SCI-823-0.00
PID 77366
(Portsmouth Bypass)

Phase - 3, Stage 1

Preliminary Hydraulic Calculations

Submitted January 8, 2008

5747 Perimeter Drive, Suite 240, Dublin, Ohio 43017



SCI-823-0.00
PID 77366
(Portsmouth Bypass)

Phase - 3, Stage 1

Preliminary Hydraulic Calculations

Submitted January 8, 2008

JREETYI Systems
5747 Perimeter Drive, Suite 240, Dublin, Ohio 43017




TABLE OF CONTENTS
NaITative .....uceevvceveirecreereenesesnnens SN 1
APPENDIX A - LD-35, Drainage Criteria FOrm.........cocecvveirevecnvssiseenans 2-13
APPENDIX B - Inlet Spacing Calculations .......cc.coniernnissnicinnisanniin, 14-37
APPENDIX C - Storm Sewer Calculations..........cccocuvisisinsienssmsunssnsvaen 38-92
APPENDIX D - Culvert Caleulations.............ccccconeeencrvnnnsscvrssnsssnsen 93-265
APPENDIX E - Ditch Calculations.......uussinsimmnoismseseness 266-337
APPENDIX F - BMP Calctlations........ccousssemmsisismsnsnssosinnssinnens 338-349
APPENDIX G = LD-33 FOIM...ccvcisnsressisesrcsissmsssersssnsrensesassessassassane 350-351




O

»,

Narrative




O

As discussed with ODOT, prior to the Preferred Alternative Verification Review (PAVR), culverts
located under high fill! are to be increased in size. The increased size is the design size plus two

additional sizes. This will allow a liner with a field paved invert fo be inserted into it at a later date.

Since a liner will be installed at the high fill locations, traffic on the roadway above the culvert can
be maintained with minimal interruption when a new culvert is installed.

Currently there are no oversized storm sewers in this section of the project.

On June 23, 2005, the County Engineer requested that a copy of the LD-33 form be submitted to
him at the Stage 1 Review. Therefore the LD-33 form has not yet been approved by the County
Engineer. A copy of the form and calculations is attached in the Appendix.

For this Phase of the project the BMP's used are:

Exfiltration trenches and vegetative ditches as described in L&D Volume 2, section 1118. The
BMP ditch calculations show required widths.

The SR 335 bridge over the Little Sdioto River falls within FEMA flood zone A.

Hydraulic analysis for inlet spacing, storm sewers, culverts and ditches were done using ODOT
CDSS Version 1.0.0.3.

The Report is organized as follows:

Appendix A contains all the LD-35 Drainage Criteria submitted to ODOT in July 2005
Appendix B contains all the Inlet Spacing Calculations

Appendix C contains the Storm Sewer Calculations

Appendix D contains Culverts Analysis

Appendix E contains Difch Calculations

Appendix F contains the BMP Exfiltration Trench calculations and Ditch BMP calculations

Appendix G contains LD-33 Form

! (high is fill greater than or equal to 30°)
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APPENDIX A

LD-35, Drainage Criteria




Form LD-35
Revised April 2005

O.

GENERAL PROJECT INFORMATION

County Route Section
Scioto SR 823 0.00
(Attach Typical Section) '
AFFECTED ROADWAYS: Route Average Daily Traffic  Rural/ Urban
. INTERSTATE OR OTHER L/A FACILITIES SCI 823 21,200 {(2008) Rural
U.S.52,U8. 23,
‘ARTERIALS AND COLLECTORS S.R. 140
Shurmway-Haollow Rd
Stout Hollow Road
LOCALS
30°
CLEAR ZONE
O All Units are English:  Yes
PIPE POLICY:
The Pipe Policy of ODOT will be used for this project. (See Section 1002 for additional
information) '

If a policy other than ODOT"s is being used, the following material types are permitted:

(Please attach a copy of the written pipe policy. In lieu of a written policy, documentatlon of locally funded

construction practlces may be provided)

PROJECT SPECIFIC INFORMATION AFFECTING DRAINAGE:
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Section A. Roadway Culverts (Type A Conduits)

1.

DESIGN STORM FREQUENCY (1004.2):

a. Mainline 50 Year
b. Crossroads . ‘ 25 Year

BANKFULL DESIGN No- (Circle yes if at least one culvert has bankfull design) attach a
list of culverts with bankfill designs

FLOOD PLAIN CULVERT(S) NEEDED? No (Circle yes if at least one culvert has flood
plain culverts) attach a list of culverts with flood plain culverts

DURABILITY SERVICE LIFE 75 Year attach a list of culverts with their durability
service life if multiple culverts have different frequencies.

ABRASIVE SITE? Yes _ (Circle yes if at least one culvert has an abrasive site) aftach a
list of culverts with their abrasive sife assumptions if multiple culverts are different

MAXIMUM ALLOWABLE HE_ADWATER FOR DESIGN STORM (1006.2):

a. 2’ below cop if drainage area >1000acres, 1’ below cop if drainage area < 1000acres.
b. 2’ above crown in flat terrain, 4’ above crown in a ravine.
c.

METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1003):

a, 15.5.G.S. Rural Equations for areas >6acres.

b. Rational Method for areas < 6 acres.
SCALE OF TOPOGRAPHIC MAPPING USED TO DELINEATE DRAINAGE AREAS (i 101.1):

a. 24,000:1

C.

MANNING’S “n” USED FOR (1105.5.5):

a. Smooth pipe 0.012

b. Corrugated pipe: . |
225" % Full flow 0.025
KA S RH Full flow 0.025

6"x 2™ Full flow 0.025
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Section A. Roadway Culverts - Continued

10,

11.

12.

13.

14.

15,

- 16.

ENTRANCE LOSS COEFFICIENT (k,) (1105.5.6, table 1105-1):

a. Corrugated pipe: HW-4 Headwall _ 0.9 Full Headwall
b. Smooth Concrete pipe  HW-4 Headwall 0.2 Full Headwall
d. Box Shape Full Headwall __ 0.2

MINIMUM COVER (top of pipe to subgrade) FOR (1008):

a. Rigid pipe _ ODOT L&D Vol. 2 Sec. 1008.2.2

b. Flexible pipe ODOT L&D Vol. 2 Sec, 1008.1.4
MAXIMUM COVER FOR (1008):

a, Rigid pipe __ ODQOT L&D Vol. 2 Sec. 1008.1.4

b. Flexible pipe _ ODOT L&D Vol. 2 Sec. 1008.1.4

MAXIMUM ALLOWABLE CULVERT OUTLET VELOCITY (1002.2.2) :

0.25

0.25

a. Bare earth channel 2fps

b. "Rock channel protection _ 6-20fps

c. Use _Energy Dissapators for velocities in excess of 20 fp.s.
HEADWALL TYPE (1106.2):

a. Hw-1.1

b. HW-2.1 or HW-2.2

CONTACT WILL BE MADE WITH COUNTY ENGINEER TO ESTABLISH:

a. Floodplain Issues

b. Farm tiles

. MINIMUM PIPE SIZE (1002.3.1, Figure 1002-1) :

a. Freeway or limited access facility 15"

b. Other highways 127




Section B. Storm Sewers (Type B & C Conduits)

Q | 1. DESIGN EREQUENCY (JustFull) __ 10 YEAR (1104.4.1)
2. HYDRAULIC GRADIENT SHALL NOT EXCEED (1104.4.2):
a. 12 inches below edge of pavement for 25 year frequency storm.
b. Pavement catch basin grate or lip of inletfor __ 25 year frequency storm.
c. A point in a depressed pavement sag that would result in an impassible highway for a 25

year frequency storm.

d. Other: See ODOT L&D Vol. 2 Sec. 1104.4.2

e.  Theabove is based on:
1. - A pipe roughness “n”=__ 0.015 _ for pipe sizes 60" and under and _ 0.013  for

larger sizes.

ii.

3. METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1003):
a. Rational Method for areas under 6acres.
O b. U.S.G.S. Rural Equations — Report 89-4126 for areas Gacres or greater.
4, COEFFICIENT OF RUNOFF “C” FOR (1101.2.3):
a. Pavement and paved shoulders 0.9
b. Berms and slopes (4:1 and flatter)
'c. Berms and slopes (steeper than 4:1)
d. Contributing areas:
Residential 0.3-0.5 Woods 0.3-04 Cultivated 0.3-0.6
5. METHOD USED TO DETERMINE TIME TO FIRST CATCH BASIN OR PAVEMENT INLET
Q1 101 )
a. Overland flow plus time in ditch.
b.
6. MINIMUM TIME TO (1104.4.4):
Q .a. Ditch catch basin 15 minutes

b. Pavement inlet or catch basin 10 minutes




Section B. Storm Sewers (Type B & C Conduits) - Continued.

O 7. MINIMUM COVER OVER SEWERS (1104.2.1);
a. Rigid pipe: |
1. Type B conduit (under pavement or paved shoulder) _9” from top of pipe to boﬁom of
the subgrade
ii. Type C conduit (beyond pavement or paved shoul&er) 18"
b. Flexible pipe:
1. Type B conduit (under pavement or paved shoulder) 12”-24” from top of pipe to bottom
of the subgrade
il. Type C conduit (beyond pavement or paved shoulder)  18”
8. DESIRABLE MINIMUM VELOCITY FOR DESIGN FLOW l 3 fp.s (1104.2.1).
9. MAXIMUM LENGTH BETWEEN MANHOLES OR SUITABLE CLEANOUT POINTS (1 104.2.2) :
a, Under 36"diameter 300’
b. 36" - 60" diameter 500°
c. Over 60” diameter _750” to 1000’

O 10. MINIMUM PIPE SIZE UNDER PAVEMENT (1104.4.6):
a. Freeway or limited access facility 15"

b. Other highways 12"

11. FROCEDURE TO FOLLOW WHEN EXISTING PRIVATE DRAINS ARE CUT BY PROPOSED

SEWERS OR DITCHES: _See Section 1104.2.1 ODOT L&D Vol. 2




Section C. Roadway Ditches

1.

O

. METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1003):

a, Rational Method with minimum Tc for areas under 6 acres.

b. U.S.G.S. Rural Equations fir areas =6 acres.

DESIGN FREQUENCY TO DETERMINE (1102.3.1 or 1102.4):

ADT >2000:

a. Depth of flow determination 10 year

b. Shear Stress determination (for protection and width of protection)
ADT <2000:

c. Depth of flow determination 5 year

d Shear Stress determination (for protection and width of protection)

METHOD USED TO DETERMINE TIME OF FLOW TO DITCH (1101.2):

Overland Flow

5

5

year

year

ALLOWABLE SHEAR STRESS FOR DITCH LINING (1102.3):

Permanent Ditch Protection:

a. Seed lining 0.40 psf.

b. Seod or other temporary ditch protection ‘ 1.0 psf.
c.. Turf Reinforcing Mat (S5836), Type 1 2.00 p;f.
d. Turf Reinforcing Mat (S5836), Type 2 3.00 psf.
e. Turf Reinforcing Mat (SS836), Type 3 5.00 . psf.
f. RCP, Type B 6 psf.

g RCP, Type C 4 pst.

h, RCP, Type D 2 psf.

Temporary Ditch Protection (Item 670):

a. Mat, Type A 125  psf.
b. Mat, Type B _ " 1.50  psf.
c. Mat, TypeC__ 2.0 pst.
d. Mat, Type E__ 2.25  psf.

€. Mat, Type F 045 psf.




O

f Mat, Type G _. 1.75_ psf.

MANNING’S “n” USED FOR (1102.3):

a, Seed lining __ 0.03

b. Sod, jute, or other temporary linings  0.04
c. Turf reinforcing mats __ 0.04

d. Tied Concrete Block Matting  0.021

e. Rock channel protection _0.04-0.06

DITCH CONFIGURATION (1102.2):

a. Cut section for roadway, with 18-3/4

b. . Fill Section for toe of embankment, with

inch mininmum depth

18

inch minimum depth
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Section C. Roadway Ditches - Continued

7.

10.

11,

TYPE OF DITCH CATCH BASIN (1102.3.4);
a. 2-2A, 2-2B, 2-3, 2-4, CB-4, CB-5, CB-8, CB-4A, €B-5A, CB-8A, CB-7

MINIMUM LONGITUDINAL SLOPE OF DITCHES IN CUT SECTIONS (1102.1):

a, 0.5% desirable minimum

b. 0.25% absolute minimum
METHOD USED TO LOCATE EXISTING FARM TILE CROSSED BY HIGHWAYS?

a. Contact with County Engineer

MINIMUM WIDTH OF DITCH LININGS (1102.3.1):

a. Sod___ 7.5 ft.
b. Temporary linings 7.5 ft.
c. Turf reinforcing mats 7.5 | ft,

DESIGN FREQUENCY DEPTH SHALL NOT EXCEED (1102.3.1):
a. 1’ below eop for design discharge.
b. Toe of slope ditch not to overtop ditch bank for design year,

c.




Section D. Median Ditches

1. DITCH CONFIGURATIONS (1102.3):

a. Depréssed 60’ Median

b, Type of barrier Type Al
2. | WIDTH BETWEEN PAVEMENT EDGES Varies 14°5-3/4" t0 60’ fi.
3. ALLOWABLE SHEAR éT'RESS FbR DITCH LINING (1102.3):

Permanent Ditch Protection:

a. Seed lining _0.40 psf.

i Sod or other temporary ditch protection -~ 1.0 psf.
j- Turf Reinforcing Mat (SS836), Type 1 200 psf
k. " Turf Reinforcing Mat (SS836), Type 2 3.00, psf.
1 Turf Reinforcing Mat (SS836), Type 3 5.00  psf,

m. RCP, Type B 6 psf.
n. RCP, Type C___ 4 psf.
o. RCP, TypeD___ 2 psf.

Temporary Diich Protection (Item 670):

2. Mat, Type A 125 psf.
h. Mat, Type B 1.50 psf.
L. Mat, Type C 20  psf
J- Mat, Type E 2.25_  psf.
k. Mat, Type F 0.45  psf.
1 Mat, Type G 175  pst.

4. METHOD USED TO ESTIMATE DESIGN DISCHARGE (Q) (1 101.2):
a, Rational Method for areas < 6 acres.
b, U.S.G.S. Rural Equations for areas 36 acres.

5. . CATCH BASIN SPACING WILL BE DETERMINED BY HYDRAULIC ANALYSIS USING (1102.3.4):

a. 3 year frequency and “n” = 0.04  for velocity
b. 10 year frequency and “n” = 0.04 for depth
c. Controls:

10




i. . Design frequency depth shall not exceed:

) 1’ below eop design discharge.

