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1.0 INTRODUCTION

The following text will serve as the Hydrology and Hydraulics Report for the Houghton
Road. The Houghton Road project for the City of Tucson consists of roadway improvements
for Houghton Road from 22™ Street to Valencia Road for approximately 6 miles bounded by
Sections 24, 25, and 36 of Township 14 and Range 15 and Sections 1, 12 and 13 of Township
15 and Range 15 (Figure 1). Houghton Road is currently a two to four-lane roadway from N.
Synder Road to W. Camino Aurelia Road. The proposed new roadway alignment will be six-
lanes along with adjacent bike and pedestrian travel lanes separated by a depressed vegetated
median featuring native desert landscape. Houghton Road will service existing and

prospective residential and commercial developments in the area.

The Pantano Wash Bridge 1s also included in the project scope. This bridge was constructed
in 1989. There are numerous smaller watercourses that cross the proposed alignment,
primarily i shallow channels and as sheet flow and through existing culverts. The washes
typically flow to the northwest. Modifications to the bridge and existing culverts are also

being proposed based on the hydraulic analysis and the corresponding traffic study.

2.0 OBJECTIVES

The intent of this report is to provide a drainage scheme which conveys storm water runoff

safely and efficiently through the project limits.

The following tasks were completed as part of the drainage study for Houghton Road:

e Peak discharges for both onsite and offsite watersheds were calculated per Pima County
standards outlined in the Hydrology Manual for Engineering Design, Pima County
(Reference 1).

@ Drainage structures were located and sized for the safe and efficient conveyance of cross-

drainage on-site runoff.

» Bridge scour analysis based on HEC-18 was conducted to analyze the potential scour at

the existing structure across the Pantano Wash.
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The remainder of this report describes the proposed drainage for the on-site and off-site

drainage systems impacted by the proposed project. Figures and calculations depicting

existing and developed conditions are provided as technical support.
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3.0 EX1ISTING CONDITIONS

3.1 Hydrologic Analysis

Based on the existing drainage pattern, twenty six watersheds (Watersheds 1-19), including
subwatersheds, were found to impact the proposed alignment for Houghton Road. Twenty
three of these watersheds generate discharges in excess of 100 c¢fs. The hydrologic information
was obtained from three sources. Where available Tucson Stormwater Management Study
(I'SMS) Node Data was utilized. Discharges from existing approved development drainage
reports were utilized where available. These watersheds are in most cases shown as truncated
at the end of the section topo. Their actual watershed delineations can be found in the
referenced drainage reports and TSMS models. In areas without TSMS or approved drainage
reports, a hydrologic analysis was performed using the Pima County Rational Method as most

watersheds originate within Pima County.

The Pima County Rational Method procedures are outlined in the Pima County Hydrology
Manual for Engineering Design and Floodplain Management (Reference 2). The Pima County
methodology was utilized due to the offsite watersheds originating in Pima County. A
comparison between the methodologies for CP2 showed the Pima Couniy methodology as
more conservative than the City of Tucson methodology. The variables used in this analysis

were obtained as follows:

Precipitation data was obtained from the NOAA Atlas 14. The upper bound of the 90%
confidence interval of the pomt precipitation frequency estimates was utilized to generate

precipitation depths at the project site (Reference 2).

The off-site watersheds were delineated on a 1-foot contour interval digital topographic Pima
Association of Governments (PAG) map. Additional topography was collected by Psomas
survey crews in the vicinity of the bridge to provide a greater level of detail for the hydraulics

analysis.
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Seil classification was obtained from the SCS Soils Study for Pima County. The vegetative

type and density were determined from field investigations and review of recent aerial

photographs. Hydrologic Soil Groups were primarily of B and D soils.

Peak discharge values for individual watersheds were generated using the Pima County
Modified Rational Method. These values were then routed using HEC-HMS to estimate flows
considering aftenuation. Offsite watershed delineations shown on 5° contour intervals to
clarify the image are depicted on Figure 2, Existing Conditions Map. Under existing
conditions, the roadway is uncurbed. Pavement drainage has therefore not been analyzed
separately. Table 1 summarizes existing undeveloped watershed results for the onsite and

offsite existing conditions hydrologic analysis.
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Table 1: Summary of Hydrologic Analysis (Offsite Existing Conditions)

IR S Sy

Mean | Weighted | Watershed Peak Discharge
Concentration Approximate | Area | Length | Slope |Basin Factor Qo
Point Station {ac) (ft) (%) (Npwiog) {cfs)
1 268+00 231.92 | 5098.9 | 0.0198 0.035 1106
2 284400 23.48 | 18674 | 0.1847 0.035 202
3a 289+00 206.9 5506 | 0.0209 0.035 759
3b 290400 11.7 1529 | 0.0229 0.035 96
3.5 307+50 321 3124 | 0.0218 0.035 213
4 320+00 37.4 2522 | 0.0242 0.035 271
5 324+00 35.8 2179 | 0.0312 0.035 279
6 340+00 40.1 3623 | 0.0199 0.035 258
7 342+00 3262 | 64683 | 0.017 0.035 2029
7.2 353+50 22.1 2884 | 0.0229 0.035 113
7.4 358+50 513.9 | 14.767 | 0.0190 0.035 1216
7.6*% 365+00 38.2 3570 | 0.0157 0.035 166
7.8 374+00 21.7 2276 | 0.0255 0.035 119
8a 381+00 359 2320 | 0.0302 0.035 201
8b 395+50 334 2304 | 0.0521 0.035 209
9 406+00 899.87 | 22648.5 | 0.0172 0.035 31000
10 424+00 1203 | 6456.5 | 0.0093 0.035 347
11 428+50 200.93 | 7086.6 | 0.0111 0.035 488
12 455+00 173.49 | 4340.7 | 0.0115 0.035 726
13 475400 47.51 2945 | 0.0068 0.035 107
14 486+00 2231 | 16%4.8 | 0.0059 0.035 89
15 503+00 70.26 | 3030.9 | 0.0066 0.035 83
16 524+00 13.19 1 16875 | 0.003 0.035 12
17% 531450 688.6 | 23350 | 0.0085 0.035 776
18 549+50 111.0 8590 | 0.0070 0.035 235
19 5355+00 546.88 [ 9621 | 0.0052 0.035 1689

Qs from by City of Tucson TSMS data. Direct summation used for  values.

Os from development drainage reports.

Qs from PCQ

* Watersheds have been subdivided into smaller sub-watersheds for calculation purposes.

3.2 Egxisting Drainage Structures

Existing drainage structures are currently in placed at 21 roadway and wash intersections
along Houghton Road.
analyzed per the discussion in section 3.4. Further analysis of the system at approximately

station 320-+00 where Eckerd Drugstore is located, south of Golf Links, will be conducted as

part of the roadway drainage design.

The previously mentioned Pantano Wash Bridge will also be

HouGHTON ROAD
PEOMAZS
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Table 2: Summary of Existing Culverts

Approximate
CP Station Wash Name Location Type
1 267+50 Este Wash South of 22nd Dip Section
2 284450 Hidden Hills Wash North of Discovery Dr. Dip Section
4 307+50 Eastview Wagh North of Golf Links CMP 30"
4 319+50 Unnamed Wash South of Golf Links 3-44" x 27° CMP
5 323+50 Unnamed Wash North of Corte Madera Final 36" CMP
6 341+50 Old Spanish Trail North of Emily Dr. 2-8'%5'
Wash
7.2 353+50 Unnamed North of Sky Castle Way 36" CMP
7.4 359400 Escalante Wash South of Sky Castle Way 2.72" CMP
7.0 365+00 Unnamed Wash North of Escalante 24" CMP
7.6 366+00 Unnamed Wash North of Escalante 36" CMP
& 369+00 Unnamed Wash South of Bscalante 18" CMP
8 374+00 Unnamed Wash North of Boulderfield Dr. 36" CMP
8 330-+00 Unnamed Wash South of Boulderfield Dr. 3- 24" RCP
9 405+00 Pantano Wash North of Irvingfon Bridge
10 422+00 Unnamed Wash Under Irvington intersection 36" CMP
2 455400 Mesquite Ranch South of Seven Generations 10"%8' RCR
Wash Way
16 523+00 Unnamed Wash North of Poorman Rd 2 CMP
17 532450 Unnamed Wash North of Poorman Rd 24"x36" CMP
17 540+50 Unnamed Wash North of Poorman Rd Unknown
18 549+50 Unnamed Wash North of Poorman Rd Unknown
19 554-+50 Atterbury Wash North of Valencia Dip Section

CMP = Corrugated Metal Pipe
RCP = Reinforced Concrete Pipe
RCB = Reinforced Concrete Box Culvert

3.3 Existing Floodplains

Per the Federal Emergency Management Agency (FEMA), Houghton Road is located within
Zone X (unshaded) and Zone AE (FIRM Panel 04019C2259K, Effective Date February 2,
1999 and FIRM Panel 04019C2270K, Effective Date February 8, 1999). Per the FIRM Panel
legend, Zone X (unshaded) denotes areas outside of the 500-year floodplain and Zone AR
denotes base flood elevations have been determined. The majority of the project lies within

Zone X with the exceptions of the Este Wash and Pantano Wash which are Zone AE. The

FEMA limits are depicted on Figure 3, FEMA FIRM Panel.
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3.4 Hydraulic Analysis

A HEC-RAS model was developed to analyze channel hydraulics and associated bridge scour at
the Pantano Wash Bridge. The bridge was constructed in 1989 and modifications to the bridge are
being proposed based on the hydraulic analysis and the corresponding traffic study. Recent
Topographic and Aerial imagery (2007) was collected for the immediate roadway area while Pima
Association of Governments (PAG) topographic information (2005) was utilized for the
remainder of the reach. Some cross-sections utilized both PAG and 2007 data collected for the
project. Further survey data on the bridge and channel flow path topography were collected by

Psomas survey personnel.

The Design Storm (36,000 cfs), 100-year storm (31,000 cfs) and 50-year storm (24,490 cfs) were
used in analyzing the scour and freeboard of the Pantano Wash Bridge. The Design Storm and
100-year storm data sets are from the Floodplain Management Ordmance No. 1985-FC1 for Pima
County, Arizona. The 50-year storm was calculated using the suburban ratio (Qsp = 0.79 x Qqq0)
relating more frequent floods to the 100-year flood found in Table 4.5 of the City of Tucson
Standards Manual for Drainage Design and Floodplain Management in Tucson, Arizona
(Reference 3). The 100-year storm was utilized in the calculation bridge freeboard while the
Design Storm was used in the calculation of scour. Manning’s values were estimated based on
site conditions, contraction and expansion coefficients were based on recommended values in

HEC RAS, and reach and bank lengths were measured and input into the model.

The Existing Conditions Pantano Wash Bridge characteristics were modeled in HEC-RAS based
on the As-Built plans obtained from City of Tucson Department of Transportation Map Center.
The bridge low cord elevation was also surveyed and this value was used in the model. . Floating
debris that extends 2 feet laterally from each pier and 4 feet vertically was included in this

analysis.

Scour was analyzed using City of Tucson Standards Manual for Drainage Design and Floodplain
Management in Tucson, Arizona (COT SMDDFM) equations in Section 6 Erosion and
Sedimentation. Total pier scour was determined by summing low flow depth, general scour, pier
scour and long term scour and then adding by a 30% factor of safety. Scour on the existing spur

dike and existing bridge abutments was then calculated by summing low flow depth, long term

HOUGHTON ROAD 10 Psomas 06099-01
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scour and general scour and then adding by a 30% factor of safety. These results show that the
total pier scour would be 26 feet and total abutment scour would be 9 feet in the Design Storm
(36,000 cfs) scenario. This depth is above both the maximum scour depth of the bridge (2727.33
feet) and the tipping elevation of the bridge (2696.33 feet). Long term scour over a 50 year period
(1936 to 1986) was approximated to be 2 feet per the Pantano Wash Bed Profile 1936 vs. 1986
Pima county Department of Transportation and Flood Control District Maps. Long term scour is
still being investigated. The channel slope is 0.8%. An estimate was based on channel inverts

from the As-Built (1982) and 2007 survey data.

Due to the differences that exist between the As-built plans and the physical bridge, the last
submittal stated the actual erosion depth would be verified by a field investigation. Therefore, test
pits were excavated on September 14, 2007 to determine the depth to the soil cement bank
protection. From the field investigation it was determined that the remaining toe down ranged
from 7 to 6.5 feet at the upstream end of the spur dike on the north and south sides respectively
and 4 to 6 feet further downstream just east of the bridge on the north and south sides
respectively. With the field investigation confirming the scour depth and remaining toe down at
the spur dike embankment reinforcement of soil cement is recommended as well as the
implementation of a grade control structure to account for long term scour. Scour by the pier

- based on the field investigations shows the magnitude of scour occurring at the piers is less than
that occurring at the spur dike, where the large contraction occurs. Thus the piers previous
determination as scour stable for long term conditions under the condition that the spur dikes

remain maintained.

Freeboard calculations were completed using both the City of Tucson methodologies and
Arizona Department of Transportation (ADOT) Roadway Design Guidelines. In the existing
bridge conditions the available freeboard to the low chord of the bridge meets the City of
Tucson and the ADOT freeboard requirement. An option to consider in the design phase is
the FEMA recommended 4 feet of frecboard at bridges.  Multiple proposed bridge
alternafives were modeled to calculate available freeboard. Table 3 below summarizes these

results.

HOUGHTON ROAD 1 Psomas 06099-01
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Table 3: Summary of Bridse Freebeard and Alternatives

Existing Bridge Information

Low Chord 277372 feet
Cross-Section Information Freeboard Required (:}];Y_?;lga:lce}i l;?l_)_o\?‘;.SdE*L)
Storm Q v WSEL CcOoT ADOT Low Chord
(cfs) (ft/s) (feet) (ft) (ft) (ft)
Qim0 31,000 14.29 2771.80 22 3 1.92
* A negative value implies the chord has been over topped.
Proposed Bridge Alternatives
Al te?lf:iig‘lfle . Cross-Section Information Freeboard Required (=%[‘)
{Qyop year Proposed é W?@E . W%E v i Eow Chord | Low Chord
storm) Low Chord New | Existing New CoT ADOT Exist %ri dge | New %@ri dge
Bridge | Bridge | Bridge )
(ft) (ft/s) (ff) (1) (1) (It) (fH) (it
1 2773.72 N/A 2771.80 N/A 22 3 1.92 N/A
2%* 2775.72 11.52 | 2771.80 | 2773.55 2.2 3 1.92 2.17
2a 277572 11.25 | 2771.39 | 277420 2.2 3 2.33 1.52
3 277572 11.52 | 2771.80 | 2773.55 2.2 3 3.92 2.17
3a 277572 11.25 | 2771.39 | 2774.20 2.2 3 4.33 1.52
4 2776.00 11.52 N/A 2773.55 2.2 3 N/A 2.45

* A negative value implies the chord has been over topped.
** Preferred Alternatives

*+Degign Alternative Descriptions

Alternative # Design Alternatives Description
1 Widen existing bridge
2% Existing bridge with new bridge npsiream 2' higher (3 pier bridge)
2a Exigting bridge with new bridge upstream 2' higher {combined to 5 pier bridge)
3 Raise existing bridge and add new bridge upstream at same elevation (3 pier bridge)
3a Raise existing bridge and add new bridge upstream at same elevation (combined to 5 pier bridge)
4 Two new bridges at same elevation

HouGHTON ROAD
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DEVELOPED CONDITIONS

4.1 Hydrologic Analysis

The offsite existing do not change in the developed conditions. Based on the existing
drainage pattern, twenty six watersheds (Watersheds 1-19), including subwatersheds, were
found to impact the proposed alignment for Houghton Road. Twenty three of these
watersheds generate discharges in excess of 100 cfs. The hydrologic information was
obtained from three sources. Where available, Tucson Stormwater Management Study
(TSMS) Node Data was utilized. Discharges from existing approved development drainage
reports were utilized where available. These watersheds are in most cases shown as truncated
at the end of the section topo. Their actual watershed delineations can be found in the
referenced drainage reports and TSMS models. In arecas without TSMS or approved drainage
reports, a hydrologic analysis was performed using the Pima County Rational Method as
most watersheds originate within Pima County. The same Pima County methodologies used
to calculate the existing conditions discharges are valid for the developed conditions

discharges.

4.2 Roadway Drainage Design

Pavement runoff will be drained through proposed scuppers to swales along the proposed
roadway of via stormdrain systems and discharged outside the project Right-of-Way. Inleis
were located per spread criteria and location of profile breaks, infersections and median
changes. The spread criteria require that the drainage design allow for ten feet in each travel
direction to remain free of ponding during the 10-year storm. Houghton Road will be curbed
from Irvington Road northwards. The median will be recessed to harvest and retain the
rainwater that naturally falls on it. This will be used fo sustain the native vegetation planted
in this corridor and add to the aesthetic of a “desert parkway”. This system will conform to
the approved roadway alignment and will be constructed in accordance with City of Tucson
Regulations with emphasis on the flow spread within a public roadway. Erosion protection
will be sized for outlet protection. Pavement drainage, including preliminary side street
drainage, are summarized in Table 4 to Table 5 below. Inlets for both Houghton Pavement
and preliminary side streets are provided in Table 7 to Table 8.  The watersheds and

developed conditions are shown on Figure 4, Developed Conditions.
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Table 4;

Summary of Pavement Drainage Design

cp Erom To L W Area Qo
- Station Station (i) (ft) (ac) (cfs)
1A 283+65 288400 435 Varies | 0.57 | 3.58
1B 275+00 283465 865 Varies | 0.69 | 4.34
2 275+00 288+00 1360 Varies | 0.52 3.93
3A 283+65 288+00 435 Varies | 0.64 4.02
3B 275+00 283+65 865 Varies | 0.57 3.58
4 288+00 300+19 1219 Varies | 1.34 8.42
5 288+00 300+19 1219 Varies | 0.39 2.95
6 288400 300+19 1219 Varies | 1.57 9.86
TA 300420 307+04 684 Varies 1.06 6.66
7B 307+04 312443 539 Varies | 0.70 4.37
3 360+19 314+45 1426 Varies | (.66 4,99
9A 300+19 307+04 685 Varies | 0.85 5.34
9B 307+04 312+43 539 Varies | 0.40 2.51
10A 312+43 319440 473 Varies | 0.84 5.28
10B 319440 33020 1268 Varies | 1.48 9.30
11 314+45 331486 1741 Varies | 0.57 431
12A 312+43 319+18 473 Varies | 0.08 4.27
12B 319+18 330+20 1741 Varies 1.59 9.99
13 330420 348457 1671 Varies | 1.77 11.12
14 330420 348+57 1671 Varies ;| 0.56 | 423
15 330+20 348457 1671 Varies | 191 12.00
16 347+50 348457 107 Varies | 0.01 0.08
18 348+57 349+50 93 Varies | 0.01 0.08
19 348+57 352+15 358 Varies | 0.06 0.45
21A 358+61 361+59 298 Varies | 0.26 1.63
21B 348+64 358+61 997 Varies | 1.43 9.00
21C 361459 368+16 657 Varies | 0.77 4.84
22 352440 367+55 1515 Varies | 0.55 4.16
23A 358+61 361+59 298 Varies | 0.26 1.63
23B 348+64 358+01 997 Varies | 1.26 7.92
23C 361+59 368+16 657 Varies | 1.01 2.60
24A 308+18 379+71 1153 Varies | (.92 5.78
24B 379471 397+13 1742 Varies 1,79 11,25
24C 36818 371+00 282 Varies | 045 2.83
25 368+18 382+09 1391 Varies | 0.23 1.74
26A 37100 379+71 871 Varies | 0.88 5.53
26B 379+71 397+13 1742 Varies 1.87 1175
206C 368+18 371400 282 Varies | 0.32 2.01
27 377+13 328+09 496 Varies | 0.13 0.98
28 381455 397+13 1558 Varies | 0.41 3.10
29A 397+13 404+45 732 Varies | 0.85 5.34
29B 404+45 421+81 1863 Varies | 1.97 12.38
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C.p From To L W Area Qu
T Station Station (ft) (ft) (ac) (cfs)
30 397+78 420+88 2310 Varies | 0.79 5.97
31A 397+13 404-+45 732 Varies | 0.65 4,08
31B 403+18 421+82 1864 Varies | 2.55 16.02
32A 426+34 447476 2142 Varies | 2,30 | 1445
328 421482 426+34 452 Varies | 0.65 4.08
33 421482 447476 2594 Varies | 1.04 7.86
34A 426134 447+76 2142 Vares | 231 | 14.51
34B 421482 426434 542 Varies | 0.45 2.83
35A 454+53 468+99 1446 Varies | 1.33 8.36
5B 447476 454453 677 Varies | 0.93 5.84
35C 468499 475400 1005 Varies | 1.24 7.79
35D 475+00 485+43 639 Varies | 0.64 4.02
35E 494+99 500+96 597 Varies | 0.74 4.65
35F 485443 494+99 956 Varies | 0.96 6.03
36 447+76 473+51 2575 Varies | 097 | 7.33
37A 454+53 468+99 1446 Varies | 1.33 8.36
37B 447479 454453 677 Varies | 0.71 446
37C 468+99 475+00 1005 Varies | 1.38 8.67
37D 475100 485+43 639 Varies { 0.75 4.71
37E 494+99 500496 597 Varjes | 0.91 5.72
37F 485+43 494499 956 Varjes | 1.11 6.97
38 473+21 475+39 218 Varies | 0.05 0.38
39 455407 400497 4490 Varies | .69 5.22
40A 500196 502+47 151 Vares | 2.02 | 13.82
40B 502437 522420 1983 Varies | 2.42 | 15.21
40C 531+59 553476 2217 Varies | 0.30 1.88
40D 522420 531459 939 Varies | 1.01 6.35
41 500496 526+15 2519 Varies 1.0 7.56
42A 500+96 502+70 151 Varies | 2.60 | 16.34
428 502+70 522420 1983 Varies | 2.16 | 13.57
42C 531+59 353+76 2217 Varies | 0.15 0.94
42D 522420 531+59 930 Varies | 1.01 0.35
43 528+94 528405 211 Varies | 0.05 0.38
44 527+75 553+02 2527 Varies | 0.66 4.99
45 553+76 560+00 624 Varies | 0.69 434
46 553+76 560400 624 Varies | 0.21 1.59
47 553+76 560+00 624 Varies | 0.62 3.90
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Summary of Side Street Pavement Drainage Desion

Table 5;

C.P. To From L w Area Q1

Station Station (ft) (ft) (ac) {(cfs)

Old Spanish Trail
551 27+41 20+70 671 Varies | 0.54 347
833 27+41 20+70 671 Varies | 0.44 2.83
SS4 21+88 20+70 118 Varies | 0.06 0.29
SS5 22+10 20+70 140 Varies | 0.08 0.51
356 19+10 15+00 410 Varies | 0.30 1.93
S58 19+10 15400 410 Varies | 0.38 2.44
Golf Links Road
5512 26+48 20+69 579 Varies | 0.31 1.99
5514 26-+48 20+69 579 Varies | 0.17 1.09
SS15 19+07 15+00 407 Varies | 0.27 1,74
8517 19+07 15+00 407 Varies | 0.56 3.60
8518 15+00 8+87 613 Varies | 0.44 2.83
SS819 15+00 8+87 613 Varies | 0.48 3.09
Irvingten Road
5522 19+15 15+96 319 Varies | 0.25 1.61
5524 19+15 15+96 319 Varies | 0.33 2.12
5825 15496 15+00 96 Varies | 0.08 (.39
5527 15+96 15+00 96 Varies | 0.08 0.51
Bilby Road

5528 22430 20+60 170 Varies | 0.46 2.96
5529 22+30 20160 170 Varies | 0.46 2.96
5530 22+30 20+60 170 Varies | 0.04 0.19

4.3 Cross Drainage

4.3.1 Culverts

The proposed culvert crossings for this project were analyzed using the CulvertMaster®

v3.0 computer program developed by Haestad Methods, Inc. The culverts were sized

based solely on available headwater. The calculations are based on a headwater 1° below

the edge of pavement {o ensure the pavement section remains free of ponding. The

program methodology is based on the Federal Highway Administration’s Hydraulic

Design Series Number 5 nomographs. Drainage structures were located and sized for the

safe and efficient conveyance of on-site runoff. The culvert design alternatives are

presented below in Table 6.
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Table 6: Summary of Proposed Culverts

Required
Concentration Approximate Discharge Length | Slope Velocity | Headwater
Point Station (cfs) Type (ft) (ft/ft) {fps) (ft)
2% 283+66 961 4-10'x 4' Box 199 0.012 13.83 4,84
3.5 307404 213 3-48" Circular 260 0.026 16.15 4,19
4 319+50 271 3-44” % 27 Ellipse 175 0.008 13.96 7.81
5 323453 279 2-6'x 4'Box 213 0.030 17.75 4.74
TEE 341+58 2287 3-12'x 8" Box 175 0.010 17.01 8.76
7.2 352483 113 2-48" Circular 223 0.012 11.45 3.65
7.4 358+53 1216 5-10"x 4' Box 184 0.035 19.28 4.75
7.6 364+29 19 1-36" Circular 224 0.061 15.53 2.21
7.6 365+58 147 3.36" Circular 261 0.045 18.19 3.96
7.8 373+53 119 2-48" Circular 305 0.044 18.65 3.76
8a 379+34 201 3-48" Circular 211 0.030 16.40 4.05
9 405+00 31000 Bridge Crossing
12 454+47 726 2-10'x ¢' Box 195 0.005 12,10 6.38
13 477+62 107 3-36” Circular 164 0.003 7.37 318
14 485+00 89 2-36" Circular 200 0.022 13.55 371
15 Existing for Norih 83 3-30" Circular 125 0.015 10.34 3.05
Crossing across
Bilby Road
15w Existing for South 42 3-24” Circular 108 0.015 8.83 2.25
Crossing across
Forest Glen Road
16 522487 112 2-48" Circular 210 0.004 7.09 3.62
[7¥we* Proposed for North 75 4-24” Circular 85 0.005 7.14 2.75
Crossing at
Poorman )
17 531+60 776 4-10'x 4' Box 162 0.005 10.00 4.20
18 548+062 235 1-10'x 4' Box 188 0.006 11.22 4,77
19 554+10 1689 6-10'x 5' Box 187 0.003 9.68 5.34
* Combined with {lows from 3a
*%  Combined with flows from 6
*%%  Sub-watershed of 15
*%%%  Sub-watershed of 17
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4.3.2 Bridge

Currently six alternatives are being considered for the Pantano Wash Bridge to
determine the optimum proposed bridge. These alternatives include widening the
existing bridge to 4 lanes, widen existing bridge to 3 lanes and build 3 new addition
lanes on an adjacent bridge (3 pier and 5 pier options), as described prior but
increase deck elevation to allow for additional freeboard (3 pier and 5 pier options)
and lastly construct a completely new bridge. The preferred alternative based on a
combination of roadway, structural and hydraulic parameters is Alternative 2,
keeping the existing bridge and adding an new bridge upstream 3° higher than the

existing bridge.

4.4 Pavement Drainage Inlet Design

Each nlet structure was designed to convey the 10-year event with the depth of ponding in
the roadway less than 0.5 foot and to meet spread criteria per Pima County Methodology.
The spread is designed to keep a minimum of ten feet in each travel direction free of ponding
during the 10 year event, The design assumed that the ponding for the 100-year event at the

same inlet would therefore be less than 1.0 foot in the road.

- The primary goal of the pavement drainage analysis is to control the spread of water onto
travel lanes at all locations during the 10-year storm. The spread and depth of flow in the
gutter, and inlet structure analysis were calculated using the Federal Highway
Administration’s Visual Urban drainage design program is based on HEC-22. The inlets are
placed at locations where cither the maximum spread is approached or reached. At
superelevation transitions and intersections, the inlets are designed for 100% interception in
order to limit the amount of runoff crossing travel lanes. Tables 7 and 8 show the inlet
design for Houghton Road and the sidestreets to which we are proposing tie-ins. The
calculation sheets for the inlet design are provided in Appendix 2. Inlets and storm drain

pipes are depicted on Figure 4.
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Summary of Pavement Inlet Drainage Desion

Table 7:

So Sx D
CP Ilgt Station 83 (Sif;) Inlet Type (g.;) Long. Cross | Pond nglg)ad %Z’g“)“
(i) (fvf) | (ft)
1A CBla | 284+65 | 0.57 3.58 16’ Catch Basin 3.72 0.005 0.02 0.27 13.7 0.19
1B CB1lb | 279+16 | 0.44 2.78 20’ Catch Basin 2.97 0.005 0.02 0.25 12.4 0.00
3A CB3a | 284400 | 0.64 4,02 20’ Catch Basin 47 0.005 0.02 0.29 14.7 0.04
3B 13b 279+16 | 0.56 3.52 20" Scupper 3.66 0.005 0.02 0.27 13.4 0.00
4 CB4 280+30 | 1.34 8.42 32° Catch Basin 8.09 0.015 0.02 0.3 14.9 0.33
6 Ie 289+00 | 1.57 9.86 32’ Scupper 9.17 0.015 0.02 0.32 15.8 0.69
TA CB7a | 306+60 | 1.06 6.66 28" Catch Basin 6.16 0.020 0.02 0.26 12.9 0.50
7B CB7b | 308+67 | 0.7 4.37 4* Catch Basin 4,88 0.020 0.02 0.5 20.8 0.00
9A CB9a | 306+60 | 0.85 5.34 28’ Catch Basin 5.17 0.020 0.02 0.24 11.9 0.17
9B I9b 308+67 | 04 2.51 4’ Scupper 2.68 0.020 0.02 0.37 143 0.00
10A | CB10a | 319+40 | 0.84 5.28 28’ Catch Basin 5.12 0.020 0.02 0.24 11.8 0.16
10B | CB10b | 321475 | 1.48 93 12" Catch Basin 9.46 0.020 0.02 0.5 20.6 0.00
12A | CB12a | 318+80 | 0.68 4,27 24° Catch Basin 4,07 0.020 0.02 0.22 10.9 0.20
12B 1i2b 321+75 | 1.59 9.99 12’ Scupper 10.19 0.020 0.02 0.51 21.3 0.00
CB13 | 341+10 | 1.77 11.12 12’ Catch Basin 11.36 0.023 0.02 0.55 23.2 0.00
CB15 | 341+10 | 191 12 12’ Catch Basin 12.11 0.623 0.02 0.57 242 0.00
CB2la | 359400 | 0.26 1.63 4’ Catch Basin 1.63 0.015 0.02 0.3 10.3 0.00
CB21b | 352+40 | 1.43 9 12’ Catch Basin 9.29 0.015 0.02 0.49 20.3 0.00
CB2lc | 363+71 | 0.77 4.84 4’ Catch Rasin 4.84 0.015 ja 0.51 21.1 0.00
CB23a | 359+00 | 0.26 1.63 4* Caich Basin 4,23 0.015 .02 0.47 19.4 6.00
23B | CB23b | 352+40 | 1.26 7.92 12 Catch Basin 10.52 0.015 0.02 0.52 22 0.00
23C | CB23¢ | 363471 | 1.01 0.35 8’ Catch Basin 8.95 0.015 0.02 0.57 24.1 0.00
24A | CB24a | 379+50 | 0.92 6.72 327 Catch Basin 5.6 0.030 0.02 0.23 113 0.18
24B | CB24b | 396+80 | 1.79 11.25 12° Catch Basin 11.77 0.010 0.02 0.56 23.7 0.00
24C | CB24c | 368+60 | 0.45 2.83 16’ Catch Basin 2.83 0.030 0.02 0.17 8.7 0.00
26A 126a 379+50 | (.88 5.53 24° Scupper 4.7 0.030 0.02 0.22 11.1 0.83
26B | CB26b | 396+80 | 1.87 11.75 16’ Catch Basin 11.98 0.030 0.02 0.48 19.8 0.00
26C T26¢ 368+60 | 0.32 2.01 20° Scupper 2 0.030 0.02 0.15 7.0 0.01
29A | CB29a | 298+20 | 0.85 5.34 4’ Catch Basin 5.34 0.020 0.02 0.54 227 0.00
20B | CB29b | 411+88 ¢ 1.97 12.38 12 Catch Basin 12.84 0.020 0.02 0.6 25.1 0.00
31A | CB31a | 398+20 | 0.65 4.08 4’ Catch Basin 4.08 0.020 0.02 0.46 19.0 0.00
31B | CB31b | 411+88 | 2.55 16.02 16° Catch Basin 16.65 0.020 0.02 0.58 247 0.00
32A | CB32a | 443+00 | 0.23 1.45 127 Catch Basin 1.34 0.0150 0.02 0.15 7.7 0.11
32B | CB32b | 422440 | 0.04 4.08 24' Catch Basin 3.62 0.040 0.02 0.19 9.4 0.46
34A | CB34a | 443+00 | 0.23 1.45 12’ Catch Basin 1.34 0.6150 0.02 0.15 7.7 0.11
34B | CB34b | 422490 | 0.45 2.83 16> Catch Basin 2.2 0.040 0.02 0.16 8.2 0.63
35B | CB35b | 449+66 | 0.93 5.84 4’ Catch Basin 5.84 0.015 0.02 0.57 24.1 0.00
35C | CB35¢c | 469430 | 1.24 7.19 20’ Catch Basin 5.48 0.022 0.02 0.27 13.4 2.31
35D | CB35d | 475+00 | 0.64 4.02 20’ Catch Basin 6.39 0,005 0.02 0.28 13.8 0.00
35E | CB35e | 494499 | (.74 4.65 20’ Catch Basin 4.45 0.008 0.02 0.27 24.2 0.20
37B | CB37b | 449+66 | 0.71 446 4° Catch Basin 4.46 0.015 0.02 0.49 20.1 0.00
L 37C | CB37c | 469+30 | 1.38 8.67 28’ Catch Basin 7.4 0.022 0.02 0.28 14 1.27
37D | CB37d4 1 475400 | 0.75 471 16' Catch Basin 4301 0.005 0.02 0.29 14.7 0.41
37E | CB37s | 494499 | 0.91 5.72 28’ Catch Basin 572 0.008 0.02 0.29 14.5 0.00
40B | CB40b | 505+20 | 3.46 15.21 16" Catch Basin 15.21 0.007 0.02 0.55 23.2 0.00
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So

Sx

[ C.P. I%IJet Station (DacA) (Sfl;) Inlet Type ((S.;) Long. Cross | Pond Slz?;')ad (%z’%“)“s
(fv/ft) () | (1)
40D | CB40d | 525+97 | 0.60 3.77 4’ Catch Basin 4.20) 0.005 0.02 0.42 19.3 0.00
40E | CB40e | 326420 | 0.41 2.58 12" Catch Basin 2.15 0.010 0.02 .21 103 0.43
42B | CB42b | 505+20 | 3.17 13.57 16" Catch Basin 13.57 0.007 0.02 0.51 21.5 0.00
42D | CB42d | 525+97 | 0.60 3.77 4° Catch Basin 4.20 0.005 0.02 0.42 19.3 0.00
428 | CB42e | 526120 ¢ 0.41 2.58 12° Catch Basin 2.15 0.010 0.02 0.21 10.3 043
Table 8:
Summary of Side Street Pavement Inlet Drainage Design
So Sx D
C.p. Igt Station gﬁ) (?if;’) Inlet Type (ch;) Long. | Cross | Pond Slzf)ad (%:?;‘3“
(ft/ft) (ft/ft) (]
Old Spanish Trail
S81 I5S1 20+80 | 0.54 3.47 127 Scupper 3.47 0.0220 0.020 0.29 10.5 0.00
S83 1883 22470 | 044 2.83 8’ Scupper 2.83 0.0220 0.020 0.31 11.2 0.00
Golf Links Road
S512 I1SSs12 20+69 031 1.99 4’ Catch Basin 1.99 0.0670 0.020 0.32 11.7 0.00
SS514 ISS14 20+69 0.17 1.09 4’ Catch Basin 1.09 0.0070 0.020 0.24 7.9 0.00
8815 ISS15 15+00 0.27 1.74 16” Catch Basin 1.62 0.0300 0.020 0.14 72 0.11
5817 I1SS17 15400 0.56 3.60 24” Catch Basin 3.41 0.0300 0.020 0.19 9.5 0.19
Irvington Road

TR822 18822 18+00 0.25 1.61 4’ Scupper 1.61 0.0100 0.020 0.29 10.2 0.00

S524 18524 18+00 | 0.33 2.12 4’ Depressed Curb 2.12 06.0100 0.020 0.33 12.2 0.00

4.5 Channel Design

The collector channels which transport pavement drainage to cross-culverts also collect flow

from the watersheds that would otherwise pond against the roadway and direct it as well into

the cross-culverts. To keep the channels within the existing right-of-way the channel top

widths were kept under 12°. The channels are summarized in Table 9. Adjacent to channel

108 and 118 an underground box storm drain system is proposed to transport flow from the

watersheds and pavement drainage to the Pantano Wash. As flow is collected along

watershed 11 the channel inlets mto the storm drain 3 times, each time at the point where the

capacity of the channel reaches the 12 maximum top width. There the channel stops and

inlets 1nto the storm drain. The channel then restarts until it reaches channel capacity at a 12’

top width and again inlets into the storm drain and repeats. This is so the top width does not

exceed the right-of-way. An additional inlet is provided at the northern extent of watershed

10. These inlets are described in Table 7 and 8 and visible in Figure 4. The stormdrain

system is summarized in Table 11 in section 4.8.
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Table 9:

Summary of Channel Design

Total Flow Side Botitom Channel
Channel Qg Manning’s | Depth Depth Velocity Slope Slope Width Top Width

Number (cls) n (ft) (ft) (ft/s) (%) (H:V) (ft) (ft)
2N 27 0.03 1,19 1.41 2,97 0.5 3tol 4 11.13
28 3 0.03 0.39 0.46 1.61 0.5 Jtol 4 6.34
3a8 3 0.03 0.29 0.335 2.35 1.5 Jtol 4 5.74
3b N 47 0.03 1.2 1.47 5.17 1.5 Jtol 4 11.20
3b8 17 0.03 0.72 0.88 3.92 1.5 Jtol 4 8.33
35N 22 0.03 0.71 0.89 5.01 2.5 Jio1 4 8.24
358 & 0.03 0.54 0.65 2.72 1.0 3101 4 7.21
4N 7 0.03 0.58 0.69 2.0 0.5 301 4 7.50
45 ! 0.03 0.43 0.52 241 1.0 30l 4 0.58
5N 3 0.03 0.31 0.37 2.01 1.0 3tol 4 5.88
58 13 0.03 0.5 0.64 4.56 3.0 3tol 4 7.03
6N 37 0.03 0.97 1.21 5.46 2.1 3to1l 4 9.85
TN 3 0.03 0.62 0.73 2.08 0.5 Jtol 4 7.73
78 17 0.03 0.64 0.80 436 2.1 Jtol 4 7.86
72N 2 (.03 0.19 0.23 1.89 1.6 3tol 4 5.13
728 4 0.03 0.33 0.40 2.63 1.6 3i01 4 5.99
TAN 2 0.03 0.27 0.32 1.31 0.5 3io1l 4 5.63
748 2 0.03 0.26 0.31 1.28 0.5 3iol 4 5.57
7.6 N 5 0.03 0.48 0.57 1.82 0.5 3tol 4 6.90
768 147 0.03 3.00 3.63 7.00 1.0 1tol 4 10.00
78N 75 0.03 1.56 1.94 6.71 1.8 2101 4 10.26
7.8 8 11 0.03 0.54 0.66 3.65 1.8 Jtol 4 7.21
8aN 6 0.03 0.38 0.47 2.99 1.8 3to1 4 0.26
8a S 1 0.03 0.14 017 | 1.66 1.8 3t01 4 4.82
8bh S 189 0.03 3.08 3.69 6.04 0.7 2t0 1 4 16.32
105* 30 0.03 1.47 1.74 2.93 0.5 2tol 4 9.89
118* 54 0.03 1.98 2.34 344 0.5 2to1 4 11.91
12N 15 0.03 0.73 0.88 323 1.0 3to1 4 8.40
128 15 0.03 0.59 0.74 4,27 2.2 3tol 4 7.57
138 18 0.03 0.93 1.11 2.85 0.6 3tol 4 - 9,57
148 91 0.03 2.47 2.97 5.69 0.8 l1tol 4 8.94
158 7 0.03 0.61 0.72 2.07 0.5 3to1 4 7.66
165 134 0.03 3.42 4.06 5.29 0.5 1to 1 4 10.84

17N 75 0.03 2.53 3.01 4.55 0.5 lTtol 4 9.05 -
178 47 0.03 1.54 1.84 4,29 0.8 2to1 4 10.15
188 171 0.03 3.87 4.60 5.63 0.5 1to1 4 11.74
198 34 0.03 1.21 1.45 3.66 0.8 Jtol 4 11.23

Note: Total Depth =Depth of flow + freeboard. Top width is at depth of flow

* These channels include inlets to the storm drain system. Detail shown in storm drain system.
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4.6 Erosion Protection

Erosion protection will be provided at the culvert outlets in order to mitigate the effects of

increased downstream velocitics.

