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STORMWATER MANAGEMENT 
SARTA TRANSIT CENTER 

MASSILLON, OHIO 
RLB #13064.12 

 
1.1 Introduction 
 
The new SARTA Transit Center will be located at on Tommy Hendrich Dr NW in Massillon, Stark 
County, Ohio.  The site is partially located on parcels 10003717 and 10003719 which are being 
combined as part of this project.  The site is bound by State Route 21 to the north and west, Tommy 
Hendrich Dr NW to the east, and a commercial retail outlet building to the south.  The 1.512 acre site 
is vacant and partially covered by an abandoned asphalt parking lot.  SARTA recently erected a 
temporary bus shelter on site which is being utilized while the permanent transit SARTA is being 
developed.     
 
The existing topography of the site generally slopes from north to south with an approximate elevation 
difference of 2 feet.  The existing site is tributary to the Tuscarawas River, which discharges into the 
Muskingham River, which discharges into the Ohio River. 
 
The proposed improvements include a 5,565 SF single story bus transit center building, a bus drive 
loop around the building, a 10-space parking lot to the north, and associated drive aisles, aprons, and 
pedestrian hardscape.  Approximately 0.55 Acres of impervious surface will be added due to the 
improvements. A stormwater management system consisting of site grading, curbs, pavement, 
extended dry detention pond, and drainage piping has been developed to safely capture, store, and 
convey runoff through the site. 
 
Stormwater management is a device for controlling stormwater runoff for the purpose of reducing the 
negative effects of urbanization, including downstream erosion, flooding, and degradation of water 
resources.  Stormwater discharge from the site will be controlled in accordance with current local 
requirements and the Ohio Environmental Protection Agency (OEPA) National Pollutant Discharge 
Elimination System (NPDES) General Permit No. OHC000005 for Construction activity. 
 
1.2 Stormwater Quantity Control 

 
According to the local criteria, “the post-development rate of runoff is not permitted to exceed the 
predevelopment rate of runoff”.  To meet these requirements, the project will incorporate a dry 
extended detention basin located on northwest portion of the site. 
 

Description 
Tributary 
Area (ac.) 

Percent 
Impervious 

Run-Off Curve 
Number 

Time of 
Concentration (min.) 

Pre-Developed 0.12 0 80 5 

Post-Developed 1.00 64 92 19 

     Table 1 Tributary Area Characteristics 
 
The stormwater management analysis is based on the tributary area characteristics shown in Table 1 
shown above and on attached Drawing D1.1-Detention Pond Drainage Area Map.   
 
Existing and proposed run-off curve numbers are based on factors such as hydrologic soil groups 
(HSG), and ground cover type and condition.  The HSG was determined from the USDA NRCS Web 
Soil Survey (see attached map).  Run-off curve numbers were estimated based on Table 2-2a from 
‘TR-55 NRCS USDA Urban Hydrology for Small Watersheds, 1986’.  The percent impervious 
represents the percent of building, pavement and other impervious surfaces that restricted restrict 
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infiltration of rainfall into the ground.  These estimates are shown on attached Drawing D1.2-Storm 
Sewer Drainage Area Map. 
 
The Time of Concentration (Tc) is the time for run-off to travel from the hydraulically most remote point 
of the watershed to the outlet, and is affected by such factors as slope, conveyance type, and surface 
roughness.  The path used to estimate the pre-developed Tc is shown on attached Drawing D1.1.  The 
Hydraflow Hydrographs software program was used to calculate the pre-developed Tc and is shown in 
the attached ‘TR55 Tc Worksheet’, using the equations shown below.  The post-developed Tc was 
obtained from the attached proposed Storm Sewer Calculations 
 

Sheet Flow 
Tt=(0.007 (nL)0.8)/((P2)0.5S0.4) 
 
Tt=travel time (hr) 
n=Manning’s roughness coefficient (table 3-1) 
L=flow length (ft) 
P2=2-year, 24-hr rainfall (in) 
s=slope of hydraulic grade line (land slope, ft/ft) 
 

 

     Table 2 Time of Concentration (Tc) Equations 
 

The following is a summary of results of the storm water management analysis performed, based on 

the proposed extended dry detention pond and outlet control structure.  As shown below, the post-

development discharge rate is less than the pre-development runoff rate for each storm frequency. 

