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March 29, 1999

Flood Control District of Maricopa County
2801 West Durango Street
Phoenix, AZ 85009

Atn:  Mr. R.W. Shobe, P.E.

Re:  Northern/Orangewood Storm Drain Project
Contract FCD 94-12 Phase I
Orangewood Avenue Storm Drain, Sub-Phase “C"
WP #94153.06

Dear Mr. Shobe:

We are pleased to submit this data package in conjunction with the Final plan submittal for the
referenced project. The package includes:

« Original Mylars - Signed and Sealed - 1 set (under separate cover)

» Drainage Report - 12 sets (under separate cover)

+ Construction Drawing Diskettes - | set (under separate cover)

« Construction General Conditions and Special - | set (under separate cover)
Provisions

» Structural Design Calculations - 6 sets (under separate cover)

» Correspondence - 1 set (under separate cover)

+ 90% Comments and Responses -1 set

» 1/2 Size Plans - 2 sets

« Bid Tabs and Engineering Estimate - 2 sets

The 90% review comments are incorporated into this submittal. The 90% review comments
and responses are included under separate cover.

On your behalf, Wood/Patel will make a separate submittal to the Cities of Glendale and
Peoria.

Wood, Parel & Associates, Inc. * 1350 Easc Missouri, Suite 203, Phoenix. Arizona 85014 * {602) 234-1344 = Fax {602) 234-1322
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It is anticipated that subsequent to this project, the basins will be converted from strictly storm
water detention facilities into multi-use facilities. At that time, the project should be posted
for the flood warning signage to alert the public. In addition, the project should address
American Disabilities Act (ADA) requirements.

Wood/Patel is available for a final review meeting, if deemed necessary. You may want to
inform the appropriate agencies (e.g., City of Glendale, ADOT, etc, About the review
response deadlines as well as the meeting.
Please feel free to call if you have any questions.
Sincerely,
WOOD, PATEL & ASSOCIATES, INC.
{! j
y’jﬂ*ﬂ‘/ ( / j B, i

Ashok C. Patel, P.E., R.L.S.
Principal

ACP/asc

Gy Dan Sherwood P.E., City of Glendale
Burt Charron P.E., City of Peoria

REPORT\94153.06-sub-phase-c-letter--Mar-25
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This Summary has been compiled to document significant matters relating to the design of the Final plan
for the Flood Control District of Maricopa County (District) Contract FCD 94-12 Phase II, Orangewood
Avenue Storm Drain, Sub-Phase “C”.

o Hyvdrologv/Hyvdraulics Development:

Runoff used for the design of the storm drains is based on the 10-year, 6-hour storm event as
developed and previously approved in the Northern/Orangewood Storm Drain Project
Concept/Routing Study by Wood, Patel & Associates, Inc., dated March 14, 1996. The HEC-1
model and schematic were slightly revised based on 30% review comments and were included in
(Appendix I) of the 60% report.

Storm drain hydraulic grade lines were computed using the StormCAD Version 1.5 software
program. A schematic of the StormCAD file and the output file of the hydraulic data is included
in this document (Appendix I) and on the enclosed diskette.

The proposed storm drain will outfall into the proposed 72" storm drain lateral in 83" Avenue
immediately north of Glendale Avenue. This lateral is proposed as part of Phase “B” of the
Northern/Orangewood Storm Drain project. Sub-Phase “B” is currently under construction.

- Utilities:

Utilities shown on the Final plan are derived from utility maps obtained from the companies and
from field surveys locating any visible surface facilities/appurtenances and pothole data.

The Final plans are being distributed to the affected utilities for their review. The following is a
list of utilities that will be supplied with plans:

AT&T US West

MCI Cox Cable

Southwest Gas SRVWUA

Santa Fe Pacific Pipeline City of Glendale, Water and Sewer

El Paso Natural Gas SRP Electric

APS Burlington, Northern and Santa Fe Railroad

The summary of potholing performed by for this project have been previously supplied to the
FCDMC.

. Right-of-Way:

For the most part, the proposed storm drain alignment for this phase lies within existing right-of-
way. However, there are several locations along Orangewood Avenue where additional
Temporary Construction Easements (TCE) will be required to accommodate construction and
temporary paving for traffic control. Several permanent storm drain easements will be required
on the south side of Orangewood Avenue between 79" Avenue and 75" Avenue for the storm drain
laterals. Furthermore, along 65" Avenue alignment from Orangewood Avenue to Frier Drive
alignment from 65" Avenue to Grand Avenue a temporary construction easement as well as a
permanent storm drain easement will be required. The FCDMC Land and Right-of-Way Division
is in the process of preparing the documents for these easements. Wood/Patel prepared the initial
submittal forms requesting permission from Burlington Northern and Santa Fe (BNSF) Railroad
to construct storm drains under their railroad at 65" Avenue alignment and Grand Avenue and at
65" Avenue and Northern Avenue. The FCDMC has completed and submitted the Application
and Fee and is awaiting the permit.

WOOD/PATEL Page 1 Design Documentation Summary



. Survey:

The survey performed by Wood/Patel was based upon information provided by the City of
Glendale. The survey is based on the City of Glendale Datum and ties into the control for Phase
ISBH'

. Soils:

Ricker-Atkinson-McBee & Associates, Inc., Geotechnical Subconsultant for this project,
completed a soils investigation for this phase in July 1998 (R.A.M. Project No. G10522, Report
No. 3). Five sets of this report were included as part of the 30%submittal package.

. Partnering:

Due to the many agencies and consultants involved in the Northern/Orangewood Storm Drain
project, Corporate Advisors were retained to help coordinate partnering workshops among the
parties. The first partnering workshop for Phases “B” and “C” was held on May 11, 1998, at the
offices of the District.

o Schedule:

The original design schedule for the Sub-Phase “C" called for submittal of the Final plan on June
24, 1999. The schedule was revised in August 1998. This schedule called for the Final submittal
on May 14, 1999. The design for this phase has been accelerated again. The FCDMC has
requested project completion by March 1999.

. Final Plan:

The Final plan has been developed per the standards as set forth in the scope of work, input from
the City of Glendale, and on standard Flood Control District of Maricopa County sheets provided
to us by the District.

. Traffic Control

Sub-phase “C” will include the construction of a 60-inch storm drain in Northern Avenue between
the Grand Avenue, 67" Avenue, and Northern Avenue intersection and approximately the 65®
Avenue alignment. A 36-inch storm drain continues from 65" Avenue to 63 Avenue out of the
Northern Avenue roadway, in the East Basin right-of-way. A 60-inch diameter drain will be jacked
under Grand Avenue and the A.T. & S.F. railroad tracks, will turn west and run to the west along
Frier Drive, where it will turn south to Orangewood and then west to 83 Avenue, in varying pipe
sizes.

The storm drain alignment has been positioned so that it minimizes the disruption to traffic using
the Northern, Grand, and 67" Avenue intersection. This alignment transitions the storm drain from
the Northern Avenue median area to the median area of 67" Avenue without the storm drain
actually entering the intersection. Therefore, only traffic on Northern Avenue, 67" Avenue (north
of the intersection) and the rightmost lane (curb lane) of northwest bound Grand Avenue will be
impacted by the storm drain construction.

While construction is occurring in this area, left turns from westbound Northern Avenue and one of
the two westbound through lanes on Northern Avenue will need to be closed. Also, the curb lane
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on northbound 67® Avenue and the curb lane on northwest bound Grand Avenue will need to be
closed to traffic. A uniformed, off-duty police officer will be utilized at this intersection during
construction. Also, ADOT traffic signal personnel will need to be contacted to make adjustments
in traffic signal phasing and timing, particularly during peak hour periods.

The storm drain construction along Northern Avenue will occur in the median area and will require
closing the median. During contractor working hours it will be necessary to close the westbound
and eastbound through traffic lanes adjacent to the median. Access to businesses and other land uses
along Northemn Avenue will be impacted by storm drain construction. In those areas were trenching
1s occurring, pipe is being laid, backfill/temporary pavement is being placed, access driveways and
local streets will need to function with right turns in and right turns out. Left turn in or left turn out
movements will be prohibited.

The section of the storm drain that crosses Grand Avenue and the S.F. & A.T. Railroad right-of-way
will be jacked and will not impact traffic on Grand Avenue.

During the construction of the East and West Basins it will be necessary for the contractor to haul
a significant volume of material out of the basin area. When a destination for the excavated material
has been identified, the contractor will need to establish a haul route plan for review by FCDMC,
the City of Glendale, and other municipalities impacted by the haul. This plan will need to meet
the requirements of these agencies and identify the route to be used, the duration of the haul, and the
hours of the day and days of the week the hauling activities will occur. The plan will define how
the contractor will control mud on the City streets and the type of equipment to be used.

Throughout storm drain construction, two way traffic utilizing one lane will be maintained on
Orangewood providing access to the residences and other land uses. Traffic will need to be
maintained on the south side from 83 Avenue to 75® Avenue, and on the north side from 75
Avenue to 66" Avenue. The pavement width available is not sufficient for two traffic lanes. The
length of the work zone will be limited to a maximum length of 1/4 mile. Access through the work
zone to driveways and side streets will be maintained at all times.

The Orangewood, 67" Avenue intersection is signalized. Installation of the 66-inch diameter pipe
through the intersection will require reducing the number of through lanes that are available to traffic
and prohibiting northbound and southbound left turns during construction periods.

Construction in the Orangewood, 83 Avenue intersection will require a single lane of traffic in
each direction along 83™ Avenue. The contractor will need to prohibit left turns from 83 Avenue
onto Palmaire and Orangewood Avenue.

83 Avenue traffic will be maintained with one lane northbound and one lane southbound, with left
turns prohibited at Palmaire and Orangewood Avenue. The length of the work zone with lane
restrictions on 83 Avenue will be limited to a maximum length of 1/4 mile.

. Cost Estimate:

The opinion of probable construction costs for the project based on Final plans is included under
separate cover.
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NORTHERN/ORANGEWOOD STORM DRAIN PROJECT 3/16/99
Glendale Avenue Storm Drain

Phase Il, Sub-Phase C

Flood Control District of Maricopa County

Hydraulic Summary Table: West Basin to Agua Fria Channel Contract FCD 94-12
PHASE Il
Note: Based on Storm CAD file: w:194153-NorthernOrangewood\Phase Il c\hydraulics\100 percent\Wb100p.stm Sub-phase "C"
: W/P # 94153.06

U/S Node| D/S Node| Pipe |Discharge| Length | Slope | Pipe Size | Manning’s| Velocity | U/S Invert| D/S Invert| U/S NG | D/S NG u/s D/S U/S HGL | D/S HGL | U/S EGL | D/S EGL| HGL to NG| EGL to NG
(cfs) (ft) (ft/ft) n Value (fps) El (ft) El (ft) | Elev (ft)| Elev (ft) | Cover (ft)| Cover (ft)] (ft) (ft) (ft) (ft) (ft) (ft)
I-70 J-59 P-176 49 380 0.004237| 42inch 0.013 5.1 1,113.00 | 1,111.39 |1,129.98|1,128.10| 13.48 13.21 1,126.52| 1,125.62| 1,126.92| 1,126.02 3.46 3.06
J-59 J-58 P-179 49 380 0.004263| 42inch 0.013 5.1 1,111.39 | 1,109.77 |1,128.10|1,127.25] 13.21 13.98 |1,125.60)] 1,124.70] 1,126.00| 1,125.10 2.50 2.10
J-58 J-15 P-180 49 355.81 | 0.004244| 42inch 0.013 5.1 1,109.77 | 1,108.26 | 1,127.25|1,126.70| 13.98 14.94 1,124.68| 1,123.83| 1,125.08| 1,124.24 2:57 217
J-15 J-14c P-6b5 57 186.31 | 0.002201| 42 inch 0.013 5.9 1,108.26 | 1,107.85 |1,126.70|1,126.30| 14.94 1495 |1,123.53|1,122.93| 1,124.08| 1,123.48 3:17 2.62
J-14¢ J-14b P-6b4 57 315 |[0.001841| 42inch 0.013 5.9 1,107.85 | 1,107.27 |1,126.30] 1,125.27| 14.95 14.5 1,122.80| 1,121.79 1,123.34| 1,122.33 3.50 2.96
J-14b J-14a P-6b3 57 200.49 | 0.001845| 48inch 0.013 4.5 1,107.27 | 1,106.90 [1,125.27]|1,124.91 14 14.01 1,121.71] 1,121.39] 1,122.03| 1,121.71 3.56 3.24
J-14a J-56 P-6b2 57 375 |0.001867| 48inch 0.013 4.5 1,106.90 | 1,106.20 |1,124.91{1,124.32] 14.01 1412 [1,121.31]1,120.72] 1,121.63] 1,121.04 3.60 3.28
J-56 J-14 P-6b1 57 361.8 | 0.001852| 48inch 0.013 4.5 1,106.20 | 1,105.53 | 1,124.32|1,124.37| 14.12 1484 |[1,120.70( 1,120.13| 1,121.02] 1,120.45 3.62 3.30
J-14 J-13d P-6a5 81 505.7 | 0.001918| 48inch 0.013 6.4 1,105.53 | 1,104.56 | 1,124.37|1,123.17| 14.84 1461 |[1,119.71|1,118.11) 1,120.36|1,118.75 4.66 4.01
J-13d J-13c P-6a4 81 392.5 |0.001911| 48inch 0.013 6.4 1,104.56 | 1,103.81 |1,123.17|1,122.12] 14.61 1431 |1,118.11]|1,116.86| 1,118.75| 1,117.50 5.06 4.42
J-13c J-13b P-6a3 81 200.09 [ 0.001649| 48inch 0.013 6.4 1,103.81 | 1,103.48 |1,122.12]|1,121.83| 14.31 1435 |1,116.83|1,116.19]| 1,117.47|1,116.84 5.29 4.65
J-13b J-13a P-6a2 81 163.88 | 0.001892| 54 inch 0.013 5.1 1,103.48 | 1,103.17 |1,121.83[1,121.46] 13.85 13.79 |[1,116.17/1,115.89] 1,116.57]1,116.29 5.66 5.26
J-13a J-13 P-6ai 81 116.47 | 0.002576] 60inch 0.013 4.1 1,103.17 | 1,102.87 | 1,121.46]1,121.10] 13.29 13.23 |1,115.88|1,115.77| 1,116.14] 1,116.03 5.58 5.32
J-13 J-12¢ P-5b4 95 188.65 | 0.001802| 60 inch 0.013 4.8 1,102.87 | 1,102.53 |1,121.10{1,120.55] 13.23 13.02 [1,115.67|1,115.42| 1,116.04] 1,115.79 5.43 5.06
J-12¢ J-12b P-5b3 95 200.09 | 0.002249| 48inch 0.013 7.6 1,102.53 | 1,102.08 | 1,120.55|1,120.52| 14.02 14.44 1,115.38] 1,114.50| 1,116.27] 1,115.39 5.17 4.28
J-12b J-12a P-5b2 95 378 |0.002116| 48inch 0.013 7.6 1,102.08 [ 1,101.28 |1,120.52]|1,119.39| 14.44 1411 | 1,114.46|1,112.81] 1,115.35]| 1,113.69 6.06 5.17
J-12a J-12 P-5b1 95 493.00 | 0.00215 | 48inch 0.013 7.6 1,101.28 | 1,100.22 |1,119.39|1,117.37| 14.11 13.15 |1,112.76] 1,110.61f 1,113.55(1,111.49 6.63 5.74
J-12 J-11a P-5a2 124 666.50 | 0.002086| 60 inch 0.013 6.3 1,100.22 | 1,098.83 [1,117.37|1,114.58] 12.15 10.75 1,110.26 | 1,108.75] 1,110.38| 1,109.37 A1 6.49
J-11a J-11 P-5a1 124 654.50 | 0.002093| 66 inch 0.013 5.2 1,098.83 | 1,097.46 |1,114.58]1,114.14] 10.25 11.18 |[1,108.73| 1,107.84| 1,109.16| 1,108.26 5.85 5.42
J-11 J-10B P-4b 158 1,328.00] 0.001898| 66 inch 0.013 6.7 1,097.46 | 1,094.94 |1,114.14|1,111.31] 11.18 10.87 | 1,107.46| 1,104.52| 1,108.15] 1,105.21 6.68 5.99
J-10B J-10 P-4a 158 1322 | 0.001899| 66 inch 0.013 6.7 1,094.94 | 1,092.43 |1,111.31{1,107.16] 10.87 9.23 1,104.49| 1,101.56| 1,105.17| 1,102.25 6.82 6.14
J-10 J-9 P-44b 215 1,298.50| 0.003573| 72 inch 0.013 7.6 1,092.33 | 1,087.69 |1,107.16{1,102.85 8.83 9.16 1,099.89| 1,096.54 | 1,100.79| 1,097.44 .27 6.37
I-53 J-8 P-43e 166 162.8 | 0.003378| 84 inch 0.013 4.3 1,083.45 | 1,082.90 | 1,095.20{ 1,095.00| 4.75 5.1 1,092.82| 1,092.71 1,093.11 1,093.00 2.38 2.09
J-9 J-8 P-44a 219 1346 | 0.003484| 72inch 0.013 £ 1,087.69 | 1,083.00 |1,102.85|1,095.00| 9.16 6 1,096.31 | 1,092.71 | 1,097.24 | 1,093.64 6.54 5.61
J-8 J-7 P-43d 385 1,335.00] 0.003363| 84 inch 0.013 10 1,082.90 | 1,078.41 | 1,095.00( 1,092.40 5.1 6.99 |[1,090.20| 1,085.38| 1,091.76| 1,086.94 4.80 3.24
J-7 J-6a P-43c2 386 644 | 0.003385| 84inch 0.013 10.2 1,078.41 | 1,076.23 | 1,092.40| 1,091.00f 6.99 7.77 | 1,084.97|1,082.98| 1,086.62| 1,084.58 7.43 5.78
J-6a J-6 P43ct 386 684 | 0.003377| 90inch 0.013 9 1,076.23 | 1,073.92 |1,091.00| 1,089.60| 7.27 8.18 |[1,082.91| 1,081.48] 1,084.25]| 1,082.66 8.09 6.75
J-6 J-5 P-43b 392 1327 | 0.003384| 90 inch 0.013 8.9 1,073.92 | 1,069.43 | 1,089.60| 1,084.00| 8.18 7.07 1,081.16| 1,077.78| 1,082.41] 1,079.00 8.44 7.19
J-5 J-4a P-43a2 394 668 | 0.003383] 90inch 0.013 8.9 1,069.43 | 1,067.17 | 1,084.00| 1,080.76| 7.07 6.09 |1,077.47| 1,075.71| 1,078.70| 1,076.95 6.53 5.30
J-4a J-4 P-43ai 394 651.63 [ 0.003376| 90inch 0.013 8.9 1,067.17 | 1,064.97 |1,080.76|1,077.60| 6.09 513 |1,075.65| 1,073.93| 1,076.88] 1,075.17 5.11 3.88
J-4 CS-3a P-42b3 453 48.37 | 0.003515| 90inch 0.013 10.3 1,064.97 | 1,064.80 |1,077.60|1,077.52| 5.13 522 |1,072.87|1,072.70| 1,074.50| 1,074.34 473 3.10
CS-3a J-3a P-42b1 453 620 ]0.003371| 90inch 0.013 11.5 1,064.80 | 1,062.71 |1,077.52|1,076.30|] 5.22 6.09 |1,071.05/ 1,068.94| 1,073.11| 1,071.01 6.47 4.41
J-3a J-3 P-42b1a 453 661.00 [ 0.003389| 96 inch 0.013 10.2 1,062.71 | 1,060.47 |1,076.30| 1,075.00] 5.59 6.53 |[1,068.85|1,067.71] 1,070.71] 1,069.10 7.45+ 5.59
J-3 CS-2a P-42a2 454 . 1264 | 0.003378| 96 inch 0.013 9.5 1,060.47 | 1,056.20 | 1,075.00|1,068.31| 6.53 4.11 1,067.33| 1,064.63| 1,068.85| 1,065.90 7.67 6.15
CS-2a J-2 P-42a1 454 59 0.00339 | 96inch 0.013 9.4 1,056.20 | 1,056.00 | 1,068.31| 1,068.00] 4.11 4 1,063.53 | 1,063.42 | 1,064.90| 1,064.78 4.78 3.41
J-2 J-60 P-41e 485 1105.7 | 0.002406| 102 inch 0.013 10.2 1,056.00 | 1,053.34 | 1,068.00| 1,065.62 3.5 3.78 |[1,062.49| 1,060.10| 1,064.18| 1,061.66 5.51 3.82
J-60 J-1a P-41d 485 204.3 |0.002398| 102 inch 0.013 10.1 1,053.34 | 1,052.85 |1,065.62| 1,065.62| 3.78 427 11,060.02] 1,059.61] 1,061.52| 1,061.17 5.60 4.00
J-1a J-1 P-41c 486 88.25 | 0.00238 | 102 inch 0.013 10.1 1,052.85 | 1,052.64 |1,065.62]| 1,066.00] 4.27 4.86 1,059.53 | 1,059.34 | 1,061.13| 1,060.94 6.09 4.49
J-1 ADOT Stuff P-41b 486 139.4 [ 0.004591| 102 inch 0.013 10.2 1,052.64 | 1,052.00 | 1,066.00]| 1,066.00| 4.86 55 1,058.99 | 1,058.97 | 1,060.76| 1,060.45 7.01 5.24

