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FORM 1D-33
REV. 12-82

OHIO DEPARTMENT OF TRANSPORTATION
COUNTY ENGINEER

DATE SUBMITTED TO DISTRICT DEPUTY DIRECTOR

APPROVAL FORM

December 21, 2006

DATE SUBMITTED TO COUNTY ENGINEER December 21, 2006
COUNTY SCIOTO . ROUTE 823 SECTION .81
CULVERT DATA
ELEVATION OF ELEVATION
OF EXISTING
SIZE & CULVERT INVERT CHANNEL AT
STATION SKEW
TYPE
INLET OUTLET INLET QUTLET
353+88 SR 823 72" CMP 625.00 603.25 * 603.7 90° L
364+36 SR B23 72" CMP 634.07 613.00 633.5 613.3 10.25° LF
375408 SR 823 90” CMP | 645.58 | 621.69 * * 32.75° LF
404406 SR B23 78" CMP 674.29 663.23 674.2 665.4 10° RF
412407 SR B23 72” CMP 699.00 677.00 * 676.9 28° LF
466+45 SR B23 78" CMP 666.28 656.63 POND . POND 16° LF
473+92 SR 823 72”7 CMP 679.76 649.22 * 649.4 32.58° LF
504460 SR 823 60" CMP 706.55 694.74 707.00 * 13° LF
535450 SR 823 96” CMP 705.44 702.86 * * 90° L
383450 TR 234 RAMP B 30" CMP 656.00 647.00 o 0 90° 1
379400 TR 234 RAMP C 42" 665.00 666.70 0 ¢ 90° L
26+00 TR 234 42" CMP 676.30 669.00 o ¢ sp° A
27430 TR 234 30” CON. 670.30 669.23 4] ¢ 90° 1
485+02 SR 823/SR 139 8'X4’ BOX 628.00 627.30 o ] 50° 4
534+30 CR 28 RAMP A 307 718.60 716.20 719.66 716.20 40° LF
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 Chio.
COUNTY ENGINEER SCIOTO COUNTY

DATE

{SIGNATURE)

FORM LD-33

REV S SS

DATE SUEMITTED TQ DISTRICT DEPUTY DIRECTOR
DATE SUBMITTED TO COUNTY ENGINEER

COUNTY

SCIOTO

ROUTE

B23

* Relocated Channel
{ New Ditch Location

December 21, 2006

Decembexr 21,

2006

SECTION

6.81
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OHiO DEPARTMENT OF TRANSPORTATION
COUNTY ENGINEER
APPROVAL FORM

CULVERT DATA

ELEVATION OF ELEVATION

SIZE & CULVERT INVERT OF EXISTING

CHANNEL AT
STATION TYPE SKEW

INLET OUTLET INLET QUTLET

507+44 CR 28 RAMP C 90” CMP 696.91 | 697.16 699.55 697.53 24° LF
17+060 TR 234 48” . 680.10 677.67 700.12 681.95 9Q° 1
528400 CR 28 RAMP B 24" 755.88 750.50 786.38 779.4 90° 1
10+78 CR 2B 48" CMP 704.5 697.30 706.58 697.44 15° LF
22423 CR 28 78" 707.97 707.32 715.73 724 .85 25° RF

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




1 o O




1

Narrative .......covecevecrnvinivisiiesivessciseccrenns 1
Culvert Calculations ..........c.scccvvvrevrnnenn. 2-149
Inlet Spacing Design Calculations........... 150-175
Storm Sewer Calculations.................c.... 176-226
Ditch Calculations............c.cccovvevvvcirennas 227-332

BMP Calculations........cccccveeevsvrerirnnenn333-335

Drainage Area Maps




| I

[

1 [ L

]

[

N 1 1 ] 1

Narrative




i [ i

| }

— . . ooty ) 4 /o

As per discussions made with ODOT prior to the PAVR (Preferred Alternative
Verification Review) it was decided that the culverts located under high filt (high is fill
greater than or equal to 30°) are to upsized to allow a liner with a field paved invert to be
inserted into it at a later date. This upsizing would allow for traffic on the above roadway
to continue essentially uninterrupted when a new culvert would need to be placed at that
location. The appropriate upsizing was determined to be the design size plus two sizes.
The hydraulics program when analyzing the various options would occasionally not
calculate the upsized culvert as an option. In these cases a separate culvert analysis was
run for the upsized culvert and included with these calculations.

In the deep cut sections of the roadway the ditch analysis was calculated. Rock rubble
from the act blasting out the roadway in deep cut sections, is currently being suggested to
form the proposed ditch. The ditch velocities were checked to determine if energy
dissipaters were necessary.

‘Where existing culverts under the side roads are to be relocated, existing 100 year flood
elevations were determined for those culverts. These existing 100 year flood elevations
were used in the design of the relocated culvert crossing, thereby minimizing impacts of
flooding to the existing conditions.

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

With regards to the LD-33 form, on June 23, 2005 the County Engineer requested that we
send him a copy of the culverts at the Stage 1 Review submittal rather than prior to the
Stage 1 submittal. Therefore the LD-33 form has not yet been approved by the County
Engineer. A copy of the form is attached with these calculations.

Currently there are no Flood Zone Encroachments in this phase of the project.

The drive pipe under the drive on Flowers-Ison Road at Station 10+50 was analyzed as a
culvert. This was due to the upstream pipe being a larger pipe than would be necessary
for the driveway design year storm. These calculations for the drive pipe have been
included after the calculations for the culvert at Sta. 10+78 Lucasville-Minford Road (CR
28).

For this Phase of the project (Phase 1, SCI-823-6.81) the BMP’s consisted of three
measures. The first BMP is exfiltration trenches placed along median barriers and the
curbs in front of the noise walls. The second BMP is vegetative ditches 15° wide placed
for included areas not treated by the exfiltration trenches. The third BMP is an energy
protection area placed in the roadway ditch just before the ditch ties into existing stream.

