, new culverts, and new channels that lead to an on-site detention facility.  Below 
is a summary of the post-developed drainage basins: 
 
Drainage Basin (DEV1): 
DEV1 consists of the northern drainage basin that discharges to Design Point DP1 (42” CMP) 
and was considered in the Section 2 Drainage Study.  This drainage basin is unchanged by Section 
3 and is not evaluated in this report. 
 
Drainage Basin (DEV2) 
DEV2 consists of the central portion of the subdivision, including 4-lots from Section 1, the east 
central lots of Section 2, and the northern and northeastern lots of Section 3. Most of the run-off 
from this basin is routed through roadside barditches and channels to Detention Pond C located 
in Section 2.  The portion of DEV2 that is routed to Detention Pond C is denoted as sub-basin 
DEV2.1.  The most eastern part of DEV2 bypasses Detention Pond C, this sub-basin is denoted 
as DEV2.2.  This report contains the pertinent design values considering the developed portions 
of Sections 1, 2, & 3 that are routed to Detention Pond C, and the bypass run-off.  The run-off 
from DEV2 discharges at Design Point DP2, the existing 36” CMP which crosses NW 24th Ave. 
 
Drainage Basin (DEV3) 
DEV3 consists (2)-sub-basins which make up most of the Section 3 development area. 

• DEV3.1 includes most of the DEV3 area and is routed through roadside barditches and 
channels to proposed Detention Pond D located along the east property line.  The design 
of Detention Pond D considers the bypass run-off of DEV3.2 sub-basin.  Detention Pond 
D’s outlet discharges to Design Point DP3 an existing drop inlet box with a 36” CMP 
which crosses NW 24th Ave. 

• DEV3.1 is a smaller developed area consisting of the eastern most part of DEV3.  This 
sub-basin is undetained and discharges directly to DP3. 
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Drainage Basin DEV2.1 

Storm Frequency – years 2 5 10 25 50 100 
Peak Pond Inflow (cfs) 33.76 44.34 51.28 62.48 69.89 79.18 
Peak Pond Outflow (cfs) 26.72 35.17 39.77 46.07 50.01 54.68 
Maximum Water Surface Elevation (ft) 1194.92 1195.43 1195.75 1196.35 1196.77 1197.32 
Maximum Pond Storage (CF) 31414 45779 55394 74201 88095 106970 
Percent of Available Storage Used 18% 27% 32% 43% 51% 62% 

Available Storage = 172,219 C.F. 
Top of Berm= 1199.00 
 

 
Drainage Basin DEV3.1 

Storm Frequency – years 2 5 10 25 50 100 
Peak Pond Inflow (cfs) 33.08 44.65 51.63 63.05 70.51 80.00 
Peak Pond Outflow (cfs) 19.36 26.48 31.83 38.13 41.65 45.71 
Maximum Water Surface Elevation (ft) 1201.59 1202.68 1203.14 1203.92 1204.46 1205.15 
Maximum Pond Storage (CF) 63943 96316 110956 137860 157473 184403 
Percent of Available Storage Used 29% 44% 51% 63% 72% 84% 

Available Storage = 219,532 C.F. 
Top of Berm= 1206.50 
 
 

 
Design Point – DP2 

Storm 
Frequency 

Existing 
Condition 

Developed 
Condition 

% of Existing 
Condition 

2-year 34.8 29.11 84% 
5-year 45.8 38.24 83% 
10-year 53.0 43.29 82% 
25-year 63.7 49.91 78% 
50-year 71.3 54.05 76% 
100-year 80.2 58.94 73% 
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Design Point – DP3 

Storm 
Frequency 

Existing 
Condition 

Developed 
Condition 

% of Existing 
Condition 

2-year 21.0 19.36 92% 
5-year 28.0 26.48 95% 
10-year 32.3 31.83 99% 
25-year 39.2 38.13 97% 
50-year 43.8 41.65 95% 
100-year 49.5 45.71 92% 

 
The increased run-off from the developed site has been detained and has not increased for the 2-
year thru the 100-year storm events. 
 

 
The culverts were analyzed with HY-8 software.  The culverts were sized to maintain a 100-year 
WSEL below the road crown elevation.  The calculations are shown in Appendix E. 
 
Culvert ‘C’ – South of Greenfield Circle on Paige Lane 

• Part of Section 2 (to Pond C) 
Culvert ‘E’ – Cul-de-sac of Pine Ridge Dr. (to Channel D) 

• Relief culvert for barditch at Cul-de-sac (DS-16) not designed for Q100 
Culvert ‘F’ – Southwest of Pine Ridge Dr. on Edgewood Lane 

• to Barditch on southeast side of Edgewood Lane 
Culvert ‘G’ – Under Greenfield Circle west of Paige Lane (to Culvert C) 
 

Culvert 
ID 

Culvert 
Peak 100-Year 

Flow (cfs) 

Allowable 
Headwater 
Elevation 

Actual 
Headwater 
Elevation 

C (3)-36.25”x22.5” A-RCP at -0.50% 65.03 1204.26 1202.63 
E (2)-18” HP at -0.64% 21.96 1211.56 1211.56 
F (3)-28.5”x18” A-RCP at -0.77% 48.27 1213.26 1212.47 
G (4)-18” HP at -0.50% 40.74 1217.58 1216.80 
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Channels were designed to contain the 100-year WSEL. 
 
Channel ‘D’ – 12’ wide earthen channel 

• From Detention Pond D to Pine Ridge Dr. Cul-de-sac barditch 
Channel ‘E’ – 6’ wide earthern channel 

• Along south property line, from west property line to Culvert E 
Channel ‘F’ – 4’ wide earthen channel 

• Back lots of Block 3 to North barditch of Edgewood Lane 
Channel “G” – 4’ wide earthen channel 

• Back lots of Block 2 northeast of Pine Ridge Dr. to north barditch of Paige Lane 
 
 

Channel ID 
Peak 100-
Year Flow 

(cfs) 

Maximum 
Water 

Depth (ft) 

Minimum 
Channel Depth 

(ft) 
D 74.79 1.39 2’ 
E 21.81 1.10 2’ 
F 20.72 1.07 2’ 
G 7.93 0.67 2’ 

 
 
 
 
If you have any questions or request any additional information, please do not hesitate to contact 
me.         
 
 
Scott E. Holtzen, P.E. 
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USGS The National Map: Orthoimagery. Data refreshed December, 2021., USGS The National Map: 3D Elevation
Program. Data Refreshed January, 2024.
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ODOT Roadway Drainage Manual  November 2014 
 
 

Hydrology 7.6-21 

Zone Values 2-year 5-year 10-year 25-year 50-year 
100-
year 

500-
year 

1 

a 43 47 58 70 77 91 126 

b 9 9 10 10 11 12 13 

c 0.76 0.73 0.74 0.74 0.74 0.75 0.76 

2 

a 42 45 49 67 70 83 120 

b 8 8 8 10 10 11 11 

c 0.78 0.74 0.73 0.75 0.74 0.75 0.78 

3 

a 41 45 53 71 91 126 169 

b 8 8 9 11 13 16 16 

c 0.77 0.74 0.74 0.76 0.78 0.82 0.83 

4 

a 46 59 69 81 106 116 153 

b 10 11 12 12 15 15 15 

c 0.79 0.78 0.78 0.78 0.80 0.80 0.80 

5 

a 53 64 74 93 104 108 130 

b 10 12 12 15 15 15 15 

c 0.82 0.79 0.79 0.79 0.79 0.77 0.75 

6 

a 40 53 67 81 88 104 148 

b 7 9 11 12 12 13 15 

c 0.79 0.78 0.79 0.79 0.78 0.79 0.80 

7 

a 44 59 75 90 98 110 129 

b 7 9 11 12 12 13 12 

c 0.83 0.82 0.83 0.83 0.82 0.82 0.80 

8 

a 64 97 113 140 160 205 240 

b 12 15 15 15 15 18 18 

c 0.93 0.93 0.93 0.93 0.93 0.94 0.92 

Source:  (4) 
 

Figure 7.6-P ⎯ IDF CURVE COEFFICIENTS for I = a/(tc + b)c 
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WEIGHTED 'C' VALUE : TIME OF CONCENTRATION : RUNOFF CALCULATIONS

Project Name: Brentwood Section 3

Project No.: 25.004 Notes:

Overland Flow: Tc=K(L
0.37

/S
0.20

) Rainfall Intensity = I = a/((Tc+b)
c
)

Channel Flow: Tc=K(L
0.77

/S
0.385

) Min. Tc: 5 min.

Drainage Basin ID: E2 - Historic

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A Calculation Notes:

46.780 0.35 Historic Unimproved Areas 16.373

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 46.780

Total: C x A 16.373

Weighted "C": 0.350

TIME OF CONCENTRATION (Tc)

Surface Start End Slope

Flow Type L (ft) Type K Elevation Elevation (ft/ft) Tc (min)

Overland 1 300 Average Grass 1 1232.70 1225.80 0.023 17.5

Overland 2 - 0 0.000 0.0

Overland 3 - 0 0.000 0.0

Overland 4 - 0 0.000 0.0

Channelized 1
2606

Meandering stream 

with pools
0.0102 1225.80 1191.20 0.013 23.0

Channelized 2 - 0 0.000 0.0

Channelized 3 - 0 0.000 0.0

Channelized 4 - 0 0.000 0.0

L (ft) Avg. Velocity (fps)

Pipe 1 0.00

Pipe 2 0.00

Pipe3 0.00

Pipe 4 0.00

TOTAL Tc: 40.5

RAINFALL INTENSITY & PEAK FLOW

Town of Goldsby (ODOT Zone V) Rainfall Run-Off

Storm Parameters for the IDF Equation Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.12 34.8

20 % (5-Year) 64 12 0.79 2.80 45.8

10% (10-Year) 74 12 0.79 3.24 53.0

 4% (25-Year) 93 15 0.79 3.89 63.7

2 % (50-Year) 104 15 0.79 4.35 71.3

1% (100-Year) 108 15 0.77 4.90 80.2

DP2 - Existing 36" CMP

HEG, PC..



WEIGHTED 'C' VALUE : TIME OF CONCENTRATION : RUNOFF CALCULATIONS

Project Name: Brentwood Section 3

Project No.: 25.004 Notes:

Overland Flow: Tc=K(L
0.37

/S
0.20

) Rainfall Intensity = I = a/((Tc+b)
c
)

Channel Flow: Tc=K(L
0.77

/S
0.385

) Min. Tc: 5 min.

Drainage Basin ID: E3 - Historic

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A Calculation Notes:

32.890 0.35 Historic Unimproved Areas 11.512

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 32.890

Total: C x A 11.512

Weighted "C": 0.350

TIME OF CONCENTRATION (Tc)

Surface Start End Slope

Flow Type L (ft) Type K Elevation Elevation (ft/ft) Tc (min)

Overland 1 300 Average Grass 1 1232.00 1226.00 0.020 18.0

Overland 2 - 0 0.000 0.0

Overland 3 - 0 0.000 0.0

Overland 4 - 0 0.000 0.0

Channelized 1
3363

Meandering stream 

with pools
0.0102 1226.00 1196.50 0.009 32.8

Channelized 2 - 0 0.000 0.0

Channelized 3 - 0 0.000 0.0

Channelized 4 - 0 0.000 0.0

L (ft) Avg. Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Pipe3 0.0

Pipe 4 0.0

TOTAL Tc: 50.9

RAINFALL INTENSITY & PEAK FLOW

Town of Goldsby (ODOT Zone V) Rainfall Run-Off

Storm Parameters for the IDF Equation Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.82 21.0

20 % (5-Year) 64 12 0.79 2.43 28.0

10% (10-Year) 74 12 0.79 2.81 32.3

 4% (25-Year) 93 15 0.79 3.40 39.2

2 % (50-Year) 104 15 0.79 3.80 43.8

1% (100-Year) 108 15 0.77 4.30 49.5

DP3 - Existing 36" CMP

HEG, PC..
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WEIGHTED 'C' VALUE : TIME OF CONCENTRATION : RUNOFF CALCULATIONS

Project Name: Brentwood Section 3

Project No.: 25.004 Notes:

Overland Flow: Tc=K(L
0.37

/S
0.20

) Rainfall Intensity = I = a/((Tc+b)
c
)

Channel Flow: Tc=K(L
0.77

/S
0.385

) Min. Tc: 5 min.

Drainage Basin ID: DEV2.1 (to Channel A & Pond C)

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A Calculation Notes:

37.792 0.55 Residential Rural Estate 20.786

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 37.792

Total: C x A 20.786

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Surface Start End Slope

Flow Type L (ft) Type K Elevation Elevation (ft/ft) Tc (min)

Overland 1 300 Average Grass 1 1229.70 1223.60 0.020 18.0

Overland 2 - 0 0.000 0.0

Overland 3 - 0 0.000 0.0

Overland 4 - 0 0.000 0.0

Channelized 1
169

Meandering stream 

with pools
0.0102 1223.60 1221.00 0.015 2.6

Channelized 2 2759 \_/-Ditch 0.012 1219.30 1200.50 0.007 36.5

Channelized 3
247

Few Weeds, Clean 

Bottom
0.00835 1200.30 1198.60 0.007 3.9

Channelized 4 - 0 0.000 0.0

L (ft) Avg. Velocity (fps)

Pipe 1 53 2 0.4

Pipe 2 0.0

Pipe3 0.0

Pipe 4 0.0

TOTAL Tc: 61.5

RAINFALL INTENSITY & PEAK FLOW

Town of Goldsby (ODOT Zone V) Rainfall Run-Off

Storm Parameters for the IDF Equation Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.60 33.2

20 % (5-Year) 64 12 0.79 2.15 44.6

10% (10-Year) 74 12 0.79 2.48 51.6

 4% (25-Year) 93 15 0.79 3.02 62.8

2 % (50-Year) 104 15 0.79 3.38 70.3

1% (100-Year) 108 15 0.77 3.83 79.6

HEG, PC..



WEIGHTED 'C' VALUE : TIME OF CONCENTRATION : RUNOFF CALCULATIONS

Project Name: Brentwood Section 3

Project No.: 25.004 Notes:

Overland Flow: Tc=K(L
0.37

/S
0.20

) Rainfall Intensity = I = a/((Tc+b)
c
)

Channel Flow: Tc=K(L
0.77

/S
0.385

) Min. Tc: 5 min.

Drainage Basin ID: DEV2.2 (Bypass to DP2)

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A Calculation Notes:

4.778 0.55 Residential Rural Estate 2.628

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 4.778

Total: C x A 2.628

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Surface Start End Slope

Flow Type L (ft) Type K Elevation Elevation (ft/ft) Tc (min)

Overland 1 251 Average Grass 1 1207.20 1204.60 0.010 19.3

Overland 2 - 0 0.000 0.0

Overland 3 - 0 0.000 0.0

Overland 4 - 0 0.000 0.0

Channelized 1
235

Meandering stream 

with pools
0.0102 1204.60 1201.30 0.014 3.5

Channelized 2
28

Meandering stream 

with pools
0.0102 1201.30 1197.90 0.121 0.3

Channelized 3
481

Few Weeds, Clean 

Bottom
0.00835 1197.90 1191.00 0.014 5.0

Channelized 4 - 0 0.000 0.0

L (ft) Avg. Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Pipe3 0.0

Pipe 4 0.0

TOTAL Tc: 28.1

RAINFALL INTENSITY & PEAK FLOW

Town of Goldsby (ODOT Zone V) Rainfall Run-Off

Storm Parameters for the IDF Equation Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.68 7.0

20 % (5-Year) 64 12 0.79 3.47 9.1

10% (10-Year) 74 12 0.79 4.01 10.5

 4% (25-Year) 93 15 0.79 4.76 12.5

2 % (50-Year) 104 15 0.79 5.32 14.0

1% (100-Year) 108 15 0.77 5.96 15.7

HEG, PC..
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Area Listing (all nodes)

Area

(acres)

C Description

(subcatchment-numbers)

4.778 0.55   (DEV2.2)

37.792 0.55 Residentail Rural Estate  (DEV2.1)

42.570 0.55 TOTAL AREA



25.004 Brentwood Section 3
ODOT Zone V 2-Year  Duration=62 min,  Inten=1.59 in/hrProposed Condition (DP2)

  Printed  7/17/2025Prepared by Holtzen Engineering Group
Page 3HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=37.792 ac   0.00% Impervious   Runoff Depth=1.35"Subcatchment DEV2.1: DEV2.1 (to Channel 
   Tc=61.5 min   C=0.55   Runoff=33.32 cfs  4.256 af

Runoff Area=4.778 ac   0.00% Impervious   Runoff Depth=1.11"Subcatchment DEV2.2: DEV2.2 (Bypass)
   Tc=28.1 min   C=0.55   Runoff=4.21 cfs  0.441 af

Avg. Flow Depth=1.52'   Max Vel=2.16 fps   Inflow=33.32 cfs  4.256 afReach C1: Channel to Pond C
n=0.055   L=248.5'   S=0.0071 '/'   Capacity=154.08 cfs   Outflow=32.97 cfs  4.256 af

Peak Elev=1,194.92'  Storage=31,414 cf   Inflow=32.97 cfs  4.256 afPond P3: Pond C
36.0"  Round Culvert  n=0.012  L=57.1'  S=0.0088 '/'   Outflow=26.72 cfs  4.256 af

   Inflow=29.11 cfs  4.697 afLink DP2: DP2 (Ex. 36" CMP)
   Primary=29.11 cfs  4.697 af

Total Runoff Area = 42.570 ac   Runoff Volume = 4.697 af   Average Runoff Depth = 1.32"
100.00% Pervious = 42.570 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff = 33.32 cfs @ 1.03 hrs,  Volume= 4.256 af,  Depth= 1.35"
     Routed to Reach C1 : Channel to Pond C

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 2-Year  Duration=62 min,  Inten=1.59 in/hr

Area (ac) C Description

37.792 0.55 Residentail Rural Estate

37.792 100.00% Pervious Area

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

61.5 Direct Entry, 

Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210
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w
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fs

)
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0

Runoff=33.32 cfs @ 1.03 hrs

ODOT Zone V 2-Year

Duration=62 min,

Inten=1.59 in/hr

Runoff Area=37.792 ac

Runoff Volume=4.256 af

Runoff Depth=1.35"

Tc=61.5 min

C=0.55

33.32 cfs @ 1.03 hrs
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Summary for Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff = 4.21 cfs @ 0.47 hrs,  Volume= 0.441 af,  Depth= 1.11"
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 2-Year  Duration=62 min,  Inten=1.59 in/hr

Area (ac) C Description

4.778 0.55

4.778 100.00% Pervious Area

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

28.1 Direct Entry, 

Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

4

3

2

1

0

Runoff=4.21 cfs @ 0.47 hrs

ODOT Zone V 2-Year

Duration=62 min,

Inten=1.59 in/hr

Runoff Area=4.778 ac

Runoff Volume=0.441 af

Runoff Depth=1.11"

Tc=28.1 min

C=0.55

4.21 cfs @ 0.47 hrs
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Summary for Reach C1: Channel to Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 1.35"    for  2-Year event
Inflow = 33.32 cfs @ 1.03 hrs,  Volume= 4.256 af
Outflow = 32.97 cfs @ 1.09 hrs,  Volume= 4.256 af,  Atten= 1%,  Lag= 3.4 min
     Routed to Pond P3 : Pond C

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.16 fps,  Min. Travel Time= 1.9 min
Avg. Velocity = 1.03 fps,  Avg. Travel Time= 4.0 min

Peak Storage= 3,788 cf @ 1.05 hrs
Average Depth at Peak Storage= 1.52' , Surface Width= 16.12'
Bank-Full Depth= 3.00'  Flow Area= 48.0 sf,  Capacity= 154.08 cfs

4.00'  x  3.00'  deep channel,  n= 0.055
Side Slope Z-value= 4.0 '/'   Top Width= 28.00'
Length= 248.5'   Slope= 0.0071 '/'
Inlet Invert= 1,200.30',  Outlet Invert= 1,198.53'

‡

Reach C1: Channel to Pond C
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Reach C1: Channel to Pond C

Inflow
Outflow

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Inflow Area=37.792 ac

Inflow=33.32 cfs @ 1.03 hrs

Outflow=32.97 cfs @ 1.09 hrs

Avg. Flow Depth=1.52'

Max Vel=2.16 fps

n=0.055

L=248.5'

S=0.0071 '/'

Capacity=154.08 cfs

33.32 cfs @ 1.03 hrs

32.97 cfs @ 1.09 hrs
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Summary for Pond P3: Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 1.35"    for  2-Year event
Inflow = 32.97 cfs @ 1.09 hrs,  Volume= 4.256 af
Outflow = 26.72 cfs @ 1.50 hrs,  Volume= 4.256 af,  Atten= 19%,  Lag= 24.5 min
Primary = 26.72 cfs @ 1.50 hrs,  Volume= 4.256 af
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,194.92' @ 1.50 hrs   Surf.Area= 27,037 sf   Storage= 31,414 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 17.2 min ( 103.6 - 86.3 )

Volume Invert Avail.Storage Storage Description

#1 1,192.50' 172,219 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,192.50 0 0 0
1,193.00 2,742 686 686
1,194.00 17,519 10,131 10,816
1,195.00 27,813 22,666 33,482
1,196.00 31,167 29,490 62,972
1,197.00 34,614 32,891 95,863
1,198.00 38,155 36,385 132,247
1,199.00 41,788 39,972 172,219