ADOT StullOutlet P-41a 486 12.76 |0.004702| 102 inch 0.013 12.7 1,052.00 | 1,051.94 | 1,066.00| 1,066.00 55 5.56 1,057.53 | 1,057.29| 1,059.93| 1,059.88 8.47 6.07 .

w184 153-NorthemOrangewocd\Phase lic\spreadsheets\glenwbd. xls\3/ 16/39\4:04 PM-



NORTHERN/ORANGEWOOD STORM DRAIN PROJECT
Orangewood Avenue Storm Drain
Phase ll, Sub-Phase C

3/24/99

Flood Control District of Maricopa County

Note: Based on Storm CAD files: w:\94153-NorthernOrangewood\Phase lic\hydraulics\stormcad\gleneast.stm, p-11b.stm, p-12.stm, p-13a.stm, p-13b.stm, p-13bint.stm

Hydraulic Summary Table: 71st Avenue and Orangewood (West Basin) to 63rd Avenue and Northern Ave (East Basin)

Contract FCD 94-12

PHASE I

Sub-phase "C"

W/P # 94153.06

U/S Node| D/S Node| Pipe |Discharge| Length | Slope | Pipe Size | Manning’s| Capacity| U/S Invert ] D/S Invert| U/S NG | D/S NG u/s D/S U/S HGL | D/S HGL | U/S EGL | D/S EGL | HGL to NG| EGL to NG
(cfs) (ft) (ft/ft) n Value (cfs) El (ft) El (ft) | Elev (ft) | Elev (ft) | Cover (ft)| Cover (ft) (ft) (ft) (ft) {ft) (ft) (ft)
West Basin to East Basin
J-20a J-20 P-10a 73 218.4 0.0023 60 inch 0.013 5.37 1,126.00 | 1,125.50 [1,142.00]1,143.00 11 12.5 1,129.13| 1,128.93 | 1,129.62 1,129.33 12.87 12.38
J-20 J-19 P-10 73 563.8 0.0025 60 inch 0.013 4.98 1,125.50 | 1,124.10 [1,143.00]1,140.00f 125 10.9 1,128.60 | 1,128.20| 1,129.10( 1,128.48 14.40 13.90
J-19 J-18a P-9b 73 645.8 0.0037 60 inch 0.013 4.09 1,124.00 | 1,121.61 [1,140.00]1,138.70 11 12.09 [1,127.88]1,127.47(1,128.19] 1,127.69 12.12 11.81
J-18a J-18 P-9a 73 660 0.0038 60 inch 0.013 3.72 1,121.61 | 1,119.10 [1,138.70|1,136.91] 12.09 12.81 [1,127.46] 1,126.94(1,127.68] 1,127.16 11.24 11.02
J-18 J-17 P-8 73 603.2 0.0029 66 inch 0.013 3.07 1,119.00 | 1,117.24 [1,136.91]1,134.33] 12.41 11.59 |1,126.79| 1,126.51|1,126.94| 1,126.65 10.12 9.97
J-17 J-16a P-7a 118 1369.5 | 0.0029 66 inch 0.013 4.97 1,117.24 | 1,113.22 [1,134.33]|1,130.33] 11.59 11.61 [1,126.29] 1,124.60{1,126.68] 1,124.99 8.04 7.65
J-16a J-16 P-39 118 76.4 0.0029 66 inch 0.013 4.97 1,113.22 | 1,113.00 |1,130.33]1,129.88] 11.61 11.38 [ 1,124.35] 1,124.26 [ 1,124.74] 1,124.64 5.98 5.59
Section 11b '
I-3 J-3 P-8 60 25.9 0.0027 42 inch 0.013 6.24 1,129.40 | 1,129.33 [1,144.20]1,144.20] 11.3 11.37 [1,134.49]1,134.40}1,135.10] 1,135.01 9.71 9.10
J-3 MH-11a P-9 60 513.3 0.0028 42 inch 0.013 6.24 1,129.33 | 1,127.88 |1,144.20|1,142.60] 11.37 11.22 [1,134.01]1,132.18[ 1,134.61] 1,132.79 10.19 9.59
MH-11a  |J-2 P-6 60 500 0.0028 42 inch 0.013 6.24 1,127.88 | 1,126.47 |1,142.60]1,142.20] 11.22 12.23 [1,132.15]1,130.37 [ 1,132.76] 1,130.98 10.45 9.84
J-2 J-4 P-10 60 95.4 0.0028 42 inch 0.013 6.24 1,126.47 | 1,126.20 |1,142.20]|1,142.20] 12.23 12.5 1,129.98 | 1,129.66| 1,130.59] 1,130.26 12.22 11.61
J-4 Outlet P-11 60 56.4 .0.0035 42 inch 0.013 6.86 1,126.20 | 1,126.00 |1,142.20]|1,142.10] 12.5 12.6 1,129.18]1,129.00 1,129.91]1,129.73 13.02 12.29
Section 13a
1-4 J-3 P-13at 29.6 36.7 0.0022 42 inch 0.013 3.08 1,132.00 | 1,131.92 |1,148.00|1,147.82] 125 12.4 1,135.70 | 1,135.67 | 1,135.84] 1,135.81 12.30 12.16
J-3 J-2 P-13a2 29.6 563 0.0022 42 inch 0.013 3.08 1,131.92 | 1,130.68 | 1,147.82]1,146.20] 12.4 12.02 |1,135.58] 1,135.09| 1,135.72| 1,135.24 12.24 12.10
J-2 J-4 P-10 29.6 579.9 | 0.0022 42 inch 0.013 3.08 1,130.68 | 1,129.41 |1,146.20|1,144.71| 12.02 11.8 1,135.08 | 1,134.58| 1,135.23| 1,134.73 11.12 10.97
J-4 J-21 P-11 29.6 2.8 0.0036 42 inch 0.013 3.08 1,129.41 | 1,129.40 |1,144.71]1,143.20] 11.8 10.3 1,134.49( 1,134.49| 1,134.64| 1,134.64 10.22 10.07
Section 13b
I-5 J-4 P-13b1 668 81.6 0.0043 | 108inch 0.013 10.5 1,133.50 | 1,133.15 [1,149.00]1,148.20 6.5 6.05 1,144.51]1,144.28 | 1,146.23| 1,145.99 4.49 2.77
J-4 J-5 P-9 668 95.7 0.0040 | 108inch 0.013 10.5 1,133.15 | 1,132.77 [1,148.20{1,147.95 6.05 6.18 1,143.17] 1,142.89] 1,144.88| 1,144.61 5.03 3.32
J-5 I-4 P-10 668 8 0.0050 | 108inch 0.013 10.5 1,132.04 | 1,132.00 |1,147.95|1,147.90| 6.91 6.9 1,142.89] 1,142.87 | 1,144.61] 1,144.58 5.06 3.34
Section 12
1-3 I-5 P-12a 104 268.2 0.0015 54 inch 0.013 6.54 1,134.97 | 1,134.57 |1,142.60]|1,142.50] 3.13 3.43 1,140.82 | 1,140.07 | 1,141.49] 1,140.74 1.78 1.11
I-5 J-8 P-22 111 80.4 0.0010 60 inch 0.013 5.65 1,134.57 | 1,134.49 [1,14250{1,142.75| 2.93 3.26 1,139.78] 1,139.63 | 1,140.27| 1,140.13 2.72 2.23
J-8 I-4 P-19 111 59.6 0.0010 60 inch 0.013 5.79 1,134.49 | 1,134.43 |1,142.75|1,142.80] 3.26 3.37 1,139.21]1,139.12| 1,139.73] 1,139.64 3.54 3.02
1-4 J-7 P-20 111 529.7 0.0010 60 inch 0.013 6.73 1,134.43 | 1,133.90 [1,142.80]1,143.05( 3.37 4.15 1,138.77]1,137.50 1,139.35] 1,138.34 4.03 3.45
J-7 J-21a P-12d i) 530.6 0.0079 60 inch 0.013 6.54 1,133.90 | 1,129.70 [1,143.05]1,144.86] 4.15 10.16 | 1,137.46] 1,136.85] 1,138.32{ 1,137.35 5.59 4.73
J-21a J-21 P-12e 111 72.3 0.0041 60 inch 0.013 5.65 1,129.70 | 1,129.40 [1,144.86|1,144.70( 10.16 10.3 1,136.53 | 1,136.40] 1,137.03| 1,136.90 8.33 7.83

w84153-NorthemOrangewood\Phase llc\spreadsheets\gleneb.xis\3/24/99\8:47 AM
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

December 15, 1998

DESCRIPTION VALUE
cCalvert Diameter (FE) s iz iciines ssaanss saesnoas sassnss 299 2.39
FHWA (Chart NUMDBE. . cusan- ¢ swmieae s sisimses & seieemes & o asiestes & @ 1
FHWA Scale Number (Type of Culvert Entrance)............... . 1
Manning's Roughness Coefficient (n-value)..........coovuwucn.. 0.013
Entrance Loss Coefficient of Culvert Opening..........vouu.. 0.5
Calvert Fength FEEY con ks b lbms on 5l o i e 5o s il e 1.0
Invert Elevation at Downstream end of Culvert (ft).......... 1,126.0
Invert Elevation at Upstream end of Culvert (ft)............ 1,126.01
cilvert Slape [PEIER) . < cawawus s wasisan & o s mmmiEm s ¥ olasisms ¥ wms 0.01
Starbting FIow :Rate: KEER) o s v siemce s mesaiein e s mresn e s e mmmmracs: s e 5.0
Incremental Flow Rate (CES)icaw::aumens s anemnis s anmnin s s aas 5.0
Ending Flow Rate (CEB) . o oririnmn tmtivmae e siommiaie bs sasiinerei = sminss 80.0
Starting Tallwater Depth (FE) . ..« coisiend s e msicmne s s msaess s s see 2.0
Ineremental Tailwater DERLH. (EE) i curiwi s o o snemsvei s s spatsvsiatars 5 & ma 0.0
Ending Tailwater Depth (EElcicuis s nvnina is e dommes & swamms s 5 il 20

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (£t) Control Control tEE) (@ = (ft) (fps)
5.0 2.0 102 2.03 0.6 0.75 2.0 125
10.0 20 152 2.14 0.86 1.07 2.0 2.49
15.0 2.0 1.96 2.32 207 1 .32 20 3.74
20.0 2.0 2.39 2.57 1.26 1.54 2.0 4.99
2550 2.0 2.87 219 1.46 1.72 2.0 6.24
30.0 2.0 337 3.31 1.65 1.88 1.65 9.06
35.0 2.0 4.01 0.0 1.88 2.02 1.88 9.23 £L= /1530 (BAH
40.0 2.0 4.75 4.22 2.39 2.12 2.39 8.92 /Ekj7ﬁﬁ:ﬁﬂf)
45.0 2.0 5.59 4.71 2.39 2.2 2.39 10.03
50.0 2.0 6.53 5227 239 2.26 2:39 11.15
55.0 2.0 7.57 5.88 2.39 2.3 2.39 12.26
60.0 2.0 8.71 6.55 2.39 232 2.39 13.37 )
65.0 2.0 9.94 4.03 2.39 2.34 2.39 14.49
70.0 2.0 11.28 4.3 2.39 2.35 2.39 15.6 (£L7 (/58 Jo vk
75.0 2.0 12.71 4.59 2.39 2.36 2.39 16.72 ASEEL
80.0 20 14.25 4.89 2.39 2.37 2.39 17.83 )

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

December 16, 1998

DESCRIPTION VALUE
Culyert Diamebfer (FE) i recnmun s s ummn s 3 eumis 75 20ianis & § 5 auies 2225
BHENA ChETE NOIEET v = & wmmmime & 5 o esomines + SEEHmNS 3 £ 8 S & & Dbt i
FHWA Scale Number (Type of Culvert Entrance).........c.cov.. 1
Manning's Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ o)
Culvert Length (f) ... . i et e et e ettt enemannan 54.0
Invert Elevation at Downstream end of Culvert (ft).......... 1,;108.71
Invert Elevation at Upstream end of Culvert (ft)............ 1.:3114.7
Calarert S1ope (ELFEE) i ¢ csvives o vmneuse o & wammeis & 8 & eI § W & LRSS 0.1109
Starting Flow Rabte (Of8) e s v cmmine v o sisimmes o 5 € siomimm 5 & & seraiase 5.0
Incremental Flow Rate (Cfs)uu s cvwvan v vuvmnys & ¢ 5 oemen s 5 ¥ aalevas 2.0
Ending FLow RAte (CF8) & .cmms o o o cimiminis o xoivions 5 & % wiwmmimin & o o s sin e 61.0
Starting Tailwater Depth (ft)........iiiiiirninirnenenennnnn 2.0
Trcremeiital, Tadtlwabesr Beptly LFE) cuse 5 samems 3 5 soommes 5 5 v amemiesss 0.0
Bnding Tailwater Depth [(FE) s vomen s sovvens o5 s asiens 5 5 § Sorames ‘2.0

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Qutlet Depth Depth Outlet Velocity
{cfs) (ft) Control Control (EL) EE) (£t) (fps)
510 2,0 0.93 0.0 0.34 0.76 0.34 13:37
T 2.8 1.15 0.0 0.4 0.91 0.4 14.79
9.0 2.0 1.36 0.0 0.45 1203 0.45 15.96
11.0 2.0 1.55 0.0 0.5 1,15 ) 16.9
13.0 2.0 1.74 0.0 0.54 1.25 0.54 17.74
15.0 2.0 1:93 0.0 0.58 I R 0.58 18.5
17.0 2.0 2,12 0.0 0.62 1.44 0.62 1,917
8.0 20 2.31 0.0 0.65 1.52 0.65 19.79
21.0 2.0 2.51 0.0 0.69 1.6 0.69 20.35
23.0 2.0 2.76 0.0 0.72 1.68 .72 20.89
25.0 2 b 2.96 0.0 0.75 1.5 0.75 21.36
27.0 2.0 3.22 0.0 0.79 1.84 0.79 21.84
29.0 P Axl5 0.0 0.82 1 87 0.82 22.29
'31.0 20 3.8 0.0 0.85 1.92 0.85 22.7
3340 2.0 4,312 0.0 0.88 L ST 0.88 23.06
35.0 2.0 4.47 0.0 0.9 2.01 0.9 23.45
37.0 2.0 4.83 0.0 0..93 2.05 .93 23.81
39.0 2.0 5 .21 0.0 0.96 2.08 0.96 24 .14
41.0 2.0 L 0.0 0.99 2.1 0.99 24.47
43.0 2.0 6.04 0.0 1.01 2.13 101 24.75
45.0 2l 6.48 0.0 1.04 25 1.04 25.06
47 .0 2.0 6.94 c.0 109 2.1s 1567 2533
49.0 2.0 T.43 0.0 1.09 57 7] 1.09 25.61
51.0 2.0 7.93 0.0 1.12 2.18 1.32 25.87
53.0 2.0 8.45 0.0 1.14 2..19 1.14 26.12
550 2.0 9.0 0.0 127 22 14317 26.35
57.0 2.0 9.56 0.0 1.19 .21 1.19 26 .6 E—LL= 4 T+ 7.50 = LN
59.0 2.0 10.15 0.0 1.22 2.21 1.22 26.81 /2426 Q= ST
61.0 ¥ 0 10.75 0.0 1.25 2.22 1.25 27.01 1A BYPASS

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c¢) 1996

Dodson & 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 Reserved.



Nortern Orangewood

WOOD/PATEL
Project # 94153

Weir/Orifice Flow Capacity

Weir EQ. Q;=C,Pd"®

Orifice EQ. Q; = C,A(2gd)™®

Where: C,, = 3.0 and C, = 0.67

Grate Opening - 4’ x 5’ Square with 1/2" bars at 3.5" O.C.