@
d Catch basin spacing, depressed median, fill section:
Median Width 84" 60' 40"
i Desirable maximum 1250’ - 1000° 800’
il Absolute maximum 1500° 1250° 1000

TYPE OF MEDIAN CATCH BASIN OR INLET (1102.3.4):

a. CB- 4, Inlet No. 3, Single Slope Barrier A1, Inlet No. 3, Single Slope Barrier Type C1.

MINIMUM LONGITUDINAL SLOPE OF DEPRESSED EARTH MEDIAN:

0.5% preferred minimum, 0.25% absolute mninum. -

1




Section E. Drainage for Curbed Pavements

A

CONTROLS FOR THE DETERMINATION OF INLET OR CATCH BASIN SPACING (1103):

a. Design storm frequency 10 year
b. Check storm frequency, 50 year (for underpasses or depressed roadways where the storm

sewer is the only outlet)

c. METHOD USED TO DETERMINE TIME TO FIRST CATCH BASIN OR PAVEMENT
INLET:
i Overland Flow
ii. 10 minute minimum.
d. Maximum spread of flow mté traveledlane 0 ft. (table 1 ].03-1)
Outside lane width greater than 12 feet 4 ft,
Total allowable spread on pavement 4 ft.
e. Maximum depth of flow at curb 5 in.
f. Manning’s “n” for:
i Reinforced concrete pavement 015
ii. ‘Asphaltic concrete pavement 015
iii. Paved shoulders __ 015

TYPE OF INLET OR CATCH BASIN PROPOSED FOR (1103): ,‘

a. Continuous grades __ CB-3, CB-3A, CB-6, Inlet No.4 Type A, B. Al and Bl

b. Sags _CB-3, CB-6, Inlet No.4 Type A, B, Al and Bl

INLET LIP OF CURB OPENING INLET WILL BE DEPRESSED ___ INCHES BELOW
NORMAL GUTTER.

a, A local ciepression of 1/2__ inches will be used to determine spacing of combination grate
and curb opening catch basins for a curb pavement section.

b. A local depression of 0 inches will be nsed to determine spacmg of combination grate
and curb opening catch basins for a combination curb and gutter section.

12




O Section F. Post Construction Storm Water Management

1. THRESHOLD LIMITS  (1115):
c. Impervious surface width ‘drained‘in one direction___30 ft.
d. Project is located within an MS4 area. Yes (Circle answer)
e. More than 80% of the drained area is discharged through a storm sewer.
Yes {Circle answer)
f. Storm water outfall is into a TMDL Regulated Stream.

Yes (Circle answer)

13




APPENDIX B /




APPENDIX B

Inlet Spacing Calculations
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SR823 STA. 68+64.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
/2832542.000 | sQ.FT.
0.102 SQ. MI. CONTDA = Contributing Drainage Area
PESEoNREERE] SQ. FT.
0.00 % STORAGE = Storage Area
S Koy W gy | FT. TOTAL CHANNEL LENGTH

FT. L4o = 10% of the Distance along channel

| FT. Elevy = Elevation at point L

1171.30 FT. Lgs = 85% of the Distance along channel
754 . | FT. Elevgs = Elevation at point Lgs

1033.50 FT.  Length =Lgs- Ly

862.37 FT/MI. SLOPE = (Elev4o-Elevgs)/Length

CFS Qg = Flood-Peak Discharge
# = Frequency of Storm

30.01 CFS  =56.1(CONTDA) “"**(SLOPE)*""*(STORAGE+1) %"
64.86 CFS = 84.5(CONTDA)“"*(SLOPE)"**'(STORAGE+1) %%
94.32 CFS  =104(CONTDA)“"*(SLOPE)"***(STORAGE+1)3*
135.16 CFS  =129(CONTDA)*"**(SLOPE)"***(STORAGE+1)***
169.33 CFS  =148(CONTDA)""*"(SLOPE)"?’*(STORAGE+1)™"%®
203.52 CFS  =167(CONTDA) *"**(SLOPE)****(STORAGE+1) %%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 3.xIs
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Friction Method
Solve For

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

Downstream Depth
Length
Number Of Steps

Manning Formula
Normal Depth

0.040

0.03400 fi/it
2.00  fft (H:V)
2.00  fuft (H:V)
10.00 ft
169.30 ft¥s

0.02203 /it
7.91 ft/s
0.97 ft
2.59 ft
1.22
Supercritical

Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 it
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 1.62 ft
Critical Depth 1.82 ft
Channel Slope 0.03400 fi/ft
Critical Slope 0.02203 fi/ft
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
9/13/2007 9:17:47 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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SR 823 STA 110+02.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
| 600977.70 | sQ.FT.
0.022 SQ. MIl. CONTDA = Contributing Drainage Area
| 0.00 | sQ. FT.
0.00 % STORAGE = Storage Area
| 1350.00 | FT. TOTAL CHANNEL LENGTH
135.00 FT. L1 = 10% of the Distance along channel
| 580 | FT.  Elevy = Elevation at point Ly
1147.50 FT. Lgs = 85% of the Distance along channel
| 842 | FT.  Elevgs = Elevation at point Lgs
1012.50 FT. Length = Lgg - Lyp
1366.28 FT/MI. SLOPE = (Elevqy-Elevgs)/Length

CFS @y = Flood-Peak Discharge
# = Frequency of Storm

Q, 9.66 CFS  =56.1(CONTDA)""*(SLOPE)*""*(STORAGE+1) %%’

Qs 21.79 CFS = 84.5(CONTDA)""*(SLOPE)"**'(STORAGE+1)*?2

G 32.28 CFS  =104(CONTDA)""*(SLOPE)"***(STORAGE+1)****

Q 46.98 CFS  =129(CONTDA) *"*(SLOPE)****(STORAGE+1)"**
25

Gy 59.46 CFS  =148(CONTDA)*"*'(SLOPE)**"*(STORAGE+1)"**

Q 71.87 CFS  =167(CONTDA)*"**(SLOPE)****(STORAGE+1)°*%
100

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 5.xIs
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Worksheet for SR 823 STA 110+02

Project Deseription

Friction Method Manning Formula
Solve For Normal Depth

-

Roughness Coefficient 0.040

Channel Slope 0.02890 fu/ft

Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2,00 ft/ft (H:V)
Bottom Width 500 ft
Discharge 59.50 ft¥/s
Normal Depth ’ 131 ft

Flow Area 9.97 ft2
Wetted Perimeter 10.85

Top Width 10.24 {t

Critical Depth 1.36 ft
Critical Slope 0.02521 i/t
Velocity 597 f/s
Velocity Head 0.55 it
Specific Energy 1.86 ft

Froude Number 1.07

Flow Type Superecritical

Downstream Depth 0.00 1t
Length 0.00
Number Of Steps 0

VFEOuputData .

Upstream Depth 0.00 1t
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 1.31 ft
Critical Depth 1.36 ft
Channel Slope 0.02880 ft/ft
Critical Slope 0.02521  ft/ft
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
9/13/2007 9:33:42 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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SR 823 128+98.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
| 618239.30 | SQ.FT.
0.022 SQ. MI. CONTDA = Contributing Drainage Area
| 0.00 | sQ.FT.
0.00 % STORAGE = Storage Area
| 1160.00 | FT. TOTAL CHANNEL LENGTH
116.00 FT. L1 = 10% of the Distance along channel
| 527 | FT.  Elevy = Elevation at point Ly
986.00 FT. Lgs = 85% of the Distance along channel
| 555 | FT.  Elevgs = Elevation at point Lgs
870.00 FT. Length =Lg; - Lqp
167.50 FT./MI. SLOPE = (Elev,y-Elevgs)/Length

CFS Qg = Flood-Peak Discharge
# = Frequency of Storm

Q. 6.89 CFS  =56.1(CONTDA) “"**(SLOPE)"""*(STORAGE+1)"?%
Qs 14.01 CFS  =84.5(CONTDA) ""*(SLOPE)"*'(STORAGE+1)***
Q1o 19.77 CFS  =104(CONTDA)*"*(SLOPE)***(STORAGE+1)"3%
Qgs 27.58 CFS  =129(CONTDA) *"*°(SLOPE)"**(STORAGE+1) ¥
Qso 34.04 CFS  =148(CONTDA)*"*(SLOPE)"“"*(STORAGE+1) ****
Qi00 40.37 CFS  =167(CONTDA)*"**(SLOPE)"***(STORAGE+1) %%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 6.xls
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Worksheet for SR 823 STA 128+98

Project Description

Friction Method Manning Formula

Solve For Normal Depth

InputData :

Roughness Coefficient 0.040

Channel Slope 0.02230 ft/ft

Left Side Slope 4.00 fu/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 6.00 ft

Discharge 34.00 ft¥s

Resuts

Normal Depth 0.88 ft

Flow Area 8.34 2

Wetted Perimeter 13.23 #

Top Width 13.02

Critical Depth 0.83 ft

Critical Slope 0.02810 fi/ft

Velocity 4.08 f/s

Velocity Head 0.26 ft

Specific Energy 1.14 1t

Froude Number 0.90

Flow Type Subcritical

W loputData [ v

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity  ft/s

Upstream Velocity Infinity  ft/s

Normal Depth 0.88 ft

Critical Depth 083 ft

Channel Slope 0.02230 fi/ft

Critical Slope 0.02810 ft/ft
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

9/13/2007 9:35:17 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Friction Method
Solve For

Worksheet for SR 823 STA 166+50

i

Manning Formula

Normal Depth

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.040
0.10000
2.00
2.00
10.00
23.50

Normal Depth

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

0.38
4.05
11.69
11.51
0.54
0.03043
5.80
0.52
0.80
1.72
Supercritical

ft/ft
ft/s

Downstream Depth
Length
Number Of Steps

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

L)
O SR S

0.00
Infinity
Infinity

0.38

0.54

0.10000
0.03043

ft/s
ft/s

/it
ft/ft

9/13/2007 9:40:24 AM

Bentley Systems, Inc. Haestad Methods Solution Center

Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 ) Page 1 of 1

113



uCQg+00} ’ £0°0°1L 8800

05’0 a 000 +131LN0 200 =12} 8c'C ¥89 Y-l _‘.\...v_L. [8-2494 ‘uloe L 0G€Z
{suopeBnuo 'ul /1 X ¢jz Z) 2dld jelent paiebnuoy .
08'0: (9)) sso7 asuesuz llempeaid jjeH : adAg souesul . QILYONHHOD UYINQHID : AdAL IMAAIND
oo.o L+ d 000 13N 02Lo0 18°) 25°) IE'6 3 - e eO0vkL ELPLL U Le I 0892
00'0 [ 00°0 «»1371N0 0Z10:0 61 08’ 86l 4-¢ ¥8¥eL LOGCL gk .  089C
000 -4 000 »1311N0 0ZL00 0471 =7 2L 4-2 808LL LL9LL L A Fooge
oo'0 d 000 13N 0ELO0 og’L 00°e £5°8 3-2 - 02GLL 8ESLL - ‘ul¥e } 0892
000 l+d 000 13N 0ZL00 oL} 6g’) gLr'e o-L . YN oFvLL W L2 [ 1= 4
ood Z-4a 000 w»13HNO 0z100 8L (1=} £E'EL 4-2 8L1gL LL8LL el }  09'¢2
00’0 L-a 000 ~131LN0 0Z10°0 9oL gL'l 96°'6 4-2 299kL E'SLL ure 1 08¢C
00°0 a 000 137NI pZLoo ¢’} 197} 698 9~ 09°%kL L8FLL ‘Ul ve I 05EC
0z 0: (@) sso7 aduesul llempeaH jieH : 9dAL eauenuy HLOOWS ¥V INO¥ID :AdAL LYIATND
o ) G G Csdy (W e ¢sp)
Hid3d . 3002 MOTd TOHLINOD N IdAL it
IVINNG NOISIQ UIAA0 HILYMavIH SNINNVIA D4 NG ALIDOTIA MOTd  OMH IMH JZIS 143AIN0 ddid MmO74d
: 'siA00L @ 0892 : (519} aBJeyosiq pooid , 'sIKog @ 0576 : (s40) ebieyosig ubiseq
0210°0: ,u, Buluuely ubjseq 0010°0 : (3r3) adojs WaAIND 00'Z9} - {'4) ysbue adid
«m.m.m_. m..:m\,mco...cky B+ hmumEm_D A0 00°6Z. - A.ub uoneAs|g JajempesH a|qemoliy

00°2z1 * (W) uopeAaig moteA0  / 06°0LL ¢ (‘W) uoneARIT IBjeMIBL A ZL0LL: (y) uoyere[y HoAUIJBING  ~ /1 LLL " () uoneARlT tm>_.= o

"12|U 8yl 1B S| UOHISS JORLOY) "ISIEM(IE] MO| DUE JS]EMPEIU MO| LM [eapuosadns §1 MO[d - WIN
-mol} adA 10§ § SAH Ul AL - [1] 2nBid 88S - [IUOD J9INO - 4, 1FTLNO
‘Mol adA) Jo) § SCH U 32 - ||} 2inbld 995 “Iejempeay sndLIaD 0} Pasn SAIND JajesyIeq LM |0RUAD JARN0 - 137110
"loquoD 19INQ - L31LN0 . :
oquon jeuy - 13Nt “SEAO0D TOHINOD HALVMAYIH
op : JeubisaQ 0S+99} 'BIS ‘101 eale abeuielq : uondiasag
OIYQ yjnowsspod : uoiedos] ssedAg yinowspod £zg HS :309loid  1002/90/40 : 2¥eq 99¢g//. - aid

| N9IS3A LYIATND TVSHIAINN
@ | O

114




‘€007 8800

[4 JwxQG+991
25 2SN P8 0S92l
000 L+d 000 L3N0 09200 o'l 6%l 596 Y-l LOPiL SOELL urge I 0892
ooo Ei oo'o LJUN0 0szo0 s o'l 6L's V-1 80FLL ¥LELL ‘ulo9 I 0892
000 L+Q Qo0 £137LN0 0920'0 oe’L 6L Sy's v-1 98ElL ZGELL urgs L osee
000 a 000 L3N0 0920°0 el 14 g5'g V-1 Z5ELL BSELL uros L 05'€T
. {yeau] paaed piotd ‘suopebnlios ‘uy .N x 9) adig |e)a pajebniiog
000 L+d 000 £1371N0 000 o¥'l 891 59 V-1  98'tll S9ELL "urgg I 08'9Z
000 d 000 137LN0 2EE00 ¥l gLk SL'g V-l S0%LL FLERL ul g9 L 08'9C
000 L+0 000 137100 0eeo 0 0e’l 5 Gy's V-l TgElL ZOELL ui g9 I 05°¢€¢
000 a 00’0 L3N0 2e€00 el €9l riegs] V-l mw.m_k. g6g'eLL urog l  09te
(suonefinuoa ui Z x 9) adid [E)oly pajebnion
000 L+4d 00'0 L3N0 8.20°0 0971 69'1 829 V-1 9gviL BOVLL u gy I 0992
000 E| 00’0 »1370N0 1820°0 19'L gLe 299 V-1 69%LL 92VEL ‘urgg I 088
000 L+ Q 000 1371N0 82200 6%'L 7 8 z0g V-1 6F¥LL I6ELL ‘uey } 05T
000 a coa .L.m_._.rJO 18200 95’} 96’1 2e9 V-1 eEFLL 90VLL ‘urge 1  05'tT
{suoijeBnuloo ‘uy | x ¢} adid |2ja pajebnuoD
00°0 L+d 00'c L3100 V200 2Lt [A N 89 Y-1  ZLPLL eVl ‘UEEE i 0892
000 eg-d oo'o «»137100 2¥20°0 o8’} 002 668 4-2 EE2ZL E99LL urye L o089z
000 b-d 00’0 137100 5¥200 181 LTArAR - WA 4-2 LLWL WS ur iz [ .ow,.mm
000 E| ooc «LTILN0 Y200 9/} 05e vl 4-2 SESLL 9LPLL uog } 0892
000 b +d 000 .L.w._.rDO L¥20'0 09°L 06} £5°9 Y-b  LFPLL BLVEL ‘uge I 05'€2
000 2-d 000 »i3NO 15200 el 002 418 4-2 i6'6kL 08GHL ‘wye. I 0S€Z
000 L-a 000 «»1371N0 S¥Z00 0Ll gze L 4-2 ZyolL L8Vl /e I 09'€2
€] (1) T ) (sd) €)) B ) (sy9)
Hid3d 3402 moTd JOYLNOD N . 3dAl #
UILVMOVYIH ONINNYW 24 N ALIDOT3A MOTd OMH  IMH 321 L¥3IATND 3did MOTd

TViHNE NOIS3A  H3A0

O

O

NOISAA LAIATND TVSHUIAINN

115




/

i
1

3

“SR 82

57

.
v

N
~

\

SED-CULV
5+57

L7

’
‘

ROPO
ST4

+
o
« P
I”
”J

*

’

.

z
.