The design of the BMP’s utilize an Excel spreadsheet to complete the appropriate
calculations.
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Culvert Calculations
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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
| 95142530 | SQ.FT.
0.034 SQ. Ml
| 0.00 | sa. FT.
0.00 %
| 1425.00 | FT
142.50 FT.
| 638 | FT.
1211.25 FT.
| 756 | FT.
1068.75 FT.
582.96 FT./MI.
CFS
11.95 CFS
25.71 CFS
37.25 CFS
53.20 CFS
66.55 CFS
79.79 ‘ CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

Length = Lgs - Ly

SLOPE = (Elev,-Elevgs)/Length

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

= 56.1(CONTDA) *"**(SLOPE)*'"*(STORAGE+1) **’
= 84.5(CONTDA) *"*(SLOPE)"?*'(STORAGE+1) %%%
= 104(CONTDA) *"*4(SLOPE)’***(STORAGE+1) >***
= 129(CONTDA) *"**(SLOPE)***(STORAGE+1) 3
= 148(CONTDA) *"*"(SLOPE)’*#%(STORAGE+1) ***°

=1 ST(CO NTDA) U.TSG(SLOPE)D.ZSS(STORAGE+1 )-0.353

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 14.xls



Friction Method Manning Formula

Solve For Normal Depth

InputData = i
Roughness Coefficient 0.030

Channel Slope 0.08880 fu/ft

Left Side Slope 2.00 fuft (H:V)

Right Side Slope 200 fyft (H:V)

Bottom Width 400 ft

Discharge 66.60 ft¥s

Normal Depth 0.97 ft
Flow Area 577 12
Wetted Perimeter 8.34
Top Width 7.88 ft
Critical Depth 1.57 ft
Critical Slope 0.01398 fi/ft
Velocity 11 54 fils
Velocity Head 2.07 ft
Specific Energy 3.04 ft
Froude Number 2.38

Flow Type Supercritical

Downstream Depth

Length
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 097
Critical Depth 1.57 #t
Channel Slope 0.08880 ft/ft
Critical Slope 0.01398 ft/ft
JREET Systems

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

8/18/2006 10:50:14 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
[ 1216219.80 ] sQ.FT.
0.044 SQ. M.
[ 0.00 | sa.FT.
0.00 %
EEE2T00sETR]  FT.
152.70 FT.

| 653 | FT.
1297.95 FT.

| 845 | FT.
1145.25 FT.
885.19 FT./MI.

CFS

15.56 CFS

34.05 CFS

49.76 CFS

71.58 CFS

89.94 CFs

108.21 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

Length = Lgs - Ly

SLOPE = (Elevqy-Eievgs)/Length

Q; = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) “"**SLOPE)* "4(STORAGE+1) 2%
= 84.5(CONTDA) “"**(SLOPE)"*"(STORAGE+1) %22
= 104(CONTDA) ""**(SLOPE)"**(STORAGE+1) %33
= 129(CONTDA) *"**(SLOPE)"**/(STORAGE+1) "3

= 148(CONTDA) *"*"(SLOPE)"*"*(STORAGE+1) 3%

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

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 25.xls
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Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.05100 f/ft

Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 4.00 ft
Discharge 89.94 ft3/s
Normal Depth 1.32 1t

Flow Area 8.73 ft2
Wetted Perimeter 9.89 ft

Top Width 9.27 ft

Critical Depth 1.85 it

Critical Slope 0.01344 tyft
Velocity - 10.30 fis
Velocity Head 1.65

Specific Energy 296 ft
Froude Number 1.87

Flow Type Supercritical

Downstream Depth 0.00 ft
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 ft/s
Normal Depth 1.32 1t
Critical Depth 185 ft
Channel Slope 0.05100 fyft
Critical Slope 0.01344 fyft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
8/14/2006 5:14:15 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
5940403.50: | sQ.FT.
0.213 SQ. ML.
0.00 | sSQ.FT.
0.00 %
3900.00 | FT.
390.00 FT.
639 | FT.
3315.00 FT.
. 867 | FT
2925.00 FT.
410.67 FT./MI.
CFS
4714 CFS
97.30 CFsS
138.59 CFS
195.10 CFS
241.71 CFS
288.37 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

Length =Lgs- Lyg

SLOPE = (Elevyy-Elevgs)/Length

Qq = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)*""4(STORAGE+1) %27
= 84.5(CONTDA) *"**(SLOPE)"#*'(STORAGE+1) "%
=104(CONTDA) *"*(SLOPE)***(STORAGE+1) %**
= 129(CONTDA) ”Go(SLOPE)D'zm(STORAGE +1)-o.347

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

= 167(CONTDA) ***(SLOPE)***(STORAGE+1) %

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 26.xls
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Worksheet for SR 823 STA 375+08

Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.05100 f/ft

Left Side Slope 2.00 fUft (H:V)
Right Side Slope 2,00 ftfit (H:V)
Bottom Width 4.00 1t
Discharge 89.94 s

Normal Depth 132
Flow Area 8.73 fiz
Wetted Perimeter 9.89 ft
Top Width 9.27 ft
Critical Depth 1.85 ft
Critical Slope 0.01344 f/ft
Velocity 10.30 fis
Velocity Head 165 ft
Specific Energy 296 ft
Froude Number 1.87

Flow Type Superecritical

Downstream Depth " 0.00 ft
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 1t
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 132 ft
Critical Depth 1.85 1t
Channel Slope 0.05100 ft/it
Critical Slope 0.01344  fu/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
8/17/2006 3:26:16 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
| 4156484.00 | sQ.FT.
0.149 SQ. ML
| 0.00 | SQ.FT.
0.00 %
| 3134.00 | FT.
313.40 FT.
| 675 | FT.
2663.90 FT.
| 822 | FT.
2350.50 FT.
330.21 FT./MI.
CFS
Q, 34.34 CFS
Qs 70.45 CFS
Qg 100.03 CFS
Q5 140.40 CFs
Qs 173.68 CFS
Q100 206.87 CFS

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
Elevgs = Elevation at point Lgs

Length = Lgs - Lyg

SLOPE = (Elevo-Elevgs)/Length

Q; = Flood-Peak Discharge

# = Frequency of Storm
= 56.1(CONTDA) *"**(SLOPE)™""*(STORAGE+1) %%’
= 84.5(CONTDA) *"*(SLOPE)*?*(STORAGE+1) **22
= 104(CONTDA) *"*(SLOPE)"***(STORAGE+1) ***
= 129(CONTDA) 0'760(3LOPE)0'264(ST0RAGE+ 1 )_0_347

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

=1 67(CONTDA) 0.756(SL0PE)0.285(ST0RAG E+1 )-0.353
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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

12/12/2006 1:19:35 PM

Manning Formula

Normal Depth

0.040
0.02410 fyft
2,00 ftft (H:V)
2,00  fft (H:V)
6.00 ft
173.70  ftss

223 ft
23.38 fi2
1599 ft
14.93

229 ft

0.02186 fy/ft

743 fis

0.86 ft

3.09 f

1.05

Supercritical

0.00 f#t
Infinity  ft/s
Infinity /s

223 ft

229 ft

0.02410 i/t
0.02186 ftfit

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

|2899838230E ] SQ. FT.