 

Storm 
Frequency 

Pre-
Developed 
Peak Flow  

Developed 
Peak Flow 

(cfs) 

Routed 
Peak 
Flow 

Storage 
Volume 

Required 

Max. 
Water 

Elevation 

(cfs) (cfs) (cf) (ft) 

1-Year 0.119 1.474 0.017 3,859 930.53 

2-Year 0.173 1.886 0.019 5,069 930.91 

5-Year 0.261 2.507 0.022 6,964 931.38 

10-Year 0.341 3.045 0.024 8,654 931.78 

25-Year 0.469 3.850 0.099 9,846 932.05 

50-Year 0.582 4.537 0.257 10,259 932.12 

100-Year 0.709 5.292 0.635 10,936 932.25 

     Table 3 Runoff Summary 
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1.3 Stormwater Quality Control 
 
Storm water quality will be provided in the dry extended detention basin conforming to OEPA and local 
requirements.  Discharge from the extended detention basin will be controlled by a water quality 
orifice, which will discharge the required water quality volume over the required minimum drain time.  
See attached Drawings C1.6, C4.1, & C6.1 for additional basin and outlet control structure information.  
See attached Hydraflow Hydrographs for additional water elevation and drain time information.  The 
required Water Quality Volume (WQv) was calculated as follows: 
 
OEPA Permit OHC000005 (4/23/18-4/22/23) – Water Quality Volume Calculation for Previously Developed Areas 
WQv = P*A*[(Rv1*0.2) + (Rv2-Rv1)]/12  
Rv = 0.05 + 0.9i (volumetric runoff coefficient) 
 
P = precipitation depth (0.90 in) 
A = area draining into the BMP (1.51 ac) 
Rv1 = 0.05+0.9(0.23) = 0.25 (Pre-Development) 
Rv2 = 0.05+0.9(0.64) = 0.63 (Post-Development) 
 
WQv = 0.90*1.51*[(0.25*0.2) + (0.64-0.25)]/12 = 0.05 Acre-FT = 2,121 CF 
 
Note: WQv should be increased by 20% for capacity lost over time due to sediment accumulation.

 
See attached Drawing C1.6 for orifice sizing and drain times summary.  As required for dry extended 
detention basins, a fore bay and micro pool will be provided, each sized at a minimum 10% of the 
WQv.  Following is a summary of WQv: 
 

 Required Provided 

Water Quality Volume (WQv) 2,121 cf 3,077 cf 

Water Quality Volume + 20% 2,546 cf 3,077 cf 

Sediment Storage (20%) 509 cf 509 cf 

Forebay (10% WQv) 255 cf 608 cf 

Micropool (10% WQv) 255 cf 302 cf 

Drain Time 48 hours 51 hours 

          Table 4 Water Quality Volume (WQv) Data 
 
1.4 Temporary Sediment Trap 
 
The proposed stormwater management basin will be used as a temporary sediment trap during 
construction to capture and store sediment resulting from construction activity.  See attached Drawing 
C1.1 for temporary sediment trap design data. 
 
1.5  Conclusion 
 
The proposed stormwater management system will control discharge from the areas being developed 
to satisfy local and OEPA requirements. The post-development peak discharge rates will be controlled 
to be less than pre-development peak discharge rates by a new outlet control structure.  Stormwater 
quality control will be provided in the proposed dry extended detention basin utilizing a water quality 
orifice, as well as a fore bay and micro pool.  The proposed extended dry detention pond will provide 
sufficient storage volume to safely store runoff being restricted by the outlet control structures.   In the 
rare circumstance that the water level within the detention basins exceeds the top of bank elevation, 
an emergency path has been provided for the water to flow safely downstream. 
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
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Hydraflow Rainfall Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 41.2648 9.8000 0.8779 --------