*
--““
n



SR 823 175+57.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units  Definitions
| 838426.20 | sQ.FT.
0.030 SQ. MIl. CONTDA = Contributing Drainage Area
| 0.00 | sQ.FT.
0.00 % STORAGE = Storage Area
| 936.00 | FT. TOTAL CHANNEL LENGTH
93.60 FT. L1o = 10% of the Distance along channel
| 667 | FT.  Elevy = Elevation at point Ly
795.60 FT. Lgs = 85% of the Distance along channel
| 855 | FT.  Elevgs = Elevation at point Lgs
702.00 FT.  Length = Lgs - Ly
1414.02 FT./MI. SLOPE = (Elevq-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

Q, 12.61 CFS  =56.1(CONTDA) *"*(SLOPE)*'"*(STORAGE+1) %%’
Qs 28.37 CFS  =84.5(CONTDA)*"*°(SLOPE)**'(STORAGE+1)""%
Qs 41.98 CFS  =104(CONTDA) *"*/(SLOPE)***(STORAGE+1)****
Qs 61.06 CFS  =129(CONTDA) *"*(SLOPE)****(STORAGE+1)"*"
Qso 77.23 CFS  =148(CONTDA) *"*'(SLOPE)"**(STORAGE+1)***°
Qugo 93.35 CFS  =167(CONTDA) *"**(SLOPE)"***(STORAGE+1)**%*

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 57.xls
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Project Description

Friction Method

Solve For

Input Data -
Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Resuts

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVEInputData

Downstream Depth

Length
Number Of Steps

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Worksheet for SR 823 STA 175+57

Manning Formula
Normal Depth

0.040
0.08550
4.00
4.00
6.00
77.20

0.95
9.27
13.81
13.58
1.29
0.02492
8.33
1.08
2.02
1.78
Superecritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.95

1.29

0.08550
0.02492

ft/ft

ftft (H:V)
ftift (H:V)
ft

ft¥/s

ft/ft
ft/s

ft/s
ftis

ft/ft
ft/ft

9/13/2007 9:59:58 AM

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Bentley FlowMaster [08.01.066.00]
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SR 823 STA 176+31.38 to 181+91.80
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
6065377.00 | sQ.FT.
0.218 SQ. MI. CONTDA = Contributing Drainage Area
0.00 | sQ.FT.
0.00 % STORAGE = Storage Area
3462.00 | FT. TOTAL CHANNEL LENGTH
346.20 FT. Lo = 10% of the Distance along channel
626 - | FT.  Elevy = Elevation at point Ly,
294270 FT. Lgs = 85% of the Distance along channel
780 | FT.  Elevgs = Elevation at point Lgs
2596.50 FT. Length =Lg; - Lyp
313.16 FT./MI. SLOPE = (Elev4y-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

45.73 CFS  =56.1(CONTDA)""®3(SLOPE)"""*(STORAGE+1)%*
93.12 CFS  =84.5(CONTDA) “"*(SLOPE)"**'(STORAGE+1) %%
131.80 CFS  =104(CONTDA)*"*(SLOPE)"**(STORAGE+1)?"***
184.52 CFS  =129(CONTDA) *"**(SLOPE)***(STORAGE+1) "%
227.85 CFS = 148(00NTDA) 757 (SLOPE)**"%(STORAGE+1) 2%
271.16 CFS  =167(CONTDA)"“"**(SLOPE)****(STORAGE+1)?%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 100.xls
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Project Descripton

Friction Method

Solve For

InputData

Roughness Coefficient
Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge
Results "
Normal Depth
Flow Area

Wetted Perimeter
Top Width

Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

CESDaE R

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth

Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.040
0.03700
2.00
2.00
10.00
227.90

1.86
25.56
18.33
17.45

217

0.02112

8.92

1.24

3.10

1.30

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.86

217

0.03700
0.02112

Worksheet for SR 823 STA 176+31 TO 181+91

ft/it

ft/ft (HV)
ft/ft (H:V)
ft

ft*/s

ﬂz

ft/ft
fi/s

ft/ft
ft/ft

9/13/2007 10:11:11 AM

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.066.00]
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SR 823 STA 184+29.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
4289215.00 | SQ.FT.
0.154 SQ. MI. CONTDA = Contributing Drainage Area
0.00 | sa.FT.
0.00 % STORAGE = Storage Area
2980.00 | FT. TOTAL CHANNEL LENGTH
298.00 FT. L4o = 10% of the Distance along channel
624 | FT.  Elevy = Elevation at point Ly
2533.00 FT. Lgs = 85% of the Distance along channel
792 | FT. Elevgs = Elevation at point Lgs
2235.00 FT. Length = Lgs - Ly
396.89 FT./MI. SLOPE = (Elev,g-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

36.33 CFS  =56.1(CONTDA) *"**(SLOPE)*""*STORAGE+1)"*""
7517 CFS  =84.5(CONTDA) " "**(SLOPE)"**'(STORAGE+1) %%
107.17 CFS  =104(CONTDA)""*(SLOPE)"**STORAGE+1)*%*
150.95 CFS  =129(CONTDA)""*(SLOPE)****(STORAGE+1)
187.13 CFS  =148(CONTDA)*"*(SLOPE)"*"*(STORAGE+1)****
223.25 CFS  =167(CONTDA) “"**(SLOPE)****(STORAGE+1) "%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 11.xls
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Project Description

Friction Method

Worksheet for SR 823 STA 184+29

Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.040
Channel Slope 0.02150 vt
Left Side Slope 2.00 ftfft (H:V)
Right Side Slope 2.00 fuft (H:V)
Bottom Width 6.00 ft
Discharge 187.10 ft¥s
Resulis i

Normal Depth 239 #ft
Flow Area 2573 ft2
Wetted Perimeter 16.68 ft
Top Width 1585 1t
Critical Depth 238
Critical Slope 0.02165 i/t
Velocity 7.27 s
Velocity Head 0.82 fi
Specific Energy 321 ft
Froude Number 1.00

Flow Type Subcritical

GVE Input Data

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity f/s
Normal Depth 2.39
Critical Depth 2.38
Channel Slope 0.02150 ft/ft
Critical Slope . 0.02165 ft/it

Bentley Systems, Inc. Haestad Methods Solution Genter Bentley FlowMaster [08,01.066.00]

9/13/2007 10:16:54 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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SR 823 209+30.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units  Definitions
73248415100 | sQ.FT.
0.115 SQ. M. CONTDA = Contributing Drainage Area
L 0000 ] SQ.FT.
0.00 % STORAGE = Storage Area
| 2268.00 | FT. TOTAL CHANNEL LENGTH
226.80 FT. L4 = 10% of the Distance along channel
| 717 | FT.  Elevy, = Elevation at point Ly
1927.80 FT. Lgs = 85% of the Distance along channel
| 832 | FT.  Elevgs = Elevation at point Lgs
1701.00 FT. Length = Lgs - Lqg
356.97 FT./MI. SLOPE = (Elev,o-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

Q, 28.49 CFS  =56.1(CONTDA) *"**(SLOPE)"""4STORAGE+1) %"

Qs 58.87 CFS  =84.5(CONTDA)""**(SLOPE)***'(STORAGE+1)"**

Qqo 83.85 CFS  =104(CONTDA)""*/SLOPE)***(STORAGE+1)"**

Q 117.99 CFS  =129(CONTDA)""*(SLOPE)****(STORAGE+1)™**
25

Qso 146.21 CFS  =148(CONTDA)""*"(SLOPE)**"*(STORAGE+1)"**

Q 174.32 CFS =167(CONTDA) O'TSG(SLOPE O'ZBS(STORAGE+1)'°'3B3
100

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 12.xls
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Worksheet for SR 823 STA 209+30

Project Description

Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient - 0.040

Channel Slope 0.03610 fuft

Left Side Slope 4.00 ft/ft (H:V)
Right Side Slope 4.00 fuft (H:V)
Bottom Width _ 550 ft
Discharge 146.20 ft¥s

Normal Depth 166 ft
Flow Area 20.08 ft2
Wetted Perimeter 19.16

Top Width 18.75
Critical Depth 1.85
Critical Slope 0.02277 fuit
Velocity 7.28 fi/s
Velocity Head 082 ft
Specific Energy 248 1t
Froude Number 1.24

Flow Type Superecritical

GVF Input Data

Downstream Depth 0.00 1t
Length 0.00 1t
Number Of Steps 0

Upstream Depth 0.00 ft

Profile Description
Profile Headloss 0.00 t#t
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity ft/s
Normal Depth 1.66 ft
Critical Depth 1.85 ft
Channel Slope 0.03610 ft/ft
Critical Slope 0.02277 i/t
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
9/13/2007 10:19:39 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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SR 823 STA 233+87.39

TECHNIQUES FOR ESTIMATING FLOOD-PEAK

DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

_ Values Units

[ 170582800 | sQ.FT.

0.061 SQ. Ml.

| 0.00 | sa. FT.
0.00 %
| 1370.00 | FT.
137.00 FT.
L 695 | FT.
1164.50 FT.
| 830 | FT.
1027.50 FT.

693.72 FT.MI.

CFS

Q, 19.45 CFS
Qs 41.85 CFS
Qo 60.72 CFS
Qqs 86.80 CFS
Qso 108.63 CFS
Qo 130.37 CFS

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 13.xls

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L1o = 10% of the Distance along channel
Elev,, = Elevation at point L,q

Lgs = 85% of the Distance along channel
Elevgs = Elevation at point Lgs

Length = Lgs - Lqg

SLOPE = (Elev,y-Elevgs)/Length

Qg = Flood-Peak Discharge
# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)*""4(STORAGE+1) *?"
= 84.5(CONTDA) *"**(SLOPE)"**'(STORAGE+1) **?2
= 104(CONTDA) “"**(SLOPE)"**(STORAGE+1) %
= 129(CONTDA) *"**(SLOPE)***(STORAGE+1) >
= 148(CONTDA) *"*"(SLOPE)**"*(STORAGE+1)**%

= 167(CONTDA) *"**(SLOPE)"***(STORAGE+1) "
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HY-8 Culvert Analysis Report

BOX CULVERT AT STA. 233+87.39
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Table 1 - Summary of Culvert Flows at Crossing: CUL233+87.39

Headwatc(ef;;)Elevatlon Total Discharge (cfs) 233+87.:E§f5|scharge Roadwa(gé fts);scharge lterations
£84.68 19.45 19.45 0.00 1
684.96 30.54 30.54 0.00 1
685.22 41.63 41.63 0.00 1
685.48 52.73 52.73 0.00 1
685.68 63.82 63.82 0.00 1
685.89 74.91 74.91 0.00 1
686.09 86.00 86.00 0.00 1
686.28 97.09 97.09 0.00 1
686.46 108.19 108.19 0.00 1
686.47 108.63 108.63 0.00 1
686.81 130.37 130.37 0.00 1
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Rating Curve Plot for Crossing: CUL233+87.39

Total Rating Curve
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Table 2 - Culvert Summary Table: 233+87.39

Total Cutvert Hoadwaler Inlet Control Ouflet Flow Nomal Critical Qutlet Tallwater Outlgt Taibwater
D'S(cc’f‘:)’ge D‘S(f:';:)’ge E"’;’;;b“ Depth (f) Dg:?t:r?}l) Type | Depth(®) | Depthty | Deptr() | Depth ity "?};,’:)"Y V‘:f'f;:)“y
1945 19.45 684,68 0.863 0863 | 1S2n | 0120 0.570 0170 0.485 14.340 2.873
30.64 30.54 654,96 1136 1136 | 1-82n | 0203 0.769 0.269 0633 14.169 3380
3168 4163 885.22 1307 1397 | 1-82n | 0.276 0.046 0.348 0.760 15.042 3772
5273 52.73 665.46 1636 1636 | 1-82n | 0.450 1107 0.407 0,873 16.181 4.094
63.82 63.62 685,68 1.858 1858 | 1520 | 0424 1.258 0.458 0.976 17.432 4375
74.91 7491 685,89 2,067 2067 | 152n | 0497 +.399 0.499 1071 18.750 4619
86.00 86,00 586.09 2.266 2266 | +S2n | 0571 1534 0624 1.160 17.218 3.841
97,00 o7.00 666.28 2457 2457 | 1520 | 0645 1.664 0.654 1.244 18.569 5.038
108.19 | 10818 | 686.45 2,641 2641 | 4520 | 0718 1788 0.738 1324 18.324 5.223
108.63 | 10853 | 68647 2,648 2648 | 1-82n | 0.721 1.793 0.743 1327 18.279 5231
13037 | 13037 | 68681 2,990 2900 | 1S2n | 0835 7025 0.644 1472 19.314 5545