Device Routing     Invert Outlet Devices

#1 Primary 1,192.50' 36.0"  Round Culvert   
L= 57.1'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 1,192.50' / 1,192.00'   S= 0.0088 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

Primary OutFlow  Max=26.72 cfs @ 1.50 hrs  HW=1,194.92'   (Free Discharge)
1=Culvert  (Barrel Controls 26.72 cfs @ 5.96 fps)

Culvert 

Pond P3: Pond C
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Pond P3: Pond C

Inflow
Primary

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Inflow Area=37.792 ac

Inflow=32.97 cfs @ 1.09 hrs

Primary=26.72 cfs @ 1.50 hrs

Peak Elev=1,194.92'

Storage=31,414 cf

36.0"

Round Culvert

n=0.012

L=57.1'

S=0.0088 '/'

32.97 cfs @ 1.09 hrs

26.72 cfs @ 1.50 hrs
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Summary for Link DP2: DP2 (Ex. 36" CMP)

Inflow Area = 42.570 ac, 0.00% Impervious,  Inflow Depth = 1.32"    for  2-Year event
Inflow = 29.11 cfs @ 1.39 hrs,  Volume= 4.697 af
Primary = 29.11 cfs @ 1.39 hrs,  Volume= 4.697 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP2: DP2 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.570 ac

Inflow=29.11 cfs @ 1.39 hrs

Primary=29.11 cfs @ 1.39 hrs

29.11 cfs @ 1.39 hrs

29.11 cfs @ 1.39 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=37.792 ac   0.00% Impervious   Runoff Depth=1.82"Subcatchment DEV2.1: DEV2.1 (to Channel 
   Tc=61.5 min   C=0.55   Runoff=44.76 cfs  5.718 af

Runoff Area=4.778 ac   0.00% Impervious   Runoff Depth=1.49"Subcatchment DEV2.2: DEV2.2 (Bypass)
   Tc=28.1 min   C=0.55   Runoff=5.66 cfs  0.593 af

Avg. Flow Depth=1.74'   Max Vel=2.34 fps   Inflow=44.76 cfs  5.718 afReach C1: Channel to Pond C
n=0.055   L=248.5'   S=0.0071 '/'   Capacity=154.08 cfs   Outflow=44.34 cfs  5.718 af

Peak Elev=1,195.43'  Storage=45,779 cf   Inflow=44.34 cfs  5.718 afPond P3: Pond C
36.0"  Round Culvert  n=0.012  L=57.1'  S=0.0088 '/'   Outflow=35.17 cfs  5.718 af

   Inflow=38.24 cfs  6.311 afLink DP2: DP2 (Ex. 36" CMP)
   Primary=38.24 cfs  6.311 af

Total Runoff Area = 42.570 ac   Runoff Volume = 6.311 af   Average Runoff Depth = 1.78"
100.00% Pervious = 42.570 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff = 44.76 cfs @ 1.03 hrs,  Volume= 5.718 af,  Depth= 1.82"
     Routed to Reach C1 : Channel to Pond C

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 5-Year  Duration=62 min,  Inten=2.14 in/hr

Area (ac) C Description

37.792 0.55 Residentail Rural Estate

37.792 100.00% Pervious Area

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

61.5 Direct Entry, 

Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff

Hydrograph

Time  (hours)
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Runoff=44.76 cfs @ 1.03 hrs

ODOT Zone V 5-Year

Duration=62 min,

Inten=2.14 in/hr

Runoff Area=37.792 ac

Runoff Volume=5.718 af

Runoff Depth=1.82"

Tc=61.5 min

C=0.55

44.76 cfs @ 1.03 hrs
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Summary for Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff = 5.66 cfs @ 0.47 hrs,  Volume= 0.593 af,  Depth= 1.49"
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 5-Year  Duration=62 min,  Inten=2.14 in/hr

Area (ac) C Description

4.778 0.55

4.778 100.00% Pervious Area

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

28.1 Direct Entry, 

Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=5.66 cfs @ 0.47 hrs

ODOT Zone V 5-Year

Duration=62 min,

Inten=2.14 in/hr

Runoff Area=4.778 ac

Runoff Volume=0.593 af

Runoff Depth=1.49"

Tc=28.1 min

C=0.55

5.66 cfs @ 0.47 hrs
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Summary for Reach C1: Channel to Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 1.82"    for  5-Year event
Inflow = 44.76 cfs @ 1.03 hrs,  Volume= 5.718 af
Outflow = 44.34 cfs @ 1.08 hrs,  Volume= 5.718 af,  Atten= 1%,  Lag= 3.1 min
     Routed to Pond P3 : Pond C

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.34 fps,  Min. Travel Time= 1.8 min
Avg. Velocity = 1.10 fps,  Avg. Travel Time= 3.8 min

Peak Storage= 4,717 cf @ 1.05 hrs
Average Depth at Peak Storage= 1.74' , Surface Width= 17.88'
Bank-Full Depth= 3.00'  Flow Area= 48.0 sf,  Capacity= 154.08 cfs

4.00'  x  3.00'  deep channel,  n= 0.055
Side Slope Z-value= 4.0 '/'   Top Width= 28.00'
Length= 248.5'   Slope= 0.0071 '/'
Inlet Invert= 1,200.30',  Outlet Invert= 1,198.53'

‡

Reach C1: Channel to Pond C
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Reach C1: Channel to Pond C

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=44.76 cfs @ 1.03 hrs

Outflow=44.34 cfs @ 1.08 hrs

Avg. Flow Depth=1.74'

Max Vel=2.34 fps

n=0.055

L=248.5'

S=0.0071 '/'

Capacity=154.08 cfs

44.76 cfs @ 1.03 hrs

44.34 cfs @ 1.08 hrs
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Summary for Pond P3: Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 1.82"    for  5-Year event
Inflow = 44.34 cfs @ 1.08 hrs,  Volume= 5.718 af
Outflow = 35.17 cfs @ 1.52 hrs,  Volume= 5.718 af,  Atten= 21%,  Lag= 26.5 min
Primary = 35.17 cfs @ 1.52 hrs,  Volume= 5.718 af
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,195.43' @ 1.52 hrs   Surf.Area= 29,258 sf   Storage= 45,779 cf

Plug-Flow detention time= 19.1 min calculated for 5.715 af (100% of inflow)
Center-of-Mass det. time= 19.1 min ( 105.2 - 86.0 )

Volume Invert Avail.Storage Storage Description

#1 1,192.50' 172,219 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,192.50 0 0 0
1,193.00 2,742 686 686
1,194.00 17,519 10,131 10,816
1,195.00 27,813 22,666 33,482
1,196.00 31,167 29,490 62,972
1,197.00 34,614 32,891 95,863
1,198.00 38,155 36,385 132,247
1,199.00 41,788 39,972 172,219

Device Routing     Invert Outlet Devices

#1 Primary 1,192.50' 36.0"  Round Culvert   
L= 57.1'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 1,192.50' / 1,192.00'   S= 0.0088 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

Primary OutFlow  Max=35.17 cfs @ 1.52 hrs  HW=1,195.43'   (Free Discharge)
1=Culvert  (Barrel Controls 35.17 cfs @ 6.34 fps)

Culvert 

Pond P3: Pond C



25.004 Brentwood Section 3
ODOT Zone V 5-Year  Duration=62 min,  Inten=2.14 in/hrProposed Condition (DP2)

  Printed  7/17/2025Prepared by Holtzen Engineering Group
Page 17HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Pond P3: Pond C

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=44.34 cfs @ 1.08 hrs

Primary=35.17 cfs @ 1.52 hrs

Peak Elev=1,195.43'

Storage=45,779 cf

36.0"

Round Culvert

n=0.012

L=57.1'

S=0.0088 '/'

44.34 cfs @ 1.08 hrs

35.17 cfs @ 1.52 hrs
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Summary for Link DP2: DP2 (Ex. 36" CMP)

Inflow Area = 42.570 ac, 0.00% Impervious,  Inflow Depth = 1.78"    for  5-Year event
Inflow = 38.24 cfs @ 1.41 hrs,  Volume= 6.311 af
Primary = 38.24 cfs @ 1.41 hrs,  Volume= 6.311 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP2: DP2 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.570 ac

Inflow=38.24 cfs @ 1.41 hrs

Primary=38.24 cfs @ 1.41 hrs

38.24 cfs @ 1.41 hrs

38.24 cfs @ 1.41 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=37.792 ac   0.00% Impervious   Runoff Depth=2.10"Subcatchment DEV2.1: DEV2.1 (to Channel 
   Tc=61.5 min   C=0.55   Runoff=51.75 cfs  6.611 af

Runoff Area=4.778 ac   0.00% Impervious   Runoff Depth=1.72"Subcatchment DEV2.2: DEV2.2 (Bypass)
   Tc=28.1 min   C=0.55   Runoff=6.54 cfs  0.685 af

Avg. Flow Depth=1.85'   Max Vel=2.43 fps   Inflow=51.75 cfs  6.611 afReach C1: Channel to Pond C
n=0.055   L=248.5'   S=0.0071 '/'   Capacity=154.08 cfs   Outflow=51.28 cfs  6.611 af

Peak Elev=1,195.75'  Storage=55,394 cf   Inflow=51.28 cfs  6.611 afPond P3: Pond C
36.0"  Round Culvert  n=0.012  L=57.1'  S=0.0088 '/'   Outflow=39.77 cfs  6.611 af

   Inflow=43.29 cfs  7.297 afLink DP2: DP2 (Ex. 36" CMP)
   Primary=43.29 cfs  7.297 af

Total Runoff Area = 42.570 ac   Runoff Volume = 7.297 af   Average Runoff Depth = 2.06"
100.00% Pervious = 42.570 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff = 51.75 cfs @ 1.03 hrs,  Volume= 6.611 af,  Depth= 2.10"
     Routed to Reach C1 : Channel to Pond C

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 10-Year  Duration=62 min,  Inten=2.47 in/hr

Area (ac) C Description

37.792 0.55 Residentail Rural Estate

37.792 100.00% Pervious Area

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

61.5 Direct Entry, 

Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff

Hydrograph

Time  (hours)
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Runoff=51.75 cfs @ 1.03 hrs

ODOT Zone V 10-Year

Duration=62 min,

Inten=2.47 in/hr

Runoff Area=37.792 ac

Runoff Volume=6.611 af

Runoff Depth=2.10"

Tc=61.5 min

C=0.55

51.75 cfs @ 1.03 hrs
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Summary for Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff = 6.54 cfs @ 0.47 hrs,  Volume= 0.685 af,  Depth= 1.72"
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 10-Year  Duration=62 min,  Inten=2.47 in/hr

Area (ac) C Description

4.778 0.55

4.778 100.00% Pervious Area

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

28.1 Direct Entry, 

Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=6.54 cfs @ 0.47 hrs

ODOT Zone V 10-Year

Duration=62 min,

Inten=2.47 in/hr

Runoff Area=4.778 ac

Runoff Volume=0.685 af

Runoff Depth=1.72"

Tc=28.1 min

C=0.55

6.54 cfs @ 0.47 hrs
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Summary for Reach C1: Channel to Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 2.10"    for  10-Year event
Inflow = 51.75 cfs @ 1.03 hrs,  Volume= 6.611 af
Outflow = 51.28 cfs @ 1.08 hrs,  Volume= 6.611 af,  Atten= 1%,  Lag= 3.0 min
     Routed to Pond P3 : Pond C

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.43 fps,  Min. Travel Time= 1.7 min
Avg. Velocity = 1.14 fps,  Avg. Travel Time= 3.6 min

Peak Storage= 5,255 cf @ 1.05 hrs
Average Depth at Peak Storage= 1.85' , Surface Width= 18.82'
Bank-Full Depth= 3.00'  Flow Area= 48.0 sf,  Capacity= 154.08 cfs

4.00'  x  3.00'  deep channel,  n= 0.055
Side Slope Z-value= 4.0 '/'   Top Width= 28.00'
Length= 248.5'   Slope= 0.0071 '/'
Inlet Invert= 1,200.30',  Outlet Invert= 1,198.53'

‡

Reach C1: Channel to Pond C
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Reach C1: Channel to Pond C

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=51.75 cfs @ 1.03 hrs

Outflow=51.28 cfs @ 1.08 hrs

Avg. Flow Depth=1.85'

Max Vel=2.43 fps

n=0.055

L=248.5'

S=0.0071 '/'

Capacity=154.08 cfs

51.75 cfs @ 1.03 hrs

51.28 cfs @ 1.08 hrs
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Summary for Pond P3: Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 2.10"    for  10-Year event
Inflow = 51.28 cfs @ 1.08 hrs,  Volume= 6.611 af
Outflow = 39.77 cfs @ 1.56 hrs,  Volume= 6.611 af,  Atten= 22%,  Lag= 28.6 min
Primary = 39.77 cfs @ 1.56 hrs,  Volume= 6.611 af
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,195.75' @ 1.56 hrs   Surf.Area= 30,340 sf   Storage= 55,394 cf

Plug-Flow detention time= 20.2 min calculated for 6.608 af (100% of inflow)
Center-of-Mass det. time= 20.2 min ( 106.1 - 85.9 )

Volume Invert Avail.Storage Storage Description

#1 1,192.50' 172,219 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,192.50 0 0 0
1,193.00 2,742 686 686
1,194.00 17,519 10,131 10,816
1,195.00 27,813 22,666 33,482
1,196.00 31,167 29,490 62,972
1,197.00 34,614 32,891 95,863
1,198.00 38,155 36,385 132,247
1,199.00 41,788 39,972 172,219

Device Routing     Invert Outlet Devices

#1 Primary 1,192.50' 36.0"  Round Culvert   
L= 57.1'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 1,192.50' / 1,192.00'   S= 0.0088 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

Primary OutFlow  Max=39.77 cfs @ 1.56 hrs  HW=1,195.75'   (Free Discharge)
1=Culvert  (Inlet Controls 39.77 cfs @ 5.63 fps)

Culvert 

Pond P3: Pond C



25.004 Brentwood Section 3
ODOT Zone V 10-Year  Duration=62 min,  Inten=2.47 in/hrProposed Condition (DP2)

  Printed  7/17/2025Prepared by Holtzen Engineering Group
Page 25HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Pond P3: Pond C
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Inflow Area=37.792 ac

Inflow=51.28 cfs @ 1.08 hrs

Primary=39.77 cfs @ 1.56 hrs

Peak Elev=1,195.75'

Storage=55,394 cf

36.0"

Round Culvert

n=0.012

L=57.1'

S=0.0088 '/'

51.28 cfs @ 1.08 hrs

39.77 cfs @ 1.56 hrs
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Summary for Link DP2: DP2 (Ex. 36" CMP)

Inflow Area = 42.570 ac, 0.00% Impervious,  Inflow Depth = 2.06"    for  10-Year event
Inflow = 43.29 cfs @ 1.38 hrs,  Volume= 7.297 af
Primary = 43.29 cfs @ 1.38 hrs,  Volume= 7.297 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP2: DP2 (Ex. 36" CMP)

Inflow
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Hydrograph

Time  (hours)
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Inflow Area=42.570 ac

Inflow=43.29 cfs @ 1.38 hrs

Primary=43.29 cfs @ 1.38 hrs

43.29 cfs @ 1.38 hrs

43.29 cfs @ 1.38 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=37.792 ac   0.00% Impervious   Runoff Depth=2.56"Subcatchment DEV2.1: DEV2.1 (to Channel 
   Tc=61.5 min   C=0.55   Runoff=63.03 cfs  8.052 af

Runoff Area=4.778 ac   0.00% Impervious   Runoff Depth=2.10"Subcatchment DEV2.2: DEV2.2 (Bypass)
   Tc=28.1 min   C=0.55   Runoff=7.97 cfs  0.835 af

Avg. Flow Depth=2.02'   Max Vel=2.55 fps   Inflow=63.03 cfs  8.052 afReach C1: Channel to Pond C
n=0.055   L=248.5'   S=0.0071 '/'   Capacity=154.08 cfs   Outflow=62.48 cfs  8.052 af

Peak Elev=1,196.35'  Storage=74,201 cf   Inflow=62.48 cfs  8.052 afPond P3: Pond C
36.0"  Round Culvert  n=0.012  L=57.1'  S=0.0088 '/'   Outflow=46.07 cfs  8.052 af

   Inflow=49.91 cfs  8.887 afLink DP2: DP2 (Ex. 36" CMP)
   Primary=49.91 cfs  8.887 af

Total Runoff Area = 42.570 ac   Runoff Volume = 8.887 af   Average Runoff Depth = 2.51"
100.00% Pervious = 42.570 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff = 63.03 cfs @ 1.03 hrs,  Volume= 8.052 af,  Depth= 2.56"
     Routed to Reach C1 : Channel to Pond C

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 25-Year  Duration=62 min,  Inten=3.01 in/hr

Area (ac) C Description

37.792 0.55 Residentail Rural Estate

37.792 100.00% Pervious Area

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

61.5 Direct Entry, 

Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff

Hydrograph

Time  (hours)
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Runoff=63.03 cfs @ 1.03 hrs

ODOT Zone V 25-Year

Duration=62 min,

Inten=3.01 in/hr

Runoff Area=37.792 ac

Runoff Volume=8.052 af

Runoff Depth=2.56"

Tc=61.5 min

C=0.55

63.03 cfs @ 1.03 hrs
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Summary for Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff = 7.97 cfs @ 0.47 hrs,  Volume= 0.835 af,  Depth= 2.10"
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 25-Year  Duration=62 min,  Inten=3.01 in/hr

Area (ac) C Description

4.778 0.55

4.778 100.00% Pervious Area

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

28.1 Direct Entry, 

Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=7.97 cfs @ 0.47 hrs

ODOT Zone V 25-Year

Duration=62 min,

Inten=3.01 in/hr

Runoff Area=4.778 ac

Runoff Volume=0.835 af

Runoff Depth=2.10"

Tc=28.1 min

C=0.55

7.97 cfs @ 0.47 hrs
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Summary for Reach C1: Channel to Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 2.56"    for  25-Year event
Inflow = 63.03 cfs @ 1.03 hrs,  Volume= 8.052 af
Outflow = 62.48 cfs @ 1.08 hrs,  Volume= 8.052 af,  Atten= 1%,  Lag= 2.9 min
     Routed to Pond P3 : Pond C

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.55 fps,  Min. Travel Time= 1.6 min
Avg. Velocity = 1.20 fps,  Avg. Travel Time= 3.5 min

Peak Storage= 6,087 cf @ 1.05 hrs
Average Depth at Peak Storage= 2.02' , Surface Width= 20.20'
Bank-Full Depth= 3.00'  Flow Area= 48.0 sf,  Capacity= 154.08 cfs

4.00'  x  3.00'  deep channel,  n= 0.055
Side Slope Z-value= 4.0 '/'   Top Width= 28.00'
Length= 248.5'   Slope= 0.0071 '/'
Inlet Invert= 1,200.30',  Outlet Invert= 1,198.53'

‡

Reach C1: Channel to Pond C
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Reach C1: Channel to Pond C

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=63.03 cfs @ 1.03 hrs

Outflow=62.48 cfs @ 1.08 hrs

Avg. Flow Depth=2.02'

Max Vel=2.55 fps

n=0.055

L=248.5'

S=0.0071 '/'

Capacity=154.08 cfs

63.03 cfs @ 1.03 hrs

62.48 cfs @ 1.08 hrs
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Summary for Pond P3: Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 2.56"    for  25-Year event
Inflow = 62.48 cfs @ 1.08 hrs,  Volume= 8.052 af
Outflow = 46.07 cfs @ 1.63 hrs,  Volume= 8.052 af,  Atten= 26%,  Lag= 33.3 min
Primary = 46.07 cfs @ 1.63 hrs,  Volume= 8.052 af
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,196.35' @ 1.63 hrs   Surf.Area= 32,385 sf   Storage= 74,201 cf

Plug-Flow detention time= 22.6 min calculated for 8.048 af (100% of inflow)
Center-of-Mass det. time= 22.6 min ( 108.3 - 85.7 )

Volume Invert Avail.Storage Storage Description

#1 1,192.50' 172,219 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,192.50 0 0 0
1,193.00 2,742 686 686
1,194.00 17,519 10,131 10,816
1,195.00 27,813 22,666 33,482
1,196.00 31,167 29,490 62,972
1,197.00 34,614 32,891 95,863
1,198.00 38,155 36,385 132,247
1,199.00 41,788 39,972 172,219

Device Routing     Invert Outlet Devices

#1 Primary 1,192.50' 36.0"  Round Culvert   
L= 57.1'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 1,192.50' / 1,192.00'   S= 0.0088 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

Primary OutFlow  Max=46.07 cfs @ 1.63 hrs  HW=1,196.35'   (Free Discharge)
1=Culvert  (Inlet Controls 46.07 cfs @ 6.52 fps)

Culvert 

Pond P3: Pond C
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Pond P3: Pond C

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=62.48 cfs @ 1.08 hrs

Primary=46.07 cfs @ 1.63 hrs

Peak Elev=1,196.35'

Storage=74,201 cf

36.0"

Round Culvert

n=0.012

L=57.1'

S=0.0088 '/'

62.48 cfs @ 1.08 hrs

46.07 cfs @ 1.63 hrs
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Summary for Link DP2: DP2 (Ex. 36" CMP)