2 49.3678 10.1000 0.8726 --------

3 0.0000 0.0000 0.0000 --------

5 50.4399 9.4000 0.8244 --------

10 50.5524 8.8000 0.7909 --------

25 44.3016 7.1000 0.7238 --------

50 42.9511 6.3000 0.6918 --------

100 39.5863 5.3000 0.6488 --------

File name: Massillon Rain Intensity.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 3.87 3.00 2.46 2.10 1.83 1.63 1.47 1.34 1.23 1.14 1.06 0.99

2 4.62 3.60 2.96 2.53 2.21 1.97 1.78 1.62 1.49 1.38 1.29 1.21

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 5.59 4.38 3.62 3.11 2.73 2.44 2.21 2.02 1.87 1.74 1.63 1.53

10 6.34 4.97 4.12 3.54 3.12 2.80 2.54 2.34 2.16 2.02 1.89 1.78

25 7.29 5.68 4.71 4.07 3.60 3.24 2.96 2.73 2.53 2.37 2.23 2.11

50 8.03 6.23 5.18 4.47 3.97 3.58 3.27 3.03 2.82 2.64 2.49 2.36

100 8.72 6.74 5.61 4.87 4.33 3.92 3.60 3.33 3.12 2.93 2.77 2.63

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

Precip. file name: \\rlba-fs01\9000-13500\13064\13064.12 SARTA Task 12 - Massillon Transit Center\Civil\Drainage\Massillon Precipitation.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 2.04 2.44 0.00 3.04 3.56 4.34 5.01 5.75

SCS 6-Hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-1st 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.



Technical Release 55
Urban Hydrology for Small Watersheds

Estimating RunoffChapter 2

2–6 (210-VI-TR-55, Second Ed., June 1986)

Table 2-2b Runoff curve numbers for cultivated agricultural lands 1/

                                                                                                                                                               Curve numbers for
------------------------------------------  Cover description  ---------------------------------------------               -------------  hydrologic soil group  ----------------

Hydrologic
Cover type Treatment 2/ condition 3/ A B C D

Fallow Bare soil — 77 86 91 94
Crop residue cover (CR) Poor 76 85 90 93

Good 74 83 88 90

Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89

SR + CR Poor 71 80 87 90
Good 64 75 82 85

Contoured (C) Poor 70 79 84 88
Good 65 75 82 86

C + CR Poor 69 78 83 87
Good 64 74 81 85

Contoured & terraced (C&T) Poor 66 74 80 82
Good 62 71 78 81

C&T+ CR Poor 65 73 79 81
Good 61 70 77 80

Small grain SR Poor 65 76 84 88
Good 63 75 83 87

SR + CR Poor 64 75 83 86
Good 60 72 80 84

C Poor 63 74 82 85
Good 61 73 81 84

C + CR Poor 62 73 81 84
Good 60 72 80 83

C&T Poor 61 72 79 82
Good 59 70 78 81

C&T+ CR Poor 60 71 78 81
Good 58 69 77 80

Close-seeded SR Poor 66 77 85 89
or broadcast Good 58 72 81 85
legumes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83

Good 51 67 76 80

1 Average runoff condition, and Ia=0.2S
2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
3 Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy of vegetative areas,

(b) amount of year-round cover, (c) amount of grass or close-seeded legumes, (d) percent of residue cover on the land surface (good ≥ 20%),
and (e) degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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2–7(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2c Runoff curve numbers for other agricultural lands 1/

         Curve numbers for
---------------------------------------  Cover description  --------------------------------------                 ------------  hydrologic soil group ---------------

Hydrologic
Cover type condition A B C D

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2/ Fair 49 69 79 84

Good 39 61 74 80

Meadow—continuous grass, protected from — 30 58 71 78
grazing and generally mowed for hay.

Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. 3/ Fair 35 56 70 77

Good 30 4/ 48 65 73

Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). 5/ Fair 43 65 76 82

Good 32 58 72 79

Woods. 6/ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 4/ 55 70 77

Farmsteads—buildings, lanes, driveways, — 59 74 82 86
and surrounding lots.

1  Average runoff condition, and Ia = 0.2S.
2  Poor: <50%) ground cover or heavily grazed with no mulch.

 Fair: 50 to 75% ground cover and not heavily grazed.
 Good: > 75% ground cover and lightly or only occasionally grazed.

3  Poor: <50% ground cover.
 Fair: 50 to 75% ground cover.
 Good: >75% ground cover.

4  Actual curve number is less than 30; use CN = 30 for runoff computations.
5  CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.
6  Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

 Fair: Woods are grazed but not burned, and some forest litter covers the soil.
 Good: Woods are protected from grazing, and litter and brush adequately cover the soil.



Technical Release 55
Urban Hydrology for Small Watersheds

Estimating RunoffChapter 2

2–8 (210-VI-TR-55, Second Ed., June 1986)

Table 2-2d Runoff curve numbers for arid and semiarid rangelands 1/

         Curve numbers for
----------------------------------------  Cover description  -----------------------------------------------       ---------------  hydrologic soil group  -------------

Hydrologic
                        Cover type condition 2/ A 3/ B C D

Herbaceous—mixture of grass, weeds, and Poor 80 87 93
low-growing brush, with brush the Fair 71 81 89
minor element. Good 62 74 85

Oak-aspen—mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, Fair 48 57 63
and other brush. Good 30 41 48

Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 80

Good 41 61 71

Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70

Good 35 47 55

Desert shrub—major plants include saltbush, Poor 63 77 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86

palo verde, mesquite, and cactus. Good 49 68 79 84

1 Average runoff condition, and Ia, = 0.2S. For range in humid regions, use table 2-2c.
2 Poor:  <30% ground cover (litter, grass, and brush overstory).

Fair:    30 to 70% ground cover.
Good:  > 70% ground cover.

3 Curve numbers for group A have been developed only for desert shrub.
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TR55 Tc Worksheet

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021

Hyd. No. 1

Pre-Development

Description A B C Totals

Sheet Flow
Manning's n-value =  0.150 0.011 0.011
Flow length (ft) =  38.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.35 0.00 0.00
Land slope (%) =  2.30 0.00 0.00

Travel Time (min) = 4.99 + 0.00 + 0.00 = 4.99

Shallow Concentrated Flow
Flow length (ft) =  0.00 0.00 0.00
Watercourse slope (%) =  0.00 0.00 0.00
Surface description =  Paved Paved Paved
Average velocity (ft/s) =0.00 0.00 0.00

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 5.00 min



Hydrograph Return Period Recap

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ 0.119 0.173 ------- 0.261 0.341 0.469 0.582 0.709 Pre-Development

2 SCS Runoff ------ 1.474 1.886 ------- 2.507 3.045 3.850 4.537 5.292 Post-Development

3 Reservoir 2 0.017 0.019 ------- 0.022 0.024 0.099 0.257 0.635 Routed

Proj. file: 1306412SWM5.gpw Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

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

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

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

1 SCS Runoff 0.119 2 718 240 ------ ------ ------ Pre-Development

2 SCS Runoff 1.474 2 724 4,621 ------ ------ ------ Post-Development

3 Reservoir 0.017 2 1448 4,024 2 930.53 3,859 Routed

1306412SWM5.gpw Return Period: 1 Year Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

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

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

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

1 SCS Runoff 0.173 2 718 346 ------ ------ ------ Pre-Development

2 SCS Runoff 1.886 2 724 5,945 ------ ------ ------ Post-Development

3 Reservoir 0.019 2 1448 4,754 2 930.91 5,069 Routed

1306412SWM5.gpw Return Period: 2 Year Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

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

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

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

1 SCS Runoff 0.261 2 718 523 ------ ------ ------ Pre-Development

2 SCS Runoff 2.507 2 724 7,982 ------ ------ ------ Post-Development

3 Reservoir 0.022 2 1450 5,654 2 931.38 6,964 Routed

1306412SWM5.gpw Return Period: 5 Year Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