P= 16.67 |ft 18If - 1.33If for bars
A= 17.33 |fth2 20sf - 2.67sf for bars
Weir Orifice Orifice
Depth (ft) | Qi (cfs) Qi (cfs) |50% Clogging
0.00 0.00 0.00 0.0
0.10 1.58 29.47 14.7
0.20 4.47 41.67 20.8
0.30 B.22 51.04 25.5
0.40 12.65 58.93 29.5
0.50 17.68 65.89 32.9
0.60 23.24 72.18 36.1
0.70 29.29 77.96 39.0
0.80 35.78 83.34 41.7
0.90 4270 88.40 442
1.00 50.01 93.18 46.6
1.10 57.70 97.73 48.9
1.20 65.74 102.07 51.0
1.30 74,13 106.24 53.1
1.40 82.84 110.25 55.1
1.50 91.87 114.12 57
1.60 101.21 117.86 58.9
1.70 110.85 121.49 60.7
1.80 120.77 125.01 62.5
1.90 130.97 128.44 64.2
2.00 141.45 131.77 65.9
Grate Inlet
160.00
—— Wier Flow —o— Orifice Flow 50% Clogging
140.00
120.00
100.00 —
0
s
C80.00 s
2
(=]
i /
60.00 —
- //;/./
20.00

:

T S S e S B
QO O © © 0O 0O 0O 0 O
B2 &8BYI3BRBIEEIZIEIIIRBSE S
0 80 0 0 0 0 0 o .0 - o
Flow Depth (fty” ~ ~— — 7 T -

West Basin SW Grate.xls

Phase Il B

1/28/994:30 PM
Page 1



W/P Job No. 94153.06
December 17, 1998

Northern/Orangewood
West Basin Storage/Stage Relationship

West Basin Rating Curve

Incremental Total
Elevation Area Volume Volume
ft sf ac ac-ft ac-ft
1117.7 0 0.00 - -
1118 2378 0.05 0.0 0.0
1119 56316 1.29 0.7 0.7
1120 176506 4.05 2.7 3.4
1121 319161 7.33 5.7 9.0
1122 446114 10.24 8.8 17.8
1123 570940 13.11 1.7 29.5
1124 654888 15.03 14.1 43.6
1125 673885 15.47 153 58.8
1126 693090 15.91 15.7 74.5
West Basin Storage Summary
Elev. Volume
ft ac-ft
10yr-WSEL 1124.26 47.5

w:\94153-NorthernOrangewood\PhasellC\spreadsheets
EastbasinVol.xls\west basin\10:43 AM




Northern/Orangewood

East Basin Storage/Stage Relationship

East Basin Rating Curve

W/P Job No. 94153.06
December 17, 1998

Incremental Total
Elevation Area Volume Volume
ft sf ac ac-ft ac-ft
1129.5 8428.4 0.19 - -

1130 26282.2 0.60 0.2 0.2

1181 185118.5 4.25 2.4 2.6
1132 626896.4 14.39 9.3 11.9
1133 1119258 25.69 20.0 32.0
1134 1193125 27.39 26.5 58.5
1135 1215599 27.91 27.6 86.2
1136 1238244 28.43 28.2 114.3
1137 1261059.5 28.95 28.7 143.0
1138 1284046 29.48 29.2 172.2
1139 1307204 30.01 29.7 202.0
1140 1330532.2 30.54 30.3 232.3
1141 1354032 31.08 30.8 263.1
1142 1377702 31.63 31.4 294.4

East Basin Storage Summary
Elev. Volume
ft ac-ft
10yr-WSEL 1137.98 1717

w:\94153-NorthernOrangewood\PhasellC\spreadsheets

EastbasinVol.x/s\east basin\10:40 AM
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

July 29, 1998
Northern/Orangewood Phase II "C"
East Basin Northwest Inlet at Northern Avenue
East Basin

PROGRAM INPUT DATA:

DESCRIPTION VALUE
Culvert Diameter (feet) ........iiiiimieeminneeenannnnnns 4.50
FHWA. (ChaYt, Number (1.2 O 3 .u en cisws aren aie simmwne s s 5w iole e & 1
Scale Number on Chart (Type of Culvert Entrance)........ 1
Manning's Roughness Coefficient (n-value)............... 0.0120
Entrance Loss Coefficient of Culvert Opening............ 0.50
Culert BengEl TEOQE} < v oo th ti i cimiomims eimim imicmin i il o 5 o 5 o 80.0
Culvert Slope (feet pear LOOL).i:ssvscasnasvasscnessvnemsns 0.0040

PROGRAM RESULTS:
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (fr) (ft) {£t) (fps)
82.0 3.00 4.01 3 .99 253 2 .65 2.53 8.89

PIPE CULVERT ANALYSIS COMPUTER PROGRAM Version 1.7 Copyright (c)1986
Dodson & Associates, Inc., 5629 FM 1960 W., #314, Houston, TX 77069
(713) 440-3787. All Rights Reserved.



UNEVEN WEIR FLOW PROGRAM
FORTRAN VERSION 1.0

Nwout. txt

EAR AR AT I A A I AR AR AT TR TR A AR AR AT I I AT IR AT T, &

PROJECT: East Basin Northwest Outlet

ENGINEER:
DATE: 12/14/1998
TIME: 981220

STARTING WSEL: 1134.50
MAXIMUM WSEL: 1136.50
STEP SIZE: 0.50
BREADTH OF WEIR: 10.50

INPUT ELEVATION/STATION TAELE.

Eh I T I AT XXX I AT T T A A A AT A A A A AT ARk kdddxdohdhddhd

POINT ELEVATION STATION
1 1134.50 0.00
2 1134.50 10.50

WEIR COEFFICIENT TAELE

Tohkhkhkrhkdkdkdkddhhkhhkrhkhhrdkhkrhhhhkhrhrhrdrrhhrrrhrhddh

REFERENCE: COE CHART - UPPER CURVE

POINT HEAD COEFFICIENT
1 0.00 2.5000
2 0.50 2.6587
3 1.00 2.8175
4 1.50 2.9762
5 2.00 3.0090

UNEVEN WEIR FLOW PROGRAM

IS SRS SRR RS S SR S R R R R R R R R R E RS SRR

ELEVATION DISCHARGE (CFS)
1134.50 0.00
1135.00 9.87
1135.50 29.58
1136.00 57.41
1136.50 89.36

Page 1
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LS S S R R SRS SRS s R R R R A RS R R R R R RS ST

UNEVEN WEIR FLOW PROGRAM

FORTRAN VERSION 1.0
R R e e R R e e

DATE: 3/ 971999

TIME: 10:14.16

STARTING WSEL: 1135.70
MAXIMUM WSEL: 1142.00
STEP SIZE: 0.50
BREADTH OF WEIR: 14.83

INPUT ELEVATION/STATION TABLE.

hdkhkhkhAhkhkr ARk Ak kA XA A A A A A AA T AT A A A AT A A A A AT

POINT ELEVATION STATION

1 1135.70 0.00
2 1135.70 14.83

WEIR COEFFICIENT TABLE

e RS R RS SRR RS RS R SRR E RS EEEEE RS R R R RS

REFERENCE: COE CHART - UPPER CURVE

POINT HEAD COEFFICIENT
1 0.00 2.5000
2 0.50 2.6124
3 1.00 2.7248
< 1.58 2.8372
5 2.00 2.9495
6 2.50 3.0041
7 3.00 3.0116
8 3550 3.0191
9 4.00 3.0266

10 4.50 3.0341
1% 5.00 3.0416
12 5.50 3.0491
13 6.00 3.0566

UNEVEN WEIR FLOW PROGRAM

IR SR SRR R RS SRR RS SRR R R RS RS E R SRR R R EEEEE RS

ELEVATION DISCHARGE (CFS)
113570 0.00
1136.20 13.70
1136.70 40.41
1137.20 97.30
1137.70 123,72
1138.20 176.10
1138.70 232.07
1139.20 29317
1139.70 359.08
1140.20 429.53
1140.70 504.31
1141.20 583.25

1141.70 666.20



PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 9, 1999

DESCRIPTION VALUE
Culvert PDiameter (£E) i sz simiins i ssinnms vo sommd s ¢ v disaieie 3 5« 9.0
FHWA Chart NUmhBE . onis 5 s ol bataie e siars & eiems o & lelkisisgaios Sns) o 1
FHWA Scale Number (Type of Culvert Entrance)...........ee... 1
Manning's Roughness Coefficient (n-value)..........covuvue.nn 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Tengtl CEEY cticn » trtss il o e aminas sl smmamn s o weebimiei o d sielse 53.0
Invert Elevation at Downstream end of Culvert (ft).......... 1,133.0
Invert Elevation at Upstream end of Culvert (ft)............ 1: 1331
Culvert Slape. FEEAEE) .50 tumemima v siisiiee o slssianars &k bletersae s o R 0.0019
Starting: Flow Bate {SES) v i a8 ol s e ot s e 5 e b s 638.0
Incremental FPlow Rate (CES)..ssss vameis s valsasis s saleeaion s s ves 0.0
Ending Flow Rate (CES) . . ..o s aamssenmenss=ssioeeisssssss 638.0
Starting Tailwater Bepth [FE) - civisusss o nss s s awmesassesssss 3.0
Incremental Tailwater Depth (£L) ...ceecisvinmnmsvanasoansss o 0.5
BEnding Tailwater Depth (Eh).ciqi: i asiians v samsvs o s aeessios & s s 5.0

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (£E) Control Control (ft) (ft) (ft) (fps)
638.0 3.0 10.07 10.37 9.0 6.25 6.25 13.53
638.0 3.5 10.07 10,37 9.0 6.25 6.25 13.53
638.0 4.0 10.07 10.37 950 6.25 6.25 13.53
638.0 4.5 10.07 10.37 9.0 6.25 6.25 13.53
638.0 5.0 10.07 10.37 9.0 6.25 6.25 13.53

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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APPENDIX II
CATCH BASIN INLET HYDRAULICS
e Rational Method Calculations
e Catch Basin Hydraulics

o Catch Basin Connector Pipe Hydraulics

e R —— . 5. . S ]
WOOD/PATEL Design Documentation Summary
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

Date

Computed by: J Taillon

LOCATION DATA

Location:

83rd Ave

Subarea id: CB 1

Project Name: N/O

Drainage Area Cover:

Weighted

DESIGN DATA

Drainage Area

0.6400 acres

733.0000 feet

Watercourse Length

1103.1000 feet

Top Elevation

1098.8000 feet

Bottom Elevation

feet/feet

0.006

Slope

0.0412

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

Date

Computed by: J Taillon

LOCATION DATA

83rd Ave

Location:

CB 2

Subarea id

N/O

Project Name:

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area

0.5800 acres

677.0000 feet

Watercourse Length

1102.3000 feet

Top Elevation

1098.3000 feet

Bottom Elevation

feet/feet

0.006

Slope

0.0415

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County
Drainage Design Manual Rational Method

1/29/99

Date:

Computed by: J Taillon

LOCATION DATA

83rd Ave

Location:

Subarea id: CB 3

Project Name: N/O

Drainage Area Cover

Weighted

DESIGN DATA

Drainage Area

0.6300 acres

731.0000 feet

Watercourse Length

1105.5000 feet

Top Elevation

1102.0000 ftest

Bottom Elevation

feet/feet

0.005

Slope

0.0413

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

Date:

J Taillon

Computed by:

LOCATION DATA

Location:

83rd Ave

CB 4

T

Subarea

N/O

Project Name:

Weighted

Drainage Area Cover:

DESIGN DATA

0.5300 acres

Drainage Area

618.0000 feet

Watercourse Length

1104.6000 feet

Top Elevation

1101.4000 feet

Bottom Elevation

feet /feet

0.005

Slope

0.0417

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

-

Date

Computed by: J Taillon

LOCATION DATA

Location:

83rd Ave

: CB 5

id

Subarea

N/O

Project Name:

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area

0.6500 acres

749.0000 feet

Watercourse Length

1107.2000 feet

Top Elevation

1104.6000 feet

Bottom Elevation

feet /feet

0.004

Slope

0.0412

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

Date:

Computed by: J Taillon

LOCATION DATA

83rd Ave

Location:

Subarea id: CB 6

N/O

Project Name:

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area

0.6900 acres

749.0000 feet

Watercourse Length

1107.2000 feet

Top Elevation

1104.4000 feet

Bottom Elevation

feet/feet

0.004

Slope

0.0412

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

Date

: J Taillon

Computed by

LOCATION DATA

Location: Orangewood Avenue

CB 8a

Subarea id:

Project Name: N/O

Weighted

Drainage Area Cover

DESIGN DATA

Drainage Area

0.5400 acres

588.0000 feet

Watercourse Length

1108.9000 feet

Top Elevation

1106.9000 feet

Bottom Elevation

feet/feet

0.003

Slope

0.0417

t (Kb)

icien

Roughness Coeff

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County
Hydrologic Design Manual Rational Method

03-10-1989

Date:

: S Rasmussen

Computed by

LOCATION DATA

Orangewood Ave

Location

Subarea id: CB 1l4a

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area

0.50 acres

587.0 feet

Watercourse Length

1128.7 feet

Top Elevation

1126.7 feet

Bottom Elevation

.00337 feet/feet

Slope

.04188

(Kb)

Roughness Coefficient

2.07 inches

6-Hour Rainfall

10-Year,

Hydrological Summary Table
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Flood Control District of Maricopa County
Hydrologic Design Manual Rational Method

03-20-1999

Date

Computed by: S Rasmussen

LOCATION DATA

Location: Orangewood Ave

id: CB 14b

Subarea

Project Name: N/O

Weighted

Drainage Area Cover

DESIGN DATA

Drainage Area

0.61 acres

705.0 feet

Watercourse Length

1130.6 feet

Top Elevation

1128.1 feet

Bottom Elevation

.00352 feet/feet

Slope

t (Kb) .04134

icien

Roughness Coeff

2.07 inches

6-Hour Rainfall

10-Year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

Date:

: J Taillon

Computed by

LOCATION DATA

Location: Orangewood Avenue

Subarea id: CB 15d

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area

0.5600 acres

612.0000 feet

Watercourse Length

1132.0000 feet

Top Elevation

1130.6000 feet

Rottom Elevation

feet/feet

0.002

Slope

0.0416

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

Date:

Computed by: J Taillon

LOCATION DATA

Location: Orangewood Avenue

Subarea id: CB 15e

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

0.5600 acres

.

Drainage Area

608.0000 feet

Watercourse Length

1134.0000 feet

Top Elevation

Bottom Elevation

1131.8000 feet

feet /feet

0.004

Slope

0.0416

Roughness Coefficient (Kb)

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

1/29/99

.

Date

Computed by: J Taillon

LOCATION DATA

Orangewood Avenue Sta 94+46

Location:

CB 15b

Subarea id:

N/O

Project Name:

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area

0.4500 acres

575.0000 feet

Watercourse Length

1131.,.9301 feet

Top Elevation

1130.2000 feet

Bottom Elevation

feet/feet

0.003

Slope

0.0422

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County
Drainage Design Manual Rational Method

1/29/99

Date:

: J Taillon

Computed by

LOCATION DATA

Orangewood Avenue Sta 100+10

Location

Subarea id: CB 15c

N/O

Project Name:

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area

0.5200 acres

610.0000 feet

Watercourse Length

1133.92700 feet

Top Elevation

1131.7200 feet

Bottom Elevation

feet/feet

0.004

Slope

0.0419

t (Kb)

icien

Roughness Coeff

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County
Drainage Design Manual Rational Method

3/19/99

-

Date

JPM

Computed by

LOCATION DATA

Location:

Northern Avenue

CP25a

Subarea id

Project Name: N/O

Drainage Area Cover:

DESIGN DATA

1.4000 acres

Drainage Area

805.0000 feet

Watercourse Length

1145.0000 feet

Top Elevation

1142.3000 feet

Bottom Elevation

feet/feet

@003

Slope

0.0420

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County
Drainage Design Manual Rational Method

3/19/99

Date

JPM

Computed by

LOCATION DATA

Northern Avenue

Location

CP25b

-

id

Subarea

Project Name: N/O

Drainage Area Cover

.
-

DESIGN DATA

1.4000 acres

.

Drainage Area

805.0000 feet

Watercourse Length

1145.0000 feet

Top Elevation

1142.3000 feet

Bottom Elevation

feet /feet

0.003

Slope

0.0391

(Kb)

Roughness Coefficient

hes

inc

6-Hour Rainfall 2.0700

10-year,

Hydrological Summary Table
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Flood Control District of Maricopa County

Drainage Design Manual Rational Method

3/19/99

Date

Computed by: JPM
LOCATION DATA
Location:

Northern Avenue

id: CP26a

Subarea

N/O

Project Name:

Drainage Area Cover:

Drainage Area

DESIGN DATA

1.5000 acres

1274 .0000 feet

Watercourse Length

1149.2000 feet

Top Elevation

1145.0000 feet

Bottom Elevation

feet/feet

0.003

Slope

0.0389

(Kb)

Roughness Coefficient

2.0700 inches

6-Hour Rainfall

Lo=year;,

Hydrological Summary Table
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Nortem Orangewood

Phase I! B

Weir/Orifice Flow Capacities of Single Grate Inlet

Weir EQ. Q;=C,Pd"®

Where: C,, =3.0 and C, = 0.67

Single Grate
P= 8.17 ft
A= 3.78 ftr2
Weir Orifice
Depth (ft) Qi (cfs) Qi (cfs)
0.00 0.00 0.00
0.05 0.27 4.54
0.10 0.78 6.43
0.15 1.42 7.87
0.20 2.19 9.09
0.25 3.06 10.16
0.30 4.03 11.13
0.35 5.08 12.02
0.40 6.20 12.85
0.45 7.40 13.63
0.50 -8.67 14.37
0.55 10.00 15.07
0.60 11.39 15.74
0.65 12.84 16.39
0.70 14.35 17.00
0.75 15.92 17.60
0.80 17.54 18.18
0.85 19.21 18.74
0.90 20.93 19.28
0.95 22.69 19.81
1.00 24.51 20.32
1.05 26.37 20.83
1.10 28.28 21.32
1.15 30.23 21.80
1.20 32.22 22.26
1.25 34.25 22.72
1.30 36.33 23.17
1.35 38.45 23.61
1.40 40.60 24.05
1.45 42.80 24.47
1.50 45.03 24.89
1.55 47.30 25.30
1.60 49.60 25.71
1.65 51.95 26.11
1.70 54.33 26.50
1.75 56.74 26.89
1.80 59.19 27.27
1.85 61.67 27.64
1.90 64.19 28.01

Orifice EQ. Q; = C,A(2gd)*®

Grate Opening

Single Grate Inlet

£70.00

60.00

50.00

(cts
2
8

Flow Q

30.00

20.00

10.00

0.00

0.00
0.15 T
3
4
6

o
9
o
—é— Orifice Flow

Maximum Depth = 1.14 ft. Maximum Inlet capacity = 0.5"21.7 = 10.85 cfs

WOOD/PATEL
Project # 94153

12/16/981:55 PM
Page 1

Inlet8.xls
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Northern Orangewood Phase I B

Weir/Orifice Flow Capacities of Double Grate Inlet
Weir EQ. Q;=C,Pd'? Orifice EQ. Q, = C,A(2gd)*®

Where: C,, = 3.0 and C, = 0.67

Double Grate ‘
P= 13.50 ft Grate Opening
A= 7.56 ftr2

Weir Orifice
‘Depth (ft) Qi (cfs) Qi (cfs)

0.00 0.00 0.00

0.05 0.45 9.09

0.10 1.28 12.85 Double Grate Inlet
0.15 2.35 15.74

0.20 3.62 18.18

0.25 5.06 20.32 1 120.00
0.30 6.65 22.26

0.35 8.39 24.05

0.40 10.25 25.71

0.45 12.23 2727 ;
0.50 14.32 28.74 100.00
0.55 16.52 30.15

0.60 18.82 31.49

0.65 21.22 32.77

0.70 23.72 34.01

0.75 26.31 35.20 80.00
0.80 28.98 36.36

0.85 31.74 3748 | _
0.90 34.58 3856 | 2
0.95 37.50 3962 | =
1.00 4050 4065 | G 0000
1.05 4358 4165 | 8
1.10 46.72 a263 | %
1.15 49.95 43.59

