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March 29. 1999

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

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

Re: Northern/Orangewood Storm Drain Project
Contract FCD 94-12 Phase [J

Orangewood Avenue Storm Drain, Sub-Phase "C"
WP #94153.06

Dear tvlr. Shobe:

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

• Original \/Iylars - Signed and Sealed

• Drainage Report

• Construction Drawing Disk~ues

• Construction Gc:neral Conditions :lnd Special
Provisions

• Structural Design Calculations

• Correspondence

• 90 % Comments and Responses

• 1/2 Size Plans

• Bid Tabs and Engineering Estimate

I set (under separate cover)

12 seES (under separJtt: cover)

1 set t under scpar;:lle cov~r)

I set (under separate cover)

- 6 sets (under separate (,;OVer)

I set (under separate cover)

I set

- :! sers

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

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

\'1000. Pard & ASSl)ci.H~S. Inc. • \ ))() E.lsr .\4iSStlllr1. Suite 203. Phocno.:. r\rw.>n.\ SSt) I-I • :'G021 ~.3-1·1 j-l-t • FIX ~(ll)21 2.34-\ j~~



Mr. R.W. Shobe, P.E.
Flood Control District of Maricopa County
Northern/Orangewood Storm Drain Project

March 29. 1999
Page 2

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,

jA",iv (. ~ccL
AS~Ok C. Patel, P.E., R.L.S.
Principal

ACP/asc

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

R£POR1W415J.06·!ub·phase..;:·leuer-·MJr-!S
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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".

• Hvdrology/Hydraulics Development:

Runoff used for the design of the storm drains is based on the la-year, 6-hour storm event as
developed and previously approved in the Nonhern/Orangewood Storm Drain Project
Concept/Routing Study by Wood, Patel & Associates, Inc., dated March 14, 1996. The HEC-l
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,d 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
MCI
Southwest Gas
Santa Fe Pacific Pipeline
El Paso Namral Gas
APS

US West
Cox Cable
SRVWUA
City of Glendale, Water and Sewer
SRP Electric
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/Palel was based upon informalion provided by The City of
Glendale. The survey is based on the City of Glendale DalUm and lies imo The comrol for Phase
liB".

• Soils:

Ricker-Alkinson-McBee & Associales, Inc., Geolechnical SubconsulTanl for This projecl,
compleled a soils invesligalion for lhis phase in July 1995 (R.A.M. Projecl No. G 10522, Reporr
No.3). Five selS of This reporl were included as parI of The 30%submillal package.

• Partnering:

Due lO lhe many agencies and conSulTanlS involved in The NorThern/Orangewood SlOrm Drain
projecl, Corporale Advisors were reTained lO help coordinale parmering workshops among The
parries. The firsl pannering workshop for Phases "B" and "C" was held on May II, 1998, al The
offices of The Dislricl.

• Schedule:

The original design schedule for The Sub-Phase "C" called for submillal of The Final plan on June
24, 1999. The schedule was revised in Augusl 1998. This schedule called for The Final submillal
on May 14, 1999. The design for lhis phase has been acceleraled again. The FCDMC has
requesled projecl complelion by March 1999.

• Final Plan:

The Final plan has been developed per The sTandards as sel forTh in The scope of work, inpul from
The City of Glendale, and on srandard Flood Control Districl of Maricopa County sheels provided
lO us by The Districl.

I

1

• Tramc Control

Sub-phase "C" will include the construclion of a 60-inch slorm drain in Norrhern Avenue berween
the Grand Avenue, 67'" Avenue, and Norrhern Avenue inlerseclion and approximately the 65'"
Avenue alignment. A 36-inch storm drain cominues from 65'" Avenue to 63" Avenue out of the
Norrhern 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 tum west and run to the west along
Frier Drive, where it willlUm 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
aClUally entering the intersection. Therefore, only traffic on orthern 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 lUrns from westbound Northern Avenue and one of
the rwo westbound through lanes on Northern Avenue will need to be closed. Also, the curb lane

WOOD/PATEL Page 2 Design Documentation Summary



on northbound 67~ Avenue and the curb lane on northwest bound Grand Avenue will need to be
closed to traffic. A unifonned, 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 stonn 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 Northern Avenue will be impacted by stonn drain construction. In those areas were trenching
is 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 tum out
movements will be prohibited.

The section of the stonn drain that crosses Grand Avenue and the S.F. & AT. 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 ofmaterial 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 stonn 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 l/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
Glendale Avenue Storm Drain
Phase II, Sub-Phase C
Flood Control District 01 Maricopa County

Hydraulic Summary Table: West Basin to Agua Fria Channel

Note: Based on Storm CAD file: w:194153-NorthernOrangewoodlPhase II clhydraulicsl 100 percentlWb l00p.stm

3/16/99

Contract FCD 94-12
PHASE II
Sub-phase ·C·

W/P # 94153.06

UlS Node DIS Node Pipe Discharge Lenglh Slope Pipe Size Manning's Velocity UlS Invert DIS Invert UlSNG D/SNG UlS DIS UlS HGL DIS HGL UlS EGL DIS EGL HGL loNG EGL 10 NG
(cIs) (Iil (ftIft) n Value (Ips) EI (It) EI (It) Elev lit) Elev (It) Cover (It) Cover (It) (It) (It) (It) (It) lit) (It)