Inflow Area = 42.570 ac, 0.00% Impervious,  Inflow Depth = 2.51"    for  25-Year event
Inflow = 49.91 cfs @ 1.42 hrs,  Volume= 8.887 af
Primary = 49.91 cfs @ 1.42 hrs,  Volume= 8.887 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP2: DP2 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.570 ac

Inflow=49.91 cfs @ 1.42 hrs

Primary=49.91 cfs @ 1.42 hrs

49.91 cfs @ 1.42 hrs

49.91 cfs @ 1.42 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=37.792 ac   0.00% Impervious   Runoff Depth=2.86"Subcatchment DEV2.1: DEV2.1 (to Channel 
   Tc=61.5 min   C=0.55   Runoff=70.48 cfs  9.004 af

Runoff Area=4.778 ac   0.00% Impervious   Runoff Depth=2.34"Subcatchment DEV2.2: DEV2.2 (Bypass)
   Tc=28.1 min   C=0.55   Runoff=8.91 cfs  0.933 af

Avg. Flow Depth=2.13'   Max Vel=2.63 fps   Inflow=70.48 cfs  9.004 afReach C1: Channel to Pond C
n=0.055   L=248.5'   S=0.0071 '/'   Capacity=154.08 cfs   Outflow=69.89 cfs  9.004 af

Peak Elev=1,196.77'  Storage=88,095 cf   Inflow=69.89 cfs  9.004 afPond P3: Pond C
36.0"  Round Culvert  n=0.012  L=57.1'  S=0.0088 '/'   Outflow=50.01 cfs  9.004 af

   Inflow=54.05 cfs  9.938 afLink DP2: DP2 (Ex. 36" CMP)
   Primary=54.05 cfs  9.938 af

Total Runoff Area = 42.570 ac   Runoff Volume = 9.938 af   Average Runoff Depth = 2.80"
100.00% Pervious = 42.570 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff = 70.48 cfs @ 1.03 hrs,  Volume= 9.004 af,  Depth= 2.86"
     Routed to Reach C1 : Channel to Pond C

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 50-Year  Duration=62 min,  Inten=3.36 in/hr

Area (ac) C Description

37.792 0.55 Residentail Rural Estate

37.792 100.00% Pervious Area

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

61.5 Direct Entry, 

Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff

Hydrograph

Time  (hours)
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Runoff=70.48 cfs @ 1.03 hrs

ODOT Zone V 50-Year

Duration=62 min,

Inten=3.36 in/hr

Runoff Area=37.792 ac

Runoff Volume=9.004 af

Runoff Depth=2.86"

Tc=61.5 min

C=0.55

70.48 cfs @ 1.03 hrs
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Summary for Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff = 8.91 cfs @ 0.47 hrs,  Volume= 0.933 af,  Depth= 2.34"
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 50-Year  Duration=62 min,  Inten=3.36 in/hr

Area (ac) C Description

4.778 0.55

4.778 100.00% Pervious Area

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

28.1 Direct Entry, 

Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=8.91 cfs @ 0.47 hrs

ODOT Zone V 50-Year

Duration=62 min,

Inten=3.36 in/hr

Runoff Area=4.778 ac

Runoff Volume=0.933 af

Runoff Depth=2.34"

Tc=28.1 min

C=0.55

8.91 cfs @ 0.47 hrs
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Summary for Reach C1: Channel to Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 2.86"    for  50-Year event
Inflow = 70.48 cfs @ 1.03 hrs,  Volume= 9.004 af
Outflow = 69.89 cfs @ 1.08 hrs,  Volume= 9.004 af,  Atten= 1%,  Lag= 2.8 min
     Routed to Pond P3 : Pond C

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.63 fps,  Min. Travel Time= 1.6 min
Avg. Velocity = 1.23 fps,  Avg. Travel Time= 3.4 min

Peak Storage= 6,616 cf @ 1.05 hrs
Average Depth at Peak Storage= 2.13' , Surface Width= 21.02'
Bank-Full Depth= 3.00'  Flow Area= 48.0 sf,  Capacity= 154.08 cfs

4.00'  x  3.00'  deep channel,  n= 0.055
Side Slope Z-value= 4.0 '/'   Top Width= 28.00'
Length= 248.5'   Slope= 0.0071 '/'
Inlet Invert= 1,200.30',  Outlet Invert= 1,198.53'

‡

Reach C1: Channel to Pond C
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Reach C1: Channel to Pond C

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=70.48 cfs @ 1.03 hrs

Outflow=69.89 cfs @ 1.08 hrs

Avg. Flow Depth=2.13'

Max Vel=2.63 fps

n=0.055

L=248.5'

S=0.0071 '/'

Capacity=154.08 cfs

70.48 cfs @ 1.03 hrs

69.89 cfs @ 1.08 hrs
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Summary for Pond P3: Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 2.86"    for  50-Year event
Inflow = 69.89 cfs @ 1.08 hrs,  Volume= 9.004 af
Outflow = 50.01 cfs @ 1.68 hrs,  Volume= 9.004 af,  Atten= 28%,  Lag= 35.9 min
Primary = 50.01 cfs @ 1.68 hrs,  Volume= 9.004 af
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,196.77' @ 1.68 hrs   Surf.Area= 33,832 sf   Storage= 88,095 cf

Plug-Flow detention time= 24.3 min calculated for 9.000 af (100% of inflow)
Center-of-Mass det. time= 24.3 min ( 110.0 - 85.6 )

Volume Invert Avail.Storage Storage Description

#1 1,192.50' 172,219 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,192.50 0 0 0
1,193.00 2,742 686 686
1,194.00 17,519 10,131 10,816
1,195.00 27,813 22,666 33,482
1,196.00 31,167 29,490 62,972
1,197.00 34,614 32,891 95,863
1,198.00 38,155 36,385 132,247
1,199.00 41,788 39,972 172,219

Device Routing     Invert Outlet Devices

#1 Primary 1,192.50' 36.0"  Round Culvert   
L= 57.1'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 1,192.50' / 1,192.00'   S= 0.0088 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

Primary OutFlow  Max=50.01 cfs @ 1.68 hrs  HW=1,196.77'   (Free Discharge)
1=Culvert  (Inlet Controls 50.01 cfs @ 7.07 fps)

Culvert 

Pond P3: Pond C
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Pond P3: Pond C

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=69.89 cfs @ 1.08 hrs

Primary=50.01 cfs @ 1.68 hrs

Peak Elev=1,196.77'

Storage=88,095 cf

36.0"

Round Culvert

n=0.012

L=57.1'

S=0.0088 '/'

69.89 cfs @ 1.08 hrs

50.01 cfs @ 1.68 hrs
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Summary for Link DP2: DP2 (Ex. 36" CMP)

Inflow Area = 42.570 ac, 0.00% Impervious,  Inflow Depth = 2.80"    for  50-Year event
Inflow = 54.05 cfs @ 1.43 hrs,  Volume= 9.938 af
Primary = 54.05 cfs @ 1.43 hrs,  Volume= 9.938 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP2: DP2 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.570 ac

Inflow=54.05 cfs @ 1.43 hrs

Primary=54.05 cfs @ 1.43 hrs

54.05 cfs @ 1.43 hrs

54.05 cfs @ 1.43 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=37.792 ac   0.00% Impervious   Runoff Depth=3.24"Subcatchment DEV2.1: DEV2.1 (to Channel 
   Tc=61.5 min   C=0.55   Runoff=79.84 cfs  10.199 af

Runoff Area=4.778 ac   0.00% Impervious   Runoff Depth=2.66"Subcatchment DEV2.2: DEV2.2 (Bypass)
   Tc=28.1 min   C=0.55   Runoff=10.09 cfs  1.057 af

Avg. Flow Depth=2.25'   Max Vel=2.71 fps   Inflow=79.84 cfs  10.199 afReach C1: Channel to Pond C
n=0.055   L=248.5'   S=0.0071 '/'   Capacity=154.08 cfs   Outflow=79.18 cfs  10.199 af

Peak Elev=1,197.32'  Storage=106,970 cf   Inflow=79.18 cfs  10.199 afPond P3: Pond C
36.0"  Round Culvert  n=0.012  L=57.1'  S=0.0088 '/'   Outflow=54.68 cfs  10.199 af

   Inflow=58.94 cfs  11.256 afLink DP2: DP2 (Ex. 36" CMP)
   Primary=58.94 cfs  11.256 af

Total Runoff Area = 42.570 ac   Runoff Volume = 11.256 af   Average Runoff Depth = 3.17"
100.00% Pervious = 42.570 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff = 79.84 cfs @ 1.03 hrs,  Volume= 10.199 af,  Depth= 3.24"
     Routed to Reach C1 : Channel to Pond C

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 100-Year  Duration=62 min,  Inten=3.81 in/hr

Area (ac) C Description

37.792 0.55 Residentail Rural Estate

37.792 100.00% Pervious Area

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

61.5 Direct Entry, 

Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Runoff

Hydrograph

Time  (hours)
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Runoff=79.84 cfs @ 1.03 hrs

ODOT Zone V 100-Year

Duration=62 min,

Inten=3.81 in/hr

Runoff Area=37.792 ac

Runoff Volume=10.199 af

Runoff Depth=3.24"

Tc=61.5 min

C=0.55

79.84 cfs @ 1.03 hrs
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Summary for Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff = 10.09 cfs @ 0.47 hrs,  Volume= 1.057 af,  Depth= 2.66"
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 100-Year  Duration=62 min,  Inten=3.81 in/hr

Area (ac) C Description

4.778 0.55

4.778 100.00% Pervious Area

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

28.1 Direct Entry, 

Subcatchment DEV2.2: DEV2.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=10.09 cfs @ 0.47 hrs

ODOT Zone V 100-Year

Duration=62 min,

Inten=3.81 in/hr

Runoff Area=4.778 ac

Runoff Volume=1.057 af

Runoff Depth=2.66"

Tc=28.1 min

C=0.55

10.09 cfs @ 0.47 hrs
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Summary for Reach C1: Channel to Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 3.24"    for  100-Year event
Inflow = 79.84 cfs @ 1.03 hrs,  Volume= 10.199 af
Outflow = 79.18 cfs @ 1.08 hrs,  Volume= 10.199 af,  Atten= 1%,  Lag= 2.7 min
     Routed to Pond P3 : Pond C

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.71 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 1.26 fps,  Avg. Travel Time= 3.3 min

Peak Storage= 7,261 cf @ 1.05 hrs
Average Depth at Peak Storage= 2.25' , Surface Width= 21.99'
Bank-Full Depth= 3.00'  Flow Area= 48.0 sf,  Capacity= 154.08 cfs

4.00'  x  3.00'  deep channel,  n= 0.055
Side Slope Z-value= 4.0 '/'   Top Width= 28.00'
Length= 248.5'   Slope= 0.0071 '/'
Inlet Invert= 1,200.30',  Outlet Invert= 1,198.53'

‡

Reach C1: Channel to Pond C
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Reach C1: Channel to Pond C

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=79.84 cfs @ 1.03 hrs

Outflow=79.18 cfs @ 1.08 hrs

Avg. Flow Depth=2.25'

Max Vel=2.71 fps

n=0.055

L=248.5'

S=0.0071 '/'

Capacity=154.08 cfs

79.84 cfs @ 1.03 hrs

79.18 cfs @ 1.08 hrs



25.004 Brentwood Section 3
ODOT Zone V 100-Year  Duration=62 min,  Inten=3.81 in/hrProposed Condition (DP2)

  Printed  7/17/2025Prepared by Holtzen Engineering Group
Page 48HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Summary for Pond P3: Pond C

Inflow Area = 37.792 ac, 0.00% Impervious,  Inflow Depth = 3.24"    for  100-Year event
Inflow = 79.18 cfs @ 1.08 hrs,  Volume= 10.199 af
Outflow = 54.68 cfs @ 1.73 hrs,  Volume= 10.199 af,  Atten= 31%,  Lag= 38.9 min
Primary = 54.68 cfs @ 1.73 hrs,  Volume= 10.199 af
     Routed to Link DP2 : DP2 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,197.32' @ 1.73 hrs   Surf.Area= 35,732 sf   Storage= 106,970 cf

Plug-Flow detention time= 26.6 min calculated for 10.199 af (100% of inflow)
Center-of-Mass det. time= 26.6 min ( 112.1 - 85.5 )

Volume Invert Avail.Storage Storage Description

#1 1,192.50' 172,219 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,192.50 0 0 0
1,193.00 2,742 686 686
1,194.00 17,519 10,131 10,816
1,195.00 27,813 22,666 33,482
1,196.00 31,167 29,490 62,972
1,197.00 34,614 32,891 95,863
1,198.00 38,155 36,385 132,247
1,199.00 41,788 39,972 172,219

Device Routing     Invert Outlet Devices

#1 Primary 1,192.50' 36.0"  Round Culvert   
L= 57.1'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 1,192.50' / 1,192.00'   S= 0.0088 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

Primary OutFlow  Max=54.68 cfs @ 1.73 hrs  HW=1,197.32'   (Free Discharge)
1=Culvert  (Inlet Controls 54.68 cfs @ 7.74 fps)

Culvert 

Pond P3: Pond C
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Pond P3: Pond C

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=37.792 ac

Inflow=79.18 cfs @ 1.08 hrs

Primary=54.68 cfs @ 1.73 hrs

Peak Elev=1,197.32'

Storage=106,970 cf

36.0"

Round Culvert

n=0.012

L=57.1'

S=0.0088 '/'

79.18 cfs @ 1.08 hrs

54.68 cfs @ 1.73 hrs
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Summary for Link DP2: DP2 (Ex. 36" CMP)

Inflow Area = 42.570 ac, 0.00% Impervious,  Inflow Depth = 3.17"    for  100-Year event
Inflow = 58.94 cfs @ 1.44 hrs,  Volume= 11.256 af
Primary = 58.94 cfs @ 1.44 hrs,  Volume= 11.256 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP2: DP2 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.570 ac

Inflow=58.94 cfs @ 1.44 hrs

Primary=58.94 cfs @ 1.44 hrs

58.94 cfs @ 1.44 hrs

58.94 cfs @ 1.44 hrs
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Events for Subcatchment DEV2.1: DEV2.1 (to Channel & Pond C)

Event Rainfall

(inches)

Runoff

(cfs)

Volume

(acre-feet)

Depth

(inches)

2-Year 1.64 33.32 4.256 1.35

5-Year 2.21 44.76 5.718 1.82

10-Year 2.55 51.75 6.611 2.10

25-Year 3.11 63.03 8.052 2.56

50-Year 3.47 70.48 9.004 2.86

100-Year 3.94 79.84 10.199 3.24
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Events for Subcatchment DEV2.2: DEV2.2 (Bypass)

Event Rainfall

(inches)

Runoff

(cfs)

Volume

(acre-feet)

Depth

(inches)

2-Year 1.64 4.21 0.441 1.11

5-Year 2.21 5.66 0.593 1.49

10-Year 2.55 6.54 0.685 1.72

25-Year 3.11 7.97 0.835 2.10

50-Year 3.47 8.91 0.933 2.34

100-Year 3.94 10.09 1.057 2.66
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Events for Reach C1: Channel to Pond C

Event Inflow

(cfs)

Outflow

(cfs)

Elevation

(feet)

Storage

(cubic-feet)

2-Year 33.32 32.97 1,201.82 3,788

5-Year 44.76 44.34 1,202.04 4,717

10-Year 51.75 51.28 1,202.15 5,255

25-Year 63.03 62.48 1,202.32 6,087

50-Year 70.48 69.89 1,202.43 6,616

100-Year 79.84 79.18 1,202.55 7,261
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Events for Pond P3: Pond C

Event Inflow

(cfs)

Primary

(cfs)

Elevation

(feet)

Storage

(cubic-feet)

2-Year 32.97 26.72 1,194.92 31,414

5-Year 44.34 35.17 1,195.43 45,779

10-Year 51.28 39.77 1,195.75 55,394

25-Year 62.48 46.07 1,196.35 74,201

50-Year 69.89 50.01 1,196.77 88,095

100-Year 79.18 54.68 1,197.32 106,970
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Events for Link DP2: DP2 (Ex. 36" CMP)

Event Inflow

(cfs)

Primary

(cfs)

Elevation

(feet)

2-Year 29.11 29.11 0.00

5-Year 38.24 38.24 0.00

10-Year 43.29 43.29 0.00

25-Year 49.91 49.91 0.00

50-Year 54.05 54.05 0.00

100-Year 58.94 58.94 0.00
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WEIGHTED 'C' VALUE : TIME OF CONCENTRATION : RUNOFF CALCULATIONS

Project Name: Brentwood Section 3

Project No.: 25.004 Notes:

Overland Flow: Tc=K(L
0.37

/S
0.20

) Rainfall Intensity = I = a/((Tc+b)
c
)

Channel Flow: Tc=K(L
0.77

/S
0.385

) Min. Tc: 5 min.

Drainage Basin ID: DEV3.1 (to Channel A & Pond C)

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A Calculation Notes:

40.493 0.55 Residential Rural Estate 22.271

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 40.493

Total: C x A 22.271

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Surface Start End Slope

Flow Type L (ft) Type K Elevation Elevation (ft/ft) Tc (min)

Overland 1 281 Average Grass 1 1224.70 1218.90 0.021 17.5

Overland 2 - 0 0.000 0.0

Overland 3 - 0 0.000 0.0

Overland 4 - 0 0.000 0.0

Channelized 1 2307 \_/-Ditch 0.012 1215.90 1209.30 0.003 44.5

Channelized 2 88 \_/-Ditch 0.012 1208.20 1207.70 0.006 2.8

Channelized 3 177 \_/-Ditch 0.012 1207.70 1206.30 0.008 4.2

Channelized 4 - 0 0.000 0.0

L (ft) Avg. Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Pipe3 0.0

Pipe 4 0.0

TOTAL Tc: 68.9

RAINFALL INTENSITY & PEAK FLOW

Town of Goldsby (ODOT Zone V) Rainfall Run-Off

Storm Parameters for the IDF Equation Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.47 32.8

20 % (5-Year) 64 12 0.79 1.99 44.3

10% (10-Year) 74 12 0.79 2.30 51.3

 4% (25-Year) 93 15 0.79 2.81 62.6

2 % (50-Year) 104 15 0.79 3.14 70.0

1% (100-Year) 108 15 0.77 3.57 79.4

HEG, PC..



WEIGHTED 'C' VALUE : TIME OF CONCENTRATION : RUNOFF CALCULATIONS

Project Name: Brentwood Section 3

Project No.: 25.004 Notes:

Overland Flow: Tc=K(L
0.37

/S
0.20

) Rainfall Intensity = I = a/((Tc+b)
c
)

Channel Flow: Tc=K(L
0.77

/S
0.385

) Min. Tc: 5 min.