1.20 53.24 44.53

1.25 56.60 45.45 40.00
1.30 60.03 46.35

1.35 63.53 47.23

1.40 67.09 48.10

1.45 70.71 48.95 20.00
1.50 74.40 49.78

1.55 78.15 50.61

1.60 81.97 51.42

1.65 85.84 52.21

1.70 8977 53.00 0.00
1.75 93.76 53.77

1.80 97.81 54.54

1.85 101.91 55.29

1.90 106.07 56.03

Maximum Debth =1.14 ft. Maximum Inlet capacity = 0.5"43.4 = 21.7 cfs

WOOD/PATEL Inlet8.xls ' 12/16/981:55 PM
Project # 94153 _ Page 1




Northern Orangewood Phase Il B

Weir/Orifice Flow Capacities of Triple Grate Inlet
Weir EQ. Q;=C,Pd"® Orifice EQ. Q; = C,A(2gd)™®

Where: C, =3.0 and C, = 0.67

Triple Grate
P= 18.83 ft ~ Grate Opening
A= 11.34 ft"2

Weir Orifice
Depth (ft) Qi (cfs) Qi (cfs)

0.00 0.00 0.00

0.05 0.63 13.63 _
010 179 1928 Triple Grate Inlet
0.15 3.28 23.61
0.20 5.05 27.07
0.25 7.06 30.49 160.00
0.30 0.28 33.40
1 0.35 11.70 36.07
0.40 14.29 38.56 f
0.45 17.05 40.90 140.00
0.50 19.97 43.11
0.55 23.04 45.22
0.60 26.25 47.23 120.00
0.65 29.60 49.16
0.70 33.08 51.01
0.75 36.69 52.80
0.80 40.42 54.54 100.00
0.85 4427 5621 | _
0.90 4823 5784 | @
0.95 52.31 5043 |
1.00 56.49 60.97 §3°'°°
1.05 60.78 62.48 | ©
1.10 65.17 6395 | %
1.15 69.67 65.39 60.00
1.20 74.26 66.79
1.25 78.95 68.17
1.30 8373 - 69.52

l 1.35 88.61 70.84 40.00
1.40 93.58 72.14
1.45 98.63 73.42
1.50 103.78 74.68

.l 1.55 109.01 75.91 20.00

' 1.60 114.33 77.12
1.65 119.73 78.32

I 1.70 125.21 79.50 0.00
1.75 130.78 80.66
1.80 136.42 81.80
1.85 142.14 82.93
1.90 147.95 84.04

Maximum Depth = 1.14 ft. Maximum Inlet capacity = 0.5*65.1 = 32.55 cfs

- e

' WOOD/PATEL Inlet8.xis 12/16/981:55 PM
Project # 94153 . Page1




Description: Catch Basin Sizing Computations

References: Drainage Design Manual for Maricopa County, Arizona
Volume Il "Hydraulics"

Flow By Catch Basin Calculations
|

Catch Basin Type: City of Phoenix P1569-1 M-
Known Values:
- Curb Height = 6in
d(in)= 2
w (ft)= 1.42
n= 0.016 Q = flow rate, cfs
Fr= 0.8 S, = cross slope
S = longitudial street slope
Calculated Values : Lt = length of catch basin to intercept
total flow
E=1-(1-(LL)"™ E, = percent flow in gutter
Sw=aw L = actual length of catch basin
a=d-(w)(Sy) E = catch basin efficiency
S, = S, + (SW)(E,) Qi = amount of flow intercepted by
E=1-(1-LLp'® catch basin
Lt = ((0.6)/Fr) * Q%42 * g03 » (1/ng,)06 Fr = catch basin reduction factor

Catch Basin Q S S, E, a Sw Se | Lt| L E | Qi Qbypass

Number cfs fr/ft i/t ft | ft.
CcB2 2.10 |0.0063} 0.0217 | 0.401 | 0.136 | 0.096 }|0.060|14.5] 9.0 ]0.83] 1.74 0.36
CcB3 2.09 |0.0089| 0.02 0.413 | 0.138 | 0.097 |0.060]|16.0|13.0{0.95} 1.99 0.10
CB5 2.01 |0.0019}| 0.02 0.312 | 0.138 | 0.097 |0.050]11.0] 9.0 j0.95] 1.92 0.09
CB 8a 2.00 0.003 1 0.014 | 0.295| 0.147 | 0.103 {0.044]|13.6|13.0{1.00] 1.99 0.01

CB 14a 1.26 | 0.0015] 0.041 | 0.478 | 0.108 | 0.076 }0.078| 6.5] 6.0 {0.99] 1.25| 0.01
CB 14b 2.24 [(0.0018] 0.049 | 0.445| 0.097 | 0.068 }0.079} 8.6 | 6.010.88{ 1.98| 0.26
CB 15d 2.04 [(0.0035] 0.019 | 0.344 | 0.140 | 0.098 }0.053j12.9] 9.0 {0.88] 1.80| 0.24
CB 15e 2.00 [0.0027] 0.01 0.25 | 0.152 | 0.107 j0.037]14.7|13.0}0.98] 1.96 | 0.04
CB 16 5.85 10.0013| 0.028 | 0.119 | 0.127 | 0.089 [0.039{18.1]15.0]0.96| 5.61| 0.24
CB 16a 8.20 [0.0047] 0.011 | 0.162 | 0.151 { 0.106 ]0.028]36.9/13.0/0.54] 4.44| 3.76
CB 15¢ 5.76 [0.0034] 0.015 | 0.18 | 0.145 | 0.102 ]0.033)j26.1|13.0/0.71] 4.09| 1.67
CB 15b 30.67 | 0.0037] 0.034 | 0.265| 0.118 | 0.083 [0.056}39.6/20.0{0.72{22.01] 8.66
CB 15a 28.00 | 0.0097| 0.042 | 0.308 | 0.107 | 0.075 |0.065{46.5|20.0§0.64}17.81}] 10.19
CB 25 11.43 1 0.0021} 0.016 | 0.145| 0.144 | 0.101 {0.031]31.7|20.0/0.83} 9.53 | 1.90
CB 24 6.29 10.0006] 0.015 | 0.137 | 0.145 | 0.102 |0.029{17.3|15.0]0.97| 6.13 | 0.16
Exist CB 27 | 13.82 { 0.0041]| 0.019 | 0.168 | 0.140 | 0.098 |0.036{38.5/13.0/0.52| 7.24 | 6.58
Exist CB26 | 13.82 | 0.0041} 0.019 | 0.168 | 0.140 | 0.098 [0.036]38.5| 9.0 |0.38] 5.27 | 8.55
CB 26a 10.58 10.0029f 0.02 | 0.179 | 0.138 | 0.097 |0.037/30.0/13.0}0.64| 6.77 | 3.81
CB 26b 12.55 10.0029( 0.02 | 0.167 | 0.138 | 0.097 |0.036[{32.9{13.0/0.60| 7.47 | 5.08
CB 13 9.80 |0.0017] 0.012 | 0.113 | 0.150 | 0.105 [0.024]|32.4{20.0/0.82| 8.06 | 1.74
CB 13a 1.74 10.0039( 0.019 | 0.293 | 0.140 | 0.098 |0.048]13.3}13.0/1.00] 1.74 [ 0.00

WPA
3/24/99
catchbasins.xls




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-11-1999
PROJECT NAME- Mo Ph L. C . TRACS NO. -

HIGHWAY NAME- DESIGNER - TPm

LOCATION -CR2 S« I6r13¢ CHECKER - 16T PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.630
Roadway Cross-Slope-Ft./Ft.--Sx = 0.022
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--8Ss = 0.022
CGutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q = 2.100

SPREAD-Ft.--T = 9.493

Average Velocity-V-fps = 2.043

FLOW in Gutter-CFS--Q = 0.841

% Flow in Gutter-CFS = 40.060

Velocity of Flow in Gutter-fps = 2.708
Depth at Curb Line-Inches--d = 3.120




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-11-1999

progect NaME- N/O Ph 1T C TRACS NO. -
HIGHWAY NAME- ! ' DESIGNER - /M

LOCATION - (A 3 Sxa_15%44 CHECKER - J&1

PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.890
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.020
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q = 2.090

SPREAD-Ft.--T = 9.373

Average Velocity-V-fps = 2.279

FLOW in Gutter-CFS--Q = 0.864

% Flow in Gutter-CFS = 41.328

Velocity of Flow in Gutter-fps = 3.038
Depth at Curb Line-Inches--d = 2.897




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-11-1999

PROJECT NAME- /0 PA U C TRACS NO. -
HIGHWAY NAME- 7 DESIGNER - VP

LOCATION - (R K Sya 2930y CHECKER - )] PAGE
Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.190
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.020
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q = 2.010

SPREAD-Ft.--T = 12.529

Average Velocity-V-fps = 1.250

FLOW in Gutter-CFS--Q = 0.628

% Flow in Gutter-CFS = 31.243

Velocity of Flow in Gutter-fps = 1.679
Depth at Curb Line-Inches--d = 3.655




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

w 01-12-1999
PROJECT NAME- aflD Phewc @t C  (R¥a_ TRACS NO.-

HIGHWAY NAME- ' DESIGNER - TPM

LOCATION - Sye. 1+I3 CHECKER - &7 PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.300
Roadway Cross-Slope-Ft./Ft.--Sx = 0.014
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.014
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s ’'N = 0.016

Flow-CFS--Q = 2.000

SPREAD-Ft.--T = 14.263

Average Velocity-V-fps = 1.362

FLOW in Gutter-CFrsS--Q = 0.590

% Flow in Gutter-CFS = 29.507

Velocity of Flow in Gutter-fps = 1.881
Depth at Curb Line-Inches--d = 3.146

- — _




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

12-04-1998
progEcT NAME- N | () Phase TRACS NO. -
HIGHWAY NAME- DESIGNER - _TPM
LOCATION - Sven 7765 (A 13 CHECKER - _ J&f PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS

' GUTTER DESCRIPTION
Roadway Grade-% Per cent--G = 0.390
Roadway Cross-Slope-Ft./Ft.--Sx = 0.019
l Shoulder Width-Ft.-- = 10.000
Shoulder Slope-Ft./Ft.--Ss = 0.019
Gutter Width-Ft.--W = 1.420
1' Gutter Slope-Ft./Ft.--Sw =  0.058
' Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016
Flow-CFS--Q = 3.210
SPREAD-Ft.--T = 13.494
Average Velocity-V-fps = 1.814
FLOW in Gutter-CFS--Q = 0.941
% Flow in Gutter-CFS = 29.315
Velocity of Flow in Gutter-fps = 2.449
Depth at Curb Line-Inches--d = 3.741




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

12-03-1998
PROJECT NAME- I\/b Phase C TRACS NO. -
HIGHWAY NAME- DESIGNER - T7p
LOCATION T ZRI3 Sre. 2011355 CHECKER -  \euf DAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.170
Roadway Cross-Slope-Ft./Ft.--Sx = 0.012
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.012
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q = 13.214

SPREAD-Ft.--T = 36.223

Average Velocity-V-fps = 1.669

FLOW in Gutter-CFS--Q = 1.494

% Flow in Gutter-CFS = 11.304

Velocity of Flow in Gutter-fps = 2.293
Depth at Curb Line-Inches--d = 6.000
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ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-10-1999
PROJECT NAME- /0 TRACS NO. -
HIGHWAY NAME- DESIGNER - Rep
LOCATION - ¢R lhe CHECKER - 5T PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.150
Roadway Cross-Slope-Ft./Ft.--Sx = 0.041
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--8Ss = 0.041
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q = 1.190

SPREAD-Ft.--T = 6.914

Average Velocity-V-fps = 1.193

FLOW in Gutter-CFS--Q = 0.569

% Flow in Gutter-CFS = 47.805

Velocity of Flow in Gutter-fps = 1.504
Depth at Curb Line-Inches--d = 3.692




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-10-1999
PROJECT NAME- w&/p TRACS NO. -
HIGHWAY NAME- DESIGNER - ggR
LOCATION - B 4L CHECKER - \G&GT( PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.180
Roadway Cross-Slope-Ft./Ft.--Sx = 0.049
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.049
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q = 2.000

SPREAD-Ft.--T = 7.324

Average Velocity-V-fps = 1.512

FLOW in Gutter-CFS--Q = 0.891

% Flow in Gutter-CFS = 44 .537

Velocity of Flow in Gutter-fps = 1.898
Depth at Curb Line-Inches--d = 4.460




| ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

11-17-1998
PROJECT NAME- N /O TRACS NO. -

HIGHWAY NAME- ’ DESIGNER - TPr)

LOCATION - CBISA St G3+7) CHECKER - ST PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.970
Roadway Cross-Slope-Ft./Ft.--Sx = 0.042
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.042
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058

Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q 11 .5674——Caprerry Top ©F Cutb

SPREAD-Ft.--T = 11.364

Average Velocity-V-fps = 4.240

FLOW in Gutter-CFS--Q = 3.568

% Flow in Gutter-CFS = 30.847

Velocity of Flow in Gutter-fps = 5.477
Depth at Curb Line-Inches--d = 6.000




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

/ 01-13-1999
PROJECT NAME- MO o, O o TRACS NO. -
HIGHWAY NAME- ) DESIGNER - JPm
LOCATION - S 94HI0 CRrR 19d CHECKER - /T PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.350
Roadway Cross-Slope-Ft./Ft.--Sx = 0.019
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.019
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s ‘N = 0.016

Flow-CFS--Q = 2.000

SPREAD-Ft.--T = 11.449

Average Velocity-V-fps = 1.557

FLOW in Gutter-CFS--Q = 0.690

% Flow in Gutter-CFS = 34.479

Velocity of Flow in Gutter-fps = 2.096
Depth at Curb Line-Inches--d = 3.275




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

11-17-1998
pROJECT NAME- N/O P Aase TRACS NO. -
HIGHWAY NAME- DESIGNER - _ 7Pm
LOCATION - B I5R Sva 99 FIL CHECKER - _ et DAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.370
Roadway Cross-Slope-Ft./Ft.--Sx = 0.034

Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.0347.314

Gutter Width-Ft.--W = 1.420
Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depressgion-Inches-- = 0.988
Manning’s ‘N = 0.016
Flow-CFS--Q = 8.306
SPREAD-Ft.--T = 13.704
Average Velocity-V-fps = 2.582
FLOW in Gutter-CFS--Q = 2.204
% Flow in Gutter-CFS = 26.530
Velocity of Flow in Gutter-fps = 3.382
Depth at Curb Line-Inches--d = 6.000




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-04-1999

PROJECT NAME- V|2 TRACS NO. -
HIGHWAY NAME- 3 DESIGNER - JIm

LOCATION - (A5 5Sva 00k, CHECKER - =717 PAGE
Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = ‘0.340
Roadway Cross-Slope-Ft./Ft.--Sx = 0.015
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.015
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s ‘N = 0.016

Flow-CFS--Q = 7.780

SPREAD-Ft.--T = 22.580

Average Velocity-V-fps = 2.012

FLOW in Gutter-CFS--Q = 1.402

% Flow in Gutter-CFS = 18.022

Velocity of Flow in Gutter-fps = 2.754
Depth at Curb Line-Inches--d = 4.797




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

01-13-1999
PROJECT NAME- n/O Ph & ¢ TRACS NO. -
LOCATION -Sre 100 £2T (8 )5o CHECKER - J&T PAGE

|
HIGHWAY NAME- DESIGNER - Tpm) |

Ver 3.40: December 1985

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.270
Roadway Cross-Slope-Ft./Ft.--Sx = 0.010
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.010
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s ‘N = 0.016

Flow-CFS--Q = 2.000

SPREAD-Ft.--T = 17.958

Average Velocity-V-fps = 1.204

FLOW in Gutter-CFS--Q = 0.501

% Flow in Gutter-CFS = 25.039

Velocity of Flow in Gutter-fps = 1.707
Depth at Curb Line-Inches--d = 2.973




Worksheet
Worksheet for Irregular Channel

Project Description

Project File w:\1994pr~1\94153-~1\phasei~3\spread~1\71stave.fm2
Worksheet 71stAve Half

Flow Element Irregular Channel

Method Manning’s Formula

Solve For Discharge

Input Data

Channel Slope

Water Surface Elevation

0.001900 ft/ft
1127.16 ft

Elevation range: 1126.63 ft to 1127.21 ft.

Station (ft) Elevation (ft) Start Station End Station Roughness
7.77 1127.16 7.77 43.03 0.018
11.76 1127.04
12.31 1126.63
24.80 1126.90
43.03 1127.21
Results
Wid. Mannings Coefficient 0.018
Discharge 9.80 fte/s
Flow Area 7.34 ftz
Wetted Perimeter 32.46 ft
Top Width 32.32 ft
Depth 0.53 ft
Critical Water Elev. 1127.03 ft
Critical Slope 0.008279 ft/ft
Velocity 1.34 ft/s
Velocity Head 0.03 ft
Specific Energy 1127.19 ft
Froude Number 0.49
Full Flow Capacity 13.05 ft3/s
Flow is subcritical.
Mar 3, 1999 None
09:01:46 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

FlowMaster v4.1c
Page 1 of 1




Cross Section for Irregular Channel

Project Description

Cross Section
|
|
|

Project File w:\1994pr~1\94153-~1\phasei~3\spread~1\71stave.fm2
Worksheet 71stAve Half

Flow Element irregular Channel

Method Manning's Formula

Solve For Discharge

Section Data

Wtd. Mannings Coefficient 0.018
Channel Siope 0.001900 ft/ft
Water Surface Elevation 1127.04 ft
Discharge 4.95 ft3/s
1127.25
1127.2 /ﬁ
B 4

1127.15 \ /
1127.1

1127.05 - \ //

SZ 7
1127.0 ,/
1126.95 /
o
o /
g 1126.9 -
°
1126.85 /
1126.8 /
1126.75 /
1126.7 / 7
1126.65 V
1126.6
5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Station (ft)
Mar 1, 1999 None FliowMaster v4.1c
12:45:12 Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1




Worksheet
Worksheet for Irregular Channel

Project Description

Project File w:\1994pr~1\94153-~1\phasei~3\spread~1\71stave.fm2
Worksheet Cross Section for Irregular Channel
Flow Element Irregular Channel
Method ‘Manning’s Formula
Solve For Water Elevation
Input Data
Channel Slope 0.001900 ft/ft
Elevation range: 1125.61 ft to 1127.77 ft.
Station (ft) Elevation (ft) Start Station End Station
0.00 1126.98 0.00 43.03
7.77 1127.16 43.03 54.83
11.76 1127.16
12.31 1126.63
24.80 1126.90
43.03 1127.21
46.91 1127.30
50.07 1125.61
54.83 1127.77
Discharge 50.00 ft¥/s
Results
Wid. Mannings Coefficient 0.021
Water Surface Elevation 1127.43 ft
Flow Area 26.62 ft2
Wetted Perimeter 55.56 ft
Top Width 54.08 ft
Depth 1.82 ft
Critical Water Elev. 1127.22 ft
Critical Slope 0.009799 ft/ft
Velocity 1.88 ft/s
Velocity Head 0.05 ft
Specific Energy 1127.48 ft
Froude Number 0.47
Full Flow Capacity 122.00 ft¥/s

Flow is subcritical.
Water elevation exceeds lowest end station by 0.45 ft.