1-70 J-59 P-176 49 380 0.004237 42 inch 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 42 inch 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 42 inch 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 2.17
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 14.95 1,123.53 1,122.93 1,124.08 1,123.48 3.17 2.62
J-14c J-14b P-6b4 57 315 0.001841 42 inch 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 48 inch 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 48 inch 0.013 4.5 1,106.90 1,106.20 1,124.91 1,124.32 14.01 14.12 1,121.31 1,120.72 1,121.63 1,121.04 3.60 3.28
J-56 J-14 P-6bl 57 361.8 0.001852 48 inch 0.013 4.5 1,106.20 1,105.53 1,124.32 1,124.37 14.12 14.84 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 48 inch 0.013 6.4 1,105.53 1,104.56 1,124.37 1,123.17 14.84 14.61 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 48 inch 0.013 6.4 1,104.56 1,103.81 1,123.17 1,122.12 14.61 14.31 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 48 inch 0.013 6.4 1,103.81 1,103.48 1,122.12 1,121.83 14.31 14.35 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-6al 81 116.47 0.002576 60 inch 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-12c 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-12c J-12b P-5b3 95 200.09 0.002249 48 inch 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.?7 1,115.39 5.17 4.28
J-12b J-12a P-5b2 95 378 0.002116 48 inch 0.013 7.6 1,102.08 1,101.28 1,120.52 1,119.39 14.44 14.11 1,114.46 1,112.81 1,115.35 1,113.69 6.06 5.17
J-12a J-12 P-5bl 95 493.00 0.00215 48 inch 0.013 7.6 1,101.28 1,100.22 1,119.39 1,117.37 14.11 13.15 1,112.76 1,110.61 1,113.65 1,111.49 6.63 5.74
J-12 J-l1a 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 7.11 6.49
J-l1a J-l1 P-5al 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-ll J-l0S 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-l0S J-l0 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-l0 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 7.27 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 72 inch 0.013 7.7 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 84 inch 0.013 10.2 1,078.41 1,076.23 1,092.40 1,091.00 6.99 7.77 1,084.97 1,082.98 1,086.62 1,084.58 7.43 5.78
J-6a J-6 P43cl 386 684 0.003377 90 inch 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 90 inch 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-43al 394 651.63 0.003376 90 inch 0.013 8.9 1,067.17 1,064.97 1,080.76 1,077.60 6.09 5.13 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 90 inch 0.013 10.3 1,064.97 1,064.80 1,077.60 1,077.52 5.13 5.22 1,072.87 1,072.70 1,074.50 1,074.34 4.73 3.10
CS-3a J-3a P-42bl 453 620 0.003371 90 inch 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-42bla 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-42al 454 59 0.00339 96 inch 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 PAle 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-la 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 4.27 1,060.02 1,059.61 1,061.132 1,061.17 5.60 4.00
J-la J-l 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-l ADOT Stu 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 5.5 1,058.99 1,058.97 1,060.76 1,060.45 7.01 5.24
ADOT Stu Outlet 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 5.5 5.56 1,057.53 1,057.29 1,059.93 1,059.88 8.47 6.07 .

w:I94153oNontlemOraf"9l!wOO<N'hase IIc\spreadsheets\glenwb4.xlsl,lll&'99\.4:04 PM-



NORTHERN/ORANGEWOOD STORM DRAIN PROJECT
Orangewood Avenue Storm Drain
Phase II, Sub-Phase C
Flood Control District of Maricopa County

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

Note: Based on Storm CAD files: w:194153-NorthernOrangewoodIPhase IIclhydraulicslstormcadlgleneast.stm, p-llb.stm, p-12.stm, p-13a.stm, p-13b.stm, p-13bint.stm

3/24/99

Contract FCD 94-12
PHASE II
Sub-phase "C"

W/P # 94153.06

UlS Node DIS Node Pipe Discharge length Slope Pipe Size Manning's Capacity UlS Invert DIS Invert UlSNG DIS NG UlS DIS UlS HGl DIS HGl UlS EGl DIS EGl HGl to NG EGlto NG
(cts) (ft) (ft/ft) n Value (cts) EI (ft) EI (ft) Elev (ft) Elev (ft) Cover (tt) Cover (ft) (ft) (ft) (ft) (tt) (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-l0 73 563.8 0.0025 60 inch 0.013 4.98 1,125.50 1,124.10 1,143.00 1,140.00 12.5 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
1-3 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-l1a 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-lla 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-l0 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-ll 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-13al 29.6 36.7 0.0022 42 inch 0.013 3.08 1,132.00 1,131.92 1,148.00 1,147.82 12.5 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-l0 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-ll 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
1-5 J-4 P-13bl 668 81.6 0.0043 108 inch 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 108 inch 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 1-4 P-l0 668 8 0.0050 108 inch 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 1-5 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
1-5 J-8 P-22 111 80.4 0.0010 60 inch 0.013 5.65 1,134.57 1,134.49 1,142.50 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 1-4 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 111 530.6 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

w:\94153.NorthemOrangewoodlPtlase Uc\spreadsheels\gfelleb.ns\3l241991ll:47 AM
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

December 15, 1998

================================================================================
PROGRAM INPUT DATA

DESCRIPTION

CuIvert Diameter {ft) .................................•.....

FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) ~

Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) _..•.
Invert Elevation at Downstream end of Culvert (ft) _
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

2.39
1
1

0.013
0.5
1.0

1,126.0
1,126.01

0.01

5.0
5.0

80.0

2.0
0.0
2.0

================================================================================

COMPUTATION RESULTS

Flow
Rate

(cfsl

Tailwater
Depth

(ft)

Headwater
Inlet
Control

(ftl
Outlet

Control

Normal
Depth

(ftl

Critical
Depth

(ftl

Depth at
Outlet

(ftl

Outlet
Velocity

(fps)

5.0 2.0 1. 02 2.03 0.6 0.75 2.0 1. 25
10.0 2.0 1. 52 2.14 0.86 1. 07 2.0 2.49
15.0 2.0 1. 96 2.32 1.07 1. 32 2.0 3.74
20.0 2.0 2.39 2.57 1. 26 1. 54 2.0 4.99
25.0 2.0 2.87 2.9 1. 46 1.72 2.0 6.24
30.0 2.0 3.37 3.31 1.65 1. 88 1. 65 9.06

EL ~ /130 ('64S/iJ35.0 2.0 4.01 0.0 1.88 2.02 1. 88 9.23
40.0 2.0 4.75 4.22 2.39 2.12 2.39 8.92 "eo77D'-f )
45.0 2.0 5.59 4.71 2.39 2.2 2.39 10.03
50.0 2.0 6.53 5.27 2.39 2.26 2.39 11.15

l
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 2.32 2.39 13 .37
65.0 2.0 9.94 4.03 2.39 2.34 2.39 14.49

(;0 YR70.0 2.0 11. 28 4.3 2.39 2.35 2.39 15.6,ELo-I138
75.0 2.0 12.71 4.59 2.39 2.36 2.39 16.72\ NOEL.)
80.0 2.0 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 PM 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

================================================================================
PROGRAM INPUT DATA

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) ......•.........
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of· Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope {ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cis) ............•.........................

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

VALUE

2.25
1
1

0.013
0.5

54.0
1,108.71
1,114.7

0.1109

5.0
2.0

61. 0

2.0
0.0

·2.0

================================================================================

COMPUTATION RESULTS

Flow
Rate

Icfs)

Tailwater
Depth

Iftl

Headwater
Inlet
Control

Iftl
Outlet

Control

Normal
Depth

(ft)

Critical
Depth

1ft)

Depth at
Outlet

Iftl

Outlet
Velocity

Ifps)

5.0 2.0 0.93 0.0 0.34 0.76 0.34 13.37
7.0 2.0 1.15 0.0 0.4 0.91 0.4 14.79
9.0 2.0 1.36 0.0 0.45 1.03 0.45 15.96

11.0 2.0 1.55 0.0 0.5 1.15 0.5 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 1.35 0.58 18.5
17.0 2.0 2.12 0.0 0.62 1.44 0.62 19.17
19.0 2.0 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 0.72 20.89
25.0 2.0 2.96 0.0 0.75 1.75 0.75 21.36
27.0 2.0 3.22 0.0 0.79 1.81 0.79 21.84
29.0 2.0 3.5 0.0 0.82 1.87 0.82 22.29
31.0 2.0 3.8 0.0 0.85 1.92 0.85 22.7
33.0 2.0 4.12 0.0 0.88 1.97 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 0.93 23.81
39.0 2.0 5.21 0.0 0.96 2.08 0.96 24.14
41.0 2.0 5.61 0.0 0.99 2.1 0.99 24.47
43.0 2.0 6.04 0.0 1.01 2.13 1.01 24.75
45.0 2.0 6.48 0.0 1.04 2.15 1.04 25.06
47.0 2.0 6.94 0.0 1.07 2.16 1.07 25.33
49.0 2.0 7.43 0.0 1.09 2.17 1.09 25.61
51.0 2.0 7.93 0.0 1.12 2.18 1.12 25.87
53.0 2.0 8.45 0.0 1.14 2.19 1.14 26.12
55.0 2.0 9.0 0.0 1.17 2.2 1.17 26.35

~5,-,7~.-,,0 ~2,,-,-,.0'-__-,29~."'_5"-6__-'0'"'.-"0'--- 1"--'-'.1""'9'--__...2~....2-"'1__~1'".'-'1'"9'---_.--"-2,,,-6~.,,-6.o,~ G~< /1147-1- '1.6<0 0 W9Z<
59.0 2.0 10.15 0.0 1.22 2.21 1.22 26.81 /IZ1,zu>,Q<57<f\
61.0 2.0 10.75 0.0 1.25 2.22 1.25 27.01 H4)< I.3YPlloS

================================================================================
HYDROCALC Hydraulics for Windows, Version l.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