Drainage Basin ID: DEV3.2 (Bypass to DP3)

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A Calculation Notes:

2.031 0.55 Residential Rural Estate 1.117

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 2.031

Total: C x A 1.117

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Surface Start End Slope

Flow Type L (ft) Type K Elevation Elevation (ft/ft) Tc (min)

Overland 1 300 Average Grass 1 1213.40 1206.90 0.022 17.8

Overland 2 - 0 0.000 0.0

Overland 3 - 0 0.000 0.0

Overland 4 - 0 0.000 0.0

Channelized 1
441

Meandering stream 

with pools
0.0102 1206.90 1196.50 0.024 4.7

Channelized 2 - 0 0.000 0.0

Channelized 3 - 0 0.000 0.0

Channelized 4 - 0 0.000 0.0

L (ft) Avg. Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Pipe3 0.0

Pipe 4 0.0

TOTAL Tc: 22.4

RAINFALL INTENSITY & PEAK FLOW

Town of Goldsby (ODOT Zone V) Rainfall Run-Off

Storm Parameters for the IDF Equation Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 3.06 3.4

20 % (5-Year) 64 12 0.79 3.91 4.4

10% (10-Year) 74 12 0.79 4.52 5.0

 4% (25-Year) 93 15 0.79 5.31 5.9

2 % (50-Year) 104 15 0.79 5.94 6.6

1% (100-Year) 108 15 0.77 6.64 7.4

HEG, PC..
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Area Listing (all nodes)

Area

(acres)

C Description

(subcatchment-numbers)

42.524 0.55   (DEV3.1, DEV3.2)

42.524 0.55 TOTAL AREA
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=40.493 ac   0.00% Impervious   Runoff Depth=1.40"Subcatchment DEV3.1: DEV3.1 (to Pond D)
   Tc=68.9 min   C=0.55   Runoff=33.08 cfs  4.714 af

Runoff Area=2.031 ac   0.00% Impervious   Runoff Depth=1.08"Subcatchment DEV3.2: DEV3.2 (Bypass)
   Tc=22.4 min   C=0.55   Runoff=1.66 cfs  0.183 af

Peak Elev=1,201.59'  Storage=63,943 cf   Inflow=33.08 cfs  4.714 afPond Pond D: Pond D
   Outflow=19.36 cfs  4.714 af

   Inflow=19.36 cfs  4.897 afLink DP3: DP3 (Ex. 36" CMP)
   Primary=19.36 cfs  4.897 af

Total Runoff Area = 42.524 ac   Runoff Volume = 4.897 af   Average Runoff Depth = 1.38"
100.00% Pervious = 42.524 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff = 33.08 cfs @ 1.15 hrs,  Volume= 4.714 af,  Depth= 1.40"
     Routed to Pond Pond D : Pond D

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 2-Year  Duration=69 min,  Inten=1.47 in/hr

Area (ac) C Description

40.493 0.55

40.493 0.55 100.00% Pervious Area

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

68.9 Direct Entry, 

Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff

Hydrograph

Time  (hours)
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Runoff=33.08 cfs @ 1.15 hrs

ODOT Zone V 2-Year

Duration=69 min,

Inten=1.47 in/hr

Runoff Area=40.493 ac

Runoff Volume=4.714 af

Runoff Depth=1.40"

Tc=68.9 min

C=0.55

33.08 cfs @ 1.15 hrs



25.004 Brentwood Section 3
ODOT Zone V 2-Year  Duration=69 min,  Inten=1.47 in/hrProposed Condition (DP3)

  Printed  7/17/2025Prepared by Holtzen Engineering Group
Page 5HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Summary for Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff = 1.66 cfs @ 0.38 hrs,  Volume= 0.183 af,  Depth= 1.08"
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 2-Year  Duration=69 min,  Inten=1.47 in/hr

Area (ac) C Description

2.031 0.55

2.031 0.55 100.00% Pervious Area

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

22.4 Direct Entry, 

Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=1.66 cfs @ 0.38 hrs

ODOT Zone V 2-Year

Duration=69 min,

Inten=1.47 in/hr

Runoff Area=2.031 ac

Runoff Volume=0.183 af

Runoff Depth=1.08"

Tc=22.4 min

C=0.55

1.66 cfs @ 0.38 hrs



25.004 Brentwood Section 3
ODOT Zone V 2-Year  Duration=69 min,  Inten=1.47 in/hrProposed Condition (DP3)

  Printed  7/17/2025Prepared by Holtzen Engineering Group
Page 6HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Summary for Pond Pond D: Pond D

[44] Hint: Outlet device #2 is below defined storage

Inflow Area = 40.493 ac, 0.00% Impervious,  Inflow Depth = 1.40"    for  2-Year event
Inflow = 33.08 cfs @ 1.15 hrs,  Volume= 4.714 af
Outflow = 19.36 cfs @ 2.10 hrs,  Volume= 4.714 af,  Atten= 41%,  Lag= 57.1 min
Primary = 19.36 cfs @ 2.10 hrs,  Volume= 4.714 af
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,201.59' @ 2.10 hrs   Surf.Area= 27,868 sf   Storage= 63,943 cf

Plug-Flow detention time= 42.2 min calculated for 4.714 af (100% of inflow)
Center-of-Mass det. time= 42.2 min ( 134.1 - 91.9 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 219,532 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 0 0 0
1,198.50 4,600 1,150 1,150
1,199.00 11,002 3,901 5,051
1,199.50 20,203 7,801 12,852
1,200.00 22,906 10,777 23,629
1,201.00 25,988 24,447 48,076
1,202.00 29,179 27,584 75,660
1,203.00 32,479 30,829 106,489
1,204.00 35,887 34,183 140,672
1,205.00 39,403 37,645 178,317
1,206.00 43,028 41,216 219,532

Device Routing     Invert Outlet Devices

#1 Primary 1,197.82' 30.0"  Round Culvert   
L= 86.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.82' / 1,197.39'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 1,197.92' 21.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Device 1 1,202.00' 14.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=19.36 cfs @ 2.10 hrs  HW=1,201.59'   (Free Discharge)
1=Culvert  (Passes 19.36 cfs of 34.79 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 19.36 cfs @ 8.05 fps)
3=Orifice/Grate  ( Controls 0.00 cfs)
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Culvert Orifice/Grate 

Orifice/Grate 
Pond Pond D: Pond D

Pond Pond D: Pond D
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Inflow Area=40.493 ac

Inflow=33.08 cfs @ 1.15 hrs

Primary=19.36 cfs @ 2.10 hrs

Peak Elev=1,201.59'

Storage=63,943 cf

33.08 cfs @ 1.15 hrs

19.36 cfs @ 2.10 hrs
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Summary for Link DP3: DP3 (Ex. 36" CMP)

Inflow Area = 42.524 ac, 0.00% Impervious,  Inflow Depth = 1.38"    for  2-Year event
Inflow = 19.36 cfs @ 2.10 hrs,  Volume= 4.897 af
Primary = 19.36 cfs @ 2.10 hrs,  Volume= 4.897 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP3: DP3 (Ex. 36" CMP)

Inflow
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Time  (hours)
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Inflow Area=42.524 ac

Inflow=19.36 cfs @ 2.10 hrs

Primary=19.36 cfs @ 2.10 hrs

19.36 cfs @ 2.10 hrs

19.36 cfs @ 2.10 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=40.493 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment DEV3.1: DEV3.1 (to Pond D)
   Tc=68.9 min   C=0.55   Runoff=44.65 cfs  6.362 af

Runoff Area=2.031 ac   0.00% Impervious   Runoff Depth=1.46"Subcatchment DEV3.2: DEV3.2 (Bypass)
   Tc=22.4 min   C=0.55   Runoff=2.24 cfs  0.247 af

Peak Elev=1,202.68'  Storage=96,316 cf   Inflow=44.65 cfs  6.362 afPond Pond D: Pond D
   Outflow=26.48 cfs  6.362 af

   Inflow=26.48 cfs  6.610 afLink DP3: DP3 (Ex. 36" CMP)
   Primary=26.48 cfs  6.610 af

Total Runoff Area = 42.524 ac   Runoff Volume = 6.610 af   Average Runoff Depth = 1.87"
100.00% Pervious = 42.524 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff = 44.65 cfs @ 1.15 hrs,  Volume= 6.362 af,  Depth= 1.89"
     Routed to Pond Pond D : Pond D

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 5-Year  Duration=69 min,  Inten=1.99 in/hr

Area (ac) C Description

40.493 0.55

40.493 0.55 100.00% Pervious Area

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

68.9 Direct Entry, 

Subcatchment DEV3.1: DEV3.1 (to Pond D)
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Runoff=44.65 cfs @ 1.15 hrs

ODOT Zone V 5-Year

Duration=69 min,

Inten=1.99 in/hr

Runoff Area=40.493 ac

Runoff Volume=6.362 af

Runoff Depth=1.89"

Tc=68.9 min

C=0.55

44.65 cfs @ 1.15 hrs
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Summary for Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff = 2.24 cfs @ 0.38 hrs,  Volume= 0.247 af,  Depth= 1.46"
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 5-Year  Duration=69 min,  Inten=1.99 in/hr

Area (ac) C Description

2.031 0.55

2.031 0.55 100.00% Pervious Area

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

22.4 Direct Entry, 

Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=2.24 cfs @ 0.38 hrs

ODOT Zone V 5-Year

Duration=69 min,

Inten=1.99 in/hr

Runoff Area=2.031 ac

Runoff Volume=0.247 af

Runoff Depth=1.46"

Tc=22.4 min

C=0.55

2.24 cfs @ 0.38 hrs
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Summary for Pond Pond D: Pond D

[44] Hint: Outlet device #2 is below defined storage

Inflow Area = 40.493 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  5-Year event
Inflow = 44.65 cfs @ 1.15 hrs,  Volume= 6.362 af
Outflow = 26.48 cfs @ 2.08 hrs,  Volume= 6.362 af,  Atten= 41%,  Lag= 56.0 min
Primary = 26.48 cfs @ 2.08 hrs,  Volume= 6.362 af
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,202.68' @ 2.08 hrs   Surf.Area= 31,428 sf   Storage= 96,316 cf

Plug-Flow detention time= 50.7 min calculated for 6.360 af (100% of inflow)
Center-of-Mass det. time= 50.7 min ( 142.7 - 91.9 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 219,532 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 0 0 0
1,198.50 4,600 1,150 1,150
1,199.00 11,002 3,901 5,051
1,199.50 20,203 7,801 12,852
1,200.00 22,906 10,777 23,629
1,201.00 25,988 24,447 48,076
1,202.00 29,179 27,584 75,660
1,203.00 32,479 30,829 106,489
1,204.00 35,887 34,183 140,672
1,205.00 39,403 37,645 178,317
1,206.00 43,028 41,216 219,532

Device Routing     Invert Outlet Devices

#1 Primary 1,197.82' 30.0"  Round Culvert   
L= 86.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.82' / 1,197.39'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 1,197.92' 21.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Device 1 1,202.00' 14.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=26.48 cfs @ 2.08 hrs  HW=1,202.68'   (Free Discharge)
1=Culvert  (Passes 26.48 cfs of 44.59 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 22.83 cfs @ 9.49 fps)
3=Orifice/Grate  (Orifice Controls 3.65 cfs @ 2.81 fps)
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Culvert Orifice/Grate 

Orifice/Grate 
Pond Pond D: Pond D

Pond Pond D: Pond D
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Inflow Area=40.493 ac

Inflow=44.65 cfs @ 1.15 hrs

Primary=26.48 cfs @ 2.08 hrs

Peak Elev=1,202.68'

Storage=96,316 cf

44.65 cfs @ 1.15 hrs

26.48 cfs @ 2.08 hrs
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Summary for Link DP3: DP3 (Ex. 36" CMP)

Inflow Area = 42.524 ac, 0.00% Impervious,  Inflow Depth = 1.87"    for  5-Year event
Inflow = 26.48 cfs @ 2.08 hrs,  Volume= 6.610 af
Primary = 26.48 cfs @ 2.08 hrs,  Volume= 6.610 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP3: DP3 (Ex. 36" CMP)

Inflow
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Inflow Area=42.524 ac

Inflow=26.48 cfs @ 2.08 hrs

Primary=26.48 cfs @ 2.08 hrs

26.48 cfs @ 2.08 hrs

26.48 cfs @ 2.08 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=40.493 ac   0.00% Impervious   Runoff Depth=2.18"Subcatchment DEV3.1: DEV3.1 (to Pond D)
   Tc=68.9 min   C=0.55   Runoff=51.63 cfs  7.356 af

Runoff Area=2.031 ac   0.00% Impervious   Runoff Depth=1.69"Subcatchment DEV3.2: DEV3.2 (Bypass)
   Tc=22.4 min   C=0.55   Runoff=2.59 cfs  0.286 af

Peak Elev=1,203.14'  Storage=110,956 cf   Inflow=51.63 cfs  7.356 afPond Pond D: Pond D
   Outflow=31.83 cfs  7.356 af

   Inflow=31.83 cfs  7.643 afLink DP3: DP3 (Ex. 36" CMP)
   Primary=31.83 cfs  7.643 af

Total Runoff Area = 42.524 ac   Runoff Volume = 7.643 af   Average Runoff Depth = 2.16"
100.00% Pervious = 42.524 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff = 51.63 cfs @ 1.15 hrs,  Volume= 7.356 af,  Depth= 2.18"
     Routed to Pond Pond D : Pond D

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 10-Year  Duration=69 min,  Inten=2.30 in/hr

Area (ac) C Description

40.493 0.55

40.493 0.55 100.00% Pervious Area

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

68.9 Direct Entry, 

Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff

Hydrograph

Time  (hours)
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Runoff=51.63 cfs @ 1.15 hrs

ODOT Zone V 10-Year

Duration=69 min,

Inten=2.30 in/hr

Runoff Area=40.493 ac

Runoff Volume=7.356 af

Runoff Depth=2.18"

Tc=68.9 min

C=0.55

51.63 cfs @ 1.15 hrs
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Summary for Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff = 2.59 cfs @ 0.38 hrs,  Volume= 0.286 af,  Depth= 1.69"
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 10-Year  Duration=69 min,  Inten=2.30 in/hr

Area (ac) C Description

2.031 0.55

2.031 0.55 100.00% Pervious Area

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

22.4 Direct Entry, 

Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=2.59 cfs @ 0.38 hrs

ODOT Zone V 10-Year

Duration=69 min,

Inten=2.30 in/hr

Runoff Area=2.031 ac

Runoff Volume=0.286 af

Runoff Depth=1.69"

Tc=22.4 min

C=0.55

2.59 cfs @ 0.38 hrs
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Summary for Pond Pond D: Pond D

[44] Hint: Outlet device #2 is below defined storage

Inflow Area = 40.493 ac, 0.00% Impervious,  Inflow Depth = 2.18"    for  10-Year event
Inflow = 51.63 cfs @ 1.15 hrs,  Volume= 7.356 af
Outflow = 31.83 cfs @ 2.03 hrs,  Volume= 7.356 af,  Atten= 38%,  Lag= 52.8 min
Primary = 31.83 cfs @ 2.03 hrs,  Volume= 7.356 af
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,203.14' @ 2.03 hrs   Surf.Area= 32,944 sf   Storage= 110,956 cf

Plug-Flow detention time= 51.5 min calculated for 7.353 af (100% of inflow)
Center-of-Mass det. time= 51.5 min ( 143.4 - 91.9 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 219,532 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 0 0 0
1,198.50 4,600 1,150 1,150
1,199.00 11,002 3,901 5,051
1,199.50 20,203 7,801 12,852
1,200.00 22,906 10,777 23,629
1,201.00 25,988 24,447 48,076
1,202.00 29,179 27,584 75,660
1,203.00 32,479 30,829 106,489
1,204.00 35,887 34,183 140,672
1,205.00 39,403 37,645 178,317
1,206.00 43,028 41,216 219,532

Device Routing     Invert Outlet Devices

#1 Primary 1,197.82' 30.0"  Round Culvert   
L= 86.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.82' / 1,197.39'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 1,197.92' 21.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Device 1 1,202.00' 14.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=31.84 cfs @ 2.03 hrs  HW=1,203.14'   (Free Discharge)
1=Culvert  (Passes 31.84 cfs of 47.66 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 24.13 cfs @ 10.03 fps)
3=Orifice/Grate  (Orifice Controls 7.71 cfs @ 3.63 fps)
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Culvert Orifice/Grate 

Orifice/Grate 
Pond Pond D: Pond D

Pond Pond D: Pond D

Inflow
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Inflow Area=40.493 ac

Inflow=51.63 cfs @ 1.15 hrs

Primary=31.83 cfs @ 2.03 hrs

Peak Elev=1,203.14'

Storage=110,956 cf

51.63 cfs @ 1.15 hrs

31.83 cfs @ 2.03 hrs
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Summary for Link DP3: DP3 (Ex. 36" CMP)

Inflow Area = 42.524 ac, 0.00% Impervious,  Inflow Depth = 2.16"    for  10-Year event
Inflow = 31.83 cfs @ 2.03 hrs,  Volume= 7.643 af
Primary = 31.83 cfs @ 2.03 hrs,  Volume= 7.643 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP3: DP3 (Ex. 36" CMP)

Inflow
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Inflow Area=42.524 ac

Inflow=31.83 cfs @ 2.03 hrs

Primary=31.83 cfs @ 2.03 hrs

31.83 cfs @ 2.03 hrs

31.83 cfs @ 2.03 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=40.493 ac   0.00% Impervious   Runoff Depth=2.66"Subcatchment DEV3.1: DEV3.1 (to Pond D)
   Tc=68.9 min   C=0.55   Runoff=63.05 cfs  8.983 af

Runoff Area=2.031 ac   0.00% Impervious   Runoff Depth=2.06"Subcatchment DEV3.2: DEV3.2 (Bypass)
   Tc=22.4 min   C=0.55   Runoff=3.16 cfs  0.349 af

Peak Elev=1,203.92'  Storage=137,860 cf   Inflow=63.05 cfs  8.983 afPond Pond D: Pond D
   Outflow=38.13 cfs  8.983 af

   Inflow=38.13 cfs  9.333 afLink DP3: DP3 (Ex. 36" CMP)
   Primary=38.13 cfs  9.333 af

Total Runoff Area = 42.524 ac   Runoff Volume = 9.333 af   Average Runoff Depth = 2.63"
100.00% Pervious = 42.524 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff = 63.05 cfs @ 1.15 hrs,  Volume= 8.983 af,  Depth= 2.66"
     Routed to Pond Pond D : Pond D

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 25-Year  Duration=69 min,  Inten=2.81 in/hr

Area (ac) C Description

40.493 0.55

40.493 0.55 100.00% Pervious Area

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

68.9 Direct Entry, 

Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff

Hydrograph

Time  (hours)
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Runoff=63.05 cfs @ 1.15 hrs

ODOT Zone V 25-Year

Duration=69 min,

Inten=2.81 in/hr

Runoff Area=40.493 ac

Runoff Volume=8.983 af

Runoff Depth=2.66"

Tc=68.9 min

C=0.55

63.05 cfs @ 1.15 hrs
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Summary for Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff = 3.16 cfs @ 0.38 hrs,  Volume= 0.349 af,  Depth= 2.06"
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 25-Year  Duration=69 min,  Inten=2.81 in/hr

Area (ac) C Description

2.031 0.55

2.031 0.55 100.00% Pervious Area

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

22.4 Direct Entry, 

Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=3.16 cfs @ 0.38 hrs

ODOT Zone V 25-Year

Duration=69 min,

Inten=2.81 in/hr

Runoff Area=2.031 ac

Runoff Volume=0.349 af

Runoff Depth=2.06"

Tc=22.4 min

C=0.55

3.16 cfs @ 0.38 hrs
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Summary for Pond Pond D: Pond D

[44] Hint: Outlet device #2 is below defined storage

Inflow Area = 40.493 ac, 0.00% Impervious,  Inflow Depth = 2.66"    for  25-Year event
Inflow = 63.05 cfs @ 1.15 hrs,  Volume= 8.983 af
Outflow = 38.13 cfs @ 2.06 hrs,  Volume= 8.983 af,  Atten= 40%,  Lag= 54.4 min
Primary = 38.13 cfs @ 2.06 hrs,  Volume= 8.983 af
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,203.92' @ 2.06 hrs   Surf.Area= 35,619 sf   Storage= 137,860 cf

Plug-Flow detention time= 53.3 min calculated for 8.983 af (100% of inflow)
Center-of-Mass det. time= 53.3 min ( 145.2 - 91.9 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 219,532 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 0 0 0
1,198.50 4,600 1,150 1,150
1,199.00 11,002 3,901 5,051
1,199.50 20,203 7,801 12,852
1,200.00 22,906 10,777 23,629
1,201.00 25,988 24,447 48,076
1,202.00 29,179 27,584 75,660
1,203.00 32,479 30,829 106,489
1,204.00 35,887 34,183 140,672
1,205.00 39,403 37,645 178,317
1,206.00 43,028 41,216 219,532

Device Routing     Invert Outlet Devices

#1 Primary 1,197.82' 30.0"  Round Culvert   
L= 86.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.82' / 1,197.39'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 1,197.92' 21.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Device 1 1,202.00' 14.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=38.13 cfs @ 2.06 hrs  HW=1,203.92'   (Free Discharge)
1=Culvert  (Passes 38.13 cfs of 52.06 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 26.22 cfs @ 10.90 fps)
3=Orifice/Grate  (Orifice Controls 11.91 cfs @ 5.57 fps)
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Culvert Orifice/Grate 

Orifice/Grate 
Pond Pond D: Pond D

Pond Pond D: Pond D

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=40.493 ac

Inflow=63.05 cfs @ 1.15 hrs

Primary=38.13 cfs @ 2.06 hrs

Peak Elev=1,203.92'

Storage=137,860 cf

63.05 cfs @ 1.15 hrs

38.13 cfs @ 2.06 hrs
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Summary for Link DP3: DP3 (Ex. 36" CMP)

Inflow Area = 42.524 ac, 0.00% Impervious,  Inflow Depth = 2.63"    for  25-Year event
Inflow = 38.13 cfs @ 2.06 hrs,  Volume= 9.333 af
Primary = 38.13 cfs @ 2.06 hrs,  Volume= 9.333 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP3: DP3 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.524 ac

Inflow=38.13 cfs @ 2.06 hrs

Primary=38.13 cfs @ 2.06 hrs

38.13 cfs @ 2.06 hrs

38.13 cfs @ 2.06 hrs



25.004 Brentwood Section 3
ODOT Zone V 50-Year  Duration=69 min,  Inten=3.14 in/hrProposed Condition (DP3)

  Printed  7/17/2025Prepared by Holtzen Engineering Group
Page 27HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=40.493 ac   0.00% Impervious   Runoff Depth=2.98"Subcatchment DEV3.1: DEV3.1 (to Pond D)
   Tc=68.9 min   C=0.55   Runoff=70.51 cfs  10.046 af

Runoff Area=2.031 ac   0.00% Impervious   Runoff Depth=2.31"Subcatchment DEV3.2: DEV3.2 (Bypass)
   Tc=22.4 min   C=0.55   Runoff=3.54 cfs  0.391 af

Peak Elev=1,204.46'  Storage=157,473 cf   Inflow=70.51 cfs  10.046 afPond Pond D: Pond D
   Outflow=41.65 cfs  10.046 af

   Inflow=41.65 cfs  10.437 afLink DP3: DP3 (Ex. 36" CMP)
   Primary=41.65 cfs  10.437 af

Total Runoff Area = 42.524 ac   Runoff Volume = 10.437 af   Average Runoff Depth = 2.95"
100.00% Pervious = 42.524 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff = 70.51 cfs @ 1.15 hrs,  Volume= 10.046 af,  Depth= 2.98"
     Routed to Pond Pond D : Pond D