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

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

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

1 SCS Runoff 0.341 2 718 688 ------ ------ ------ Pre-Development

2 SCS Runoff 3.045 2 724 9,780 ------ ------ ------ Post-Development

3 Reservoir 0.024 2 1452 6,341 2 931.78 8,654 Routed

1306412SWM5.gpw Return Period: 10 Year Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

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

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

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

1 SCS Runoff 0.469 2 716 950 ------ ------ ------ Pre-Development

2 SCS Runoff 3.850 2 724 12,511 ------ ------ ------ Post-Development

3 Reservoir 0.099 2 970 8,377 2 932.05 9,846 Routed

1306412SWM5.gpw Return Period: 25 Year Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

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

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

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

1 SCS Runoff 0.582 2 716 1,185 ------ ------ ------ Pre-Development

2 SCS Runoff 4.537 2 724 14,880 ------ ------ ------ Post-Development

3 Reservoir 0.257 2 812 10,736 2 932.12 10,259 Routed

1306412SWM5.gpw Return Period: 50 Year Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

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

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

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

1 SCS Runoff 0.709 2 716 1,452 ------ ------ ------ Pre-Development

2 SCS Runoff 5.292 2 724 17,511 ------ ------ ------ Post-Development

3 Reservoir 0.635 2 758 13,359 2 932.25 10,936 Routed

1306412SWM5.gpw Return Period: 100 Year Tuesday, 12 / 6 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 1

Pre-Development

Hydrograph type =  SCS Runoff Peak discharge =  0.119 cfs
Storm frequency =  1 yrs Time to peak =  11.97 hrs
Time interval =  2 min Hyd. volume =  240 cuft
Drainage area =  0.120 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  5.00 min
Total precip. =  2.04 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hyd. No. 1 -- 1 Year

Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 1

Pre-Development

Hydrograph type =  SCS Runoff Peak discharge =  0.173 cfs
Storm frequency =  2 yrs Time to peak =  11.97 hrs
Time interval =  2 min Hyd. volume =  346 cuft
Drainage area =  0.120 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  5.00 min
Total precip. =  2.44 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hyd. No. 1 -- 2 Year

Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 1

Pre-Development

Hydrograph type =  SCS Runoff Peak discharge =  0.261 cfs
Storm frequency =  5 yrs Time to peak =  11.97 hrs
Time interval =  2 min Hyd. volume =  523 cuft
Drainage area =  0.120 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  5.00 min
Total precip. =  3.04 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hyd. No. 1 -- 5 Year

Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 1

Pre-Development

Hydrograph type =  SCS Runoff Peak discharge =  0.341 cfs
Storm frequency =  10 yrs Time to peak =  11.97 hrs
Time interval =  2 min Hyd. volume =  688 cuft
Drainage area =  0.120 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  5.00 min
Total precip. =  3.56 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

0.05 0.05

0.10 0.10

0.15 0.15

0.20 0.20

0.25 0.25

0.30 0.30

0.35 0.35

0.40 0.40

0.45 0.45

0.50 0.50

Q (cfs)

Time (hrs)

Pre-Development

Hyd. No. 1 -- 10 Year

Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 1

Pre-Development

Hydrograph type =  SCS Runoff Peak discharge =  0.469 cfs
Storm frequency =  25 yrs Time to peak =  11.93 hrs
Time interval =  2 min Hyd. volume =  950 cuft
Drainage area =  0.120 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  5.00 min
Total precip. =  4.34 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 1

Pre-Development

Hydrograph type =  SCS Runoff Peak discharge =  0.582 cfs
Storm frequency =  50 yrs Time to peak =  11.93 hrs
Time interval =  2 min Hyd. volume =  1,185 cuft
Drainage area =  0.120 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  5.00 min
Total precip. =  5.01 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 1