0.036 SQ. Ml.

B -0.00 | sQ.FT.
0.00 %
EEEarsioomay] rFT.
127.80 FL.

i 707 | FT.
1086.30 FT.

| 870 | FT.
958.50 FT.

897.90 FT./MI.

CFS

13.37 CFS

29.35 CFS

42.94 CFS

61.84 CFS

77.76 CFS

93.59 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L4 = 10% of the Distance along channel
Elev,, = Elevation at point L4q

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

Length = Lgs - Ly

SLOPE = (Elevyg-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) %3

= 148(CONTDA) *"*(SLOPE)"*"*(STORAGE+1) %55

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

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 15.xlIs
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Worksheet for SR 823 STA 412+07

Friction Method
Solve For Normal Depth

Manning Formula

Roughness Coefficient 0.030
Channel Slope 0.08700
Left Side Slope 6.00
Right Side Slope 6.00
Bottom Width 10.00
Discharge 77.70

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

ft¥/s

Normal Depth 0.62
Flow Area 8.58
Wetted Perimeter 17.60
Top Width 17.49
Critical Depth 1.00
Critical Slope 0.01472
Velocity 9.05
Velocity Head 1.27
Specific Energy 1.90
Froude Number 2.28
Flow Type Supercritical

ft/ft
ft/s

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

Upstream Depth 0.00

Profile Description

Profile Headloss 0.00 1t

Downstream Velocity Infinity  ft/s

Upstream Velocity Infinity  ft/s )

Normal Depth 7‘4’/”‘77:5»
Critical Depth 1.00 ft

Channel Slope 0.08700 fi/ft

Critical Slope 0.01472  fi/ft

9/7/2006 8:14:10 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
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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
5066123.00 | SQ.FT.
0.182 SQ. MI. CONTDA = Contributing Drainage Area
27093.00 | sQ.FT.
0.53 %  STORAGE = Storage Area
3613.00 | FT. TOTAL CHANNEL LENGTH
361.30 FT. L4, = 10% of the Distance along channel
677 | FT.  Elevy,=Elevation at point Ly
3071.05 FT. Lgs = 85% of the Distance along channel
820 | FT.  Elevgs =Elevation at point Lgs
2709.75 FT.  Length=Lgs-Ly
278.64 FT./MI. SLOPE = (Elevy-Elevgs)/Length

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

34.29 CFS  =56.1(CONTDA) *"*¥(SLOPE)’""*(STORAGE+1)"**’
68.83 CFS = 84.5(CONTDA)""**(SLOPE)"**'(STORAGE+1)"**
96.71 CFS  =104(CONTDA)*"*(SLOPE)***(STORAGE+1)****
134.48 CFS  =129(CONTDA)“"*(SLOPE)"**/(STORAGE+1)™**
165.36 CFS  =148(CONTDA)""*(SLOPE)"*"*(STORAGE+1)***
195.94 CFS = 167(CONTDA) "*(SLOPE)****(STORAGE+1) ***

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 30.xls
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Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.040

Channel Slope 0.02040 fuit

Left Side Slope 2.00 fuft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 400 ft
Discharge 165.36 ft¥/s

Normal Depth 2.58 ft
Flow Area 23.59 ft2
Wetted Perimeter 15.52 ft
Top Width 14.31 ft
Critical Depth 253 ft
Critical Slope 0.02211  ft/ft
Velocity 7.01 ft/s
Velocity Head 0.76 ft
Specific Energy 334 ft
Froude Number 0.96

Flow Type Suberitical

Downstream Depth 0.00
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 258 ft
Critical Depth 253 ft
Channel Slope 0.02040 i/t
Critical Slope 0.02211  fft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
9/7/2006 9:49:33 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for SR 823 STA 466+45

i

Friction Method Manning Formula

Solve For Normal Depth

Roughness Coefficient 0.040

Channel Slope 0.02040 ft/it

Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 fuft (H:V)
Bottom Width 4.00 ft
Discharge 165.36 fi¥s

Normal Depth 258 ft
Flow Area 23.59 ft2
Wetted Perimeter 15.52 1t ’
Top Width 1431 f
Critical Depth 253 ft
Critical Slope 0.02211 i/t
Velocity 7.01 ft/s
Velocity Head 0.76 1t
Specific Energy 334 ft
Froude Number 0.96

Flow Type Subcritical

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

Upstream Depth 0.00 1t

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity  ft/s

Upstream Velocity Infinity ~ ft/s

Normal Depth 258 ft

Critical Depth 253 ft =
Channel Slope 0.02040 ft/ft

Critical Slope 0.02211  fu/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
9/7/2006 9:49:33 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
| 1879281.00 | sQ.FT.
0.067 SQ. MI.
| 0.00 | sQ.FT.
0.00 %
| 1960.00 | FT.
196.00 FT.
L 686 | FT.
1666.00 FT.
[ 840 | FT.
1470.00 FT.
553.14 FT./MI.
CFs
2017 CFs
42.89 CFS
61.86 CFS
88.01 CFs
109.81 CFS
131.50 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L1o = 10% of the Distance along channel
Elev,, = Elevation at point L4,

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

Length = Lg; - L4,

SLOPE = (Elev,q-Elevgs)/Length

Qg = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) “"**(SLOPE)"""*(STORAGE+1) ***
= 84.5(CONTDA) *"**(SLOPE)"**'(STORAGE+1) %%
= 104(CONTDA) *"*4(SLOPE)"***(STORAGE+1) ***