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 50-Year  Duration=69 min,  Inten=3.14 in/hr

Area (ac) C Description

40.493 0.55

40.493 0.55 100.00% Pervious Area

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

68.9 Direct Entry, 

Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff

Hydrograph

Time  (hours)
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Runoff=70.51 cfs @ 1.15 hrs

ODOT Zone V 50-Year

Duration=69 min,

Inten=3.14 in/hr

Runoff Area=40.493 ac

Runoff Volume=10.046 af

Runoff Depth=2.98"

Tc=68.9 min

C=0.55

70.51 cfs @ 1.15 hrs
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Summary for Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff = 3.54 cfs @ 0.38 hrs,  Volume= 0.391 af,  Depth= 2.31"
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 50-Year  Duration=69 min,  Inten=3.14 in/hr

Area (ac) C Description

2.031 0.55

2.031 0.55 100.00% Pervious Area

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

22.4 Direct Entry, 

Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=3.54 cfs @ 0.38 hrs

ODOT Zone V 50-Year

Duration=69 min,

Inten=3.14 in/hr

Runoff Area=2.031 ac

Runoff Volume=0.391 af

Runoff Depth=2.31"

Tc=22.4 min

C=0.55

3.54 cfs @ 0.38 hrs
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Summary for Pond Pond D: Pond D

[44] Hint: Outlet device #2 is below defined storage

Inflow Area = 40.493 ac, 0.00% Impervious,  Inflow Depth = 2.98"    for  50-Year event
Inflow = 70.51 cfs @ 1.15 hrs,  Volume= 10.046 af
Outflow = 41.65 cfs @ 2.09 hrs,  Volume= 10.046 af,  Atten= 41%,  Lag= 56.3 min
Primary = 41.65 cfs @ 2.09 hrs,  Volume= 10.046 af
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,204.46' @ 2.09 hrs   Surf.Area= 37,497 sf   Storage= 157,473 cf

Plug-Flow detention time= 55.1 min calculated for 10.042 af (100% of inflow)
Center-of-Mass det. time= 55.1 min ( 147.0 - 91.9 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 219,532 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 0 0 0
1,198.50 4,600 1,150 1,150
1,199.00 11,002 3,901 5,051
1,199.50 20,203 7,801 12,852
1,200.00 22,906 10,777 23,629
1,201.00 25,988 24,447 48,076
1,202.00 29,179 27,584 75,660
1,203.00 32,479 30,829 106,489
1,204.00 35,887 34,183 140,672
1,205.00 39,403 37,645 178,317
1,206.00 43,028 41,216 219,532

Device Routing     Invert Outlet Devices

#1 Primary 1,197.82' 30.0"  Round Culvert   
L= 86.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.82' / 1,197.39'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 1,197.92' 21.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Device 1 1,202.00' 14.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=41.65 cfs @ 2.09 hrs  HW=1,204.46'   (Free Discharge)
1=Culvert  (Passes 41.65 cfs of 54.86 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 27.56 cfs @ 11.46 fps)
3=Orifice/Grate  (Orifice Controls 14.09 cfs @ 6.59 fps)
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Culvert Orifice/Grate 

Orifice/Grate 
Pond Pond D: Pond D

Pond Pond D: Pond D

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=40.493 ac

Inflow=70.51 cfs @ 1.15 hrs

Primary=41.65 cfs @ 2.09 hrs

Peak Elev=1,204.46'

Storage=157,473 cf

70.51 cfs @ 1.15 hrs

41.65 cfs @ 2.09 hrs
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Summary for Link DP3: DP3 (Ex. 36" CMP)

Inflow Area = 42.524 ac, 0.00% Impervious,  Inflow Depth = 2.95"    for  50-Year event
Inflow = 41.65 cfs @ 2.09 hrs,  Volume= 10.437 af
Primary = 41.65 cfs @ 2.09 hrs,  Volume= 10.437 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP3: DP3 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.524 ac

Inflow=41.65 cfs @ 2.09 hrs

Primary=41.65 cfs @ 2.09 hrs

41.65 cfs @ 2.09 hrs

41.65 cfs @ 2.09 hrs
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by Rational method, Rise/Fall=1.0/2.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=40.493 ac   0.00% Impervious   Runoff Depth=3.38"Subcatchment DEV3.1: DEV3.1 (to Pond D)
   Tc=68.9 min   C=0.55   Runoff=80.00 cfs  11.399 af

Runoff Area=2.031 ac   0.00% Impervious   Runoff Depth=2.62"Subcatchment DEV3.2: DEV3.2 (Bypass)
   Tc=22.4 min   C=0.55   Runoff=4.01 cfs  0.443 af

Peak Elev=1,205.15'  Storage=184,403 cf   Inflow=80.00 cfs  11.399 afPond Pond D: Pond D
   Outflow=45.71 cfs  11.399 af

   Inflow=45.71 cfs  11.842 afLink DP3: DP3 (Ex. 36" CMP)
   Primary=45.71 cfs  11.842 af

Total Runoff Area = 42.524 ac   Runoff Volume = 11.842 af   Average Runoff Depth = 3.34"
100.00% Pervious = 42.524 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff = 80.00 cfs @ 1.15 hrs,  Volume= 11.399 af,  Depth= 3.38"
     Routed to Pond Pond D : Pond D

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 100-Year  Duration=69 min,  Inten=3.56 in/hr

Area (ac) C Description

40.493 0.55

40.493 0.55 100.00% Pervious Area

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

68.9 Direct Entry, 

Subcatchment DEV3.1: DEV3.1 (to Pond D)

Runoff

Hydrograph

Time  (hours)
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Runoff=80.00 cfs @ 1.15 hrs

ODOT Zone V 100-Year

Duration=69 min,

Inten=3.56 in/hr

Runoff Area=40.493 ac

Runoff Volume=11.399 af

Runoff Depth=3.38"

Tc=68.9 min

C=0.55

80.00 cfs @ 1.15 hrs
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Summary for Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff = 4.01 cfs @ 0.38 hrs,  Volume= 0.443 af,  Depth= 2.62"
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Runoff by Rational method, Rise/Fall=1.0/2.0 xTc, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
ODOT Zone V 100-Year  Duration=69 min,  Inten=3.56 in/hr

Area (ac) C Description

2.031 0.55

2.031 0.55 100.00% Pervious Area

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

22.4 Direct Entry, 

Subcatchment DEV3.2: DEV3.2 (Bypass)

Runoff

Hydrograph

Time  (hours)
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Runoff=4.01 cfs @ 0.38 hrs

ODOT Zone V 100-Year

Duration=69 min,

Inten=3.56 in/hr

Runoff Area=2.031 ac

Runoff Volume=0.443 af

Runoff Depth=2.62"

Tc=22.4 min

C=0.55

4.01 cfs @ 0.38 hrs
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Summary for Pond Pond D: Pond D

[44] Hint: Outlet device #2 is below defined storage

Inflow Area = 40.493 ac, 0.00% Impervious,  Inflow Depth = 3.38"    for  100-Year event
Inflow = 80.00 cfs @ 1.15 hrs,  Volume= 11.399 af
Outflow = 45.71 cfs @ 2.13 hrs,  Volume= 11.399 af,  Atten= 43%,  Lag= 59.0 min
Primary = 45.71 cfs @ 2.13 hrs,  Volume= 11.399 af
     Routed to Link DP3 : DP3 (Ex. 36" CMP)

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev= 1,205.15' @ 2.13 hrs   Surf.Area= 39,959 sf   Storage= 184,403 cf

Plug-Flow detention time= 57.8 min calculated for 11.394 af (100% of inflow)
Center-of-Mass det. time= 57.8 min ( 149.7 - 91.9 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 219,532 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 0 0 0
1,198.50 4,600 1,150 1,150
1,199.00 11,002 3,901 5,051
1,199.50 20,203 7,801 12,852
1,200.00 22,906 10,777 23,629
1,201.00 25,988 24,447 48,076
1,202.00 29,179 27,584 75,660
1,203.00 32,479 30,829 106,489
1,204.00 35,887 34,183 140,672
1,205.00 39,403 37,645 178,317
1,206.00 43,028 41,216 219,532

Device Routing     Invert Outlet Devices

#1 Primary 1,197.82' 30.0"  Round Culvert   
L= 86.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.82' / 1,197.39'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 1,197.92' 21.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Device 1 1,202.00' 14.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=45.71 cfs @ 2.13 hrs  HW=1,205.15'   (Free Discharge)
1=Culvert  (Passes 45.71 cfs of 58.30 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 29.20 cfs @ 12.14 fps)
3=Orifice/Grate  (Orifice Controls 16.50 cfs @ 7.72 fps)
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Culvert Orifice/Grate 

Orifice/Grate 
Pond Pond D: Pond D

Pond Pond D: Pond D

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=40.493 ac

Inflow=80.00 cfs @ 1.15 hrs

Primary=45.71 cfs @ 2.13 hrs

Peak Elev=1,205.15'

Storage=184,403 cf

80.00 cfs @ 1.15 hrs

45.71 cfs @ 2.13 hrs
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Summary for Link DP3: DP3 (Ex. 36" CMP)

Inflow Area = 42.524 ac, 0.00% Impervious,  Inflow Depth = 3.34"    for  100-Year event
Inflow = 45.71 cfs @ 2.13 hrs,  Volume= 11.842 af
Primary = 45.71 cfs @ 2.13 hrs,  Volume= 11.842 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs

Link DP3: DP3 (Ex. 36" CMP)

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=42.524 ac

Inflow=45.71 cfs @ 2.13 hrs

Primary=45.71 cfs @ 2.13 hrs

45.71 cfs @ 2.13 hrs

45.71 cfs @ 2.13 hrs
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Events for Subcatchment DEV3.1: DEV3.1 (to Pond D)

Event Rainfall

(inches)

Runoff

(cfs)

Volume

(acre-feet)

Depth

(inches)

2-Year 1.69 33.08 4.714 1.40

5-Year 2.29 44.65 6.362 1.89

10-Year 2.64 51.63 7.356 2.18

25-Year 3.23 63.05 8.983 2.66

50-Year 3.61 70.51 10.046 2.98

100-Year 4.10 80.00 11.399 3.38
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Events for Subcatchment DEV3.2: DEV3.2 (Bypass)

Event Rainfall

(inches)

Runoff

(cfs)

Volume

(acre-feet)

Depth

(inches)

2-Year 1.69 1.66 0.183 1.08

5-Year 2.29 2.24 0.247 1.46

10-Year 2.64 2.59 0.286 1.69

25-Year 3.23 3.16 0.349 2.06

50-Year 3.61 3.54 0.391 2.31

100-Year 4.10 4.01 0.443 2.62
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Events for Pond Pond D: Pond D

Event Inflow

(cfs)

Primary

(cfs)

Elevation

(feet)

Storage

(cubic-feet)

2-Year 33.08 19.36 1,201.59 63,943

5-Year 44.65 26.48 1,202.68 96,316

10-Year 51.63 31.83 1,203.14 110,956

25-Year 63.05 38.13 1,203.92 137,860

50-Year 70.51 41.65 1,204.46 157,473

100-Year 80.00 45.71 1,205.15 184,403
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MAX. DEVELOPED 100-YR WSEL FOR SECTION 3 DEVELOPMENT



25.004 Brentwood Section 3
Multi-Event TablesProposed Condition (DP3)
  Printed  7/17/2025Prepared by Holtzen Engineering Group

Page 42HydroCAD® 10.20-4c  s/n 13205  © 2024 HydroCAD Software Solutions LLC

Events for Link DP3: DP3 (Ex. 36" CMP)

Event Inflow

(cfs)

Primary

(cfs)

Elevation

(feet)

2-Year 19.36 19.36 0.00

5-Year 26.48 26.48 0.00

10-Year 31.83 31.83 0.00

25-Year 38.13 38.13 0.00

50-Year 41.65 41.65 0.00

100-Year 45.71 45.71 0.00
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MAX. DEVELOPED DISCHARGE AT DP3 FOR SECTION 3 CONSTRUCTION





DRAINAGE AREA BOUNDARY

DRAINAGE MAP LEGEND

FLOW PATH AND FLOW LENGTH

P1

P2.1

DS-1

1055 ELEVATION ALONG FLOW PATH

DRAINAGE STRUCTURE

DRAINAGE STRUCTURE

DRAINAGE STRUCTURE ID

DRAINAGE BASIN

DRAINAGE SUBBASIN

L= 100'

WOODLAND SPRINGS DRIVE WOODLAND SPRINGS DRIVE
(LOCAL STREET)

PA
IG

E 
LA

NE
(L

O
CA

L 
ST

RE
ET

)

PA
IG

E 
LA

NE
(L

OC
AL

 S
TR

EE
T)

(LOCAL STREET)

GREENWOOD BLVD.

(LOCAL STREET)

(LOCAL STREET)GREENWOOD CIRCLE

PA
IG

E 
LA

NE
(L

O
CA

L 
ST

RE
ET

)

1

1

2

3

4

6" W

6" W

8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W

8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W 8" W

8" W

8" W

8"
 W

12" W

12" W

12" W

12" W

8" W

8" W

8" W

8" W

8" W

8" W

8" W

8" W

8" W

12
" W

8" W

PA
IG

E 
LA

NE

(L
OC

AL
 S

TR
EE

T)
 (P

/S
 &

 P
/U

/E
)

EDGEWOOD LANE
(LOCAL STREET) (P/S & P/U/E)

D
A

X
 L

A
N

E
(L

O
CA

L 
ST

RE
ET

) (
P/

S 
& 

P/
U

/E
)

ROCK HILL DRIVE(LOCAL STREET) (P/S & P/U/E)

PINE RIDGE DRIVE

(LOCAL STREET) (P/S & P/U/E)

PINE RIDGE DRIVE

(LOCAL STREET) (P/S & P/U/E)

PINE RIDGE DRIVE

(LOCAL STREET) (P/S & P/U/E)

8"
 W

8"
 W

8"
 W

8"
 W

8" 
W

8" W

60'
R

.O
.W

.
22'

60'
R.O.W.

22'

60'
R

.O
.W

.

22'

60
'

R.O
.W

.
22

'

50'
R.O.W.

60
'

R.O
.W

.
22

'

10' U/E

10' U/E

25' BL & P/D/E

25' BL & P/D/E

25' BL & P/D/E

25' BL & P/D/E

25' BL & P/D/E25' BL & P/D/E25' BL & P/D/E

25' BL & P/D/E 25' BL & P/D/E

25
' B

L 
&

 P
/D

/E

25' BL & P/D/E

15' B/L & P/D/E

15
' B

L 
& 

P/
D/

E15
' B

L 
& 

P/
D/

E

10' U/E

15
' U

/E
15

' U
/E

15' U/E

25' D/E

15' U/E

25' D/E
12

.5
' P

/D
/E

15' U/E

15
' U

/E

15' U/E

15' U/E
25' D/E

15' U/E

15' BL & P/D/E

25' BL & P/D/E

15' P
/D/E

10' U/E

10' U/E

10' U/E10' U/E

15' B/L & P/D/E

25' BL & P/D/E 25' BL & P/D/E

15
' B

L 
&

 P
/D

/E

25' BL & P/D/E 25' BL & P/D/E

22' P/D/E

22' P/D/E

20' P/D/E

C1

L1

C2

L2

L3

L4

L5

L6

L7

C3

C4

C5

C6

C7

C8
C9

35' P
/D/E

12
.5

' P
/D

/E

10' U/E

10' U/E

15' BL & P/D/E

10' U/E

EDGEWOOD LANE(LOCAL STREET) (P/S & P/U/E)

ROCK HILL DRIVE(LOCAL STREET) (P/S & P/U/E)

PINE RIDGE DRIVE

(LOCAL STREET) (P/S & P/U/E)

60
'

R
.O

.W
.

22
'

EDGEWOOD LANE

(LOCAL STREET) (P
/S & P/U/E)

15
' B

L 
&

 P
/D

/E

1232.0
1227.6

1224.7

1224.1

1207.7

1206.9

L=
 1

91
'

L= 184'

L= 168'

1228.8

1221.0

1219.3

1200.5 1200.3

1223.1

L=
 30

0'

L=
 12

5'

L= 53'

1215.9

1208.7

L= 289'

L= 2309'

1225.8

1232.8
L=

 30
0'

L=
 10

2'

L= 688'

1217.3

1226.2

1220.3

1212.5

1219.7

1217.9

1217.7

L= 300'
L= 148'

L= 1035'

DS-5
CHANNEL F

DS-3
CHANNEL E

DS-9
CHANNEL H

P10
7.06 AC.
C= 0.55

1222.0

1224.0

DS-10
BARDITCH

P11
5.21 AC.
C= 0.55

1215.5

P9
0.66 AC.
C= 0.55

L= 820'

1214.2

DS-8
CULVERT G

1232.8
P8

3.24 AC.
C= 0.55

1227.0

1223.5

L= 1111'

L= 254'

L= 328'

L= 1049'

1226.1

1209.9

L= 1973'

DS-1
(CHANNEL D)

P1
2.53 AC.
C= 0.55

P3
11.33 AC.
C= 0.55

P5
7.78 AC.
C= 0.55

P4
11.11 AC.
C= 0.55

DS-4
CULVERT FP2

6.12 AC.
C= 0.55

P6
8.95 AC.
C= 0.55

P7
2.48 AC.
C= 0.55

DS-6
CHANNEL G

DS-7
CULVERT C

(FROM SECTION 2)

1213.9

DS-2
CULVERT E

DS-11
BARDITCH

DS-12
BARDITCHDS-14

BARDITCH

DS-15
BARDITCH

DS-16
BARDITCH

P4

P6

1212.3

1210.3

L= 312'

L= 12'

L= 317'

L= 260'

1218.9

1214.2

1210.7

1209.3

L= 300'

L= 215'

1207.6

1206.8

L= 137'

L= 159'

DS-13
BARDITCH

1206.9

L=
 5

09
'

1221.3
1220.0

1219.0
L= 122'

L= 719'

P12
5.01 AC.
C= 0.55

30

1

5

6

4

3

2

14

20

19
18 17 16 15 813 12 11 10

7
9

23

25

24

21

22

32

27 2928
26

33

31

5

2

3

1

9

8

7

6

4

1

10

16

8

5

20

2

19

3

18

4

17

7

13

6

15 14

9

12

11

1

1

1

1

2

2

3

3

3

1210

1211

1212

1213

1207

1208

1209

12101211

12
12

1210
1211

12
12

1212

1213

12111212

1211 1212

1212

121312
1412
15

DETENTION
POND 'D'

DETENTION
POND 'C'
(FROM SECTION 2)

RETENTION
POND 'B'
(FROM SECTION 2)

RETENTION
POND 'A'
(FROM SECTION 1)

R
EV

D
AT

E
D

ES
C

R
IP

TI
O

N

DATE:

PROJECT NO.

C.A. #7050         EXP.
302 N. INDEPENDENCE ST., STE. 1100
ENID, OK 73701       P: 580.233.8533

www.HoltzenEngineering.com

© COPYRIGHT
HOLTZEN ENGINEERING GROUP, P.C.

DRAWINGS ARE FOR USE ON THIS
PROJECT ONLY AND ARE NOT
INTENDED FOR REUSE WITHOUT
WRITTEN APPROVAL FROM HOLTZEN
ENGINEERING GROUP, P.C.

SHEET:

25.004

N
E/

4,
 S

EC
TI

O
N

 1
6,

 T
8N

, R
3W

, I
.M

.
G

O
LD

SB
Y,

 O
KL

AH
O

M
A

05/28/2025

06/30/25

2025

0
__

/_
_/

2_
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-

D
R

AI
N

AG
E 

ST
R

U
C

TU
R

E 
- D

R
AI

N
AG

E 
M

AP

D102

BR
EN

TW
O

O
D

 S
EC

TI
O

N
 3

D
R

A
IN

A
G

E 
PL

A
N

S

Feet
0 120 240



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-1: Channel D (to Pond D)

Drainage Area(s): P1 + P2 + P3 + P4 + P5

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

38.87 0.55 Residential Rural Estate 21.379

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 38.87

Total: C x A 21.379

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 289 Average Grass 1 1224.70 1217.90 0.0235 17.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1 2309 \_/-Ditch 0.012 1215.90 1208.70 0.0031 43.0

Channelized 2 260 \_/-Ditch 0.012 1208.70 1207.70 0.0038 7.4

Channelized 3
168

Few Weeds, Clean 

Bottom
0.0084 1207.70 1206.90 0.0048 3.4

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 71.0

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.44 30.85

20 % (5-Year) 64 12 0.79 1.95 41.70

10% (10-Year) 74 12 0.79 2.26 48.21

 4% (25-Year) 93 15 0.79 2.76 58.91

2 % (50-Year) 104 15 0.79 3.08 65.88

1% (100-Year) 108 15 0.77 3.50 74.79

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-1: Channel D (to Pond D)

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 74.79 cfs

Channel Bottom (b): 12 ft.

Max. Water Surface Depth (y): 1.39 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 24.41 SF

Wetted Perimeter (P): 23.46 ft.

Hydraulic Radius (Rh): 1.040 ft.