Mar 1, 1999 None
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

Roughness
0.018
0.035

FlowMaster v4.1c



Cross Section
Cross Section for irregular Channel

Project Description

Project File w:\1994pr~1\94153-~1\phasei~3\spread~1\71stave.fm2
Worksheet Cross Section for Irregular Channel

Flow Element Irregular Channel

Method Manning’s Formula

Solve For Water Elevation

Section Data

Wid. Mannings Coefficient 0.021
Channel Slope 0.001900 ft/ft
Water Surface Elevation 1127.43 ft
Discharge 50.00 ft%/s

1128.0

1127.5 T

1127.0¢

Elevation (ft)

1126.5

1126.0

1125.56
0.0 5.0 10.0 15.0 200 250 300 350 400 450 50.0 55.0
Station (ft)

Mar 1, 1999 None FiowMaster v4.1c
11:54:20 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1
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Cross Section
Cross Section for Irregular Channel

Project Description

Project File w:\84153-~1\phasei~3\spread~1\67thave.fm2
Worksheet 67th Ave Upstream

Flow Element Irregular Channel

Method Manning’s Formula

Solve For Water Elevation

Section Data

Wtd. Mannings Coefficient 0.018
Channel Slope 0.001300 ft/ft
Water Surface Elevation 1135.30 ft
Discharge 47.00 fi%/s

14:06:25

1140.5

1140.0

1139.5 \

1139.0 \

1138.5

1138.0

1137.5

Elevation (ft)

1136.5

|
oo
|
|

1136.0 k ]
1135.5

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708

(203) 755-1666

N hwd SZ
> = // ;\ =
1135.0 = // \/
1134.5 L/
1134.0
100.0 110.0 120.0 130.0 140.0 150.0 160.0 170.0 180.0 190.0 200.0
Station (ft)
Dec 16, 1998 None

FlowMaster v4.1c
Page 1 of 1




Worksheet
' Worksheet for Irregular Channel
l Project Description
Project File w:\1994pr~1\94153-~1\phasei~3\spread~1\67thave.fm2
Worksheet 67 th Ave C+G Half
l Flow Element Irregular Channel
Method Manning's Formula
Solve For Discharge
Input Data
Channel Slope 0.001300 fi/ft
| I Water Surface Elevation 1134.82 ft
‘ Elevation range: 1134.32 ft to 1135.24 ft.
Station (ft) Elevation (ft) Start Station End Station Roughness
' 84.00 1135.11 84.00 100.00 0.030
100.00 1134.82 100.00 132.99 0.016
100.01 1134.32
132.99 1135.24
Results
Witd. Mannings Coefficient 0.016
Discharge 5.85 ftd/s
Flow Area 4.48 ft2
Wetted Perimeter 18.43 ft
Top Width 17.93 ft
Depth ‘ 0.50 ft
Critical Water Elev. 1134.69 ft
Critical Slope 0.006812 ft/ft
Velocity 1.30 ft/s
Velocity Head 0.03 ft
Specific Energy 1134.85 ft
Froude Number 0.46
Full Flow Capacity - 33.29 ft3/s

Flow is subcritical.

Mar 1, 1999 None FlowMaster v4.1c
12:53:26 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1




67th Ave
Cross Section for Irregular Channel

Project Description

Project File w:\1994pr~1\94153-~1\phasei~3\spread~1\67thave.fm2
Worksheet 67 th Ave C+G Half

Fiow Element Irreguilar Channel

Method Manning’s Formula

Solve For Discharge

Section Data

Wid. Mannings Coefficient 0.016
Channel Slope 0.001300 ft/ft
Water Surface Elevation 1134.82 ft
Discharge 5.85 ft3/s

1135.3

1135.2 /)
1135.1 ¥ /

1135.0 /

g N
1134.9 \ / 7
1134.8 //

1134.7 /

il q

Elevation (ft)

1134.6

1134.5 /
1134.4 /

1134.3

80.0 850 900 950 100.0 105.0 110.0 1150 120.0 125.0 130.0 135.0
Station (ft)

Mar 1, 1999 None FlowMaster v4.1c
12:53:34 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1




Cross Section

Cross Section for Irregular Channel

Project Description

Project File
Worksheet
Flow Element
Method

Solve For

w:\94153-~1\phasei~3\spread~1\67thave.fm2
67th upstream half street

Irregular Channel
Manning's Formula
Discharge

Section Data

AN

Wid. Mannings Coefficient 0.021
Channel Slope 0.001300 ft/ft
Water Surface Elevation 1135.31 ft
Discharge 14.06 ft3/s
1135.6
11354
~Z
£1135.2
c
2
T \
g :
9
I 1135.0 \\
1134.8
1134.6
1134.4
100.0 105.0 110.0 115.0 120.0 125.0
Station (ft)
Nov 19, 1998 NoneA

13:38:14

Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708

130.0

(203) 755-1666

135.0

140.0

FlowMaster v4.1c
Page 1 of 1




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-04-1999
PROJECT NAME-_ ,jjo Ples € <B I{a TRACS NO. -
HIGHWAY NAME- DESIGNER - _29pm\
LOCATION -_Jra WO6FI )y CHECKER - JGT' PAGE

Ver 3.40: December 1995

- S R B v 2 mu M B Wy B B B

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.470
Roadway Cross-Slope-Ft./Ft.--Sx = 0.011
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.011
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s ‘N = 0.016

Flow-CFS--Q = 8.200

SPREAD-Ft.--T = 26.281

Average Velocity-V-fps = 2.132

FLOW in Gutter-CFS--Q = 1.327

% Flow in Gutter-CFS = 16.181

Velocity of Flow in Gutter-fps = 2.970
Depth at Curb Line-Inches--d = 4.270




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

11-19-1998
PROJECT NAME- MD FPhase. C  <B)6 TRACS NO. -

HIGHWAY NAME- DESIGNER - Tool M.

LOCATION - Sra_106+6 1 Ly CHECKER - &t PAGE

Ver 3.40: December 1995

a

-
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- - -

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.130
Roadway Cross-Slope-Ft./Ft.--Sx = 0.028
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.028
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s ‘N = 0.016

Flow-CFS--Q = 33.000

SPREAD-Ft.--T = 31.718

Average Velocity-V-fps = 2.338

FLOW in Gutter-CFS--Q = 3.933

% Flow in Gutter-CFS = 11.918

Velocity of Flow in Gutter-fps = 3.114
Depth at Curb Line-Inches--d = 11.168




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

p 03-05-1999
pROJECT NAME- MN/O Phase < TRACS NO. -
HIGHWAY NAME- DESIGNER - _Jgl /2
LOCATION B I e ILTIE CHECKER - _ 3 (sT DACE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.057
Roadway Cross-Slope-Ft./Ft.--8Sx = 0.015
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Sg = 0.015
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s ‘N = 0.016

Flow-CFS--Q = 6.294

SPREAD-Ft.--T = 29.263

Average Velocity-V-fps = 0.973

FLOW in Gutter-CFS--Q = 0.865

% Flow in Gutter-CFS = 13.742

Velocity of Flow in Gutter-fps = 1.328
Depth at Curb Line-Inches--d = 6.000




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

11-25-1998
PROJECT NAME- LU/O Phae C TRACS NO. -

HIGHWAY NAME- DESIGNER - Joe! /M.

LOCATION -_ (8 9 Sra. R+E2 CHECKER -  A\GT PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.210
Roadway Cross-Slope-Ft./Ft.--Sx = 0.016
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.016
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058

Gutter Depression-Inches-- = 0.988
Manning’s ‘N = 0.016

Flow-CFS--Q 11.4304 Gpaciny Top of lub

SPREAD-Ft.--T = 27.522

Average Velocity-V-fps = 1.873

FLOW in Gutter-CFS--Q = 1.660

% Flow in Gutter-CFS = 14.525

Velocity of Flow in Gutter-fps = ~ 2.548
Depth at Curb Line-Inches--d = 6.000




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-24-1999
PROJECT NAME-_ N /O p) T ( TRACS NO. -
HIGHWAY NAME- _ DESIGNER - TPM
LOCATION - Sre. )4 RO 25%a_ CHECKER - &7 PAGE
Ver 3.40: December 1995
i CURB OPENING INLET--IN SUMP
GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020
Shoulder Width-Ft.-- = 10.000
Shoulder Slope-Ft./Ft.--Ss = 0.020
Gutter Width-Ft.--W = 1.420
Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Flow-CFS--Q = 7.810
Local Gutter Depression-Inches = 1.000
Capture Ratio -- CURB OPENING = 0.800
|
LENGTH d(weir) d(orifice) d (INLET) SPREAD |
_____________________________________ |
|
3.083 9.930 20.306 20.306 77.745 |
6.583 7.197 6.613 7.197 23.122 |
9.583 5.956 3.631 5.956 17.952
13.583 4.926 1.807 4,926 13.660
20.583 3.874 0.787 3.874 9.278

**% d(INLET) is Greater of WEIR or ORIFICE Depth.! ***




ARIZONA DEPARTMENT OF TRANSPORTATION

DRAINAGE DESIGN SECTION

03-24-1999
PROJECT NAME-_ AN/ Ph T C TRACS NO.-
HIGHWAY NAME- DESIGNER - TP
LOCATION - Sme. I4%20 266 CHECKER - =57 PAGE
Ver 3.40: December 1995
CURB OPENING INLET--IN SUMP
GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020
Shoulder Width-Ft.-- = 0.000
Shoulder Slope-Ft./Ft.--Ss = 0.020
Gutter Width-Ft.--W = 1.420
Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Flow-CFS--Q = 9.080
Local Gutter Depression-Inches = 1.000
Capture Ratio -- CURB OPENING = 0.800
LENGTH d(weir) d(orifice) d (INLET) SPREAD
3.083 10.979 26.475 26.475 103.447
6.583 7.957 7.966 7.966 26.328
9.583 6.585 4.908 6.585 20.574
13.583 5.446 2.443 5.446 15.829
20.583 4.283 1.064 4.283 10.983

*** J(INLET) is Greater of WEIR or ORIFICE Depth.!

* kK




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-24-1999
PROJECT NAME- N/ pL 11 C TRACS NO. -

HIGHWAY NAME- ' DESIGNER - ) Pmy

LOCATION - e 2229 BAa_ CHECKER -  J4 PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G = 0.290
Roadway Cross-Slope-Ft./Ft.--Sx = 0.020
Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.020
Gutter Width-Ft.--W = 1.420

Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016

Flow-CFS--Q = 10.580

SPREAD-Ft.--T = 21.872

Average Velocity-V-fps = 2.194

FLOW in Gutter-CFS--Q = 1.891

% Flow in Gutter-CFS = 17.869

Velocity of Flow in Gutter-fps = 2.957
Depth at Curb Line-Inches--d = 5.897




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

- 03-24-1999
PROJECT NAME- jJJO Ph & TRACS NO. -

HIGHWAY NAME- DESIGNER - JAW)

LOCATION -Cra 21 CBAKAR CHECKER - J&7< PAGE

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

'

; Roadway Grade-% Per cent--G = 0.290

| Roadway Cross-Slope-Ft./Ft.--8Sx = 0.020

| Shoulder Width-Ft.-- = 10.000

Shoulder Slope-Ft./Ft.--Ss = 0.020

' Gutter Width-Ft.--W = 1.420

' Gutter Slope-Ft./Ft.--Sw = 0.058

Gutter Depression-Inches-- = 0.988

Manning’s 'N = 0.01e

l Flow-CFS--Q = 12.550

SPREAD-Ft.--T = 23.338

l Average Velocity-V-fps = 2.288

) FLOW in Gutter-CFS--Q = 2.100

% Flow in Gutter-CFS = 16.731

. Velocity of Flow in Gutter-fps = 3.084

4 Depth at Curb Line-Inches--d = 6.249
I ;




ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

11-25-1998
PROJECT NAME-_ N|O FPhase [/ TRACS NO. -
HIGHWAY NAME- DESIGNER - 3PM)
LOCATION - CR 26 & 29 CHECKER -  |G5% PAGE
Ver 3.40: December 1995
GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION
Roadway Grade-% Per cent--G = 0.410
Roadway Cross-Slope-Ft./Ft.--Sx = 0.019
Shoulder Width-Ft.-- = 10.000
Shoulder Slope-Ft./Ft.--Ss = 0.019
Gutter Width-Ft.--Ww = 1.420
Gutter Slope-Ft./Ft.--Sw = 0.058
Gutter Depression-Inches-- = 0.988
Manning’s 'N = 0.016
Flow-CFS--Q =  13.816 4 Flow @y ¢" b o 04,
SPREAD-Ft.-~-T = 23.401
Average Velocity-vV-fps = 2.636
FLOW in Gutter-CFS--Q = 2.320
% Flow in Gutter-CFS = 16.791
Velocity of Flow in Gutter-fps = 3.561
= 6.000

Depth at Curb Line-Inches--d







Procedure for Calculating The HGL For Straight Catch Basin Connector Pipes From The
" Mainline Storm Drain to the Catch Basin

1. Using the hydraulic calculations for the Mainline Storm Drain, calculate the HGL at Catch basin
connector point..

2. Based on top of curb elevation at catch basin, calculate invert of connector pipe and gutter at catch
basin.

3. Calculate slope of pipe, pipe diameter and pipe length.
4. Calculate the tailwater based on the HGL-connector pipe outlet invert.
5. Using Dodson pipe program, calculate the headwater required for the pipe to convey this flow.
6. Determine “Control Type” (inlet or outlet)
Inlet=invert elevation at CB plus inlet HW
Outlet=invert elevation at connector pipe outlet plus outiet HW

“Control Type” the larger number of the two.

7. Compare largest number to gutter elevation the minimum difference = 1'.

8. Adjust pipe size, slope and invert as required.




Procedure for Calculating The HGL For Catch Basin Connector Pipes That Dip Under Existing
Utilities And Then Connect To The Mainline At The Shallow Slope

1. Follow the previous 8 steps for calculating the HGL for straight catch basin connector pipes.

2. The slope used in the calculation was a hypothetical line connecting the invert of the catch basin and
the invert at the trunkline.

3. Add the headloss from the submerged pipe to the tailwater. This headloss was added in order to

balance the use of a steeper slope in calculation than same sections of the proposed pipe.




Procedure for Calculating The HGL For Catch Basin Connector Pipes which have a Shallow Slope
to Clear Existing Utilities and then Drop into Mainline Storm Drain

1. Follow the previous 8 steps for calculating the HGL for straight catch basin connector pipes.

2. The shallow pipe slope is hypothetically extended to the mainline and the invert calculated at that
point. This elevation is then subtracted from the mainline HGL to determine the tailwater.



Catch Basin Connector Pipe Hydraulics

Wood, Patel Associates, Inc.