The calculated velocity for the culvert design dictates

whether the erosion protection will consist of dumped or wire-tied riprap. For the analysis, it

was assumed that all outlet protection would consist of splash pads. The splash pads were

designed using WEST Consultant’s software program, which is based on the Army Corps of

Engineers HEC-11 design guidelines. Table 10a and b summarize the splash pad design for

the cross-drainage culverts and scuppers. Table 10c provides the splash pad design for the

stormdrain systems. However, erosion protection for the stormdrain outlet for System 1

(Civano Stormdrain System) will be addressed in the spur dike erosion mitigation design in

the following submittal. Splash pad calculation sheets are provided in Appendix 2.

Table 10a:

Summary of Splash Pad Analysis for Cross-Drainage

Conclc:::igftmn Qoo Structure Location Dy Length Wi(lthé Thickness
(efs) (in) () () (ft)
2% 961 Culvert Outlet 9 36 10 1.5
35 213 Culvert Qutlet 6 27 12 1.0
4 271 Culvert Outlet 16 52 12 3.0
5 279 Culvert OQuilet 9 35 6 1.5
TEE 2287 Culvert Outlet 16 68 12 3.0
7.2 113 Culvert Outlet 6 22 12 1.0
7.4 1216 Culvert Outlet 12 37 10 2.0
7.6 19 Culvert Outlet 6 11 9 1.0
7.6 147 Culvert Outlet 9 29 9 1.5
7.8 119 Culvert Outlet 6 23 12 1.0
8a 201 Culvert Outlet 0 26 12 1.0
12 726 Culvert Outlet 12 45 16 2.0
13 107 Culvert Quilet 9 33 9 1.5
14 89 Culvert Qutlet 6 20 9 1.0
15 83 Culvert Outlet 6 22 7.5 1.0
15%%% 42 Culvert Outlet 6 15 6 1.0
16 112 Culvert Outlet 6 21 12 1.0
17HEEE 75 Culvert Qutlet 6 21 6 1.0
17 776 Culvert Outlet 9 30 10 1.5
18 235 Culvert Qutlet 12 36 10 2.0
19 1689 Culvert Cutlet 12 38 10 2.0

$Note: All splash pads will be underlined with filter fabric and flared out at 2:1 within constraints. Design is
given per culvert. Width will be 3 times the culvert diameter per culvert or to wing wall extents for a box

culvert.
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Table 10b:

Summary of Splash Pad Analysis for Scuppers

Inlet ID Qo Structure Location D5y | Length | Width* | Thickness
{cfs) (in) (ft) (ft) (ft)

- I3b 4 Scupper 6 1 24 i
16 9 Scupper 6 2 36 1
19b 3 Scupper 0 4 8 1
112b 10 Scupper 6 4 16 1
126a 5 Scupper 6 5 28 1
I26¢ 2 Scupper 6 1 24 1
ISS1 4 Scupper 6 2 16 1
1853 3 Scupper 6 2 12 1
18524 2 Depressed Curb 6 3 B 1

*Note: All splash pads will be underlined with filter fabric and flared out at 2:1 within constraints. Design is

given per culvert. Width will be 2 feet larger than the scupper on each side (4 feet total).
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Table 10¢:

Summary of Splash Pad Analysis for Stormdrains

Concentration Point Q100 Structure Location D3y | Length | Width* | Thickness

(cfs) (in) (ft) (ft) (ft)

System 1 Outfall 1442 Stormdrain ok R ok o

System 2 Qutfall 100 Stormdrain 9 38 12 1.5
CB1a system 3.72 Stormdrain 6 4 6 1
CB1b system 297 Stormdrain 6 4 6 1
CB4 system 8.09 Stormdrain 6 9 6 1
CB7a system 6.16 Stormdrain 6 7 6 1
CB7b system 4.88 Stormdrain 6 6 6 1
CB10a system 5.12 Stormdrain 6 6 6 1
CB10b system 9.46 Stormdrain 6 10 6 1
CB13 system 11.36 Stormdrain 6 12 6 1
CB2la system 1.63 Stormdrain 6 2 6 1
CB21b system 9.29 Stormdrain 6 10 6 1
CB21c¢ system 4.84 Stormdrain 6 6 6 1
CB23b system 10.52 Stormdrain O 12 6 1
CB24a system 5.60 Stormdrain 6 6 6 1
CB24b system 33.17 Stormdrain 6 13 12 1
(CB24c system 2.83 Stormdrain 6 3 6 1
CB29b system 29.49 Stormdrain 6 23 3 1
CB32a system 2.68 Stormdrain 6 3 6 1
CB32b systern 3.62 Stormdrain - 6 4 6 1
CB34b system 2.20 Stormdrain 6 3 6 1
CB35b system 5.84 Stormdrain 6 7 6 1
CB35¢ system 12.88 Stormdrain 6 14 6 1
CB35d system 10.39 Stormdrain 6 11 6 1
CB35e system 10.17 Stormdrain 6 ii 6 1
CB40b system 28.78 Stormdrain 6 22 8 1

CB40d system 8.40 Stormdrain 6 9 6 i

CB40e system 4.30 Stormdrain 6 5 6 1
8512 system 3.08 Stormdrain 6 4 6 I
SS15 system 5.03 Stormdrain 6 6 6 1

*Note: All splash pads will be underlined with filter fabric and flared out at 2:1 within constraints. Design is
given per culvert. Width will be 3 times the culvert diametet per culvert or to wing wall extents for a box culvert.
*+System 1 design will be included in the spur dike erosion mitigation design of the next submittal.
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4.7 Stormwater Harvesting Design
The median of Houghton Road will be graded to form sunken basins. These basins will act
as stormwater harvesting basins. The City of Tucson is working with the Landscape

Architect to develop a native plant pallet in conjunction with the desert parkway ascetics.

4.8 Stormdrain Design

Since there are no existing storm drains servicing the Houghton roadway, storm drain
systems will be constructed within this project in order to convey the onsite generated
discharges in areas which it is not feasible to use channels within in the right-of-way. All of
the storm drains designed will outfall into either existing or proposed drainage structures
within or adjacent to the roadway. Per Pima County guidelines, all of the storm drains will
be designed for the 10-year event. Storm drains were désigned utilizing Hydraflow®
software by Intelisolve.

The hydraulic grade line calculations with the profile view of the storm drains are provided in
Appendix 8.3. The storm drain hydraulic grade lines (HGL’s) were analyzed utilizing the
software package Hydraflow by Intelisolve. The methodologies incorporated into the
software are based on an energy based Standard Step method to compute the hydraulic profile
- for the storm drain. This methodology is an iterative procedure that applies Bernoulli's
energy equation between the downstream and upstream ends of each line in the system.

Manning's equation is used to determine head losses due to pipe friction,

The calculation sheets for the storm drain design, including the HGL calculations are

provided in Appendix 2 and the storm drain locations are shown in Figure 4.
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Table 11:

Summary of Storm Drain System Desion

C.P. C.P. Pipe Pipe Inlet Ques Slope Vaipe
Pipe | Downstream | Upstream Diameter Length Length (cfs) (%) (fps)
System 1 (Civane Stormdrain System)

1 Outfall Gl § x5 Box | 1442 2 grates* 223 0.5 10.80

2 Gl G2 8§ x5 Box | 548 2 grates 177 0.5 7.13

3 G2 G3 #x5 Box | 1049 3 grates 147 0.5 9.67

4 G3 G4 4 x5 Box 1049 3 grafes 98 0.5 6.11

5 G4 G5 4’ x 5" Box 1049 3 grates 49 0.5 4.30

System 2 (CP 3b 289400 Stormdrain System)

1 Outfall MH 48" RCP 486 MH 100 1.0 10.02

2 MH Grates 48” RCP 19 5 grates 96 1.0 9.27

3 MH CB3b 24" RCP 12 20° 4 10 3.13
CB1a system

la | Outfall cpla | 2"rcP | 18 | 16 | 3722 | o5 | 38
CB1b system

i | Outtal CBIb | 2¢'rcP | 14 | 20° | 297 | o035 | 3e2
CB3a system

44 | Outfall cB3a | 2rcp | 25 | 20° [ 470 | 114 | 423

CB4 system

2 | outfall cea | 2wrer [ 5] 32 | 809 | os | 50
CB7a system

3 | ouwfan CB7a | 2rCP | 15 | 2% [ 616 | 05 | 4@
CB7b system

4 | outal CBTb | 24'rcP [ 147 | & | 488 | o5 [ a8
CB9a system

45 | outfall coa | 2°rcP | 14 | 28’ | 507 | 07 | 437
CB10a system

5 | outfall CB10a | 24°RcP | 85 | 28° | 512 | o5 | 435
CB10b system

6 |  outan cBiob | 2avrep | 162 | 12 | 946 | o5 | 530
CB12a system

46 | outfall CB12a | 24"rcP | 5| 24’ | 207 | 1630 | 404
CB13 system

7 | outfall cB13 | 24"RcP | 18 | 12’ |13 | es [ ss3
CB15 system

77 | out cBi5 | 2e'rer [ 18| 12 | 1211 | 328 | 596
CB21a System

8 | Outfall cB21a | 2rce | 16 | & | &3 | os | 306
CB21b system

o | Outfall ce2b | 2erep | a2 | 12’ | 920 | o5 | s
CB21¢ system

10 | outfan cB2ic | 247 Rep | a0 | 4 | 434 | o5 | 4w
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Cc.pr. C.P. Pipe Pipe Iniet Ques Slope Voipe

Pipe | Downstream | Upstream Diameter Length Length {(cefs) (%) (Ips)
CB23a system

48 | oufll | cB2sa [ 24°rcP [ 15 | & | 423 | 303 4.09
CB23b system

11 | oumn | cB23b | 24'RcP | 60 | 12 | 1052 | o5 5.43
CB23c system

49 | ownal | cBzse | 24"rcP | 50 | 8 | 895 | 144 530
CB24a system

12 | owml | cBMa | 24°rcr | 155 | 32’ | s60 | o5 4.49
CB24b system

13 CB26b CB24b 30" RCP 103 12 11.77 0.5 2.40

14 CB3la CR26b 30°RCP 119 16° 23.75 0.5 4.84

15 CB3la CB29% 247 RCP 103 4 5.34 0.5 1.70

16 MH CB3la 48" RCP 18 g 33.17 0.5 7.05

17 Cuifall MH 48” RCP 488 33.17 0.5 6.50
CB24c system

18 Outfall CR24c 24” RCP 256 16* | 2.83 | 0.5 3.60
CB29b system

19 CB29b - CB31b 30" RCP 118 16’ 16.65 0.5 3.49

20 Outfxll CB29b 30° RCP 34 12° 29.49 0.5 6.73
CB32a system

23 CB32a CB34a 24” RCP 107 12’ 1.34 0.5 177

22 Outfall CR32a 24" RCP 40 12 2.68 0.5 3.55
CB32b system

23 | ouan | cmaw | 2a'rcP | 13| 24 | 362 | o5 3.89
CB34b system

24 | oumll | cm3b | 24°rcp | 130 ] 16 | 220 | 05 3.34
CB35b system

25 CB37h CB35b 24” RCP 131 4 5.84 0.5 227

26 MH CR37h 247 RCP 3 4 10.30 0.5 401

27 Qutfall MH 247 RCP 440 10.30 0.5 5.41
CB35¢ system

28 CB37¢ CB35c 247 RCP 107 20 5.48 0.5 2.18

29 Quifall CB37c 24” RCP 19 28’ 12.88 0.5 5.78
CB35d system

30 CB37d CB35d 247 RCP 135 20° 6.39 0.5 2.15

31 Outfall CB37d 247 RCP. 179 16’ 10.39 0.5 5.46
CB35e system

32 CR37e CB35e 247 RCP 123 20° 4.45 0.5 2.09

33 Outfall CB37e 24" RCP 12 28’ 10.17 0.5 5.39

CB40b system B
34 CB42b CB40b 30” RCP 124 16° 15.21 0.5 323
35 Qutfall CB42b 307 RCP 12 16° 28.78 0.5 6.73
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C.P. C.p. Pipe Pipe Inlet Ques Siope Viipe
Pipe | Downstream | Upsiream Diameter Length Length (cfs) (%) (Ips)
CB40d system
36 CB42d CB40d 24" RCP 116 4 4,20 0.5 2.28
37 Outfall CB42d 24” RCP 12 4 8.40 0.5 5.15
CB40e system
33 CR42e CB40e 247 RCP 127 12’ 2.15 0.5 1.93
39 Outfail CBd2e 247 RCP 8 12’ 4.30 0.5 4.11
S812 system
40 Ss14 3512 247 RCP 85 4 1.99 0.5 2.34
41 Outfall 5814 247 RCP 14 4 3.08 0.5 3.70
S815 system
42 8817 5515 247 RCP 85 24 3.41 0.5 2.41
43 Outfall 5515 247 RCP 14 16° 5.03 0.5 4.33

*From combined CP29B and CP31B {lows

4.9 404 Compliance Statement
A Jurisdictional Delineation has been prepared by Logan Simpson Associates and submitted
to the U.S. Army Corps of Engineers for review. The roadway design will minimize

disturbance to any potential 404 washes.

5.0  CONCLUSION
The Houghton Road project for the City of Tucson consists of roadway improvements for
Houghton Road from 22™ Street to Valencia Road for approximately 6 miles bounded by
Sections 24, 25, and 36 of Township 14 and Range 15 and Sections 01, 12, and 13 of
Township 15 and Range 15. The Pantano Wash Bridge is also included in the project scope.

Hydrologic and Hydraulic analyses have been performed for Houghton Road. Hydraulic structures
were sized and located to convey flow safely and effectively under the roadway. Proposed
culverts have been sized based solely on available headwater. Habitat conductivity has also been
taken into account though the use of culverts as wildlife crossings and a wildlife fence. Pavement

drainage and stormdrain systems have also been proposed.

HEC-RAS was used to for the hydraulic analysis to model the existing bridge as well as the
proposed bridge alternatives. A scour analysis was conducted using the Design Storm (36,000

cfs) and analysis mformation from the HEC RAS model of the existing conditions. Pier scour
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was found fo be 26 feet and soil cement scour was found to be 9 feet. Long term scour over a 50
year period (1936 to 1986) was approximated to be 2 feet per the Pantano Wash Bed Profile 1936
vs. 1986 Pima county Department of Transportation and Flood Control District Maps.

Due to the differences that exist between the As-builf plans and the physical bridge, the last
submittal stated the actual erosion depth would be verified by a ficld investigation. Therefore, test
pits were excavated on September 14, 2007 to determine the depth to the soil cement bank
protection. From the field investigation it was determined that the remaining toe down ranged
from 7 to 6.5 feet at the upstream end of the spur dike on the north and south sides respectively
and 4 to 6 feet further downstream just east of the bridge on the north and south sides
respectively. With the field investigation confirming the scour depth and remaining toe down at
the spur dike embankment reinforcement of soil cement is recommended as well as the
implementation of a grade control structure to account for long term scour. Scour by the pier
based on the field investigations shows the magnitude of scour occurring at the piers is less than
that occurring at the spur dike, where the large contraction occurs. Thus the piers previous
determination as scour stable for long term conditions under the condition that the spur dikes

remain maintained.

There are currently 6 alternatives which are being evaluated and a final design will be selected for
the next phase of submuttal. Freeboard was calculated using the 100-year storm (31,000 cfs) for
both the existing bridge (1.92 feet to the Low Chord) as well as the 6 alternatives as shown below.

Alternative Freeboard to Low Chord

Number {feet)
1 N/A

z 2.17

2a 1.52

3 2.17

3a 1.52

4 242

HougHToN ROAD 29 Psomas 06099-01



The City of Tucson equation results in a recommendation of 2.2 feet of frecboard. An option

to consider in the design phase is raiding the proposed bridge to the FEMA recommended 4
, feet

The measures discussed in this report and presented on the Roadway Plan were designed in

accordance with City of Tucson Standards.
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Precipitation Frequency Data Server

NOAA, National Weather Service, Silver Spring, Maryland, 2006

POINT PRECIPITATION

FREQUENCY ESTIMATES

FROM NOAA ATLAS 14

Arizona 32.145 N 110,758 W 2831 feet
from "Precipitation-Frequency Atlas of the United States” NOAA Atlas 14, Volume 1, Version 4
G.M. Bonnia, D. Martin, B. Lin, T, Parzybok, M. Yekta, and D. Riley

Extracted: Mon Dec 3 2007

Page 1 of 5

Precipitation Frequency Estimates (inches)

ARzl 5 w015 |30 60|120] 3|6 z|24][as] 4] 71| 10 30 || 45 || 60
(years)|| min || min § min || min || min [jmin i hr || hr || hr || hr || hr || day || day || day || day §i day || day || day
1 0.27j0.41 Jjo:50 |[0.68 |[0.84 ]{0.96 |[1.02 1.16 |[1.32][1.43 |[1.58 J[1.80|[2.11 |j2.42 |[3.22 |[3.92 [|4.76 |[5.41 |

0.34 J[0.52

0.65 (0.87

1.08)[1.23 }l1.28 JJ1.45|[1.65 |[1.78][1.98 |[2.26 |[2.65][3.02 |[4.03 ][4.89 |[5.94 |[6.75 ]

110.45 ]|0.69 Jj0.85 |[1.14 |[1.42 ||1.59 Jl1.64 J]1.83 ||]2.06 |[2.23]

2.48112.8513.35|13.81 ||5.08 |[6.06 |[7.29 |[3.29 |

2.891[3.35|

3.96 |14.48 ][5.94 |[7.00 |[8.32 |[0.46 ]

llo.64 llo.97]11.21 ||1.63 |[2.02 |[2.26 }]2.33 ][2.58]

2.85][3.09][3.45 }]4.07]

4.8415.44 |[7.14 |

8.29 9.67 |[11.01]

llo.72 |10 }}1.36 |[1.84 |[2.27]12.56 J12.65

2.92]

2
5
10 ]o.53]j0.81 1.00][1.35|[1.67][1-87]1.93 |[2.14]2.39|[2.59]
25
50

3.2113.4913.90 li4.66

5.58

6.24 |[8.11 |

9.30 |[10.68|[12.16]

100 [0.81 |[1.23 1152 ][2.05 |[2.54 |[2.87 }}2.99

3.29]

3.59|[3.90]j4.37 {530

6.38

7.10 1[9.14 |

10.33][1 1.68][13.29]

200 110.89 |[1.36

11.68 [[2.27 ]

2.813.19]13.3413.67]

3.9814.33 Jj4.85 }|5.98 |[7.24[8.03 ][10.23]

11.40][12.65][14.41]

500 {[1.00 []1.53

11.90 |[2.55 |

3.16 |[3.62 |13.83 }4.20]14.52][¢.91 |I5.50 {[6.96 |[8.50 |[9.37 1[11.75][12.84][13 92][15.86]

I
|
I
|
I
I
|
l

1000 ||1 09 ||1 66 [iz 06 ||2 771(3.43](3.96 J]a.21 Jj4.63 ][4.95][5.37][6.02][7.76 |[9-54 [ 10.47][12.98][13.97]|14.86][16 94}

http://hdsc.nws.noaa.gov/egi-bin/hdsc/buildout. perl Mtype=pf&units=us&series=pd & statena. ..

* These precipitation freguency estimates are based on a partial duration series. ARI is the Average Recurrence Interval,
Please refer to the documentalion for more information. NOTE: Formatting forces esfimates near zero to appear as zero,

12/312007
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Partial duration based Point Precipitation Fregquency Estimates Yersioni 4
32.145 N 118.753 W 2831 +t
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http://hdsc.nws,noaa.gov/cgi-bin/hdsc/buildout.pert?type=pl&units=usé&series=pd&statena... 12/3/2007
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Partial duration based Point Frecipitstion Frequency Eztimates Version: 4
32.145 M 118.758 4 2831 &+
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Confidence Limits -

* Upper bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

ART**|[ 5 [y 10 || 15 3| 30 {[ 60 1120 3 12 (124 | 48 || 4 7 10 |8 20 § 30 (| 45 || 60
{years)|; min || min || min || min || mia |{min || br || hr || hr || hr || hr || day}] day || day || day [} day || day || day

| 1 Ji0.30][0.46 |[0.57}0.77[[0.95 ]j1.08 || .14 ][1.31][t-48][1.56][1.73][1.99][2.33 |[2.65 |[3.53 J[a27 |[5.16 |[5.86 |
| 2 Jlo:39]]0.59 ]|0.73 Jlo.99 [[1.22 |j1.38 ||1.44 |[1.64 |[1.85][1.95][2.16][2.49]f2.91 |[3.32 |[4.42 ][5.32 |[6.45 |[732 ]
|5 Hosto.77]0.961(1.29][1.60]{1.79||L.85 ]]2.06][2.30][2.43]2.71][3.14][3.68 J[4.18 |[5.57 |[6.60 |[7.91 ][8.98 ]
|
|

N

10 [jo.60]0.91][1.13 }|1.52|[1.88][2.10][2.16 ]2.40][2.67][2.83]i3.15][3.69][4.34 |4.92 |[6.51 |[7.63 [[o.03 |[10.26]
25 ]j0.72||1.09][1.36]|L.83 |i2.26 |[2.52 ||2.61 |i2.88][3.18][3.38]{3.77][4.50][5.33 |[5.99 |[7.85 |[9.06 |[10.52][11.95]
50 ][0.81][1.24][1.54][2.07]f2.56][2.86 ][2.97][3.27|[3.60][3.83 J}4.27][5.17][6.16 |[6.90 |[8.95 ][10.18][11.64][1324]
100 ]j0.91][1.39]1.72[2.32|[2.87][3.22][3.36][3.69 |[4.04]4.31][4.81][5.92][7.09 ][7.89 |[10.13][11.37][12.79}[14.54]
| 200 [j1.01]{1.54]1.91 ][2.58]3.19 |[3.59 |[3.77 |[4.14 J[4.50][.81][5.38][6.73][8.14 |[o.00 |[11.43][12.62][13.95][15.84]
| s00 Ji1.15][1.75][2.17][2.93 ||3.62][4.12[4.37[4.79 ||5.17][5.52][6.19|[7.94 ][0.69 ][10.64][13.29][14.39][15 48]|17 64|
| 1000 [{1.26][1.92]2.38]3.21 ][3.97 |[4.54 Jj4.86 |[5.33][5.71][6.09][6.86 ][8.95 ][t 1.04][12.06|[ 14 86][15.81][16.68][ 19.03]

* The upper bound of the confidence Interval at 90% confidence level is the value which 5% of ihe simulated quantile values for a given frequency are greater than.

Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zerc to appear as zero.

“ * Lower bound of the 90% confidence interval ”

http:/Mdse.nws.noaa.gov/cgi-bin/hdsc/buiidout.peri2type=pl&units=usd&series=pd &statena...  12/3/2007
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| Precipitation Frequency Estimates (inches) t

ARI**)[ 5 || 10 || 15 || 30 || 60 {120 3 6 (| 12 || 24 || 48 || 4 T 10 [ 20 (] 30 || 45 || 68
(years)| min || min || min || min || min {|min || br || hr || br || br || hr || day| day| day|| day || day || day || day

1 j0.24 Jj0.36 J[0.45 |[0.60 ]|0.75 |[0.86 [|0.91 |[1.04 ][1.19|[1.32 |[1.46 ][1.66 |[1.94][2.22][2.95 |[3.61 |[4.40 |[5.01 |
2 jlo31 j0.47 flo.58 J|0.78 ||0.96 }[1.10 | [1.15 ||1.30 |[1.49][1.65 |[1.83 Ji2.07 |[2:42][2.76 |69 |[4.50 J[5.49 |[6.24 |
5 Jloo]fo.61o.75]1.01][t26 |41 |[1.47][163 |[1.84 ][2.05 |[2.29 ]f2.60 |[3.06 |[3.48][4.63 |[5.56 |[6.73 |[7.66 |

10 Jj0.47 Jjo.71 Jlo.88 ][1.19 |[1.47 }[L.65 ][1.71 |[1.90 |[2.13][2.38][2.66 |[3.04][3.59 |[4.07][5.39 J[6.42 [7.67 |[8.74 |
5 Jlo.56 Jjo.85 }]1.05 |[1.42 |[1.76 |[1.98 |[2.05 |[2.25 |[2.51 ] [2.82 |[3.15 ][3.66 |[4.35 |[4.90 ][6.44 ][7.56 |[5.87 |[10.11]

50 {0.62 Jj0.95 J1.18 {(1.58 ||1.96 |]2.22 |[2.30][2.52 |[2.80 |[3.15 |[3.52]f4.15 |[4.95 |[5.56 |[7.25 |[8.42 Jjo.75 |[11.12]
100 JJ0.69 |[1.04 J[1.30{[1.75 |2.16 ] [2.45 |[2.54 |[2:80 |[3.08 ][3.48 ][3.90 [[4.65 |[5.59 ||6.25 |[s.06 |[9.26 |[10.58|[12.08]
200 J0.75 J[1.14 }1.41 {[1.90 ||2.35 |[2.68 ][2.79][3.07 |[3.36 |[3.82 [4.27 ][5.17][6.25 |[6.96 |[8.91 J[10.12][11.38][13.00]
500 J|0.82 [1.25 J]1.55 |[2.09 |[2.58 ||2.97 ||3.11 ]j3.42 |[3.73 ][4.27 ][4.75 }|5.86 |[7.16 ][7.92 |[10.02][11.21]f1237|[14.14]
| 1000 Jjo.88 J[1.33 }{1.65 |[2.23 ||2.75 |13.18 |[3.34 ][3.69 |[4.00 |[4.6 1 |[5.13 |[6.40 |[7.89 |[8.66 |[10.88][12.01][13.07|[14.95]

* The lower bound of the confidence interval at 90% confidence fevel is the value which 5% of the simulated quantile values for & given frequency are less than.
" These precipitation frequency estmates are based on a partial durafion maxima series. AR! is the Average Recurrence Interval.

Flease refer to the documentation for more information. NOTE: Formatting pravents estimates near zero io appear as zero.

I
!
|
|
[ 2
I
l
!
l

Maps -

AO™H

40™H

30™N

These maps were produced using a direct map request from the
U.5. Census Bureay Mapping and Carlographic Resources
Tiger Map Server.

Please read disclaimer for more information.

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl 7type=pi&units=us&series=pd&statena... 12/3/2007
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Other Maps/Photographs -

View USGS digital orthophoto quadrangle (DOQ) covering this location from TerraServer; USGS Aerial Photograph
may also be available

from this site. A DOQ is 2 computer-generated image of an aerial photograph in which image displacement caused by terrain
relief and camera tilts has been removed. It combines the image characteristics of a photograph with the geometric qualities

Watershed/Stream Flow Information -

Find the Watershed for this location using the U.S. Environmental Protection Ageney's site.

Climate Data Sources -

Precipitation frequency results are based on data from a variety of sources, but largely NCDC. The following links provide
general information

about observing sites in the area, regardless of if their data was used in this study. For deiailed information about the
stations used in this study,

please refer to our documentation.

Using the National Climatie Data Center's (NCDC) station search engine, locate other climate stations within:

inutes
directly from NCDC.

j of this location (32.145/-110.758). Digital ASCII data can be obtained

Find Natural Resources Conservation Service (NRCS) SNOTEL (SNOwpack TELemetry) stations by visiting the
Western Regional Climate Center's state-specific SNOTRL station maps.

Hydromeieorological Design Studies Center
DOC/NOAA/MNational Weather Service
1325 East-West Highway

Silver Spring, MD 2091¢

(301) 713-1669
Questions?: HDSC Ouestionsmnoag. zoy

http://hdse.nws.noaa.gov/cgi-bin/hdsc/buildout. perl ?type=pf&units=us&serics=pd&statena...  12/3/2007
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HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Fiood Contrel District

Firg s

| Client; _ Prepared by: DB
Project Name:  Houghton Road Date: 1/29/2007
Concentration Point: _ CP2 Job #: 06099-01
L
l Watershed Area: 235 ac Watershed Type: Medium Density Urbanized
| Watercourse Data By Reach
Reach No. Height (Hi) Length (1.1} Slope (8i) Basin Factor (Nb)
1 345.0 1,867 0.1847 035
Length of Watercourse (Lc): 1,867 feet Mean Slope:  0.1847
Length to Cen. of Gravity (Lea): 934  feet Weighted Basin Fac.:  0.035
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 100-years
Rainfall Depths:  Manual Input of Rainfal Depths by User
Duration: 5=min 10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
‘ Point Values (in)  0.91 1.39 1.72 232 2.87 3.22 3.36 3.69 4.04 4.31
| _ Areal Values (in)  0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 4.31
‘ o Soils Data
Soil Tvpe Percent Curve #{CN)  Adj. Curve # (CN*) Runoff Coef. (C)
| B 10 83. 87.48 0.579
| C 0 38. 91.21 0.686
D 90 91. 93.47 0.758
Tmp. 20 99. 99. 0.959
Weighted Runoff Coef. (Cw): 0.784 Lesser Return Periods
Time of Concentration: 5.0 min Return Period Ratig (Opeak
Rainfall Intensity (i) @ Tc:  10.92 in/hr ?Yﬂﬂf ggg gi
‘ o -year .
Runoff Supply Rate (¢4) @ Tc: 8.56 in/hr 10-year 0.45 91
2 25-year 0.65 132
: 0
PEAK DISCHARGE 203 _ cfs 50-year 0.85 173

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Client: Prepared by: DB
Project Name: _ Houghton Road Date: 1/29/2007
Concentration Point: _CP3b i Jab #: _06099-01] .
Watershed Area: 11.7 ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (LD Slope (Si) Basin Factor (Nh)
1 35.0 1,529 0.0229 035
Length of Watercourse (Lc): 1,529 _ feet Mean Slope:  0.0229
Length to Cen. of Gravity (Lea): 765 _ feet Weighted Basin Fac.:  0.035 )
Veg. Cover Type(s): Desert Brush ) Veg. Cover Density: 25 Yo
RETURN PERIOD: 100-years
Rainfall Depths: NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitude: 110.7580
Duration: 5-min  10-min }5-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-br

Point Values (in)  0.91 1.39 1.72 232 2.87 3.22 3.36 3.69 4.04 4.31
Areal Values (in)  0.91] 1.39 1.72 232 2.87 3.22 3.36 3.69 4.04 4.31

Soils Data
Soil Type Percent Curve # (CN) Adj. Curve # (CN*®) Runoff Coef (C)
B 10 83. 87.48 0.579
C 0 88. 91.21 0.686
D 90 91, 93.47 0.758
Imp. 15 99. 99. (.959
Weighted Runoff Coef. (Cw): 0.773 Lesser Return Periods
Time of Concentration: 5.5 . min Return Peried Ratio Qpeak
Rainfall Intensity (i) @ Te: 10.49 in/hr g-year 8'?8 ég
i . -year .
Runoff Supply Rate (q) @ Tc: 8.10 in/hr 10-year 045 ”
. 25-year 0.65 62
PEAK DISCHARGE: 96 efs 50-yoar 0.95 81

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control District

Client: Prepared by: DB

Project Name:  Houghton Road Date: ~ 1/229/2007

Concentration Point: CP3.5 Job #: 06099-01

Watershed Area:  32.1 ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach

Reach No. Height (Hi) Length (Li} Slope (Si) Basin Factor (Nb)
1 68.0 3,124 0.0218 035

Length of Watercourse (Lc): 3,124 ~ feet Mean Slope:  0.0218

Length to Cen. of Gravity (Lea): 1,562  feet Weighted Basin Fac.:  0.035 ~

Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 100-vears

Rainfall Depths.: NOAA Atlas 14 (90% UCL) @  Latitude; 32.1450 Longitude: 110.7580
Duration: S-min  1Q-min 15-min  30-min 60-min  2-hr 3-hr 6-hr 12-hr  24-hr

Point Values (in)  0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 4.31
Areal Values (in)  0.9] 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 431

Soils Data
Soil Type Percent Curve # (CN)  Adj. Curve # (CN*) Runoff Coef. (C)
B 10 83. 87.48 0.579
C 0 88. : 91.21 0.686
D 90 91. 93.47 0.758
Imp. 15 99, 89, 0.959
Weighted Runoff Coef. (Cw): 0.773 Lesser Return Periods
Time of Concentration: 9.3 min Return Period Ratio Qpealk
Rainfall Intensity () @ Tc:  8.54 inhr ?year 838 éi
) . -year .
Runoff Supply Rate (@) @ Tc: 6.60 in/hr 10-year 0.45 96
2 25-year 0.65 139
E: Y
PEAK DISCHARGFE 213 B cfs 50-year 0.85 131

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Pima County Regional Flood Control District

Bl Aii)

Client: Prepared by: DB
Project Name:  Houghton Road Date: 1/29/2007
Concentration Point: CP4 Job #: 06099-01
Watershed Area: 374 ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (1.1} Slope (Si) Basin Factor (Nb)
1 61.0 2,522 0.0242 035
Length of Watercourse (Lc): 2,522 feet Mean Slope:  0.0242
Length to Cen. of Gravity (Lea): 1,261 feet Weighted Basin Fac.;  0.035

Veg. Cover Type(s): Desert Brush

RETURN PERIOD; i00-years

Veg, Cover Density: 25

Rainfall Depths:

NOAA Atlas 14 (90% UCL)@ Latitude: 32.1450

Longitude: 110.7580

Duration: S-min  10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 2.32 2.87 322 3.36 3.69 404 431
Areal Values (in)  0.91 1.39 1.72 2.32 2.87 322 3.36 3.69 404 431
Soils Data
Soil Type Percent Curve # (CN) Adj. Curve # (CN*) Runoff Coef. (C)
B 10 83. 87.48 0.579 -
C 0 28. 91.21 0.686
M D 90 9]. 93.47 0.758
Imp. 20 99, 99, (.959
Weighted Runoff Coef. (Cw): 0.784 Lesser Return Periods
Time of Concentration: 7.6 min Return Period Ratio Qpeak
Rainfall Intensity () @ Te:  9.17 in/hr i-year 8%8 3411
. ) -year .
Runoff Supply Rate (@) @ Te: 7.19 in/hr 10-year 0.45 122
] 25-year 0.65 176
PEAK DISCHARGE: 271 efs 50-year 0.85 230