Pre-Development

Hydrograph type =  SCS Runoff Peak discharge =  0.709 cfs
Storm frequency =  100 yrs Time to peak =  11.93 hrs
Time interval =  2 min Hyd. volume =  1,452 cuft
Drainage area =  0.120 ac Curve number =  80
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  5.00 min
Total precip. =  5.75 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 2

Post-Development

Hydrograph type =  SCS Runoff Peak discharge =  1.474 cfs
Storm frequency =  1 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  4,621 cuft
Drainage area =  1.000 ac Curve number =  92
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  18.90 min
Total precip. =  2.04 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 2

Post-Development

Hydrograph type =  SCS Runoff Peak discharge =  1.886 cfs
Storm frequency =  2 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  5,945 cuft
Drainage area =  1.000 ac Curve number =  92
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  18.90 min
Total precip. =  2.44 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 2

Post-Development

Hydrograph type =  SCS Runoff Peak discharge =  2.507 cfs
Storm frequency =  5 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  7,982 cuft
Drainage area =  1.000 ac Curve number =  92
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  18.90 min
Total precip. =  3.04 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00

3.00 3.00

Q (cfs)

Time (hrs)

Post-Development

Hyd. No. 2 -- 5 Year
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 2

Post-Development

Hydrograph type =  SCS Runoff Peak discharge =  3.045 cfs
Storm frequency =  10 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  9,780 cuft
Drainage area =  1.000 ac Curve number =  92
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  18.90 min
Total precip. =  3.56 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 2

Post-Development

Hydrograph type =  SCS Runoff Peak discharge =  3.850 cfs
Storm frequency =  25 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  12,511 cuft
Drainage area =  1.000 ac Curve number =  92
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  18.90 min
Total precip. =  4.34 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 2

Post-Development

Hydrograph type =  SCS Runoff Peak discharge =  4.537 cfs
Storm frequency =  50 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  14,880 cuft
Drainage area =  1.000 ac Curve number =  92
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  18.90 min
Total precip. =  5.01 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00

3.00 3.00

4.00 4.00

5.00 5.00

Q (cfs)

Time (hrs)

Post-Development

Hyd. No. 2 -- 50 Year

Hyd No. 2



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 2

Post-Development

Hydrograph type =  SCS Runoff Peak discharge =  5.292 cfs
Storm frequency =  100 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  17,511 cuft
Drainage area =  1.000 ac Curve number =  92
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  18.90 min
Total precip. =  5.75 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 3

Routed

Hydrograph type =  Reservoir Peak discharge =  0.017 cfs
Storm frequency =  1 yrs Time to peak =  24.13 hrs
Time interval =  2 min Hyd. volume =  4,024 cuft
Inflow hyd. No. =  2 - Post-Development Max. Elevation =  930.53 ft
Reservoir name =  Ext Dry Det Pond Max. Storage =  3,859 cuft

Storage Indication method used.
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Hyd. No. 3 -- 1 Year

Hyd No. 3 Hyd No. 2 Total storage used = 3,859 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 3

Routed

Hydrograph type =  Reservoir Peak discharge =  0.019 cfs
Storm frequency =  2 yrs Time to peak =  24.13 hrs
Time interval =  2 min Hyd. volume =  4,754 cuft
Inflow hyd. No. =  2 - Post-Development Max. Elevation =  930.91 ft
Reservoir name =  Ext Dry Det Pond Max. Storage =  5,069 cuft

Storage Indication method used.
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Hyd. No. 3 -- 2 Year

Hyd No. 3 Hyd No. 2 Total storage used = 5,069 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 3

Routed

Hydrograph type =  Reservoir Peak discharge =  0.022 cfs
Storm frequency =  5 yrs Time to peak =  24.17 hrs
Time interval =  2 min Hyd. volume =  5,654 cuft
Inflow hyd. No. =  2 - Post-Development Max. Elevation =  931.38 ft
Reservoir name =  Ext Dry Det Pond Max. Storage =  6,964 cuft

Storage Indication method used.
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Hyd. No. 3 -- 5 Year