Weir/Orifice Flow Capacity

Phase II B

Weir EO. 0; =CwPd,·5

Where: Cw = 3.0 and Co = 0.67

Orifice EO. 0; = CoA(2gd)o.5

1

\

Grate Openin - 4' x 5' Square with 1/2" bars at 3.5" O.C.
P = 16.67 It 1811 - 1.3311 lor bars
A = 17.33 ftI\2 20s1 - 2.67s1 lor bars

Weir Orifice Orifice
Depth (ft) Qj (cIs) Qi (cIs) 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 8.22 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 42.70 88.40 44.2
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
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

1___ Wier Flow --0- Orifice Flow 50% Clogging I -140.00

/
120.00

/
100.00
-.; /~
caO.OO

/~
0

.-<>ii:
60.00

J
40.00

~
20.00

~
0.00

$ ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N '" .., on "' .... 00 Cl 0 ..... C\l ~ ": "1 "' " 'X! ~ 0

0 0 0 0 0 0 0 0 o 0 ...: ...: ....: - - - ~ - - N
Flow Depth (ft)

WOOD/PATEL
Project # 94153

West Basin SW Grate.xls 1128/994:30 PM
Page 1



Northern/Orangewood
West Basin Storage/Stage Relationship

West 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
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 11.7 29.5
1124 654888 15.03 14.1 43.6
1125 673885 15.47 15.3 58.8
1126 693090 15.91 15.7 74.5

West Basin Storage Summary

10yr-WSEL

Elev. Volume
ft ac-ft

1124.26 47.5

w:194153-NorthernOrangewoodIPhaseIIClspreadsheets
EastbasinVol.xlslwest basin \10:43 AM



Northern/Orangewood
East Basin Storage/Stage Relationship

East Basin Rating Curve

W/P Job No. 94153.06

December 17,1998

I

\

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
1131 185113.5 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

10yr-WSEL

Elev. Volume
ft ac-ft
1137.98 171.7

w:194153-NorthernOrangewood\PhaseIIClspreadsheets
EastbasinVol.xlsleast 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) .
FHWA Chart Number (1,2 or 3) .
Scale Number on Chart (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (feet) .
culvert Slope (feet per foot) .

PROGRAM RESULTS:
Flow Tailwater
Rate Depth

(cfs) (ft)

Headwater (ft)
Inlet Outlet
Control Control

4.50
1
1
0.0120
0.50

80.0
0.0040

8.89

Outlet
Velocity

(fps)

2.53

Depth at
Outlet

(ft)

2.65

Critical
Depth

(ft)

Normal
Depth

(ft)

2.533.994.013.0082.0
)

I
I
\

====================================================================

J

I

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.



Nwout.txt

UNEVEN WEIR FLOW PROGRAM
FORTRAN VERSION 1.0

PROJECT: East Basin Northwest Outlet
ENGINEER:
DATE: 12/14/1998
TIME: 9:12.20

INPUT PARAMETERS

STARTING WSEL:
MAXIMUM WSEL:
STEP SIZE:
BREADTH OF WEIR:

1134.50
1136.50

0.50
10.50

INPUT ELEVATION/STATION TABLE.
*********************************************

POINT

1
2

ELEVATION

1134.50
1134.50

STATION

0.00
10.50

\

I

WEIR COEFFICIENT TABLE
*********************************************

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
*********************************************

ELEVATION

1134.50
1135.00
1135.50
1136.00
1136.50

DISCHARGE (CFS)

0.00
9.87

29.58
57.41
89.36

Page 1
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*********************************************

UNEVEN WEIR FLOW PROGRAM
FORTRAN VERSION 1.0

*********************************************

DATE:
TIME:

3/ 9/1999
10:14.16

INPUT PARAMETERS

STARTING WSEL:
MAXIMUM WSEL:
STEP SIZE:
BREADTH OF WEIR:

1135.70
1142.00

0.50
14.83

INPUT ELEVATION/STATION TABLE.
*********************************************

POINT

1
2

ELEVATION

1135.70
1135.70

STATION

0.00
14.83

WEIR COEFFICIENT TABLE
*********************************************

REFERENCE: COE CHART - UPPER CURVE

POINT HEAD COEFFICIENT
-----------

1 0.00 2.5000
2 0.50 2.6124
3 1. 00 2.7248
4 1. 50 2.8372
5 2.00 2.9495
6 2.50 3.0041
7 3.00 3.0116
8 3.50 3.0191
9 4.00 3.0266

10 4.50 3.0341
11 5.00 3.0416
12 5.50 3.0491
13 6.00 3.0566

UNEVEN WEIR FLOW PROGRAM
*********************************************

ELEVATION

1135.70
1136.20
1136.70
1137.20
1137.70
1138.20
1138.70
1139.20
1139.70
1140.20
1140.70
1141.20
1141.70

DISCHARGE (CFS)

0.00
13.70
40.41
77.30

123.72
176.10
232.07
293.17
359.08
429.53
504.31
583.25
666.20



PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 9, 1999

================================================================================
PROGRAM INPUT DATA

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart NUITlber , ..........•......
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (it) .
Culvert Slope (ft/ft) _ .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