PC-Hydro, Ver 5.3.1




HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Client:

Pima County Regional Flood Control Distriet

Prepared by: DB

Project Name: _ HoughtonRead Date: 1/29/2607
Concentration Point:  CP5 Job #: 06099-01
Watershed Area:  35.8 ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (LD Slope (8i) Basin Factor {Nb)
1 68.0 2,179 0.0312 035

Length of Watercourse (Lc): 2,179 feet Mean Slope:  0.0312
Length to Cen. of Gravity (Lea): 1,090 feet Weighted Basin Fac.:  0.035
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %

RETURN PERIOD: 100-vears

Rainfall Depths:

NOAA Atlas 14 (90% UCL) @  Latitude: 32,1450 Longitude: 110.7580

Duration:

5-min

10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr

Areal Values (in)

Point Values (in) 0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.0 4.31
0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.6% 4.04 4.31

Soils Data
Soil Type Percent Curve # (CN}  Adj. Curve # (CN*) Runoff Coefl. (C)

B 10 83. : 87.48 0.579

C 0 88. 91.21 0.686

D 50 91. 93.47 0.758

Imp. 15 99, 99, 0.959
Weighted Runoff Coef. (Cw): 0.773 ) Lesser Return Periods
Time of Concentration: 6.1 min Return Period Ratio Qpeak
Rainfall Intensity (i} @ Tc: 10.01 in/hr g-year 8%3 22

. . -year .
Runoff Supply Rate (g} @ Tc: 7.73 _infhr 10-year 0.45 126-
; 25-year .65 181

PEAK DISCHARGE: 279 cfs 50-year 0.85 247

PC-llydro, Ver 5.3.1




HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Client: Prepared by: DB
Project Name: _ Houghton Road Date: 1729/2607
Concentration Point: CP6 Job #: 06099-01
Watershed Area:  40.1 : ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (1) Slope (Si) Basin Factor (Nb)
1 72.0 3,623 0.0199 035
Length of Watercourse (Lc): 3,623 feet Mean Slope:  0.0199
Length to Cen. of Gravity (Lea): 1,182 feet Weighted Basin Fac.:  (.035 -
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 100-years
Rainfall Depths:  NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitude: 110.7580
Duration: 5-min  10-min 15-min 30-min 60-min 2-hr 3-br 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 232 2.87 3.22 3.36 3.69 4.04 4.31
Areal Values (in)  0.91 1.39 1.72 232 2.87 3.22 3.36 3.69 4.04 431
Soils Data
Soil Type Percent Curve # (CN) Adj. Curve # (CN*) Runoif Coef. (C)
B ' 10 83. §7.48 0.579
C 0 88, 91.21 0.686
D 90 9L 93.47 0.758
Imp. 5 99, 99. 0.959
Weighted Runoff Coef. (Cw): 0.751 o Lesser Return Periods
Time of Concentration: 9.4 __min Retumn Period Ratio Qpeak
Rainfall Intensity (i) @ Te:  8.51 i/ g-yeaf 8§g gé
, i . -year .
Runoff Supply Rate (q) @ Tc: 6.39 b 10-year 0.45 116
. 25-year 0.65 168
PEAK DISCHARGE: 258  cofs S0yt 085 250

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control District

Client: R o Preparedby: DB
Project Name:  Houghton Road Date: 1/29/2007
Concentration Point; CP7.2 Job #: 06099-01
Watershed Area:  22.1 ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (L)) Slope (1) Basin Factor (Nb)
1 66.0 2,884 0.0229 035
Length of Watercourse (Lc): 2,884 feet Mean Slope:  0.0229
Length to Cen. of Gravity (Lca): 1,442 fest Weighted Basin Fac.:  0.035
Veg. Cover Type(s): Desert Brush ~ Veg. Cover Density: 25 %
RETURN PERIOD: 100-years
Rainfall Depths: NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitude: 110.7580
Duration: S-min 10-min 15-min 30-min 60-min  2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 4.31
Areal Values (in) 091 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 431
Soils Data
Soil Type Percent Curve # (CN)  Adj. Curve # {CN*) Runeff Coef. (C)
B 100 83. 87.48 0.579
C 0 88. : 91.21 0.686
D 0 91. 93.47 0.758
Imp. 5 99, 99. 0.959
Weighted Runoff Coef. (Cw): 0.598 - Lesser Return Periods
Time of Concentration: 8.7 min Return Period Ratio Qpeak
Rainfall Intensity (i) @ Tc:  8.43 ~inhr i-year g?g gi
. . -year .
Runoff Supply Rate (q) @ Te: 5.05 _ infhr 10-year 0.45 e
25-year 0.65 73
RGE: 113
PEAK DISCHA s 50-year 0.85 06

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control Distriet

Citent: Prepared by: DB
Project Name:  Houghtion Road Date: _ 17292007
Concenfration Point: CP7.4 Job #: 06099-01
Watershed Area: 513.9 ac Watershed Type: Medium Density Urbanized
Waterconrse Data By Reach
Reach No. Height (Hi) Length (1.D) Slope (Si) Basin Factor (Nb)
1 280.0 14,767 0.0190 035
Length of Watercourse (Lc): 14,767 feet Mean Slope:  0.0190
Length to Cen. of Gravity (Leca): 7,384  feet Weighted Basin Fac.:  0.035
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOCD: 100-years
Rainfall Depths: NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitude: 110.7580
Duration: S5-min  10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in} 091 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 431
Areal Values (in) 0.91 1.39 1.72 2,32 2.87 3.22 3.36 3.69 4.04 431
Soils Data
Soil Type Percent Curve # (CN)  Adi. Curve # (CN*) Runoff Coef. (C)
B 100 83. 87.48 0.579
C 0 88. : 91.21 0.686
D 0 91, 93.47 0.758
Imp. 5 99. 99. 0.959
Weighted Runoff Coef. (Cw): 0.598 Lesser Return Periods
Time of Concentration: 37.6 min Return Period Ratio Qpeak
Rainfall Intensity (i) @ Te:  3.92 in/hr ?-year 8%8 ggg
. ; -year .
Runoff Supply Rate (q) @ Tc: 2.35 __infhr 10-year 0.45 547
v 25-year (.65 790
PEAK DISCHARGE: 1,216  efs e 083 034

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control District

Client: - Prepared by: DB
Project Name:  Houghton Road - Date: 1/29/2007
Caoncentration Point:  CP7.6 Job #: 06099-01
Watershed Area:  38.2 ac Watershed Type:  Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (L1) Slope (Si} Basin Factor (Nh)
1 56.0 3,570 0.6157 035
Length of Watercourse (Lc): 3,570 feet Mean Slope:  0.0157
Length to Cen. of Gravity {(Leca): 1,785 feet Weighted Basin Fac.:  0.035
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 100-years
Rainfall Depths:  NOAA Atlas 14 (90% UCL) @ Latitude: 32.1450 Longitude: 110.7580
Duration: S5-min  10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 2.32 2.87 322 3.36 3.69 4.04 4.31
Areal Values (iny  0.91 1.39 1.72 2.32 2.87 322 3.36 3.69 4.04 431
Soils Data
Soil Type Percent Curve # (CN)Y  Adj. Curve # (CN*) Runoff Coef. (C)
B 100 83. 87.48 : 0.579
C 0 38. 91.21 0.686
D 0 9. 93.47 0.758
Imp. 5 99, 99, 0.959
Weighted Runoff Coef. (Cw): 0.598 Lesser Return Periods
Time of Concentration: 13.6 nin Return Period Ratio Opeak
Rainfall Intensity (i) @ Tc:  7.18 in/hr fg-year ggg gg
: . . -year .
Runoff Supply Rate (q) @ Tc: 4.29 in/hr 10-year 0.45 e
v Traes o, . 25-year 0.65 108
PEAK DISCHARGE: 166 cis S0-year 0.85 141

PC-Hydro, Ver 5.2.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Pima County Regional Flood Control District

Client: Preparedby: DB~
Project Name:  Houghton Road Date: 1/29/2007
Concentration Point:  CP7.8 Job #: 06099-01
Watershed Area:  21.7 _ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (L) Slope (S1) Basin Factor (Nb)
1 58.0 2,276 0.0255 .035

Length of Watercourse (Lc¢): 2,276 feet Mean Slope:  0.0255
Length to Cen. of Gravity (Leca): 1,138 feet Weighted Basin Fac.:  0.035
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %

RETURN PERIOD: 100-years

Rainfall Depths:

NOAA Atlas 14 (90% UCL) @ Latitude: 32.1450

Longitude: 110.7580

Duration: S-min  10-min }5-min 30-min 60-min  2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 232 2.87 3.22 3.36 3.69 4.04 4.31
Areal Values (in)  0.91 1.39 1.72 232 2.87 3.22 3.36 3.69 4,04 4.31
Soils Data
Soil Type Percent Curve # (CN)  Adj. Curve # (CN*) Runoff Coef, {(C)
B 100 83. 87.48 0.579
C 0 83. 91.21 0.686
D 0 91. 93.47 0.758
Imp. 5 09, 99, (.959
Weighted Runoff Coef, (Cw): 0.598 Lesser Return Periods
Time of Concentration: 7.8 min Return Period Ratjo Qpeak
Rainfall Intensity () @ Te:  9.07 in/hr g-yaar 8:328 §2
, . -year }
Runoff Supply Rate (q) @ Tc: 543 in/hr 10-year 0.45 53
25-year 0.65 77
: 11
PEAK DISCHARGE 9 ) efs Sovear 093 101

PC-Hydro, Ver 53.1




HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Client: o Prepared by: DB
Project Name:  Houghton Road Date: 1/29/2007
Concentration Point: CP8a Job #: 06099-01
Watershed Area: 359 ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (L) Siope (Si) Basin Factor (Nh)
1 70.0 0.0302 035
Length of Watercourse (Lc): 2,320 _ feet Mean Slope:  0.0302
Length to Cen. of Gravity (Lea): 1,160 feet Weighted Basin Fac.:  0.035

Veg. Cover Type(s): Desert Brush

Veg. Cover Density:

RETURN PERIOD: 100-vears

Rainfall Depths: NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitade: 110.7580
Duration: 3-min  10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in})  0.91 1.39 1.72 2.32 3.22 3.36 3.69 4.04 431
Areal Values (in)  0.91 1.39 1.72 2.32 3.22 3.36 3.69 4.04 4.31
Soils Data
Soil Type Percent Curve #{CN)  Adj. Curve # (CN*) Runoff Coef. (C)
B. 100 83, 87.4% 0.579
C 0 88. 91.21 0.636
D 0 91. 93.47 0.758
Imp. 5 99, 99. 0.959
Weighted Runoff Coef. (Cw): 0.598 Lesser Return Periods
Time of Concentration: 7.3 min Return Period Ratio Qpeak
Rainfall Intensity () @ Tc:  9.30 in/hr ?-year 8%8 28
_ ) . -year .
Runoff Supply Rate (q) @ Tc: 5.56 in/hr 10-year 045 op
TAT Pair . r 25-year 0.65 131
PEAK DISCHARGE: 201  efs S0ven 085 i

PC-Hydro, Ver 5.3.1




HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control District
B vt fygioa

Client: Preparedby: DB

Project Name: _ Houghton Road ) Date: 1/29/2007

Concentration Point: CP8b  Job#: 06099-01

Watershed Area:  33.4 ac Watershed Type: Medium Density Urbanized o
Watercourse Data By Reach

Reach No. Height (Hi) Length (Li) Slope (Si) Basin Factor (Nb)
i 120.0 2,304 0.0521 033

Length of Watercourse (L¢): 2,304 _ feet Mean Slope:  0.0521

Length to Cen. of Gravity (Lca): 1,152 _ feet Weighted Basin Fac.:  0.035

Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 100-vears

Rainfall Depths: NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitude: 110.7580
Duration: 5-min  10-min 15-min 30-min 60-min  2-hr 3-hr o-hr 12-hr  24-hr

Point Values (in)  0.91 1.39 .72 2.32 2.87 3.22 3.36 3.69 404 4.31
Areal Values (in} 0.9] 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4,04 4.31

Soils Data
Soil Type Percent Curve # (CN)  Adj. Curve # (CN*) Runoff Coef. (C)

B 100 83. 87.48 0.579

C 0 88. : 91.21 0.686

D 0 91. 93.47 0.758

Tmp. 5 99, 99, 0.959
Weighted Runoff Coef. (Cw): 0.598 Lesser Retura Periods
Time of Concentration: 56 - min Return Period Ratio Qpeak
Rainfall Intensity (i) @ Tc: 1038 in/hr ?-Yeaf ggg ‘6%

. . -year .
Runoff Supply Rate (q) @ Tc:_ 6.21 n/hr 10-year 045 04
— ¥ 25-year .65 136
0N 2

PEAK DISCHARGE 05 cfs 50-year 0.85 178

PC-Hydro, Ver 5.3.1




HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control District

&

Client: Prepared by: DB
Project Name: _ Houghton Road Date: 1/28/2007
Conceniration Point: CP10 Job #: 0609901
Watershed Area:  120.3 ac Watershed Type: -Medium Density Urbanized B
Watercourse Data By Reach
Reach No. Height (Hi) Length (1.0) Slope (S1) Basin Factor (Nb)
1 60.0 6,457 _0.0093 035
Length of Watercourse (Lc): 6,457 ~ feet Mean Slope:  0.0093
Length to Cen. of Gravity (Lea): 3,228 feet Weighted Basin Fac.:  0.035
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 100-years
Rainfall Depths: NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitude: 110.7580
Duration: 5-min  10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 2.32 2.87 322 3.306 3.69 4.04 431
Areal Values (in)  0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 431
Soils Data
Soil Type Percent Curve # (CN) Adi. Curve # (CN*) Runoff Coef, {C)
B 100 HED 8748 0.579
C ' 0 88. 91.21 0.686
b 0 9f. 93.47 0.758
Imp. 5 99, 99. 0.959
Weighted Runoff Coef. (Cw): 0.598 Lesser Return Periods
Time of Concentration: 282 min Return Period Ratio Qpeak
Rainfall Intensity (i) @ Tc: 479 in/hr g-year 8-38 ?(9)4
) . “year .
Runoff Supply Rate (q) @ Tc: 2.86 in/hr 10-year 0.45 156.
25-year 0.65 226
: 4
PEAK DISCHARGE 347 cfs Soyear 085 205

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control District
; —

Client: B Prepared by: DB
Project Name: _ Houghton Road Date: 1/29/2007
Concentration Point:  CP12subwatershed Job #: 06099-01
Watershed Area: 2.1 ac Watershed Type: Medium Density Urbanized
Watercourse Data By Reach
Reach No. Height (Hi) Length (1.0 Slope (Si) Basin Factor (Nb}
1 16.0 593 0.0270 035
Length of Watercourse (Lc): 593 feet Mean Slope:  0.0270
Length to Cen. of Gravity (Lca): 297 feet Weighted Basin Fac.: _ 0.035 o
Veg. Cover Type(s):  Desert Brush _ Veg. Cover Density: 25 %
RETURN PERIOD: 100-vears
Rainfall Depths:  NOAA Aflas 14 (30% UCL) @ Latitude: 32.1450 Longitude: 110.7580
Duration: S5-min  10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 232 287 3.22 3.36 3.69 404 431
Areal Values (n)  0.91 1.39 1.72 232 287 3.22 3.36 3.69 4.04 431
Soils Data
Soil Type Percent Curve # (CN)  Adi. Curve # (CN*) Runoff Coef. (C)
B 100 83. 87.48 0.579
C 0 . . 0.000
D 0 . . 0.600
Tinp. 10 99, 99. ~ 0959
Weighted Runoff Coef. (Cw): 0.617 Lesser Return Periods
Time of Concentration; 5.0 min Return Period Ratio Opeak
Rainfall Intensity (i) @ Te:  10.92 in/hr i-year g-gg ﬁ-g
. . -year . .
Runoeff Supply Rate (q) @ Tc: 6.74 in/hr 10-year 0.45 6.5
25-year 0.65 9.4
E: 14
PEAK DISCHARG cfs 50-year 0.85 19

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
' Pima County Regional Flood Control District

Client: Prepared by: DB
Project Name:  Houghton Road Date: 12972007
Concentration Point: _ CP17 ~ Jobit 06099-01
Watershed Area: 688.6 ac Watershed Type: Undeveloped-Foothills
Watercourse Data By Reach
Reach No. Height (Hi) Length (Li} Slope (Si) - Basin Factor (Nb)
1 215.0 25,350 0.0085 035
Length of Watercourse (Lc): 25,350 ~ feet Mean Slope:  0.0085 3
Length to Cen. of Gravity (Leca): 12,675 feet Weighted Basin Fac.:  0.035 B
Veg. Cover Type(s):  Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 100-years
Rainfall Depths: NOAA Atlas 14 (90% UCL) @ Latitude: 32.1430 Longitude: 110.7580
Duration: 5-min  10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr

Point Values (in)  0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 4.31
Areal Values (in)  0.91] 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 4.31

Soils Data
Soil Type Percent Curve # (CN) Adj. Curve # (CN*) Runoff Coef. (C)
B 100 83. §7.48 0.579
C 0 . : . 0.000
D 0 . . 0.000
Imp. 1 99, 99. 0.959
Weighted Runoff Coef. (Cw):  0.583 Lesser Return Periods
Time of Concentration: 1.6 hrs Return Period Ratio Qpeak
Rainfall Intensity () @ Te: 1,92 in/hr g-year ggg égg
) . -year .
25-year 0.65 505
: 776
PEAK DISCHARGE efs Sovear 085 260

PC-Hydro, Ver 5.3.1



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE
Pima County Regional Flood Control District

AR

Client: Prepared by: DB R
Project Name: _ Houghton Road ) Date: 1/29/2007
Concentration Point: CP18 L Job #: ~06099-01
Watershed Area:  111.0 ac Watershed Type:  Undeveloped-Foothills o
Watercourse Data By Reach
Reach No. Height (Hi) Lengih (Li) Slope (Si) Basin Factor (Nb)
I 60.0 8,590 0.0070 035
Length of Watercourse (Lc): 8,590 feet Mean Slope:  0.0070 o
Length to Cen. of Gravity (Lea): 4,295 ‘feet Weighted Basin Fac.: _ 0.035
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %

RETURN PERIOD: 100-years

Rainfall Depths: NOAA Atlas 14 (90% UCL)Y @  Latitude: 32.1450 Longitude: 110.7580

Duration: S-min 10-min 15-min  30-min 60-min 2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.91 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 431
Areal Values (in) 091 1.39 1.72 2.32 2.87 3.22 3.36 3.69 4.04 431

Soils Data
Soil Type Percent Curve # (CN) Adj. Curve # (CN*) Runoff Coef, (C)
B 100 83. 87.48 0.579
C 0 . : . 0.000
b 0 . . 0.000
Imp. 1 99, 99, 0.959
Weighted Runoff Coef. (Cw): 0.583 Lesser Return Periods
Time of Concentration: 424 min Return Period Ratio Qpeak
Rainfall Intensity (i) @ Tc: 3.6 in/hr g-year 8%3 ff/;"
. . -year .
Runoff Supply Rate (q) @ Tc: 2.10 in‘hr 1 0-year 0.45 106.
25-year 0.65 153
: 235
PEAK DISCHARGE efs Sovenr 088 200

PC-Hydro, Ver 5.3.1




HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Pima County Regional Flood Control District

csept: Prepared by: DB
Project Name:  Houghton Road Date: 1/29/2007
Concentration Point: Pavement Job #: _06099-01
Watershed Area: 1.0 ac Watershed Type: Shallow Steetflow - Paved
Watercourse Data By Reach
Reach No, Height (Hi) Length (Li) Slope (S1) Basin Factor (Nb)
1 39 396 0.0098 040
Length of Watercourse (Lo): 396 feet Mean Siope: _ 0.0098 )
Length to Cen. of Gravity (Lca): 198 feet Weighted Basin Fac.:  0.040
Veg, Cover Type(s):_DesertBrush Veg. Cover Density: 25 %

RETURN PERIOD: 10-years

Rainfall Depths: NOAA Atlas 14 (90% UCL) @  Latitude: 32.1450 Longitude: 110.7580
Duration: S-min  10-min 15-min 30-min 60-min  2-hr 3-hr 6-hr 12-hr  24-hr
Point Values {in)  0.60 0.91 1.13 1.52 1.88 2.10 2.16 2.40 2.67 2.83
Areal Values (in)  0.60 0.91 1.13 1.52 1.88 2.10 2.16 240 2.67 2.83
Soils Data
Soil Type Percent Curve # (CN)  Adj. Curve # (CN*) Runoff Coef. (C)
B 10 83. 84.57 0.366
C 0 . ) 0.000
D 90 91, 91.62 0.586
Imp. 100 99, 99, 0.938
Weighted Runoff Coef. (Cw): 0938
Time of Concentration: 5.0 min
Rainfall Intensity (i} @ Tec: 7.20 in/hr
Runoff Supply Rate (@) @ Tc:_ 6.76 in/hr
PEAK DISCHARGE: 6.8 efs

PC-Hydre, Ver 5.3.1




BYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE

Client: Prepared by: DB
Project Name:  Houghton Road Date: 1/29/2007
Concentration Point:  Water Harvesting Area  Job# 06099-01
Watershed Area; 10 ac Watershed Type:  Shallow Steetflow - Natural
Watercourse Data By Reéach
Reach No. Height (Hi) Length (L) Slope (Si} Basin Facior (Nb)
1 3.9 306 0.0098 040
Length of Watercourse (Lc): 396 feet Mean Slope:  0.0098
Length to Cen. of Gravity (Lca): 198 fest Weighted Basin Fac.:  0.040
Veg. Cover Type(s): Desert Brush Veg. Cover Density: 25 %
RETURN PERIOD: 10-years
Rainfall Depths:  NOAA Atlas 14 (90% UCLY @  Latitude: 32.1450 Longitude: 110.7580
Duration: S5-min  10-min 15-min 30-min 60-min  2-hr 3-hr 6-hr 12-hr  24-hr
Point Values (in)  0.60 0.91 1.13 1.52 1.88 2.10 2.16 2.40 2,67 2.83

Areal Values (iny  0.60 0.91 1.13 1.52 1.88 2.10 2.16 2.40 2.67 2.83

Soils Data
Soil Type Percent Curve # (CN) Adi. Curve # (CN*) Runoff Coef. (C)
B 10 83. 84.57 0.366 .
C 0 . . } 0.000
D 90 91. 91.62 0.586
Imp. 1 99, 99. 0.938

Weighted Runoff Coef. (Cw): 0.568

Time of Concentration: 5.1 min
Rainfall Intensity () @ Te: 7.11 m/hr
Runoff Supply Rate (q) @ Tc: 4.04 mv/hr
PEAK DISCHARGE: 4.1 efs

PC-Iydro, Ver 53.1



APPENDIX 2

HYDRAULIC ANALYSIS
(EXISTING AND DEVELOPED CONDITIONS)




PAVEMENT DRAINAGE
CALCULATIONS
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PAVEMENT DRAINAGE WORKSHEET

LOCATION DATA DESIGN DATA
Highway Houghton Road Freguency 10 years
Location Watershed 10 a Ps= 222 in - Pxu= 281 Py= 177 in
Project No. 08099-01 n= 0016
From To L W D.A. c T, 1 Q Q. Q+ So Sx zin| D T
Station Station {fh) {it) (ac) (min) | in/hr | (cfs) | (cfs) (cfs) (fi/it) (f/fY) () ()
312+43 319+40 697 varies | 0:84 | 0.935 5 672 { 528 1 0.00 528 | 0.0200 | 0.020 0.24 | 11.8
INLET CALCULATIONS
Inlet Station inlet Type D Q Q. = Qr-Q
iD (it) (cfs {cfs)
CB10a 319+40 28' Caich Basin 0.24 | 512 0.18
MM L A
Computed by: DB Checked by: Date:  B/7/2008 PS OMATS
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PAVEMENT DRAINAGE WORKSHEET

LOCATION DATA DESIGN DATA
Highway Houghton Road - Frequency 10 years
Location Watershed 11 Waier Harvesiing Area Ps = 222 in Pog= 281 Py= 177 in
Project No. 06029-01 n= 0.025
From To L W D.A. C Te [ Q Q. - Q- So Sx zmn| B T
Station Station {fH) (fD) (ac) {(min} { in/hr (cls) (cfs) (cis) (F/) (T {fth {fH)
314+45 331+86 1741 |varles | 0.57 | 0.724 5 10.44 | 4.31 0.00 4.31 0.0200 | 0.020 026 | 129

INLET CALCULATIONS

Inlet Staiion Inlet Type D Q; Q. = 0-Qy
D () {cfs) (cfs)
0.26 4.31

ODBBE,@Q by: DB Checked by: Date: _10/8/2007 PSOMAS
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PAVEMENT DRAINAGE WORKSHEET

LOCATION DATA DESIGN DATA
Highway Houghion Road Frequency 10 years
Location Watershed 12 b Ps= 222 in T Po.= 281 Py= 177 in
Project No. 060989-01 n= 0.016
From To L W D.A. C Te | Q Q. Qy So Sx zn| D T
Station Station {ft) (ft) (ac) (min) | in/hr_| (cfs) (cfs) (cfs) (ft/f) (/) (1) (i)
319+18 330+20 1102 | varies | 1.59 | 0.935 5 670 | 099 | 020 | 1049 | 0.0200 | G.020 051 213
INLET CALCULATIONS
Inlet Station Inlet Type D Q Q.= Qr-Q
D {£t) (cfs {cfs)
12 |321+75 (SAG) 12" Scupper 051 [ 1019 0.00
MM LA
Computed by: DB O:mnxma by: Date: 8/7/2008 PSOMAS
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Culvert Designer/Analyzer Report
CP0O2 {combined with CP03a)

Design: Triak1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 1,005.00 ft Storm Event Design
Computed Headwater Elev:  1,004.84 ft Discharge 961.00 cfs
Headwater Depth/Height 1.21 Tailwater Elevation N~ T
Inlet Control HW Elev. 1,004.46 ft Control Type Entrance Control
Qutlet Control HW Elev. 1,004.84 ft

Grades

Upstream Invert 1,000.00 ft Downstream Invert 997.61 ft
L.ength 199.00 ft Constructed Slope 0.012000 ft/ft
Hydraulic Profile

Profile 82 Depth, Downstream 1.74 1t
Slope Type Sieep Narmal Depth 1.66 ft
Flow Regime Supercritical Critical Depth 2.62 ft
Velocity Downstream 13.83 ft/s Critical Slope 0.003133 fuit
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 10.00 ft
Section Size 10x 4 ft Rise 4,00 ft
Number Sections 4

Outlet Control Properties

Qutlet Contrel HW Elev. 1,004.84 it Upstream Velocity Head 1.31 #t
Ke 0.70 Entrance Loss 0.92 ft
Inlet Control Properties

Inlet Control HW Elev. 1,004.46 ft Flow Control Unsubmerged
Inlet Type 0° wingwall flares Area Fuli 160.0 ft*
K 0.06100 HDS 8 Chart 8

M 0.75000 HDS 5 Scale 3

C 0.04230 Equation Form 1

Y 0.82000

Project Engineer; Water Rescurces
g\ \calcs\hydrauliciculvert master\project1.cvm MeGovern MacVittie 1_odge & Associates CulveriMaster v3.0 [3.0003]
08/20/08 04:18:51 PM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 08708 USA  +1-203-755-1686 Page 2 of 4



Culvert Designer/Analyzer Report

CP03.5
Design:Trial-2
Solve For: Headwater Elevation
Cuivert Summary
Allowable HW Elevation 1,005.00 # Storm Event Design :
Computed Headwater Elevi  1,004.19 fi Discharge 213.00 ofs |
Headwater Depth/Height 1.05 Tailwater Elevation N/Aft i
Inlet Conirol HW Elev. 1,003.91 ft Control Type Entrance Control
Qutlet Control HW Elev. 1,004.19 ft f
Grades l
Upstream Invert 4,000.00 ft Downstream Invert 993,24 {t
Length 260.00 ft Constructed Slope 0.026000 /it
Hydraulic Profile
Profile 32 Depth, Downstream 1.52 #
Slope Type Steep Normal Depth 1.62 ft
Flow Regime Supercritical Critical Depth 2,55 ft
Velocity Downstream 16.15 fi/s Critical Slope 0.004527 fi/ft
Section
Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 4,00 ft
Section Size 48 inch Rise 4.00 ft
Number Sections 3
Outlet Control Properties
Outlet Control HW Elev, 1,004.1¢ ft Upstream Velocity Head 1,10 ft
Ke 0.50 Entrance Loss Q.55 ft
Inlet Control Properties
Inlet Control HW Elev, 1,003.91 ft Flow Control Unsubmerged
Inlet Type Square edge w/headwall Area Full 37.7 2
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.0398C Equation Form 1
Y 0.67000

Project Engineer: Water Resources
g\ Acalesthydrauliciculvert mastenprejecti.cvm McGovern MacVittie L_odge & Associates CulvertMaster v3.0 [3.0003]
08/20/08 04:20:03 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 2 of 2



PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

ce oYy August 20, 2008

DESCRIPTION
VALUE
Culvert Diameter (L) .. ... ... i i i i 2.87
FHWA Chart NUmeT . . vt ot i i it et e e e ettt et e 1
FHWA Scale Number (Type of Culvert Entrance) ................ 2
Manning's Roughnessg Coefficient (n-value}................... 0.011
Entrance Loss Coefficient of Culvert Opening................ 0.1
Culvert Length (FL) ..o . i i e e e e e e 175.0
Invert Elevation at Downstream end of Culvert (ft).......... 0.0
Invert Elevation at Upstream end of Culvert (ft)............ 1.4
Culvert Slope (Et/ft) ... .. i i i e e e 0.008
Starting Flow Rate (Cfa) ... i e e 90.33
Incremental Flow Rate {(cfs) ... ... . i i 0.0
Ending Flow Rate {cEs) ... . .. i it it e i eeann 90.33
Starting Tailwater Depth (£f) ... ... . it i 2.77
Incremental Tailwater Depth (£t) ... ... ... e, 1.0
Ending Tailwater Depth (ft) ... ... .. e .. 2.77
COMPUTATION RESULTS
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Cutlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (£t) (£x) (ft} (fps)
90.33 2.77 7.81 4.65 2.87 2.77 2.87 13.986

Dodsgon & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069
Phone: (281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com
All Rights Resgerved.



Ellipse Area Calculator

Ellipse Area Calculator

1| area calculations by going to our Area Calculator.

|| 1! This calculator requires the use of Javascript enabled and capable browsers. This calculator is desighed
i 1| to give the approximate area of any ellipse. Enter the width of the longest long axis, AB, and the length of
|| §| the longest short axis, CD. Then, click on Calculate. The area is in whatever designation of square units

[ & you have used for the entries. The formula is (Pl * long axis * short axis) / 4. You may see all of our other

Page 1 of 2

Number

Required Data Entry

Long Axis Width || j44

| Units

i Units

[ Short Axis Length [} 127

Calculated Results

| Ellipse Area 1933.053018238 | Square Units

|

m{?;a:sion 1.3.2
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Ellipse Area Calculator Page 2 of 2
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Culvert DesignerlAnalyzer Renort

CP05---RH

Design: Trial-4

Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 1,006.00 ft Storm Event Design
Computed Headwater Elevi  1,004.74 # Discharge 279.00 cfs
Headwater Depih/Height 1.18 Tailwater Elevation N/A Tt
Inlet Control HW Elev. 1,004.32 # Control Type Entrance Centrol
Qutlet Control HW Elev. 1,004.74 it
Grades
Upstream tnvert 1,000.00 ft Downstream Invert 993.61 ft
Length . 243.00 ft Constructed Slope 0.030000 i1t
Hydraulic Profile
Profile S2 Depth, Downstream 1.31 it
Slope Type Steep Normal Depth 1.27 ft
Flow Regime Supercritical Critical Depth 2.56 ft
Velocity Downstream 17.75 fi/s Critical Slope 0.004009 ft/ft
Section
Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 6.00 it
Section Size Bxait Rise 4.00 it
Number Sections 2
Qutlet Control Properties
Qutlet Control HW Elev. 1,004.74 ft Upstream Velocity Head 1.28 ft
Ke 0.70 Entrance Loss 0.90 ft
inlet Control Propetties
inlet Control HW Elev, 1,004.32 ft Flow Controi Unsubmerged
Inlet Type 0° wingwall flares Area Full 48.0 fi*
K 0.06100 HDS 5 Chart 8
M 0.75000 HDS 5 Scale 3
C 0.04230 Equation Form 1
Y 0.82000

Project Engineer: Water Resources
g\ Acalesyhydraulichculvert masteriproject!.cvm McGovern MacVittie Lodge & Associates CulvertMaster v3.0 [3.0003]
(8/20/08 04:22:01 PM @ Haestad Metheds, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 5of 5



Culvert Designer/Analyzer Report

CPO7---RH

Design: Trial-4

Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 1,007.00 ft Storm Event Design
Computed Headwater Elev:  1,008.76 ft Discharge 2,287.00 cfs
Headwater Depth/Height 1,10 Taitwater Elevation /A ft
Inlet Contral HW Elev. 1,008.05 ft Cantrol Type Entrance Control
QOutlet Control HW Elev. 1,008.76 ft
Grades
Upsiream Invert 1,000.00 ft Downstream invert 998.25 ft ,
Length 175.00 ft Constructed Slope 0.010000 i/t
Hydraulic Profile
Profile 52 Depth, Downstream 373 1t
Slope Type Sieep Normal Depth 3.34 ft
Flow Regime Supercrifical Critical Depth 5.01 ft
Velocity Downstream 17.01 fi/s Critical Slope 0.003232 fi/i
Section
Section Shape Box Mannings Coefficieni 0.013
Section Material Concrete Span 12.00 ft
Section Size ' 12x 8 ft Rise 8.00 ft
Number Sections 3
QOutlet Control Properties
Outlet Control HW Elev. 1.008.76 fi Upstream Velocity Head 2.50 ft
Ke 0.50 Entrance Loss 1.25 it
Inlet Control Properties
Inlet Control HW Elev. 1,008.05 ft Flow Control Unsubmerged
inlet Type 30 fo 75° wingwall flares Area Full 288.0 ft*
K 0.02600 HDS 5 Chart 8
M 1.00000 HDS 5 Scale 1
C 0.03470 Equation Form 1
Y 0.86000

Project Engineer: Water Resources
g\ Acalesihydrauliciculvert mastenprojectt.cvim McGovern MacVittie Lodge & Associates CulvertMaster v3.0 [3.0003]
08/20/08 04:22:49 PM & Haestad Methods, Inc. 37 Brockside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 5 of &



Culveri Designer/Analyzer Report
CPO07.2

Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 4,005.00 ft Storm Event Design
Computed Headwater Eleve  1,003.65 ft Discharge 113.00 cfs
Headwater Depth/Height 0.91 Tailwater Elevation NiA
inlet Control HW Elev. 1,003.36 ft Control Type Entrance Control
Outlet Control HW Elev, 1,003.65 ft

Grades

Upstream Invert 1,000.00 ft Downsiream Invert 997.32 ft
Length 223.00 ft Constructed Slope 0.012000 fist
Hydraudic Profile

Profile 52 Depth, Downstream 166 it
Slope Type Steep Normal Depth 166 ft
Flow Regime Supercritical Critical Depth 226 #
Velocity Downstream 11.45 ft/s Critical Slope 0.004126 it
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 4.00 ft
Section Size 48 inch Rise 4,00 ft
Number Sections 2

Qutlet Control Properties

Outlet Controt HW Elev. 1,003.85 ft Upstream Velocity Head 0.92 it
Ke 0.50 Entrance Loss 0.46 ft
Inlet Control Properties

Inlet Control HW Elev. 1,003.36 i Flow Control Unsubmerged
inlet Type Square edge w/headwall Area Fuli 251 ft*
K 0.00980 HDS & Chart 1

M 2.00000 HDS 5 Scale 1

G 0.03980 Equation Form 1

Y 0.67000

Project Engineer: Water Resources
CulvertMaster v3.0 [3.0003]
+1-203-755-1666 Page 2 of 2

g:\.Acalocsthydrauliciculvert mastenprojectt.cvm
08/20/08 04:23:32 PM  ©® Haestad Methods, inc.