Velocity (at capacity): 3.22 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 75.44 cfs

Design / Capacity: 99% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-2: Culvert E  (Relief culvert, not designed for full flow)

Drainage Area(s): P2 + P3 +P4 + P5

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

6.12 0.55 Residential Rural Estate 3.366

11.33 0.55 Residential Rural Estate 6.232

11.11 0.55 Residential Rural Estate 6.111

7.78 0.55 Residential Rural Estate 4.279

TOTAL AREA: 36.34

Total: C x A 19.987

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 289 Average Grass 1 1224.70 1217.90 0.0235 17.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1 2309 \_/-Ditch 0.012 1215.90 1208.70 0.0031 43.0

Channelized 2 - 0 0.0000 0.0

Channelized 3 - 0 0.0000 0.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 60.2

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.62 32.44

20 % (5-Year) 64 12 0.79 2.18 43.52

10% (10-Year) 74 12 0.79 2.52 50.32

 4% (25-Year) 93 15 0.79 3.06 61.24

2 % (50-Year) 104 15 0.79 3.43 68.48

1% (100-Year) 108 15 0.77 3.88 77.53

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



OPEN CHANNEL GRADUAL VAIRED FLOW

Project Name: Brentwood Section 3

Project No.: 25.004

Channel ID: DS-1 to DS-3 (Channel D to Channel E discharge)

Is downstream tailwater depth known: Yes

Known Tailwater Elevation: 1208.3

-

Known Q: 74.79 cfs 100-year

GRADUAL VARIED FLOW FOR OPEN CHANNELS (RECTANGULAR OR TRAPEZOIDAL)

Downstream Upstream Downstream Upstream

Section Section Section Section

1 1 2 2

Length of Channel from point 1 to point 2 (L1): 165.11 165.11 ft. 279.00 ft. 279.00 ft.

HGL at downstream side of channel section: 1208.35 1209.22 1209.22 1210.61

Invert Elevation at downstream end (Elevo): 1206.9 1207.73 1207.73 1208.68

Channel Bottom (b): 12 ft. 12 ft. 8 ft. 8 ft.

Channel Site Slopes (m:1) 4. :1 4. :1 4. :1 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft 0.005 ft/ft 0.00341 ft/ft 0.00341 ft/ft

Manning roughness coefficient (n): 0.040 0.040 0.035 0.035

Iteration of depth (yo): 0 ft. 1.493 ft. 1.493 ft. 1.938 ft.

Qn/(1.49/S^1/2: 0.00

A x Rh^2/3: 0.00

Normal Depth (yo): 1.45 ft. 1.49 ft. 1.49 ft. 1.94 ft.

Top Width (B): 23.57 ft. 23.94 ft. 19.94 ft. 23.50 ft.

Area (A): 25.716 SF 26.832 SF 20.860 SF 30.527 SF

Wetted Perimeter (P): 23.924 ft. 24.312 ft. 20.312 ft. 23.981 ft.

Hydraulic Radius (Rh): 1.07 ft. 1.10 ft. 1.03 ft. 1.27 ft.

Velocity: 2.91 fps 2.79 fps 3.59 fps 2.45 fps

Velocity Head: 0.131 ft 0.121 ft 0.200 ft 0.093 ft

Froude Number (Fr): 0.491 Subcritical 0.464 Subcritical 0.618 Subcritical 0.379 Subcritical

HGL: 1208.35 ft 1209.22 ft 1209.22 ft 1210.61 ft

Headloss at each section (HLup or HLdn): 0.91 ft. 0.81 ft. 1.91 ft. 0.67 ft.

Average Friction Slope (HLup+HLdn)/2= (HL) ft. 0.862 ft. ft. 1.290 ft.

EGL: 1208.48 ft 1209.34 ft 1209.42 ft 1210.71 ft

EGL + Avg. HL: 1209.340 1210.71

Error (tolorance (+/-0.015-ft) 0.000 OK 0.000 OK

seh
Callout
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HY-8 Culvert Analysis Report 

Crossing Discharge Data 

Discharge Selection Method: User Defined 

Table 1 - Summary of Culvert Flows at Crossing: DS-2: Culvert E (Relief Culvert) 

Headwater 

Elevation 

(ft) 

Discharge 

Names 

Total 

Discharge 

(cfs) 

Culvert E 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

1209.99 Low Relief 

Flow 

10.00 10.00 0.00 1 

1211.55 High Relief 

Flow 

22.00 21.92 0.00 41 

1211.56 Overtopping 21.96 21.96 0.00 Overtopping 

Rating Curve Plot for Crossing: DS-2: Culvert E (Relief Culvert) 
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Culvert Data: Culvert E 

Table 1 - Culvert Summary Table: Culvert E 

Discharg

e Names 

Total 

Discharg

e (cfs) 

Culvert 

Discharg

e (cfs) 

Headwate

r Elevation 

(ft) 

Inlet 

Control 

Depth 

(ft) 

Outlet 

Control 

Depth 

(ft) 

Flow 

Type 

Normal 

Depth 

(ft) 

Critical 

Depth 

(ft) 

Outlet 

Depth 

(ft) 

Tailwater 

Depth 

(ft) 

Outlet 

Velocity 

(ft/s) 

Tailwater 

Velocity 

(ft/s) 

Low 

Relief 

Flow 

10.00 cfs 10.00 cfs 1209.99 1.31 0.847 1-

S2n 

0.79 0.86 0.79 0.86 5.30 0.00 

High 

Relief 

Flow 

22.00 cfs 21.92 cfs 1211.55 2.87 2.509 7-

M2c 

1.50 1.27 1.27 0.86 6.88 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 1208.68 ft, 

    Outlet Elevation (invert): 1208.36 ft 

Culvert Length: 49.63 ft, 

    Culvert Slope: 0.0064 

Culvert Performance Curve Plot: Culvert E 

 



Water Surface Profile Plot for Culvert: Culvert E 

 

Site Data - Culvert E 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 1208.68 ft 

Outlet Station: 49.63 ft 

Outlet Elevation: 1208.36 ft 

Number of Barrels: 2 

  



Culvert Data Summary - Culvert E 

Barrel Shape: Circular 

Barrel Diameter: 1.50 ft 

Barrel Material: Smooth HDPE 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Culvert Type: Straight 

Inlet Configuration: Mitered to Conform to Slope (Ke=0.7) 

Inlet Depression: None 

Tailwater Data for Crossing: DS-2: Culvert E (Relief Culvert) 

Table 2 - Downstream Channel Rating Curve (Crossing: DS-2: Culvert E (Relief Culvert)) 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

10.00 1209.22 0.86 

22.00 1209.22 0.86 

Tailwater Channel Data - DS-2: Culvert E (Relief Culvert) 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 1209.22 ft 

Roadway Data for Crossing: DS-2: Culvert E (Relief Culvert) 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation: 1211.56 ft 

Roadway Surface: Paved 

Roadway Top Width: 22.00 ft 



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-3 - Channel E (South Earthen Channel Block 1)

Drainage Area(s): P3

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

11.33 0.55 Residential Rural Estate 6.234

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 11.33

Total: C x A 6.234

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 289 Average Grass 1 1224.70 1217.90 0.0235 17.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1 2309 \_/-Ditch 0.012 1215.90 1208.70 0.0031 43.0

Channelized 2 260 \_/-Ditch 0.012 1208.70 1207.70 0.0038 7.4

Channelized 3
168

Few Weeds, Clean 

Bottom
0.0084 1207.70 1206.90 0.0048 3.4

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 71.0

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.44 9.00

20 % (5-Year) 64 12 0.79 1.95 12.16

10% (10-Year) 74 12 0.79 2.26 14.06

 4% (25-Year) 93 15 0.79 2.76 17.18

2 % (50-Year) 104 15 0.79 3.08 19.21

1% (100-Year) 108 15 0.77 3.50 21.81

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-3 - Channel E (South Earthen Channel Block 1)

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 21.81 cfs

Channel Bottom (b): 6 ft.

Max. Water Surface Depth (y): 1.10 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.003 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 11.44 SF

Wetted Perimeter (P): 15.07 ft.

Hydraulic Radius (Rh): 0.759 ft.

Velocity (at capacity): 1.47 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 22.20 cfs

Design / Capacity: 98% OKAY

HEG, PC..



OPEN CHANNEL GRADUAL VAIRED FLOW

Project Name: Brentwood Section 3

Project No.: 25.004

Channel ID: DS-3 (Channel E)

Is downstream tailwater depth known: Yes

Known Tailwater Elevation: 1210.6

-

Known Q: 21.81 cfs 100-year

GRADUAL VARIED FLOW FOR OPEN CHANNELS (RECTANGULAR OR TRAPEZOIDAL)

Downstream Upstream

Section Section

1 1

Length of Channel from point 1 to point 2 (L1): 2362.90 2362.90 ft.

HGL at downstream side of channel section: 1210.61 1217.02

Invert Elevation at downstream end (Elevo): 1208.97 1216.059

Channel Bottom (b): 6 ft. 6 ft.

Channel Site Slopes (m:1) 4. :1 4. :1

Longitudinal Channel Slope (S): 0.003 ft/ft 0.003 ft/ft

Manning roughness coefficient (n): 0.035 0.035

Iteration of depth (yo): 0 ft. 0.9613 ft.

Qn/(1.49/S^1/2: 0.00

A x Rh^2/3: 0.00

Normal Depth (yo): 1.64 ft. 0.96 ft.

Top Width (B): 19.12 ft. 13.69 ft.

Area (A): 20.598 SF 9.464 SF

Wetted Perimeter (P): 19.524 ft. 13.927 ft.

Hydraulic Radius (Rh): 1.06 ft. 0.68 ft.

Velocity: 1.06 fps 2.30 fps

Velocity Head: 0.017 ft 0.082 ft

Froude Number (Fr): 0.180 Subcritical 0.488 Subcritical

HGL: 1210.61 ft 1217.02 ft

Headloss at each section (HLup or HLdn): 1.36 ft. 11.59 ft.

Average Friction Slope (HLup+HLdn)/2= (HL) ft. 6.475 ft.

EGL: 1210.63 ft 1217.10 ft

EGL + Avg. HL: 1217.102

Error (tolorance (+/-0.015-ft) 0.000 OK

seh
Callout
From Culvert E
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DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-4: Culvert F

Drainage Area(s): P4 + P5

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

11.11 0.55 Residential Rural Estate 6.111

7.78 0.55 Residential Rural Estate 4.279

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 18.89

Total: C x A 10.390

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1226.20 1219.70 0.0217 17.8

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1 1035 \_/-Ditch 0.012 1217.70 1212.50 0.0050 19.3

Channelized 2 12 \_/-Ditch 0.012 1212.50 1212.30 0.0167 0.4

Channelized 3 312 \_/-Ditch 0.012 1212.30 1210.30 0.0064 7.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 44.5

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.00 20.75

20 % (5-Year) 64 12 0.79 2.64 27.46

10% (10-Year) 74 12 0.79 3.06 31.75

 4% (25-Year) 93 15 0.79 3.69 38.30

2 % (50-Year) 104 15 0.79 4.12 42.83

1% (100-Year) 108 15 0.77 4.65 48.27

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



OPEN CHANNEL GRADUAL VAIRED FLOW

Project Name: Brentwood Section 3

Project No.: 25.004

Channel ID: DS-15 (Barditch to Culvert F Tailwater)

Is downstream tailwater depth known: Yes

Known Tailwater Elevation: 1210.6

-

Known Q: 56.57 cfs 100-year

GRADUAL VARIED FLOW FOR OPEN CHANNELS (RECTANGULAR OR TRAPEZOIDAL)

Downstream Upstream

Section Section

1 1

Length of Channel from point 1 to point 2 (L1): 314.53 314.53 ft.

HGL at downstream side of channel section: 1210.61 1211.52

Invert Elevation at downstream end (Elevo): 1208.68 1209.9

Channel Bottom (b): 6 ft. 6 ft.

Channel Site Slopes (m:1) 4. :1 4. :1

Longitudinal Channel Slope (S): 0.00388 ft/ft 0.00388 ft/ft

Manning roughness coefficient (n): 0.035 0.035

Iteration of depth (yo): 0 ft. 1.615 ft.

Qn/(1.49/S^1/2: 0.00

A x Rh^2/3: 0.00

Normal Depth (yo): 1.93 ft. 1.62 ft.

Top Width (B): 21.44 ft. 18.92 ft.

Area (A): 26.480 SF 20.123 SF

Wetted Perimeter (P): 21.915 ft. 19.318 ft.

Hydraulic Radius (Rh): 1.21 ft. 1.04 ft.

Velocity: 2.14 fps 2.81 fps

Velocity Head: 0.071 ft 0.123 ft

Froude Number (Fr): 0.339 Subcritical 0.480 Subcritical

HGL: 1210.61 ft 1211.52 ft

Headloss at each section (HLup or HLdn): 0.62 ft. 1.30 ft.

Average Friction Slope (HLup+HLdn)/2= (HL) ft. 0.957 ft.

EGL: 1210.68 ft 1211.64 ft

EGL + Avg. HL: 1211.638

Error (tolorance (+/-0.015-ft) 0.000 OK

seh
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HY-8 Culvert Analysis Report 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 20.75 cfs 

Design Flow: 42.83 cfs 

Maximum Flow: 48.27 cfs 

Table 1 - Summary of Culvert Flows at Crossing: DS-4: Culvert F 

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert F 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

1211.70 20.75 20.75 0.00 1 

1211.74 23.50 23.50 0.00 1 

1211.80 26.25 26.25 0.00 1 

1211.86 29.01 29.01 0.00 1 

1211.93 31.76 31.76 0.00 1 

1212.00 34.51 34.51 0.00 1 

1212.08 37.26 37.26 0.00 1 

1212.17 40.01 40.01 0.00 1 

1212.27 42.83 42.83 0.00 1 

1212.36 45.52 45.52 0.00 1 

1212.47 48.27 48.27 0.00 1 

1213.26 65.38 65.38 0.00 Overtopping 

seh
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Rating Curve Plot for Crossing: DS-4: Culvert F 

 

Culvert Data: Culvert F 

Table 1 - Culvert Summary Table: Culvert F 

Total 

Discharge 

(cfs) 

Culvert 

Discharge 

(cfs) 

Headwater 

Elevation 

(ft) 

Inlet 

Control 

Depth 

(ft) 

Outlet 

Control 

Depth 

(ft) 

Flow 

Type 

Normal 

Depth 

(ft) 

Critical 

Depth 

(ft) 

Outlet 

Depth 

(ft) 

Tailwater 

Depth 

(ft) 

Outlet 

Velocity 

(ft/s) 

Tailwater 

Velocity 

(ft/s) 

20.75 cfs 20.75 cfs 1211.70 1.05 1.395 1-S1f 0.58 0.72 1.50 1.62 2.48 0.00 

23.50 cfs 23.50 cfs 1211.74 1.15 1.444 1-S1f 0.63 0.77 1.50 1.62 2.81 0.00 

26.25 cfs 26.25 cfs 1211.80 1.24 1.499 1-S1f 0.67 0.82 1.50 1.62 3.14 0.00 

29.01 cfs 29.01 cfs 1211.86 1.34 1.561 1-S1f 0.72 0.87 1.50 1.62 3.47 0.00 

31.76 cfs 31.76 cfs 1211.93 1.43 1.628 1-S1f 0.77 0.92 1.50 1.62 3.80 0.00 

34.51 cfs 34.51 cfs 1212.00 1.53 1.701 1-S1f 0.81 0.96 1.50 1.62 4.13 0.00 

37.26 cfs 37.26 cfs 1212.08 1.63 1.782 1-S1f 0.86 1.00 1.50 1.62 4.46 0.00 

40.01 cfs 40.01 cfs 1212.17 1.74 1.869 1-S1f 0.91 1.05 1.50 1.62 4.79 0.00 

42.83 cfs 42.83 cfs 1212.27 1.85 1.967 1-S1f 0.96 1.09 1.50 1.62 5.12 0.00 

45.52 cfs 45.52 cfs 1212.36 1.96 2.064 4-FFf 1.01 1.12 1.50 1.62 5.44 0.00 

48.27 cfs 48.27 cfs 1212.47 2.08 2.169 4-FFf 1.07 1.16 1.50 1.62 5.77 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 1210.30 ft, 

    Outlet Elevation (invert): 1209.90 ft 

Culvert Length: 52.00 ft, 

    Culvert Slope: 0.0077 



Culvert Performance Curve Plot: Culvert F 

 



Water Surface Profile Plot for Culvert: Culvert F 

 

Site Data - Culvert F 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 1210.30 ft 

Outlet Station: 52.00 ft 

Outlet Elevation: 1209.90 ft 

Number of Barrels: 3 

  



Culvert Data Summary - Culvert F 

Barrel Shape: Pipe Arch 

Barrel Span: 28.50 in 

Barrel Rise: 18.00 in 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Culvert Type: Straight 

Inlet Configuration: Grooved Edge Projecting (Ke=0.2) 

Inlet Depression: None 

Tailwater Data for Crossing: DS-4: Culvert F 

Table 2 - Downstream Channel Rating Curve (Crossing: DS-4: Culvert F) 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

20.75 1211.52 1.62 

23.50 1211.52 1.62 

26.25 1211.52 1.62 

29.01 1211.52 1.62 

31.76 1211.52 1.62 

34.51 1211.52 1.62 

37.26 1211.52 1.62 

40.01 1211.52 1.62 

42.83 1211.52 1.62 

45.52 1211.52 1.62 

48.27 1211.52 1.62 

Tailwater Channel Data - DS-4: Culvert F 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 1211.52 ft 

Roadway Data for Crossing: DS-4: Culvert F 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation: 1213.26 ft 

Roadway Surface: Paved 

Roadway Top Width: 22.00 ft 



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS5 - Channel F (Backyard Channel Block 3)

Drainage Area(s): P5

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

7.78 0.55 Residential Rural Estate 4.280

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 7.78

Total: C x A 4.280

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1226.20 1220.30 0.0197 18.1

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
148

Meandering stream 

with pools
0.0102 1220.30 1219.70 0.0041 4.0

Channelized 2 1035 \_/-Ditch 0.012 1217.66 1212.48 0.0050 19.3

Channelized 3 - 0 0.0000 0.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 41.4

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.10 8.97

20 % (5-Year) 64 12 0.79 2.76 11.83

10% (10-Year) 74 12 0.79 3.20 13.68

 4% (25-Year) 93 15 0.79 3.85 16.46

2 % (50-Year) 104 15 0.79 4.30 18.41

1% (100-Year) 108 15 0.77 4.84 20.72

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS5 - Channel F (Backyard Channel Block 3)

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 20.72 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 1.07 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 8.86 SF

Wetted Perimeter (P): 12.82 ft.

Hydraulic Radius (Rh): 0.691 ft.

Velocity (at capacity): 1.63 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 20.84 cfs

Design / Capacity: 99% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-6 - Channel G (Backyard Channel Block 2)

Drainage Area(s): P7

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

2.48 0.55 Residential Rural Estate 1.364

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 2.48

Total: C x A 1.364

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1218.90 1214.20 0.0157 18.9

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
215

Meandering stream 

with pools
0.0102 1214.20 1210.70 0.0163 3.1

Channelized 2 137 \_/-Ditch 0.012 1209.30 1207.60 0.0124 2.9

Channelized 3 159 \_/-Ditch 0.012 1207.60 1206.80 0.0050 4.6

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 29.5

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.60 3.55

20 % (5-Year) 64 12 0.79 3.37 4.60

10% (10-Year) 74 12 0.79 3.90 5.32

 4% (25-Year) 93 15 0.79 4.64 6.33

2 % (50-Year) 104 15 0.79 5.19 7.07

1% (100-Year) 108 15 0.77 5.81 7.93

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-6 - Channel G (Backyard Channel Block 2)

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 7.93 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 0.67 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 4.48 SF

Wetted Perimeter (P): 9.52 ft.

Hydraulic Radius (Rh): 0.470 ft.

Velocity (at capacity): 0.85 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 8.14 cfs

Design / Capacity: 97% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-7: Culvert C  (from Section 2)

Drainage Area(s): P6 + P7 + P8 + P9+ P10 + P11 + P12

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

32.61 0.55 Residential Rural Estate 17.936

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 32.61

Total: C x A 17.936

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1228.80 1223.10 0.0190 18.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
125

Meandering stream 

with pools
0.0102 1223.10 1221.00 0.0168 2.0

Channelized 2 820 \_/-Ditch 0.012 1219.30 1215.50 0.0046 16.7

Channelized 3 328 \_/-Ditch 0.012 1215.50 1214.20 0.0040 8.7

Channelized 4 1558 \_/-Ditch 0.012 1213.90 1200.50 0.0086 21.5

L (ft)

Average Velocity 

(fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 67.1

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.50 26.95

20 % (5-Year) 64 12 0.79 2.03 36.34

10% (10-Year) 74 12 0.79 2.34 42.01

 4% (25-Year) 93 15 0.79 2.86 51.27

2 % (50-Year) 104 15 0.79 3.20 57.33

1% (100-Year) 108 15 0.77 3.63 65.03

Design Point ID: DS-7: Culvert C  (from Section 2)

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 65.03 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 1.82 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 20.53 SF

Wetted Perimeter (P): 19.01 ft.

Hydraulic Radius (Rh): 1.080 ft.