Hyd No. 3 Hyd No. 2 Total storage used = 6,964 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 3

Routed

Hydrograph type =  Reservoir Peak discharge =  0.024 cfs
Storm frequency =  10 yrs Time to peak =  24.20 hrs
Time interval =  2 min Hyd. volume =  6,341 cuft
Inflow hyd. No. =  2 - Post-Development Max. Elevation =  931.78 ft
Reservoir name =  Ext Dry Det Pond Max. Storage =  8,654 cuft

Storage Indication method used.
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Hyd. No. 3 -- 10 Year

Hyd No. 3 Hyd No. 2 Total storage used = 8,654 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 3

Routed

Hydrograph type =  Reservoir Peak discharge =  0.099 cfs
Storm frequency =  25 yrs Time to peak =  16.17 hrs
Time interval =  2 min Hyd. volume =  8,377 cuft
Inflow hyd. No. =  2 - Post-Development Max. Elevation =  932.05 ft
Reservoir name =  Ext Dry Det Pond Max. Storage =  9,846 cuft

Storage Indication method used.
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Hyd. No. 3 -- 25 Year

Hyd No. 3 Hyd No. 2 Total storage used = 9,846 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 3

Routed

Hydrograph type =  Reservoir Peak discharge =  0.257 cfs
Storm frequency =  50 yrs Time to peak =  13.53 hrs
Time interval =  2 min Hyd. volume =  10,736 cuft
Inflow hyd. No. =  2 - Post-Development Max. Elevation =  932.12 ft
Reservoir name =  Ext Dry Det Pond Max. Storage =  10,259 cuft

Storage Indication method used.
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Hyd. No. 3 -- 50 Year

Hyd No. 3 Hyd No. 2 Total storage used = 10,259 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Hyd. No. 3

Routed

Hydrograph type =  Reservoir Peak discharge =  0.635 cfs
Storm frequency =  100 yrs Time to peak =  12.63 hrs
Time interval =  2 min Hyd. volume =  13,359 cuft
Inflow hyd. No. =  2 - Post-Development Max. Elevation =  932.25 ft
Reservoir name =  Ext Dry Det Pond Max. Storage =  10,936 cuft

Storage Indication method used.
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Hyd. No. 3 -- 100 Year

Hyd No. 3 Hyd No. 2 Total storage used = 10,936 cuft



Pond Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 12 / 6 / 2022

Pond No. 1 -  Ext Dry Det Pond

Pond Data

Contours -User-defined contour areas. Average end area method used for volume calculation. Begining Elevation = 929.20 ft

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 929.20 2,001 0 0
0.90 930.00 2,751 2,138 2,138
1.90 931.00 3,715 3,233 5,371
2.90 932.00 4,747 4,231 9,602
3.90 933.00 5,865 5,306 14,908
4.90 934.00 6,935 6,400 21,308

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  15.00 0.75 3.00 0.00

Span (in) =  15.00 0.75 18.00 0.00

No. Barrels =  1 1 1 0

Invert El. (ft) =  929.00 929.00 932.00 0.00

Length (ft) =  113.00 0.00 0.00 0.00

Slope (%) =  0.44 0.00 0.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a Yes Yes No

Crest Len (ft) =  0.00 0.00 0.00 0.00

Crest El. (ft) =  934.00 0.00 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  Rect --- --- ---

Multi-Stage =  Yes No No No

Exfil.(in/hr) =  0.000 (by Contour)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

0.00 0.50 1.00 1.50 2.00 2.50 3.00

Stage (ft)

0.00 929.20

1.00 930.20

2.00 931.20

3.00 932.20

4.00 933.20

5.00 934.20

Elev (ft)

Discharge (cfs)

Stage / Discharge

Total Q



\\rlba-fs01\9000-13500\13064\13064.12 SARTA Task 12 - Massillon Transit Center\Civil\Drainage\Report 

221206\001-1306412 Drainage Report.doc  

 
 
 
 
 

PART 3 
 

EXHIBITS 
 
 










