=129(CONTDA) *"™(SLOPE)****(STORAGE+1) >’

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

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

G:\C0O03\0064\Hydraulics\823 Flood-Peak Discharge Area 31 .xls
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Friction Method

Worksheet for SR 823 STA 474+10

Manning Formula

Solve For Normal Depth

neuthatl T BT : : '
Roughness Coefficient 0.040

Channel Slope 0.03180 ft/ft

Left Side Slope 2.00 fuit (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 400 ft
Discharge 109.80 ft¥s
Results SRR
Normal Depth 1.90 ft

Flow Area 14.80 2
Wetted Perimeter 1249

Top Width 11,59

Critical Depth 205 f
Critical Slope 0.02329 fu/ift
Velocity 742 ftfs
Velocity Head 0.86 ft
Specific Energy 275
Froude Number 1.16

Flow Type

G]E lnpu baga —

Downstream Depth

Supercritical

Length
Number Of Steps 0
GVF OutputData e T

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

Critical Slope

PR

9/13/2006 8:20:19 AM

0.00 ft
Infinity  ft/s
Infinity  ft/s

1.90 ft

205 ft
0.03180 fi/ft
0.02329  fifit

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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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
| 1236968.00 | sQ.FT.
0.044 SQ. M.
| 0.00 | SQ.FT.

0.00 %

[ 154000 | FT.
154.00 FT.

| 722 { FT.
1309.00 FT.

| 880 | FT.
1155.00 FT.
722.29 FT.ML.

CFS

15.23 CFS

32.98 CFS

47.97 CFS

68.72 CFS

86.12 CFS

103.43 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

Length = Lgs - Lyg

SLOPE = (Elev,y-Elevgs)/Length

Qg = Flood-Peak Discharge

# = Frequency of Storm

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

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

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

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 54.xls éO



Worksheet for SR 823 STA 504+60

Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.040

Channel Slope 0.03880 fi/ft

Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 4.00 it
Discharge 86.12 ft3/s

Normal Depth 1.60 1t
Flow Area 11.52 f2
Wetted Perimeter 1116 ft
Top Width 10.40
Critical Depth 1.80 ft
Critical Slope 0.02403 fyft
Velocity 7.48 ft/s
Velocity Head 0.87
Specific Energy 2.47
Froude Number 1.25

Flow Type Supercritical

Downstream Depth 0.00 ft
Length 0.00 1
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity  fi/s
Normal Depth 1.60 +ft
Critical Depth 1.80 ft
Channel Slope 0.03880 ft/ft
Critical Slope 0.02403 fu/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
9/13/2006 9:35:52 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
| 8857883.00 { SQ.FT.
0.318 SQ. MI.
| 0.00 | sQ.FT.
0.00 %
B 4600.00 | FT.
460.00 FT.
| 716 3] FT.
3910.00 FT.
| 815 | FT.
3450.00 FT.
151.51 FT./MI.
CFS
Q, 54.28 CFS
Qs 106.13 CFS
Qo 147.45 CFS
Q5 203.14 CFS
Qs 248.39 CFSs
Q00 293.56 CFS

8420975
Definitions 326998

109910
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

Length = Lg; - Lyg

SLOPE = (Elev,q-Elevg;)/Length

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

= 56.1(CONTDA) “"**(SLOPE)"""(STORAGE+1)*?*7
= 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) ***

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 72.xls 67
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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 2327644
[ 757045500 | sa.FT. 1262498
0.272 SQ. Ml. CONTDA = Contributing Drainage Area 3980313
l 0.00 | sQ.FT.
0.00 % STORAGE = Storage Area
| 4140.00 | FT. TOTAL CHANNEL LENGTH
414,00 FT. L1o = 10% of the Distance along channel
| 650 | FT.  Elevy, = Elevation at point Ly
3519.00 FT. Lgs = 85% of the Distance along channel
| 790 | FT.  Elevgs = Elevation at point Lgs
3105.00 FT. Length=Lgs- Ly
238.07 FT.MI. SLOPE = (Elev,y-Elevgs)/Length

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

Q, 51.88 CFS  =56.1(CONTDA) "4 (SLOPE)™""*(STORAGE+1)**"
Qs 103.93 CFS  =84.5(CONTDA)‘"*(SLOPE)"**'(STORAGE+1)**%
Qqo 146.02 CFS  =104(CONTDA)""*(SLOPE)’***(STORAGE+1) %
Qs 203.13 CFS  =129(CONTDA) *"*(SLOPE)***/(STORAGE+1)**¥
Qs 249.84 CFS  =148(CONTDA) ""*"(SLOPE)**"*(STORAGE+1)"**°
Qoo 296.53 CFS  =167(CONTDA)*"*(SLOPE)****(STORAGE+1)**%*

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 75.xls 7-3



Workshéet for SR 139 STA 171+80

Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.01100 fi/ft

Left Side Slope 4.00 fyft (H:V)
Right Side Slope 4,00 ft/ft (H:V)
Bottom Width 10.00 1t
Discharge 203.00 ft¥s

Normal Depth 1.88 ft
Flow Area 3295 ft2
Wetted Perimeter 2551 ft
Top Width 25.04 ft
Critical Depth 1.83 ft
Critical Slope 0.01236 ft/ft
Velocity 6.16 ft/s
Velocity Head ‘- 059 ft
Specific Energy 247 ft
Froude Number 0.95

Flow Type j Subcritical

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

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 it
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity ft/s
Normal Depth 1.88 ft
Critical Depth 1.83 ft
Channel Slope 0.01100 fift
Critical Slope 0.01236 ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
12/12/2006 10:36:05 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
| 642510.00 | sSQ.FT.
0.023 SQ. ML.
| 0.00 | sQ.FT.
0.00 %
| 1788.00 | FT.
178.80 FT.
| 658 | FT.
1519.80 FT.
| 715 | FT.
1341.00 FT.
22443 FT./MI.
CFS
7.46 CFS
15.39 CFS
21.86 CFS
30.68 CFS
37.99 CFS
45.18 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L1o = 10% of the Distance along channel
Elev,, = Elevation at point L4g