NORTHERN/ORANGEWOOQOD STORM DRAIN PROJECT 3/24/99
Glendale Avenue Storm Drain - Glendale Avenue & 83rd Avenue to Northern Avenue
Phase II, Sub-Phase C W/P #94153.06
Flood Control District of Maricopa County
100% Plans
Gutter/ Inlet Oulet
Lateral / Inlet Top of | Grate/ D/S Invert Normal / Tail Inlet Outlet Control Control Difference
Connector Pipe Dia.| Invert | Slope | Curb | Ground { D/S HGL | based on Submerged Critical | Lengthof | Water | Control | Control | HW Elev | HW Elev | Controlling (gutter/grate-
CB#{ Pipe No. Q (cfs) (in) (ft) (ft/ft) (ft) (ft) Elev. (ft) | Slope (ft) Pipe Loss* | Depth (ft) | Pipe (ft) (ft) HW (ft) | HW (ft) (ft) (ft) HW HW elev) (ft)
1 L1 2 15} 1093.69{ 0.1606 N/A 1096.69 1094.93 1088.07 0.00 0.24 35.00 6.86 0.70 1.34 1094.39 1095.03] Outlet Control 1.66
2 L2 1.74 15] 1093.29] 0.1581] 1098.79 1098.29 1095.00 1088.14 0.00 0.22 32.57 6.86 0.64 1.78 1093.93 1095.07]  Qutlet Control 3.22
3 L3 1.99 15] 1097.00] 0.1932]  N/A 1102.50 1096.63 1090.72 0.00 0.22 32.50 5.91 0.68 -0.28 1097.68 Not Valid Inlet Control 4.82
4 L4 2 15 1097.00] 0.1817 N/A 1101.00 1096.58 1090.64 0.00 0.23 35.00 5.94 0.69 -0.32 1097.69 Not Valid Inlet Control 3.31
5 L5 1.92 15] 1100.28} 0.2234 N/A 1104.78 1098.82 1093.02 0.00 0.21 32.50 5.80 0.65 -1.37 1100.93 Not Valid Inlet Control 3.85
6 L6 2 15]  1099.95f 0.2049 N/A 1103.95 1098.65 1092.78 0.00 0.22 35.00 5.87 0.68 -1.2 1100.63 Not Valid Inlet Control 3.32
N/A C78 57 421 1092.56] 0.0036 N/A 1106.00 1099.89 1092.33 0.00 2.70 63.50 7.56 3,76 8.35 1096.32 1100.91{ Outlet Control 5.09
7 ) L7 28.5 30f 1101.16] 0.2130 N/A 1105.66 1100.91 1093.27 0.00 0.66 37.04 7.64 2.81 0.71 1103.97 1101.87 Inlet Control 1.69
8 L8 28.5 24] 1099.10f 0.1917 N/A 1105.64 1100.91 1093.56 0.00 0.73 28.90 7.35 4.42 4.19 1103.52 1103.29 Inlet Control 2.12
8a L8a 1.99 18f 1102.26] 0.2580] 1107.26 1106.76 1101.71 1095.23 0.00 0.20 27.25 6.48 0.55 -0.51 1102.81 Not Valid Inlet Control 3.95
N/A C910 35 42] 1105.34] 0.1323 N/A 1114.80 1107.46 1098.46 0.00 0.73 52.00 9.00 2.46 2.49 1107.80 1107.83]  Cutlet Control | 6.97
9 19 245 151 1108.79] 0.2885 N/A 1112.79 1107.83 1101.39 0.00 0.22 25.65 6.44 0.73 -0.83 1109.52 Not Valid Inlet Control 3.27
10 L10 32.55 36| 1108.56] 0.1193 N/A 1113.56 1107.83 1105.06 0.00 0.76 29.33 2,77 2.67 0 1111.23 1108.56 Inlet Control 2.33
N/A Cl1 29 36f 1105.44| 0.1826 N/A 1117.00 1110.26 1100.98 0.00 0.65 24.43 9.28 2.35 5.26 1107.79 1110.70}f  Outlet Control 6.30
11 L1l 29 304 1110.23] 04145 N/A 1116.09 1110.70 1105.19 0.00 0.56 12.16 5.51 2.61 1.34 1112.84 1111.57 Inlet Control 3.25
12 L12 32.55 30 1115.11] 0.4529 N/A 1123.11 1118.97 1106.93 0.00 0.58 18.06 12.04 2.86 5 1117.97 1120.11} - Outlet Control 3.00
13a L13a 1.74 18f 1122.521 0.4140] 1126.52 1126.02 1122.80 1118.96 0.00 - 0.17 8.60 3.84 ~0.38 0.3 1122.90 1122.82 Inlet Control 3.12
14 L14 50 421 1120.03} 0.0813 N/A 1126.53 1123.53 1114.70 0.00 0.99 65.60 8.83 3.28 4.29 1123.31 1124.32]  Qutlet Control 2.21
14-1 L14a 41.9 42| 1120.55§ 0.0008 N/A 1127.50 1124.32 1120.53 0.00 3.50 23.70 3.79 3.03 4.25 1123.58 1124.80]  Outlet Control 2.70
13 L13 8.1 24| 1122.09] 0.0218] 1127.09 1126.59 1124.80 1121.35 0.00 0.67 34.00 3.45 1.46 291 1123.55 1125.00]  Outlet Control 1.59
14a Llda 2.25 18y 1121.75] 0.1665] 1127.25 1126.75 1123.53 1109.53 0.00 0.18 73.40 14.00 0.45 1.8 1122.20 1123.551  Outlet Control 3.20
14b L14b 1.98 18] 1124711 0.1714} 1128.71 1128.21 1126.18 1111.98 0.06 0.22 74.29 14.26 0.67 1.59 1125.38 1126.30]  Outlet Control 1.91
N/A C1515a 37.8 30 1119.281 0.0771 N/A 1130.00 1124.67 1114.98 0.00 0.99 55.80 9.69 3.94 7.25 1123.22 1126.53]  Outlet Control 347
15 L15 18.85 24| 1123.23] 0.4138 N/A 1129.23 1123.88 1117.71 0.00 0.49 13.34 6.17 2.36 1.58 1125.59 1124.81 Inlet Control 3.64
15a Li5a 17.81 24] 1123.40] 0.0065] 1130.71 1130.21 1126.53 1123.10 0.00 1.60 46.10 343 2.61 4.16 1126.01 1127.56§  Outlet Control 2.65
15b L15b 22.05 30] 1123.89] 04141} 1130.74 1130.24 1124.97 1116.13 0.00 0.49 18.74 8.84 1.96 1.6 1125.85 1125.49 Inlet Control 4.39
15d L15d 1.8 18] 1124.54]1 0.1787] 1130.97 1130.47 1124.87 1121.08 0.00 0.21 19.36 3.79 0.57 0.36 1125.11 1124.90 Inlet Control 5.36
15¢ L15¢ 4.09 18} 1126.00f 04129} 113225 1131.75 1126.61 1118.32 0.00 0.25 18.60 8.29 0.82 0.76 1126.82 1126.76 Inlet Control 4.93
15¢ L15e 1.96 18] 1128.17f 0.3497] 1132.17 1131.67 1126.64 1121.42 0.00 0.18 19.30 5.22 0.47 -1.49 1128.64 Not Valid Inlet Control 3.03
16a L16a 4.44 18] 1128.78] 0.1244] 1134.78 1134.28 1128.36 1125.60 0.00 0.35 25.56 2.76 1.10 -0.23 1129.88 Not Valid Inlet Control 4.40
N/A C1617 41.1 421 1119.01} 0.0100 N/A| ' 1135.000 1126.29 1118.26 0.00 1.56 74.90 8.03 2.97 7.83 1121.98 1126.84]  Outlet Control 8.16
16 L16a 5.61 18] 1129.29f 0.30771 1134.79 1134.29 1126.84 1120.46 0.00 0.31 28.70 6.38 1.17 -2.13 1130.46 Not Valid Inlet Control 3.83
17 L17 14 24} 1130.50] 0.2681] 1134.50 1134.00 1126.84 1122.89 0.00 ~ 047 28.38 3.95 1.87 -3.09 1132.37 Not Valid Inlet Control 1.63
17a L17a 21.7 30f 1130.36f 0.1934 N/A 1134.36 1127.31 1126.25 0.00 0.59 21.25 1.06 2.21 0 1132.57 1130.36 Inlet Control 1.79
N/A C1819 8 36] 1119.20f 0.0029 N/A 1136.15 1126.79 1119.00 0.00 0.96 68.00 7.79 1.22 7.63 112042 1126.83]  Outlet Control 9.32
18 L18 4 15{ 1131.84] 0.2142 N/A 1135.84 1126.83 1127.08 0.00 0.31 22.22 -0.25 1.13 0 1132.97 1131.84 Inlet Control 2.87
19 L19 4 15 1128.92} 0.4057 N/A 1135.92 1126.83 1120.60 0.00 0.26 20.51 6.23 1.01 -1.76 1129.93 Not Valid Inlet Control 5.99
24 L24 6.13 18] 1136.56] 0.0085] 114247 1141.97 1140.31 1136.34 0.00 0.86 25.75 3.97 1.48 4.12 1138.04 1140.68] Outlet Control 1.29
25 L25 9.53 24} 1138.28}  0.0501§ 1142.78 1142.28 1140.46 1136.31 0.00 0.59 39.35 4.15 1.59 2.46 1139.87 1140.74]  Outlet Control 1.54

* Submerged Pipe Loss was calculated using the following equation: 10.14(n"2)(L)(Q"2)/D"5.33

Where: n=.013, L=Pipe Length(ft), Q=Flow(cfs), D=Pipe Diameter(ft)

w\94153-NorthernOrangewood\ phase Il c\spreadsheets\Catch Basin Hydraulics.xls
3/24/99; 8:43 AM




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 19, 1999

Culvert Diameter (ft) ........ .ot inenrnoeenonnens 1.25
FHWA Chart Number. ... ... ..ttt ittt eeneesonenscennneanna : 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)...........cc.ocuun.. 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) .... ittt ittt ittt nananas 35.0
Invert Elevation at Downstream end of Culvert (ft).......... 1,088.07
Invert Elevation at Upstream end of Culvert (ft)............ 1,093.69
Culvert Slope (fL/ft) @it ittt ettt ettt et eneaanaans 0.1606
Starting Flow Rate (CLS) ...ttt ittt it iieanneenannn 2.0
Incremental Flow Rate (cfs)................ et et 0.0
Ending Flow Rate (CES) ..vniriiir it iieiineenenseanennn 2.0
Starting Tailwater Depth (ft)....... ... ... 6.86
Incremental Tailwater Depth (ft) ... ... it nnnnnns 0.0
Ending Tailwater Depth (ft)......... e et ettt 6.86
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Qutlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

2.0 6.86 0.7 1.34 0.24 0.56 1.25 1.63

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c) 1996

Dodson & 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 Reserved.

Teuwk MGt = 1099.93
(AT |NVERT = 1088.07
Tw= 6.86

AHW = 1096.69
HDHW = 1095.03




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

____________________________ Proe T Sra 16138 ____5_31(’64 Ave

DESCRIPTION VALUE
Culvert Diameter (fL) ... ..ttt innineneeneeenacacanannans 1.25
FHWA Chart NUIDer. ..o vttt ittt nerensenenneeoaeacasoaeasanasss 1
FHWA Scale Number (Type of Culvert Entrance)............c.... 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£L) .. ..ttt it ittt ieneanaaaaaan 32.57
Invert Elevation at Downstream end of Culvert (ft).......... 88.14
Invert Elevation at Upstream end of Culvert (ft)............ 93.29
Culvert Slope (Ft/ft) cuuiitintnt ittt iteeeeaneananas 0.1581
Starting Flow Rate (CES) ... iiiiniii it i it iieeeanoanannas 1.74
Incremental Flow Rate (CES) ....i ittt ittt eeierooensssenans 0.0
Ending Flow Rate (CES) ... vttt ittt iiienenennn 1.74
Starting Tailwater Depth (ft) . ... ...ttt ireeannennnn 6.86
Incremental Tailwater Depth (ft)....... ...ttt iinnnnnnnn 0.0
Ending Tailwater Depth (ft)......... @ttt te et 6.86

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (£t) Control Control (ft) (ft) (ft) (fps)
1.74 6.86 0.64 1.78 0.22 0.52 1.25 1.42

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.

Truwk HGL= 1095

LAT Invers = 10881

Tw= 686
AW = 109,29

DRW = 109%.,077




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999

_____________________________ &Y _Q/__B____S_’E':___l__sf 49

DESCRIPTION VALUE
Culvert Diameter (ft) ... ...ttt ittt eenanancananns 1.25
FHWA Chart NUumber . ... ... ittt ittt et tnneneneannneneennnnsns 1
FHWA Scale Number (Type of Culvert Entrance) ................ 1
Manning’s Roughness Coefficient (n-value)..........c.c.0o.... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£t) .. ... ..ttt ittt eiaaanns : 32.5
Invert Elevation at Downstream end of Culvert (ft).......... 90.72
Invert Elevation at Upstream end of Culvert (ft)............ 97.0
Culvert Slope (/L) .ottt it et it ittt ee et eecneannnann 0.1932
Starting Flow Rate (CES) ... ittt ittt e eeeiennennn 1.99
Incremental Flow Rate (CEsS) ... iiiiiiiiinieeeeeeenoeannocanns 0.0
Ending Flow Rate (CfS) .....iiiiiiiiii it iinnerannnnnns 1.99
Starting Tailwater Depth (£t) ......i ittt eeeeennnannn 5.91
Incremental Tailwater Depth (FE) ... ..ttt ittt eeenneenns 0.0
Ending Tailwater Depth (ft)......... £ttt ettt er e 5.91
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

1.99 5.91 0.68 -0.28 0.22 0.56 0.22 13.35

HYDROCALC Hydraulics for Windows, Version 1.2a Copyrlght (c) 1996
Dodson & 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 Reserved.

TeuN K HLL > 1096.63

Lar IWvERT ~ 109077

AHW = o5
pHW = 1091.68




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999 LQJ
€3

DESCRIPTION VALUE
Culvert Diameter (L) ... ittt iie et nenenaanans 1.25
FHWA Chart NUMDET . ... it vttt ennetencetoenonanastonsnsecnnens 1
FHWA Scale Number (Type of Culvert Entrance)............... . 1
Manning'’'s Roughness Coefficient (n-value)........c.oovuvnn... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (f€) ... ittt ittt it e ttnennanaaans ) 35.0
Invert Elevation at Downstream end of Culvert (ft).......... 90.64
Invert Elevation at Upstream end of Culvert (ft)............ 97.0
Culvert Slope (fL/fL) ..t ittt it ittt ie et i et asenncaaaneens 0.1817
Starting Flow Rate (CES) . vttt ie ittt ennanns 2.0
Incremental Flow Rate (CES) ... viiin i iiiiereoenrcenoeeneoans 0.0
Ending Flow Rate (CEsS) ... ittt ittt iieneanenns 2.0
Starting Tailwater Depth (ft)......i it ieenineennannnn 5.94
Incremental Tailwater Depth (ft)....... i ennnenn. 0.0
Ending Tailwater Depth (ft)......... et ae ettt e 5.94
COMPUTATION RESULTS

Flow Taillwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Qutlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (£t) (ft) (fps)

2.0 5.94 0.69 ~-0.32 0.23 0.56 0.23 13.03

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c) 1996 )
Dodson & 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 Reserved.

HuL= 1096.5%
. 1090 6Y

T ruwk
JAT IwvERT
T-VV gl qu5<8




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

» . March 16, 1999 Gd
3+ttt ittt -t > e ng:——S—===5Ib__£i_téi__K3__ ==== ===
PROGRAM INPUT DATA
DESCRIPTION VALUE
Culvert Diameter (FL) ..... ..ttt iniineneneneeaacoooanannn 1.25
FHWA Chart Number...... ...ttt ittt taanerieteenennanns 1
FHWA Scale Number (Type of Culvert Entrance)........... e 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening........ocove... 0.5
Culvert Length (ft) .... ...t i eietaaeeannn 32.5
Invert Elevation at Downstream end of Culvert (ft).......... 1,093.02
Invert Elevation at Upstream end of Culvert (ft)............ 1,100.28
Culvert Slope (FE/ft) oo v ittt it e it et e e et e eeeeaanens 0.2234
Starting Flow Rate (Cfs) ... ..ottt it iienennaanann 1.92
Incremental Flow Rate (cfs)..... it enannn. 0.0
Ending Flow Rate (Cfs) ...ttt iiitetannnnns 1.92
Starting Tailwater Depth (ft)....... ..t 5.8
Incremental Tailwater Depth (ft)......... .0, 0.0
Ending Tailwater Depth (£t).....cci it eennnns 5.8
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (fr) (fps)

1.92 5.8 0.65 -1.37 0.21 0.55 0.21 13.89

Dodson & 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 Reserved.

TeuvK  HGL> 109% .2
LAT lwrery > 1093.0%
rwe S8

AHW: ”0%'78
DHW = 100+9%




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999 gi

DESCRIPTION VALUE
Culvert Diameter (ft) .....viieieiien et eeeneeneneannsananns 1.25
FHWA Chart Number. ... ...ttt ittt ittt eineiencosanannncnanens 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)...........ccuun.n.. 0.013
Entrance Loss Coefficient of Culvert Opening.........eeee... 0.5
Culvert Length (£C) .. ..ttt ittt iieinennnaeeeaaananns 35.0
Invert Elevation at Downstream end of Culvert (ft).......... 92.78
Invert Elevation at Upstream end of Culvert (ft)............ 99.95
Culvert Slope (ft/ft) ...ttt ittt ittt iieeanannnns 0.2049
Starting Flow Rate (cfs) ... ..ttt iiie s 2.0
Incremental Flow Rate (CEsS) ...ttt nnnnn 0.0
Ending Flow Rate (CfS) ...t it it iiiinens 2.0
Starting Tailwater Depth (ft)........ . . . it neenn. 5.87
Incremental Tailwater Depth (ft)......... .00 ennannnn 0.0
Ending Tailwater Depth (ft)......... ettt ' 5.87
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

2.0 5.87 0.68 -1.2 0.22 0.56 0.22 13.61

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069

Phone: (281)440-3787, Fax:(281)440-4742, Email:softwareldodson-hydr
All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999

DESCRIPTION VALUE
Culvert Diameter (fC) ... ...ttt et eeeenennnnennns 3.5
FHWA Chart NUMer. . . o i it it ittt it i eeeceeeonnaceesnennnnnnans . 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning'’s Roughness Coefficient (n-value)........c.noen.... '0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (f€) ... ir ettt it i i ie i eeeennenaneaans 63.5
Invert Elevation at Downstream end of Culvert (ft).......... 92.33
Invert Elevation at Upstream end of Culvert (ft)............ 92.56
Culvert Slope (fE/EL) .t ittt it ittt eeceaeaeannan 0.0036
Starting Flow Rate (CES) . i ittt ittt ieeeteeannnnns 57.0
Incremental Flow Rate (CES) ... ...t ieentenennncnenns 0.0
Ending Flow Rate (C£S)..vvrinninennnnnnnn. e 57.0
Starting Tailwater Depth (ft)...... .0ttt inenneennn 7.56
Incremental Tailwater Depth (fL) ... . v ittt enennns 0.0
Ending Tailwater Depth (ft)...... ..ot ninannn. 7.56

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (£t) (ft) (ft) (fps)
57.0 7.56 3.76 8.35 2.7 2.36 3.5 5.92

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999 g?)fi

DESCRIPTION VALUE
Culvert Diameter (ft) ..... ...ttt eienenennnanns 2.5
FHWA Chart Number. . ... ..ottt iiniitetieneeeneeanenonenanns 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) .. ...l i it it iieenns 37.04
Invert Elevation at Downstream end of Culvert (ft).......... 93.27
Invert Elevation at Upstream end of Culvert (ft)............ 101.16
Culvert Slope (fE/EL) i ittt ittt e e ettt e e eiiaenn 0.213
Starting Flow Rate (CES) ...ttt eeernnennnnanns 28.5
Incremental Flow Rate (cfs) ... ...t iiiinennnnnn 0.0
Ending Flow Rate (CfsS) . .ieiiitiiininieniiineneneinennnnnnns 28.5
Starting Tailwater Depth (ft).......ciiiiiineietonnnnenannns 7.64
Incremental Tailwater Depth (ft) .. ..ottt ittt eennennn 0.0
Ending Tailwater Depth (ft)......... et ettt 7.64
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

28.5 7.64 2.81 0.71 0.66 1.82 0.66 27.77

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c¢) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

____________________________ Ppe 8. Sra. 36175 e

DESCRIPTION VALUE
Culvert Diameter (ft) ..... ..ttt ittt et tnennnaannnn 2.0
FHWA Chart NUMDEr . . .. ittt ittt iset sttt enoavoossscaanesnaoans 1
FHWA Scale Number (Type of Culvert Entrance)............e... 1
Manning‘s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) ... it ittt it e i eienaannans : 28.9
Invert Elevation at Downstream end of Culvert (ft).......... 1,093.56
Invert Elevation at Upstream end of Culvert (ft)............ 1,099.1
Culvert Slope (FE/ft) o v it e ittt t e iae e e e aeaeenanan 0.1917
Starting Flow Rate (Cfs) ... ..ttt iinennennnn 28.5
Incremental Flow Rate (cfs) ... ... ittt ettt ieeneaeanans 0.0
Ending Flow Rate (cfs)..... ... ittt i 28.5
Starting Tailwater Depth (ft)...... .0ttt inneennn 7.35
Incremental Tailwater Depth (ft) ........ .00t neeneannnn 0.0
Ending Tailwater Depth (ft)......... e eetesases ettt 7.35

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
28.5 7.35 4.42 4.19 0.73 1.84 0.73 27.28

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.