McGovern MacVittie Lodge 8 Associates
37 Brockside Road  Waterbury, CT 06708 USA



Culvert Designer/Analyzer Report

CP07.4

Design:Trial-1

Solve For: Headwatear Elevation
Culveri Summary
Allowable HW Elevation 1,006.00 it Storm Event Design
Computed Headwater Elevi  1,004.75 it Discharge 1.216.00 cfs
Headwater Depth/Height 1.19 Tailwater Elevation N/A ft
Inlet Control HW Elev, 1,004.45 ft Control Type Entrance Control
Outlet Control HW Elev, 1,004.75 ft
Grades
Upstream invert 1,000.00 ft Downstream [nvert 993.56 ft
Length 184.00 ft Constructed Slope 0.035000 fiAft
Hydraulic Profile
Profile S2 Depth, Downstream 1.26 ft
Slope Type Steep Normat Depth 1.18 ft
Flow Regime Supercritical Criticat Depth 2.64 fi
Velocity Downstream 19.28 ftfs Critical Slope 0.003136 fu/ft
Section
Section Shape Box Mannings Caoeificient 0.013
Section Material Concrete Span 10.00 ft
Section Size 10 x4 ft Rise 4.00 ft
Number Sections 5
Gutlet Control Properties
Qutlet Control HW Elev., 1,004.75 it Upstream Velocity Head 1.32 ft
Ke 0.60 Enfrance Loss 0.79 ft
Inlet Control Properties
Injet Control HW Elev. 1,004.45 # Flow Control Unsubmerged
Intet Type 0° wingwall flares Area Full 200.0 ft?
K 0.06100 HDS 5 Chart 8
M 0.75000 HDS 5 Scale 3
C 0.04230 Eguation Form 1
Y 0.82000

Project Engineer: Water Rasources
g\ Aecalesthydrauliclcutvert masteriproject1,cvm McGovern MacViitie Lodge & Associates CulvertMaster v3.0 [3.0003]
08/20/08 04:24:15 PM @ Haestad Methods, Inc, 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 3 of 4



Culvert Designer/Analyzer Report
CP07.6 north

Design: Triak-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 1,004.00 ft Starm Event Design
Caomputed Headwater Elev:  1,002.21 ft Discharge 19.00 cfs
Headwater Depth/Height 0.74 Tailwater Elevation N/A Tt
Inlet Control HW Elev. 1,001.92 Conirel Type Entrance Control
Outtet Control HW Elev. 1,002.21 ft

Grades

Upstream Invert 1,000.00 ft Downstream invert 986.34 ft
Length 224.00 ft Constructed Slope 0.061000 fifft
Hydraulic Profile

Profile 52 Depth, Downstream 0.69 it
Slope Type Steep Normal Depth 0.69 ft
Flow Regime Supercritical Critical Depth 1.40 #
Velocity Downstream 15.53 iifs Critical Slope 0.004144 #t/it
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Secticns 1

Outlet Control Properties

Outlet Control HW Elev. 1,002.21 ft Upstream Velocity Head 0.54 1
Ke 0.580 Entrance Loss 027 i
Inlet Control Properties

inlet Conirof HW Elev. 1,001.92 ft Flow Control Unsubmerged
inlet Type Square edge w/headwall Area Full 7.1 f2
K 0.00880 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

G 0.03980 Equation Form 1

Y 0.67000

Froject Engineer: Water Resources
g'\.. \calcs\hydraulic\culvert master\project1.cvim MeGovern MacVittie Lodge & Associates CulvertMaster v3.0 [3.0003]
08/20/08 04:25:03 PM  © Haestad Methods, Inc. 37 Brockside Road Waterbury, CT 08708 USA  +1-203-755-1666 Page 2 of 3



Culvert DesignerfAnalyzer Report
CP07.6 south

Design:trial-1

Solve For; Headwater Elevation

Culvert Summary

Allowable HW Elevation 1,004.00 ft Storm Event Design
Computed Headwater Eleve  1,003.96 ft Discharge 147.00 cfs
,. Headwater Depth/Height 1.32 Tailwater Eievation N/A ft
; Inlet Control HW Elev. 1,003.86 ft Control Type Entrance Control
Outlet Contral HW Elev. 1,003.96 ft
Grades
Upstream invert 1,000.00 Downstream invert 088.26 ft
Length 261.00 ft Constructed Slope 0.045000 ft/ft
Hydraulic Profile
Profile 352 Depth, Downstream 1.22 ft
Slope Type Steep Nermal Depth 1.22 ft
Flow Regime Supercritical Critical Depth 2.28 ft
Velocity Downstream 18,19 ft/s Critical Slope 0.006301 it
Section
' Section Shape Circular Mannings Goefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 3
Outlet Control Preperties
QCutlet Control HW Elev. 1,003.96 ft Upstream Velocity Head o112
Ke 0.50 Entrance Loss 0.56 f
Inlet Control Properties
Inlet Control HW Elev. 1,003.86 ft Flow Control Submerged
Injet Type Square edge w/headwall Area Full 21.2 it*
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 3
C 0.03980 Equation Form 1
Y 0.67000

Project Engineer; Water Resources
o\ Acalesthydrauliciculvert masteryproject.cvm McGovern MacVittie Lodge & Associates CulvertMaster v3.0 [3.0003]
08/20/08 04:25:43 PM @ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666 Page 2 of 3



Culvert Designer/Analyzer Report
CP07.8

Design: Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW EIeyation 1,005.00 ft Storm Event Design
Computed Headwater Eleve  1,003.76 ft Discharge 119.00 cfs
Headwatier Depth/Height 0.94 Tailwater Elevation N/A ft
Inlet Control HWV Elev. 1,003.41 ft Controt Type Entrance Control
Outlet Control HW Elev. 1,003.76 ft

Grades

Upstream Invert 1,000.00 ft Downstream Invert 986.58 ft
Length 305.00 ft Constructed Slope 0.044000 fi/t
Hydraulic Profile

Profile 52 Depth, Downstream 1.21 it
Slope Type Steep Normal Depth 1.21 ft
Flow Regime Supercritical Critical Depth 232 it
Velocity Downstream 18.65 s Critical Siope 0.004201 ftft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Materiai Concrete Span 4.00 fi
Section Size 48 inch Rise 4.00 fi
Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 1,003.76 ft Upstream Velocity Head 096 &t
Ke 0.50 Enfrance Loss 0.48 ft
Inlet Control Properties

Inlet Cantrot HYV Elev. 1,003.41 ft Flow Control Unsubmerged
Inlet Type Square edge wheadwall Area Full 25.1 f1*
K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

g Acalesthydrauliclculvert mastenproject1.ocvim
08/20/08 04:26:27 PM  © Haestad Methods, Inc.

McGovern MacVittie L.odge & Associates

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Water Resources
CulvertMaster v3.0 [3.0003]
PPage Z of 2



Culvert Designer/Analyzer Report

CP08a

Design:Trial-1

Solve For: Headwaler Elevation
Culvert Summary
Allowable HW Elevation 1,005.00 ft Storm Event Design
Computed Headwater Eleve  1,004.05 ft Discharge 201.00 cfs
Headwater Depth/Height 1.01 Tailwater Elevation N/A #
Inlet Control HW Elev. 1,003.74 ft Control Type Entrance Control
Qutlet Control HW Elev. 1,004.05 ft
Grades
Upstream Invert 1,000.00 fi Downsiream Invert 993.67 &
Length 211.00 it Constructed Slope 0.030000 fifft
Hydraulic Profile
Profile 52 Depth, Downstream 1.44 it
Slope Type Steep Normal Depth 1.42 fi
Flow Regime Supercritical Critical Depth 247 ft
Velocity Downstream 16.46 ft/s Critical Slope 0.004406 fi/ft
Section
Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 4.00 ft
Section Size 48 inch Rise 4.00 ft
Number Sections 3
Outlet Control Properties
Outlet Control HW Elev. 1,004.05 ft Upstream Velocity Head 1.05 ft
Ke 0.50 Entrance Loss 0.52 ft
inlet Controi Properties
Inlet Controf HW Elev. 1,003.74 ft Flow Control Unsubmerged
Inlet Type Square edge w/headwall Area Full 37.7 7
K 0.00980 HDS 5 Chart i
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form t
Y 0.67000

Project Engineer: Water Resources
g:\.. \calcs\hydraufic\culvert mastenproject1.cvm McGovern MacVitiie Lodge & Associates CulvertMaster v3.0 [3.0003]
08/20/08 04:27:01 PM  © Haestad Methods, Inc. 37 Brockside Road  Waterbury, CT 06708 USA  +1-203-755-1668 Page 2 of 2




Culvert Designer/Analyzer Report

CP12---RH

Design:Trial-t

Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 1,007.00 ft Storm Event Design
Computed Headwater Elev:  1,006.38 ft Discharge 726.00 cfs
Headwater Depth/Height 1.08 Tailwater Elevation N/A it
Inlet Control HW Elev. 1,005.88 # Control Type Entrance Control
Outlet Control HW Elev. 1,006.38 #
Grades
Upstream Invert 1,000.00 ft Downstream invert 999.03 ft
Length 195.00 ft Constructed Slope 0.005000 ft/t
Hydraulic Profile
Profile S2 Depth, Downstream 3.00 ft
Slope Type Steep Normal Depth 2,97 ft
Fiow Regime Supercritical Criticali Depth 3.45 ft
Velocity Downstream 1210 ft/s Criticat Slope 0.003280 ftft
Section
Section Shape Box Mannings Coafficient 0.013
Section Material Concrete Span 10.00 ft
Section Size 10 x 6 ft Rise 6.00 ft
Number Sections 2
Qutlet Control Properiies
QCutlet Control HW Elev. 1,006.38 ft Upstream Velocity Head 1.72 ft
Ke 0.70 Entrance Loss 121 fi
inlet Control Properties
Inlet Control HW Elev, 1,005.88 ft Flow Control Unsubmerged
inlet Type 0° wingwall flares Area Full 120.0 ft2
K 0.06100 HDS 5 Chart 8
M 0.75000 HDS 5 Scale 3
C 0.04230 Equation Form 1
Y 0.82000

Project Engineer: Waler Resources
g Acalesthydrauliclcuivert mastenprojectl.cvm MeGovern MacVittie Lodge & Associates CulveriMaster v3.¢ [3.0003]
G8/20/08 04:29:31 PM € Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA +1-203-755-1666 Page 3 of 3



Design;Trial-3

Solve For: Headwater Elevation

Culvert DesignerfAnalyzer Report

CP13

Culvert Summary

Allowable HW Elevation 1.005.00 ft Storm Event Design
Computed Headwater Eleve  1,003.18 ft Discharge 107.00 cfs
Headwater Depth/Height 1.06 Tailwater Elevation N/A ft
inlet Control HW Elev. 1,003.03 ft Control Type Outlet Control
Cuttet Control HW Elev. 1.003.18 ft

Grades

Upstream Invert 1.000.00 ft Downstream invert 999.51 ft
Length 164.00 ft Constructed Skope 0.003000 ft/it
Hydraulic Profile

Profile M2 Depth, Downstream 1.94 ft
Slope Type Miid Normal Depth 2.40 ft
Flow Regime Subcritical Critical Depth 1.94 ft
Velocity Downstream 7.37 iifs Critical Slope 0.005061 ftAt
Section

Section Shape Circular Marnnings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 3

Quilet Contiral Properties _

Quilet Control HW Elev. 1,003.18 ft Upsiream Velocity Head 0.58 ft
Ke 0.50 Entrance Loss 0.29 ft
inlet Control Properties

inlet Contral HW Elev. 1.003.03 Flow Control Unsubmerged
inlet Type Square edge w/headwall Area Full 21.2 fi*
K 0.00980 HDS 5 Chart 1

1 2.00000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

g\ Acalesthydrauliciculvert masten\project1.cvm
08/20/08 D4:30:19 PM @ Haestad Methods, Inc.

McGovern MacViitie Lodge & Associates
37 Brookside Road Waterbury, CT 08708 USA +1-203-755-1668

Project Engineer: Water Resources
Culvertiaster v3.0 [3.0003}
Page 3 of 4



Cuivert Designer/Analyzer Report
CP14

Design:Trial-3

Solve For: Headwater Elevation

Cuivert Summary

Ailowable HW Elevation 1,005.00 ft Storm Event Design
Computed Headwater Eleve  1,003.71 fi Discharge 89.00 cfs
Headwater Depth/Height 1.24 Tallwater Elevation N/A ft
Intet Control HW Elev. 1,003.57 ft Control Type Entrance Control
Qutlet Conirol HW Elev. 1,003.71 ft

Grades

Upstream Invert 1,000.00 ft Downstream Invert 995.60 ft
Length 200.00 ft Censtructed Slope 0.022000 ft/it
Hydraulic Profile

Profile s2 Depth, Downstream 1.42 ft
Siope Type Steep Normal Depth 141 ft
Flow Regime Supercritical Critical Depth 217 ft
Velocity Downstream 13.55 fis Critical Slope 0.005818 fu/ft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Numbrer Sections 2

Outlet Controi Properties

Outlet Cantrol HW Elev. 1,003.71 ft Upstream Velocily Head 1.02 ft
Ke 0.50 Entrance Loss 0.51 ft
Inlet Cenirol Properties

Inlet Conirol HW Elev. 1,003.57 ft Flow Control Transition
Iniet Type Square edge w/headwall Area Full 14.1 fi2
K 0.00980 HDS 5 Chart 1

M 2.06000 HDS 5 Scale 1

C 0.03980 Equation Farm 1

Y 0.67000

g\ Acalesthydraulicvculvert master\project1,cvm
08/20/08 04:31:07 PM  © Haestad Methods, Inc.

MeGovern MacVittie Lodge & Associates
37 Brookside Road  Waterbury, CT 06708 USA

Project Engineer: Water Resources
CulvertMaster v3.0 [3.0003]

+1-203-755-1666

FPage 2 of 2



Culvert Designer/Analyzer Report

CP15

Design:Trial-3

Solve For: Headwater Elevation
Culvert Summary
Allowabie HW Elevation 1,003.50 ft Storm Event Design
Computed Headwater Eleve  1,003.05 ft Discharge 83.00 cfs
Headwater Depth/Height 1.22 Tailwater Elevation N/A ft
Intet Control HW Elev. 1,002.93 ft Contrel Type Entrance Control
Outlet Control HW Elev. 1,003.05 ft
Grades
Upstream Invert 1,000.00 ft Downstream Invert 998.13 #
Length 125.00 # Constructed Slope 0.015000 f/ft
Hydraulic Profile
Profile S2 Cepth, Downstream 1.34 ft
Slope Type Sieep Narmal Depth 1.32 ft
Fiow Regime Supercriticat Critical Depth 1.79 ft
Velocity Downstream 10.34 fi/s Critical Slope 0.006094 ft/t
Section
Section Shape Gircular Mannings Coefficient 0.013
Section Material Cancrete Span 2.50 ft
Section Size 30 inch Rise 250 ft
Number Sections 3
Qutlet Control Properties
Outlet Control HW Elev. 1,003.05 ft Upsiream Velocity Head .84 ft
Ke 0.50 Entrance Loss 042 ft
inlet Control Properties
Inlet Control HW Elev. 1,002.93 ft Flow Control Transitien
Inist Type Square edge w/headwall Area Full 147 §i2
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
c 0.03980 Equation Form 1
Y 0.67000

) Project Engineer: Water Resources
g\ Acalesthydraulicveulvert masterproject1.cvm McGovern MacViitie Lodge & Associates CulveriMaster v3.0 [3.0003]
08/20/08 04:31:53 PM  ® Haestad Methods, Inc. 37 Breokside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Fage 2 of 2



Culvert Designer/Anaiyzer Report

Design:Trial-3

Solve For: Headwater Elevation

CP15 south exisiting

Culvert Summary

Aliowable HW Elevation 1.003.00 ft Storm Event Design
Computed Headwater Eleve  1,002.25 ft Discharge 42.00 cofs
Headwater Depth/Height 1.42 Tailwater Elevation N/A
Inlet Gontrol HW Elev. 1,002.13 ft Control Type Enirance Centrol
Outlet Control HW Elev. 1,002.25 ft

Grades

Upstream Invert 1,000.00 ft Downstream Envert 998.38 ft
Length 108.00 f#t Constructed Slepe 0.015000 fi/ft
Hydrauiic Profile

Profile 82 Depth, Downstream 1.01 1t
Slope Type Steep Normal Depth 1.01 ft
Flow Regime Supercritical Critical Depth 1.35 ft
Velocity Downstream 8.83 fi/s Critical Slope 0.006050 fU/ft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 1,002.25 ft Upstream Velocity Head 0.60 ft
Ke 0.50 Entrance Loss 0.30 ft
inlet Control Properties

Inlet Control HW Elev. 1,002.13 fi Fiow Control Unsubmerged
Inlet Type Square edge w/headwall Area Fult 0.4 f?
K 0.00980 HDS & Chart 1

M 2.60000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

g\ calesthydrauliciculvert master\projectt.cvm
08/20/G8 04:32:30 PM @ Haestad Metheds, Inc.

McGovern MacVittie Lodge & Associates

Project Engineer: Water Resources
CulvertMaster v3.0 [3.0003]

37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 2 of 2



Culvert Designer/Analyzer Report

CP16

Design: Trial-1

Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 1,005.00 ft Storm Event besign
Computed Headwater Eleve  1,003.62 ft Discharge 112.00 cfs
Headwater Depth/Height .90 Tailwater Elevation N/A ft
Inlet Control HW Elev. 1,003.36 ft Control Type Qutiet Control
Outlet Control HW Elev. 1,003.62 ft
Grades
Upstream Invert 1,000.00 ft Downstream Invert 999.16 ft
Lengih 210.00 ft Constructed Slope 0.004000 ft/ft
Hydraulic Profile
Profile M2 Depth, Downstream 225 ft
Slope Type Mild Normal Depth 2.27 ft
Flow Regime Subcritical Critical Depth 2.25 ft
Velocity Downstream 7.69 ft/s Critical Slope 0.004114 ftfft
Section
Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 4.00 ft
Section Size 48 inch Rise 4.00 ft
Number Sections 2
Qutlet Control Properties
Qutlet Control HW Elev. 1,003.62 ft Upstream Velocity Head 0.90 fi
Ke 0.50 Entrance Loss 0.45 it
inlet Contrel Properties
Inlet Control HW Elev. 1,003.36 fi Flow Control Unsubmerged
Inlet Type Square edge w/headwall Area Fult 251 fi*
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
o4 0.03980 Equation Form 1
Y 0.67000

Project Engineer: Water Resources
g:\..\catcsthydraulicdculvert master\projectt.cvm MecGovern MacVittie Lodge & Associates CulvertMaster v3.0 [3.0003]
08/20/08 04:33:01 PM ®© Flaestad Methods, Inc. 37 Brookside Road Walierbury, CT 06708 USA  +1-203-755-1666 Page 2 of 2



Design:Trial-1

Solve For: Headwater Elevation

Culvert Designer/Analyzer Report
CP17---North Crossing at Poorman

Culvert Summary

Allowable HW Elevation 1,003.00 ft Storm Event Design
Computed Headwater Eleve  1,002.75 ft Discharge 75.00 cfs
Headwater Depth/Height 1.38 Tailwater Elevation N/A 1t
Injet Control HW Elev. 1,002.75 ft Control Type Inlet Controt
Outlet Control HW Elev. 4,002.75 ft

Grades

Upstream Invert 1,000.00 ft Downstream Invert 899.58 ft
Length 85.00 ft Constructed Slope 0.005000 fi/it
Hydraulic Profile

Profile Mz Depth, Downstream 1.56 ft
Slope Type Midd Normal Depth N/A 1t
Flow Regime Subcritical Critical Depth 1.56 ft
Velocity Downstream 714 fifs Critical Slope 0.007588 ft/it
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 4

Qutlet Control Praperties

Qutlet Cantrol HW Elev. 1,002.75 ft Upstream Velocity Head 0.59 ft
Ke 0.50 Entrance Loss 0.29 ft
inlet Coniral Properties

Inlet Control HW Elev. 1,002.75 ft Flow Control Submerged
Inlet Type Square edge w/headwall Area Full 12.6 #*
K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

C £.03980 Equation Form 1

Y £.67000

g:\.. Acalcsthydraulicculvert mastenproject1.cvim
08/20/08 04:33:37 PM © Haestad Methods, Inc.

McGovern MacVittie Lodge 8 Associates
37 Brookside Road  Waterbury, CT DG708 USA

Project Engineer: Water Resources
CulvertMaster v3,0 [3,0003}
+1-203-755-1666 Page 2 of 2




Cuivert Designer/Analyzer Report

CP17---RH
Design:Trial-3
Solve For: Headwater Elevation
Culvert Summary
Aliowable HW Elevation 1,006.00 ft Storm Event Design
Compuied Headwater Elev:  1,004.20 ft Discharge 776.00 cis
Headwater Depth/Height 1.05 Tailwater Elevation N/A - ft
inlet Confrof HW Elev. 1,003.87 ft Control Type Entrance Control
Quilet Control HW Elev, 1,004.20 ft
Grades
Upstream invert 1,000.00 ft Downstream Invert 999.19 ft
Length 162.00 ft Canstructed Slope 0.005000 ft/t
Hydraulic Profile
Profile 52 Depih, Bownstream 1.94 ft
Slope Type Sieep Normaj Depth 1.93 #
Flow Regime Supercritical Crifical Depth 2.27 it
Velocity Downstream 10.00 fifs Critical Slape 0.003067 iifit
Section
Section Shape Baox Mannings Coefficient 0.013
Section Material Concrete Span 10.00 ft
Section Size 10x4ft Rise 4.00 it
Number Sections 4
Cutlet Control Properties
Qutlet Control HW Elev. 1,004.20 ft Upstream Velocity Head 1.14 ft
Ke 0.70 Entrance Loss 0.79 it
tnlet Cantrol Properties
Inlet Control HW Efev. 1,003.87 ft Flow Control Unsubmerged
inlet Type 0° wingwall flares Area Full 160.0 t*
K 0.06100 HDS 5 Chart 8
M 0.75000 HDS 5 Scaje 3
cC 0.04230 Equation Form 1
Y 0.82000

Project Engineer: Waler Resources
g\ Acalesvhydraulicioulvert masteriproject1.cvm McGovern MacVittie Lodge & Associates CulvertMiaster v3.0 {3.0003]
08/20/08 04:34:16 PM @ Haestad Methods, Inc. 37 Brookside Road Waterbury, C7 06708 USA  +1-203-755-1666 Page 4 of 4



Culvert Designer/Analyzer Report

CP18---RH
Design:Trial-2
Solve For; Headwater Elevation
Culvert Summary
Allowable HW Elevation 1,005.00 ft Storm Event Design
Computed Headwater Eleve  1,004.77 ft Discharge 235.00 cifs ;
Headwater Depth/Height 1.19 Tailwater Elevation N/A ft '
Inlet Control HW Elev. 1,004.40 ft Control Type Entrance Gontrol ’
Outlet Conirol HW Elev. 1,004.77 ft
Grades
Upstream Invert 1,000.00 ft Downstream Invert 998.87 ft
Length 188.00 ft Constructed Siope 0.006000 fi/ft
Hydraufic Profile
Profile 52 Depth, Downstream 210 ft
Slope Type Steep Normal Depth 2.06 fi
Flow Regime Supercritical Critical Depth 258 ft
Velocity Downstream 11.22 fifs Critical Slope 0.003127 fift
: Section
z T Section Shape Box Mannings Coefficient 0.013
: Section Maieriat Concrete Span 10.00 ft
Section Size 10x4fi Rise 4.00 ft
Number Sections 1
QOutlet Control Properties
Outlet Control HW Elev. 1,004.77 ft Upstream Velocity Head 1.29 ft
Ke 0.70 Entrance Loss 0.90 ft
Inlet Controt Properties
Inlet Control HW Elev. 1,004.40 ft Fiow Control Unsubmerged
Inlet Type 0° wingwall flares Area Full 40.0 ft?
K 0.06100 HDS 5 Chart 8
M 0.75000 HDS 5 Scale 3
C 0.04230 Eguation Form Y 1
Y 0.82000 :

Projact Engineer: Water Resources
g calesyhydrauliciculvert master\project1.cvm McGovern MacVitlie Lodge & Associales CulvertMaster v3.0 [3.0003}
08/20/08 04:35:04 PM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 2 of 2



Design:Trial-1

Solve For: Headwater Elevation

Culvert Designer/Analyzer Repori

CP19---RH

Culvert Summary

Alfowable HW Elevation 1,009.00 ft Storm Event Design
Computed Headwater Eleve  1,005.34 ft Discharge 1,688.00 cfs
Headwater Depth/Height 1.07 Tailwater Elevation N/A Tt
Inlet Contral HW Elev. 1,004.97 ft Control Type Outlet Control
Qutlet Control HW Elev. 1,005.34 ft

Grades

Upstream Invert 1,000.00 ft Downstream lnvert 999.44 ft
l.ength 187.00 ft Constructed Slope 0.003000 f/it
Hydraulic Profile

Profile M2 Depth, Downstream 291 ft
Slope Type Mild Normal Depth 297 #
Flow Regime Subcritical Critical Depth 291 &
Velocity Downstream 9.68 ii/s Critical Slepe 0.003180 fuft
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 10.00 ft
Section Size 10x 51t Rise 500 ft
Number Sections 5]

Qutlet Control Properties

Ouilet Controf HW Elev. 1,005.34 ft Upstream Velocity Head 1.40 ft
Ke 0.70 Entrance Loss 0.98 ft
Inlet Contrel Properties

Inlet Control HW Elev. 1,004.97 ft Flow Contrel Unsubmerged
Inlet Type 0° wingwall flares Area Full 300.0 #
K 0.06100 HDS 5 Chart 8

M 0.75000 HDS 5 Scale 3

C 0.04230 Equation Form 1

Y £.82000

Project Engineer: Water Resources
Culvertivasier v3.0 [3.0003]
+1-203-755-1666 Page 3 of 4

g\ \eales\hydraulic\culvert mastenprojecit.cvm
08/20/08 04:35:43 PM  ®© Haestad Methods, Inc,

McGovern MacVittie l.odge & Associates
37 Brookside Road  Waterbury, CT 06708 USA



CHANNEL CALCULATIONS




Worksheet
Worksheet for Trapezoidal Channel

Project Description

Warksheet CP2N

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
input Data

Mannings Coeffic  0.030
Channel Slope 005000 ft/ft
L_eft Side Slope 3.00 H: Vv
Right Side Slope 3.00 H:V

Bottom Width 4.00 #t
Discharge 26.70 cfs
Results

Depth 1.19 fi
- Flow Area 9.0 fi*
Wetted Perimi 11.51 ft
Top Width 11,13 it
Criticat Depth 0.89 ft
Critical Slope 0.015898 ft/ft
Velocity 297 fis
Velocity Head 0.14 ft
Specific Enerc 1.323 ft
Froude Numibx 0.58

Flow Type Subcritica!

. Project Engineer: Chris Rod
untitled.fm2 MeGovern, MacVitlie Lodge & Associates FlowMaster v7.0 [7.0005]
11/13/07 10:55:10 AM © Hasstad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP2S

Flow Element Trapezoidal Cha
Method Manning's Formu
Solve For Channe! Depth
input Data

Mannirgs Coeffic  0.030
Channel Slope 005000 ft/ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V

Bottom Width 4.00 ft
Discharge 3.24 cfs
Results

Depth 0.39 ft
Flow Area 2.0 ft*
Wetted Perimt 6.46 ft
Top Width 6.34 ft
Critical Depth 0.26 ft
Critical Slope 0.022180 fi/ft
Velocity 1.81 fi/s
Velocity Head 0.04 it
Specific Enerc 0.43 ft
Froude Numbx 0.50

Flow Type Subcritical

Project Engineer: Chris Rod
untitied. fmz McGovern, MacVittie lodge & Associates Flowhastier v7.0 [7.0005]
11/13/07 10:85:27 AM @ Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP3A S

Flow Eiement Trapezoidal Cha
Method Manning's Form:
Solve For Channel Depth”
Input Pata

Mannings Coeffic 0,030

Channel Slope 015000 fi/ft

Left Side Siope 3.00 H:V

Right Side Slope  3.00 H:V
Bottom Width 4.00
Discharge 3.32 cfs

Results

Depth 0.29 ft

Flow Area 1.4 it*

Wetted Perimt 5.83 fi

Top Width 574 ft

Critical Depth 0.26 ft

Critical Siope  0.022008 ft/ft

Velocity 2.35 fis
Velocity Head 0.09 ft
Specific Energ 0.38 ft
Froude Numb: 0.84

Flow Type Subcriticat

untitled. frn2

11/13/07 10:58:07 AM  © Haestad Methods, inc.

McGovern, MacVittie Lodge & Associates
37 Brookside Road  Waterbury, CT 06708 USA

Project Engineer: Chris Rod

+1-203-755-1666

FlowMaster v7.0 [7.0005}
Page 1 of 1



Project Description

Worksheet CP3B N

Flow Element Trapezoidal Cha
Method Manning's Formt
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030

Channel Slope 015000 ft/ft

Left Side Slope 3.00 H:V
Right Side Siope 3.00 H:V
Bettom Width 4.00 ft
Discharge 4716 cfs
Results

Depth 1.20 ft

Flow Area a.1 ft?
Wetted Perimi 11.59 ft

Top Width 11.20 ft

Critical Depth 1.21 ft

Critical Slope  0.014684 fu/fi
Velocity 517 fi/s
Velocity Head 0.42 ft
Specific Energ 1.62 ft

Froude Numb 1.01

Flow Type

supercritical

untitled.fm2

11/13/07 11:;02:08 AM @ Haestad Methods, inc.

Worksheet
Worksheet for Trapezoidal Channel

Project Engineer: Chris Rod
FlowMaster v7.0 [7.0005]
Page 1 of 1

McGovern, MacVittie Lodge & Associates

37 Brookside Road  Waterbury, CT 08708 USA  +1-203-755-1666



Worksheet
Worksheet for Trapezoidal Channel

Preject Description

Worksheet CP3B S
: Flow Element Trapezoidal Cha
, Method Manning's Formi
' Solve For Channel Depth
Input Data

Mannings Coeffic 0.030
Channel Stope 015000 ft/t
Left Side Slope 3.00 H:v
Right Side Slope 3.00 H: v

Bottorm Wicdth 4.00 1t
Discharge 17.45 cfs
Restlts

Depth 0.72 ft
Flow Area - 4.4 ft
Wetted Perimt 8.56 ft
Top Width 8.33 i
Critical Depth 0.70 ft
Critical Slope  0.016899 ft/ft
Velocity 3.92 fi/s
Vetocity Head 0.24 ft
Specific Energ 096 ft
Froude Numb: 0.95

Flow Type Subcritical

Project Engineer: Chris Rod
untitled.fmz MeGovern, MacVittie Lodge & Associates FlowMaster v7.0 [7.0005]
TA3/07 11:01:26 AM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 068708 USA  +1-203-755-1666 Page 1 of 1



Project Description

Worksheet

Worksheet for Trapezoidal Channel

Worksheet CP3.5N

Flow Element Trapezoidal Cha
Method Manning's Formu
Solve For Channel Depth
Input Data

Mannings Coeffic  0.030
Channel Slope 025000 ft/ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V

Bottom Width 4.00 #
Discharge 21.66 cfs
Results

Depth 0.71 ft
Flow Area 4.3 ft*
Wetted Perimt 8.47 ft
Tep Width 8.24 ft
Critical Depth 0.79 ft
Critical Slope  0.016384 /it
Velocity 5.01 fi/s
Velocity Head 039 ft
Specific Energ 1.10 ft
Froude Numbx 1.22

Flow Type supercritical

FProject Engineer: Chris Rod
g:\. Anydradlicdchanneiswwoadside swales_v2.fm2 McGovern, MacVittie L.odge & Associates FlowMaster v7.0 [7.0005]
11/13/07 11:10:08 AM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP3.55S

Flow Element Trapezoidal Cha
Method Manning's Form
Solve For Channel Depth
Input Data

Mannings Ceeffic  0.030
Channel Slepe 010000 ftft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V

Bottorm Width 4.00 ft
Discharge 8.16 cfs
Results

Depth 0.54 ft
Flow Area 3.0 7
Wetted Perimu 7.39 ft
Top Width 721 ft
Critical Depth 0.45 fi
Critical Stope  0.018995 ftfit
Velocity 2.72 ftfs
Velocity Head 0.11 ft
Specific Enerc 0.65 ft
Froude Numbx 0.74

Flow Type Subcritical

Project Engineer: Chris Rod
g:\Ahydravlicichannelsiroadside swales_v2 fm2 McGovern, MacVittie Lodge & Associates FiowMasier v7.0 {7.0005}
11/13/07 11:08:46 AM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 08708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP4aN

Flow Element Trapezoidal Cha
Method Manning's Form
Solve For Channel Depth
Inpui Data

Mannings Coeffic 0.030
Channel Slope 005000 fi/ft
Left Side Slope 3.00 H:V
Right Side Slope 300 H:V

-Bottom Width 4.00 ft
Discharge 6.75 cfs
Results

Depth 0.58 ft
Flow Area 3.4 ft*
Wetted Perimu 7.69 #
Top Width 7.50 ft
Critical Depth 0.40 ft
Critical Slope 0.019582 ft/it
Velocity 2.01 fiis

Velocity Head 0.06 ft
_ Specific Enerc 0.65 ft
Froude Numbe 0.53
‘ Flow Type  Subcritical

Project Engineer: Chris Rod
g:\..Ahydraulicichannelsvroadside swales_v2.fm2 MeGovern, MacVittie Lodge & Associates FowbMaster v7.0 [7.0005]
T1A3/07 11117:13 AM - © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Project Description

Worksheet
Flow Element
Method

Solve For

CP45
Trapezoidal Cha
Manning's Formi
Channel Depth

Input Data

Marnnings Coeffic

0.030

Channel Slope 010000 ft/ft

Left Side Slope 3.00 H:V
Right Side Siope 3.00 H:V
Bottom Width 4.00 ft
Discharge 548 cfs
Results

Depth 0.43 ft
Flow Area 2.3 ft*
Wetted Perime 6.72 ft
Top Width 6.58 ft
Critical Depth 0.35 ft
Critical Slope 0.020260 fi/ft
Velocity 241 fis
Velocity Head 0.09 ft
Specific Energ 0.52 ft
Froude Numb: 0.72

Flow Type Subcritical

g\ dhydravlicichannelsWroadside swales_v2.fm2
11/13/07 11:16:21 AM  © Haestad Methods, Inc.

Worksheet

Worksheet for Trapezoidal Channel

WicGovern, MacVittie Lodge & Associates
37 Brookside Road  Waterbury, CT 06708 USA

Project Engineer: Chris Rod

+1-203-755-1668

Flowiviasier v7.0 [7.0005]
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP5N

Fiow Element Trapezoidal Cha
Method Manning's Formi
Soive For Channel Depth
Input Data

Mannings Coeffic  0.630
Channel Slope 010000 ft/ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V

Bottom Width 4.60 ft
Discharge 310 cfs
Results

Depth 4.31 #it
Flow Area 1.5 ft*
Wetted Perim 598 ft
Top Width 588 ft
Critical Depth 0.25 ft
Critical Siepe  0.022376 ft/it
Velocity 2.01 ft/s
Velocity Head 0.06 ft
Specific Energ 0.38 it
Froude Numb: 0.69

Flow Type Subcritical

Project Engineer: Chris Rod
g\ Mhydraulicichanneis\roadside swales_v2.fm2 McGovern, MacVittie Lodge & Associates FlowMaster v7.0 [7.0005}
11/13/07 11:20:08 AM  © Haestad Methads, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1686 Page 1 of 1




Project Description

Worksheet
Fiow Element
Method

Solve For

CP53
Trapezoidal Cha
Manning's Formi
Channel Depth

Input Data

Mannings Coeffic

0.03¢

Channel Slope 030000 ft/ft

Left Side Siope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 4.00 ft
Discharge 12.68 cfs
Results

Depth 0.50
Flow Area 2.8 ft*
Wetted Perim: 7.19 ft
Top Width 7.03 ft
Critical Depth 0.58 ft
Critical Slope  0.017753 ft/it
Velocity 4.56 ft/s
Velocity Head 0.32 ft
Specific Energ 0.83 ft
Froude Numb» 1.28

Flow Type supercritical

g:\. Mhydrauficichannels\roadside swales_vZ2.fim2
11/13/07 11:18:28 AM  © Haeastad Methods, inc.

Worksheet

Worksheet for Trapezoidal Channe!