Intet Elevation (invert): 683.82 ft, Outlet Elevation (invert): 639.44 ft
Culvert Length: 1123,18 ft, Culvert Slope: 0.0385
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Culvert Performance Curve Plot: 233+87.39
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Water Surface Profile Plot for Culvert: 233+87.39

Crossing - CUL233+87.39, Design Discharge - 108.6 cfs
Culvert - 233+87.39, Culvert Discharge - 108.6 cfs
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0 500 1000
Station (ft)
Site Data - 233+87.39

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 683.82 ft

QOutlet Station: 1122.30 ft

Qutlet Elevation: 639.44 ft

Number of Barrels: 1

Culvert Data Summary - 233+87.39
" Barrel Shape: Concrete Box
Barrel Span: 8.00 ft
Barrel Rise: 8.00 ft
Barrel Material: Concrete’
Barrel Manning's n: 0.0120
Inlet Type: Conventional .
Inlet Edge Condition: Square Edge (30-75° flare) Wingwall
Inlet Depression: None ‘
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Table 3 - Downstream Channel Rating Curve (Crossing: CUL233+87.39)

Flow (cfs) Waggft‘%ace Depth (ft) | Velocity (ft's) | Shear (psf) |Froude Number
19.45 639.92 0.48 2.87 053 0.75
3054 640.07 0.63 3.38 0.69 0.78
4163 640.20 0.76 3.77 0.83 0.80
52.73 640.31 0.87 4.0 0.95 0.82
63.62 640.42 0.8 438 107 0.83
74.91 640.51 1.07 4.62 117 0.84
86.00 640.60 1.16 484 127 0.85
97.09 540.68 124 5.04 138 0.86
108.19 640.76 1.32 5.2 145 0.87
108.63 640.77 133 5.23 145 0.67
13037 640.91 147 5.55 161 0.68

Tailwater Channel Data - CUL233+87.39

Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft '
Side Slope (H:V): 2.00 (_:1)

Channel Slope: 0.0175

Channel Manning's n; 0.0400
Channel Invert Elevation; 639.44 ft

Roadway Data for Crossing: CUL233+87.39

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 826.00 ft

Roadway Surface: Paved

Roadway Top Width: 134.00 ft
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SR 823 STA 239+18.05
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions

| 12930826.00 | SQ.FT.
: 0.464 SQ. MI. CONTDA = Contributing Drainage Area
{ 0.00 ] sQ.FT.
0.00 % STORAGE = Storage Area

| . 4305.00 | FT. TOTAL CHANNEL LENGTH

430.50 FT. L4p = 10% of the Distance along channel
| 667 | FT.  Elevy = Elevation at point Lyo

3659.25 FT. Lgs = 85% of the Distance along channel
| 813 | FT.  Elevgs = Elevation at point Lgs

3228.75 FT. Length = Lgs - Ly

238.75 FT./MI. SLOPE = (Elev,-Elevgs)/Length

CFS Qg = Flood-Peak Discharge
# = Frequency of Storm

Q, 78.90 CFS  =56.1(CONTDA) *"**(SLOPE)"""?(STORAGE+1) %2

Q 156.97 CFS  =84.5(CONTDA)*"**(SLOPE)***'(STORAGE+1)"3%
5

s 219.96 CFS  =104(CONTDA) *"**(SLOPE)****(STORAGE+1) %%

Q 305.35 CFS  =129(CONTDA) “**(SLOPE)"***(STORAGE+1)"**
25

Qsp 374.98 CFS  =148(CONTDA)*"*(SLOPE)***(STORAGE+1)****

Chiap 444.84 CFS  =167(CONTDA) ""**(SLOPE)"***(STORAGE+1)"*%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 19.xls
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HY-8 Culvert Analysis Report

BOX CULVERT AT STA. 239+18.05 |
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Table 1 - Summary of Culvert Flows at Crossing: CUL239+18

Headwat%E!evatlon Total Discharge (cfs) DI(:EI:-;%?;(Z ?s) Roadwa()é g;scharge lterations
654.39 78.90 78.20 0.00 1
655.03 115.49 115,49 0.00 1
655.59 152.00 152.09 0.00 1
656.12 188.68 188.68 0.00 1
656.63 225.28 225.28 0.00 1
657.11 261.87 261.87 0.00 U
657.57 298.46 298.46 0.00 1
658.00 335.06 335.06 0.00 1
658.42 371.66 371.65 0.00 1
658.46 374.98 374.98 0.00 1
659.24 444.84 444.84 0.00 1
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Total Rating Curve

Rating Curve Plot for Crossing: CUL239+18
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Table 2 - Culvert Summary Table: CUL239+18

Total Culvert | Headwaler |\ 10 o) | OB | i | Nommat | Critical Outiet | Taiwater | (Oullet | Tailwater
D'S('f:f‘:)'ge D's(f:'f‘:)’ge E'e‘(’%“"" Depth (f) Di:rl]t:r?flt) Type | Depthity | Depin () | Deptn(fy | Depih (f) V‘(*A?:;‘V V‘(’f'tj’:;‘y
7890 78.90 554,30 2.102 2492 | 1-52n | 0.831 1.440 0839 1.104 11.760 4.700
11548 | 11549 655.03 2.825 2825 | 1520 | 1045 1.868 1,088 1375 13.650 5.334
15200 | 15208 555.50 3.304 3394 | 1820 | 1258 2.244 1274 1,609 14.925 5.528
188.68 | 188.68 656.12 3.916 3918 | 1820 | 1472 2,501 1.481 1618 16.929 6.240
22528 | 225.28 656,63 4428 4428 | 1520 | 1.669 2,916 1675 2.008 16.818 6.504
26187 | 261.87 | 657.11 4910 4910 | 152n | 1.4 3223 1.857 2.184 17.624 5.905
20846 | 29646 | 657.57 5.365 5365 | 1520 | 2018 3.517 2027 2.347 18.405 7487
33506 | 33508 | 658.00 5.801 5801 | 150 | 212 3.799 2.198 2.502 19.055 7.440
37165 | 37185 | 65842 5.223 6223 | 1-520 | 2.366 4.071 2370 2648 19.604 7672
37498 | 37498 | 65845 5.260 6260 | 1.82n | 2382 4.005 2.385 2.661 19.653 7.693
43484 | 4sdps | 659.24 7,039 7039 | 1520 | 2683 4.580 2714 2.920 20.488 8,086

inlet Elevation (invert): 652.20ft, Cutlet Elevation (invert): 639.44 ft
Culvert Length: 866.69 ft, Culvert Slopa: 0.0147
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Culvert Performance Curve Plot: CUL239+18

O

Performance Curve
Culvert: CUL239+18
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Water Surface Profile Plot for Culvert: CUL239+18
O | Crossing - CUL239+18, Design Discharge - 375.0 cfs
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1
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O Station {ft)

Site Data - CUL239+18
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 652.20 ft
Outlet Station: 866.60 it
QOutlet Elevation: 639.44 ft
Number of Barrels: 1

Culvert Data Summary - CUL239+18
Barrel Shape: Concrete Box
Barrel Span: 8.00ft
Barrel Rise: 8.00 ft
Bartrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional
J ~ Inlet Edge Condition: Square Edge (30-75° flare) Wingwalt
O Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: CUL239+18)

Flow (cfs) Wag;‘?l(]fgace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number

78.90 640.54 1.10 4.70 1.21 0.84
11549 | 640.81 1.37 5.33 1.50 0.87
152.09 641.05 1.61 5.83 1.76 ' 0.89
188.68 641.26 -1.82 6.24 1.98 0.90
225,28 641,45 2.01 6.59 2.19 0.91
261.87 641.62 2.18 6.90 2.38 0.92
298.46 641.79 2.35 7.19 2.56 0.93
335.06 641.94 2.50 7.44 273 0.94
371.65 642.09 2.65 7.67 2.89 0.94
374.98 642.10 2.66 7.69 2.91 0.94
44484 642.36 2.92 8.09 3.19 0.95

Tailwater Channel Data - CUL239+18
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0175
Channel Manning's n: 0.0400
Channel Invert Elevation: 639.44 ft

| Roadway Data for Crossing: CUL239+18
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft
Crest Elevation: 826.00 ft
Roadway Surface; Paved
Roadway Top Width; 134.00ft
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SR 823 STA 297+33.59
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
26266462.00 | SQ.FT.
0.942 SQ. MI. CONTDA = Contributing Drainage Area
0.00 | sQ. FT.
0.00 % STORAGE = Storage Area
8430.00 | FT. TOTAL CHANNEL LENGTH
843.00 FT. Lo = 10% of the Distance along channel
579 | FT.  Elevy = Elevation at point Ly,
7165.50 FT. Lgs = 85% of the Distance along channel
759 | FT.  Elevgs = Elevation at point Lgs
6322.50 FT. Length = Lgs - Lyg
150.32 FT./Ml. SLOPE = (Elev,-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

126.82 CFS  =56.1(CONTDA) *"**(SLOPE)™""*(STORAGE+1)"*""
244.39 CFS  =84.5(CONTDA)""*(SLOPE)"**'(STORAGE+1)**
337.65 CFS  =104(CONTDA) " *4SLOPE)"***(STORAGE+1)"*
463.09 CFS  =129(CONTDA)""*(SLOPE)****(STORAGE+1) "
564.34 CFS  =148(CONTDA)""*"(SLOPE)"*"*(STORAGE+1) "%
666.21 CFS  =167(CONTDA)""**(SLOPE)****(STORAGE+1)"*

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 21.xls
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HY-8 Culvert Analysis Report

BOX CULVERT AT STA. 297+33.59
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Table 1 - Summary of Culvert Flows at Crossing: CUL297+33,59

Headwah(efl;)Elevatlon Total Discharge (cfs) Di(s:grl;a?r%?(i?s) Roadwa(yé g;scharge lterations
579.27 126.82 126.82 0.00 1
580,07 180.76 180.76 0.00 1
580.82 234.70 234.70 0.00 1
581.51 288.64 288.64 0.00 1
58215 342.58 342.58 0.00 1
582.76 396.52 396.52 0.00 1
583,36 450.45 450.45 0.00 1
583.96 504.39 504.39 0.00 1
584,56 558.33 558.33 0.00 1
584.63 564.34 564.34 0.00 1
585.84 666.21 666.21 0.00 1
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Rating Curve Plot for Crossing: CUL297+33.59

o Total Rating Curve
Crossing: CUL297+33.59
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" Table 2 - Culvert Summary Table: CUL297+33

Total Culvert | Readwater {,,, ~oo | Qutlet Flow | Normal Critical Outlet Tailwater Outlat Tallwater
D'S(i’;:;ge Disgf‘:)’ga E“"‘}’f?)“"" Depth (i) D%;['h*’?f'n Type | Depthift) | Depth(t) | Depth(t) | Depth ¢y V‘ff!g:)“y V?f't‘;;’;’y
12682 | 12682 | 679.27 3.008 0000 | 1820 | 1415 1.986 1138 1072 13.932 7.508
180.76 | 180.76 | 580.07 3.808 0000 | 1820 | 1431 2.518 1438 1315 15.717 8.793
23470 | 23470 | 580.82 4.556 0000 | 1820 | 1720 2.99 1729 1528 16.964 9.566
260.64 | 288.64 | 581.51 5.246 0000 | 1820 | 1.879 3.439 1989 1718 18,136 | 10.220
34250 | 34258 | 582.15 5890 | 0000 | 1820 | 2237 3.856 2.24 1893 19070 | 10.782
39652 | 39652 | 56276 6.504 0000 | 1520 | 2.485 4,250 2489 2,053 19911 |- 11.29
45045 | 45045 | 583.36 7.102 0000 | 182n | 2717 4,628 2718 2.205 20720 | 11.734
50439 | 50439 | 583.96 7.698 0000 | 1-82n | 2950 4,990 2.950 2347 21373 | 12.448
55833 | 658.33 | 584.56 5.304 0000 | 5520 | 3.a82 5.340 3.189 2.482 21888 | 12524
56434 | 50434 | 584.63 8.373 0000 | 582n | a.207 5.378 3.211 2497 219067 | 12658
666,21 | 666.21 | 585.84 9.563 0000 | 5520 | 3619 6.007 3626 2734 22966 |  13.92

LA LTI Tt

Inket Elevation (invert): 576,26 ff, Outlet Elevation (invert): 554.27 ft

Culvert Length: 1510.08 ft, Culvert Slope: 0.0146
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Culvert Performance Curve Plot: CUL297+33

‘Q_

Performance Curve
Culvert: CUL297+33
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Water Surface Profile Plot for Culvert: CUL297+33

O Crossing - CUL297+33.59, Design Discharge - 564.3 cf
: Culvert - CUL297+33, Culvert Discharge - 564.3 cfs

[

£7) S IS ’

F{0[0 ] ISR SE— '

T 11

Elevation (ft)
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3
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1070 [8 IS 5 AU

550

O Station (ft)

Site Data - CUL297+33
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft '
Inlet Elevation: 576.26 ft
QOultlet Station: 1509.92 ft
Outlet Elevation: 554,27 ft
Number of Barrels: 1

Culvert Data Summary - CUL297+33

Barrel Shape: Concrete Box

Barrel Span: 8.00 ft

Barrel Rise: 8.00ft

Barrel Material: Concrete

Barrel Manning's n: 0.0120

Inlet Type: Conventional
) Inlet Edge Condition: Square Edge (30-75° flare) Wingwall
Q Inlet Depression: "None

165




O

Table 3 - Downstream Channel Rating Curve (Crossing: CUL297+33.59)

Flow (cfs) Waf;re"s,;l%ace Depth {ft) Velocity (ft/s) Shear (psf) | Froude Number
126.82 555.34 1.07 7.81 3.35 1.42
180.76 555.59 1,32 8.79 4.10 1.46
234.70 555.80 1.53 9.57 4.77 1.49
288.64 585,90 1.72 10,22 5.36 1.51
342.58 566,16 1.89 10.78 5.91 1.53
396.52 556.32 2.05 11.29 8.41 1.55
450.45 556.48 221 11.73 6.88 1.56
504.39 556.62 2.35 12.15 7.32 1.57
558.33 556.75 2.48 12.52 7.74 1.58
564.34 556.77 2.50 12.56 7.79 1.58
666.21 557.00 273 13.19 8.53 1.80

Tailwater Channel Data - CUL297+33.59

Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00( :1)