9.0
1
1

0.013
0.5

53.0
1,133.0
1,133.1

0.0019

638.0
0.0

638.0

3.0
0.5
5.0

================================================================================

COMPUTATION RESULTS

Flow
Rate

(cis)

Tailwater
Depth

(ft)

Headwater
Inlet
Control

(ftl
Outlet

Control

Normal
Depth

(ft)

Critical
Depth

( ft)

Depth at
Outlet

(ft)

Outlet
Velocity

(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 9.0 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

- Rational Method Calculations

-Catch Basin Hydraulics

-Catch Basin Connector Pipe Hydraulics

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

Computed by: J Taillon

LOCATION DATA

Location: 83rd Ave

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 1/29/99

Subarea id: CB 1

Drainage Area

Watercourse Length

Top Elevation

Bottom Elevation

0.6400 acres

733.0000 feet

1103.1000 feet

1098.8000 feet

Slope 0.006 feet/feet

Roughness Coefficient (Kb) 0.0412

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o Q (cfs) D 1 0 2 0 2 0 3 0 4 0 4 0

o coo 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [J 0 0 0 0 0 0

o C D 0.720 0 0.720 0 0.720 0 0.792 0 0.864 0 0.900 0

o coo 0 0 0 0

} Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o D 0 0 0 0 0 0

o Tc (min) D 11.3 0 10.0 0 9.4 0 8.5 0 8.1 0 7.7 0

o coo 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o i (in/hr)D 2.8 0 3.9 0 4.6 0 5.9 0 6.7 0 7.7 0

o coo 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon

LOCATION DATA

Location: 83rd Ave

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 1/29/99

Subarea id: CB 2

Drainage Area

Watercourse Length

Top Elevation

Bottom Elevation

0.5800 acres

677.0000 feet

1102.3000 feet

1098.3000 feet

Slope 0.006 feet/feet

Roughness Coefficient (Kb) 0.0415

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter a 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o 0 0 a 0 0 0 0

o Q (cfs) a 1 0 2 0 2 0 3 0 3 0 4 0

o [] 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [) 0 0 0 0 0 0

o C a 0.720 0 0.720 0 0.720 0 0.792 0 0.864 0 0.900 0

o [] 0 a 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a a a 0 0 0 0

o Tc (min) a 10.8 0 9.6 0 9.0 0 8.2 0 7.8 0 7.4 0

o [] 0 0 0 a 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o IJ 0 0 0 0 0 0

o i (in/hr)a 2.8 0 3.9 0 4.7 0 5.9 0 6.8 0 7.9 0

a [] 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon

LOCATION DATA

Location: 83rd Ave

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 1/29/99

Subarea id: CB 3

Drainage Area

Watercourse Length

Top Elevation

Bottom Elevation

0.6300 acres

731.0000 feet

1105.5000 feet

1102.0000 feet

Slope 0.005 feet/feet

Roughness Coefficient (Kb) 0.0413

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o D 0 0 0 0 o. 0

o Q (cfs) D 1 0 2 0 2 0 3 0 4 0 4 0

o coo 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 0 0 0

o C D 0.720 0 0.720 0 0.720 0 0.792 0 0.864 0 0.900 0

o [] 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [] 0 0 0 0 0 0

o Tc (min) D 12.2 0 10.8 0 10.1 0 9.2 0 8.7 0 8.3 0

o coo 0 0 0 a

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
a a 0 0 0 0 0 0

o i (in/hr)D 2.7 0 3.7 0 4.4 0 5.7 0 6.5 0 7.5 0

o coo 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon Date: 1/29/99

LOCATION DATA

Location: 83rd Ave

Project Name: N/O Subarea id: CB 4

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area 0.5300 acres

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Roughness Coefficient (Kb) 0.0417

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o [] 0 0 0 0 0 0

o Q (cfs) D 1 0 2 0 2 0 2 0 3 0 4 0

o [] 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o 0 0 0 0 0 0 0

feet/feet0.005

618.0000 feet

1104.6000 feet

1101. 4 000 feetBottom Elevation

Watercourse Length

Slope

Top Elevation
I
I
I
I

I
I

o C D 0.720 0 0.720 0 0.720 0 0.792 0 0.864 0 0.900 0

o D 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o 0 0 0 0 0 0 0

o Tc (min) D 10.8 0 9.5 0 8.9 0 8.2 0 7.7 0 7.3 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o 0 0 0 a 0 0 0

o i (in/hr)D 2.9 0 3.9 0 4.7 0 5.9 0 6.8 0 7.9 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon

LOCATION DATA

Location: 83rd Ave

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 1/29/99

Subarea id: CB 5

Drainage Area

Watercourse Length

TOp Elevation

Bottom Elevation

0.6500 acres

749.0000 feet

1107.2000 feet

1104.6000 feet

Slope 0.004 feet/feet

Roughness Coefficient (Kb) 0.0412

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

aaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [J 0 0 0 0 0 0

o Q (cfs) D 1 0 2 0 2 0 3 0 3 0 4 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o C D 0.720 0 0.720 0 0.720 0 0.792 0 0.864 0 0.900 0

o [] 0 0 0 0 0 0

aaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [] 0 0 0 0 0 0

o Tc (min) D 14.0 0 12.3 0 11.5 0 10.5 0 10.0 0 9.4 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 0 0 0

o i (in/hr)D 2.5 0 3.5 0 4.2 0 5.4 0 6.2 0 7.2 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon Date: 1/29/99