McGovern, MacVittie Lodge & Assoclates
37 Brookside Road  Waterbury, CT 06708 USA

Project Engineer: Chris Rod
FlowiMastar v7.0 [7.0005]

+1-203-755-1666 Page 1 of 1




Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CPEN
Fiow Element Trapezecidal Cha
Method Manning's Form
Solve For Channel Depth

, Input Data

Mannings Coeffic 0.030
Channel Slope 021000 ft/ft
Left Side Slope 3.00 H:Vv
Right Side Slope 3.00 H:Vv

Bottom Width 4.00 ft
Discharge 36.86 cfs
Results

Depth 0.97 ft
Flow Area 6.7 f*
Wetted Perimu 10.16
Top Width 9.85 ft
Critical Depth 1.06 ft
Critical Slope  0.015190 fi/t
Velocity 5.46 fi/s
Velocity Head 0.46 ft
Specific Energ 1.44 f
Froude Numbe 1.16

Flow Type Supercritical

Project Engineer: Chris Rod
o\ hydradiicichannelsircadside swales_v2.fm2 McGovern, MacVittie Lodge & Associates FlowlMaster v7.0 {7.0005]

11/13/07 11:21.35 AM  © Haeslad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Warksheet CP7N

Fiow Element Trapezoidal Cha
Method Manning's Foran
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030
GChannel Slope 005000 ft/
Left Side Slope 3.00 H:vV
Right Side Slope 3.00 H:V

Bottom Width 4,00 ft
Discharge 7.59 cfs
Results

Depth 0.62 ft
Flow Area 3.6 ft?
Wetted Perimu 7.93 ft
Top Width 7.73 ft
Critical Depth 0.43 fi
Critical Slope  0.015216 ft/f
Velocity 2.08 ft's
Velocity Head 0.07 it
Specific Energ 068 &
Froude Numb 0.54

Flow Type Subcritical

Project Engineer: Chris Rod
g:\.ShydradticichanneisWroadside swales_v2.fm2 McGovern, MacVittie Lodge & Associates FlowiMaster v7.0 [7.0005]
11/13/07 11:23:38 AM  © Haestad Methods, tnc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1




Worksheet
Worksheet for Trapezoidal Channel

Project Description

- Waorksheet CP7S
Flow Element Trapezoidal Cha
Method Manning's Formt
Solve For Channel Depth
Input Data

Mannings Coeffic  0.030
Channel Slope 021000 ft/ft
Left Side Siope 3.00 H: vV
Right Side Slope 3.00 H:V

Bottorn Width 4.00 ft
Discharge 16.61 cfs
Results

Depth 0.64 ft
Flow Area 3.8 {t*
Weited Perime 8.07 ft
Top Width 7.86 -ft
Critical Depth 0.68 ft
Critical Slope  0.017032 1/t
Velocity 4.36 fi/s
Velocity Head 0.29 it
Specific Energ 0.94 ft
Froude Num: 1.10

Flow Type 3upercritical

Project Engineer: Chris Rod
g\ Arydraulicichannelsireadside swales_v2.1mz McGovern, MacVittie Lodge & Associates FlowlMaster v7.0 [7.0005]
11/13/07 11:24:38 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP7.2 N

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030

Channel Slope 016000 ft/ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H: Vv

Bottom Width 4.00 ft
Discharge 1.62 cfs
Results

Depth 0.19 ft
Flow Area .9 ft
Wetted Perimt 519 ft
Top Width 5.13 it
Critical Depth 0.17 ft
Critical Slepe  0.024991 i/t
Velocity 1.89 /s
Velocity Head 0.08 ft
Specific Energ 0.24 ft
Froude Numb» 0.81

Flow Type Subcritical

Project Engineer: Chris Rod
g\.. Ahydrauiic\chanpeis\roadside swaies_v2.fim2 NicGovern, MacVittie Lodge & Assocciaies FlowhMasier v7.0 [7.0008]
11/13/07 11:28:31 AM © Haestad Methods, inc. 37 Brockside Road  Woaterbury, CT 06708 USA  +1-203-755-1866 Page 1 of 1




Worksheet
Worksheet for Trapezoidal Channel

Project Description B
Worksheet CP7.25

Fiow Element Trapezoidal Cha

Method Manning's Form:

Solve For Channel Depth

input Data

Mannings Coeffic 0.630
Channel Slope 016000 fu/it
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V

i - Bottom Width 4.00 ft
' Discharge 4,34 cfs
Resuils
Depth 0.33 ft
Flow Area 1.7 ft?
Wetted Perimi 6.09 ft
Top Width 599 ft
Critical Depth 0.31 it
Critical Slope 0.021088 f{t/t
Velocity 2.63 fi/s
Velocity Head (4 3
: Specific Ener¢ 0.44 it
Froude Numb: .88

Flow Type Subcritical

Project Enginesr: Chris Rod
g\ Ahydrauliciehannelsiroadside swales_v2.fm2 MeGovern, MacViiiie Lodge & Associaies FlowiMaster v7.0 [7.0005]
11/13/07 11:27:46 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Project Description

Worksheet
Flow Element
Method

Solve For

CP74N
Trapezoidal Cha
Manning's Form
Channel Depth

Input Data

Mannings Coeffic

0.030

Channel Slope 005000 ft/ft

Left Side Slope 3.00 H:V
Right Side Stope 300 H: v
Bottom Width 4.00
Discharge 1.71 cfs
Resulis

Depth 0.27 ft
Flow Area 1.3 f*
Wetted Perimi 572 ft
Top Widih 5.83 ft
Critical Depth 017 ft

Critical Slope 0.024932 i/

Velocity 1.31 fi's
Velocity Head 0.03 ft
Specific Energ 0.30 ft
Froude Numbi 0.48
Fiow Type  Subcritical

g\ Ahydraulicichannels\roadside swales_ v2.fm2
11413/07 11:31:24 AM @ Haestad Methods, inc.

Worksheet

McGovein, MacVittie Lodge & Ass
37 Brookside Road  Waterbury, CT 06708 USA

Worksheet for Trapezoidal Channel

ociates

Froject Engineer: Chris Rod

+1-203-7565-1666

FlowMaster v7.0 [7.00058]
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Waorksheet CP7.45S

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030
Channel Slope 005000 ft/ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V

Bottom Width 4.00 ft
Discharge 1.61 cfs
Results

Depth 0.26 ft
Flow Area 1.3 ft*
Wetted Periou 5.66 ft
Top Width 5.57 ft
Critical Depth 0.16 ft
Critical Slope 0.025252 ft/ft
Velocity 1.28 ft/s
Velocity Head 0.03 ft
Specific Enert 0.29 it
Froude Numibx 0.48

Flow Type Subcritical

Project Engineer: Chris Rod
g\ Ahydraglicichannelsiroadside swales_v2.fm2 McGovern, MacVittie Lodge & Associates FlowMaster v7.0 [7.0005]
141307 11:32:04 AM @ Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Project Description

Worksheet CP7.6 N

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data

Mannings Coeffic  0.030

Channel Siope 005000 ft/ft

Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V
Bottom Width 4.00 fi
Discharge 478 cfs
Results

Depth 0.48 ft

Flow Area 2.6 fi*

Wetted Perimi 7.05 ft

Top Width 6.90 ft

Critical Depth 0.32 ft

Critical Slope  0.020734 fi/ft
Velocity 1.82 /s
Velocity Head 0.05 ft

Specific Energ 0.53 ft

Froude Numb 0.52

Flow Type Subcritical

g\ Ahydraulic\channelsyroadside swales_v2.fm2

Worksheet
Worksheet for Trapezoidal Channel

MceGovern, MacVittie Lodge & Associates

08/18/08 09:43:03 AM © Haestad Methods, Inc, 37 Brockside Road  Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Chris Rod
FlowMaster v7.0 [7.0008]
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP7.6S

Flow Element Trapezoidal Cha
Method Manning's Formu
Solve Far Channel Depth
input Data

Mannings Coeffic 0.030
Channel Slope 010000 fi/it
Left Side Slope 1.00 H:V
Right Side Slope  1.00 H:V

Bottom Width 4.00 ft
Discharge 147.14 cfs
Results

Depth 3.00 ft
Flow Area 21.0 ft?
Wetted Perim 12.49 ft
Top Width 10.00 ft
Critical Depth 2.75 ft
Critical Slepe  0.013970 fifft
Velocity 7.00 fifs
Velocity Head 0.76 ft
Specific Ener¢ 3.76 ft
Froude Numb: 0.85

Flow Type  Subcritical

Project Engineer: Chris Rod
g\ Ahydraulicichannels\roadside swales_v2.fm2 MeGovern, MacVittie Lodge & Associates FlowMaster v7.0 [7.0005])
08/18/08 D9:43:11 AM  © Haestad Methods, Inc. 37 Brookside Read  Waterbury, CT 06708 USA  +1-203-755-1886 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP7.8N

Flow Element Trapezoidal Cha
Method Mannring's Formi
Solve For Channel Depth
input Data

Mannings Coeffic 0.030
Channel Slepe 018000 fi/it
Left Side Slope 200 H: Vv
Right Side Slope  2.00 H:V

Bottom Width 4,00 ft
Discharge 74.75 cfs
Results

Depth 1.56 ft
Flow Area 11.1 #2
Weited Perimt 10.99 #
Top Width 10.26 it
Criticat Depth 1.67 ft
Critical Slope  0.013770 ft/ft
Velocity 6.71 fi/s
Velocity Head 0.70 ft
Specific Energ 2.26 ft
Froude Numb: 1.13

Flow Type Jupercritical

Project Engineer: Chris Red
g\ Ahydraulicichannelswroadside swales v2.fim2 McGovern, MacVittie Lodge & Associates FlowMaster v7.0 [7.0005}
08/18/08 09:43:25 AM € Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP7.85

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
input Data

Mannings Coeffic 0.030
Channel Slope 018000 {i/ft
Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V

Bottom Width 4.00 #
Discharge 10.95 cfs
Resulis
Depth 0.54 ft
Fliow Area 3.0 fi#
Weited Perime 7.39 fi
Top Width 7.21 fi
Critical Depth 0.53 ft
Critical Slope  0.018142 fi/ft
Velocity 3.65 ftis
Velocity Head 021 fi

. Specific Energ 0,74 &

Froude Numb: 1.0

Flow Type Subcritical

Project Engineer: Chris Rod
g\, Shydraulicichannels\roadside swales_v2.fm2 McGovern, MacVittie Eodge & Associates FlowMaster v7.0 {7.0005]
08/18/08 09:43:36 AN © Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Project Description

Worksheet
Fiow Element
Method

Soive For

CP8a N
Trapezoidal Cha
Manning's Formi
Channel Depth

Input Data

Mannings Coeffic 0.030
Channel Slope 018000 fi/it

Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 4.00 ft
Discharge 5.78 cfs
Results

Depth 0.38 fi
Flow Area 1.9 2
Wetted Perimr 6.38 it
Top Width 6.26
Critical Depth 0.36 fi
Critical Slope 0.020072 ft/ft
Velocity 2.99 fi/s
Velocity Head 0.14 ft
Specific Energ 0.52 ft
Froude Numbi 0.95

Flow Type  Subcritical

Worksheet
Worksheet for Trapezoidal Channel

g\...\hydraulic\channelsircadside swales_v2.fm2 McGovern, MacVittie l.odge & Associates
08/18/08 09:44:56 AM  © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 05708 USA

Project Engineer: Chris Rod

+1-203-755-1666

Flowiviaster v7.0 [7.0005]
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP8a S

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
input Data

Mannings Coeffic  0.030
Channel Slope 018000 fi/it
_eft Side Slope 3.00 H:V
Right Side Slope  3.00 H:V

Bottom Width 4.00 ft
Discharge 1.00 cfs
Results

Depth 014 ft
Flow Area 0.6 ft*
Wetted Petirmu 487 ft
Top Width 4,82 ft
Critical Depth 012 ft
Critical Stope  0.027406 ft/i
Velocity 1.66 ftfs
Velocity Head 0.04 ft
Specific Energ 0.18 ft
Froude Numbx 0.82

Flow Type  Subcriticat

Project Engineer: Chris Rod
g:\.Mhydraulic\channelsiroadside swales_v2.fim2 McGovern, MacVittie Lodge & Associates FlowMaster v7.0 [7.0005]
08/18/08 08:42:37 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666 Page 1 of 1



Project Description

Worksheet
Flow Element
Method

Solve For

CPBb S
Trapezoldal Cha
Manning's Formi
Channel Depth

input Data

Mannings Coeffic

0.030

Channel Slope 007000 ft/ft

Left Side Slope 200 H:V
Right Side Slope  2.00 H:V
Bottom Width 4.00 f
Discharge 189.00 cfs
Results

Depth 3.08 #t
Flow Area 31.3 ft*
Weited Perimu 17.77 ft
Top Width 16.32 it
Critical Depth 270 ft
Critical Slope 0.012229 fifft
Velocity 6.04 fifs
Velocity Head 0.57 it
Specific Enerc 3.65 #t
Froude Numbx 0.77

Flow Type  Subecritical

g:\..Ahydraalicichannelsiroadside swales_v2.fm2
08/18/08 09:37:43 AM @ Haestad Methods, inc.

Worksheet

Worksheet for Trapezoidai Channel

MeGovern, MacVittie Lodge & Assoclates
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Chris Rod

+1-203-755-18606

FlowbMaster v7.Q [7.0005]
Page 1 of 1




Worksheet
Worksheet for Trapezoidal Channel

Project Description

Waorksheet 10 S above storm
Flow Element Trapezoldal Chann
Meihod Manning's Formule
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035
Channel Slope 005000 fi/ft
Left Side Slope 200 H:V
Right Side Slope 200 H:V

Bottom Width 4.00 ft
Discharge 30.00 cfs
Results

Depth 1.47 ft
Flow Area 10.2 f*
Weited Perim 10.68 ft
Top Width 9.89 ft
Critical Depth 1.01 f
Cyitical Slope ¢.021143 ft/ft
Velocity 2.98 fii/s
Velocity Head 0.13 ft
Specific Energ 1.61 ft
Froude Numix 0.51

Flow Type  Subcritical

Project Engineer: Chris Rod
g Ahydraviic\channelsiyroadside swales_v2.fm2 McGovern, MacVittie Lodge & Associates FlowMasier v7.0 [7.0005]
11/14/07 03:00:20 PM @ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Descripiion

Worksheet 11 S above storm ¢
Flow Element Trapezoidal Chann
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic  6.035
Channel Slope 005000 f/ft
Left Side Slape 2.00 H: Vv
Right Side Siope  2.00 H:V

Bottom Width 4.00 ft
Discharge 54.00 cfs
Results

Depth 1.98 ft
Flow Area 15.7 ft#
Wetted Perinu 12.84 it
Top Width 11.91 ft
Critical Depth 1.40 ft
Critical Stope  0.019552 ft/ft
Velocity 3.44 fifs
Velocity Head 0.18 ft
Specific Ener¢ 2.16 ft
Froude Numbx 0.53

Flow Type  Subcritical

Project Engineer: Chris Rod
g\ hydradlicchannelsroadside swales_v2 fm2 McGovern, MacVittie Lodge & Assoclates FlowMaster v7.0 {7.0005]
11/14/07 02:57:20 PM  © Haestad Metheds, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CP12 N

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030
Channel Slope 010000 #/ft
l.eft Side Slope 3.00 H: V.
Right Side Slope 300 H:V

Bottom Width 4.00 ft
Discharge 14.69 cfs
Results

Depth 073 ft
Flow Area 45 f2
Wetted Perimu 8.64 ft
Top Width 8.40 ft
Critical Depth 0.63 ft
Critical Slope ¢.017347 fU/it
Velocity . 3.23 ft/s
Velocity Head 0.16 ft
Specific Energ 0.90 ft
Froude Numbs 0.77

Flow Type Subcritical

Project Engineer: Chris Rod
a:\.. \hydraulic\channelsvreoadside swales_v2.fm2 MecGovern, MacVittie Lodge & Associates FlowMaster v7.0 [7.0005]
111307 11:49:15 AM © FHaestad Metheds, Inc. 37 Brookside Road  Waterbury, GT 06708 USA  +1-203-7565-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Descripiion

Worksheet CcpP12sS

Flow Elemeant Trapezoidal Cha
Method Manning's Farmi
Solve For Channel Depth
Input Data

Mannings Coeffic ©.030
Channel Slope 022000 ft/t
Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V

Bottom Width 4.00 ft
Discharge 14.69 cfs
Results

Depth 0.59 ft
Flow Area 3.4 2
Wetted Perinm 7.76 ft
Top Width 7.57 ft
Critical Depth 0.63 ft
Criticat Slope  0.01733¢ fi/t
Velocity . 427 ftls
Velocity Head 0.28 ft
Specific Energ 0.88 ft
Froude Numi» 1.12

Flow Type supercrificat

Project Engineer: Chris Rod
g\ Ahydraulic\channelsiroadside swales_v2.fm2 McGovern, MacVitlie Lodge & Associates Fiowiviaster v7.0 {7.0005]
111307 11:48:44 AM  © Haestad Metheds, Inc. 37 Brookside Road  waterbury, CT 08708 USA +1-203-755-1666 Page 1 of 1




Project Description

Worksheet

Worksheet for Trapezoidal Channel

Worksheet CP138

Flow Element Trapezoidal Cha
Method Manning's Formi
Solve Far Channe! Depth
tnput Data

Mannings Ceeffic  0.030
Channel Slope 006000 ft/ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:v

Bottom Widih 4.00 ft
Discharge 17.93 cfs
Results

Depth .93 ft
Fiow Area 8.3
Wetted Perimu 9.87 ft
Top Width 9.57 ft
Critical Depth 071 ft
Critical Slope 0.016842 ft/ff
Velocity 2.85 fi/s
Velocity Head 0.13 ft
SpeciHic Energ 1.05 ft
Froude Numb: 0.62

Flow Type Subcritical

Project Engineer: Chris Rod
g Ahydraulicichannelsiroadside swales_ vz fm2 McGovern, MacVittie Lodge & Assoclates FlowMasier v7.0 [7.0005]
H1M3/07 12:55:52 PM © Haestad Methads, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1686 Page 1 of 1



Project Description

Worksheet
Fiow Element
Method

Solve For

CPi4 5
Trapezoidal Cha
Manning's Formu
Channel Depth

Input Data

Mannings Coeffic

0.030

Channel Slope 008000 ft/ft

Left Side Slope 1.00 H: v
Right Side Slope 1.00 H: v
Battorm Width 4.00 ft
Discharge 90.90 cfs
Results

Depth 2.47 ft
Flow Area 16.0 ft*
Woetled Perim: 10,99 ft
Top Width 8.94 ft
Critical Depth 210 ft
Critical Siope  0.014607 fi/t
Velocity 5.69 fi/s
Velocity Head G.50 it
Specific Energ 2.97 ft
Froude Numibx 0.75

Flow Type Subcritical

Worksheet
Worksheet for Trapezoidal Channel

g\ Ahydraulic\channelstroadside swales_v2 . fm2 McGovern, MacVittie Lodge & Associates
11/13/07 01:28:33 FM  © Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 068708 USA

Project Engineer: Chris Rod

+1-203-755-1666

Flowiasier v7.0 [7.0005]
Page 1 of 1



Project Description

Worksheet
Flow Element
Method

Solve For

CP15 5
Trapezoidal Cha
Mannhing's Formu
Channel Depth

Input Data

Mannings Coeffic

0.030

Channel Slope 005000 ft/t

ieft Side Slope 3.00 H: Vv
Right Side Slope 3.00 H:V
Boftom Width 4.00 ft
Discharge 7.35 cfs
Results

Depth 0.61 ft
Flow Area 3.6 ft*?
Wetted Perimu 7.86 ft
Top Width 7.66 ft
Critical Depth 0.42 ft
Critical Slope  0.019315 ft/ft
Velocity 2.07 ft's
Velocity Head 0.07 ft
Specific Energ 0.68 f
Froude Numb: 0.53

Flow Type Subcritical

g\ Ahydravlicichanneisiroadside swales_v2.fmz2
11713/07 12:57:12 PM  © Haesiad Metheds, Inc.

Worksheet

Worksheet for Trapezoidal Channel

icGovern, MacVitiie Lodge & Associaies
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Chris Rod

+1-203-755- 1666

Flowhaster v7.0 [T.0005]
Page 1 of 1



Project Description

Worksheet CP16 8

Flow Element Trapezoidal Cha
Method Manning's Form
Solve For Channel Depth
tnput Data

Mannings Coeffic  0.030

Channej Slope 005000 i/t

Left Side Siope 1.00 H:V

Right Side Slope 1.00 H:V
Bottom Width 4,00 ft
Discharge 134.40 cfs

Results

Depth 3.42 ft

Flow Area 254 1

Wetted Perim: 13.68 ft

Top Width 10.84 #t

Critical Depth 262 &

Critical Slope  0.01408% fi/ft

Velaocity 5.28 ft/s
Velocity Head 0.44 ft
Specific Energ 3.86 ft
Froude Numbi 0.61
Flow Type Subcritical

g\ thydraulic\channelsyroadside swales_v2.fm2
11M3/07 01:30:33 PM ©® Haestad Methods, inc.

Worksheet

Worksheet for Trapezoidal Channel

37 Brookside Road

MeGovern, MacVittie Lodge & Associates

Waterbury, CT 06708 USA

Project Engineer: Chris Rad

+1-203-755-1666

Fiowiviaster v7.0 {7.0005]
Page 1 of 1



Project Description

Worksheet
Flow Element
Method

Solve For

CP17 N
Trapezoidal Cha
Manning's Formi
Channel Depth

Input Data

Mannings Coeffic

0.030

Channe! Slepe 065000 fi/ft

Left Side Slope 1.00 H:V
Right Side Slope 1.00 H:V
Bottom Width 4.00
Discharge 75.00 cfs
Resulis

Depth 2.53 #t
Flow Area 16.5 ft®
Wetted Perimt 11,16 ft
Top Width 9.06 ft
Critical Depth 1.88 ft
Critical Slope 0.014872 fi/ft
Velocity 4.55 fifs
Velocity Head 0.32 #
Specific Energ 285 ft
Froude Numb .59

Flow Type Subcritical

Worksheet
Worksheet for Trapezoidal Channel

g\ Ahydraulicichannelsircadside swales_ v2.fm2 McGovern, MacViitie l_odge & Associates
11/13/07 01:38:54 PM @ Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Chris Rod

+1-203-755-1666

Flowhaster v7.0 [7.0005]
Page 1 of 1




Project Description

Worksheet
Flow Element
Method

Solve For

CP17 5
Trapezoidat Cha
Manning's Form:
Channel Depth

input Data

Mannings Coeffic

0.030

Channel Slope 007500 ft/ft

Left Side Stope 200 H:V
Right Side Slope  2.00 H:V
Bottom Width 4.00 ft
Discharge 46.73 cfs
Results

Depth 1.54 it
Flow Area 109 ft*
Wetted Perimi 10.88 ft
Top Width 10.15 ft
Crifical Depth 1.30 ft
Critical Slope 0.014642 fi/ft
Velocity 4.29 fis
Velocity Head 0.29 ft
Specific Energ 1.82 ft
Froude Numb: 0.73

Flow Type Subcritical

Worksheet
Worksheet for Trapezoidal Channel

g\ Ahydradiicichannelsiroadside swales_v2.fm2 McGovern, MacVittie Lodge & Associates
11/13/07 01:34:33 PM Haestad Methods, inc. 37 Brockside Road  Waterbury, CT 08708 USA

FProject Engineer: Chris Rod

+1-203-755-1666

FlowMaster v7.0 [7.0005]
Page 1 of 1




Project Description

Worksheet
Flow Element
Method

Solve For

CP18 s
Trapezoida! Cha
Manning's Fommm
Channel Depth

Input Data

Mannings Coeffic

0.030

Channel Slope 005000 ft/ft

Left Side Slope 1.00 H:V
* Right Side Slope 1.00 H: Vv
Bottom Widih 400 ft
Discharge 171.41 cfs
Resuits
Depth 3.87 ft
Flow Area 30.5 it
Wetted Perirm 14.94 it
Top Width 11.74 it
Critical Depth 299 ft
Critical Slope 0.013774 ftAt
Velocity 5.63 ft/s
Velocity Head 0.49 #t
Specific Energ 4,36 ft
Froude Numb: 0.62

Flow Type  Subgcritical

Worksheet
Worksheet for Trapezoidal Channel

gt Ahydraudic\channelsiroadside swales_ vz .fm2 wicGovern, MacVitiie L.odge & Assoclates
11/13/07 01:40:58 FM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 LUSA

Project Engineer: Chris Rod
Flowliasier v7.D [7.G005]

+1-203-755-1666 Page 1 of 1




Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet CcP19 5

Flow Element Trapezoidal Cha
Method Manning's Formu
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030
Channel Siope 007500 fi/ft
Left Side Slope 3.00 H: v
Right Side Slope 3.00 H:Vv

Bottom Width 4.00 fi
Discharge 33.62 cfs
Resuits

Depth 1.21 ft
Flow Area 2.2 ft?
Wetted Perimu 11.62 ft
Top Width 1123 ft
Critical Depth 1.01 #
Critical Slope 0.015388 fi/it
Velocity 3.66 ft's
Velocity Head 0.21 ft
Specific Enerc 1.41 ft
Froude NMumix 0.71

Flow Type Subcritical

Project Engineei: Chris Rod
g\ Ahydraviicichannelsiroadside swales_v2.fm2 VicGovern, MacVittie Lodge & Associates Fiowhaster v7 .0 [7.0005]
11/13/07 01:12:08 PM © Haestad Methoeds, Inc. 37 Brookside Road  Waterbury, CT 08708 USA  +1-203-755-1666 Page 1 of 1






PEOMAS Project Name: Houghton Road

Project Number # : 06029-01 Tiade by pB___oneent Date _08/18/08
Reference: SMDDEPM Checked v Date
Calculation of Channel Parameters
General Equations:
1) Minimum Channel ¥recbonrd
V?
FBml/ﬁ[Y +E] Eq84
“Where
FB = Freeboard (ff)
Y =Depth of Flow ()
V =average velacily of flow, (fbs) -
g = Acceleration due to gravity = 322 Rfsec?
2) Minimum Channel Radius
R,=3T Proude Number <0.86
‘Where
R, = Minimum Radius of Curvature Centerline (f)
F'=Channel Topwidth at Watersurface ()
4v'T
- Brounde Numbesr >0,86 EqBI12
‘Where
R, =Minimurm Radius of Curvature Centerline (ff)
T = Channel Topwidth at Wetersurface (ft)
V= average velocity of flow, (§5}
Y = Hydraulio Depth of Flow (8)
Y \i FB Froude T Re Total Depth
Channel () (fps) {fY) Number (R) () {ft)
iy L1V 237 02T 0.38 L1 333% 141
28 039 161 0.07 0.50 6.34 15.02 046
L 0.29 2.35 0.06 0.84 5.7 1722 0.35
3N 12 517 027 1.01 1.2 30.99 1.47
3b s 072 352 0.16 0.95 833 22.08 0.38
15N 0.71 501 018 1.22 824 36.19 0,32
358 0.54 272 0.11 074 7.21 21.63 .65
4N 0.58 241 0.11 0.53 7.5 22,50 0.6%
48 0.43 241 0.08 072 6.58 19.74 0.52
SN 031 .01 0.08 0.69 5.88 17.64 .37
58 05 4.56 0.14 1.28 7.03 36,32 0.64
& 0.97 5.46 0.24 116 9.85 37.61 121
™ 0.62 2.08 0.11 0.54 7.73 23.39 4.73
75 0.64 438 0.1 110 786 29.00 0.8
72N 0.19 189 0.04 0.81 513 1539 0.23
728 023 2.63 0.07 .88 599 15.60 040
74N 0.z27 131 085 348 5.G3 16.89 0.32
7438 0.26 1.28 0.05 .48 557 16.71 031
A 048 1.82 .09 .52 &9 20,70 057
7685 3 7 0.63 .85 10 30.00 .63
78N 1.56 6.71 0.38 1.13 10.26 36.79 194
7.88 0.54 3.65 0.12 1.06 7.21 22.10 6.66
BaN 038 2359 0.09 095 £.26 1830 047
828 0.11 1.66 003 .82 4.82 14.46 8.17
8b 8 3.08 6.04 0.61 077 1632 48.96 3.69
108* 147 283 027 Q.51 9.89 29.67 174
118*% 158 344 .36 0.53 1191 3573 2.34
12§ 0.73 3.3 0.15 0.77 2.4 25.20 0.88
128 0.59 427 0.15 1.12 7.57 20.06 0.74
135 093 2385 0.18 052 9.57 28791 112
145 247 5.69 0.50 0.75 394 26.82 237
158 0.61 267 011 1.53 7.66 2298 0.72
158 342 5.9 0.64 a6l 16.84 32.52 406
7N 2.53 455 048 0.59 3.05 2715 3.01
178 1.54 429 430 073 10.15 3045 1.34
188 387 563 073 042 1174 3522 4.60
193 121 366 024 071 11,23 33.69 145
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INLET CALCULATIONS




WATERSHED 1A

FEWA Urban Drainage Design Program,

Drainage of Highway Pavements

Inlets on Grade
Date: 11/12/2007

Project No.
Project Name. :
Computed by

Iniets on Grade: Curb Opening

Roadway and Discharge Data

Inlet

HY-22

Crosg Slope Uniform
s Longitudinal Slope {FL/EL) 0.0050
8x Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fE/£fL) 0.0200
n Manning's Coetfficient 0.016
W Gutter Width {ft) 2.00
a Gutter Depresgion (inch) 1.00
] Discharge (cfs) 3.810
T Width of Spread (ft) 13.69

Gutter Flow
Eo Gutter Flow Ratio 0.344
ad Depth of Flow (ft) 0.27
V  Average Velocity (ft/sec) 2.09
Inlet Interception

Inlet Type Curb-Opening
LT Length for 100% Inteception (ft) 15.62
L Curb-Opening Length (fi) 16.00
e Inlet Efficiency 0.952
01 Intercepted Flow (cfs) 3.723
QOb  By-pass Flow (cfs} 0.187



VURBAN.TXT

FHWA Urban Drainage Design Program, HY-22
bDrainage of Highway .Pavements

Inlets on Grade
Date: 06/11/2008

Project No.
Project Name.:
Computed by

Wenepseen 18
CB1b
Intets on Grade: Curb Opening 1Inlet
Roadway and Discharge Data

Cross Slope uniform
S Longitudinal slope (ft/ft) 0.0050
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Ft/ft) 0.0200
n  Mannhing's Coefficient 0.016
W Gutter width (ft) 2.00
a  Gutter Depression (inch) 1.00
Q@ Discharge (cfs) 2.970
T width of spread (ft) 12.35

Gutter Flow
Eo Gutter Flow Ratio 0.376
d Depth of Flow (ft) 0.25
vV Average vVelocity (ft/sec) 1.95
Inlet Interception

Inlet Type curb-opening
LT Length for 100% Inteception (Ft) 17.09
L Curb-Opening rength (ft) 20.00
e Inlet Efficiency 1.000
Qi Intercepted Flow {(cfs) 2.970
Qb By-pass Flow {cfs) 0.000

0

Page 1



VURBAN., TXT

FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Infets on Grade
Date: {06/11/2008

Project No.
Project Name.:
Computed by
watershed 2
Iinlets on Grade: Gutter Flow Parameters

Roadway and Discharge Data

Cross Slope Uniform
S Longitudinal 510?2 (fr/fo 0.0050
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Ft/ft) 0.0200
n Manning's Coefficient 0.016
W  Gutter width (ft) 2.00
a Gutter Depression (inch) 1.00
Q Discharge (cfs) 1.610
T width of spread (ft) 9.82

Gutter Flow

Eo Gutter Flow Ratio 0.455
d Depth of Flow (ft) 0.20
Vv  Average Velocity (ft/sec) 1.67

Page 1



FHWA Urban Drainage Design Program, HY-22

WATERSHED 34

Drainage of Highway Pavements

Inlets on Grade
Date: 11/12/2007

Project No. : 06095-01

Project Name. :
Computed by

Inlets on Grade: Curb Opening Iniet

Roadway and Discharge Data

0

Cross Slope Uniform
S  Longitudinal Slope (£e/ft) 0.0050
Sx Pavement Crogg Slope (fo/ft) 0.0200
Sw Gutter Cross Slope (fe/fe) 0.0200
n Manning's Coefficient 0.016
W Gutter Width {(ft) 2.00
a Gutter Depression (inch) 1.00
Q Discharge (cfs) 4.710
T Width of &pread (ft) 14.68

Gutter Flow
Eo Qutter Flow Ratio 0.323
d Depth of Flow (fi) 0.29
V  Average Velocity (ft/sec) 2.19
Inlet Imnterception

Inlet Type Curb-Opening
LT Length for 100% Inteception (£t} 21.54
L Curb-Opening Length (ft) 20.00
= Iniet Efficiency 0.991
0i Intercepted Flow {(cfs) 4.669

Qb By-pass Flow (cfg) 0.041




CB3b

VURBAN.TXT

FHWA Urban Drainage Design Program, HY-22

Drainage of Highway Pavements

Inilets on Grade
Date: 06/11/2008

Project No. :
Project Name.:
Computed by

Inlets on Grade: Curb Opening

Roadway and Discharge Data

Inlet

cross Slope Uniform
S tongitudinal Slope (fr/ft) 0.0050
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fr/ft) 0.0200
n  Manning's Coefficient 0.016
W Gutter width (ft) 2.00
a  Gutter Depression (inch) 1.00
Q Discharge (cfs) 3.660
T width of Spread (ft) 13.35

Gutter Flow
Fo Gutter Flow Ratio 0.351
d Depth of Flow (ft) 0.27
Vv Average Velocity (ft/sec) 2.05
inlet Interception

Inlet Type Curb-oOpening
LT iLength for 100% Inteception (ft) 18.98.
L Curb-0Opening Length (ft) 20.00
e Inlet Efficiency 1.000
Qi Intercepted Flow (cfs) 3.660
Qb By-pass Flow (cfs) 0.000
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FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Grade
Dakte: 11/12/2007
Project No. 06099-01
Project Name.:
Computed by
WATERSHED 4
Inlets on Grade: Curb Opening Inlet
Roadway and Discharge Data
Cross Slope ST T T T iniform
5 Longitudinal Slope (fe/ft) 0.0150
Sx Pavement Crocss Slope (ft/ft) 0.0200
8w QGutter Cross Slope (Et/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00
Q Discharge {cfsg} 8.420
T Width of Sprsad (ft) 14.85
Gutter Flow
Eo Gutter Flow Ratic 0.320
d Depth of Flow (ft) 0.30
v Average Velocity (ft/sec) 3.82
Inlet Interception
Inlet Type Curb-Opening
LT Length for 100% Inteception (ft) 38,32
L Curb-Opening Length (ft) 12.00
e Inlet Efficiency 0.961
Qi Intercepted Flow (cfs) 8.092
Ob  By-pasgs Flow {cfs} 0.328




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Crade
Date: 11/12/2007

Project No. : 06095-01
Project Name.:
Computed by

WATERSHED 6

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Crozg Slope Uniform
5] Longitudinal Slope (Ee/ft) 0.0150
5x Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (ft/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00
0 Discharge (cfz} 9.869
T Width of Spread (ft) 15.76

Gutter Flow
Bo Gutter Flow Ratio 0.304
da Depth of Flow (ft) 0.32
v Average Velocity (ft/sec) 3.97
Inlet Interception

Inlet Type . Curb-0Opening
LT Length for 100% Inteception (ft) 41.46
L Curb-Opening Length (ft) 32.00
@ Inlet Efficiency ' 0.930
Qi Intercepted Flow (cfs) 5.171
Cb By-pass Flow {cfs) 0.688%



"WATERSHED 7A

FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 11/12/2007

Project No. : 06099-01

Project Name. :
Computed by

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope ' Uniform
S Longitudinal Slope (fr/ft) 0.0200
Sx Pavement Cross Slope (L{t/ft) 0.0200
Sw Gutter Cross Slope (Fr/ft) 0.0200
n  Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression ({(inch) 1.00
Q Discharge (cfg) 6.660
T Width of Spread (ft) 12.89

Gutter Flow
Eo Gutter Flow Ratio 0.362
d  Depth of Flow (It) 0.26
v Average Velocity {ft/sec) 4.01
Inlet Interception

Inlet Type Curb-Cpening
LT ILength for 100% Inteception (ft) 36.71
L Curb-Opening Length (£t} 28.00
e Inlet Efficiency 0.925
Qi Intercepted Flow (cfs) 6.160
Qb By-pass Flow (cfs) 0.500



FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on 8ag
Date: 11/12/2007

Project No. H 06085-01
Project Name. :
Computed by

WATERSHED 7B

Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

Crossg Slope L. Depregsion
Sx Pavement Cross Slope (fn/ft} 0.0200
Sw Gukter Cross Siope (Fe/fE) 0.0200
n Manning's Coefficient 0.016
W Gutter Width {(E£t) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag¥ Curb-Opening

T Width of Spread (ft) 20.76

L Curb-Opening Length (ft) 4,00

H Curb-Opening Height ({in) 6.00

| d_curb Depth at Curb (£t} 0.499
i ¢l Intercepted Flow (cfs) 4.680



FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 11/12/2007

Project No. : 06089-01
Project Name. :
Computed by

WATERSHED 9A

Inlets on Grade: Curb Opening

Inlet

Roadway and Discharge Data

Cross Silope Uniform
[ Longitudinal Slope {fc/ft) 0.0200
8x Pavement Cross Slope {ft/ft) 0.0200
Sw Gutter Cross Slope {fL/EL) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00
Q Discharge (cfs) 5.3490
T Width of Spread (ft) 11.87

Gutter Flow
Eo Gutter Flow Ratio 0.385
d Depth of Flow (£ft) 0.24
v Average Velocity (ft/sec) 3.79
Inlet Interception

Inlet Type Curb-Opening
LT Length for 100% Inteception (£t} 32.84
L Curb-Opening Length (ft) 28.006
e Inlet Efficiency 0.968
Qi Intercepted Flow (cfs) 5.170
Ob By-pass Flow (cfa) 0.170




FOWA Urban Drainagé Design Program, HY-22
Drainage of Highway Pavements
Inlets on Sag
Date: 11/12/2007
Project No. : $06099-01
Project Name. :
Computed by
WATERSHED 9B
Inlets on Sag: Curbk-Opening Inlet
Roadway and Discharge Data

Cross Slope L. Depreasion
8x Pavement Cross Slope (ft/ft) 0.0200
Sw Cutter Cross Slope (EL/Et) 0.0200
n Manning's Coefficient 0.016
W Gutter Width ({ff) 2.00
a Gutter Depression {inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-Opening
T Width of Spread (ft) 14.31
L Curb-COpening Length ({ft) 4.00
H Curb-Opening Height ({in) 6.00
d_curb Depth at Curb (ft} 0.37¢
i Intercepted Flow (cfs) 2.680



FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 11/12/2007

Project No. : {06099-01
Project Name. :
Computed by
WATERSHED 10A
Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (fr/ft) 0.0200
5x Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fr/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (£t} 2.00
a Gutter Depression (inch) 1.00
0 Discharge (cfs) 5.280
T Width of Spread (ft) 11.82

Gutter Flow
Eo Gutter Flow Ratio ’ 0.390
a Depth of Flow {(ft) 0.24
v Average Velccity (ft/sec)- 31.78
Inlet Interception

Inlet Type Curb-Cpening
LT Length for 100% Inteception (ft) 32.65
L Curb-Opening Length (ft) 28.00
e Inlet Efficiency 0.970
Qi Intercepted Flow {cfs) 5.122
Qb By-pass Flow {cFe} 0.158