Channel Siope: 0.0500

Channel Manning's n: 0.0400
Channel Invert Elevation: 554.27 ft

Roadway Data for Crossing: CUL297+33.59

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 777.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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SR 823 STA 300+96.46
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
[ 1454568900 | SQ.FT.
0.522 SQ. MI. CONTDA = Contributing Drainage Area
| 0.00 ] saQ.FT.
0.00 % STORAGE = Storage Area
[ 5740.00 | FT. TOTAL CHANNEL LENGTH
574.00 FT. L1 = 10% of the Distance along channel
| 585 | FT.  Elevy, = Elevation at point Ly
4879.00 FT. Lgs = 85% of the Distance along channel
| 770 | FT.  Elevg = Elevation at point Ly
4305.00 FT. Length=Lg-Lqg
226.90 FT./MI. SLOPE = (Elev4-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

Q, 85.75 CFS  =56.1(CONTDA)""®(SLOPE)*'"*(STORAGE+1)%*

Qs 169.91 CFS  =84.5(CONTDA) *"**(SLOPE)***'(STORAGE+1) %

Qqo 237.68 CFS  =104(CONTDA) *"**(SLOPE)***(STORAGE+1)*3%

Q 329.46 CFS  =129(CONTDA) *"*(SLOPE)"**(STORAGE+1)***
25

Q 404.20 CFS  =148(CONTDA) "*"(SLOPE)**"*(STORAGE+1)%*%
50

Q 479.22 CFS  =167(CONTDA)""**(SLOPE)"?**(STORAGE+1) %%
100 /

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 22.xIs
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HY-8 Culvert Analysis Report

BOX CULVERT AT STA. 300+96.46
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Table 1 - Summary of Culvert Flows at Crossing: CUL.300+96.46

Headwat.(ef;)Elevatlon .Total Discharge (cfs) Dggll;;%?(?:?s) Roadwaég;scharge Iterations ‘
568,86 85.75 85,75 0.00 1
569.53 125,10 125.10 0.00 1
570.12 164.44 164.44 0.00 1
570.68 203.79 203.79 0.00 1
571.22 24314 243.14 0.00 1
571.72 282.49 28249 0.00 1
572.20 321.83 321.83 0.00 1
572.66 361.18 ' 361.18 0.00 1
573.10 400.53 400.53 0.00 1

573,14 404.20 404.20 0.00 1
573.97 479.22 479.22 0.00 1

170




Rating Curve Plot for Crossing: CUL300+96.46

Total Rating Curve

Crossing: CUL300+96.46
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Table 2 - Culvert Summary Table: CUL300+96

Total Culvert Headwater |\ 0 Controf | Dutlet Flow Nomal Critical Outlet Tallwater Qutlet Tailwater
Disenoree Dea® | Eme | Depi(® | oo 1 Type | Depin(ry | Deptny | Depn(m | Deptnity | . il e
B5.75 | 8575 | besas | 2823 0000 | 1820 | 0829 1531 0.830 0853 | 11521 | 6.837
12510 | 12510 | 56053 | 2.088 0.000 | 1820 | 1.186 1.970 1210 1063 | 12926 | 7.789
164.44_| 16444 | 57012 | 3585 0000 |52 | 1442 2.364 1454 1246 | 14140 | 8522
20379 | 203.79 | 57068 | 4,143 0000 [ 1520 | 1680 2.727 1,686 1400 | 15108 | o.145
24304 | 24334 | 67122 | 4678 0000 | 1-S2n | 1889 3068 1.808 1658 | 16015 | 0684
28249 | 28249 | 7172 | 54181 0.000 | 1-52n | 2088 3.390 2.100 1597 | 16812 | 10.154
32183 | 32183 | 57220 | 5.58 0.000_ | 182n | 2307 3.698 2.308 1826 | 17428 | 10584
36118 | 86108 | 57266 | 6415 0000 | 1520 | 2504 3.084 2513 1950 | 17.066 | 10963
40053 | 40053 | 57310 | 6.559 0000 | 1S2n | 2692 4.279 2703 2065 | 18522 | 11326
40420 | 40420 | 573.44 | 6600 0000 | 1620 | 2710 4.305 2.715 2076 | 18608 | 11352
47922 | 41922 | 67387 | 7431 0800 | 1520 | 3.8 4823 3.076 2282 | 19474 | 11950

Inlet Elevation (invert): 566,54 ft, Qutlet Elevation (invert): 554.27 it

Culvert Length: 10:38.28 ft, Culvert Slope: 0.0118

LTI TR
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Cuivert Performance Curve Plot: CUL300+96

O

Performance Curve
Culvert: CUL300+96

inlet Control Elev Outlet Control Elev

| 100 150 © 200 250 300 350 400 430
O ' Total Discharge {cfs) :
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O

O

_ Water Surface Profile Plot for c{jlvert- CUL300+96

Crossing - CUL300+96.46, Design D1sc]1a1ore 404.2 cfs
Culvert - CUL300+96 Culvert quehfu oe - 404.2 '
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Site Data - CUL300+96
Site Data Optioh: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 566.54 ft
Outlet Station: 1038.21 ft
Outlet Elevation: 554.27 ft
Number of Barrels: 1

Culvert Data Summary - CUL300+96
Barrel Shape: Concrete Box
Barrel Span; 8.00 ft
Barrel Rise: 8.00 ft
Barrel Material: Concrete
Barrei Manning's n: 0.0120
Inlet Type: Conventional

Inlet Edge Condition: Square Edge (30-75° flare) Wingwall

Intet Depression: None
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e e e e e e e == c o a

1200
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Table 3 - Downstream Channel Rating Curve (Crossing: CUL300+96.46)

O Flow (cfs) Watg;ﬁ‘%ﬁce Depth () | Velocity (ft/s) | Shear (psf) |Froude Number
85.75 565.12 0.85 6.4 266 138
125.10 555.33 1.06 7.78 " 3.32 142
164.44 555.52 1.25 8.52 3.89 145
203.79 555.68 141 9.14 4.40 147
24314 . 555.83 156 9.68 4.86 1.49
282,49 555.97 170 . 10.15 5.29 151
321.83 556.10 183 10.58 5.70 152
361.18 556.22 195 10.96 608 | 153
400,53 566.33 2.06 11.33 6.44 155
404.20 556.35 2.08 11.35 6.48 155
479.22 556.55 228 11.96 7.12 157

Tailwater Channel Data - CUL300+96.46
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 13.00 ft
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0500
Channel Manning's n: 0.0400
O Channel Invert Elevation: 554.27 ft

Roadway Data for Crossing: CUL300+96.46
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft .
Crest Elevation: 768.00 ft ‘ )
Roadway Surface: Paved
Roadway Top Width: 134.00 ft
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SR 823 STA 311+81.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
|  3662580.60 | sQ.FT.
0.131 SQ. M.  CONTDA = Contributing Drainage Area
| 0.00 | saQ.FT.
0.00 % STORAGE = Storage Area
| 2108.00 | FT. TOTAL CHANNEL LENGTH
210.80 FT. L1o = 10% of the Distance along channel
| 625 | FT.  Elevyo=Elevation at point Lyq
1791.80 FT. Lgs = 85% of the Distance along channel
i 749 | FT.  Elevgs = Elevation at point Lgs
1581.00 FT.  Length=Lgs- Ly
414.12 FT./MI. SLOPE = (Elev,-Elevgs)/Length
CFS Qg =Flood-Peak Discharge
# = Frequency of Storm
Q, 32.34 CFS  =56.1(CONTDA) *"**(SLOPE)"""*(STORAGE+1) %%
Qs 67.20 CFS  =84.5(CONTDA)""**(SLOPE)"**'(STORAGE+1) %
Qo 95.98 CFS  =104(CONTDA) *"**(SLOPE)"***(STORAGE+1)3%
Qys 135.39 CFS  =129(CONTDA) *"*°(SLOPE)"**/(STORAGE+1) %%
B 168.00 CFS  =148(CONTDA) *"*"(SLOPE)"?"*(STORAGE+1)%*%
Qoo 200.54 CFS  =167(CONTDA)*"**(SLOPE)****(STORAGE+1)?3%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 23.xls
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HY-8 Culvert Analysis Report

BOX CULVERT AT STA. 311+81.00
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Table 1 - Summary of Culvert Flows at Crossing: 311+81.00

Headwatt(eft;)Elevatlon Total Discharge (cfs) Culvert (‘lcf?)scharge Roadwa(;(/:f lg;scharge lterations
801.97 0.00 0.00 0.00 1
£02.85 20.05 20.05 0.00 1
603.33 40.10 40.10 0.00 1
603.75 60.15 . B60.15 0.00 1
604.13 80.20 1 80.20 0.00 1
604,48 100.25 100.25 0.00 1
604.80 120.30 120.30 0.00 1
605.11 140.35 140.35 0.00 1
605.40 160.40 160.40 0.00 1
605.51 168.00 168.00 0.00 1
605.95 200.50 0.00 1

200.50
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Rating Curve Plot for Crossing: 311+81.00
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Table 2 - Culvert Summary Table: Culvert 1

Total Cubvert | Headwater | ot conteor|  OURL | o | jomal Critical Outiet | Taiwater | Qutlet | Taiwater
D‘Sg;:)’_g"' D‘S(cc’f’sa)rge E""(’ff)""" Degpth (1) D‘;g‘t‘;’?f‘o Type | Depth(f) | Depth(f) | Depth(f) | Depth(f) V‘(’A‘;:)“V V‘(’f'gg)"y
0.00 000 | 601.87 0.000 0000 | ONF | 0.000 0.000 0.000 0,000 0.000 0.000
20.05 2005 602.85 0677 0877 | 1520 | 0.131 0.581 0.181 0.508 13.831 4,367
30.10 40.10 603.33 1.261 1361 | 4520 | 0263 0.023 0.523 0.761 15.538 5537
80.15 60.15 603.75 1.784 784 | 1820 | 0.394 1.200 0.409 0.960 18,286 6.312
80.20 | 8020 604.13 2161 2161 | +-S2n | 052 1465 0.605 1.130 16.583 5.917
10025 | 10025 | 604.48 2508 | . 2508 | 1-82n | 0657 1,699 0.689 1280 18.176 7.416
12030 | 12030 | 604.80 2832 2832 | 1S2n | 0780 1919 0.792 1.418 18.985 7.832
14035 | 14035 | 605.11 3138 3138 | +52n | 0864 2127 0.867 1543 20.240 3.208
16040 | 16040 | 60540 3431 3431 | 1-S2n | 0935 2.325 0.945 1660 | 21271 8533
16800 | 16800 | 605.51 3.538 3538 | 1-2n | 0.961 2298 0.088 1701 21.262 8.659
20050 | 20050 |  605.95 3.981 3981 | 120 | 1076 2.698 1.088 1873 23,042 5.112

Inlet Elevation (invert): 601.87 ft, Outlet Elevation (invert); 570.86 ft

Culvert Length: 767.63ff, Culvert Slope: 0.0406
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Culvert Performance Curve Plot: Culvert

Performance Curve
- Culvert: Culvert 1
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O

Water Surface Profile Plot for Culvert: Culvert 1

Crossing ~ 311+81.00, Design Discharge - 168.0 cfs
Culvert - Culvert 1, Culvert Discharge - 168.0 ¢fs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: - 601.97 i
Outlet Station: 767.00 ft
Outlet Elevation: 570.86 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 8.00ft
Barrel Rise: 8.00 ft
Barrel Material: Concrete
Barrel Manning's n: 0.0120
Inlet Type: Conventional

Inlet Edge Condition: Square Edge (30-75° flare) Wingwall

Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve {Crossing: 311+81.00)

Flow {cfs) | Wag;‘? l("f';;ace Depth (it} Velocity (ft/s) Shear (psf) | Froude Number

0.00 570.86 0.00 0.00 0.00 0.00
20.05 571.37 0.51 4,37 1.29 1.14
40.10 571.62 0.76 5,54 1.93 1.20
60.15 571.82 0.96 6.31 243 1.24
80.20 571.99 1.13 6.92 2.86 1.27
100.25 572.14 1.28 742 3.24 1.29
120.30 572.28 1.42 7.83 3.59 1.30
140.35 572.40 1.54 8.21 3.91 1.32
160.40 572.52 1.66 8.53 4.21 1.33
168.00 572.56 1.70 8.66 4,31 1.33
200.50 572,73 1.87 4.75 1.35

Tailwater Channel Data - 311+81.00
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 8.00 ft
Side Slope (H:V): 2.00-(_:1)

Channel Slope: 0.0406

Channel Manning's n: 0.0400
Channel Invert Elevation: 570.86 ft

Roadway Data for Crossing: 311+84.00

8.1

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 1000.00 ft

Crest Elevation: 747.00 ft

Roadway Surface: Paved

Roadway Top Width: 90.00 ft
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SR 823 STA 320+42.81
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units

336493.00 | SQ.FT.

0.012 sQ. Mi.
0.00 | sa.FT.
0.00 %
1865.00 | FT.
86.50 FT.
667 Wi FT.
735.25 . FT.
832 | FT.
648.75 FT.
1342.89 FT./MI.
CFS
6.15 CFS
13.96 CFS
20.73 CFS
30.23 CFS
38.32 CFS
46.34 CFS

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 59.xls

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L4o = 10% of the Distance along channel
Elev4, = Elevation at point L4

Lgs = 85% of the Distance along channel
Elevgs = Elevation at point Lgs

Length = Lgs - Lyg

SLOPE = (Elevyg-Elevgs)/Length

Q; = Flood-Peak Discharge
# = Frequency of Storm

= 56.1(CONTDA) *7%2(SLOPE)"""*(STORAGE+1) %
= 84.5(CONTDA) *"*°(SLOPE)"?*"(STORAGE+1)*%?
= 104(CONTDA) *"**(SLOPE)"***(STORAGE+1) %
= 129(CONTDA) *"*°(SLOPE)"**(STORAGE+1) **¥
= 148(CONTDA) *"*(SLOPE)**"*(STORAGE+1) 3%

= 167(CONTDA) *"**(SLOPE)****(STORAGE+1) ***
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Values Units

| 355411.00 | SQ.FT.

0.013 SQ. M.

| 0.00 2] sQ.FT.
0.00 %

| 800.00 | FT.
80.00 FT.

| 717 | FT.
680.00 FT.

| 863 | FT.
600.00 FT.