TauN K B L =1oa.9
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999

________ - __gﬂgz___gﬂ

PROGRAM INPUT DATA
DESCRIPTION VALUE
Culvert Diameter (EL) ... .ttt it ii e et aniineneannnn 1.5
FHWA Chart NUumber. ... .i ittt ittt intiettsetenoncenennneenens 1
FHWA Scale Number (Type of Culvert Entrance)................ ' 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (f) ...ttt ittt ittt e et eeiesneennnn 27.25
Invert Elevation at Downstream end of Culvert (ft).......... 95.23
Invert Elevation at Upstream end of Culvert (ft)............ 102.26
Culvert Slope (ft/Et) ..ttt i et i et tieeeenannn 0.258
Starting Flow Rate (CfS) ...ttt et et i e e eeeeenn 1.99
Incremental Flow Rate (CLS) . ...ttt iiiinnneeroenenceneaeannns 0.0
Ending Flow Rate (cfs) ...ttt it iieennnn 1.99
Starting Tailwater Depth (£t)....... i iinenennn 6.48
Incremental Tailwater Depth (ft)......... ... ... 0.0
Ending Tailwater Depth (ft)..... .ot enenns 6.48

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Qutlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
1.99 6.48 0.55 -0.51 0.2 0.53 0.2 14.36

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996 ]
Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069
Phone: (281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydroc.com
All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

o o Sra. 22754 o
PROGRAM INPUT DATA
DESCRIPTION VALUE
Culvert Diameter (ft) .... .o in it iie st eenenensnnnnns 3.5
FHWA Chart NUMbeIr ... ...ttt ittt it in e et eannoceneannenas 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)...........c..cuov... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) ... ...t in it ittt iseeneenaaannas 52.0
Invert Elevation at Downstream end of Culvert (ft).......... 1,098.46
Invert Elevation at Upstream end of Culvert (ft)............ 1,105.34
Culvert Slope (£t/EL) ..ttt it i ittt ittt te e saananns 0.1323
Starting Flow Rate (Cfs) ...ttt ittt enennnn 35.0
Incremental Flow Rate (cfs)..... ..., 0.0
Ending Flow Rate (cfs) . ...ttt 35.0
Starting Tailwater Depth (ft)......... ... ... 9.0
Incremental Tailwater Depth (ft)....... .. it ennnnn 0.0
Ending Tailwater Depth (ft)..... ... ... ... 9.0
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Qutlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

35.0 9.0 2.46 2.49 0.73 1.83 3.5 3.64

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

SESs=STSooSSETESsEsx SEEEsss 9 Jp:g;: ————— —S_.’:c&_ 2'71'16 O(QQ\%(JOOA =======
PROGRAM INPUT DATA
DESCRIPTION VALUE
Culvert Diameter (ft) .. ...ttt ittt erenneannanens 1.25
FHWA Chart Number. ... ...ttt iiitieetneesasenaannanas 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value).........cccienon.. 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (fL) ... .. ittt it i et ieaeeneennns 25.65
Invert Elevation at Downstream end of Culvert (ft).......... 1,101.39
Invert Elevation at Upstream end of Culvert (ft)............ 1,108.79
Culvert Slope (fE/fL) .. ittt it ieeeeneeceeaaoaenss 0.2885
Starting Flow Rate (cfs) ... ... ittt teanaeannn 2.45
Incremental Flow Rate (CEfS) ...ttt iiiiineneenenonesonanns 0.0
Ending Flow Rate (CES) ..ttt it iiieitrrennnnnaanns 2.45
Starting Tailwater Depth (ft)....... .t ennn.. 6.44
Incremental Tailwater Depth (ft)........iuiin i, 0.0
Ending Tailwater Depth (ft)......... @t ettt a e 6.44
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

2.45 6.44 0.73 -0.83 0.22 0.63 0.22 16.31

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

DESCRIPTION VALUE
Culvert Diameter (fL) . it iii ittt ittt ieieeennacncanenn 3.0
FHWA Chart NUMDEr . ... ittt it ittt ettt tiieteeeeennaannssnnns . 1
FHWA Scale Number (Type of Culvert Entrance)........eeeee... 1
Manning's Roughness Coefficient (n-value)...........ovuieuncn. 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (fL) .. ..t ittt ittt ettt e vinaaeeaneens 29.33
Invert Elevation at Downstream end of Culvert (ft) .......... 1,105.06
Invert Elevation at Upstream end of Culvert (ft)............ 1,108.56
Culvert Slope (ft/fL) ot vttt it ittt it e ieieeaanannas 0.1193
Starting Flow Rate (CEs) ... iviiiiiiinn i iiiieneaeneaasenns 32.55
Incremental Flow Rate (Cfs) .. ...ttt eennnens 0.0
Ending Flow Rate (cfs). ...ttt iiiaiannn. 32.55
Starting Tailwater Depth (£t) .. ... .ttt ennnennns 2.77
Incremental Tailwater Depth (ft)....... ..t iimnennnennns 0.0
Ending Tailwater Depth (ft)......... @ttt ettt 2.77

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
32.55 2.77 2.67 0.0 0.76 1.85 0.76 23.04

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.

Taun/  HaL= 116283
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[) PJ‘A/ - ’])’VZ/S




“—

PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

DESCRIPTION VALUE
Culvert Diameter (fE) . ...ttt iineeeaaacacenens 3.0
FHWA Chart Number. ... ...ttt ittt entneeeneeeaceneeaneanas 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value).........ovuenene.... 0.013
Entrance Loss Coefficient of Culvert Opening.........c.oe.... 0.5
Culvert Length (ft) .. .. ...ttt i iiaanaan 24.43
Invert Elevation at Downstream end of Culvert (ft).......... 1,100.98
Invert Elevation at Upstream end of Culvert (ft)............ 1,105.44
Culvert Slope (fL/fL) ..t i e ettt eeeeeannn 0.1826
Starting Flow Rate (cfs)....... ettt 29.0
Incremental Flow Rate (CEsS).... ittt vnsesasasenonns 0.0
Ending Flow Rate (Cfs) ...ttt inninreteeneennenannns 29.0
Starting Tailwater Depth (ft)...... ... .. i, 9.28
Incremental Tailwater Depth (ft)...........cc e, 0.0
Ending Tailwater Depth (ft)......... e s e ss et an e 9.28
COMPUTATION RESULTS
Flow Tailwater  Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
29.0 9.28 2.35 5.26 0.65 1.74 3.0 4.1

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.

Teurvk HGLT ho.2é
LAT Iverr = 1100
Tw= 4%
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PIPE CULVERT ANALYSIS

March 17, 1999

COMPUTATION OF CULVERT PERFORMANCE CURVE

FHWA Chart NUumber. ... ..o ittt ineneeeneneneioesosaonnaaseenns

FHWA Scale Number (Type of Culvert Entrance)
Manning’s Roughness Coefficient (n-value).
Entrance Loss Coefficient of Culvert Opening
Culvert Length (ft) ... ...t et i e iie i
Invert Elevation at Downstream end of Culvert (ft)
Invert Elevation at Upstream end of Culvert (ft)
Culvert Slope (fL/fE) ...ttt i it ittt caaeancnannn

Ending Flow Rate (cfs)

Flow Tailwater

Rate Depth

l (cfs) (£t)
29.0 5.51

-

Dodson & Associates, Inc.,

Starting Flow Rate (cfs)
Incremental Flow Rate (cfs)

Starting Tailwater Depth (ft)
Incremental Tailwater Depth (ft)
Ending Tailwater Depth (ft)

Culvert Diameter (LL) .....ciime e iinen e eeeennnsocnaannns

0.013
0.5
12.16
1,105.19
1,110.23
0.4145

COMPUTATION RESULTS

Headwater (ft) Normal Critical Depth at
Inlet Outlet Depth Depth Outlet
Control Control (ft) (ft) (ft)

2.61 1.34 0.56 1.84 0.56

Outlet
Velocity
(fps)

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

5629 FM 1960 West, Suite 314, Houston, TX 77069

Phone: (281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com

All Rights Reserved.

ARv =
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

DESCRIPTION VALUE
Culvert Diameter (£t} .......iit ittt eneeeennaenannnenns 2.5
FHWA Chart NUMbDeT. .. .. ...ttt ittt it e ieeeeensscosnnsanesas 1
FHWA Scale Number (Type of Culvert Entrance)...............!. 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) ... ittt ittt ittt teeseeneenaaeenns ) 18.06
Invert Elevation at Downstream end of Culvert (ft).......... 1,106.93
Invert Elevation at Upstream end of Culvert (ft)............ 1,115.11
Culvert Slope (Ft/ft) @ittt ittt ittt teeeeenaenanns 0.4529
Starting Flow Rate (CES) ... .ttt tiiitenneenannas 32.55
Incremental Flow Rate (CES)....ii ittt eneneeonnsesononnnns 0.0
Ending Flow Rate (cfs)..... oot 32.55
Starting Tailwater Depth (ft).... ... ..ttt ineannnn 12.04
Incremental Tailwater Depth (ft)........iiiiimeninenennnnn 0.0
Ending Tailwater Depth (ft)......... e tee e er et 12.04

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Qutlet Velocity
(cfs) (£t) Control Control (£t) (ft) (ft) (fps)
32.55 12.04 2.86 5.0 0.58 1.94 2.5 6.63

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

‘)' March 17, 1999
J

o Pioe Do Sre. 0945 Oansewoed

DESCRIPTION VALUE
Culvert Diameter (FE) .....iiiir i inii ittt eenenenaneannnas 1.5
FHWA Chart Number...... ...ttt ittt itneoeanaeaeaasanns 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning‘s Roughness Coefficient (n-value)............ccuue. 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft)...... it it i e iieenaaeaans 8.6
Invert Elevation at Downstream end of Culvert (ft).......... 1,118.96
Invert Elevation at Upstream end of Culvert (ft)............ 1,122.52
Culvert Slope (FE/fE) v i i ittt e e ettt tereteaennnans 0.414
Starting Flow Rate (Cfs) ... .. vttt it iiaeeneanana 1.74
Incremental Flow Rate (cfs) ...t nnenans 0.0
Ending Flow Rate (CES) ..t iiiiiiiiiirinnneieeesnnsasrononens 1.74
Starting Tailwater Depth (ft)....... ...ttt ireenenenannnn 3.84
Incremental Tailwater Depth (ft)..... ... . et eennnnnn 0.0
Ending Tailwater Depth (ft) .... ...ttt ieennnnn 3.84
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

1.74 3.84 0.38 0.3 0.17 0.5 0.17 16.37

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.

Tauwk BGL= N22.8
LAT IvvE RT ZE.96
Tw= 5 %
ARwz= h5.02
Drw = h22.9




COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17 1999

I PIPE CULVERT ANALYSIS

B Y %018 ro BIHMGE
PROGRAM INPUT DATA
DESCRIPTION VALUE
' Culvert Diameter (L) ..... ..ttt ittt 3.5
FHWA Chart NUmMber . ... ..ttt ittt tensoeesossosoensnseansenss 1
‘ FHWA Scale Number (Type of Culvert Entrance)..........c.eo.. 1
| Manning’'s Roughness Coefficient (n-value)...............o.... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) ...ttt ittt iiienseseennnns 65.6
Invert Elevation at Downstream end of Culvert (ft).......... 14.7
Invert Elevation at Upstream end of Culvert (ft)............ 20.03
Culvert Slope (ft/ft) ... i it i it it i e 0.0813
Starting Flow Rate (Cfs) . ... ittt 50.0
Incremental Flow Rate (Cfs) .. ...ttt 0.0
Ending Flow Rate (CES) ... iviriiiiiiiiiiiinneennenenneneenns 50.0
Starting Tailwater Depth (ft)...... .. . ..t 8.83
Incremental Tailwater Depth (ft)..... ...ttt ensnn 0.0
Ending Tailwater Depth (ft)......... e e '8.83

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
50.0 8.83 3.28 4.29 0.99 2.21 3.5 5.2

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

DESCRIPTION VALUE
Culvert Diameter (fC) ..... ... . it iiinnnn 3.5
FHWA Chart NUmMbDer. .. .ottt ittt ittt it iteie e enncensosanssanns . 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (f) .. ..ttt ittt ettt eaaeann 23.7
Invert Elevation at Downstream end of Culvert (ft).......... 20.53
Invert Elevation at Upstream end of Culvert (ft)............ 20.55
Culvert Slope (Et/fL) @ v i ittt it e ettt teee e 0.0008
Starting Flow Rate (cfs) ... .. i it i 41.9
Incremental Flow Rate (cfs)................ RIS 0.0
Ending Flow Rate (cfs) ... .ttt 41.9
Starting Tailwater Depth (ft).......... .. ... 3.79
Incremental Tailwater Depth (ft).......... ... ... 0.0
Ending Tailwater Depth (ft) ..... ...t nnnnns 3.79
COMPUTATION RESULTS
Flow Tailwatér Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (£t) (ft) (ft) (fps)
41.9 3.79 3.03 4.25 3.5 2.02 3.5 4.35

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c) 1996

Dodson & 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 Reserved.

DownsTREAM WuL™> J1lf.32
LAt Invveny = 112083
Tw = 3779

ARw = w275

pRw = NHE




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

DESCRIPTION VALUE
Culvert Diameter (ff) .. ... ... iiin ittt erneeaeaasonans 2.0
FHWA Chart NUMbET . ...ttt ittt eeeeenresesnsesosssnnsonsonns 1
FHWA Scale Number (Type of Culvert Entrance)...... e e e e 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening...........c.... 0.5
Culvert Length (£t) ... ..ttt it ittt ie e iiieanenn 34.0
Invert Elevation at Downstream end of Culvert (ft).......... 21.35
Invert Elevation at Upstream end of Culvert (ft)............ 22.09
Culvert Slope (ft/fL) .. v it i i i ittt ettt teineaaannn 0.0218
Starting Flow Rate (cfs) .. .. ... i, 8.1
Incremental Flow Rate (cfs) ... ..ttt it eennnnas 0.0
Ending Flow Rate (CEs) ... ittt ittt nnacnannn 8.1
Starting Tailwater Depth (£ft)........ ..ttt iiiniinnnnn. 3.45
Incremental Tailwater Depth (£t) ....... ¢ iennnn. 0.0
Ending Tailwater Depth (ft)......... et e re et 3.45

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
8.1 3.45 1.46 2.91 0.67 1.01 2.0 2.58

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999 0 J
PROGRAM INPUT DATA
DESCRIPTION VALUE
Culvert Diameter (ft) .........itiiniiinteneenetnnncasenannaasn 1.5
FHWA Chart NUmMbDer . .. ittt it ittt e it tecieenncsenoesaaosoananas 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) ...l ittt et e eiantanneens : 73.4
Invert Elevation at Downstream end of Culvert (ft).......... 1,109.53
Invert Elevation at Upstream end of Culvert (ft)............ 1,121.75
Culvert Slope (fL/ft) ...t i it et sneanccaacans 0.1665
Starting Flow Rate (CES) v i i in ittt iii it i tetteeaecenn 1.25
Incremental Flow Rate (CES) ...ttt rencecocsnsnnnnnn 0.0
Ending Flow Rate (CEs) ...ttt nennnnnns 1.25
Starting Tailwater Depth (ft)...... ittt ennnnnn 14.0
Incremental Tailwater Depth (ft)....... ...t nennenannn 0.0
Ending Tailwater Depth (ft)......... f et ee e e e 14.0
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Cutlet Velocity

(cfs) (fr) Control Control (fr) (£t) (ft) (fps)

1.25 14.0 0.45 1.8 0.18 0.42 1.5 0.71

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
Dodson & 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 Reserved.
T&LUUVK H&L: “13»$3
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999
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DESCRIPTION VALUE
Culvert Diameter (FL) ......ci it ineeenennceananas 1.5
FHWA Chart NUmMbeI . ... ..ttt oncseeensescecaannnenosennas 1
FHWA Scale Number (Type of Culvert Entrance)............... : 1
Manning’s Roughness Coefficient (n-value).........vvvviunnnn 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (fL) ... ... i i i i ittt aanns 74.29
Invert Elevation at Downstream end of Culvert (ft).......... - 1,111.98
Invert Elevation at Upstream end of Culvert (ft)............ 1,124.71
Culvert Slope (Et/fL) ittt i e e ittt eannnnns 0.1714
Starting Flow Rate (cfs) .. ... i, 1.98
Incremental Flow Rate (CEsS) . ...ttt eentnneneneeenoens 0.0
Ending Flow Rate (cEs) ... ittt eiennn 1.98
Starting Tailwater Depth (ft)....... ... . . i, 14.2
Incremental Tailwater Depth (ft).......... ... 0.0
Ending Tailwater Depth (ft)......... et et ese it eea s 14.2
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

1.98 14.2 0.61 1.53 0.22 0.53 1.5 1.12

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
l COMPUTATION OF CULVERT PERFORMANCE CURVE
~ March 17, 1999
' oo ES==ms=m=xm ====——'_-_-=—-_—=§=t%===g=5i9;_._‘4__===—_Q§&Qﬁe-w:—°_4_'=== ————————————
PROGRAM INPUT DATA
DESCRIPTION VALUE
', CULVErt DIiamMELer (FE) - nvonn e e e e e e e e 2.5
| FHWA Chart NUmMber. ... .. ..ot ittt rnenensennoneeeeaneacanannnns 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
: Manning’s Roughness Coefficient (n-value)................... 0.013
' Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£E) ...ttt ittt ittt eteneeneenneeneas 55.8
Invert Elevation at Downstream end of Culvert (ft).......... 114.98
v Invert Elevation at Upstream end of Culvert (ft)............ 119.28
' Culvert Slope (ft/ft) ... it i i e et ittt eeeieen 0.0771
Starting Flow Rate (CES) ... i ittt it ittt tneenonconeennn 37.8
- Incremental Flow Rate (cfs) .. ... .. i it it ee s eeeennn 0.0
l Ending Flow Rate (Cfs) ... ..t iive it ieeeeeennaennaannn 37.8
Starting Tailwater Depth (ft)........ ... .. i, 9.69
Incremental Tailwater Depth (ft).......... . ... 0.0
‘ Ending Tailwater Depth (ft)......... P 9.69
' COMPUTATION RESULTS
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity
I (cfs) (ft)  Control  Control (ft) (ft) (£t) (fps)
37.8 9.69 3.94 7.25 0.99 2.08 2.5 7.7
l HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
S Dodson & 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 Reserved.

Toawx HGL™ 12467
= H14.98

LAT [VVERT




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

DESCRIPTION VALUE \
Culvert Diameter (£h) . v v i in ittt ittt te et etennennnn 2.0
FHWA Chart NUMDer . . . ittt it ittt et e seeteeeseneeseeenenenennn 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value).........ceiiuvun.n 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length () ..t iiii ittt ittt iiee et eeeenennnaeanas 13.34
Invert Elevation at Downstream end of Culvert (ft).......... 1,117.71
Invert Elevation at Upstream end of Culvert (ft)............ 1,123.23
Culvert Slope (ft/fC) ... i i et ettt et eennnnn 0.4138
Starting Flow Rate (CES) ..ttt it ittt ittt neenns 18.85
Incremental Flow Rate (Cf8) ..ttt it it st teeneeeanenn 0.0
Ending Flow Rate (cfs) ... ittt it itieinannnn 18.85
Starting Tailwater Depth (ft) ... ... .ttt nnnnnnn 6.17
Incremental Tailwater Depth (ft)......... it 0.0
Ending Tailwater Depth (ft)......... e ettt et e " 6.17

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
18.85 6.17 2.36 1.58 0.49 1.56 0.49 31.91

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
' COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

" S 10, S LoV SRR ] . V" K | o | R

DESCRIPTION VALUE
' Culvert Diameter (ft) ..... .. ittt einennennnnnns 2.0
FHWA Chart Number. ........ ittt iineeaonronoesosnssannss 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
4 Manning’'s Roughness Coefficient (n-value)........coviuewnenn. 0.013
' Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£L) .. it ittt ittt it teeeeenaeanannnns 46.1
Invert Elevation at Downstream end of Culvert (ft).......... 23.1
Invert Elevation at Upstream end of Culvert (ft)............ 23.4
' Culvert Slope (ft/ft) ... ..t i i et iieaann 0.0065
Starting Flow Rate (cfs).....ciiiiiii it ieeinannn. 17.81
' Incremental Flow Rate (CEs) ... ... ittt eteeneeeannnnn 0.0
' Ending Flow Rate (cfs)........ ... ... ... .0 ettt s es s e e 17.81
v Starting Tailwater Depth (ft)........ ... 0. . it innnnnnn 3.43
Incremental Tailwater Depth (ft)......... i ieeenennnnn 0.0
l Ending Tailwater Depth (ft)......... e eeee et s 3.43
' COMPUTATION RESULTS
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
] Rate Depth Inlet Qutlet Depth Depth Outlet Velocity
' (cfs) (ft)  Control Control (ft) (ft) (fr) (fps)
17.81 3.43 2.61 4.16 1.6 1.52 2.0 5.67
II

Phone: (281)440-3787, Fax:(281)440-4742, Email:software@dodson-hydro.com
All Rights Reserved.