FHWA Urban Drainage Design Procgram, HY-22
Drainage of Highway Pavements
Inlets on 8ag
Date: 11/12/2007
Project No. - 06099-01
Project Name.:
Computed by
WATERSHED 10B
Inlets on Sag: Curbk-Opening Inlet
Reoadway and Discharge Data

Cross Slope L. Depression
8x Pavement Cross Slope {ft/fr) 0.0200
Sw Gutter Cross Slope (Et/fE) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *3ag+* Curb-Opening
T Width of Spread (ft) 20.58
L Curb-Opening Length (£L) 12.00
H Curb-Opening Height (in) 6.00
d _curb Depth at Curb (ft} 0.495
01 Intercepted Flow (cfs) 5.51¢




FHWA Urban Drainage Desgign Program, HY-22
! Drainage of Highway Pavements

Inlets on Grade
Date: 11/12/2007

Project No. 06099-01
Project Name. :
Computed by

WATERSHED 124

Inlets on Grade: Curb Cpening Inlet

Roadway and Discharge Data

Cross Slope Uniferm
8 Longitudinal Slope (fr/ft) C.0200
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Et/Tt) 0.0200
n Manning's Coefficient G6.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch} 1.00
G Discharge (cfs) 4.270
T Width of Spread (ft) 10.91
Gutter Flow
Bo Gutter Flow Ratio 0.417
; 4  Depth of Flow (ft) 0.22
| v Average Velocity (ft/sec) 3.59
Inlet Interception
Inlet Type Curb-Opening
LT Length for 100% Inteception (£t} - 29.32
L Curb-Opening Length (ft) 24.00
e Inlet Efficiency 0.954
Qi Intercepted Flow (cfs} 4.072
Cb © By-pass Flow {cts) 0.198



FHEWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavementsg
Inlets on Sag
Date: 11/12/2007
Project No. : 06099-01
Project Name. :
Computed by
WATERSHED 12b
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Crozs Slope (ft/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sagt* Curb-Opening
T Width of Spread (£t) 21.26
T Curb-Opening Length (ft) 12.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb (ft} 0.5C9
0d Intercepted Flow (cfs) 9.9%0




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on BSag
Date: 11/12/2007
Project No. : 06099-01
Project Name.:
Computed by
WATERSHED 13
Inlets on Sag: Curk-Opening Inlet
Roadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw ~  Gutter Cross Slope {(fE/fL) 0.06200
n Manning's Coefficient 0.016
W Gutter Widch (ft) 2.00
a Gutter Pepression (inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-Opening
T Width of Spread {ft) 23.17
L Curb-COpening Length (ft) 12.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb (ft) 0.547
Q1 Intercepted Flow {(cfs) 11.360




FHWA Urban Drainage Design Program,
Drainage of Highway Pavements

Inlets on Sag
bate: 11/12/2007

Project NHo. : 06099-01
Project Name. :
Ceomputed by

WATERSHED 15

Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

HY-22

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fr/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width {ft) 2.00
a Gutter Depregsion {inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-0Opening
T Width of Spread {ft} 24.18
L Curb-0Opening Length (£t} 12.00
H Curb-Opening Height {in) 6.00
d_curb Depth at Curb (ft) 0.567
Qi Intercepted Flow {cfs) 12.11¢




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on QGrade
Date: 11/12/2007

Project No. : 060935-01
Project Name.:
Computed by

Watershed 20

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
8 Longitudinal Slope (ft/ft) 0.0160
Sx Pavement Crossg Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Et/fL) 0.0200
n Manning's Coefficient 0.016
W Gutter Wigth (ft) 2.00
a Gutter Depregsion (inch) 1.00
0 Discharge {cfg) £.540
: T Width of Spread (ft) 13.35
; Gutter Flow
: Eo Cutter Fiow Ratio 0.351
d Depth of Flow (ft) 0.27
V' Average Velocity (ft/sec) 3.67
Inlet Interception
Inlet Type Curb-Opening
LT Length for 100% Inteception (ft} 34.33
L Curb-Opening Length {ft) 28.00
e Inlet Efficiency 0.5852
Qi Intercepted Flow (cfs) 6.228
Qb By-pase Flow (cfs) 0.312



FHWA Urban Drainage Desgign Progfam, HY-22
Drainage of Highway Pavements
Inlets on Sag
Date: 11/12/2007
Project No. 06099-01
Project Name. :
Computed by
WATERSHED 214
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope {ft/ft) 0.0200
Sw Gutter Cross Slope {fe/ft} 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag* ) Curb-Opening
T Width of Spread (ft) 10.27
L Curb-Opening Length (£t) 4.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb (ft) 0.289
Qi Intercepted Flow (cfs) 1,630




FHWA Urban
Drainage

Drainage
of Highway

on QGrade
11/08/2007

Inlets
Date:

Project No. 060599~01

Project Name. :
Computed by
WATERSHED 21B
Iniets on Sag:

Roadway and Discharge

Design  Program,
Pavements

HY-22

Curb-Opening Inlet

Data

Cross Slope

L. Depression

Sx Pavement Cross Slepe (ft/fL) 0.0200
Sw Gutter Croas Slope {(ft/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depressiocn {(inch) 1.00
Inlet Interception

Inlet Type *Sag? Curb-Opening
T Width of Spread (ft) 20.26
L Curb-Opening Length (f£t) 12.00
H Curb-Opening Height (in) 6.00
d _curb Depth at Curb (ft) 0.489
Q1 Intercepted Flow (cfs} 9.29



FIWA Urban Drainage Design Program,

HY-22
Drainage of Highway Pavements
Inlets on 8ag
Date: 11/08/2007
Project No. : 06099-01
Project Name.:
Computed by
WATERSHED 21C
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data

Cross Slope L. Depression
8Sx Pavement Cross Slope (f/ft) 0.0200
Sw Gutter Crogs Slope {EL/Et) 0.0200
n Manning's Coefficient 0.0l
W Gutter Width ({ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Intercepticn

Inlet Type *Sag¥ Curb-Opening
T Width of Spread (ft) 21.11
L Curb-Opening Length (ft) 4.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb (ft) 0.506
Qi Intercepted Flow (cis) 4.840




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Sag
Date: 11/08/2007

Project No. : 06099-01
Project Name.:
Computed by
WATERSHED 23A ;

Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data I

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Fr/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter width (ft) 2.00
a Gutter Depression (inch} 1.00
Inlet Interception
Inlet Type *Sag¥ Curb-Opening
T Width of Spread (ft) 19.41
L Curb-Opening Length (ft) 4.00
. H Curb-Opening Height (in) £.00
j d_curb Depth at Curb (ft) 0.471
: Qi Intercepted Flow (cfs) 4.230




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on 8Sag
Date: 1r/08/2007
Project No. : 06099-01
Project Name.:
Computed by
WATERSHED 23B
Inlets on Sag: Curb-Cpening Inlet
Roadway and Discharge Data

Cross Slope L. Depression
5x Pavement Cross Slope (fo/ft) 0.0200
Sw Gutter Cross Slope (FL/fE) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.060
a Gutter Depression {inch) 1.00

Inlet Interception

Inlet Type *3ag* Curb-Opening
T Width of Spread (ft) 22.01
L Curb-Opening Length (&) 12.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb {ft) 0.524
Qi Intercepted Flow (cfs} 10.520




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Iinlets on Sag
Date: 11/08/2007
Project No. : 06095-01
Project Name.:
Computed by
WATERSHED 23C
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data

Cress Slope L. Depression
Sx Pavement Cross Slope (£t/ft) 0.0200
Sw Gutter Cross Slope {(Ec/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.06

Inlet Interception

Inlet Type *Sag* Curb-Opening
T Width of Spread (ft) 24 .13
L Curb-Opening Length {ft) 8.00
H Curb-Opening Height (in) &.00
d_curb Depth at Curb (ft} 0.566
Q1 Intercepted Flow (cfs) 8.950



FHWA Urban Drainage Design Program, HY-22 IR
Drainage of Highway Pavements o

Inlets on Grade
Date: 11/08/2007

Project No. : 0609%-01
Project Name.:
Computed by

WATERSHED 2447

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (fc/ft) 0.0300
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Crozs Slope (ft/ft) 0.0200
n Manning's Ceefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression {inch) 1.00
o} Discharge (cfs) 5.780
T Width of Spread (ft) 11.33

Gutter Flow
Eo Gutter Flow Ratio 0.404
d Depth of Flow {ft) 0.23
v Average Velocity (ft/sec) 4,50
Inlet Interception

Inlet Type Curb-Opaning
LT Length for 100% Inteception (£t) 37.93
L Curb-Cpening Length (£t) 32.00
e Inlet Efficiency 0.965
Qi Intercepted Flow (cfs) 5.575
Qb By-pass Flow (cfs) 0.205




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Sag
Date: 11/08/2007
Project No. : 06099-01
Project Name. :
Computed by
WATERSHED 248
Inlets on Sag: Curb-Cpening Inlet
rRoadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope {(fe/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-Opening
T Width of Spread (ft) 23.72
L Curb-Opening Length (ft) 12.00
H Curb-Opening Height {in) 6.00
d_curb Depth at Curb {ft} 0.558
01 Intercepted Flow (cfs) 11.770




WATERSHED 24C

FAWA Urban Drainage Design Program, HY-22

Drainage of Highway Pavements

Inlets on Grade
Date: 11/08/2007

Project No. 06099-01

Project Name.:
Computed by

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (fr/ft) 0.0300
Sx Pavement Crogs Slope (ft/ft) 0.020¢
Sw Gutter Cross Slope (ft/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00
0 Discharge (cfs) 2.830
T Width of Spread (£t) B8.67

Gutter Flow
Eo CGutter Flow Ratio 0.503
da Depth of Flow (ft) 0.17
Vv  Average Velocity (ft/sec) 3.76
Inlet Interception

Inlet Type Curb-Opening
LT Length for 100% Inteception (ft} 26.37
L Curb-Opening Length (ft) 28.00
e Inlet Bfficiency 1.000
Qi Intercepted Flow {cfs) 2.830
Ob  By-pass Flow {cts) 0.000




WATERSHED 26A

0

FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Grade
Date: 11/08/2007
Project No. 06099-01
Project Name. :
Computed by
Iniets on Grade: Curb OCpening Inlet
Roadway and Discharge Data
Cross Slope Uniform
s Longitudinal Slope (fr/ft) 0.0300
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw CGutter Crose Slope (Et/ft} 0.0200
n Manning's Coefficient 0.0C16
W Gutter Width (£t} 2.00
a Gutter Depressicn (inch} 1.00
Q Discharge {cts) 5.530
T wWidth of Spread (£t} 11.14
Gutter TFlow
Eo QGutter Flow Ratio 0.410
a Depth of Flow (ft) 0.22
V  Average Velocity {ft/sec) 4.45
Inlet Intercepticn
Inlet Type Curb-Opening
LT Length for 100% Inteception (f£t) 37.09
L Curb-Opening Length (ft) 24.00
@ Inlet Bfficiency 0.847
Qi Intercepted Flow (cfs) 4.682

Ob  By-pass Flow (cfsa) 0.

848




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Sag
Date: 11/08/2007
Project No. : 06089-01
Project Name.:
Computed by
WATERSHED 268
Inlets on Sag: Curb-Opening Inlet
"Roadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope {ft/ft) 0.0200
Sw Gutter Cross Slope {EL/EL) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (£t) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag¥ Curb-Opening
T Width of Spread (£t) 19.81
L Curb-Cpening Length (ft) 16.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb (ft) 0.480
(oF 1 Intercepted Flow {cfg) 11.980




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Grade
Date: 11/08/2007
Project Neo. : 06099-01
Project Name.:
Computed by
WATERSHED 26C
Inlets on Grade: Curb Opening Inlet
Roadway and Discharge Data
Cross Slope Uniform
38 Longitudinal Slope (Ex/ft) 0.0300
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Ec/fr) 0.0200
n Manning's Coefficient 0.01s
W Gutter wWidth ({ft) 2.00
a Gutter Depression (inch) 1.00
0 Digcharge (cfs} 2.010
T Width of Spread (ft) 7.63
Gutter Flow
Bo Gutter Flow Ratio 0.555
d Depth of Flow (ft) 0.15
v Average Velocity (ft/sec) 3.45
Inlet Intercepticn
Inlet Type Curb-Opening
LT Length for 100% Inteception (£t} 22.14
L Curb-Opening Length (ft) 20.00
e Inlet Efficiency 0.385
Qi Intercepted Flow {cfs) 1.980
Qb By-pass Flow (cEs) 0.030




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Sag
Date: 11/08/2007
Project No. : 06099-01
Project Name. :
Computed by
WATERSHED 29A
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data
Cross Slope L. Depressicn
5x Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Ee/fe) 0.0200
n Manning's Coefficient 0.018
W Gucter Width (£t} 2.00
a Gutter Depression (inch) 1.00
Inlet Interception
Inler Type *Sag®* Curb-0Opening

T Width of Spread ({ft) 22.67
L Curb-Opening Length (£t} 4.00
H Curb-Opening Height {in) 6.00
d_curb Depth at Curb (ft) 0.537
01 Intercepted Flow (cfs) 5.340




WATERSHED 29B

FHWA Urban Drainage Desgign Program,
Drainage of Highway Pavements

Inlets on Sag
Date: 11/08/2007

Project No. 06059-01

Project Name. :
Computed by

Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

HY-22

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope {FL/£L) 0.0200
n Manningts Coefficient 0.016
W Gutter Width (ft} 2.00
a Gutter Depression (inch) 1.00

Inlet Intercepticn

Inlet Type *Sag# Curb-Opening

T Width of Spread (ft)

L Curb-Opening Length (ft)
H Curb-Opening Height {in}
d curb Depth at Curb (ft)

Qi Intercepted Flow [cfg)

25.13
12.00

5.00

0

12

-586
.84¢



Cpa A

FAWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Sag
Date: 11/20/2007

Project No. : DEOAN- oL
Project Name. :
Computed by
Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (ft/ft) -0.0200
n - Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-COpening
T Width of Spread (£t) 18.95
L Curb-0Opening Length (£t) 4.00
H Curb-Opening Height {in) 6.00
d curb Depth at Curb (ft) 0.462
01 Intercepted Flow {(cfs) 4.080




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Iniets on Sag
Date: 11/08/2007

Project No. : 08095-01
Project Name. :
Computed by

WATERSHED 31B

Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

Cross Slope L. Depressgion
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (£t/fc) 0.0200
n Manning's Coefficient 0.014
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-0Opening
T Width of Spread (ft) 24 .68
L Curb-Opening Length (£t} 16.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb (ft) 0.577
Qi Intercepted Flow (cfs} 16.650



VURBAN ., TXT

FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets oh Grade
Pate: 11/27/2007

Project No. : 06099-01
Project Name.:
Computed by

32A
Inlets on Grade: Curb -Opening Inlet
Roadway and Discharge Data

Cross Slope unitorm
S Longitudinal Slope (ft /1) 0.0150
Sx Pavement Cross Siope (Ft/ft) 0.0200
Sw Gutter Cross Slope (Ft/fr) 0.0200
n  Mmanning's coefficient 0.016
W cutter width {ft) 2.00
a  Gutter Depressicn (inch) 1.00
Q Discharge (cfs) 1.450
T Width of spread (ft) 7.69

Gutter Flow
Eo Gutter Flow Ratio 0.552
d Dpepth of Flow (ft) 0.15
vV Average velocity {ft/sec) 2.45
Inlet Interception

Inlet Type . Curb-0Opening
LT Length for 100% Inteception (ft) 15.71
L Curb-opening Length (ft3 12.00
@ Inlet Efficiency 0.926
Qi Intercepted Flow (cfs) 1.342
Qb By-pass Flow (cfs) 0.108

0

Page 1



FIWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Iniets on Grade
Date: 11/08/2007

broject No. : 06099-01
Project Name.:
Computed by

WATERSHED 32B

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (Et/ft) 0.0400
Sx Pavement Cross Slope (ft/ft) $.0200
Sw Gutter Cross Slope {£t/£t) ¢.Q200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00
Q Discharge {(cfs) 4,080
T  Width of Spread (£t} S.42

Gutter Flow
Eo QGutter Flow Ratio 0.471
d  Depth of Fiow (ft) 0.19
v Average Velocity (ft/sec) 4.60
: Inlet Interception
' Inlet Type ’ Curb-Opening

LT Length for 100% Inteception (£ft) 34.20
L Curb-Opening Length {f&) 24.00
e Inlet Efficiency 0.887
Qi Intercepted Flow (cfs)} 3.618
Qb  By-pass Flow (cfe} 0.462



34A

VURBAN. TXT

FHwA Urban Drainage Design Program, Hy-22
brainage of Highway Pavements

Inlets on Grade
pDate: 11/27/2007

Project No. @ 06099-01

Project Name.:
Computed by

Inlets on Grade: Curb apening Inlet

Roadway and Discharge Data

Cross Slope uniform
5 tongitudinal slope (ft/Tt) 0.0150
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (ft/fr) 0.0200
n  Manning's Coefficient 0.016
w Gutter width (fn) 2.00
a  Gutter bepression (inch) 1.00
Q bischarge (cfs) 1.450
T  width of spread (ft) 7.69

Gutter Flow
E0 Gutter Flow Ratid 0.552
d Dpepth of Fiow (ft) 0.15
Vv  Average velocity (ft/sec) 2.45
Inlet Interception

Inlet Type curb-opening
LT Length for 100% Inteception {ft) 15.71
L  curb-opening Length (ft) 12.00
e Inlet efficiency 0.926
@i Intercepted Flow (cfs) 1.3472
gb B8y-pass Flow (cfs) 0.108

Page 1




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Crade
Date: 11/08/2007

Project No. 06099-01
Project Name. :
Computed by

WATERSHED 34B

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (fr/ft) 0.0400
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Cutter Cross Slope (fe/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2,00
a Gutter Depressicn (inch} 1.00
Q Discharge (cfs) 2.830
T Width of Spread (ft) 8.22

Gutter Flow
Bo Gutter Flow Ratio - 0.525
d Depth of FPlow (ft) 0.16
v Average Velocity (ft/sec) 4.19
Inlet Interception

Inlet Type Curb-Cpening
LT ©Length for 100% Inteception (ft) 28.38
L Curb-0Opening Length (££) 16.00
e Inlet Efficiency 0.775
Qi Intercepted Flow {cfs) 2.185

Ob  By-pass Flow {cfs) 0.635



FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Sag
Date: 11/08/2007

Project No. : 06029-01
Project Name.: i |
Computed by : |
WATERSHED 35B
Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Et/ft) ¢.0200
n Manning's Cecefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch} 1.00

Inlet Interception

Inlet Type *Sag¥ Curb-Opening
T Width of Spread (ft) 24 .07
L Curb-Opening Length (ft} 4.00
H Curb-0Opening Height (in} 6.00
d_curb Depth at Curb (ft) 0.565
Qi Intercepted Flow (cfs) 5.840




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 11/08/2007

Project No. : 060595-01
Project Name. :
Computed by

WATERSHED 35C
Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform

3 Lengitudinal Slope (fr/£t) 0.0220
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (ft/ft) 0.0200
n Manning's Coefficient 0.015
W Gutter Width (ft) z.00
a Gutter Depression (inch) 1.00
Q Discharge (cfs) 7.790
T Width of Spread (ft) 13.43

, Gutter Flow

5 Eo ¢dutter Flow Ratio 0.350
d Depth of Flow {ft} 0.27
v Average Velocity (ft/sec) 4.32

Inlet Interception

Inlet Type : Curb-Qpening
LT ILength for 100% Inteception ({ft) 40.71
L Curb-Opening Length (ft) 20.00
e Inlet Efficiency 0.704
Qi Intercepted Flow (cfs) 5.482
Ob  By-pass Flow (cfe} 2.308



FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

: Inlets on QGrade
! Date: 11/08/2007

Project No. 06099-01
Project Name.:
Computed by

WATERSHED 35D
Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
g Longitudinal Slope (fe/ft) 0.0050
8x Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (FL/Et)} 0.0200
n Manning's Coefficient 0.018
W Gutter Width (£t) 2.00
a Gutter Depression {inch) 1.00
0 Digcharge (cfa) 4.020
T Width of Spread (ft) 13.83

; Gutter Flow
Eo Gutter Flow Ratic 0.341
¢ Depth of Flow (ft) 0.28
| v Average Velocity (ft/sec) 2.10
Inlet Interception

Inlet Type Curb-Opening
LT Length for 100% Inteception (£t} 19.90
L Curb-Cpening Length (ft) - 20.00
e Inlet Efficiency 1.000
Qi Intercepted Flow (cfsg) 4.020
Ob  By-pass Flow (cfs) 0.000




WATERSHED 35E

FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Grade
Date: 11/08/2007
Project No. : 06099-01
Project Name.:
Computed by
Inlets on Grade: Curb Opening Inlet
Roadway and Discharge Daka
Crosgs Slope Uniform
s Longitudinal Slope (Et/Et) 0.0080
Sx Pavement Crossg Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fL/ft} 0.0200
n Manning's Coefficient 0.0lc
W Gutter Width (fr) 2.00
a Gutter Depregsion (inch) 1.00
Q  Discharge (cfs) 4.850
T  Width of Spread (ft) 13.38
Gutter Flow
Ec Gutter Flow Ratioc 0.351
d Depth of Flow (ft) c.27
V  Average Velocity (ft/sec) 2.60
Inlet Interception
Inlet Type Curb-Cpening
LT Length for 100% Inteception (ft) 24.18
L Curb-Opening Length (£t) 20.00
e Inlet Efficiency 0.958
Qi Intercepted Flow (cfg) 4.453
Qb  Byv-pass Flow (cfs) 0.197



4
P
:
P

FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Sag
Date: 11/08/2007
Project No. : 06095-01
Project Name.:
Computed by
WATERSHED 35F
Inlets on Sag: Curb-Opening Inlet
Roadway and Dischargs Data
Cross Slope L. Depresgsion
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fo/ER) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.00
Intet Interception
inlet Type *Sag¥ Curb-0Opening
T Width of Spread {£ft) 18.95
L Curb-Opening Length (ft) 8.00
H Curb-Opening Height {(in) 6.00
d_curb Depth at Curb (ft) 0.462
01 Intercepted Flow {cfsg) 6.230




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Iniets on Sag
Date: 11/08/2007
Project No. 06099-01
Proiject Name.:
Computed by
WATERSHED 37B
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data

Cross Slope L. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fe/fr) 0.0200
n Manning's Coefficient 0.016
W CGutter Width (£t} 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *S3ag* Curb-Opening
T Width of Spread (£ft) 20.10
L Curb-Opening Length (it} 4.00
H Curb-Opening Height (in) 6.00
d curb Depth at Curb (ft) 0.485
Qi Intercepted Flow {cfs) 4.460



FOWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 11/08/2007

Project No. 06099%-01
Project Name. :

Computed by

WATERSHED 37C

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Crozs Slope niform
S Longitudinal Slope (fL/£1) 0.0220
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Fr/ft) 0.0200
o Manning's Coefficient 0.016
W Gutter Width {ft) 2.00
a Gutter Depression (inch) 1.00
0 Discharge (cfs) 8.670
T Width of Spread (ft) 13.98

Gutter Flow
Eo QGutter Flow Ratio 0.338
a Depth of Flow (ft) 0.28
V  Average Velocoity (ft/sec) 4.44
Inlet Interception

Inlet Type Curb-Opening
LT Length for 100% Inteception (ft) A2_95
L Curb-Opening Length (ft} 28.00
e Inlet Efficiency 0.850
Qi Intercepted Flow ({(cfs) 7.372
Qb By-pass Flow {cfs) 1.298



FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 11/08/2007

Project No. : 060995-01
Project Name.:
Computed by

WATERSHED 37D

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (ft/fr} 0.0050
8x Pavement Cross Slope (ft/ft) 0.0200
8w QGutter Cross Slope (ft/ft) 0.0200
n Manning‘s Coefficient 0.016
W Gutter Widch (ft) 2.00
a Gutter Depression {inch) 1.00
Q Discharge {cfs) 4.710
T width of Spread {ft) 14.68

Gutter Flow
Eo Gutter Flow Ratio 0.323
d Depth of Flow (ft) 0.29
v Average Velocity (ft/sec) 2.19
Inlet Intercepticn

Inlet Type Curb-Opening
LT Length for 100% Inteception {ft) 21.54
I Curb-Opening Length (£ft) 16.00
e Inlet Efficiency ¢.913
Qi Intercepted Flow {(cfs) 4.301
QO By-pass Flow {cfs) 0.409



. . i
. FHWA Urban Drainage Design Program, HY-22 I }
: Drainage of Highway Pavements -

Inlets on Grade
Date: 11/08/2007

Project No. : 06099-01
Project Name. :
Computed by

WATERSHED 378

Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
IS Longitudinal Slope (EL/EL) 0.0080
Sx Pavement Cross Slope (ft/ft) 0.0200
8w QGutter Cross Slope (fe/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch} 1.00
o] Dizcharge (efs) 5.720
T Width of Spread (ft) 14 .46

Gutter Flow
Eo Gutter Flow Ratio 0.328
d Depth of Flow (ft) 0.29
v Average Velocity (ft/szec) 2.74
Inlet Interception

Inlet Type : Curb-Opening
LT Length for 100% Inteception {ft) 26.82
L Curb-Opening Length (£t} 28.00
e Inlet Efficiency 1.000
Qi Intercepted Flow {cfs) 5.720
Ob By-pass Flow {cfs) 0.000



FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements
Inlets on Sag
Date: 11/08/2007
PFroject No. : 06099-01
Project Name.:
Computed by
WATERSHED 37F
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data

Cross Slope 1L,. Depression
Sx Pavement Creoss Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Fr/ft) 0.0200
n Manning's Ccoefficient 0.016
W Gutter Width (ft) 2.00
a Gutter Depression (inch) 1.60

Inlet Interception

Inlet Type *Sag¥ Curb-Opening
T Width of Spread (ft) 20.42
L Curb-Opening Length (£t) 8.00
H Curb-Opening Height (in) 6.00
d _curb Depth at Curb (ft) 0.482
Qi Intercepted Flow (cfe) G6.270




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on 8Sag
Date: 11/08/2007

Project No. : 06099-01
Project Name.:
Computed by
WATERSHED 40B
Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

Crogs Slope L. Depreggion
Sx Pavement Cross Slope (ft/f#) 0.0200 ‘
Sw Gutter Cross Slope (£t/£¢} 0.0260
n Manning's Coefficient 0.016
W Gutter Width (£ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sagx Curb-0Opening
T Width of Spread (ft) 23.23
L Curb-Opening Length (ft) 16.60
H Curb-Opening Height (in) 6.00
d curb Depth at Curbk (ft} 0.548
Qi Intercepted Flow (cfg) 15.210




FHWA Urban Drainage Design
Drainage of Highway

Inlets on Sag
Date: 11/20/2007

rroject No. OleO3% - O
Project Name.

Computed by

T

Inlets on S5ag:

oP Kod ~ B2 d

Roadway and Dischazrge

Program,
Pavements

HY-22

Curb-0Opening Inlet

Data

Cross Slope

5x Pavement Cross Slope

Sw Gutter Cross Slope

n Manning's Coefficient

W Gutter Width (ft)

a Gutter Depression {inch)

Inlet Interception

(ft/ft)
(ft/ft)

L. Depression
.0200
.0200
.016
.00
.00

RO oo

Inlet Type *Sag*

T Width of Spread {(ft)

L Curb-Opening Length (£t)
H Curb-Opening Height (in)
d curb Depth at Curb (ft)

o1 Intercepted Flow (cfs)

Curb-Opening
19.32
4.00

6.00
0.470C
4.200



FHWA Urban Drainage Design Program, HY-22
Drainage o©f Highway Pavements
Inlets on Grade
bate: 11/20/2007
Project No. : DEDRY -0y
Project Name.:
Computed by
Inlets on Grade: Curb Opening Inlet
Roadway and Discharge Data
Cross Slope Uniform
S Longitudinal Slope (ft/ft) 0.0100
Sx Pavement Cross Slope (Fr/fty. 0.0200
Sw Gutter Cross Slope (£t/ £t} 0.0200
n Manning's Coefficlent 0.016
W Gutter Width (ft) 2.00 ‘
a Gutter Depression (inch) 1.00
O Discharge (cfs) 2.580
T Width of Spread (£1) 10.29
Gutter Flow

Fo Gutter Flow Ratio 0.438
d Depth cof Flow (ft) 0.21
\Y Average Velocity (ft/sec) 2.44

Inlet Interception

Inlet Type
LT Length for 100% Inteception
L Curb-Opening Length {(ft)
e Inlet Efficiency
Qi Intercepted Flow
Obh By-pass Flow

{ft)

{cfs)
{cfa)

Curb-Opening
19.01
12.00

0.834
2.152
0.428



: FHWA Urban Drainage Design Program, HY-22
: Drainage of Highway Pavements

Inlets on Sag
Date: 11/08/2007

Project No. : 060%89-01
Project Name. :
Computed by

WATERSHED 42B

Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

Cross Slope I.. Depression
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Crose Slope (fe/ft) 0.0200
n Manning's Coefficient 0.016
W Gutter Widcth (ft) 2.00
a Gutter Depression (inch} 1.00

Inlet Intercepticn

Inlet Type *Sag* Curb-Opening
T Width of Spread (ft) 21.53
L Curb-Opening Length {ft) 16.00
H Curb-Opening Height (in) 6.00
d_curb Depth at Curb (ft) 0.514
Qi Intercepted Flow {cfs) 13.8570



5501

VURBAN., TXT

FHwA Urban Drainage Design Program, HY-22
prainage of Highway Pavements
Inlets oh Sag
Date: 11/26/2007
Project No. 06099-01

Project Name.:
Computed by

Inlets on Sag: Curb-Opening Inlet

Roadway and Discharge Data

Cross Slope L. Depression
5% pavement Cross Slope (ft/ft) 020
Sw Gutter Cross Slope (ft/ftt) 0.0200
n Manning's Coefficient 0.016
W Gutter width (ft) 2.00
a Gutter bDepression (inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-opening
T width of Spread (ft) 10.50
L Curb-Opening Length (ft) 12.00
H curb-opening Height (in) 6.00
d_curb bepth at curb_ (i} 0.293
Qi Intercepted Flow (cTs) 3.470

Page 1



VURBAN ., TXT

FHWA Urban Drainage Design Program, Hy-22
Drainage of Highway Pavements

Inlets on Sag
Date: 11/26/2007

Project No. : 06099-01
Project Name.:
computed by

5503
Intets on Sag: cCurb-0Opening Inlet
Roadway and Discharge Data

Cross Slope L.. bepression
X% pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross slope (ft/ft) 0.0200
n Manning's Coefficient (0.016
W Gutter width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag” Curb-0pening
T width of Spread (ft) 11.20
L Curb-0Opening Length (ft) 8.00
H curb-opening Height (in) 6.00
d_curb pepth at curb (ft) 0.307
Qi Intercepted Flow (cfs) 2.830

0
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FHWA Urban Drainage Design Program, HY-22
Drainage of Hicghway Pavements

Inlets on Sag
Date: 12/03/2007

Project No. : OO - o
Project Name.:
Computed by

Inlets on Sag: Curb-Opening Inlet

| 525
g Roadway and Discharge Data
Cross Slope L. Depression

Sx Pavement Cross Slope (ft/£t) 0.0200
Sw Gutter Cross Slope (FL/fL) 0.C200
n Manning's Coefficient 0.016
W Gutter Width {ft) 2.00
a Gutter Depressgsion (inch) 1.G0

Inlet Interception

Inlet Type *Sag>* Curb-0Opening
T Width of Spread (ft) 17.52
L Curk-Opening Length (ft) 4.00
H Curbk-0Opening Height {in) ©.00
d curb Depth at Curb (ft} 0.434
ok Intercepted Flow (cfs) 3.630




VURBAN . TXT

FHWA Urban Drainage Design Program, Hy-22
prainage of Highway Pavements

Inlets on Grade
Date: 11/26/2007

Project No. 06099-01
Project Name.:
Computed by
5506
Inlets on Grade: curb Opening Inlet

Roadway and Discharge Data

cross Slope uniform
S Longitudinal Slope (fe/ft) 0.0300
Sx Pavement Cross Siope {(ft/ft) 0.0200
Sw Gutter Cross Slope (ft/ft) 0.0200
n  Manning's Coefficient 0.016
W GuTter width () 2.00
a  Gutter Depression (inch) 1.00
Q Discharge {(cfs) - 1.930
T Width of spread (ft) 7.51

Gutter Flow
Eo Gutter Flow Ratio ¢.562
d Depth of Flow {(ft) ¢.15
vV Average velocity (Tt/sec) 3.42
Inlet Interception

Inlet Type curb-opening
LT Length for 100% Inteception (ft) 21.69
L Curb-opening Length (ft) 16.00
e Inlet Efficiency 0.910
Qi Intercepted Flow (cfsg 1.757
Qb By-pass Flow (cfs G.173

Page 1



5508

VURBAN . TXT

FHwa Urban Drainage Design Program, Hy-22
Drainage of #Highway Pavements

Inlets on Grade
Date: 11/26/2007

Project No. :  06099-01
Project Name.:
computed by
Inlets on Grade: cCurb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
[ tongitudinal S10$e (fr/ft) 0.0300
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (Fr/fL) 0.0200
n Manning's Coefficient 0.016
W Gutter width (ft) 2.00
a  Gultter Depression (inch) 1.00
Q Discharge (cfs) 2.440
T  width of Spread (ft) 8.20

Gutter Flow
E0 Gutter Flow Ratio 0.525
d Depth of Flow (ft) 0.16
Vv  Average velocity (ft/sec) 3.63
Inlet Interception

Inlet Type ) curb-0opening
LT Length for 100% Inteception (ft) 24,45
L  curb-opening Length (ft) 16.00
e Inlet efficiency 0.852
Qi  Intercepted Flow (cfs) 2.080
Gh  By-pass Flow (efs) 0.360

Page 1




ssl2

FHWA

VURBAN . TXT

Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Sag
Date: 12/03/2007

Project No. : 06099-01
Project Name.:
Computed by

Inlets on Sag: Curb-Opening Injet

Roadway and Discharge pata

Cross Slope L. Depression
Sx Pavement Cross Siope (ft/ft) .
Sw Gutter Cross Slope (fr/ft) @.0200
1 Manning's Coefficient 0.016
W Gutter width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

inlet Type *Sag* Curb-0pening
T width of spread (FL) 11.74
L Curb-Opening Length (ft) 4.00
H Curb-opening Height (in) 6.00
d_curb pepth at curb (ft) 0.318
Qi Intercepted Flow (cfs) 1.990
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5514

VURBAN, TXT

FHwA Urban Draipage Design Program, Hy-22
prainage .of Highway ' Pavements

inlets on Sag
pate: 12/03/2007

Project No. : 06099-01

Project Name.:
Computed by

Inlets on Sag: Curb-Opening Inlet

roadway and Discharge Data

cross Siope L. Depression
S% pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (ft/ft 0.0200
n Manning's Coefficient 0.016
W Gutter width (ft)y 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag® Curb-Opening
T width of Spread (ft) 7.86
L Curb-opening Length (i) 4.00
H curb-opening Height (in) 6.00
d_curb pepth at Curb (ft) ¢.240
Qi Intercepted Flow (cfs) 1.090

Page 1



VURBAN . TXT

FHWA Urban Drainage Design Program, Hy-22
Drainage of Highway Pavements

intets on Grade
pate: 01/10/2008

Project No. 06099-01
Project Name.:
Computed by
5515
Inlets on Grade: <Curb oOpening Inlet

Roadway and Discharge Data

Cross Slope Uniform
S Longitudinal slope (ft/ft) 0.0300
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw  Gutter Cross Slope (ft/Tt) 0.0200
n  Manning's Coefficient 0.016
W Gutter width (ft) 2.00
a  Gutter Depression (inch) 1.00
Q Discharge (cfs) 1.740
T width of spread (ft) 7.23

Gutter Flow
Eo Gutter Flow Ratio 0.578
d Depth of Flow (Ft) 0.14
Vv Average velocity {ft/sec) 3.33
Inlet Interception

inlet Type . Curb-opening
LT Length for 100¥% Inteceptien (ft) 20.57
L  curb-opening Length (ft) 16.00
e Inlet Efficiency 0.933
Q1 Intercepted Flow (cfs) 1.624
Qb By-pass Flow (cfs) 0.116

Page 1



VURBAN, TXT

FHWA Urban brainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 01/10/2008

Project No. : 06099-01
Project Name.
Computed by
s517
Inlets on Grade: curb oOpening Inlet

Roadway and Discharge bata

Cross Slope Uniform
S Longitudinal Slope (ft/ft) G.0300
Sx Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fr/fto 0.0200
n  Manning's Coefficient (.016
W Gutter width (ft) 2.00
a  Gutter Depress1on (iinch) 1.00
o] D1schar%e (cfs) 3.600
T width of spread (ft) .49

Gutter Flow
Ec Gutter Flow Ratio 0.468
d  Depth of Flow (ft) G.19
v Average velocity (ft/sec) 4.00
Intet Interception

Inlet Type Curb-Opening
LT Length for 100% Inteception (1) 29.82
L Curb-opening tength (ft) 24.00
e Inlet Efficiency 0.947
Qi Intercepted Flow {cfs) 3.410
Qb By-pass Flow {cfs) 0.190

Page 1



VURBAN. TXT

FHWA Urban Drainage Design Program, Hy-22
Drainage of Highway Pavements

Inlets on Sag
bDate: 11/26/2007

Project No. : 06099-01
Project Name.:
Computed by

5522
Inlets on Sag: Curb-Opening Inlet
Roadway and Discharge Data

Cross Slope ... Depression
Sx Pavement Cross Slope (ft/ft} 0.0200
Sw Gutter Cross Slope (ft/frd 0.0200
n Manhning's Coefficient 0.016
W Gutter width (ft) 2.00
a Gutter Depression (inch) 1.00

Intet Interception

Inlet Type *Sag* Curb-opening
T width of Spread (ft) 10.19
L Curb-Opening Length (ft) 4,00
H curb-0pening Height (in) 6.00
d_curb Depth at Curb (ft) G.287
Qi Intercepted Flow (cfs) 1.610

0
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5524

VURBAN, TXT

FHWA Urban Draipage Design Program, Hy-22
brainage of Highway Pavements

Inlets on Sag
Date: 11/26/2007

Project No. 06099-01

Project Name.:
Computed by

Inlets on Sag: cCurb-Opening Inlet

roadway and Discharge Data

Cross Slope L. bepression
Sx Pavement Cross Slope (ft/ft) 020
Sw Gutter Cross Slope (fr/ft) 0.0200
n manning's Coefficient 0.016
w Gutter width (ft) 2.00
a Gutter Depression (inch) 1.00

Inlet Interception

Inlet Type *Sag* Curb-opening
T width of Spread (ft) 12.24
1 curb-Opening Length (ft) 4.00
H Curb-opening Height (in) 6.00
d_curb Dpepth at curb (ft) 0.328
Qi Intercepted Flow (cfs} 2.120

Page 1



VURBAN . TXT

FHWA Urban Drainage Design Program, HKy-22
prainage of Highway Pavements

Intets on Grade
Date: 11/26/20G07

Project No. 06099-01
Project Name.:
Computed by

5526
Inlets on Grade: curb Opening Inlet

Roadway and Discharge Data

Cross Slope unitorm
S Longitudinal Slope (fr/ft) 0.0080
Sx Pavement Crass Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (/o) 0.0200
n  Manning's Coefficient 0.016
w  Gutter width {ft) 2.00
a  Gutter Depression (inch) 1.00
Q@ Discharge (cfs) 5.850
T width of Spread (ft) 14,58

Gutter Flow

E0 Gutter Fiow Ratio 0.325
d Depth of Flow (ft) 0.29
v average velocity (ft/sec) 2.75
Inlet Interception
Inlet Type . Curb-0Opening
LT Length for 100% Inteception (ft) 27.12
L curb-opening Length (ft) 24.00
e Inlet Efficiency 0.980
Qi Intercepted Flow {cfs) 5.730
Qb By-pass Flow (cfs) 0.120
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5827

VURBAN . TXT

FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

tnlets on Grade
Date: 11/26/2007

Project No. 06099-01

Project Name.:
Computed by

Inlets on Grade: curb oOpening Inlet

Roadway and Discharge Data

Cross Slope Uniform
S  Longitudinal S1o?e (fr/ft) 0.0080
S5x Pavement Cross Slope (ft/ft) 0.0200
Sw Gutter Cross Slope (fe/f 0.0200
n Manaing's Coefficient 0.0i6
W Gutter width (Ffr) 2.00
a  Gutter Depression {inch) 1.00
G Discharge (cfs) 0.510
T width ot Spread (ft) 5.85

Gutter Flow
Eo Gutter Flow Ratio 0.672
d  Depth of Flow {ft) ) 0.12
vV Average Velocity (ft/sec) 1.49
Inlet Interception

Inlet Type ] Curb-0Opening
LT Length for 100% Inteception (ft) 7.85
L curb-opening Length (ft) 4,00
e Inlet Efficiency 0.722
Qi Intercepted Flow (cfs) 0.368
Qb By-pass Flow (cfs) 0.142

Page 1




SPLASH PAD CALCULATIONS




CP02 (combined with CP03a) ‘

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATTON

241.00CFS 10.COFT 4.00FT 2.00FT 5.00MIN )
MAX SCOUR LGT MAX SCCUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
42 .SFT 5.3FT 20.1FT 658 .5FT3

MAX DEPTH OCCURS 17.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 5.26
4.4 1.568 1.0 '5.10
8.8 3.94 2.0 4.78 ,
13.2 4.94 3.0 4.10
17.6 5.26 4.0 2.68
21.9 5.05 5.0 1.21
26.3 4.52 6.0 0.47
30.7 3.68 7.0 0.21
35.1 2.63 8.0 0.11
39.5 1.37 9.1 0.05
43.9 0.00 10.1 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== B.32 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO DPREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 36.2FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NORMAL TC THE CULVE RT (L) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 5% PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER :
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF TEE SCOUR HOLE SHOULD BE ;
3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD . :
BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.

IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICEKNESS EQUAL TO 2D50.



CP03.5

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
71.00CFS 4.00FT 2.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
35.3FT 4.7FT 15.2FT 157.2FT3

MAX DEPTH OCCURS 14.1 FT DOWNSTREAM OF THE CULVERT QUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 4.59
3.5 1.50 0.8 4.55
7.1 3.52 1.5 4.27
10.6 4.471 2.3 3.66
14.1 4.69 3.0 2.39
17.7 4.50 3.8 1.08
21.2 4.03 4.6 0.42
24.7 3.28 5.3 0.19
28.3 2.34 6.1 0.08
31.8 1.22 6.8 0.05
35.3 0.00 7.6 0.00

STONE DIAM{D50)} REQUIRED TC PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==> 5.54 INCHES ON A HORIZONTAL BLANKET 2D50 THICK. :

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 26.6FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED I (NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICEKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 55 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT )
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D5C.




EpH

319+50 3 existing ellipses

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
90.30CFS 3.00FT 1.50FT 5.00MIN
MAX SCOUR LG&T MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
52 .4FT : 5.0FT 27.4FT 1027.2FT3

MAX DEPTH OCCURS 20.9 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 5.04
5.2 1.61 1.4 4.89
10.5 3.78 2.7 4.58
15.7 4.74 4.1 3.93
20.5 5.04 5.5 2.57
26.2 4.84 6.9 1.16
31.4 4.33 B.2 0.45
36.6 3.53 9.6 0.2¢
41.9 2.52 11.0 0.10
47.1 1.31 12.3 0.05
52.4 0.00 13.7 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALT TAILWATER CONDITICON
==> 14.8% INCHES ON A HORIZONTAL RLANKET 2D50 THICXK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 52.1FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1({NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO TEE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TQ 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED
BY 38 AND 55 PERCENT IF PREFORMED SCOUR HOLES 0.5 QR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE
3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD
BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

. RAP THICKNESS EQUAL TO 2D50.



CPoS

DISCHARGE CULVERT WIDTH HEIGHT TATLWATER DEPTH DURATION

139.50CFS &.00FT 4.00FT 2.00FT 5.C0OMIN
MAX SCOUR LGT - MAX SCOUR DEPTH MAYX SCOUR WIDTH SCOUR VOLUME
42 .8FT 5.2FT 19.5¥FT 612.8FT3

MAX DEPTH OCCURS 17.1 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH

G.0 0.00 0.0 5.18

4.3 1.66 1.0 5.03

8.6 3.89 1.9 4.72
12.8 4.88 2.9 4.05
17.1 5.19 3.9 2.65
21.4 4.98 4.9 1.18
25.7 4.46 5.8 0.47
29.9 3.63 6.8 0.21
34.2 2.59 7.8 0.10
38.5 1.35 B.8 0.05
42.8 0.00 9.7 0.00

STONE DIAM(D50) REQUIRED TC PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 7.93 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 34, 9FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT TEE CULVERT AND
SHOULD BE FLARED 1 (NWORMAL TO THE CULVE RT CL) OF 2(PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2DS50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SEQULD EE

3 CULVERT DIAMETER LONG. AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HCLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS BQUAL TQ 2D50.



CP07

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATION

763 .00CFS 12.00FT 8.00FT 4 _00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
83.5FT 10.2FT 37.7FT 4583 .4FT3

MA¥ DEPTH OCCURS 33.4 FT DCOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-S5SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CI, DEPTH
0.0 G.C0 0.0 10.24
8.4 3.28 1.9 8.94
16.7 7.68 3.8 9.32
25.1 9.63 5.7 7.99
33.4 10.24 7.5 5.22
41.8 9.83 9.4 2.38
50.1 8.81 11.3 0.92
58.5 7.17 ©13.2 0.41
66.8 5.12 15.1 0.20
75.32 2.66 17.0 0.1¢
83.5 0.00 18.9 0.00

STONE DIAM(D5C) REQUIRED TO PREVENT SCCUR UNDER ALL TAILWATER CONDITION
==> 15.17 INCHES CN A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORTIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 67 .4FT

THE RIPRAP BLANKET SEOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TG THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 55 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREZM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTICNS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CP07.2

DISCHARGE CULVERT DIAM TATILWATER DEPTH DURATION
56.50CFS ' 4.00FT . 2.00FT - 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME

30.0FT 4.3FT 12.3FT 226.2F7T3

MAX DEPTH OCCURS 12.0 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 4.30
3.0 1.38 0.6 4.17
6.0 3.23 1.2 3.92
8.0 4.04 1.9 3.36
12.0 4.30 2.5 2.138
15.0 4.13 3.1 0.99
18.0 3.70 3.7 G.39
21.90 3.01 4.3 0.17
24 .0 2.15 4.9 0.09
27.0 1.12 5.6 0.04
3C.0 0.00 6.2 0.0¢C

STONE DIBM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 4.0% INCHES CON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORTZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 21.2F7

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 5% PERCENT IF PREFORMED SCOUR HOLES 0.5-0OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCQUR HOLE SHOQULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCQUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHCOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CP07.4

DISCHARGE CULVERT WIDTH HEIGHT TATLWATER DEPTH DURATION 1

244 . 00CFS 10.00FT 4.00FT 2.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
44 .3FT 5.3FT 20.3FT 675.0FT3

MAX DEPTH OCCURE 17.7 FT DOWNSTREAM OF THE CULVERT CUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 5.28
4.4 1.69 1.0 5.12
8.9 3.98 2.0 4.81
13.3 4.97 3.1 4.12
17.7 5.28 4.1 2.69
22.1 5.07 5.1 1.21
26.6 4.54 6.1 0.48
31.0 3.70 7.1 0.21
35.4 2.64 8.1 0.11
3s.8 1.37 9.2 .05
44.3 0.00 10.2 0.00

STONE DIAM(DE0)} REQUIRED TO PREVENT SCOUR UNDER ALT, TATILWATER CONDITION
==> 8.46 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 36.6FT

)
THE RIPRAFP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TQ THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 535 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V 1T0 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TOC 2D50.



CP07.6 NOERTH

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
19.00CFS 3.00FT 1.50FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH 5COUR VOLUME
17.3FT 2.8F7 6.6FT 45.5FT3

MAX DEPTH OCCURS 6.9 FT DOWNSTREAM OF THE CULVERT OUTLET

SCCUR PROFILE ECOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH

0.0 G.0C0 0.0 2.81

1.7 0.90 0.3 2.72 )

3.5 2.11 0.7 2.56

5.2 2.64 1.0 2.19

6.9 2.81 1.3 1.43

8.7 2.70 1.6 0.65

10.4 2.42 2.0 .25

1z2.1 1.87 2.3 0.11

13.8 1.40 2.6 G.06

15.86 Q.73 3.0 0.03

17.3 .00 3.3 .00

STONE DIAM(D50) REQUIRED 'T0O PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 1.87 INCHES ON A HORIZONTAUL BLANKET 2D50 THICK.

LENGTH OF HORTIZONTAL STONE PROTECTION BLANKET EEQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 11.0F7

THE EIPRAFP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT_CL) ON 2 (PARALLEL TQ THE CULVERT
CENTERLINE AND BAVE A THICKNESS EQUAL TQ 2D50.

IF THE COMPUTED STCNE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HCGLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICENESS EQUAL TO 2D50.



CP07.6 SOUTH

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATTION
49.00C¥Fs 3.00FT 1.50FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCCUR WIDTH SCOUR VOLUME
33.9FT 4087 15.7FT 302.5F7T3

MAX DEPTH OCCURS 13.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTE
LENGTH DEPTH DIET FROM CL DEPTH
0.0 0.00 0.0 4.01
3.4 1.28 0.8 3.89
6.8 3.00 1.6 3.65
10.2 3.77 2.4 3.13
13.6 4£.01 3.1 2.04
17.0 3.85 3.9 0.92
20.4 3.45 4.7 0.36
23.7 2.80 5.5 0.1&
27.1 2.00 6.3 0.08
30.5 1.04 7.1 0.04
33.9 0.00 7.8 0.00

STONE DIAM{D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==3 6.6%1 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITICNS = 28.3FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
- SHOULD BE FLARED 1{NORMAL TO THE CULVE RT CL) ON 2 {PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

TF THE COMPUTED STONE SIZE (P50} IS NOT REALISTIC, IT CAN BE REDUCED
BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
' DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE
3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD
BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP
RAP THICKNESS EQUAL TO 2D5C.



CPC7.8

DISCHARGE CULVERT DIAM TATILWATER DEPTH DURATION
59.50CFs 4.00FT 2.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTE MAX SCOUR WIDTE SCOUR VOLUME
31.2FT 4.4FT 12.9FT 250.9FT3

MAX DEPTH OCCURS 12.5 FT DOWNSTREAM COF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 4.32
3.1 1.40 0.6 4.26
6.2 3.29 1.3 3.98
9.3 4.12 1.5 3.42
12.5 4.39 2.6 2.24
15.6 4.27 3.2 1.01
18.7 3.77 3.9 0.39
21.8 3.07 4.5 0.18
24.9 2.15 5.2 Q.09
28.0 1.14 5.8 0.04
31.2 0.00 6.5 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 4 .38 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTE OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATILWATER CONDITIONS = 22.3FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICEKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 52 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CQULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR BOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.

IT SHOULD HAVE 1V TO 3H SIDE SLOPES TN ALL DIRECTIONS AND HAVE A RIP
RAP THEICKNESS EQUAL TO 2D50.

i
:
i




CPOSA

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
67.00CFS 4.00FT 2.00FT 5.00MIN-
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
33.9F7 4 .6FT 14.4FT 318.1FT3

MAX DEPTH OCCURS 13.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 4.59
3.4 1.47 0.7 4.45
6.8 3.44 1.4 4,17
10.2 4.31 2.2 3.58
13.6 4.59 2.8 2.34
16.9 4.40 3.6 1.06
20.3 3.94 4.3 0.4%1
23.7 3.21 5.0 0.18
27.1% 2.29 5.8 0.09
30.5 i.18 6.5 Q.05
33.9 0.00 7.2 0.0C0

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITTON
== 5.13 INCHES ON A HORIZONTAL BLANKET 2050 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUTIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 25.1FT

THE RIPRAP BLANKHET SHOULD BE 2 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOQT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THEE BOTTOM OF THE SCOUGR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CPp12

DISCHARGE CULVERT WIDTH ERIGHT TAILWATER DEPTH DURATION

363.00CFS 10.00FT 6.00FT 3.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
57 .2FT 7.3FT 25.2FT ' 1493 .9FT3

MAX DEPTH OCCURS 22.9 FT DOWNSTREAM OF THE CULVERT OUTLET

S5COUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 7.32
5.7 2.34 1.3 7.10
11.4 5.49 2.5 6.66
17.1 6.88 3.8 5.71
22.9 7.32 5.0 3.73
28.6 7.03 6.3 1.68
34.3 6.30 7.5 0.66
40.0 5.12 8.8 0.29
45.7 3.66 . 10.1 .15
51l.4 1.80 11.3 0.07
57.2 0.00 12.6 G.00

STONE DIAM(D5Q) REQUIRED TO PREVENT SCCUR UNDER ALL TAILWATER CONDITION
== 9.59 INCHES ON A HORIZOWNTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TC PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 44 .5FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULL BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HCLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TC 3H SIDE SLOPES IN ALL DIRECTICONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CP 3

477+60 Cross-Drainage

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
57.00CFS 3.00FT 1.50FT 5.C00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
37.8FT 4.2FT 18.0FT 409.3FT3

MAX DEPTH OCCURS 15.1 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH

0.0 0.00 0.0 4.24
3.8 1.36 0.9 4.11
7.6 3.18 1.8 3.86
11.3 3.99 2.7 3.31
15.1 4.24 3.6 2.16
18.9 4.07 4.5 0.98
22.7 3.65 5.4 0.28
26.4 2.97 6.3 0.17
30.2 2.12 7.2 0.08
34.0 1.10 8.1 0.04
37.8 0.00 9.0 0.00

STONE DIAM(D50) REQUIRED TQ PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 8.08 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

S LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
. UNDER ALL TAILWATER CONDITIONS =  32.9FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIERMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TOQ THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 5% PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
1T SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNHESS EQUAL. TO 2D50.



Cpl4

DISCHARGE CULVERT DIAM .TAILWATER DEPTH DURATICON
44 .50CFS ' 3.00FT 1.50FT 5.0CMIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUM=E
31.7FT 3.5FT 14 .4FT 249 ,4FT3

MAX DEPTH OCCURS 12.7 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT ATILOC MAX DEPTH

LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 3.86
3.2 1.24 0.7 3.75
6.3 2.90 1.4 3.52
9.5 3.63 2.2 3.01

12.7 3.86 2.9 1.97

15.8 3.71 3.6 0.89

19.0 3.32 4.3 0.35

22.2 2.71 5.0 0.15

25.3 1.93 5.7 0.08

28.5 1.00 6.5 0.04

31.7 0.00 7.2 0.00

STONE DIAM(D5C) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==> 5.81 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO DPREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 25.7FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOUL.D BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 {PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICEKNESS EQUATL TO 2DGQ.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT TF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DCOWNSTREAM FROM THE CULVERT EXIT
PORTAL: FOR SCOUR HOLE DEPTE OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHQULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CP15 EXISTING FOR NORTH CROSSTNG

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
28.00CFS5 2.50FT 1.25FT 5.00MIN
MAYX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
26.3FT : 3.2FT 11.9FT 142 .2FT3

MAX DEPTH OCCURS 10.5 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 3.21
2.6 1.03 0.6 3.11
5.3 2.41 1.2 2.82
7.9 3.02 1.8 2.50
10.5 3.21 2.4 i.64
13.1 3.08 3.0 0.74
15.8 2.76 3.6 0.29
18.4 2.25 4.2 0.13
21.0 1.61 4.8 0.06
23.6 0.83 5.3 0.03
26.3 0.00 5.9 0.00

STONE DIAM({(D50} REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 4.79 INCHES ON A HORIZONTAL BLANKET 2D5C THICK.

LENGTH OF HORTZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 21.3FT

THE RIPREAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NCEMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 55 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH CF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTTONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CP15 EXISITING FOR SOUTH CROSSING

DISCEARGE CULVERT DIAM TAILWATER DEPTH DURATION

14 .00CF8 2.00FT 1.0CFT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
1S.1FT 2.4FT 8.4FT 55.6FT3

MAX DEPTH OCCURS 7.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 ¢.00 0.0 2.44
1.9 0.78 0.4 2.37
3.8 1.83 0.8 2.22
5.7 2.30 1.3 1.90
7.6 2.44 1.7 1.25
9.5 2.34 2.1 0.56
11.4 2.10 2.5 0.22
13.4 1.71 2.9 0.10
15.3 1.22 3.4 0.05
17.2 0.63 3.8 0.02
19.1 0.00 4.2 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 3.20 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 14.8FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D5O0.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CP1lé6

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATICN
56.00CFS 4.,00FT 2.00FT 1.0C0MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
24 .4FT 3.78T 9.6FT 121.5FT3

MAX DEPTH OCCURS 9.8 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 3.65
2.4 1.17 0.5 3.54
4.9 2.74 1.0 3.32
7.3 3.43 1.4 2.85
9.8 3.65 1.9 1l.86
12.2 3.51 2.4 0.84
14.6 3.14 2.9 0.33
17.1 2.56 3.4 0.15
19.5 1.83 3.8 0.07
22.0 0.95 4.3 0.04
24 .4 0.00 4.8 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 4.04 INCEES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 21 .0FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF TEE CCMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WTDE AND SHOULD .

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FCR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TG 2D50.



cp17  Peopoxo Wtk Qeoinee @ Pocematd

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
19.00CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTE SCOUR VCLUME
23.7FT 2.7FT 11.1FT 102 .3FT3

MAX DEPTH GCCURS 8.5 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DERTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 2,74
2.4 0.88 0.6 2.66
4.7 2.05 1.1 2.49
7.1 2.57 1.7 2.14
9.5 2.74 2.2 1.40
11.9 2.63 2.8 0.63
14.2 2.35 3.3 0.25
16.6 1.92 3.9 0.11
19.0 1.37 4.4 0.05
21.3 0.71 5.0 0.03
23.7 0.00 5.6 0.00

STONE DIAM(D50} REQUIRED TC PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 4.81 INCHES ON A HCRTZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTTION BLANKET REQUIRED TC PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 20.2F7T

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFCORMED SCOUR ECLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE RBROTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




Cp17

DISCHARGE CULVERT WIDTH HEIGHT A TAILWATER DEPTH DURATION

124 .00CFS 10.00FT 4.00FT 2.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
37.6FT 4 .8FT 16.5FT 426 .7FT3

MAX DEPTH OCCURS 15.0 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAY DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
6.0 0.00 0.0 4.85
3.8 1.55 0.8 4.70
7.5 3.64 1.6 4.41
11.3 4.56 2.5 3.78
15.0 4.85 3.3 2.47
18.8 4.65 4.1 1.11
22.6 4.17 4.9 0.44
26.3 3.39 5.8 0.1¢
30.1% 2.42 6.6 0.10
33.9 1.26 7.4 0.05
37.6 0.00 8.2 0.00

STONE DIAM{D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITTON
== 6.24 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 22.1FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (B50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0¢ CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCCUR HOLE SHOULD BE

3 CULVERT DIAMETER LONC AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH CF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RADP THICKNESS EQUAL TO 2BD50.



CP1s

DISCHARGE CULVERT WIDTH HEIGHT TATLWATER DEPTH DURATION

235.00CF38 10.00FT 4.007T 2.00FT 5.00MIN
MaX SCOUR LGT MAX SCOUR DEPTH MAX SCCUR WIDTH SCOUR VOLUME
43.1FT ) 5.2FT 18.7FT 626.1FT3

MAX DEPTH OCCURS 17.2 FT DOWNSTREAM OF THE CULVERT CUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEFPTH DIST ¥ROM CL DEPTH
0.0 0.00 0.0 5.21
4.3 1.67 1.0 5.05
8.6 3.91 2.0 4.74
12.9 4.90 2.9 4.06
17.2 5.21 3.9 2.66
21.6 5.00 4.9 1.20
25.89 4.48 5.9 0.47
30.2 3.65 6.9 0.21
34.5 2.60 7.9 0.10
38.8 1.35 8.8 0.05
43.1 -0.00 9.8 0.00

- STONE DIAM(DS50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 8.05 INCHES ON A HORIZONTAL BLANXET 2D50 THICK.

LENGTH OF HORTZONTAIL STONE PRCTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 35.2FT

THE RIPRAFP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STCNE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HCLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FEOM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AWND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CPL9

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATION

281 .50CFS 10.00FT 5.00FT 2.50FT - 5.00MIN
MAYX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
48.3FT 6.1FT 21.3FT 898 .4FT3

MAX DEPTH OCCURS 19.3 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 6.0 6.14
4.8 1.87 i.1 5.96
9.7 4.61 2.1 5.58
i4.5 5.78 3.2 4.79
12.3 6.14 4.3 3.13
24 .1 5.90 5.3 1.41
22.0 5.28 6.4 0.55
33.8 4.30 7.5 0.25
38.6 3.07 8.5 0.12
43.5 1.60 9.6 0.06
48.3 0.00 10.7 0.00

STONE DIAM(D50} REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==3 8.20 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTHE OF HORTZONTAL STONE PROTECTION BLANKET REQUIRED TC PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 37.8FT

THE RIPRAFP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL}) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICENESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50} IS NOT REALTSTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCQOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.

IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP
RAP THICEKNESS EQUAL TO 2D5C.



I3a

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATTION

5.00CFS 20.00FT O.50FT 0.2Z5FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH 5COUR VOLUME
2.0FT 0.4FT 0.7FT 0.1FT3

MAX DEPTH OCCURS 0.8 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTE DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.38
0.2 0.12 6.0 0.37
0.4 0.2% 0.1 0.35
0.6 0.36 0.1 0.30
0.8 0.38 ¢.1 0.19
1.0 0.37 0.2 0.09
1.2 0.33 G.2 0.03
1.4 0.27 6.2 0.02
1.6 0.1% 0.3 0.01
1.8 0.10 G.3 0.0¢
2.0 0.00 0.3 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 0.15 INCHES ON A HORIZONTAL BLANKET 2DS50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTICN BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 1.1FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAT, TQ 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN.BE REDUCED

BY 38 AND 52 PERCENT IF PEEFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM CF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF (6.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




I3b

DISCHARGE CULVERT WIDTH HEIGHT . TAILWATER DEPTH DURATION

4.00CFS8 20.0C0FT O.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
1.7FT 0.4FT 0.5FT 0.0FT3

MAX DEPTH OCCURS 0.7 FT DOWNSTREAM OF THE CULVERT CUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FRCOM CL DEPTH
0.0 0.00 0.0 0.35
0.2 0.11 0.0 0.34
0.3 0.26 0.1 0.32
0.5 0.33 0.1 0.27
0.7 0.35 0.1 0.18
0.8 0.34 0.1 0.08
1.0 0.30 0.2 0.03
1.2 0.25 0.2 0.01
1.3 0.18 0.2 0.01
1.5 0.09 0.2 0.00
1.7 0.00 0.3 0.00

STONE DIAM(DS0) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
==> 0.11 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = C.8FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHCULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICEKNESS EQUAL TO 2D5O0.




Is

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATION

9.00CFS 32.00FT 0.50FT 0.25FT 5.00MIN
% MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME

' 2.1FT 0.4FT 0.7FT 0.1FT3

MAX DEPTH OCCURS 0.9 FT DOWNSTREAM OF THE CULVERT OUTLET

é SCOUR PROFILE S5COUR X-SECT AT LOC MAX DEPTH

: LENGTH DEPTH DIST FROM CL DEPTH
c.o 0.00 0.0 0.40
0.2 0.13 0.0 G.39
0.4 0.30 0.1 0.36
0.6 0.37 0.1 0.32
0.9 0.40 0.1 c.20
1.1 0.38 0.2 0.09
1.3 0.34 0.2 0.04
1.5 0.28 0.3 0.02
1.7 0.2¢ 0.3 0.01
1.8 0.16 0.3 0.00
2.1 0.0C 0.4 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.18 INCHES ON A HORIZONTAL BLAWNKET 2D50 THICK.

% LENGTE OF HCORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
5 : UNDER ALL TAILWATER CONDITICNS = 1L.2F7

THE RIPRAP BLANKET SHCULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 {(NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 CR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.¢ CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TC 2D50.



I%a

DISCHARGE CULVERT WIDTH HETGHT .TAILWATER DEPTH DURATION

5,00CFS ) 28.00FT 0Q.50FT 0.25FT 5. COMIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
1.5FT 0.3FT 0.bBFT 0.0FT3

MAX DEPTH OCCURS 0.6 FT DOWNSTREAM OF THE CULVERT QUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.34
0.2 0.11 0.0 0.33
0.3 0.25 0.0 0.31
0.5 0.32 0.1 0.26
0.6 0.34 0.1 0.17
0.8 0.32 0.1 0.08
0.9 0.29 0.1 0.03
1.1 0.24 0.2 0.01
1.2 0.17 0.2 6.01
1.4 0.03 0.2 0.00
1.5 0.00 0.2 0.00

STONE DIAM(D50} REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.10 INCHES ON A HORIZONTAL BLANKET 2D50 TEICK.

LENGTE OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 0.8FT

THE RTPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TC THE CULVE RT CL) ON 2 (PARALLEL TQ THE CULVERT
CENTERLINE AND HAVE A THICENESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCCUR HOLES ©¢.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AWD 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICEKNESS EQUAL TO 2D50.




I9b

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATION

3.00CFS 4.00FT O0.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
4 .3FT C.6FT 1.BFT C.6FT3

MAX DEPTH OCCURS 1.7 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.58
0.4 0.18 0.1 0.56
0.9 0.43 0.2 0.52
1.3 0.54 0.3 0.45
1.7 0.58 0.4 0.29
2.1 0.55 0.5 0.13
2.6 0.50 0.5 0.05
3.0 G.40 0.6 0.02
3.4 0.29 0.7 0.01
3.8 0.15 0.8 0.01
4.3 0.00 0.9 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.65 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATILWATER CONDITIONS = 3.2FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SBEOULD BE FLARED 1(NORMAL TC THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2DL0.

IF THE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM CF THE SCOUR BOLE SHOULD BERE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 BND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
I'T SHOULD HAVE 1V TO 3H SIDE SLOPES TN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



I12a

DISCHARGE CULVERT WIDTH HETGHT TAILWATER DEPTH DURATION

4.00CF3 24 .00FT O.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
1.5FT 0.3FT 0.5FT 0.0FT3

MAX DEPTH OCCURS 0.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X~-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.33
0.1 0.10 0.0 0.32
0.3 0.25 0.0 0.30
0.4 0.31 0.1 0.26
0.6 0.33 0.1 0.17
0.7 0.31 0.1 6.08
0.9 0.28 0.1 ¢.03
1.0 0.23 0.2 0.01
1.2 0.16 0.2 0.01
1.3 0.09 0.2 G.00
1.5 0.00 0.2 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALY, TAILWATER CONDITION
==> 0.05 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TC PREVENT SCOUR
UNDER ALL TATILWATER CONDITIONS = 0.7FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WTID £ AT THE CULVERT AND
SHOULD BE FLARED 1{NORMAL TO THE CULVE RT CL) ON 2 {PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 52 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCQOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.

IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP
RAP THICEKNESS EQUAL TO 2ZD50.




Ii2b

DISCHARGE CULVERT WIDTH HETIGHT TATLWATER DEPTH DURATION

106.00CFS 12.00FT O0.S5CGFT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTE S5COUR VCOLUME
4.6FT 0.6FT 2.0FT 0.8FT3

MAX DEPTH OCCURS 1.8 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTHE DEPTH DIST FRCM CL DEPTH
0.0 0.00 0.0 0.60
Q.5 G.19 0.1 0.58
0.9 0.45 0.2 0.55
1.4 0.56 0.3 0.47
1.8 0.60 0.4 0.31
2.3 6.58 0.5 0.14
2.8 0.52 0.6 0.05
3.2 .42 0.7 0.02
3.7 0.30 0.8 0.01
4.1 0.16 0.9 0.01
4.6 0.00 1.0 0.00

STCONE DIAM (D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==3> 0.75 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORTIZONTAL STONE PROTECTION BLANKET REQUTRED TO PREVENT SCOUR
UNDER ALL TATLWATER CCNDITIONS = 3.5FT

THE RIPRAP BLAWNKET SHCOULD BE 3 CULVERT DIAMETERS WID E AT THEE CULVERT AND
SHCULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR S5COUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



Iis

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATION

12.00CFS 12.00FT O0.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH S5COUR VOLUME
5.2FT 0.6FT 2.4FT 1.31FT3

MAX DEPTH OCCURS 2.1 FT DOWNSTREAM CF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.64
0.5 0.21 0.1 0.62
1.0 0.48 0.2 0.58
1.6 0.60 0.4 0.50
2.1 0.64 0.5 0.33
2.6 0.62 0.6 0.15
3.1 0.55 0.7 0.06
3.7 0.45 0.8 0.03
4.2 0.32 0.9 0.01
4.7 0.17 1.7 0.01
5.2 0.00 1.2 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCQOUR UNDER ALL TAILWATER CONDITION
ma > 0.%¢ INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 4.2FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2DS5O0.

IF TEE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HCLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HCLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD EAVE 1V TC 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




IZ23a

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATION

4 .00CFS 4.00FT O.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
5.2FT 0.6FT 2.4FT 1.1FT3

MAX DEPTH OCCURS 2.1 FT DOWNSTREAM OF THE CULVERT QUTLET

SCOUR PRCFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH LIST FRCM CL DEPTH
0.0 0.00 0.0 0.64
0.5 0.21 0.1 0.62
i.0 0.48 0.2 0.58
1.6 0.60 0.4 0.50
2.1 0.64 0.5 0.33
2.6 0.62 0.6 0.15
3.1 0.55 0.7 0.06
3.7 0.45 0.8 0.03
4.2 0.32 0.9 0.01
4.7 0.37 1.1 0.01
5.2 G.00 1.2 0.00

STONE DPIAM (D50} REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 0.96 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAITLWATER CONDITIONS = 4.2FT

THE RTPRA? BLANKET SHOULD BE 3 CULVERT DIAMBTERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT. CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50 IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTCM OF THE SCOUR HOLE SHOULD EBE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DTAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLCOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




I26c

DISCHARGE CULVERT WIDTH HEIGHT TATLWATER DEPTH DURATION

2.00CF5 12.00FT 0O.50FT 0.25FT 5. 00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
1.5FT 0.3FT 0.5FT 0.0FT3

MAX DEPTE OCCURS 0.& FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH  DEPTH DIST FROM CL DEPTE

0.0 0.G0 0.0 0.33

0.1 0.10 0.0 0.32

0.3 0.25 0.0 0.30 !

0.4 0.31 0.1 0.26

0.6 0.33 0.1 0.17

0.7 0.31 0.1 0.08

c.9 0.28 0.1 0.03

1.0 0.23 0.2 0.01

1.2 0.16 0.2 0.01

1.3 06.09 0.2 0.00

1.5 0.00 0.2 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.02 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TCO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 0.7FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 5SS PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0. CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF ©¢.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICEKNESS EQUAL TO 2D5C.



I23c

DISCHARGE CULVERT WIDTH HEIGHT TATLWATER DEPTH DURATION

9.00CFS 8.00FT 0.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH S5CCOUR VOLUME
5.7FT 0.7FT 2.6FT 1.4FT3

MAX DEPTH CCCURS 2.3 FT DOWNSTREAM OF THE CULVERT CUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.57
0.6 0.21 0.1 0.65
1.1 0.50 0.3 0.61
1.7 0.63 0.4 0.52
2.3 0.67 0.5 0.34
2.9 0.64 0.7 0.15
3.4 0.58 0.8 0.06
4.0 0.47 0.9 0.03
4.6 0.34 1.1 0.01
5.1 0.17 1.2 0.0l
5.7 0.00 1.3 0.00

STONE DIAM{DS50) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 1.12 INCHES ON A HORIZONTAL BLANKET 2D50 THICK. '

LENGTH OF HORIZONTAIL STONE PROTECTION BLANKET REQUTRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 4.8FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED I (NCRMAL TC THE CULVE RT CL) ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS8 NOT REALISTIC, TIT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES C.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.

IT SHOULD HAVE 1V  TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP
RAP THICKNESS EQUAL TO 2D50.



I26a

DISCHARGE CULVERT WIDTH HEIGHT TATILWATER DEPTH DURATION

5.00CF8 24 .00FT O0O.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAYX SCOUR WIDTH SCOUR VOLUME
1.7FT 0.4FT 0.6FT 0.0FT3

MAYX DEPTH OCCURS 0.7 FT DOWNSTREAM OF THE CULVERT QUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 .00 0.0 0.36
0.2 0.11 0.0 0.35
0.3 0.27 0.1 0.32
g.5 0.34 0.1 0.28
0.7 .36 0.1 0.18
6.9 0.34 0.1 0.08
1.0 0.31 0.2 0.03
1.2 0.25 0.2 0.01
1.4 0.18 0.2 ¢.01
1.5 0.09 0.3 0.00
1.7 0.00 0.3 0.00

STCNE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.12 INCHES ON A HORIZONTAL BLANKET 2D5C THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 0.9FT

THE RTPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SEOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE CCMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THEE BOTTOM OF THE SCOUR HOLE SHOULD EBE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXTT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TOC 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2Dh0.




1551

DISCHARGE CULVERT WIDTH HETGHT TATLWATER DEPTH DURATION

4.00CFS 12.00FT 0.50FT G.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH 5COUR VOLUME
2.4FT 0.4FT 0.9FT 0.1FT3

MAX DEPTHE OCCURS 1.0 FT DOWNSTREAM CF THE CULVERT OUTLET

S5COUR PROFILLE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.43
0.2 0.14 0.0 0.41
0.5 0.32 0.1 0.39
0.7 0.40 0.1 0.33
1.0 .43 0.2 0.22
1.2 0.47% 0.2 0.10
1.4 0.37 0.3 0.04
1.7 0.30 0.3 0.02
1.9 0.21 0.3 0.01
2.2 0.1l 0.4 0.00
2.4 0.00 0.4 0.00

STONE DIAM{D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.22 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 1.4FT

THE RIPRAFP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 {PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

I¥ THE COMPUTED STONE SIZE (D50) IS8 NOT REALISTIC, IT CAN BRE REDUCED

BY 38 AND 5% PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM CF THE SCOUR HCLE SEOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH COF (6.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICEKNESS EQUAL TO 2D50.