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

Length = Lgs - L4g

SLOPE = (Elev,q-Elevgs)/Length

Q; = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) “"**(SLOPE)"""%(STORAGE+1) %"/
= 84.5(CONTDA) ""*(SLOPE)*??'(STORAGE+1) *322
= 104(CONTDA) *"*(SLOPE)***(STORAGE+1) %3
= 129(CONTDA) " "**(SLOPE)"***(STORAGE+1) ¥

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

= 167(CONTDA) *"**(SLOPE)****(STORAGE+1) *3%*

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 81.xls
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Worksheet for SR 234 Ramp B STA 383+50

Friction Method Manning Formula
Solve For Normal Depth

InputData

Roughness Coefficient 0.030

Channel Slope 0.05000 f/ft

Left Side Slope 6.00  fuft (H:)
Right Side Slope 6.00 f/ft (H:V)
Bottom Width 3.00 ft
Discharge 30.68 ft3fs

Normal Depth 068 ft
Flow Area 4.87 ft2
Wetted Perimeter ' 1133 #
Top Width 11.22
Critical Depth 0.89
Critical Slope 0.01633 ft/ft
Velocity 6.31 ft/s
Velocity Head 0.62
Specific Energy 1.30 ft
Froude Number 1.69

Flow Type Supercritical

GVFInputData

Downstream Depth 0.00
Length 0.00
Number Of Steps 0
GVFOutputData s S
Upstream Depth 0.00 +t
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity ft/s
Normal Depth 068 ft
Critical Depth 0.89 it
Channel Slope 0.05000 ft/t
Critical Slope 0.01833 ft/it

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
11/14/2006 4:10:58 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA, +1-203-755-1666 Page 1 of 1
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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
[ 34760573 ] sa.FT.
0.012 SQ. ML.
E 0.00 ] sa.FT.
0.00 %

[ 162800 | FT.
162.80 FT.

| 664 | FT.
1383.80 FT.

| 716 | FT.
1221.00 FT.
224.86 FT.MI.

CFS

4.62 CFS

9.60 CFS

13.68 CFS

19.25 CFS

23.87 CFS

28.41 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L1o = 10% of the Distance along channel
Elev,, = Elevation at point L4q

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

Length = Lg; - Lyq

SLOPE = (Elevyo-Elevgs)/Length

Q; = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) ""**(SLOPE)" "™ STORAGE+1) %27
= 84.5(CONTDA) *"**(SLOPE)"**'(STORAGE+1) *22
= 104(CONTDA) ""*/(SLOPE)****(STORAGE+1) 3%
= 129(CONTDA) “"**(SLOPE)"**(STORAGE+1)**¥

= 148(CONTDA) ""*"(SLOPE)"*"*(STORAGE+1) %355

= 167(CONTDA) ""**(SLOPE)***5(STORAGE+1) %%

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 79.xls
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U.S. GEOLOGICAL SURVEY Water Resources Investigations Report 89-4126

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

Values Units
[ 51020400 | sQ.FT.
0.018 SQ. M.
| 0.00 | SQ.FT.
0.00 %
l 2279.00 | FT.
227.90 FT.
B 668 | FT.
1937.15 FT.
| 710 | FT.
1709.25 FT.
129.74 FT./MI.
CFS
Q, 5.67 CFs
Qs 11.42 CFS
Qqp 16.04 CFS
Qs 22.28 CFS
Qso 27.43 CFS
Q100 32.46 CFS

(.oﬂ'ﬁ‘:}lﬁ;i’y
Definitions Area .
287455
CONTDA = Contributing Drainage Area r?22749
STORAGE = Storage Area p m’”‘{ﬂe
TOTAL CHANNEL LENGTH Area

L1o = 10% of the Distance along channel
Elevy, = Elevation at point L4,

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

Length = Lgs - Ly

SLOPE = (Elev,o-Elevgs)/Length

Qq = Flood-Peak Discharge

# = Frequency of Storm
= 56.1(CONTDA) *"**(SLOPE)"""(STORAGE+1) %2*
= 84.5(CONTDA) “"**(SLOPE)"#*(STORAGE+1) 32
= 104(CONTDA) *"**(SLOPE)***(STORAGE+1) %
= 129(CONTDA) *"**(SLOPE)"2*(STORAGE+1) >

= 148(CONTDA) **'(SLOPE)**"*(STORAGE+1) 3%

= 167(CONTDA) *"**(SLOPE)****(STORAGE+1) %3

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 80.xIs



Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.13150 fi/ft

Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 6.00 fu/ft (H:V)
Bottom Width 10.00 ft
Discharge 22.30 ftys

Normal Depth 0.28 ft
Flow Area 311 fi2
Wetted Perimeter 12.33
Top Width 1224
Critical Depth 050 ft
Critical Slope 0.01766 ft/ft
Velocity 717 ft/s
Velocity Head 0.80
Specific Energy J 1.08 ft
Froude Number 2,51

Flow Type Supercritical

Downstream Depth 0.00 1t

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 0.28
Critical Depth 0.50 ft
Channel Slope 0.13150 fy/ft
Critical Slope 0.01766 fuft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
11/16/2006 3:13:36 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
| 2089899.00 | sQ.FT.
0.075 SQ. MI. CONTDA = Contributing Drainage Area
| 0.00 | sa.FT.
0.00 % STORAGE = Storage Area
| 3120.00 | FT. TOTAL CHANNEL LENGTH
312.00 FT. L1o = 10% of the Distance along channel
| 689 | FT.  Elevy = Elevation at point L,,
2652.00 FT. Lgs = 85% of the Distance along channel
[ 860 | FT.  Elevgs = Elevation at point Lgg
2340.00 FT. Length = Lgs - Lyp
385.85 FT./MI. SLOPE = (Elev,y-Elevgs)/Length