1284.80 FT./MI.

CFS

6.34 CFS

14.36 CFS

21.29 CFS

31.01 CFS

39.28 CFS

47.47 CFS

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 60.xls

SR 823 STA 328+79.00

TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A

U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L1 = 10% of the Distance along channel
Elev,, = Elevation at point L4

Lgs = 85% of the Distance along channel
Elevgys = Elevation at point Lgs

Length = Lgs - Lyp

SLOPE = (Elev4g-Elevgs)/Length

Qg = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)"""*(STORAGE+1) *2*

= 84.5(CONTDA) *"**(SLOPE)***'(STORAGE+1) **#

= 104(CONTDA) *"*(SLOPE)"**/(STORAGE+1)***

= 129(CONTDA) *7*°(SLOPE)****(STORAGE+1)"**
= 148(CONTDA) *"*"(SLOPE)"?"¢(STORAGE+1) %%

= 167(CONTDA) “"**(SLOPE)"**(STORAGE+1) %%
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SR 823 STA 344+82.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
. .14322402.00. | SQ.FT.
0.514 SQ. M. CONTDA = Contributing Drainage Area
HErEOopE ST SQ. FT.
0.00 % STORAGE = Storage Area
RRES53600 ] FT. TOTAL CHANNEL LENGTH
553.60 FT. L1o = 10% of the Distance along channel
.88 | FT. Elevy, =Elevation at point Ly,
4705.60 FT. Lgs = 85% of the Distance along channel
e el | FT. Elevys = Elevation at point Lgs
4152.00 FT. Length = Lgg - Lyg
239.08 FT.MI. SLOPE = (Elevqy-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

85.48 CFS  =56.1(CONTDA)"**(SLOPE)"""*(STORAGE+1)?*
169.85 CFS  =84.5(CONTDA) *"*(SLOPE)"**'(STORAGE+1) "%
237.91 CFS  =104(CONTDA) *"*/(SLOPE)***(STORAGE+1)"**
330.13 CFS  =129(CONTDA)""*(SLOPE)***(STORAGE+1)™"*¥
405.30 CFS  =148(CONTDA) *"*'(SLOPE)*"®(STORAGE+1) %%
480.76 CFS  =167(CONTDA) *"**(SLOPE)"***(STORAGE+1) %

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 24 .xls
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HY-8 Culvert Analysis Report

BOX CULVERT AT STA. 344+82.00
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Table 1 - Summary of Culvert Flows at Crossing: 344+82

Headwah(af;)Elevanon Total Discharge (cfs) 344+82(CL25charge Roadwa(sé fISZ)J;scharge lterations
572.79 0.00 0.00 0.00 1
574.35 48.08 48.08 0.00 1
575.97 96.16 96.16 0.00 1
576.03 144,24 144,24 0.00 1
576.72 192,32 192.32 0.00 1
577.38 240.40 240.40 0.00 1

. 577.99 288.48 288.48 0.00 1
578.57 336.56 336.56 0.00 1

. 579.12 384,64 384.64 0.00 1
579.35 405,30 405,30 0.00 1
580.19 480.80 480,80 0.00 1
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Rating Curve Plot for Crossing: 344+82
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Table 2 - Culvert Summary Table: 344+82

Total Culvert | Headwater | oy conrp . Qubiet | oo | Nomat | critial Outiet | Talwater | Quiet | Taiwater
D'S&';:)m“ Dis(‘;';g)’ge E'E‘(’g)‘"’" Depth () D‘;g’t‘}‘]"{’é) Type | Depth(ft) | Depth(fty | Depthift) | Depth () V“(’éj:)"y V‘(’fg?:;‘y
0.00 0.00 572.79 0.000 0.000 | O-NF | 0000 0.000 0.000 0.000 0.000 0.000
48.08 48.08 574.35 1.661 1561 | 1820 | 0403 1041 0.441 0,864 13,620 4,745
96.15 96.16 575.27 2476 2476 | 1-52n | 0603 1653 0,804 1286 14952 | 5850
Ta424 | 14424 | 576.03 3245 | 3.245 | 1S2n | 1020 2.166 1.056 1616 17.075 6,752
18232 | 19232 | 57672 3.930 3.930 | 1-82n | 1.236 2.624 1254 1.693 19.173 7,372
24040 | 24040 | 57738 4.590 4590 | 1-82n | 1452 3.045 1459 2139 20451 7871
28648 | 28848 | 577.09 5.203 5.209 | 1S2n | 1656 3.438 1663 2361 21670 8.300
33656 | 336.56 | 57857 5.779 5779 | 1-52n | 1632 3.810 1.840 2.564 22,860 2678
3464 | 38464 | 57912 6.329 6.320 | 152n | 2008 4.165 2114 2753 22743 9,012
40530 | 405.30 | 579.35 6.561 6561 | 1-82n | 2084 4313 2.198 2629 23.051 9.150
AB0.80 | 480,80 | 560.19 7.396 7396 | 1-82n | 2361 4833 2.505 3.004 23.991 9.508

Inlet Elevation {invert): 572.791t, Outlet Elevation (invert): 561.92 it

Cuivert Length: 438.83ft, Culvert Slope: 0.0248
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Culvert Performance Curve Plot: 344+82

Performance Curve

Culvert: 344+82 ' '
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Water Surface Profile Plot for Culvert: 344+82

Crossing - 344+82, Design Discharge - 405.3 cfs

Culvert - 344+82, Culvert Discharge - 405.3 ofs
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Site Data - 344+82

Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 572.79 1t

Qutlet Station: 438.70 ft

QOutlet Elevation: 561.92 ft

Number of Barrels: 1

Culvert Data Summary - 344+82

Barrel Shape: Concrete Box

Barrel Span: 8.00ft

Barrel Rise: 8.00 {t

Barrel Material: Concrete

Barrel Manning’s n: 0.0120

Inlet Type: Conventional

Inlet Edge Condition: Square Edge (30-75° flare) Wingwall
Inlet Depression: None :

[P ————

.......................

- D s mmmm -
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Table 3 - Downstream Channel Rating Curve (Crossing: 344+82)

Flow {cfs) Wa’g;g t(.lf];f)ace Depth (ft) Velocity (ft/s) Shear {psf) | Froude Number

0.00 561.92 0.00 . 0.00 0.00 0.00
4808 562.78 0.86 4.75 1.34 0.96.
96.16 563.21 1.29 5.95 1.99 1.02.

144,24 563.53 1.61 8.75 2.50 1.04°
192.32 563.81 1.89 7.37 2.93 1.07
240.40 564.06 2.14 7.87 3.3 1.08
288.48 564.28 2.36 8.30 3.65 1.09
336.56 564.48 2.56 8.68 3.97 1.11
384.64 564.67 2.75 9.01 4.26 1.11
405.30 564.75 2.83 9.16 438 1.12
480.80 565.01 3.09 9.80 4,79 1.13

Tailwater Channel Data - 344+82
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 10.00 ft

Side Slope (H:V}: 2.00 (_:1)

Channel Slope: 0.0248.

Channei Manning's n: 0.0400
Channel Invert Elevation: 561.92 ft

Roadway Data for Crossing: 344+82

Rdadway Profile Shape: Constant Roadway Elevation |

Crest Length: 1000.00 ft
Crest Elevation: 656.56 ft
Roadway Surface: Paved
Roadway Top Width: 110.00 ft
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Area 91

SR 140 RAMP A STA 64+00
Ciient; oDoT Sheet: of
IHS:\\ Subject:  Pipe Culvert Calculations Crder No:
Computed by: MC Date: 2/15/2007
Checked by: Date; N
Rational Method
Coefficient of Runoff {1101.2.3)
Area (Sft) Area (Ac) Cc
Pavement Area 25040 0.57 0.9 o)
Non-paved Area 177489 4.07 0.7 BRERWS STEeEpERIRAD A
Other . :
Total Area : 202529 4.65 acres Woeighted "C" = .72
Overland Flow Length
High Elevation
Low Elevation ty H#DIVIO!  (1101.2.2)
Slope %  #DIV/Y to 0.0 Compare with Fig 1101-1
negligible
Shallow Concentrated Flow © Length 681
‘ High Elevation 665
Low Elevation 554
Slope % 16.29956
k 0.457 (Grassed waterways - Table 1101-1)
A 6.053553 (1101.2.2)
fs 1.874932 (1101.2.2)

Since the time of concentration =to + ts

For_Intensity Zone D

Frequency a b c
2 Years 85.568 18.5 0.95
5 Years 118.822 18.7 0.969
10 Years 112.172 16.8 0.923
25 Years 198.92 19.3 1.004
50 Years 206.025 19.6 0.99
100 Years 355.551 23.199 1.076

te 10.00 min

Ac te c I Qcufts
4.648426 10.00 0.72 3.80 12.82
4.649426 10.00 0.72 4.59 15.48
46490426 10.00 0.72 5,39 18.17
4.648426 10.00 0.72 6.70 22 57
4,649426 10.00 0.72 " 7.20 24.26
4.64942¢ 10.00 0.72 8.21 27.65

GACO030064\Hydraulics\Calcs\phase-3\culverts\Area 91.xls
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P-rﬁoject'-Des-crirptigimkl‘ :

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient : 0.040
Channel Slope 0.00400 fu/ft
Left Side Slope 2.00 f/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 23.00 ft¥/s
Results

Normal Depth 0.96 ft
Flow Area 11.38 12
Wetted Perimeter 14.27

Top Width 13.82
Critical Depth 0.53
Critical Slope 0.03055  ft/ft
Velocity 202 fys
Velocity Head 0.06
Specific Energy 1.02
Froude Number 0.39

Flow Type Subcritical

GVF Input Data

Worksheet for SR 140 ramp A STA 64+00

Downstream Depth 0.00
Length : 0.00 ft
Number Of Steps 0
GVE OUtpUt Dat_a_r :
Upstream Depth 0.00 1t
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.96
Critical Depth 0.53
Channel Slope 0.00400 fi/ft
Critical Slope 0.03085 fi/ft
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.071.00]
12/20/2007 2:26:20 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Values

SR 140 RAMP B STA 68+50

TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

505342.00

| sa.FT.

0.021

0.00

0.00

1135.00

113.50

L
L g

598

964.75

775

Q,

Qs

Q25
Qso

Q1OD

851.25
1097.87

9.24

20.62

30.39

44,03

55.58

67.05

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 94.xls

Units

SQ. M.
| sa.FT.

%
FT.
FT.
FT.
FT.
FT.
FT.

FT./MI.

CFs

CFS

CFS

CFsS

CFS

CFS

CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L4 = 10% of the Distance along channel
Elev,, = Elevation at point Lyg

Lgs = 85% of the Distance along channel
Elevg; = Elevation at point Lgs

Length =Lgs - Lyg

SLOPE = (Elev,p-Elevgs)/Length

Q; = Flood-Peak Discharge
# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)*""*(STORAGE+1)***"
= 84.5(CONTDA) *"**(SLOPE)***'(STORAGE+1) "%
= 104(CONTDA) “"**(SLOPE)****(STORAGE+1) ***
= 129(CONTDA) *"*(SLOPE)"**(STORAGE+1) ***"
= 148(CONTDA) *"*"(SLOPE)**"*(STORAGE+1) "%

= 167(CONTDA) ""**(SLOPE)****(STORAGE+1)***
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Friction Method

Solve For

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Manning Formula
Normal Depth

0.040
0.06730
2,00
2,00
10.00
44.00

0.61
6.89
12.74
12.45
0.80
0.02724
6.39
0.63
1.25
1.51
Supercritical

GVF InputData

Downstream Depth

Length
Number Of Steps

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth

~ Channel Slope
Critical Slope

0.00
0.00

0.00
Infinity
Infinity

0.61

0.80

0.06730
0.02724

fi/ft
ft/ft (H:V)
ft/ft (H:V)
ft

ft*fs

ft/ft
ft/s

9/13/2007 12:08:51 PM

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Bentley FlowMaster [08.01.066.00]



L WX 05+89 9 O¥LYS £0°0°L 8800

o000 a oo'0 L3N0 ¥20°0 (VA4 Gle '8 d4-2 85115 (QE'liS Ul EE L 00'¥¥
{suonelinriod ‘ut Z71 X ¢/ Z) adid [e19W pajebnuoy
06'0: (2)) sso7 @ouenuy flempesH jjeH : adA ) sauesuy Q3aLYONUHOD UYTINDUID : IdAL LITATIND
. 00'qg L+4 000 137N ow.ro.o 182 £6°1 OL'SL I-¢ EO0LLS LL8IS uree L 0L4e
0oa ¢-d 039 1IN0 474 _.od 6671 00e 6161 4-2 8E€169 Z1'Z65 LR 4 L 0g09
D00 i-4d 00°0 »137LN0 02100 £€2°C GZ'cC 0691 4-2 GE'e8S ZL'E8S w sz I 0L49
poa 4 Q00 LIINI QzLoe £¥e os'e I9EL d-2 9C'6iS <CE08S ulge L 0129
0’0 L+4d 000 L3N 0zZL00 e Grl 08¢l 3-2 SEVPLS LPOLG ‘Ul ge L 00'PY
poo ¢-a 000 «»1371N0 0ZLo0 168°L ooe S0'¥L 3-¢ ZE£'088 LZ08S . g L Q0¥
000 1-Qa 000 L3TINI 0Z1L00 rle €L’} el 3-2 169/ 02'8.% utle L 00 ¥
000 a 000 137NI 02100 2e 88’1 LLEL d-2 L2619 80'LIS urge L 00'FF
02'0: (oY) sso7 sauenuy llempesyy yieH : adA ) asuesjuy HLOOWS ¥VINJYID : 3dAL L¥3ATND
¥t {'s10) (W () {"sdyp) 1)) 1)) {"539)
Hid3g 3aoo Mod TOHINOD N AdAL #
TYIHNG NOISTA H3IAO | w_m_.._..<>=n_<mI ONINNYI 20 Na ALIDOTIIA MOT4d  OMH IMH -JZIS £43ATND 3did MO
AL @ 0129 : (sp0) eBueyasiq pooid sz @ 001 : (sso) abieyosig ubiseg
0210°0+ 4, Butuuely ubisaq 66100 : ('W/'Y) odo|g WaAIND 00°9%1 : ("Y) wbue adig
mmm.m_‘ St kmbmcomﬁgu ‘H ¢ + J8jpwelq Jo : 02986 - A.«t UCIIEAS|] lajempeal ajqemo||y

~
047486 : (M) uoneasig MojeAD  , 19°0/6 : (W) uoneAR(T Jajemiie), / 00°0.S © ('B) UONBASIT MBAUIJBRNO - 68'Z/6 © (1) UOHEBAB|] HAAU| J8{u)

Je|u) BU} JE S1 LUOHISS [O4UOD) ISTEM|IE] MO| DUE JSIEMDPEAL MO] YIM [22N1220NS SI MOId - Y/N
‘moyy adA) ‘.@ S SAH ur @l - 11 @inBi4 88§ - [oAUSD 1BINQ - 4, LT TLNO
‘Mol 8dA} J0) G SCH Ul 32 - || 2inbid 995 Iejempeay sINAWICD O} PASN SAMD ISJEMYORG LM JOQLOD 13IND - LT 1LAO
IORUOD 12RNG - 1IN0
eauod e - 13Nt <8300 TOHLNOD H3IYMAYIH

opw : JsuBiseg 0G+89 'EIS 8 dNIVY 07| HS ‘¥6 eale sbeulesq : uohdiuasaq
. OIJO thnowskod : UoLeI0T ssedAg yinowspod £zg WS :398foxd  /00z/91/50 : 81eq 99¢// * Qid