Touyx HGL=1126.53
LAT Ows = 1123
Tws 343

[VANNRTES
DHwW = NL7.56

Dodson & Associates, Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

___________________ Prae 1S b sr Furus o

DESCRIPTION VALUE
Culvert Diameter (L) .. vt i ittt et ittt e itseeceneneennn 2.5
FHWA Chart NUmMber. ... .ot ittt ittt iiecieaeneeeneaseeanneens 1
FHWA Scale Number (Type of Culvert Entrance)........eeeee... 1
Manning’s Roughness Coefficient (n-value).........ccovoa... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) .. ... ...t ittt ieaeannannn 18.74
Invert Elevation at Downstream end of Culvert (ft).......... 116.13
Invert Elevation at Upstream end of Culvert (ft)............ 123.89
Culvert S1ope (FE/FL) vttt ittt e e ettt e et e 0.4141
Starting Flow Rate (CfS) .. ...ttt einoreenoronaoannnnns 22.01
Incremental FIow Rate (CES) .. .iiiiieieieneneceronnsssoanananse 0.0
Ending Flow Rate (CES) ... ittt iiiieiennnnnnns 22.01
Starting Tailwater Depth (ft) ... ...t eneennnnnn 8.84
Incremental Tailwater Depth (ft).......ciiimiiiieneennnannn 0.0
Ending Tailwater Depth (ft)......... ettt eee e 8.84

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
22.01 8.84 1.96 1.6 0.49 1.6 0.49 32.57

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

_______________________ P fp_ef__l_i@_____fm_ﬂf/_ﬂQ_,_____O_,rao_;gwy_qq{-__-_

DESCRIPTION VALUE
Culvert Diameter (ft) ... ..ttt ittt im it it teeneaneannenn 1.5
FHWA Chart Number.............vevuen.. e e et 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening..........ceue... 0.5
Culvert Length (£fC) ... ittt ettt tinnenns : 19.36
Invert Elevation at Downstream end of Culvert (ft).......... 21.08
Invert Elevation at Upstream end of Culvert (ft)............ 24.54
Culvert Slope (ft/ft) ... ittt i ittt it iieeaennn e 0.1787
Starting Flow Rate (Cfs) .. ...ttt ittt eiennnnnn 1.8
Incremental Flow Rate (CES) ...t ti ittt eieneensoanaaanans 0.0
Ending Flow Rate (Cfs) ... ...ttt eeranncannnns 1.8
Starting Tailwater Depth (ft)........ ...t iennnnnnn 3.79
Incremental Tailwater Depth (ft)...... ..t iieeennnnennnnn 0.0
Ending Tailwater Depth (ft)......... ettt e ettt 3.79

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
1.8 3.79 0.57 0.36 0.21 0.5 0.21 12.36

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

DESCRIPTION VALUE
Culvert Diameter (f€) .....c.c ittt iin ettt tetesaeennnans 1.5
FHWA Chart Number. ... .. ..ttt ittt enneeneonneeaeennnnens 1
FHWA Scale Number (Type of Culvert Entrance)................ ; 1
Manning’s Roughness Coefficient (n-value).........veevennnn. 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£t) .. .. ...l ittt e tiieaanns 18.6
Invert Elevation at Downstream end of Culvert (ft).......... ' 118.32
Invert Elevation at Upstream end of Culvert (ft)............ 126.0
Culvert Slope (£t/ft) ..t e it e et e it enaennn 0.4129
Starting Flow Rate (Cfs) ...ttt iiinncennnnn 4.09
Incremental Flow Rate (CES) .. ...ttt eneenneennnaeeennaen 0.0
Ending Flow Rate (CES) ...ttt ittt iinereennnnn 4.09
Starting Tailwater Depth (ft) ... ... .ottt iie i 8.29
Incremental Tailwater Depth (ft)........ .t it ennnnn. 0.0
Ending Tailwater Depth (ft)......... e e ettt e 8.29
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

{cfs) (ft) Control Control (ft) (ft) (ft) (fps)

4.09 8.29 0.82 0.76 0.25 0.77 0.25 21.03

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

DESCRIPTION VALUE
Culvert Diameter (fL).....iii ittt ineneeeenernnnnnnenns 1.5
FHWA Chart NUMDET . . ..o it ittt ittt tnt et seteneeneeeneeaneeneens 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£t) ... ... .t ittt ittt tieaeenn 19.3
Invert Elevation at Downstream end of Culvert (ft).......... 21.42
Invert Elevation at Upstream end of Culvert (ft)............ 28.17
Culvert Slope (ft/ft) ... .. it i ittt ineanannnn 0.3497
Starting Flow Rate (CES) .. iiiiiii ittt enennnnnannenns 1.96
Incremental Flow Rate (CEsS) .. ...ttt enenneaneenns 0.0
Ending Flow Rate (CFS) ..uiintiin ittt 1.96
Starting Tailwater Depth (ft)...... ...t inneennnnn 5.22
Incremental Tailwater Depth (ft).....ciiitiimen e eeennnnn 0.0
Ending Tailwater Depth (ft).......c.iiiiiiiiiitirenenennenn 5.22

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at OQutlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (ft) (ft) (fps)
1.96 5.22 0.47 -1.49 0.18 0.53 0.18 16.05

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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‘ PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

Iidzrch 17, 1999

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.

TaunK HGL= 112836
LT Our = 11254

TW= 2.7¢
ARW = 133,28
DHW: “‘Z,q.qg

DESCRIPTION VALUE
l Culvert Diameter (fL) .. ...ttt it ettt ieaneeanennnnn 1.5
FHWA Chart NUmMber. ... ittt it ittt ettt it recoeeeenenonsnoennns 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
. Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£t) .. .. ittt ittt ittt ieaneanannn 25.56
Invert Elevation at Downstream end of Culvert (ft).......... 25.6
Invert Elevation at Upstream end of Culvert (ft)............ 28.78
l Culvert Slope (ft/ft) ..l i et et i eaaannnnns 0.1244
Starting Flow Rate (cfs) .. ...ttt iiieeannanans 4.44
- Incremental Flow Rate (cfs) ... ... ittt eeeaennnnn 0.0
' Ending Flow Rate (CEs) ...ttt ie et iiancannnenns 4.44
Starting Tailwater Depth (ft)........ ... . ... it 2.76
Incremental Tailwater Depth (ft)........ ... . ... 0.0
l Ending Tailwater Depth (ft)............ ... ... . il ‘2.76
l COMPUTATION RESULTS
Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate " Depth Inlet Outlet Depth Depth Outlet Velocity
I (cfs) (ft) Control Control (ft) (ft) (ft) (fps)
4.44 2.76 1.1 -0.23 0.35 0.81 0.35 14.11




PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999
I - ) Sn o S E O(QI\:?QUOOOFJ

PROGRAM INPUT DATA

DESCRIPTION VALUE
Culvert Diameter (£L) ...t ii it ieneeneeenneneennaanenn 3.5
FHWA Chart Number. ... ... ...ttt itteeeteaeaioeeanonannanns . 1
FHWA Scale Number (Type of Culvert Entrance)..........ceue.. 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) .. ...t it ittt iareenaannn 74.9
Invert Elevation at Downstream end of Culvert (ft).......... 18.26
Invert Elevation at Upstream end of Culvert (ft)............ 19.01
Culvert Slope (ft/fL) ...t i i et iee e ieannnn 0.01
Starting Flow Rate (cfs)...... ittt ittt cnnnnn 41.1
Incremental Flow Rate (CEs) ... ..ttt eiteeeeeeenannnneen 0.0
Ending Flow Rate (cfs).......... ... ... .... e et e 41.1
Starting Tailwater Depth (ft). ... ... ... 8.03
Incremental Tailwater Depth (ft)...... ... 0.0
Ending Tailwater Depth (£t) ... ...ttt ini ittt neeeeeeeaanns 8.03

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (£t) (ft) (fps)
41.1 8.03 2.97 7.83 1.56 2.0 3.5 4.27

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c¢) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999
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DESCRIPTION VALUE
Culvert Diameter (ft) .......i ittt it iiinennnann 1.5
FHWA Chart NUmMbeT .. ... ottt ittt ie ittt eeeeeananeeennnnss 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)..........ccvuv... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£t) ...ttt ittt itetaneennnnnn 28.7
Invert Elevation at Downstream end of Culvert (ft).......... 20.46
Invert Elevation at Upstream end of Culvert (ft)............ 29.29
Culvert Slope (ft/ft) ... i i i i et e i ieeenn 0.3077
Starting Flow Rate (cfs)..... ... . it iia, 5.61
Incremental Flow Rate (cfs) ... ...t ittt eeeenennnnnn 0.0
Ending Flow Rate (CES) .. ...ttt it tieeinanenennnenn 5.61
Starting Tailwater Depth (ft).........cceiierinnnnnnnnn. 6.38
Incremental Tailwater Depth (ft)..........cc.iiiiiiianenn.. 0.0
Ending Tailwater Depth (ft)..... ...ttt nemenennnnnn 6.38

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (fr) (ft) (£t) (fps)

- e e e Bt e e e e e e e A G —— e - —— - - — - ———— e S —— A A 7 o e e
5.61 6.38 1.17 -2.13 0.31 0.91 0.31 20.89

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

. March 17, 1999
_____________________ Ppe 1 Sya 100420
PROGRAM INPUT DATA
DESCRIPTION VALUE
Culvert Diameter (ft) .... ... ittt neeteteennennann 2.0
FHWA Chart Number.......... .ot eeeeennn e ettt et 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (Ft) .. ..ttt ettt et tiaineaananns . 28.38
Invert Elevation at Downstream end of Culvert (ft).......... 22.89
Invert Elevation at Upstream end of Culvert (ft)............ 30.5
Culvert Slope (Et/ft) ... i i i e et it e iennenn 0.2681
Starting Flow Rate (cfs) ... ...t it iainn, 14.0
Incremental Flow Rate (CfS) .. ...ttt ieeeneeeeaanennans 0.0
Ending Flow Rate (CES) ..ttt it eteetereaeannaanannnns 14.0
Starting Tailwater Depth (ft) ... ... . . ..ttt enannnn 3.95
Incremental Tailwater Depth (ft).....cviiiii i eeeennnnnn 0.0
Ending Tailwater Depth (ft)................ .. .. oo, 3.95
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

14.0 3.95 1.87 -3.09 0.47 1.35 0.47 25.16

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

DESCRIPTION VALUE
Culvert Diameter (fL)...... ..t eneninennnnnn 2.5
FHWA Chart NUmMber. . .. .. ittt ittt et eeneaeananaeannns 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (fE) .. ..l ittt i eeeeannn 21.25
Invert Elevation at Downstream end of Culvert (ft).......... 26.25
Invert Elevation at Upstream end of Culvert (ft)............ 30.36
Culvert Slope (ft/ft) .. it i it i it it iinaennnn 0.1934
Starting Flow Rate (Cfs) .. ... ittt iiiianennnenennnn 21.7
Incremental Flow Rate (cfs) ... .. ... ... ittt iienn.. 0.0
Ending Flow Rate (CES) c i ittt et et e e et e e e 21.7
Starting Tailwater Depth (ft)....... ...t ennn.. 1.06
Incremental Tailwater Depth (ft)........ ..., 0.0
Ending Tailwater Depth (ft)......... et e 1.06
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (£t) (ft) (£t) (fps)

21.7 1.06 2.21 0.0 0.59 1.58 0.59 24.79

HYDROCALC Hydraulics
Dodson & Associates,
Phone: (281)440-3787,
All Rights Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

G J11F90:6¢ 20 1)3138.69

PROGRAM INPUT DATA

DESCRIPTION VALUE
Culvert Diameter (fh) ... .t iiiiininineeeneneneneaneeannenn 3.0
FHWA Chart NUumber........iiiiniiteretseeceenennenannannnnnens 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning'’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (ft) ... ... ittt e ittt eennnnn 68.0
Invert Elevation at Downstream end of Culvert (ft).......... 15.0
Invert Elevation at Upstream end of Culvert (ft)............ 19.2
Culvert Slope (ft/fC) ... ittt e it eeieaneanannn 0.0029
Starting Flow Rate (CfS) ...ttt it tieitinnennnnn 8.0
Incremental Flow Rate (CES) ... ..ttt itiin e et asenennn 0.0
Ending Flow Rate (Cfs) ... ...ttt ittt iieennnnnn 8.0
Starting Tailwater Depth (ft)....... ... i ienennennn 7.79
Incremental Tailwater Depth (ft)........... .t nnennnn 0.0
Ending Tailwater Depth (ft)......... e ettt 7.79
COMPUTATION RESULTS

Flow Tailwater Headwater (£ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft) (ft) (fps)

8.0 7.79 1.22 7.63 0.96 0.89 3.0 1.13

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c) 1996
Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

’March 17, 1999
e ememenmmnes Cog )% Stoe. 113159 | 0 (anyewooc

PROGRAM INPUT DATA

DESCRIPTION VALUE
Culvert Diameter (£h) ...ttt ittt et eeeneeeanens 1.25
FHWA Chart NUmMber . .. ittt ittt ittt ettt eeeecnoeneeaaceannnenns 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)..........c.c.v.... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (£t) ...ttt ittt ittt ettt teneaneenenens 22.22
Invert Elevation at Downstream end of Culvert (ft).......... 27.08
Invert Elevation at Upstream end of Culvert (ft)............ 31.84
Culvert Slope (Ft/ft) it i et e et ittt e eeennnn. 0.2142
Starting Flow Rate (cfs) .. ... ...ttt iiiiaannns 4.0
Incremental Flow Rate (Cfs)...... ..ttt etenannnnn 0.0
Ending Flow Rate (CES) .. iiii i iiniiie i tieneneenennnenenn 4.0
Starting Tailwater Depth (ft)....... .. (it nnennnn. 0.0
Incremental Tailwater Depth (ft).......cc. it innnnnn. 0.0
Ending Tailwater Depth (ft)...... ... .. it iinnnnnn 0.0

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (£t) Control Control (ft) (£t) (ft) (fps)
4.0 0.0 1.13 0.0 0.31 0.81 0.31 16.97

HYDROCALC Hydraulics for Windows, Version l1l.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999
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DESCRIPTION VALUE
Culvert Diameter (ft) ..... ...ttt ittt ittt 1.25
FHWA Chart NUmber .. ... ...ttt istocrosooonsaeaancnens . 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (Et) .. ...t it eieianann 20.51
Invert Elevation at Downstream end of Culvert (ft).......... 20.6
Invert Elevation at Upstream end of Culvert (ft)............ 28.92
Culvert Slope (FE/fE) oot i et et e et e teeeeeeiaennn 0.4057
Starting Flow Rate (cfs).....cii ittt iinnnnnn 4.0
Incremental Flow Rate (Cfs) ... ... . tieeneeneeeeeennens 0.0
Ending Flow Rate (cfs) .. ... ... e ettt e 4.0
Starting Tailwater Depth (ft)........ .00t iennnnn. 6.23
Incremental Tailwater Depth (ft)......... ... ... .. 0.0
Ending Tailwater Depth (ft) .... ...ttt iennnnnnnn 6.23

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity
(cfs) (ft) Control Control (ft) (£t) (ft) (fps)
4.0 6.23 1.01 -1.76 0.26 0.81 0.26 21.32

HYDROCALC Hydraulics for Windows, Version 1l.2a Copyright (c) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 18, 1999

DESCRIPTION VALUE
Culvert Diameter (f€) ...ttt ittt eennnnnn 1.5
FHWA Chart NUmMber . . ...ttt ittt neeeeeennonneeanenanceaeenas 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning’s Roughness Coefficient (n-value).........ccovevunnn. 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (fr) ..ottt ittt ittt ettt sttt eeeeaannns 25.75
Invert Elevation at Downstream end of Culvert (ft).......... 1,136.34
Invert Elevation at Upstream end of Culvert (ft)............ 1,136.56
Culvert Slope (ft/ft) .ot i i e et et iee e eaaennn 0.0085
Starting Flow Rate (cfs) .. ...ttt i 6.13
Incremental Flow Rate (cfs) ... ... ...ttt 0.0
Ending Flow Rate (CES) ...ttt ittt et ieeeananaannn 6.13
Starting Tailwater Depth (ft)........ ... ... 3.97
Incremental Tailwater Depth (ft)..........iiiieeennnnn.. : 0.0
Ending Tailwater Depth (ft)......... et s e eenansaneeennnnnns 3.97

COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Qutlet Depth Depth Qutlet Velocity
(cfs) (ft) Control Control (fr) (ft) (ft) (fps)
6.13 3.97 1.48 4.12 0.86 0.96 1.5 3.47

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c¢) 1996

Dodson & 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 Reserved.
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 18, 1999

PP 15 G 13Kz 617 pve

DESCRIPTION VALUE
Culvert Diameter (FL) ... ..ttt ittt ii i neannnn 2.0
FHWA Chart Number........coiieiieneaneennns e et 1
FHWA Scale Number (Type of Culvert Entrance)................ 1
Manning‘’s Roughness Coefficient (n-value)................... 0.013
Entrance Loss Coefficient of Culvert Opening................ 0.5
Culvert Length (FC) ...ttt ittt iieinnanns 39.35
Invert Elevation at Downstream end of Culvert (ft).......... 1,136.31
Invert Elevation at Upstream end of Culvert (ft)............ 1,138.28
Culvert Slope (fE/EC) ... i e i e e iian 0.0501
Starting Flow Rate (cfs) ... ... ittt iiinenna. 9.53
Incremental Flow Rate (Cfs).... ...ttt inneananans 0.0
Ending Flow Rate (CEs) ...ttt it iiiiiiiiianennnnns 9.53
Starting Tailwater Depth (ft)....... ...ttt ennnnnnnn, 4.15
Incremental Tailwater Depth (ft).......ci it nnnnn. 0.0
Ending Tailwater Depth (ft)......... ettt e e e 4.15
COMPUTATION RESULTS

Flow Tailwater Headwater (ft) Normal Critical Depth at Outlet

Rate Depth Inlet Outlet Depth Depth Outlet Velocity

(cfs) (ft) Control Control (ft) (ft)_ (ft) (fps)

9.53 4.15 1.59 2.46 0.59 1.1 2.0 3.03
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996

Dodson & Associates, Inc.,
Phone: (281)440-3787, Fax:(281)440-4742,
All Rights Reserved.
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