Velocity (at capacity): 3.42 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 65.05 cfs

Design / Capacity: 100% OKAY

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



HY-8 Culvert Analysis Report 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 26.95 cfs 

Design Flow: 57.33 cfs 

Maximum Flow: 65.03 cfs 

Table 1 - Summary of Culvert Flows at Crossing: DS-7: Culvert C (Located in Section 2) 

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert C 

(Section 2) 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

1201.69 26.95 26.95 0.00 1 

1201.79 30.76 30.76 0.00 1 

1201.89 34.57 34.57 0.00 1 

1201.98 38.37 38.37 0.00 1 

1202.07 42.18 42.18 0.00 1 

1202.17 45.99 45.99 0.00 1 

1202.26 49.80 49.80 0.00 1 

1202.35 53.61 53.61 0.00 1 

1202.44 57.33 57.33 0.00 1 

1202.54 61.22 61.22 0.00 1 

1202.63 65.03 65.03 0.00 1 

1204.26 112.06 112.06 0.00 Overtopping 
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Rating Curve Plot for Crossing: DS-7: Culvert C (Located in Section 2) 

 

Culvert Data: Culvert C (Section 2) 

Table 1 - Culvert Summary Table: Culvert C (Section 2) 

Total 

Discharge 

(cfs) 

Culvert 

Discharge 

(cfs) 

Headwater 

Elevation 

(ft) 

Inlet 

Control 

Depth 

(ft) 

Outlet 

Control 

Depth 

(ft) 

Flow 

Type 

Normal 

Depth 

(ft) 

Critical 

Depth 

(ft) 

Outlet 

Depth 

(ft) 

Tailwater 

Depth 

(ft) 

Outlet 

Velocity 

(ft/s) 

Tailwater 

Velocity 

(ft/s) 

26.95 cfs 26.95 cfs 1201.69 1.03 1.148 1-S1t 0.67 0.76 1.12 1.12 3.00 2.84 

30.76 cfs 30.76 cfs 1201.79 1.13 1.248 1-S1t 0.73 0.81 1.19 1.19 3.22 2.95 

34.57 cfs 34.57 cfs 1201.89 1.22 1.346 1-S1t 0.78 0.87 1.26 1.26 3.44 3.04 

38.37 cfs 38.37 cfs 1201.98 1.31 1.441 1-S1t 0.83 0.92 1.32 1.32 3.65 3.12 

42.18 cfs 42.18 cfs 1202.07 1.40 1.535 1-S1t 0.89 0.97 1.38 1.38 3.85 3.20 

45.99 cfs 45.99 cfs 1202.17 1.49 1.627 1-S1t 0.94 1.02 1.44 1.44 4.06 3.27 

49.80 cfs 49.80 cfs 1202.26 1.59 1.719 1-S1t 0.99 1.07 1.49 1.49 4.27 3.34 

53.61 cfs 53.61 cfs 1202.35 1.68 1.811 1-S1t 1.05 1.12 1.55 1.55 4.48 3.41 

57.33 cfs 57.33 cfs 1202.44 1.77 1.901 1-S1t 1.10 1.16 1.59 1.59 4.68 3.47 

61.22 cfs 61.22 cfs 1202.54 1.86 1.997 1-S1t 1.16 1.20 1.64 1.64 4.90 3.53 

65.03 cfs 65.03 cfs 1202.63 1.96 2.092 1-S1t 1.22 1.25 1.69 1.69 5.12 3.58 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 1200.54 ft, 

    Outlet Elevation (invert): 1200.30 ft 

Culvert Length: 48.02 ft, 

    Culvert Slope: 0.0050 



Culvert Performance Curve Plot: Culvert C (Section 2) 

 



Water Surface Profile Plot for Culvert: Culvert C (Section 2) 

 

Site Data - Culvert C (Section 2) 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 1200.54 ft 

Outlet Station: 48.02 ft 

Outlet Elevation: 1200.30 ft 

Number of Barrels: 3 

  



Culvert Data Summary - Culvert C (Section 2) 

Barrel Shape: Pipe Arch 

Barrel Span: 36.25 in 

Barrel Rise: 22.50 in 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Culvert Type: Straight 

Inlet Configuration: Grooved Edge with Headwall (Ke=0.2) 

Inlet Depression: None 

Tailwater Data for Crossing: DS-7: Culvert C (Located in Section 2) 

Table 2 - Downstream Channel Rating Curve (Crossing: DS-7: Culvert C (Located in Section 2)) 

Flow (cfs) Water 

Surface 

Elev (ft) 

Velocity 

(ft/s) 

Depth (ft) Shear (psf) Froude 

Number 

26.95 1201.42 1.12 2.84 0.49 0.59 

30.76 1201.49 1.19 2.95 0.52 0.59 

34.57 1201.56 1.26 3.04 0.55 0.60 

38.37 1201.62 1.32 3.12 0.58 0.60 

42.18 1201.68 1.38 3.20 0.60 0.60 

45.99 1201.74 1.44 3.27 0.63 0.61 

49.80 1201.79 1.49 3.34 0.65 0.61 

53.61 1201.85 1.55 3.41 0.67 0.61 

57.33 1201.89 1.59 3.47 0.70 0.62 

61.22 1201.94 1.64 3.53 0.72 0.62 

65.03 1201.99 1.69 3.58 0.74 0.62 

Tailwater Channel Data - DS-7: Culvert C (Located in Section 2) 

Tailwater Channel Option: Trapezoidal Channel 

Bottom Width: 4.00 ft 

Side Slope (H:V): 4.00 (_:1) 

Channel Slope: 0.0070 

Channel Manning's n: 0.0350 

Channel Invert Elevation: 1200.30 ft 



Roadway Data for Crossing: DS-7: Culvert C (Located in Section 2) 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation: 1204.26 ft 

Roadway Surface: Paved 

Roadway Top Width: 22.00 ft 



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-8: Culvert G

Drainage Area(s): P8 + P9 + P10 + P11

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

3.24 0.55 Residential Rural Estate 1.782

0.66 0.55 Residential Rural Estate 0.363

7.06 0.55 Residential Rural Estate 3.883

5.21 0.55 Residential Rural Estate 2.866

TOTAL AREA: 16.17

Total: C x A 8.894

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1228.80 1223.10 0.0190 18.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
125

Meandering stream 

with pools
0.0102 1223.10 1221.00 0.0168 2.0

Channelized 2 820 \_/-Ditch 0.012 1219.30 1215.50 0.0046 16.7

Channelized 3 328 \_/-Ditch 0.012 1215.50 1214.20 0.0040 8.7

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 45.6

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.96 17.47

20 % (5-Year) 64 12 0.79 2.60 23.15

10% (10-Year) 74 12 0.79 3.01 26.77

 4% (25-Year) 93 15 0.79 3.63 32.31

2 % (50-Year) 104 15 0.79 4.06 36.14

1% (100-Year) 108 15 0.77 4.58 40.74

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-8: Culvert G

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 40.74 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 1.55 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.004 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 15.81 SF

Wetted Perimeter (P): 16.78 ft.

Hydraulic Radius (Rh): 0.942 ft.

Velocity (at capacity): 2.44 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 40.91 cfs

Design / Capacity: 100% OKAY

HEG, PC..



HY-8 Culvert Analysis Report 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 17.47 cfs 

Design Flow: 36.14 cfs 

Maximum Flow: 40.74 cfs 

Table 1 - Summary of Culvert Flows at Crossing: DS-8: Culvert G 

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert G 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

1215.40 17.47 17.47 0.00 1 

1215.64 19.80 19.80 0.00 1 

1215.72 22.12 22.12 0.00 1 

1215.82 24.45 24.45 0.00 1 

1215.91 26.78 26.78 0.00 1 

1216.01 29.11 29.11 0.00 1 

1216.12 31.43 31.43 0.00 1 

1216.27 33.76 33.76 0.00 1 

1216.44 36.14 36.14 0.00 1 

1216.61 38.41 38.41 0.00 1 

1216.80 40.74 40.74 0.00 1 

1217.58 49.28 49.28 0.00 Overtopping 

seh
Typewriter
CULVERT G

seh
Typewriter
Q100

seh
Rectangle



Rating Curve Plot for Crossing: DS-8: Culvert G 

 

Culvert Data: Culvert G 

Table 1 - Culvert Summary Table: Culvert G 

Total 

Discharge 

(cfs) 

Culvert 

Discharge 

(cfs) 

Headwater 

Elevation 

(ft) 

Inlet 

Control 

Depth 

(ft) 

Outlet 

Control 

Depth 

(ft) 

Flow 

Type 

Normal 

Depth 

(ft) 

Critical 

Depth 

(ft) 

Outlet 

Depth 

(ft) 

Tailwater 

Depth 

(ft) 

Outlet 

Velocity 

(ft/s) 

Tailwater 

Velocity 

(ft/s) 

17.47 cfs 17.47 cfs 1215.40 1.20 1.015 1-JS1t 0.79 0.80 1.04 1.04 3.35 2.06 

19.80 cfs 19.80 cfs 1215.64 1.30 1.441 1-S1t 0.85 0.86 1.10 1.10 3.55 2.13 

22.12 cfs 22.12 cfs 1215.72 1.41 1.524 7-M1t 0.91 0.91 1.16 1.16 3.76 2.20 

24.45 cfs 24.45 cfs 1215.82 1.52 1.615 7-M1t 0.97 0.96 1.22 1.22 3.97 2.26 

26.78 cfs 26.78 cfs 1215.91 1.64 1.710 7-M1t 1.04 1.00 1.27 1.27 4.19 2.31 

29.11 cfs 29.11 cfs 1216.01 1.77 1.810 7-M1t 1.11 1.04 1.32 1.32 4.41 2.36 

31.43 cfs 31.43 cfs 1216.12 1.91 1.918 7-M1t 1.19 1.09 1.37 1.37 4.63 2.41 

33.76 cfs 33.76 cfs 1216.27 2.07 2.038 7-M1t 1.30 1.12 1.42 1.42 4.88 2.46 

36.14 cfs 36.14 cfs 1216.44 2.24 2.207 7-M2t 1.50 1.16 1.50 1.47 5.14 2.50 

38.41 cfs 38.41 cfs 1216.61 2.41 2.393 4-FFf 1.50 1.20 1.50 1.51 5.43 2.54 

40.74 cfs 40.74 cfs 1216.80 2.60 2.578 4-FFf 1.50 1.23 1.50 1.55 5.76 2.58 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 1214.20 ft, 

    Outlet Elevation (invert): 1213.94 ft 

Culvert Length: 51.73 ft, 

    Culvert Slope: 0.0050 



Culvert Performance Curve Plot: Culvert G 

 



Water Surface Profile Plot for Culvert: Culvert G 

 

Site Data - Culvert G 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 1214.20 ft 

Outlet Station: 51.73 ft 

Outlet Elevation: 1213.94 ft 

Number of Barrels: 4 

  



Culvert Data Summary - Culvert G 

Barrel Shape: Circular 

Barrel Diameter: 1.50 ft 

Barrel Material: Smooth HDPE 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Culvert Type: Straight 

Inlet Configuration: Mitered to Conform to Slope (Ke=0.7) 

Inlet Depression: None 

Tailwater Data for Crossing: DS-8: Culvert G 

Table 2 - Downstream Channel Rating Curve (Crossing: DS-8: Culvert G) 

Flow (cfs) Water 

Surface 

Elev (ft) 

Velocity 

(ft/s) 

Depth (ft) Shear (psf) Froude 

Number 

17.47 1214.98 1.04 2.06 0.26 0.44 

19.80 1215.04 1.10 2.13 0.28 0.44 

22.12 1215.10 1.16 2.20 0.29 0.45 

24.45 1215.16 1.22 2.26 0.30 0.45 

26.78 1215.21 1.27 2.31 0.32 0.45 

29.11 1215.26 1.32 2.36 0.33 0.45 

31.43 1215.31 1.37 2.41 0.34 0.46 

33.76 1215.36 1.42 2.46 0.35 0.46 

36.14 1215.41 1.47 2.50 0.37 0.46 

38.41 1215.45 1.51 2.54 0.38 0.46 

40.74 1215.49 1.55 2.58 0.39 0.46 

Tailwater Channel Data - DS-8: Culvert G 

Tailwater Channel Option: Trapezoidal Channel 

Bottom Width: 4.00 ft 

Side Slope (H:V): 4.00 (_:1) 

Channel Slope: 0.0040 

Channel Manning's n: 0.0350 

Channel Invert Elevation: 1213.94 ft 



Roadway Data for Crossing: DS-8: Culvert G 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 50.00 ft 

Crest Elevation: 1217.58 ft 

Roadway Surface: Paved 

Roadway Top Width: 22.00 ft 



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-9: Channel H (North Backyard Channel Block 1)

Drainage Area(s): P10

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

7.06 0.55 Residential Rural Estate 3.883

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 7.06

Total: C x A 3.883

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1232.80 1225.80 0.0233 17.5

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
102

Meandering stream 

with pools
0.0102 1225.80 1224.00 0.0176 1.7

Channelized 2 688 \_/-Ditch 0.012 1222.00 1217.90 0.0060 13.2

Channelized 3 - 0 0.0000 0.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 32.4

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.45 9.53

20 % (5-Year) 64 12 0.79 3.20 12.41

10% (10-Year) 74 12 0.79 3.70 14.35

 4% (25-Year) 93 15 0.79 4.41 17.13

2 % (50-Year) 104 15 0.79 4.93 19.16

1% (100-Year) 108 15 0.77 5.53 21.49

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-9: Channel H (North Backyard Channel Block 1)

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 21.49 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 1.09 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 9.11 SF

Wetted Perimeter (P): 12.99 ft.

Hydraulic Radius (Rh): 0.702 ft.

Velocity (at capacity): 1.67 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 21.66 cfs

Design / Capacity: 99% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-10  - South of Mission Hills Dr. on west side of Pine Ridge Drive

Drainage Area(s): P11

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

5.21 0.55 Residential Rural Estate 2.866

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 5.21

Total: C x A 2.866

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1228.80 1223.10 0.0190 18.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
125

Meandering stream 

with pools
0.0102 1223.10 1221.00 0.0168 2.0

Channelized 2 820 \_/-Ditch 0.012 1219.30 1215.50 0.0046 16.7

Channelized 3 - 0 0.0000 0.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 36.9

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.26 6.47

20 % (5-Year) 64 12 0.79 2.96 8.49

10% (10-Year) 74 12 0.79 3.43 9.81

 4% (25-Year) 93 15 0.79 4.11 11.77

2 % (50-Year) 104 15 0.79 4.59 13.16

1% (100-Year) 108 15 0.77 5.16 14.79

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-10  - South of Mission Hills Dr. on west side of Pine Ridge Drive

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 14.79 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 0.87 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.006 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 6.51 SF

Wetted Perimeter (P): 11.17 ft.

Hydraulic Radius (Rh): 0.582 ft.

Velocity (at capacity): 1.34 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 14.97 cfs

Design / Capacity: 99% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-11: North Barditch at Rock Hill Dr.

Drainage Area(s): P8

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

3.24 0.55 Residential Rural Estate 1.782

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 3.24

Total: C x A 1.782

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 254 Average Grass 1 1232.80 1227.00 0.0228 16.5

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1 1111 \_/-Ditch 0.012 1223.50 1214.20 0.0084 16.8

Channelized 2 - 0 0.0000 0.0

Channelized 3 - 0 0.0000 0.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 33.3

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 2.41 4.30

20 % (5-Year) 64 12 0.79 3.15 5.61

10% (10-Year) 74 12 0.79 3.64 6.48

 4% (25-Year) 93 15 0.79 4.35 7.75

2 % (50-Year) 104 15 0.79 4.86 8.66

1% (100-Year) 108 15 0.77 5.45 9.72

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-11: North Barditch at Rock Hill Dr.

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 9.72 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 0.66 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.008 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 4.38 SF

Wetted Perimeter (P): 9.44 ft.

Hydraulic Radius (Rh): 0.464 ft.

Velocity (at capacity): 1.06 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 10.00 cfs

Design / Capacity: 97% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-12: North Barditch Edgewood Ln.

Drainage Area(s): P4 + P5

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

11.11 0.55 Residential Rural Estate 6.111

7.78 0.55 Residential Rural Estate 4.279

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 18.89

Total: C x A 10.390

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1226.20 1220.30 0.0197 18.1

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
148

Meandering stream 

with pools
0.0102 1220.30 1219.70 0.0041 4.0

Channelized 2 1035 \_/-Ditch 0.012 1217.70 1212.50 0.0050 19.3

Channelized 3 312 \_/-Ditch 0.012 1212.50 1210.30 0.0071 6.7

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 48.1

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.90 19.69

20 % (5-Year) 64 12 0.79 2.52 26.15

10% (10-Year) 74 12 0.79 2.91 30.24

 4% (25-Year) 93 15 0.79 3.52 36.56

2 % (50-Year) 104 15 0.79 3.94 40.89

1% (100-Year) 108 15 0.77 4.44 46.13

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-12: North Barditch Edgewood Ln.

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 46.13 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 1.56 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 15.97 SF

Wetted Perimeter (P): 16.86 ft.

Hydraulic Radius (Rh): 0.947 ft.

Velocity (at capacity): 2.75 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 46.38 cfs

Design / Capacity: 99% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-13: North Barditch at Pine Ridge Dr. & Paige Ln. before Channel G

Drainage Area(s): P6 + P7 + P8 + P9+ P10 + P11 + P12

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

23.66 0.55 Residential Rural Estate 13.013

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 23.66

Total: C x A 13.013

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 300 Average Grass 1 1228.80 1223.10 0.0190 18.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
125

Meandering stream 

with pools
0.0102 1223.10 1221.00 0.0168 2.0

Channelized 2 820 \_/-Ditch 0.012 1219.30 1215.50 0.0046 16.7

Channelized 3 328 \_/-Ditch 0.012 1215.50 1214.20 0.0040 8.7

Channelized 4 1049 \_/-Ditch 0.012 1213.90 1206.80 0.0068 17.4

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 63.0

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.57 20.45

20 % (5-Year) 64 12 0.79 2.11 27.50

10% (10-Year) 74 12 0.79 2.44 31.79

 4% (25-Year) 93 15 0.79 2.98 38.74

2 % (50-Year) 104 15 0.79 3.33 43.32

1% (100-Year) 108 15 0.77 3.77 49.08

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-13: North Barditch at Pine Ridge Dr. & Paige Ln. before Channel G

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 49.08 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 1.28 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.0131 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 11.67 SF

Wetted Perimeter (P): 14.56 ft.

Hydraulic Radius (Rh): 0.802 ft.

Velocity (at capacity): 3.37 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 49.10 cfs

Design / Capacity: 100% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-14: Barditch at Edgewood Ln. South side before Culvert F

Drainage Area(s): P2

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

6.12 0.55 Residential Rural Estate 3.366

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 6.12

Total: C x A 3.366

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 191 Average Grass 1 1232.00 1227.60 0.0230 14.8

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
184

Meandering stream 

with pools
0.0102 1227.60 1226.10 0.0082 3.6

Channelized 2 1973 \_/-Ditch 0.012 1224.10 1209.90 0.0072 27.6

Channelized 3 - 0 0.0000 0.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 46.0

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.95 6.57

20 % (5-Year) 64 12 0.79 2.59 8.71

10% (10-Year) 74 12 0.79 2.99 10.07

 4% (25-Year) 93 15 0.79 3.61 12.17

2 % (50-Year) 104 15 0.79 4.04 13.61

1% (100-Year) 108 15 0.77 4.56 15.34

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-14: Barditch at Edgewood Ln. South side before Culvert F

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 15.34 cfs

Channel Bottom (b): 4 ft.

Max. Water Surface Depth (y): 0.93 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.005 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 7.18 SF

Wetted Perimeter (P): 11.67 ft.

Hydraulic Radius (Rh): 0.615 ft.

Velocity (at capacity): 1.34 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 15.63 cfs

Design / Capacity: 98% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-15: Barditch at Pine Ridge Dr. South side before Culvert E & Channel E

Drainage Area(s): P2 + P4 + P5

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

6.12 0.55 Residential Rural Estate 3.366

11.11 0.55 Residential Rural Estate 6.111

7.78 0.55 Residential Rural Estate 4.279

0.00 - 0.000

TOTAL AREA: 25.01

Total: C x A 13.756

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 191 Average Grass 1 1232.00 1227.60 0.0230 14.8

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1
184

Meandering stream 

with pools
0.0102 1227.60 1226.10 0.0082 3.6

Channelized 2 1973 \_/-Ditch 0.012 1224.10 1209.90 0.0072 27.6

Channelized 3 317 \_/-Ditch 0.012 1209.90 1208.70 0.0038 8.7

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 54.7

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.74 23.87

20 % (5-Year) 64 12 0.79 2.32 31.89

10% (10-Year) 74 12 0.79 2.68 36.87

 4% (25-Year) 93 15 0.79 3.25 44.75

2 % (50-Year) 104 15 0.79 3.64 50.04

1% (100-Year) 108 15 0.77 4.11 56.57

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-15: Barditch at Pine Ridge Dr. South side before Culvert E & Channel E

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 56.57 cfs

Channel Bottom (b): 6 ft.

Max. Water Surface Depth (y): 1.63 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.004 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 20.41 SF

Wetted Perimeter (P): 19.44 ft.

Hydraulic Radius (Rh): 1.050 ft.

Velocity (at capacity): 2.92 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 56.75 cfs

Design / Capacity: 100% OKAY

HEG, PC..