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

Q, 20.60 CFS  =56.1 (CONTD{A} T8 SLOPE)™""(STORAGE+1) "%

Q 42.98 CFS  =84.5(CONTDA) *"*(SLOPE)"*"(STORAGE+1)**2
5

Q 61.45 CFS  =104(CONTDA) *"*(SLOPE)***(STORAGE+1)3%
10

Q 86.76 CFS  =129(CONTDA)""*(SLOPE)"**(STORAGE+1)*%’
25

Qs 107.74 CFS  =148(CONTDA)""*"(SLOPE)"*"*(STORAGE+1)35

Qo 128.60 CFS  =167(CONTDA) “"**(SLOPE)"***(STORAGE+1)"**

G:\CO0310064\Hydraulics\823 Flood-Peak Discharge Area 87 xis ?é



Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.02100 #/ft

Left Side Slope 2.00 fifit (H:V)
Right Side Slope 2.00 fUft (H:V)
Bottom Width 4.00 ft
Discharge 86.76 ft¥/s

Normal Depth 162 +#t
Flow Area 11.75 ft2
Wetted Perimeter 11.25 ft
Top Width 1049 ft
Critical Depth 1.81 ft
Critical Slope 0.01351 fi/ft
Velocity 7.39 ft/s
Velocity Head 0.85 ft
Specific Energy 247 ft
Froude Number 1.23

Flow Type Supercritical

Downstream Depth 0.00 ft
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  ft/s
Normal Depth 162
Critical Depth 181 #t
Channel Slope 0.02100 fi/ft
Critical Slope 0.01351 fuft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
12/13/2006 11:09:43 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1 -203-755-1666 Page 1 of 1
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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
[ 810646.00 | sa.FT.
0.029 SQ. M.
| 0.00 | SQ.FT.
0.00 %

[ 1088.00 | FT.
108.80 FT.

B 679 | FT.
924.80 FT.

| 853 | FT.
816.00 FI.
1125.88 FT./MI.

CFsS

11.81 CFS

26.29 CFS

38.70 CFS

56.04 CFS

70.70 CFS

85.28 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

Length = Lg; - L,g

SLOPE = (Elevqp-Elevgs)/Length

Qg = Flood-Peak Discharge

# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)*""*(STORAGE+1) "2
= 84.5(CONTDA) *"**(SLOPE)"**"(STORAGE+1) 322
= 104(CONTDA) *"*/(SLOPE)***(STORAGE+1) %%
= 129(CONTDA) *"**(SLOPE)"2*(STORAGE+1) %34

= 148(CONTDA) *"*'(SLOPE)**"*(STORAGE+1) 35

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

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 77 .xIs
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Worksheet for SR 234 STA 26+00

i i -

Friction Method Manning Formula
Solve For Normal Depth

InputData

Roughness Coefficient 0.030

Channel Slope 0.02700 fi/ft

Left Side Slope : 3.00 ft/ft (H:V)
Right Side Slope 3.00 fifft (H:V)
Bottomn Width 400 1t
Discharge 56.04 ft%/s

Normal Depth 113 #
Flow Area 8.35 ft2
Wetted Perimeter 1115 #t
Top Width 10.78 1t
Critical Depth 1.32 ft
Critical Slope 0.01433  fi/ft
Velocity 6.71 ft/s
Velocity Head 0.70 ft
Specific Energy 1.83 1t
Froude Number 1.34
Flow Type Supercritical

YRGS
Downstream Depth 0.00 1t

Length 0.00 ft

Number Of Steps ’ 0

GVF Output Data _ s
Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity  ft/s

Upstream Velocity Infinity  ft/s

Normal Depth 1.13

Critical Depth 1.32

Channel Slope 0.02700 fi/t

Critical Slope 0.01433  fi/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
12/8/2006 8:41:16 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
287455.00 | sQ.FT.
0.010 SQ. MIl. CONTDA = Contributing Drainage Area
0.00 | sQ.FT.
0.00 % STORAGE = Storage Area
1820.00 | FT. TOTAL CHANNEL LENGTH
182.00 FT. L,o = 10% of the Distance along channel
683 | FT. ' Elevy, = Elevation at point Lyq
1547.00 FT. Lgs = 85% of the Distance along channel
714 | FT.  Elevgs = Elevation at point Lgs
1365.00 FT. Length = Lgs - L4
116.82 FT./MI. SLOPE = (Elevyo-Elevgs)/Length

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

3.56 CFS  =56.1(CONTDA) *"®(SLOPE)"""*(STORAGE+1)***’
7.18 CFS  =84.5(CONTDA)*"®*(SLOPE)"**'(STORAGE+1)"*#
10.08 CFS = 104(CONTDA)"®*(SLOPE)***(STORAGE+1)"***
14.01 CFS  =129(CONTDA)""(SLOPE)"***STORAGE+1)"*
17.26 CFS  =148(CONTDA)""*(SLOPE)**"*(STORAGE+1)"**
20.42 CFS  =167(CONTDA)""**(SLOPE)****(STORAGE+1)"**

G:\C003\0064\Hydraulics\823 Flood-Peak Discharge Area 78.xls
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Worksheet for SR 234 STA 27+50

Project Description. -
Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.00400 ft/it

Left Side Slope 6.00 ft/ft (H:V)
Right Side Slope 4.00 fyuft (H:V)
Bottom Width 10.00 ft
Discharge 13.86 ft¥s

e

R e e

Normal Depth 0.57 ft
Flow Area 7.37 ft?
Wetted Perimeter 15.85 ft
Top Width 1573 ft
Critical Depth 0.37 ft
Critical Slope 0.01937 f/ft
Velocity 1.88 fi/s
Velocity Head 0.05 ft
Specific Energy 0.63 ft
Froude Number 0.48

Flow Type Subcritical

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 0.57 ft
Critical Depth 037 ft
Channel Slope 0.00400 ft/ft
Critical Slope 0.01937 ft/ft
JLeT Systems >
Sm— Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
42/8/2006 3:50:44 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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CR 28 RAMP A STA 534+30
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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
[ 45322700 | sQ.FT.
0.016 SQ. ML.
| 0.00 - | sQ.FT.

0.00 %

B 262008 EE] FT.
26.20 FT.

| 718 | FT.
222.70 FT.

| 724 | FT.
196.50 FT.
166.60 FT./ML.