LOCATION DATA

Location: 83rd Ave

Project Name: N/O Subarea id: CB 6

Drainage Area Cover: Weighted

DESIGN DATA

Drainage Area 0.6900 acres

Roughness Coefficient (Kb) 0.0412

749.0000 feet

1107.2000 feet

feet/feet0.004

1104.4000 feet

Slope

Watercourse Length

Bottom Elevation

Top Elevation
I
I
I

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 10cr-Yr 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o D o· 0 0 0 0 0

o Q (cf s) D 1 0 2 0 2 0 3 0 4 0 4 0

o t:I 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 0 0 0

o C D 0.720 0 0.720 0 0.720 0 0.792 0 0.864 0 0.900 0

o D 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o 0 0 0 0 0 0 0

o Tc (min) D 13.6 0 12.0 0 11.2 0 10.2 0 9.7 0 9.2 0

o 0 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [] 0 0 0 0 0 0

o i (in/hr}D 2.6 0 3.6 0 4.3 0 5.5 0 6.3 0 7.2 0

o a 0 000 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon

LOCATION DATA

Location: Orangewood Avenue

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 1/29/99

Subarea id: CB 8a

Drainage Area

Watercourse Length

TOp Elevation

Bottom Elevation

0.5400 acres

588.0000 feet

1l08.9000 feet

1106.9000 feet

Slope 0.003 feet/feet

Roughness Coefficient (Kb) 0.0417

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter a 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o Q (cfs) a 1 0 1 0 2 0 2 0 3 0 4 0

o a 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o C a 0.730 0 0.730 0 0.730 0 0.803 0 0.876 0 0.913 0

o coo 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 0 0 0

o Tc (min) a 12.3 0 10.8 0 10.1 0 9.2 0 8.8 0 8.3 0

o coo 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 000

o i (in/hr)a 2.7 0 3.7 0 4.4 0 5.7 0 6.5 0 7.5 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Hydrologic Design Manual Rational Method

Computed by: S Rasmussen

LOCATION DATA

Location: Orangewood Ave

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 03-10-1999

Subarea id: CB 14a

Drainage Area 0.50 acres

Watercourse Length 587.0 feet

Top Elevation 1128.7 feet

Bottom Elevation 1126.7 feet

Slope .00337 feet/feet

Roughness Coefficient (Kb) .04188

10-Year, 6-Hour Rainfall 2.07 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o Q (cfs) D 1 0 1 0 1 0 2 0 3 0 3 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o C D 0.660 0 0.660 0 0.660 0 0.726 0 0.792 0 0.825 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o Tc (min) D 12.3 0 10.9 0 10.4 0 9.3 0 8.8 0 8.3 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o i (in/hr)D 2.7 0 3.7 0 4.2 0 5.7 0 6.5 0 7.5 0

o coo 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Hydrologic Design Manual Rational Method

Drainage Area 0.61 acres

Watercourse Length 705.0 feet

Top Elevation 1130.6 feet

Bottom Elevation 1128.1 feet

Slope .00352 feet/feet

Roughness Coefficient (Kb) .04134

10-¥ear, 6-Hour Rainfall 2.07 inches

I
I

Computed by: S Rasmussen

LOCATION DATA

Location: Orangewood Ave

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 03-10-1999

Subarea id: CB 14b

I
I
I
I
I
I
I

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter c 2-¥r 0 5-¥r 0 10-¥r 0 25-¥r 0 50-¥r 0 100-¥r 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 o. 0

o Q (cfs) C 1 0 1 0 2 0 2 0 3 0 4 0

a coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 0 0 0

o C C 0.660 0 0.660 0 0.660 0 0.726 0 0.792 0 0.825 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o Tc (min) C 13.4 0 11.9 0 11.3 0 10.1 0 9.6 0 9.1 0

o [J 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o i (in/hr)C 2.6 0 3.6 0 4.1 0 5.5 0 6.3 0 7.3 0

o coo 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon Date: 1/29/99

LOCATION DATA

Location: Orangewood Avenue

Project Name: N/O Subarea id: CB 15d

Drainage Area Cover: Weighted

DESIGN DATA

l Drainage Area 0.5600 acres

10-year, 6-Hour Rainfall 2.0700 inches

Roughness Coefficient (Kb) 0.0416

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o 0 0 0 a 0 0 0

o Q (cf s) D 1 0 1 0 2 0 2 0 3 0 3 0

o a a 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o D 0 0 0 0 0 0

o C D 0.660 0 0.660 0 0.660 0 0.726 0 0.792 0 0.825 0

o a 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o 0 0 0 0 0 0 0

o Tc (min) D 14.6 0 12.8 0 12.0 0 10.9 0 10.4 0 9.8 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o D 0 0 0 0 0 0