DRAINAGE STRUCTURE ANALYSIS

Project Name: Brentwood Section 3

Project No.: 25.004

Design Point ID: DS-16: Barditch at Pine Ridge Dr. Cul-de-Sac (Neglects Culvert E)

Drainage Area(s): P1 + P2 + P3 + P4 + P5

DRAINAGE AREA AND WEIGHTED 'C' VALUE

Area (Acres) 'C' C x A

38.87 0.55 Residential Rural Estate 21.379

0.00 - 0.000

0.00 - 0.000

0.00 - 0.000

TOTAL AREA: 38.87

Total: C x A 21.379

Weighted "C": 0.550

TIME OF CONCENTRATION (Tc)

Overland Flow: Time of Concentration (Tc=K(L
0.37

/S
0.20

)

Channel Flow: Time of Concentration (Tc=K(L
0.77

/S
0.385

)

Pipe Flow: Time of Concentration (Tc=L/V)

Surface Start End Slope Tc

Flow Type Length (ft) Type K Elevation Elevation (ft/ft) (min)

Overland 1 289 Average Grass 1 1224.70 1217.90 0.0235 17.2

Overland 2 - 0 0.0000 0.0

Overland 3 - 0 0.0000 0.0

Overland 4 - 0 0.0000 0.0

Channelized 1 2309 \_/-Ditch 0.012 1215.90 1208.70 0.0031 43.0

Channelized 2 260 \_/-Ditch 0.012 1208.70 1207.70 0.0038 7.4

Channelized 3 - 0 0.0000 0.0

Channelized 4 - 0 0.0000 0.0

L (ft) Average Velocity (fps)

Pipe 1 0.0

Pipe 2 0.0

Total Tc: 67.6

RAINFALL INTENSITY & PEAK FLOW                                                                           Rainfall Intensity = I = a/((Tc+b)c)

Town of Goldsby (ODOT Zone V) Rainfall Runoff

Storm Intensity Q=CIA

Frequency a b c (in/hr) (cfs)

 50% (2-Year) 53 10 0.82 1.49 31.96

20 % (5-Year) 64 12 0.79 2.02 43.10

10% (10-Year) 74 12 0.79 2.33 49.83

 4% (25-Year) 93 15 0.79 2.84 60.82

2 % (50-Year) 104 15 0.79 3.18 68.01

1% (100-Year) 108 15 0.77 3.61 77.15

Calculation Notes:

Parameters for IDF Equation

HEG, PC..



Design Point ID: DS-16: Barditch at Pine Ridge Dr. Cul-de-Sac (Neglects Culvert E)

TRAPEZOIDAL CHANNEL

Design Storm: 1% (100-Year)

Design Storm Q: 77.15 cfs

Channel Bottom (b): 8 ft.

Max. Water Surface Depth (y): 1.81 ft

Channel Site Slopes (z:1) 4. :1

Longitudinal Channel Slope (S): 0.00341 ft/ft

Manning roughness coefficient: 0.035

Cross Sectional Area (A): 27.58 SF

Wetted Perimeter (P): 22.93 ft.

Hydraulic Radius (Rh): 1.203 ft.

Velocity (at capacity): 3.38 fps

 Capacity Q= 1.49/n x A x Rh^2/3 x S^1/2 = 77.57 cfs

Design / Capacity: 99% OKAY

HEG, PC..
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WATER UTILITIES       33 10 00 - 1 

SECTION 33 10 00 - WATER UTILITIES 

 
PART 1 - GENERAL  

 

1.1 DESCRIPTION: 

 Underground water distribution system complete, ready for operation, including all 

appurtenant structures, and connections to new building service lines and to existing water 

supply. 

1.2 RELATED WORK & DOCUMENTS: 

A. Excavation, trench widths, pipe bedding, backfill, shoring, sheeting, bracing: as indicated 

C.  Standard drawings, details, and policies of the Town of Goldsby 

D.  Oklahoma Department of Environmental Quality (ODEQ) rules and regulations 

Oklahoma Administrative Code (OAC) 252:626-2023 

1.3 DEFINITIONS: 

A. Water Distribution: Pipelines and appurtenances which are part of the distribution system. 

The distribution system comprises the network of piping located throughout project area, 

including hydrants, valves, and other appurtenances used to supply water for domestic and 

fire-fighting/fire protection purposes. 

B. Water Service Line: Pipe line connecting building piping to water distribution lines. 

1.4 QUALITY ASSURANCE: 

A. Comply with the rules and regulations of the Public Utility having jurisdiction over the 

connection to Public Water lines and the extension, and/or modifications to Public Utility 

systems.  

B. Comply with all rules and regulations of Federal, State, and Department of Environmental 

Quality. Having jurisdiction over the design, construction, and operation of potable water 

systems. 

C. All material surfaces in contact with potable water shall comply with NSF 61. 

1.5 SUBMITTALS: 

A. Submit PRODUCT DATA 

B. Manufacturers' Literature and Data submit all items as one package: 

Ductile Iron Pipe and Polyvinyl Chloride (PVC) shall be in accordance with AWWA C600 

and C605 respectively; and shall be provided to the Engineer for approval.   

1. Piping. 
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WATER UTILITIES       33 10 00 - 2 

2. Valves. 

3. Fire hydrants. 

            5. Vaults, frames and covers. 

  7. Valve boxes. 

  8. Corporation and curb stops. 

  9. Curb stop boxes. 

10. Joint restraint. 

11. Link/sleeve seals. 

C. Testing Certifications: 

1. Pressure and Leakage Testing. 

2. Disinfection testing, including free chlorine residuals, and bacteriological 

examinations. 

1.6 APPLICABLE PUBLICATIONS: 

A. The publications (using latest edition as of project date) listed below form a part of this 

specification to the extent referenced. The publications are referenced in the text by the 

basic designation only. 

D. American Water Works Association (AWWA): 

B300 ............................................ Hypochlorites 

B301 ............................................ Liquid Chlorine 

C104 ............................................ Cement Mortar Lining for Ductile Iron Pipe and Fittings 

for Water 

C105 ............................................ Polyethylene Encasement for Gray and Ductile C.I. Piping 

for Water and Other Liquids 

C110 ............................................ Ductile-Iron and Gray-Iron Fittings, 80 mm (3 Inches) 

Through 1200 mm (48 Inches) for Water and Other 

Liquids 

C111 ............................................ Rubber-Gasket Joints for Ductile-Iron and Gray-Iron 

Pressure Pipe and Fittings 

C115 ............................................ Flanged Ductile-Iron and Gray-Iron Pipe with Threaded 

Flanges 

C150 ............................................ American National Standard for Thickness Design of 

Ductile Iron Pipe 
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WATER UTILITIES       33 10 00 - 3 

C151 ............................................ Ductile-Iron Pipe, Centrifugally Cast in Metal Molds or 

Sand-Lined Molds, for Water or Other Liquids 

C153 ............................................ Ductile-Iron Compact Fittings, 80 mm (3 inches) Through 

300 mm (12 Inches) for Water and Other Liquids 

C500 ............................................ Gate Valves for Water and Sewerage Systems 

C502 ............................................ Dry-Barrel Fire Hydrants 

C508 ............................................ Swing Check Valves for Waterworks Service, 2 Inches (50 

mm) Through 24 Inches (600mm) NPS 

C509 ............................................ Resilient Seated Gate Valve for Water and Sewage System 

C510 ............................................ Double Check Valve Back-Flow Prevention Assembly 

C550 ............................................ Protective Epoxy Interior Coatings for Valves and 

Hydrants 

C600 ............................................ Installation for Ductile-Iron Water Mains and Their 

Appurtenances 

C605 ............................................ Underground Installation of Polyvinyl Chloride (PVC) 

Pressure Pipe and Fittings for Water 

C651 ............................................ Disinfecting Water Mains 

C800 ............................................ Underground Service Line Valves and Fittings 

C900 ............................................ Polyvinyl Chloride (PVC) Pressure Pipe, 4 Inches thru 12 

Inches, for Water 

C905 ............................................ Polyvinyl Chloride (PVC) Pressure Pipe, 14 Inches thru 36 

Inches 

 

PART 2 - PRODUCTS  

 

2.1 POLYVINYL CHLORIDE PIPE AND FITTINGS: 

A. Class-Rated Polyvinyl Chloride (PVC) Pipe: 

1. PVC pipe and accessories ASTM D2241, Pressure Class 200. 

C. Fittings: 

1. Class-Rated Pipe 4 inches through 12 inches in Diameter: Ductile iron with 

mechanical joints conforming to the requirements of AWWA C153 with transition 

gaskets as required for ASTM D2241 pipe. 

2. Fittings shall have a pressure class at least equal to the pipe pressure class. 
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2. Joint fittings shall require mechanical joint restraints and concrete blocking.  Concrete 

blocking is as indicated on plans. 

3. Joint restraints shall be manufactured by EEBA Eron Sales, or by Uni-Flange by the 

Ford Meter Box Co., Inc. or equivalent approved by town engineer. 

2.2 POLYETHYLENE PRESURE PIPE AND TUBING: 

A. Polyethylene (PE) Pipe: 

1. PE pipe and accessories 3/4 inches–3 inches in diameter, AWWA C901 “Polyethylene 
Pressure Pipe and Tubing”, Class 250, PE4710, SDR 9, unless otherwise shown or 
specified. 

 

B. Fittings: 

1.   Provide fittings of the same size and pressure rating as the pipe to which they are 
connected. 

 
2. Provide fittings as recommended by the pipe manufacturer to comply with the 

appropriate Standard listed below: 
a. PE Fused Butt Type, Schedule 40: ASTM D3261 

b. PE Fused Socket Type, SDR11: ASTM D2683 

c Insert Type for PE Pipe: ASTM D2609 

3. Provide stainless steel clamps with inserts type fittings for PE pipe. 

2.3 VALVES: 

A. Asbestos packing is not allowed.  

B. Gate:  

1. 3 inches and Larger: Resilient seated, ductile iron body, bronze mounted, inclined 

seats, non-rising stem type turning counter-clockwise to open, 200 pound WOG. 

AWWA C509. The resilient seat shall be fastened to the gate with stainless steel 

fasteners or vulcanizing methods. The interior and exterior shall be coated with 

thermo-setting or fusion epoxy coating in accordance with AWWA C550. 

2. Operator: 

a. Underground: Except for use with post indicators, furnish valves with 2 inch nut 

for socket wrench operation. Post indicator shall comply with the requirements of 

NFPA 24 and shall be fully compatible with the valve provided. 

b. Above Ground and in Pits: Hand wheels unless indicated otherwise. 

3. Joints: Ends of valves shall accommodate, or be adapted to, pipe installed. 

D. Corporation stops and saddles shall conform to AWWA C800. 
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2.4 VALVE BOX: 

 Valve box as indicated on drawings. Box shall be adapted, to depth of cover required over 

pipe at valve location. Cast the word "WATER" in cover.  After final grading has been 

completed and trenches have settled provide concrete pad six (6) inches thick and 2-foot x 

2-foot square around each water valve box. 

2.5 RESTRAINED JOINTS: 

A. Restrained joint assemblies with ductile iron mechanical joint pipe shall be “Flex-Ring”, 

“Lok-Ring”, or mechanical joint coupled as manufactured by EBAA Iron Sales, “Mega-

Lug” or approved equal. 

B. Thrust blocks shall be 3,000 psi concrete, as indicated on drawings. 

C. PVC pipe bell and spigot joints shall be restrained with the Uni-Flange Corp. Series 1350 

Restrainer, or approved equal. The restraining device and Tee head bolts shall be 

manufactured of high strength ductile iron meeting ASTM A536. Clamping bolts and nuts 

shall be manufactured of corrosion resistant high strength, low alloy steel meeting the 

requirements of ASTM A242. 

D. Ductile iron mechanical joint fittings used with PVC pipe shall be restrained with UNI-

Flange Corp. Series 1500-SA Restrainer for ASTM D2241 PVC, EBAA Iron, Inc, Series 

2000PV Mechanical Joint Restrainer Gland, or approved equal.  The restraining device 

and Tee head bolts shall be manufactured of high strength ductile iron meeting ASTM A-

536. Clamping bolts and nuts shall be manufactured of corrosion resistant high strength, 

low alloy steel meeting the requirements of ASTM A242. 

2.5 FIRE HYDRANTS: 

A. Furnish and install fire hydrants approved by local jurisdictions Water Service Utility, or as 

specified with remote reading system compatible with local jurisdiction. Forward approval. 

2.6 PIPE SLEEVES: 

 Ductile iron. 

   2.7 WATER METER: 

 Furnish and install meter approved by local jurisdictions Water Service Utility, or as 

specified with remote reading system compatible with local jurisdiction. Forward approval. 

2.8 POTABLE WATER: 

 Water used for filling, flushing, and disinfection of water mains and appurtenances shall 

conform to Safe Drinking Water Act.  Contractor shall pay utility for water used for 

testing and disinfection. 
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2.9 DISINFECTION CHLORINE: 

A. Liquid chlorine shall conform to AWWA B301 and AWWA C651. 

B. Sodium hypochlorite shall conform to AWWA B300 with 5 percent to 15 percent 

available chlorine. 

C. Calcium hypochlorite shall conform to AWWA B300 supplied in granular form or 5.g 

tablets, and shall contain 65 percent chlorine by weight. 

2.10 WARNING TAPE 

 Standard, 4-Mil polyethylene 3 inch wide tape, non-detectable type, blue with black letters, 

and imprinted with “CAUTION BURIED WATER LINE BELOW”. 

2.11 TRACER WIRE 

A. Tracer wire shall be on strand of no. 12 gauge copper wire. 

B. When non-ferrous piping is used, install tracer wire along top of pipe.  Bring the tracer 

wire to top of ground and anchor at all valves, fire hydrants, and other appurtenances.   

 

PART 3 – EXECUTION 

 

3.1 REGRADING: 

 Raise or lower existing valve and curb stop boxes and fire hydrants to finish grade in areas 

being graded. 

3.2 PIPE LAYING, GENERAL: 

A. Care shall be taken in loading, transporting, and unloading to prevent injury to the pipe or 

coatings. Pipe or fittings shall not be dropped. All pipe or fittings shall be examined before 

laying, and no piece shall be installed which is found to be defective. Any damage to the 

pipe coatings shall be repaired as directed by the Resident Engineer. 

B. All pipe and fittings shall be subjected to a careful inspection just prior to being laid or 

installed. If any defective piping is discovered after it has been laid, it shall be removed and 

replaced with a sound pipe in a satisfactory manner at no additional expense to the 

Owner. All pipe and fittings shall be thoroughly cleaned before laying, shall be kept clean 

until they are used in the work, and when installed or laid, shall conform to the lines and 

grades required. 

C. All buried piping shall be installed to the lines and grades as shown on the drawings. All 

underground piping shall slope uniformly between joints where elevations are shown. 
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D. Contractor shall exercise extreme care when installing piping to shore up and protect from 

damage all existing underground water line and power lines, and all existing structures. 

E. Do not lay pipe on unstable material, in wet trench, or when trench or weather conditions 

are unsuitable. 

F. Do not lay pipe in same trench with other pipes or utilities unless shown otherwise on 

drawings. 

G. Hold pipe securely in place while joint is being made. 

H. Do not walk on pipes in trenches until covered by layers of earth well tamped in place to a 

depth of 12 inches over pipe. 

I. Full length of each section of pipe shall rest solidly upon pipe bed with recesses excavated 

to accommodate bells or joints. Do not lay pipes on wood blocking. 

J. Tees, plugs, caps, bends and hydrants on pipe installed underground shall be anchored. 

K. Close pipe openings with caps or plugs during installation. Tightly cover and protect 

equipment against dirt, water and chemical, or mechanical injury. At completion of all 

work, thoroughly clean exposed materials and equipment. 

L. Good alignment shall be preserved in laying. The deflection at joints shall not exceed that 

recommended by the manufacturer. 

M. Warning tape shall be continuously placed 12 inches above buried water pipes, or as 

indicated. 

3.3 PVC PIPE: 

A. PVC piping shall be installed in strict accordance with the manufacturer’s instructions and 

AWWA 605. Place selected material and thoroughly compacted to six inches above the 

top of the pipe and thereafter backfilled as indicated. 

B. Copper Tracer Wire: Copper tracer wire consisting of No. 12 AWG solid, single 

conductor, insulated copper wire shall be installed in the trench with all piping to permit 

location of the pipe with electronic detectors. The wire shall not be spiraled around the 

pipe nor taped to the pipe. Wire connections are to be made by stripping the insulation 

from the wire and soldering with rosin core solder. Solder joints shall be wrapped with 

rubber tape and electrical tape. 

3.4 PE PIPE: 

A. PE piping shall be installed in accordance with the manufacturer’s instructions and as 

indicated on plans.  Place selected material and thoroughly compacted to six inches above 

the top of the pipe and thereafter back filled as indicated. 
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B. Copper Tracer Wire: Copper tracer wire consisting of No. 12 AWG solid, single 

conductor, insulated copper wire shall be installed in the trench with all piping to permit 

location of the pipe with electronic detectors. The wire shall not be spiraled around the 

pipe nor taped to the pipe. Wire connections are to be made by stripping the insulation 

from the wire and soldering with rosin core solder. Solder joints shall be wrapped with 

rubber tape and electrical tape. 

3.5 RESTRAINED JOINTS: 

A. Sections of piping requiring restrained joints shall be constructed using pipe and fittings 

with restrained “locked-type” joints and the joints shall be capable of holding against 

withdrawal for line pressures 50 percent above the normal working pressure but not less 

than 200 psi. The pipe and fittings shall be restrained push-on joints or restrained 

mechanical joints. 

B. The minimum number of restrained joints required for resisting force at fittings and 

changes in direction of pipe shall be determined from the length of retained pipe on each 

side of fittings and changes in direction necessary to develop adequate resisting friction 

with the soil. Restrained pipe length shall be per manufacturer recommendations. 

C. Where ductile iron pipe manufactured with restrained joints is utilized, all restrained joints 

shall be fully extended and engaged prior to back filling the trench and pressurizing the 

pipe. 

D. Thrust blocking at all fittings, as indicated on drawings. 

3.6 PIPE SEPARATION: 

A. Horizontal Separation-Water Mains and Sewers: 

1. As indicated on drawings. 

B. Vertical Separation-Water Mains and Sewers: 

1. As indicated on drawings. 

3.7 SETTING OF VALVES AND BOXES: 

A. Provide a surface concrete pad 24 by 24 by 6 inches to protect valve box when valve is not 

located below pavement. 

B. Clean valve and curb stops interior before installation. 

C. Set valve and curb stop box cover flush with finished grade. 

D. Valves shall be installed plumb and level and in accordance with manufacturer’s 

recommendations. 

3.8 SETTING OF FIRE HYDRANTS: 
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A. Set center of each hydrant not less than 3 feet nor more than 6 feet back of edge of road 

or face of curb. Fire apparatus connection shall face road with center of nozzle 18 inches 

above finished grade. Set barrel flange not more than 2 inches above finished grade. 

B. Set each hydrant on a slab of stone or concrete not less than 6 inches thick and 15 inches 

square. The service line to the hydrant, between the tee and the shoe of the hydrant, shall 

be fully restrained. 

C. Set bases in not less than 1/2 cubic yard of crushed rock or gravel placed entirely below 

hydrant drainage device. 

D. Clean interiors of hydrants of all foreign matter before installation. 

3.9 FLUSHING AND DISINFECTING: 

A. Flush and disinfect new water lines in accordance with AWWA C651. 

 1.  Public Water Mains: Additionally meet OAC 252:626-19-2(f) 

B. The Contractor shall be responsible to provide the water source for filling, flushing, and 

disinfecting the lines. Only potable water shall be used, and the Contractor shall provide 

all required temporary pumps, storage facilities required to complete the specified flushing, 

and disinfection operations. 

C. The Contractor shall be responsible for the disposal of all water used to flush and disinfect 

the system in accordance with all governing rules and regulations. The discharge water 

shall not be allowed to create a nuisance for activities occurring on or adjacent to the site. 

D. The bacteriological test specified in AWWA C651 shall be performed by a laboratory 

approved by the Department of Environmental Quality of the State.  The cost of 

sampling, transportation, and testing shall be the responsibility of the Contractor. 

E. Re-disinfection and bacteriological testing of failed sections of the system shall be the sole 

responsibility of the Contractor. 

3.10 HYDROSTATIC TESTING: 

A. Hydrostatic testing of the system shall occur prior to disinfecting the system. 

B. After new system is installed, except for connections to existing system, backfill at least 12 

inches above pipe barrel, leaving joints exposed. The depth of the backfill shall be 

adequate to prevent the horizontal and vertical movement of the pipe during testing. 

C. Prior to pressurizing the line, all joint restraints shall be completely installed and inspected. 

D. If the system is tested in sections, and at the temporary caps at connections to the existing 

system and buildings, the Contractor shall provide and install all required temporary thrust 

restraints required to safely conduct the test. 
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E. The Contractor shall install corporation stops in the line as required to purge the air out of 

the system. At the completion of the test, all corporation stops shall be capped. 

F. The Contractor shall perform pressure and leakage tests for the new system for 24 hours 

at 150 psi. in accordance with OAC 252:626-19-2(e) and AWWA 605.  Leakage shall not 

exceed the following requirements. 

1. Not to exceed 10 gallons/inch diameter/mile of pipe/24 hours 

 

END OF SECTION 33 10 00 
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