N9IS3A LYIATND TVSHIAINN
@ O

211




z . Wx'06+89 g 0pLYHS E00L $500
2% 291)
po'o L+d 000 137NI 0920°0 ¥2'e 102 258 J-1 ¥N L1948 ‘urgg i oL'29
po'o d 000 , 137INI 0920°0 Le'e oLe 15'8 2-1 ¥IN ¥29.49 ‘o9 L 0L°29
000 l+a 000 LINI 09200 08l 1974 5L 2-F V¥IN i¥'5L8 uiag L 00k
oo'n a 00'0 13INI 09200 S8t [9L €92 o9-L WN ZG8'6LG 09 [N 1o 4
{H1aAu] paaed plald ‘suonebniion ‘ul Z x g) adid |e1ey psiebniion
000 L+d 000 L3N0 0EE0'0  ¥ZT 62T g4 V-1 69°9J5 L9 ‘Ui g9 Y
0o d 0070 L3710 ZEEOD I£e wwe IS4 Y-l 11'8IS $ZT9IS "ur g L oL
000 L+d 000 L137LN0 0gL00 08’L £8°L 05’9 Y-l 8865 LPGlS w o9 1 O0Fp
oo a 000 1311N0 ZTEEDD  S®L 6L ¥99 , V-l 966G/ ZTESIS “ulog L 00vY
(suoneBnuiod ‘w1 g x g} adid |21op pajebnuog
00’0 P+d 000 £1374N0 84200 pisyA ¥6¢ g8 3-2 95046 E¥LiS Ul gy L oL2e
po'c d 00°0 13110 18200 Z9Z 00E  9Z0L 4-2 ££28§ GL6LS - ‘u9g L 0)29
oo0 L+d 00’0 «1371N0 82200 072 602 L Y-l £5§9/8 209.5 Cowzy I 00%F
000 a 000 MEpifle] LBEO0 alLe A NA 08 2-2 8L'9L8 €9'9.5 ‘u o¢ L 00
{suoneBnios "ul | x g) adig _m«ms_‘ pajebniion
000 L4+d 000 »1311NO L¥200 292 ooe 9201 4-2 25085 GZ2'6iS 'wog L 048
poo ¢-4 06°02 «137LN0 S¥20°0 GL'e A 6L E 4-2 S8%09 /8'88% uie L oger
000 -4 o'l «1371N0 w00 6e'e 0se LECL 4-2 997165 12€8S uloe I 086S
"~ 000 3 000 »1311N0 L20'0 152 GL'Z £9°LL 4-2 9%'¥89 98°08S Ul ge L 049
0o L+ o0Q LILNO L¥e00 a1¢ FANr4 208 4-¢ 26948 £99.8 ‘ugg L 00PY
o0a'g ¢-d 000 «=137T1N0 S920°0 ¥L'e - §2¢ ge’Ll 4-¢ 12'98% LZ'08S ‘wjg L 00'%y
0ca lL-d 00°0 »1371N0 200 lée 0s7e 656 4-€ 1908 +trelS urog L 00v¥
) 's39) Leh)] u {'sdy) n) y) (-sy0)
Hid3dq 3=aod MO4 TJOYLNOD N 3dAL #

IVRING N2ISIA  ¥W3IA0  HIALVMAVIH DNINNYIR 04 N  ALIDOT3A MOTd OMH  IMH JZIS LH3IAIND Adid MOTd

NDIS3A LYIATIND TVSHIAINN
O O

212




et R TN NS S S N P G O A, Ve S A T iy et SN YL WA
L e et e N s - =P SN N s
B e e R S N A L SRR LN s et bt NG N S Y N YT
Wk gt e = P A D AL O =~ ONN \ A\ P
——— iy = \uu\\w\\;/x) r|H\\\\\\\\Hr,\\\\\M\\\\\\\“Hm\wun\nnn\\\\\l 1 \\\Hu\\\\un\l\lllﬂ.wfu,//fz///, ,,,: | TN o
e I i fE LT T TS TSI N O A I .
A AR S s S e N N I s S NN N N L LA RV I
e S e N e U W A 2 ALl I T T TN IO SRR b
- = - = ~ o e -~ NOANNY N ViAWY 5 P
B L O T Vot e S Pt ST VI W= ettt popmins, NN AU R R LA R T s
e e S T R s e s e T e N AR
e S T TR T T LN — - N o -~
T S T R A T T TS ST I e T e T e T 5
) Li, e B A N e e N YT Al L P e \
___ ¢ A Yo e St SA SN N TS T T e e /f/ A, P A i -
ahitty s MY NN g e I L S S e M S e e S e e NN e e e e T NN
AT L e S O T S W I [ B I e e e A e e Ty e e M T e ROV Wer oo 7 s Y,
0 R O N I B B T A e b Py Lty D Sl S N W WM Tzt e T T \
SIS RNV LS NN e L o i et LN ey b, s S SR N O R g il g i
i r.//,”//55///51/,//1/,, /, o T __.._, \ /foh..////U\l\\\l...|1HHiI.....,ll!//il/f/1/ ST TN M //..,r\\\\\\ RS
\1‘6 AN AWV e oy N i T N T e e S e . R R T T W D e e et
. AR LATERANEU AR N e S i - ——m TN eI TN \ Vet ey
o ALY LR LR ANEETERN \ S e S i Sl - TN N \ VS L L
N 7ﬂ”,////_/////oWN:,,///prf /\.n,///// / //rfm..//}/r.fl..hln.l\\f.nllIir./HI//HHr.!II,U!I////{)H/// / VNN ,w\\\\\\nk\\\“\{\
g Pl & = i - - =
- Sy TNy N N N T T e N TN -~ R \ \ NoL et S
ALY O PRV N o - ™ S P T . W \ \ Ny P e
— ESER RS ey ~—\ S i SRR —_— ~ B Ay / &
=z - = A AN AN -~ RN - ~ o T ~_ N \ NN ’ 2 =
HHLI\.Ier.WH/ﬁ/////,//i,/////,/f/_. __\1U_ // VT~ I i I | ~a S ST Ty Y // / s / N e \\ 20 M -
.LIF./IIIJH.HH/”/////////MHN/CG/,/FW LN // \ -~ T ———— - Ty, e RN R TR \ _,,// NN ‘o w\\.\ / ¢ *~
SRS AN WAV =N Ny | TN T e N Lo \ Ny —_— ;
EEEYRIIY N WA Fiy ,z N [N b e s
||.nr1u.r./.)....//\.ﬁ,f///§//__:.h LT N Ly i = ——
= RS Wy N \ \ .
.Hﬁ/ﬁ\//ﬂﬂl\)ﬂw//g:so ARRRRTIR R R .
o=

NN
A 1\‘!

'\

[
WY LI Ser=— L i P — Lo et Ak e
vy =2 = g = :Z " .ri LIt J./\\\\ﬁ\.‘:, P N J!|I|r|l||..f! ==
s - - e . . -~ i T .'lJ.JIlIl!I
s S A M A O L e S s
NN N A % fodin it A o e A e e v L M P 1 il O ) i & B NGO BT et
NN T LT AL AT SN T 3 1gad] 2N \ // o RS I/r// NNy // T oy ]
AN A Hﬂhﬁ%&.\b\‘%/rl\t\l.-\.\.ﬂdv? 3] N i PN AAS \.lrfl_ﬂ..\
salze= ~ o =

NN

AN SES e il S i
/:/,/z,ﬁ.,”ﬂt\vw.wff \\\\.\\w“\ \\___.G &..v\\ \\\w 200 \\\\.\\\M\\\\\M\N\\ T
W s e
I S I e iy
1l IRt AR 0

49/3”..\#\\.

R
.’,'I—

]
/

/
N
~

N\,
/
/

Ly 22 i

L g I S 0 s

7 gl T L = —

/e n ) :.:_.___ /" gt 1 LYY~

\_‘_&_H.?: | E:_.H_:_\_ ::::.._.ﬂ_ﬂ_.ﬁ_:__:_: :.-\ 4
I I

Lt trgl, SRR )

w2 7
I

I/
3

P

-

\
Y
£z}
N4
o
\\.
SK

PROPOSED CUL)
STA 73+12.63
@ 43.5° L.F.
ll/=25ol



SR 140 RAMP B STA 73+12.63

TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units
| 645439.00 | sQ.FT.
0.023 SQ. M.
& 0.00 | SQ.FT.
0.00 %
| 2392.00 | FT.
239.20 FT.
| 626 | FE
2033.20 ET.
| 693 4 FT.
1794.00 FT.
197.19 FT./MI.
CFS
7.32 CFS
15.01 CFS
21.26 CFS
29.75 CFS
36.78 CFS
43.69 CFS

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 93.xls

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

Lo = 10% of the Distance along channel
Elev,, = Elevation at point L4

Lgs = 85% of the Distance along channel
Elevys = Elevation at point Lgs

Length = L5 - Ly

SLOPE = (Elev,y-Elevgs)/Length

Q; = Flood-Peak Discharge
# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)"""*(STORAGE+1) "
= 84.5(CONTDA) *"**(SLOPE)"**'(STORAGE+1)"*#
= 104(CONTDA) *"*(SLOPE)"**(STORAGE+1) ****
= 129(CONTDA) *"*°(SLOPE)***/(STORAGE+1)**¥
= 148(CONTDA) *"*'(SLOPE)"*’*(STORAGE+1) ***°

= 167(CONTDA) *"**(SLOPE)"***(STORAGE+1) "%
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Friction Method

Solve For

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

Res
Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy

Froude Number
Flow Type

GVE gD

Manning Formula

Normal Depth

0.040
0.07520 fuft
2.00  fi/ft (H:V)
2.00 fft (H:V)
10.00 #
29.80 fts

047 1t
516 fi?
1211 #t
11.89
0.62
0.02916  fu/ft
577 fils
0.52 ft
0.99 1t
1.54

Supercritical

Worksheet for SR 140 ramp B STA 73+12

9/13/2007 12:10:29 PM

Downstream Depth 0.00 ft
Length 0.00 it
Number Of Steps 0
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 047 1t
Critical Depth 0.62 ft
Channel Slope 0.07520 ft/ft
Critical Slope 0.02916  f/ft
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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CR 503 STA 21+50.00
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
1100660.00 | sQ.FT.
0.039 SQ. MI. CONTDA = Contributing Drainage Area
0.00 | sQ.FT.
0.00 % STORAGE = Storage Area
1090.00 | FT. TOTAL CHANNEL LENGTH
109.00 FT. Lo = 10% of the Distance along channel
559 | FT.  Elevy, = Elevation at point Ls
926.50 FT. Lgs = 85% of the Distance along channel
662 | FT.  Elevgs = Elevation at point Lgs
817.50 FT. Length =Lgs - Ly
663.96 FT./MI. SLOPE = (Elev o-Elevgs)/Length

CFS Qg = Flood-Peak Discharge
# = Frequency of Storm

13.70 CFS  =56.1(CONTDA)*"**(SLOPE)*'"*(STORAGE+1)"?*
29.59 CFS  =84.5(CONTDA) *"*(SLOPE)"*'(STORAGE+1) %%
42.98 CFS  =104(CONTDA) " "*(SLOPE)"**(STORAGE+1)***
61.50 CFS  =129(CONTDA)*"*(SLOPE)***(STORAGE+1)**¥
77.03 CFS  =148(CONTDA) **"(SLOPE)"*"*(STORAGE+1)***
92.45 CFS  =167(CONTDA) *"**(SLOPE)***(STORAGE+1) %%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 200.xls
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Friction Method
Solve For

Worksheet for CR 503 STA 21+50

Manning Formula

Normal Depth

Roughness Coefficient 0.040

Channel Slope 0.03000 ft/ft

Left Side Slope 200 it (H:V)
Right Side Slope 2.00 it (H:V)
Bottom Width 10.00 ft
Discharge 61.50 ft/s

Normal Depth 094
Flow Area 11.20 f2
Wetted Perimeter 1421
Top Width 13.77 1t
Critical Depth 0.98 it
Critical Slope 0.02576  ft/it
Velocity 549 s
Velocity Head 0.47
Specific Energy 1.41
Froude Number 1.07

Flow Type

Supercritical

Downstream Depth 0.00 +#t
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.94
Critical Depth 0.98 ft
Channel Slope 0.03000 i/t
Critical Slope 0.02576 f/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

9/13/2007 11:45:20 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Friction Method
Solve For

Manning Formula
Normal Depth

Worksheet for SR 140 STA 6+89.33

Roughness Coefficient 0.040

Channel Slope 0.09200 fi/ft

Left Side Slope 2.00 /it (H:V)
Right Side Slope 2.00 fu/ft (H:V)
Bottom Width 500 +t
Discharge 2041 ft¥s

Normal Depth 052 ft
Flow Area 317 {2
Wetted Perimeter 7.34 ft
Top Width 710 ft
Critical Depth 073 it
Critical Slope 0.02938 fui
Velocity 6.44 ft/s
Velocity Head 064 ft
Specific Energy 117 ft
Froude Number 1.70

Flow Type

Supercritical

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity fus
Upstream Velocity Infinity  ft/s
Normal Depth 0.52 ft
Critical Depth 073 ft
Channel Slope 0.09200 ft/it
Critical Slope 0.02938 ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

7/12/2007 4:51:10 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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SR 140 STA 8+50

TECHNIQUES FOR ESTIMATING FLOOD-PEAK

DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values

3174.75

BN
- 2801.25
248.80

34.32
69.39
97.85
136.54
168.30

199.94

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 96.xls

Units
SQ. FT.
SQ. MI.
ieeEl SQ. FT.

%
FT.
FT.
FT.
FT.
FT.
FT.

FT./MI.