CFS

5.40 CFS

11.02 CFS

15.57 CFS

21.75 CFS

26.87 CFs

31.87 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

Ly = 10% of the Distance along channel
Elev,, = Elevation at point L4q

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

Length = Lgs - Lqp

SLOPE = (Elevg-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) **%

G:\C003\0064\Hydraulics\823 Flood-Peak Discharge Area 69.xIs
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Friction Method
Solve For

Worksheet for SR 728 Ramp A STA 534+30

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

Supercritical

PR el SRR LR A a2

0.030
0.03200 fifit
3.00 fi/ft (H:V)
3.00 fuft (H:V)
400 ft
2690 ftys

0.74 1t
462 f?
8.70
8.45
0.89 ft
0.01588 ft/ft
582 fiis
0.53
1.27 #
1.39

=

=4

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

12/10/2006 1:56:59 PM

0.00 1
Infinity ft/s
Infinity  ft/s
Tailwder
0.89 ft
0.03200 f/ft
0.01588 f/ft

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

1 of

Bentley FlowMaster [08.01.066.00]
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Q1 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
10476218.00 ] SQ.FT.
0.376 SQ. Ml.  CONTDA = Contributing Drainage Area
0.00 =] sa. FT.
0.00 % STORAGE = Storage Area
5330.00 | FT. TOTAL CHANNEL LENGTH
533.00 FT. L1o = 10% of the Distance along channel
702 | FT.  Elevy, = Elevation at point Ly,
4530.50 FT. Lgs = 85% of the Distance along channel
810 | FT.  Elevgs = Elevation at point Lgs
3997.50 FT. Length=Lg;- Ly
142.65 FT/MI. SLOPE = (Elev,o-Elevgs)Length

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

61.25 CFS  =56.1(CONTDA) *"**(SLOPE)"""}(STORAGE+1)"2¥
119.15 CFS  =84.5(CONTDA)""*(SLOPE)"**'(STORAGE+1)"*2
165.17 CFS  =104(CONTDA) “"**(SLOPE)***(STORAGE+1) %33
22713 CFS  =129(CONTDA) "“"*(SLOPE)***4STORAGE+1)3*
277.37 CFS  =148(CONTDA) ¥ (SLOPE)"*"*(STORAGE+1) 355
327.59 CFS  =167(CONTDA)""**(SLOPE)****(STORAGE+1) %3¢

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 71 .xls

8420975
326998
208544
878713
109910
531078
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Worksheet for SR 728 Ramp C STA 507+44.92

Project Description e ‘
Friction Method Manning Formula

Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.04800 ft/ft

Left Side Slope 2.00 fu/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 1t
Discharge 277.24 itds
Normal Depth 1.65 ft

Flow Area 21.89 ft2
Wetted Perimeter 17.36 ft

Top Width 16.59 1t

Critical Depth 243 ft
Critical Slope 0.01156 ft/ft
Velocity 12.67 ft/s
Velocity Head 249 ft
Specific Energy 414 ft

Froude Number 1.94

Flow Type Supercritical

Downstream Depth

Length

Number Of Steps 0
GVF Outplit Data o
Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 165 ft
Critical Depth 243 ft
Channel Slope 0.04800 fy/ft
Critical Slope 0.01156  f/ft

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

12/10/2006 12:21:38 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Worksheet for SR 728 Ramp B STA 528+00

Project Descrption

Friction Method
Solve For

Manning Formula
Normal Depth

lnput Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

0.030
0.01000
3.00
2.00
10.00
9.72

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

fts

Normal Depth

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type Subcritical

0.37
4.05
12.00
11.85
0.30
0.02030
2.40
0.09
0.46
0.72

s e P T s e

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

= -

ft/ft
ft/s

-, =2

ft

ft

Infinity  ft/s

Infinity
0.37
0.30

0.01000
0.02030

ft/s
ft
ft
f/ft
ft/ft

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

11/1/2006 10:08:25 AM

Bentley FlowMaster [08.01.066.00]
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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
3476886.00 | sa.FT.
0.125 SQ. Ml
0.00 . | sQ.FT.
0.00 %
2490.00 | FT.
249.00 FT.
712 | FT.
2116.50 FT.
795 : [ FT.
1867.50 FT.
234.67 FT./MI.
CFS
28.16 CFS
56.95 CFS
80.30 CFS
112.02 CFS
138.08 CFS
163.99 CFS

G:\CO03'0064\Hydraulics\823 Flood-Peak Discharge Area 73.xls

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

L. = 10% of the Distance along channel
Elev4, = Elevation at point Lq

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

Length =Lgs - Ly

SLOPE = (Elevqg-Elevgs)/Length

Qg = Flood-Peak Discharge
# = Frequency of Storm

= 56.1(CONTDA) *"*4(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) 3%
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Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.05700 f/ft

Left Side Slope 033 f/ft (H:V)
Right Side Slope 0.33  ft/ft (H:V)
Bottom Width 3.00 ft
Discharge 112.00 fiys

Normal Depth 233 ft
Flow Area 8.82 ft2
Wetted Perimeter 7.92 ft
Top Width 456 it
Critical Depth 341 ft
Critical Slope 0.02256  ft/ft
Velocity 12.70 ft/s
Velocity Head 251 ft
Specific Energy 484 ft
Froude Number 1.61

Flow Type Supercritical

Downstream Depth 0.00 ft
Length 000 1t
Number Of Steps 0

Upstream Depth 0.00 +#t

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity  ft/s

Upstream Velocity ity ft/s

Normal Depth 233 ft J— TA \MT’E&
Critical Depth 311 ft

Channel Slope 0.05700 f/ft

Critical Slope 0.02256 ft/ft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]
7/18/2006 1:36:28 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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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
[ 2470061.00 | sQ.FT.
0.089 SQ. Mi.
| 0.00 | sQ.FT.
0.00 %
[ 245000 | FT.
245.00 FT.
| 713 | FT.
2082.50 FT.
| 795 | FT.
1837.50 FT.
235.62 FT.MI.
CFS
Q, 21.57 CFS
Qs 43.82 CFS
Qqo 61.90 CFS
Qys 86.48 CFS
Qso 106.71 CFS
Qypo 126.78 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