I583

DISCHARGE CULVERT WIDTH HEIGHT TAILWATER DEPTH DURATION

3.00CFS 8.00FT O©.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
2.6FT 0.4FT 1.0FT 0.2FT3

MAX DEPTH OCCURS 1.0 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 0.44
c.3 0.14 0.0 0.43
0.5 0.33 0.1 0.40
G.8 0.42 0.1 0.35
1.0 0.44 0.2 0.23
1.3 0.43 0.2 0.10
1.6 0.38 0.3 0.04
1.8 0.31 0.3 0.02
2.1 0.22 0.4 0.01
2.4 0.12 0.4 0.00
2.6 0.00 0.5 0.00

STONE DIAM(D50) REQUIRED T¢ PREVENT SCOUR UNDER ALL TAIILWATER CONDITION
==> 0.26 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATILWATER CONDITIONS = 1.6FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1{(NORMAL TCO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES ©¢.5 OR 1.0 CULVERT DIAMETER
DEEP, .RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES TN ALT DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



IS322

DISCHARGE CULVERT WIDTH HEIGHT TATILWATER DEPTH DURATICN

2.00CFS 4.00FT O0.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCCUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
3.2FT 0.5FT 1.3FT 0.3FT3

MAX DEPTH OCCURS 1.3 ¥T DOWNSTREAM OF THE CULVERT OUTLET

S5COUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 6.489
0.3 0.16 0.1 0.48
0.6 0.37 0.1 0.45
1.0 06.47 0.2 0.39
1.3 0.49 0.3 0.25
1.6 0.48 0.3 6.11
1.9 0.43 0.4 06.04
2.2 0.35 0.4 0.02
2.6 0.25 0.5 0.01
2.9 0.13 0.6 0.00
3.2 0.00 0.6 0.00

STONE DIAM{(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==> 0.38 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 2.1FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 {(NCRMAT. TC THE CULVE RT CL) ON 2{PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

T¥ THE COMPUTED STONE SIZE (D50) IS8 NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHQULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCCUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



I5524

DISCHARGE CULVERT WIDTH HETGHT TATILWATER DEPTH DURATION

2.00CFS8 4.00FT O.50FT 0.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
3.2FT 0.5FT 1.3FT C.3FT3

MAX DEPTH OCCURS 1.3 FT DOWNSTREAM OF THE CULVERT QOUTLET

SCOUR PROFILE S5COUR X-~S8ECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FRCM CL DEPTH
0.0 0.00 0.0 G.49
0.3 0.16 0.1 0.48
0.6 0.37 0.1 0.45
1.0 0.47 0.2 0.39
1.3 0.49 6.3 0.25
1.6 0.48 0.3 0.11
1.9 0.43 0.4 0.04
2.2 0.35 G.4 0.02
2.6 0.25 0.5 0.01
2.9 0.13 0.6 0.00C
3.2 0.00 0.6 6.00C

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==> 0.38 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 2.1¥7T

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID B AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFCRMED SCOUR HOLES 0¢.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF 'THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




Storm Drain System 2 (CP 3b)

: DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION

96 . 00CFS 4.00FT 2.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOILUME
43 .7FT 5.2FT 20.0FT 653.0FT3

MAX DEPTH OCCURS 17.5 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 5.25
4.4 1.568 1.0 5.09
8.7 3.94 2.0 4.78
13.1 4.93 3.0 4.02
17.5 5.25 4.0 2.68
21.9 5.04 5.0 1.21
26.2 4.51 6.0 0.47
30.6 3.67 7.0 0.21
35.0 2.62 8.0 0.10
39.4 1.36 9.0 0.05
43.7 0.00 10.0 0.00

STONE DIAM(D5CG} REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
mz= > 8.28 TNCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 36.0FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TQ THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TQ 2D50.

IF THE CCOMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT TF PREFORMED SCOUR HOLES 0.5 OR 1.0 (CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE .

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V  TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



289+00 Stormdrain System

DISCHARGE CULVERT DIAM TATLWATER DEPTEH DURATION
100.00CFS 4 .00FT 2.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
45, 0FT 5.3FT 20.8FT 708.6FT3

MAX DEPTH OCCURS 18.0 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-B8ECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 5.33
4.5 1.71 1.0 5.17
9.0 4.00 2.1 4 .85
13.5 5.01 3.1 4.16
18.0 5.33 4.2 2.72
22.5 5.12 5.2 1.23
29.0 4.58 6.2 0.48
31.5 3.73 7.3 0.21
36.0 2.67 8.3 0.1%
40.5 1.39 9.4 0.05
45.0 0.00 10.4 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALI, TAILWATER CONDITION
== 8.74 TINCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PRCTECTICON BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 37.5FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO YHE CULVE RT CL} ON 2 {PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE {D50}) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF (.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
TIT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RADP THICKNESS EQUAL TO 2D50.



CBla system

DISCHARGE CULVERT DIAM  TAILWATER DEDTH DURATION
3.72CF8 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
7.4FT 1.5F7 2.5FT 3.9¥FT3

MAX DEPTH CCCURS 3.0 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE ECOUR X-8SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.489
0.7 0.48 0.1 1.44
1.5 1.1 0.2 1.35
2.2 1.40 0.4 1.16
3.0 1.49 0.5 0.76
3.7 1.43 0.6 0.34
4.5 1.28 0.7 0.13
5.2 1.04 0.9 0.06
6.0 0.74 1.0 0.03
6.7 0.39 1.1 0.01
7.4 0.00 1.2 0.090

STONE DIAM(DS0) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.55 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CCNDITIONS = 3.9FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF TBE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 52 PERCENT IF PREFORMED SCOUR EOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TC 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CBlb System

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
3.060CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
6.4FT 1.4FT 2.1F7 2.6FT3

MAX DEPTH OCCURS 2.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PRCFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
6.0 .00 0.0 1.37
0.6 0.44 0.1 1.33
1.3 1.03 0.2 1.25
1.9 1.29 0.3 1.07
2.6 1.37 0.4 0.70
3.2 1.32 0.5 0.32
3.8 1.18 0.6 0.12
4.5 0.%96 0.7 0.05
5.1 0.69 0.8 0.03
5.8 0.36 0.9 0.01
S & 000 T ——g - —

STONE DIAMI(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.41 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 3.2FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STCNE SIZE (D5C) IS NOT REALTISTIC, IT CAN BE REDUCED

BY 38 AND 592 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FCOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H STDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TC 2D50.



CB4 system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
8.039CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
12.9FT 2.0FT 5.1FT 18.5FT3

MaAX DEPTH OCCURS 5.2 FT DOWNSTREAM OF THE CULVERT OUTLET

S5COUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.9%
1.3 0.64 0.3 1.93
2.6 1.49 0.5 1.81
3.9 1.87 G.8 1.55
5.2 1.99 1.0 1.01
6.5 1.91 1.3 0.46
7.8 1.71 1.5 0.18
9.0 1.39 1.8 0.08
10.3 0.99 2.0 0.04
11.6 0.52 2.3 Q.02
12.9 0.00 2.5 0.00

STONE DIAM({D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 1.54 INCHES ON A HORIZONTAL BLANXET 2D50 THICK.

LENGTH OF HORTZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATILWATER CONDITIONS = B.6FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WiD E AT THE CULVERT AND
SHOULD BE FLARED 1{NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 52 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CB7a system

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
6.16CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
10.7FT 1.8FT 4.0FT 10.8FT3

§ MAX DEPTE OCCURS 4.3 FT DOWNSTREAM OF THE CULVERT CQUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.79
1.1 0.57 0.2 1.74
2.1 1.35 0.4 1.62
3.2 1.69 0.6 1.40
4.3 1.79 0.8 0.92
5.3 1.72 1.0 0.41
6.4 1.54 1.2 0.16
7.5 1.26 1.4 0.07
8.5 0.96 1.6 0.04
9.6 0.47 1.8 0.02
10.7 0.00 2.0 0.00

STONE DTAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION

mo 1.08 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

UNDER ALL TAITLWATER CONDITIONS = 6.5FT

LENGTH OF HORIZONTAL STONE PROTECTION EBLANKET REQUIRED TO PREVENT SCOUR

: THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
% SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO TEE CULVERT

CENTERLINE AND HAVE A THICENESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS8 NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 53 PERCENT IF PREFCRMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER

DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE
3 CULVERT DTAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHQULD
BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.

IT SHEOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP
RAP THICKNESS EQUAL TO 2D50.



CB7b system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
4.88CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
9.0FT 1.6FT 3.2FT 6.7FT3

MAX DEPTH OCCURS 3.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.64
0.9 0.53 0.2 1.60
1.8 1.23 0.3 1.50
2.7 1.55 0.5 1.28
3.6 1.64 0.6 0.84
4.5 1.58 0.8 0.38
5.4 1.41 1.0 0.15
6.3 1.15 1.1 0.67
7.2 0.82 1.3 0.03
8.1 0.43 1.4 0.02
2.0 0.00 1.6 Q.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.79 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 5.2FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STCNE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PHERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 6.5 AND 1.0 CULVERT DYAMETERS, RESPECTIVELY.

IT SHCULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP
RAP THICKNESS EQUAL TO 2D50.



CBlOA SYSTEM

DISCHARGE CULVERT DIAM TATLWATERE DEPTH DURATION
5.12CF3 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAYX. SCOUR WIDTH SCOUR VOLUME
S.3FT 1.7FT 3.3FT 7.4FT3

MAX DEPTH OCCURS 3.7 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.060 0.0 1.67
6.2 0.54 0.2 1.62
1.9 1.26 0.3 1.52
2.8 1.57 0.5 1.31
3.7 1.67 Q.7 0.85
4.7 1.61 0.8 0.39
5.6 1.44 1.0 0.15
6.5 1.17 1.2 0.07
7.5 0.84 1.3 0.03
8.4 0.44 1.5 0.02
2.3 0.00 1.7 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
=== 0.84 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 5.4FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50,

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR BOLES 0.5 QR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE )

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CB10B SYSTEM

DISCHARGE CULVERT DIAM TATLWATER DEDPTH DURATION
9.46CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAYX SCOUR DEPTH MAX SCOUR WIDTH  SCOUR VOLUME
14 .4FT C2.1FT 5.9FT 25.4FT3

MAX DEPTH OCCURS 5.8 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CIL: DEPTH
0.0 G.00 0.0 2.11
1.4 . 0.67 0.3 2.04
2.9 1.58 0.6 1.92
4.3 1.98 0.9 1.64
5.8 2.11 1.2 1.08
7.2 2.02 1.5 0.48
8.7 i.81 1.8 0.19
10.1 1.48 2.1 0.08
11.86 1.05 2.3 0.04
13.0 G.55 2.6 0.02
14.4 0.00 2.9 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 1.90 INCHES ON A HCRIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 10.0FT

THEE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SEQULD BE FLARED 1 (NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TCO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TOC 2D50.

IF THE COMPUTED STCONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 5% PERCENT T¥ PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHQULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DCWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SEOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CB13 system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
11.36CFS 2.00FT 1.C0FT 5. 00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
16 .5FT 2.3FT 6.9FT 36.6FT3

MAX DEPTH OCCURS 6.6 FT DOWNSTREAM OF THE CULVERT OQUTLET

SCOUR PRCFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
G.0 0.00 0.0 2.26
1.6 0.72 0.3 2.19
3.3 1.639 0.7 2.05
4.9 2.12 1.0 1.76
6.6 2.26 1.4 1.15
8.2 2.17 1.7 6.52
9.9 1.94 2.1 0.20
11.5 1.58 2.4 0.09
13.2 1.13 2.8 0.05
14.8 0.59 3.1 0.02
16.5 0.00 3.5 0.00

STONE DIAM (D50} REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITLON
== 2.43 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORTZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 12.0FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1{NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THEE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, TIT CAN. BE REDUCED

BY 38 AND 59 FERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HCOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SROULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CB21la system

DISCHARGE CULVERT DIAM .TAILWATER DEPTH DURATION
1.63CFS8 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAYX SCOUR WIDTH SCOUR VOLUME
4 .1FT 1.1ipT 1.2FT 0.8FT3

MAX DEPTH CCCURS 1.7 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.09
0.4 Q.35 0.1 1.06
0.8 0.82 0.1 0.99
1.2 1.02 0.2 0.85
1.7 1.09 0.2 0.56
2.1 1.05 0.3 0.235
2.5 0.54 G.4 0.10
2.9 0.76 0.4 0.04
3.3 0.55 0.5 0.02
3.7 0.28 0.5 0.01
4.1 0.00 0.6 0.00

STONE DIAM{D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.18 INCHES ON A HORIZONTAL BLANKET 2D5C THICK.

LENGTH OF HORIZONTAL STONE PROTECTICN BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAITWATER CONDITIONS = 1.7FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHCULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO TEE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 20D50.

TF¥ THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT TF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHCULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
I'T SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CB21lb system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
9.29CF5 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
14 .3FT 2.1FT 5.8FT 24 . 5¥FT3

MAX DEPTH OCCURS 5.7 BT DOWNSTREAM OF THE CULVERT OQUTLET

SCOUR PROFILE S5COUR X-8SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 2.08
1.4 0.67 0.3 2.03
2.9 1.57 0.6 1.91
4.3 1.97 0.9 1.63
5.7 2.08 1.2 1.07
7.1 2.01 1.4 0.48
8.6 1.80 1.7 0.19
10.0 1.47 2.0 0.08
11.4 1.05 2.3 0.04
12.8 0.54 2.6 0.02
14.3 0.00 2.9 0.00

STONE DIAM(D50) REQUIRED TC PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 1.86 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAIL STONE PROTECTION BLANKET REQUIRED TQ PREVENT SCCOUR
UNDER ALL TATLWATER CONDITIONS = 9.9FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFCRMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEF, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH CF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V T0O 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CB21lc system

DISCHARGE CULVERT DIAM TAXLWATER DEPTH DURATION
4.84CFS 2.00FT 1.C00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTE SCOUR VOLUME
9.0FT 1.6FT 3.2FT 6.6FT3

MAX DEPTH OCCURS 3.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.64
0.9 0.52 0.2 1.59
1.8 1.23 0.3 1.48
2.7 1.54 0.5 1.28
3.6 1.64 0.6 0.84
4.5 1.57 0.8 0.38
5.4 1.41 1.0 0.15
6.3 1.15 1.1 0.07
7.2 0.82 1.3 0.03
8.1 0.43 1.4 0.02
9.0 0.00 l.6 0.00

STONE DIAM(DS0) REQUIRED TC PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.78 INCHES ON A HBORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDEE ALL TATILWATER CONDITIONS = 5.1FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TC THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

I'F THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 53 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR S5COUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CB23b system

DISCHARGE CULVERT DIAM TAILWATER DEPTE DURATION
10.52CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH 5COUR VOLUME
15.6FT 2.2FT 6.5FT 31.4FT3

MAX DEPTH OCCURS 6.2 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-S5ECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 2.19
1.6 0.70 0.3 2.13
3.1 1.65 0.6 2.00
4.7 2.06 1.0 1.7%
6.2 2.19 1.3 1.12
7.8 2.11 1.6 0.50
2.3 1.89 1.9 0.20
10.9 1.54 2.3 0.09
12.5 1.10 2.6 0.04
14.0 0.57 2.9 0.02
15.6 0.00 3.2 0.00

STONE DIAM({D50) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 2.19 INCHES ON A HORIZONTAL BLANKET 2D5C THILCK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 11.2FT

THE RTPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TQO THE CULVERT
CENTERLINE AND HAVE A THBICKNESS EQUAL TO 2D50.

IF THE CCMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 5% PERCENT IF PREFCORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR BOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGTIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FRCOM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3E SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TC 2D50.




CB24a system

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION

5.60CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
10.0FT 1.7FT 3.6FT 8.9FT3

MaX DEPTH OCCURS 4.0 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 ' .0 1.73
1.0 0.55 6.2 1.68
2.0 1.30 0.4 1.58
3.0 1.63 0.5 1.35
4.0 1.73 0.7 0.88
5.0 1l.66 0.9 0.40
6.0 1.49 1.1 0.16
7.0 1.21 1.3 0.07
8.0 0.87 1.5 0.03
9.0 .45 1.6 0.02
10.0 0.00 1.8 G.00

STONE DIAM(D5C) REQUIRED TO PREVENT SCOUR UNDER ALL TATLWATER CONDITION
== 0.95 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 5.9FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1{NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN RE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETHR
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAIL: FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TC 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RID

RAP THICEKNESS EQUAL TO 2D50.



CB24b system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
33.17CFs ) 4.00FT 2.00FT 5.00MIN
MAX SCCUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCCOUR VOLUME
20.6FT 3.5FT 7.6FT 78.0FT3

MAX DEPTH OCCURS 8.2 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 3.52
2.1 1.13 0.4 3.42
4.1 2.64 0.8 3.21
6.2 3.31 1.1 2.75
8.2 3.52 1.5 1.80
10.3 3.38 1.9 0.81
12.3 3.03 2.3 0.32
14 .4 2.47 2.7 0.14
16.5 1.76 3.0 0.07
18.5 0.92 3.4 0.04
20.6 0.00 3.8 0.00

STONE DIAM(D50) REQUIRED TC PREVENT SCOUR UNDER ALIL TAILWATER CONDITION
== 2.01 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATILWATER CONDITIONS = 12.4FT

THE RTPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THEE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFCRMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM CF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM 'THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICEKNESS EQUAL TO 2D5G.




CB24c system

DISCHARGE CULVERT DIAM .TAILWATER DEPTH DURATION
2.83CF5 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTE SCOUR VOLUME
&.1FT 1.3FT 1.9FT 2.3FT3

MAX DEPTH OCCURS 2.5 FT DOWNSTREAM CF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.0¢0 0.0 1.34
0.6 0.43 0.1 1.30
1.2 1.01 0.2 1.22
1.8 1.26 0.3 1.05
2.5 1.24 0.4 0.68
3.1 1.29 0.5 0.31
3.7 1.15 0.6 0.12
4.3 0.94 0.7 0.05
4.9 0.67 0.8 0.03
5.5 0.35 0.9 0.01
6.1 0.0C 1.0 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
=z 0.38 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANWNKET REQUTRED TC¢ PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 3.0FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NORMAL TO THE CULVE RT (L) ON 2 {(PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2DSO0.

IF THE COMPUTED STONE SIZE {(D5¢) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHCULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TC 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CB29b system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
29.49CF5 2.50FT 1.25FT 5.00MIN
MAEX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
27.2FT 3.3FT 12.5FT 157.8FT3

MAX DEPTH OCCURS 1¢.% FT DOWNSTREAM OF THE CULVERT OUTLET

S5COUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 3.27
2.7 1.05 0.6 3.18
5.4 2.46 1.2 2.98
8.2 3.08 1.8 2.55
10.9 3.27 2.5 1.67
13.6 3.14 3.1 0.75
16.3 2.82 3.7 0.29
12.1 2.29 4.4 0.13
21.8 1.64 5.0 0.07
24 .5 0.85 5.6 0.03
27.2 0.00 6.2 0.00

STONE DIAM{D50) REQUIRED TG PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 5.14 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 22.4FT

THE RTIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCEDR

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 COR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHQOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL ¥OR S5COUR HOLE DEFTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CB32a system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
2.68CFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCCUR DEPTH MAX SCOUR WIDTH SCOUR VCLUME
5.9FT 1.3FT 1.9FT 2.0FT3

MAX DEPTH OCCURS 2.4 FT DOWNSTREAM CF TEE CULVERT OUTLET

SCOUR PROFILE S5COUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL BEPTH
0.0 0.00 0.0 1.31
0.6 0.42 0.1 1.27
1.2 0.99 0.2 1.20
1.8 1.23 0.3 1.02
2.4 1.31 0.4 0.67
2.9 1.26 0.5 0.30
3.5 1.13 0.6 0.12
4.1 Q.92 0.6 0.05
4.7 0.66 0.7 0.03
5.3 0.34 0.8 0.01
5.9 0.00 0.9 0.00

STONE DIAM(D50) REQUIRED TC PREVENT SCOUR UNDER ALL TATLWATER CONDITICN
== 0.36 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TQ PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 2.8FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NCRMAL TO THE CULVE RT CL) ON 2{PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D5C.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT

PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.

IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP
RAP THICKNWNESS EQUAL TO 2D50.




CB32b system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
3.62CFS5 2.00FT L.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEFPTH MAX SCOUR WIDTH SCOUR VOLUME
7.3PT 1.5FT 2.4FT 3.7FT3

MAX DEPTH CCCURS 2.9 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-BECT AT LOC MAX DEPTH

LENGTH DEPTH bIST FROM CL DEPTH
0.0 0.G0 0.0 1.47
0.7 0.47 0.1 1.43
1.5 1.30 0.2 1.34
2.2 1.38 0.4 1.15
2.9 1.47 0.5 0.75
3.7 1.41 0.6 0.34
4.4 1.26 0.7 0.13
5.1 1.03 6.9 0.06
5.8 Q.74 1.0 0.03
6.6 0.38 1.1 0.01
7.3 0.00 1.2 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.53 INCHES ON A HORIZONTAL BLANEKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 3.8FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO ZD50.

IF THE COMPUTED STONE SIZE {D5C) IS8 NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT TF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHGULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DCWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICENESS EQUAL TO 2D50.



CB34b system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
; 2.20CF5S 2.00FT 1.00FT 5. 00MIN
5 MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUGR VOLUME
5.1FT 1.2¥7 1.5FT 1.4FT3

MAX DEPTH OCCURS 2.1 T DOWNSTREAM OF THE CULVERT QUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTE  DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.22
0.5 0.39 0.1 1.18
1.0 0.91 0.2 1.11
1.5 1.15 0.2 0.95
2.1 1.22 0.3 0.62
2.6 1.17 0.4 0.28
3.1 1.05 0.5 0.11
3.6 0.85 0.5 0.05
4.1 0.61 0.6 0.02
4.6 0.32 0.7 0.01
5.1 0.00 0.8 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==> 0.27 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITICNS = 2.3FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WIl E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TC TEHE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 5% PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIRMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHQULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICEKNESS EQUAL TO 2D50.



CRB35b system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATTION
5.84CFS 2.00FT 1.0CFT 5. 00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
10.3FT 1.8FT 3.8FT 9.7FT3

MAX DEPTH OCCURS 4.1 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.76
1.6 0.56 0.2 1.71
2.1 1.32 0.4 1.60
3.1 1.65 0.6 1.37
4.1 1.76 0.8 0.90
5.1 1.69 0.9 0.40
6.2 1.51 1.1 0.16
7.2 1.23 1.3 0.07
8.2 .88 1.5 0.04
9.2 0.46 1.7 0.02
10.3 0.00 1.9 0.00

STONE DIAM({D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
==> 1.00 INCHES ON A HORIZONTAL BLANKET 2D5C THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 6.2FT

THE RIPRAP BLANKET SHOULD BE 32 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 {NORMAL TO THE CULVE RT. CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFCORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 2.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTICNS AND HAVE 4 RIP

RAP THICEKNESS EQUAL TO 2DL0.



CB35¢ systems

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATICHN

12.88BCFS 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUMEH
18.0FT 2.4FT 7.8BFT 47 .0FT3

MAX DEPTH OCCURS 7.2 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 G.00 0.0 2.37
1.8 0.76 0.4 2.30
3.6 1.78 0.8 2.15
5.4 2.22 1.2 1.85
7.2 2.37 1.6 1.21
g.0 2.27 1.9 0.54
10.8 2.04 2.3 0.21
12.6 1.66 2.7 ¢.09
14.4 1.18 3.1 G.05
16.2 0.62 3.5 6.02
18.0 0.00 3.9 c.o¢

STONE DIAM(D50} REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
e 2.87 INCHES ON A HORIZONTAIL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ATL TALILWATER CONDITIONS = 13.7FT

THE RIPREAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NCRMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE &4 THICEKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE (D50) IS8 NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V T¢ 3H SIDE SLCPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICENESS EQUAL TO 2D50.




CB35d system

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
10.39CFS 2.00FT 1.0CFT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTE MAX SCOUERE WIDTH SCOUR VOLUME
15.,4FT 2.2FT 6.4FT 30.6FT3

MAX DEPTH OCCURS 6.2 FT DOWNSTREAM OF THE CULVERT OUTLET

S5COUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH - DIST FROM CL DEPTH
0.0 0.00 0.0 2.18
1.5 0.70 0.3 2.1z2
3.1 1.64 0.6 1.89
4.6 2.05 1.0 1.70
6.2 2.18 1.3 1.11
) 2.10 1.6 0.50
9.3 1.88 1.9 0.20
10.8 1.53 2.2 0.09
12.4 1.09 2.6 0.04
13.¢ 0.57 2.9 0.02
15.4 0.00 3.2 0.00

STONE DIAM{D50) REQUIRED TC PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 2.15 TINCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTHE OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 11.0FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICEKNESS EQUAL TO 2D5J0.

TF THE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCQOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TOC 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.




CB35e system

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION
10.17CF8 2.C0FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
15.2FT 2.2FT 6.3FT 25.3FT3

MAX DEPTH OCCURS 6.1 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FRCM CL DEPTH
0.0 0.00 0.0 2.17
1.5 0.69 0.3 2.10
3.0 1.862 0.6 1.97
4.6 2.04 0.9 1.69
6.1 2.17 1.3 1.10
7.6 2.08 1.6 0.50
9.1 1.86 1.9 0.19
10.6 1.52 2.2 0.09
12.2 1.08 2.5 0.04
13.7 0.56 2.8 0.0z
15.2 0.00 3.1 0.00

STONE DIAM(DS50) REQUIRED TO PREVENT SCQUR UNDER ALL TAILWATER CONDITION
== 2.09 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER. ALL TAILWATER CONDITIONS = 1¢.8FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1{NORMAL TO THE CULVE RT CL) ON 2 {PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TOC 2D50.

IF THE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 595 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HOLE DEPTH OF ¢.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TC 2D50. -




CB40b system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
28.78CFS 2.50FT 1.25FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
26 .8FT 3.2FT 12.2FT 150.2FT3

MAX DEPTH OCCURS 10.7 FT DOWNSTREAM OF THE CULVERT OQUTLET

S5COUR PROFILE SCOUR X-SECT AT LCC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 3.24
2.7 1.04 0.6 3.15
H.4 2.43 1.2 2.95
8.0 3.05 1.8 2.53
10.7 3.24 2.4 1.65
13.4 3.11 3.0 0.75
16.1 2.7%9 3.7 6.25
18.7 2.27 4.3 0.13
21.4 1.62 4.9 06.06
24 .1 0.84 ‘5.5 0.03
26.8 0.00 6.1 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALI, TAILWATER CONDITION
== 4.97 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TCO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 21.8FT

THE RIPRAF BLANKET SHOULD BE 2 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50C.

IF THE COMPUTED STONE SIZE (D5C) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD RBE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HCLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.



CB404d systems

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATION

8.40CF53 2.00FT 1.00FT 5.00MIN
MAX SCOUE LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
13.3FT 2.0FT 5.3FT 20.0FT3

MAX DEPTH OCCURS 5.3 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FRCM CL DEPTH
0.0 Q.00 0.0 2.02
1.3 0.65 0.3 1.96
2.7 1.51 0.5 1.83
4.0 1.90 0.8 1.57
5.3 2.02 1.1 1.03
6.6 1.94 1.3 0.46
8.0 1.73 1.6 0.18
9.3 1.41 1.8 6.08
10.6 1.01 2.1 0.04
11.9 0.52 2.4 0.02
13.3 Q.00 2.6 6.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 1.62 INCHES ON A HORIZONTAL BLANKET 2D5¢ THICK.

LENGTE OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TAILWATER CONDITIONS = 8.SFT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NORMAL TO THE CULVE RT CL} ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEF, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXTT
PORTAL FOR SCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD IAVE 1V TO 3H SIDE SLCPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TOC 2D50.




CB40e system

DISCHARGE CULVERT DIAM TATLWATER DEPTH DURATICN
4.30CF3 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCCUR DEPTH MAX SCOUR WIDTH S5COUR VOLUME
8.3FT 1.6FT 2.9FT 5.2FT3

MAX DEPTH OCCURS 3.3 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 c.0 1.57
0.8 0.50 c.1 1.52
1.7 1.18 0.3 1.43
2.5 1.47 0.4 1.22
3.3 1.57 0.6 0.80
4.1 1.51 0.7 0.36
5.0 1.35 0.9 0.14
5.8 1.10 1.0 0.06
6.6 0.78 1.1 0.03
7.4 0.41 1.3 0.02
8.3 0.00 1.4 0.00

STONE DIAM{D50) REQUIRED TO EREVENT SCOUR UNDER ALL TAILWATER CONDITION
== ¢.67 INCHES ON A HORTIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATLWATER CONDITIONS = 4.6FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
i SHOULD BE FLARED 1 (NORMAL TQ THE CULVE RT CL} ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A TEICKNESS EQUAL TO 2D50.

IF THE CCMPUTED STONE SIZE (D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAZMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DCOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR SCOUR HCLE DEPTH OF ¢.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUATL TO 2D50.



8312 system

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
3.08CF3 2.00FT 1.00FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
&.5FT 1.4¥FT 2.1FT 2.7FT3

MAX DEPTH OCCURS 2.6 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-SECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.28
0.7 0.44 0.1 1.324
1.3 1.04 0.2 1.26
2.0 1.30 0.3 1.08
2.6 1.38 0.4 0.71
3.3 1.33 0.5 0.32
3.9 1.19 0.6 0.12
4.6 0.87 0.7 0.06e
5.2 0.69 0.8 0.03
5.8 0.36 0.9 0.01
6.5 0.00 1.1 0.00

STONE DIAM{D50} REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.43 INCHES ON A HORIZONTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STCNE PROTECTION BLANKET REQUIRED TO PREVENT SCOUR
UNDER ALL TATILWATER CONDITIONS = 3.3FT

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1 (NORMAL TC THE CULVE RT CL) ON 2 (PARALLEL TC THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TC 2D50.

IF THE COMPUTED STONE SIZE (D50} IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHCOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAT. FOR SCQUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTICNS AND HAVE A RIP

RAP THICKNESS EQUAL TC 2D50.




Stormdrain S815

DISCHARGE CULVERT DIAM TAILWATER DEPTH DURATION
5.03CFS 2.00FT 1.C0FT 5.00MIN
MAX SCOUR LGT MAX SCOUR DEPTH MAX SCOUR WIDTH SCOUR VOLUME
9.2FT 1.7FT 3.3FT 7.2FT3

MAX DEPTH OCCURS 3.7 FT DOWNSTREAM OF THE CULVERT OUTLET

SCOUR PROFILE SCOUR X-S5ECT AT LOC MAX DEPTH
LENGTH DEPTH DIST FROM CL DEPTH
0.0 0.00 0.0 1.66
0.9 0.53 0.2 1.61
1.8 1.25 0.3 1.51
2.8 1.56 0.5 1.30
3.7 1.66 0.7 0.85
4.6 1.60 0.8 0.38
5.5 1.43 1.0 0.15
6.5 1.16 1.2 0.07
7.4 0.83 1.3 0.03
8.3 0G.43 1.5 0.02
9.2 G.00 1.6 0.00

STONE DIAM(D50) REQUIRED TO PREVENT SCOUR UNDER ALL TAILWATER CONDITION
== 0.82 INCHES ON A HORIZOWNTAL BLANKET 2D50 THICK.

LENGTH OF HORIZONTAL STONE PROTECTION BLANKET REQUIRED TO PREVENT SCCOUR
UNDER ALL TAITLWATER CONDITIONS = 5.3FT.

THE RIPRAP BLANKET SHOULD BE 3 CULVERT DIAMETERS WID E AT THE CULVERT AND
SHOULD BE FLARED 1(NORMAL TO THE CULVE RT CL) ON 2 (PARALLEL TO THE CULVERT
CENTERLINE AND HAVE A THICKNESS EQUAL TO 2D50.

IF THE COMPUTED STONE SIZE {D50) IS NOT REALISTIC, IT CAN BE REDUCED

BY 38 AND 59 PERCENT IF PREFORMED SCOUR HOLES 0.5 OR 1.0 CULVERT DIAMETER
DEEP, RESPECTIVELY, ARE USED. THE BOTTOM OF THE SCOUR HOLE SHOULD BE

3 CULVERT DIAMETER LONG AND 2 CULVERT DIAMETERS WIDE AND SHOULD

BEGIN 1.5 AND 3.0 CULVERT DIAMETERS DOWNSTREAM FROM THE CULVERT EXIT
PORTAL FOR ZCOUR HOLE DEPTH OF 0.5 AND 1.0 CULVERT DIAMETERS, RESPECTIVELY.
IT SHOULD HAVE 1V TO 3H SIDE SLOPES IN ALL DIRECTIONS AND HAVE A RIP

RAP THICKNESS EQUAL TO 2D50.
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M R L A ProjectName:  Houghton Road

¥ % O M A 5 Project Nomber #: 0609901 Made by _ DB Date 1210007
Reference: COT SMBDOFM Checked By Date
GRATED INLET DESIGN
General Equations
Wier Orifice
_ 32,4 -1 _ 12 -1
O=C,LHE""C, Q =C,dH Y7 C,
where where
L = Length of Opening {ft) A = Hffective Area
Cp = Weir Coefficient Cs = OQrifice Cocfficient
Cy = Clogging Factor Cy = Clopging Factor
H = Height of Opening (ff} H = Depthof ponding
Q = 100-year Peak Discharge (cfs) Q = 100-year Peak Discharge (cfs)
l Flow Ponding Depth=H

_— 2.7 e

Flow Flow
For ADOT TB1.2 Type Grates
Bar Spacing = 2 in
No. Bars = 16
Tatal Openings = 17 '
Effective Area = 4.65 ft¥/Grate
Effective Horizontal Opening = 2,83 ft
One Row Hdge Length
Tgate= 0.0
Zprates= 157
3prates= 21.3
4prates = 27.0
Spates= 326
Gprates= 383
Tgmtes =  44.0
Sprates = 49.6
Gprates = 553
10 grates = 60,9
11 grates=  66.6
1Zgrates = 72.3
13 prafes = 77.9
Y4 prates = 835
15 prates = 882
logrates= 94.9
17 grates = 100.6
18 grates = 108.2
19 grates= 111,89
20 grates = 117.5
Solution
For CP 10
Weir Orifice
Qe = 30 ofs Quw = 30
Cp = 30 Cs = 535
Ce = 15 = 15
H= 2 #f H = 2
L = 5 ft A = 59476
One grate provides 10-feet of opening Ons grate provides 4.7 f* of opening
To accovnt for cloggingwse 1 -grates To account for clogginguse 2 -grates
2 -grates governs
Bolution
ForCP 11
Weir Orifice
Quo = 49 cfs Qo = 49
Cp = 30 Cs = 535
Ce = 15 = 15
H = 2 i H = 2
L =9 ft A = 07145
Ons grate provides 10-feet of opening One grate provides 4.7 fi¥ of opening
To account for clogginguse 1 -gratfes To account for cloggingse 3 -grates
3 -grates gaveins
Solution
For CP 29B and 31B
Woeir Orifice
Qu = 30 ofs Qw = 30
Cp = 30 Cg = 535
Cg = 15 Cp = 15
H= 2 f H= 2
L = 5 it A = 58478
One grate provides 10-feet of opening One prate provides 4.7 ft* of opening
To aceount for clogginguse 1 -grates To account for clogginguse 2 -grates

% -graies governs



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet 10 S above storm ¢
Flow Element Trapezoidal Chann
Method Manning's Formulz
Solve For Channel Bepth
Input Data

Mannings Coeffic 0.035
Channet Slope 005000 ft/ft
Left Side Slope 200 H:V
Right Side Slope 2.00 H:V

Bottom Width 4.00 ft
Discharge 30.00 cfs
Results

Depth 147
Flow Area 10.2 ft*
Wetted Perime 10.58 ft
Top Width 9.89 ft
Critical Depth 1.01 ft
Critical Slope  0.021143 /it
Velocity 2.83 fi/s

Velacity Head 0.13 ft
Specific Enarg 1.61 f
Froude Numix 0.51
Flow Type  Subcritical

Project Engineer: Chris Rod
g\ Ahydrauliciehanneis\roadside swales _v2.fm2 McGovern, MacVittie L.odge & Assoclates Flowiaster v7.0 [7.0005]
11/24/07 12:04:03 P © Haestad Methods, lne. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



- Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet 11 S above storm «

Flow Element Trapezaidal Chann

Method Manning's Farmula

! Solve For Channel Depth
input Data

Mannings Ceeffic 0.035
Channel Slope 005000 ft/ft
Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V

Bottom Width 4.00 ft
Discharge 49.00 cfs ,
Results

Depth 1.88 it

Flow Area 14.6 7

Wetted Perimi 12.43 i

Top Width 11.54 it

Critical Depth 133 ft

Critical Slope 0.018804 fi/it

Velocity 3.35 fis

‘Velocity Head 017 ft

Specific Energ 2.06 fi

Froude Numb« 0.52

Flow Type  Subcritical

Project Enginear: Chris Rod
g\ hydraulicichannels\rcadside swales_v2.fm2 McGovern, MacViitie Lodge & Associates FlowMaster v7.0 [7.0005]
112107 11:62:20 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755.1665 Page 1 of 1



P S @ M A S - Costa Mesa Denver Phoenix PRiverside PRoseville Sacramento

714/751-7373 720/453-2520 802/222-8260 851/787-8421 916/758-8122 G16/929-7100

Sait Lake City San Diego Santa Clarita Tucson West Los Angelos

BO1/220-57727 858/576-9200 561/219-8600 520/282-2300 310/954-3700
Job No. Sheet of Prepared by {Jate
Project Name Reviewed by Date
Title WA No,
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