CFs

CFS

CFS

CFs

CFS

CFS

CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L1o = 10% of the Distance along channel
Elev,, = Elevation at point Lo

Les = 85% of the Distance along channel
Elevgs = Elevation at point Lgs

Length = Lg5 - Ly

SLOPE = (Elevyy-Elevgs)/Length

Q; = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) *"™(SLOPE)*""*(STORAGE+1) 2"
= 84.5(CONTDA) *"*(SLOPE)***'(STORAGE+1)**#
= 104(CONTDA) *"*(SLOPE)***(STORAGE+1)***
= 129(CONTDA) “"**(SLOPE)***(STORAGE+1) ***'

= 148(CONTDA) *"*"(SLOPE)"*"*(STORAGE+1) %

= 167(CONTDA) *"**(SLOPE)****(STORAGE+1) %
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Area 92

SR 140 STA 12+00

Client: CDOT

Computed by: DL

Sheet: of

SYSlE’TﬁS\ Subject:  Pipe Culvert Calculations Order No:

Date: 12/18/2007

Checked by: Date:
Rational Method
Coefficient of Runoff {1101.2.3) J
Area (Sft) Area (Ac) Cc
Pavement Area 82851 1.90 0.9
Non-paved Area 262720 6.03 - 06 Wieghted "C" for non-paved area
Other
Total Area ’ 345571 7.93 acres Weighted "C" = 0.70
Overland Flow Length
High Elevation
Low Elevation t #DIVIOL  (1101.2.2)
Slope % #DIV/IO! ty 0.00 Compare with Fig 11011
negligible
Shatlow Concentrated Flow Length 1000
High Elevation 611
Low Elevation 553
Slope % 58
k 0.457 (Grassed waterways - Table 1101-1)
\ 3.611074 (1101.2.2)

ts
Since the time of concentration=to +ts

For_Intensity Zone D

Frequency a b c
2 Years 85.568 16.5 0.95
5Years 118.822 18.7 0.989
10 Years 112,172 16.8 0.923
25 Years 198.92 19.3 1.004
50 Years 206.025 19.6 0.9g
100 Years 355.551 23,199 1.076

4615432 (1101.2.2)

te 10.00 min

Ac t. Cc | Qecuftis
7.933219 10.00 0.70 3.80 21.08
7.933219 10.00 0.70 4.59 25.46
7.933219 10.00 0.70 5.39 29.88
7.933219 10.00 0.70 6.70 3712 =
7.933219 10.00 0.70 7.20 39.90
7.933219 10.00 0.70 8.21 45,48

GCOQ3\0064\Hydraulics\Calcs\phase-3iculveris\Area 92.xls
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Project Description

Friction Method

Solve For
Iﬁpu_t" Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velbcity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Worksheet for SR 140 STA 12+00

Manning Formula

Normal Depth

0.040
0.01000
2.00
2.00
10.00
37.12

0.97
11.54
14.32
13.87

0.72

0.02805

3.22

0.16

1.13

0.62

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.97

0.72

0.01000
0.02805

ft/fft
ft/ft (H:V)
ft/ft (H:V)

ft¥/s

ﬂZ

ft/s
ft/s

ft/ft
ft/ft

12/20/2007 3:15:41 PM

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Bentley FlowMaster [08.01.071.00]
Page 1 of 1
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SR 140 STA 16+50
TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
|  1225120.00 | sQ.FT.
0.044 SQ. MIl. CONTDA = Contributing Drainage Area
[ 0.00 | sQ.FT.
0.00 % STORAGE = Storage Area
| 1681.00 | FT. TOTAL CHANNEL LENGTH
168.10 - FT. L4o = 10% of the Distance along channel
e 578 | FT.  Elevy = Elevation at point Ly,
1428.85 FT. Lss = 85% of the Distance along channel
| 652 | FT.  Elevgs = Elevation at point Lgs
1260.75 FT. Length = Lg; - Ly
330.85 FT./MI. SLOPE = (Elevsy-Elevgs)/Length

CFS Qg = Flood-Peak Discharge
# = Frequency of Storm

Q. 13.22 CFS  =56.1(CONTDA) “"**(SLOPE)"""*(STORAGE+1) %"’
Qs 27.55 CFS  =84.5(CONTDA) ""**(SLOPE)"**'(STORAGE+1)**%
Qo 39.36 CFS  =104(CONTDA) ***(SLOPE)"**(STORAGE+1)***
Qs 55.51 CFS  =129(CONTDA)""**(SLOPE)"***(STORAGE+1)**"
Qso 68.92 CFS  =148(CONTDA) ""'(SLOPE)"*"*(STORAGE+1)****
Q100 82.20 CFS  =167(CONTDA)*"**(SLOPE)"?*(STORAGE+1) 3%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 95.xls
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Friction Method

Solve For

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downstream Depth

Length
Number Of Steps

Upstream Depth

Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula
Normal Depth

0.040
0.04800
2.00
2.00
10.00
55.50

0.78
8.95
13.47
13.10
0.92
0.02620
6.20
0.60
1.37
1.32

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.78

0.92

0.04800
0.02620

Worksheet for SR 140 STA 16+50

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

ﬂz

ft/ft
ft/s

ft/it
ft/ft

9/13/2007 12:02:51 PM

Bentley Systems, Inc. Haestad Methods Solution Center

Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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CR 251 STA 22+19.21

TECHNIQUES FOR ESTIMATING FLOOD-PEAK
DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units Definitions
956129.00 | sQ.FT.

0.034 SQ. MI. CONTDA = Contributing Drainage Area
0.00 | 586G FT. '
0.00 % STORAGE = Storage Area

1943.00 | FT. TOTAL CHANNEL LENGTH

194.30 FT. Lo = 10% of the Distance along channel
561 - | FT.  Elevyy=Elevation at point L

1651.55 FT. Lgs = 85% of the Distance along channel
- 638 | FT.  Elevg = Elevation at point Lgs

1457.25 FT. Length = Lgs - Lqg

278.99 FT./MI. SLOPE = (Elevyg-Elevgs)/Length

CFS Q= Flood-Peak Discharge
# = Frequency of Storm

10.57 CFS  =56.1(CONTDA)""**(SLOPE)*""*(STORAGE+1) 2%
21.92 CFS  =84.5(CONTDA)""*(SLOPE)"**(STORAGE+1) ¥
31.24 CFS  =104(CONTDA)""*4(SLOPE)***(STORAGE+1)?***
43.96 CFS  =129(CONTDA) *"**(SLOPE)"***(STORAGE+1)**
54.50 CFS  =148(CONTDA)""*"(SLOPE)"*"*(STORAGE+1)****
64.92 CFS  =167(CONTDA)""**(SLOPE)"***(STORAGE+1)**%

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 90.xls
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Friction Method
Solve For

InputData

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

Resus
Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velacity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF InputData

Downstream Depth
Length
Number Of Steps

GVF Oufput Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula
Normal Depth

Superecritical

Worksheet for PERSS STA 18+00

0.040

0.07800 fuft
2.00 fit (H:V)
3.00  fft (H:V)
400 f
15.29  fs

0.51 1t

271 {2

6.77 ft

6.57

0.66 ft
0.03052 fuft

5.64 ft/s

0.49

1.01

1.65

0.00
0.00

0.00

0.00 ft
Infinity  ft/s
Infinity  ft/s
- 0.51

0.66

0.07800 ft/ft -
0.03052 /it

7/12/2007 4:28:59 PM

Bentley Systems, Inc. Haestad Methods Solution Center

Bentley FlowMaster [08.01.066.00]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page
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Worksheet for DRIV PERSS STA 0+70

Friction Method
Solve For

Manning Formula

Normal Depth

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

0.040
0.25000
2.00
2.00
2.00
1.90

fi/ft

fft (H:V)
fUft (H:V)
ft

ft¥/s

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

GV InpiData |

Downstream Depth
Length
Number Of Steps

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

0.16
0.38
2.73
2.65
0.28
0.04039
4.99
0.39
0.55
2.32
Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.16

0.28

0.25000
0.04039

ft/ft
ft/ft

7/12/2007 3:18:59 PM

Bentley Systems, Inc. Haestad Methods Solution Center

Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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PROPOSED CULVERT
STA 15+66./10
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STA. 15+66.10, SR 335

TECHNIQUES FOR ESTIMATING FLOOD-PEAK

DISCHARGES OF RURAL, UNREGULATED STREAMS IN OHIO AREA A
U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

Values Units
1571049.50 | sQ.FT.
0.056 SQ. ML.
0.00 | SQ.FT.
0.00 %
3285.00 | FT.
328.50 FT.
626 | FT.
2792.25 FT.
736 | FT.
2463.75 FT.
234.91 FT.ML.
CFS
1513 CFS
30.92 CFS
43.78 CFS
61.26 CFS
75.70 CFS
89.97 CFS

G:\CO03\0064\Hydraulics\Calcs\phase-3\culverts\823 Flood-Peak Discharge Area 102.xls

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

Lo = 10% of the Distance along channel
Elev,, = Elevation at point L4

Lss = 85% of the Distance along channel
Elevy; = Elevation at point Lgs

Length = Lgs - Lyg

SLOPE = (Elevyg-Elevgs)/Length

Q; = Flood-Peak Discharge
# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)"""2(STORAGE+1) %%
= 84.5(CONTDA) *"*(SLOPE)*?*'(STORAGE+1) %
= 104(CONTDA) ""**(SLOPE)"**(STORAGE+1) "%
= 129(CONTDA) *"*(SLOPE)"**(STORAGE+1)**¥
= 148(CONTDA) *"*'(SLOPE)"*'*(STORAGE+1) ****

= 167(CONTDA) *"**(SLOPE)****(STORAGE+1)****
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Worksheet for SR335 15+66.10

Project Description

Friction Method Manning Formula

Solve For Normal Depth

InputData =

Roughness Coefficient 0.040

Channel Slope 0.35000 fi/ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 5.00 ft

Discharge 61.26 ft¥s

Results -

Normal Depth 0.67 ft

Flow Area 425 f2

Wetted Perimeter 8.00

Top Width 7.68

Critical Depth 1.38

Critical Slope 0.02511 it

Velocity 14.41 /s

Velocity Head 3.23

Specific Energy 3.90 1t

Froude Number 3.42

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00

Length 0.00

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 +#t

Downstream Velocity Infinity  ft/s

Upstream Velocity Infinity  ft/s

Normal Depth 0.67 ft

Critical Depth 1.38 1t

Channel Slope 0.35000 fi/ft

Critical Slope 0.02511  f/ft
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

7/12/2007 1:19:46 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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APPENDIX G




APPENDIX G

LD-33 Form



FORM LD-33 OHIO DEPARTMENT OF TRANSPORTATION
REV. 12-82 COUNTY ENGINEER
APPROVAL FORM

DATE SUBMITTED TC DISTRICT DEPUTY DIRECTOR December 10, 2007
DATE SUBMITTED TO COUNTY ENGINEER December 10, 2007
COUNTY ECIOTO ROUTE 823 SECTION 0.00

CULVERT DATA

ELEVATION OF ELEVATION
OF EXISTING
SIZE & CULVERT INVERT T, 5
STATION SKEW
TYPE
INLET | OUTLET | INLET | OUTLET
72”7 Type g
68+64.0 SR 823 A 707.03 | 576-67 | 566.58 576.67 0 26.0° RF
60”7 Type 8
110+02.0 SR 823 A,707 03 559.81 | 556.62 0 - 6.0 LF
128+98.0 SR 823 60" Type 523.90 |512.54 * 512.54 7.0° LF
A, 707.03 :
166+50.0 SR 823 36” Type A | 711.74 |710.12 0 0 90.0° |
60”7 Type o
175+57.0 SR 823 A 707.03 | 649-20 | 602.79 | 649.20 2 12.0° RF
176+31.4 S PARALL
TO SR 823, RHS & opo gy | 61875 601.28 - - E TO
181+91.8 y : SR823
78" Type _ o
184+29.0 SR 823 A, 707.03 | 628-12 | 624.80 0 21.5° LF
209+430.0 SR 823 72" Type | g95.75 | 658.59 | 675.75 | €58.59 | 21.5° RE
A, 707.03
2334+87.4 SR 823 8" X 8 683.82 639.44 | 683.82 - 48.3° RF
Box Culwv ’
239+18.1 SR 823 8% x B! 652.20 | 639.44 | 652.20 : 5.5° LF
' Box Culwv. :
297+33.6 SR 823 B & B 576.26 | 554.27 * . 51.6° RF
Box Culv. :
300+96.5 SR 823 g 4 8¢ 566.54 | 554.27 * 0 28.0° RF
Box Culv. .
311+81.0 SR 823 g 2.8 601.97 | 570.86 * * 17.0° LF
Box Culwv. .
72" Type o
320+442.8 SR 823 A 707.03 | 660-56 | 616.59 0 * 34.8° RF
8" X 8
344+82.0 SR 823 572.79 | 561.92 | 572.79 * 5.3° LF
Box Culv.

I have reviewed and hereby approve the drainage proposed for the highway
designated heron in accordance with the provisions of Section 6131.631 of the
Revised Code of the State of Ohio.

COUNTY ENGINEER SCIOTO COUNTY

(SIGNATURE)

JATE

COMMENTS : * Relocated Channel
0 New Ditch Location
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OHIO DEPARTMENT OF TRANSPORTATION
COUNTY ENGINEER
APPROVAL FORM

'ORM LD-33
REV. 12-82
DATE SUBMITTED TO DISTRICT DEPUTY DIRECTOR December 10, 2007
DATE SUBMITTED TO COUNTY ENGINEER ‘ December 10, 2007
COUNTY SCIOTO ROUTE 823 SECTION 0.00
CULVERT DATA
ELEVATION OF BREVALION
OF EXISTING
SIZE & CULVERT INVERT c EL AT
STATION HANN SKEW
TYPE
INLET OUTLET INLET OUTLET
64+00.0 SR140 RAMP A 24" Type A | 555.91 554.02 O ¢ a0° 1
68+50.0 SR140 RAMP B 36" Type A | 572.8B5 | 570.00 0 0 50° 1
73+12.6 SR140 RAMP B 30" Type A 606.50 603.18 O O 43.5 LF
48" TYPE
11+17.0 Uss52 A, 706.02 520.31 520.20 ] ¢ Exist.
84" TYPE y
2 .41 . g
20+414.0 Uss2 A, 706.02 519 516.74 O O Exist
78" TYPE
y 549. . ¢
21+50.0 CR503 A, 706.02 9.25 546.63 O 0 90 1
6+89.33 SR140 30" Type A 548.15 546.91 0 = 90° 1
12+00.00 SR140 36" Type A 553492 552.80 0 0 90° L
16+50.00 SR140 42" Type A 566.594 566.16 0 0 90° 1
22+16.57 CR251 36" Type A 555.24 553.50 - - 17.4° LF
PERSHING
@ # .15 44 . - o
18+00.00 AVE, SOUTH 24” Type A | 547.1 544 .51 0 90 n
DRIVE @ 7
0+70.00 PERSHING AVE, 24" Type A 543 .46 540.86 Q - 26.8° RF
SOUTH
15+66.10 SR335 42" Type A 528.22 52%.586 0 = 90° 1
I have reviewed and hereby approve the drainage proposed for the highway
designated heron in accordance with the provisions of Section 6131.631 of the
Revised Code of the State of Ohio.
COUNTY ENGINEER SCIOTO COUNTY
(SIGNATURE)
DATE
COMMENTS : * Relocated Channel

¢ New Ditch Location