SLOPE = (Elevqg-Elevgs)/Length

Qg = 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)****

G:\CO03\0064\Hydraulics\823 Flood-Peak Discharge Area 74.xls /3?
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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
| 842097470 | SQ.FT.
0.302 SQ. M.
[ - ] sa.FT.
0.00 %
| 4320.00 | FT.
432.00 FT.
| 720 | FT.
3672.00 FT.
| ' 820 | FT.
3240.00 FT.
162.96 FT./ML.
CFs
52.83 CFS
103.73 CFS
144.40 CFS
199.28 CFS
243.91 CFS
288.48 CFS

Definitions
CONTDA = Contributing Drainage Area

STORAGE = Storage Area

TOTAL CHANNEL LENGTH

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

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

Length = Lgs - Lqg

SLOPE = (Elev,q-Elevgs)/Length

Qg = Flood-Peak Discharge
# = Frequency of Storm

= 56.1(CONTDA) *"**(SLOPE)*'"*(STORAGE+1) ***’
= 84.5(CONTDA) *"**(SLOPE)***'(STORAGE+1) ***
= 104(CONTDA) *"*4SLOPE)"***(STORAGE+1) ****
= 129(CONTDA) *"*°(SLOPE)***/(STORAGE+1) ***
= 148(CONTDA) *"*"(SLOPE)"*"*(STORAGE+1)***°

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

G:\C003\0064\Hydraulics\823 Flood-Peak Discharge Area 28.xIs
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BMP Calculations
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Date: Sept. 5, 2006

Calculation to Determine Length of Treatment Trench - Lt

Exfiltration Trench at Median

e S s S

M Rounded up to next 4 foot increment
Impervious Impervious Treatment (left side) (right side) {left side) {right side}

Station Solved For  Area {acres) Area({s.f) TotalArea Percent Cg Lt Lt Lt Lt

351+50 0.09 392040 3,920.40 1.0 0.890 5.1210 8
0.28 12,196.80 12,196.80 1.0 0,90 15.9320 16

355+00 10,892.08 10,892.08 10 090 14.3583 16
39,291.22 39.291.22 1.0 0.80 51.3238 52

365+00 10,992.92 10,892.92 1.0 0.90 14.3594 16
36,630.91  36,630.91 1.0 0.80 47.8488 43

375+00 7,700,00 7,700.00 10 080 10.0581 12
7,700.00  7,700.00 1.0_0.90 : 10.0581 12

382+00 4,635.33 4,635.33 1.0 0.90 6.0549 8
2,600.48 2690.48 1.0 0.90 3.5144 4

386+50 9,900.00 9,900.00 1.0 090 129318 16
9.900.00  9,900.00 1.0 _0.90 12.9318 16

395+50 645227 B452.27 10 090 8.4282 12
49,523.22 49,6523.22 1.0 0.90 64.6893 68

405+50 539436 5,394.36 1.0 0.90 7.0463 8
51,477.89 51.477.89 1,0 0.90 67.2425 68

415+50 §,250.50 §5,259.50 1.0 080 6.8702 8
40,296.60 40,206.60 1.0 0.90 52.6371 56

435+00 8,602.20 8,602.20 1.0 090 11.2365 12
22,533.25 22533.25 1.0 0.80 29.4339 32

440+50 0.15 6,534.00 6,534.00 1.0 0.80 8.5350 12
0.15  6,534.00 6,534.00 1.0 0.90 8.5350 12

446+90 7.036.30 7,036.30 1.0 0.90 9.1911 12
7.036.30  7.036.30 1.0 0.80 9.1911 12

447+74 from back sta. 0.02 871.20 871.20 1.0 0.90 1.1380 4
0.02 871.20 871.20 1.0 _0.90 1.1380 4

447474 from up sta. 0.02 871.20 871.20 1.0 0.80 1.1380 4
0.02 871.20 871.20 1.0 0.90 . 1.1380 4

448+60 0.24 10,454.40 10,454.40 10 090 13.6560 16
0.24 10,454.40 10.454.40 1.0 0.80 13.6560 16

458+00 0.24 10,454.40 10,454.40 1.0 0.90  13.6560 16
0.24 10,454.40 10454.40 1.0 0.0 13.6560 16

471+50 7849.21  7349.21 1.0 0.80 10.3 12
4272.08 4272.08 1.0 0.90 5.6 8

477400 15798.34 15798.34 1.0 0.90 206 24
' 3821.89  3821.80 1.0 _0.90 5.0 8

480+00 29839.46 29839.46 1.0 0.90 39.0 40
7307.24  7307.24 1.0 0.90 8.5 12

482+64 9270.76  9270.76 1.0 0.80 121 16
224233 224233 1.0 0.90 2.9 4

489+00 20829.17 20829.17 1.0 0.90 27.2 28
43968.84  4398.84 1.0 0.80 5.7 8

489+88 {from sta. 489+00) 3091.24  3091.24 1.0 0.80 4.0 8
745.14 745,14 1.0 0.90 1.0 4

4389+88(from sta. 490+75) 3081.24  3091.24 1.0 0.90 4.0 8
745.14 745.14 1.0 0.90 1.0 4

490+75 11320.12  11320.12 1.0 0.90 14.8 16
323498  3234.98 1.0 0.90 4.2 8

494400 11021.4 11021 4 1.0 0.90 14.4 16
10978.6 10978.6 1.0 0.90 14.3 16

504+00 17138.28 17138.28 1.0 0.90 224 24
17071.72  17071.72 1.0 0.90 223 24

527450 8762.02 8762.02 1.0 0.90 11.4 12
- 8727.98 8727.98 1.0 0.90 11.4 12

533+00 6061.77  6061.77 1.0 0.90 7.9 8
5038.23 6038.23 1.0 0.80 7.9 -]

533+98 1058.05  1058.05 1.0 0.90 1.4 4
1053.95  1053.95 1.0_0.80 14 4

533+86 980.91 980.91 1.0 0.80 1.3 4
977.09 977.08 1.0 0.90 1.3 4

534+85 10084.59 10084.59 1.0 0.90 13.2 16
10046.41  10045.41 1.0 0.0 13.1 16

544+00 9536.59  9536.59 1.0 0.90 12.5 16
1471846 11718.46 1.0 0.80 15.3 16

553+00 4996.04  4996.04 1.0 0.80 6.5 8
35480.82 35480.82 1.0 0.90 46,3 48
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