o ~ (in/hr)D 2.5 0 3.5 0 4.1 0 5.3 0 6.1 0 7.0 0

o D 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai

feet/feet0.002

612.0000 feet

1130.6000 feet

1132.0000 feet

Bottom Elevation

Watercourse Length

Slope

Top Elevation
I
I
I
[

I
I



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon

LOCATION DATA

Location: Orangewood Avenue

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Date: 1/29/99

Subarea id: CB 15e

Drainage Area

Watercourse Length

Top Elevation

Bottom Elevation

0.5600 acres

608.0000 feet

1134.0000 feet

1131.8000 feet

Slope 0.004 feet/feet

Roughness Coefficient (Kb) 0.0416

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o r::J 0 0 0 0 0 0

o Q (cfs) D 1 0 1 0 2 0 2 0 3 0 3 0

o [] 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [) 0 0 0 0 0 0

o C D 0.660 0 0.660 0 0.660 0 0.726 0 0.792 0 0.825 0

o CI 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [J 0 0 0 0 0 0

o Tc (min) D 12.2 0 10.8 0 10.1 0 9.2 0 8.7 0 8.3 0

o D 0 0 0 0 0 0

Qaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 0 0 0

o i (in/hr)D 2.7 0 3.7 0 4.4 0 5.7 0 6.5 0 7.5 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon

LOCATION DATA

Location: Orangewood Avenue Sta 94+46

Date: 1/29/99

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Subarea id: CB 15b

Drainage Area

Watercourse Length

Top Elevation

Bottom Elevation

0.4500 acres

575.0000 feet

1131.9301 feet

1130.2000 feet

Slope 0.003 feet/feet

Roughness Coefficient (Kb) 0.0422

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter 0 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100'-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o n 0 0 0 0 0 0

o Q (cfs) 0 1 0 1 0 1 0 2 0 2 0 3 0

o n 0 0 a 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o a 0 0 0 0 0 a

o C 0 0.660 0 0.660 0 0.660 0 0.726 0 0.792 0 0.825 0

o [] 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o a 0 0 0 0 0 0

o Tc (min) 0 12.8 0 11.3 0 10.5 0 9.6 0 9.1 0 8.6 0

o [] 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o a 0 0 0 0 0 0

o i (in/hr)D 2.6 0 3.7 0 4.4 0 5.6 0 6.4 0 7.4 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaal



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: J Taillon

LOCATION DATA

Date: 1/29/99

Location: Orangewood Avenue Sta 100+10

Project Name: N/O

Drainage Area Cover: Weighted

DESIGN DATA

Subarea id: CB 15c

Drainage Area

Watercourse Length

Top Elevation

Bottom Elevation

0.5200 acres

610.0000 feet

1133.9700 feet

1131.7200 feet

Slope 0.004 feet/feet

Roughness Coefficient (Kb) 0.0419

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o D 0 0 a 0 a 0

o Q (cfs) D 1 0 1 0 2 0 2 0 3 0 3 0

o D 0 0 0 000

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 a 000

o C D 0.660 0 0.660 0 0.660 0 0.726 0 0.792 0 0.825 0

o D 0 0 0 000

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o D 0 0 0 000

o Tc (min) D 12.2 0 10.8 0 10.1 0 9.2 0 8.7 0 8.3 0

o D 0 0 0 000

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o D 0 0 a 000

o i (in/hr}D 2.7 0 3.7 0 4.5 0 5.7 0 6.5 0 7.5 0

o D 0 0 a 000

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: JPM

LOCATION DATA

Location: Northern Avenue

Project Name: N/O

Drainage Area Cover:

DESIGN DATA

Drainage Area

Watercourse Length

Date: 3/19/99

Subarea id: CP25a

1.4000 acres

805.0000 feet

Top Elevation

Bottom Elevation

1145.0000 feet

1142.3000 feet

J

Slope 0.003 feet/feet

Roughness Coefficient (Kb) 0.0420

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter 0 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o coo 0 0 0 0

o Q (cfs) 0 2 0 3 0 4 0 5 0 7 0 8 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o coo 0 000

o C 0 0.680 0 0.680 0 0.680 0 0.748 0 0.816 0 0.850 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o coo 0 0 0 0

o Tc (min) 0 15.0 0 13.2 0 12.4 0 11.2 0 10.7 0 10.1 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaay
o coo 0 0 0 0

o i (in/hr)0 2.5 0 3.4 0 4.1 0 5.2 0 6.0 0 7.0 0

o a 0 0 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

Computed by: JPM

LOCATION DATA

Location: Northern Avenue

Project Name: N/O

Drainage Area Cover:

DESIGN DATA

Drainage Area

Watercourse Length

Top Elevation

Date: 3/19/99

Subarea id: CP25b

1.4000 acres

805.0000 feet

1145.0000 feet
(
I Bottom Elevation 1142.3000 feet

Slope 0.003 feet/feet

Roughness Coefficient (Kb) 0.0391

10-year, 6-Hour Rainfall 2.0700 inches

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter D 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 o. 0

o Q (cfs) D 2 0 3 0 4 0 6 0 7 0 8 0

o [] 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o [] 0 0 0 0 0 0

o C D 0.680 0 0.680 0 0.680 0 0.748 0 0.816 0 0.850 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o Tc (min) D 14.3 0 12.6 0 11.8 0 10.7 0 10.2 0 9.6 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 0

o i (in/hr)D 2.5 0 3.5 0 4.2 0 5.3 0 6.1 0 7.1 0

o coo 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai



Flood Control District of Maricopa County
Drainage Design Manual Rational Method

10-year, 6-Hour Rainfall 2.0700 inches

Roughness Coefficient (Kb) 0.0389

Hydrological Summary Table

Oaaaaaaaaaaaaa0aaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaaoaaaaaaaa¢
o Parameter 0 2-Yr 0 5-Yr 0 10-Yr 0 25-Yr 0 50-Yr 0 100-Yr 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o coo 0 0 0 a

o Q (cfs) D 2 0 3 0 4 0 5 0 7 0 8 0

o coo 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a a 0 0 0 a 0

o C D 0.680 0 0.680 0 0.680 0 0.748 0 0.816 0 0.850 0

o a 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 a 0 0

o Tc (min) D 19.1 0 16.8 0 15.7 0 14.2 0 13.4 0 12.7 0

o a 0 0 0 0 0 0

uaaaaaaaaaaaaa~aaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaa~
o a 0 0 0 0 0 a

o i (in/hr)D 2.2 0 3.0 0 3.6 0 4.7 0 5.5 0 6.3 0

o coo 0 0 0 0

aaaaaaaaaaaaaaAaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaaeaaaaaaaai

feet/feet

Subarea id: CP26a

Date: 3/19/99

0.003

1.5000 acres

1274.0000 feet

1145.0000 feet

1149.2000 feet

Watercourse Length

Bottom Elevation

Project Name: N/O

TOp Elevation

Drainage Area

Location: Northern Avenue

Drainage Area Cover:

Slope

Computed by: JPM

LOCATION DATA

DESIGN DATA

\
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1

1

I
1

J

I
1
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I
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• THE FLOW ALONG 7!ST AVE IS 50 CFS TOTAL. CB 13
WAS DESIGNED FOR THE FLOW AT THE TOP OF CURB.
AND CB 13. WAS DESIGNED FOR THE BYPASS FLOW FROM CB 13.
CB 14 IS A DOUBLE GRATE INLET WHICH CAN HANDLE 21.85 CFS.
THE REMAINING 18.35 CFS OF THE TOTAL 50 CFS WILL BE PICKED
UP WITH FUTURE DESIGNS.

•• THE FLOW ALONG 67TH AVE IS 47 US TOTAL. CB 16
WAS DESIGNED FOR THE FLOW AT THE TOP OF CURB.
AND CB 17 WAS DESIGNED FOR THE HALF STREET FLOW OF J4 CFS.
THE REMAINING 27.39 CFS OF THE TOTAL 47 CFS WILL BE PICKED
UP WITH FUTURE DESIGNS.

... CATCH BASINS 25A AND 25B ARE LOCATED IN SUMPS. THEREFORE
NO FLOW BY OCCURS.

I/J THE FLOW ALONG 75TH AVE IS CAPTURED IN CATCH BASINS
LOCATED AT SUMPS NORTH OF THE INTERSECTION WITH
ORANGEWOOD AVE.

(2) fLOW ALONG ORANGEWOOD AVE APPROACHING 75TH AVE FROM THE
EAST IS CAPTURED IN CATCH BASINS LOCATED IN SUMPS EAST
OF THE INTERSECTION WITH 75TH AVE.

KEY NOTES

CD CATCH BASIN ID NUMBER

_---- FLOW DIRECTION

" "
., ",.,. ,. ,.

«« « ":
f: f: f: '"'-(J) ..... tn I<)
<.Q <.Q <.Q <.Q

@ @ @> @
FLOW FLOWBY FLOW FLOW

RATIONAL RECEIVED CAPTURED BYPASS

2 0 2 0

2 0.1 1.74 0.36

2 0.09 1.99 0.1

2 0 2 0

2 0.01 1.92 0.09

2 0 2 0

0 0 28.5 0

0 0 28.5 0

2 0 1.99 0.01

0 0 2.45 0

0 0 32.55 0

0 0 29 0

0 0 32.55 0.45

0 1.74 1.74 0

0 0 8.06 1.74

0 0 21.85 18.35

0 18.85 18.85 0

0 0 17.81 10.19

I 1.67 22.01 8.66

2 3.76 4.09 1.67

I 0.26 1.25 0.01

2 0.24 1.98 0.26

2 0.04 1.8 0.24

2 0 1.96 0.04

0 8.2 4.44 3.76

0 0 5.61 27.39

0 0 14 0

0 0 21.7 2.3

4 0 4 0

4 0 4 0

0 0 6.13 0.16

0 0 9.53 1.9

0 0 13.78 8.55

0 0 13.78 6.58

4 6.58 6.77 3.81

4 8.55 7.47 5.08

I ! I

i lJ '@ :; '®@ @ i l
--@ @ ® !-- - - ---!

! Orangewood Ave ! ____________________~ L L_____ _ _
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Phase II B

12/16/981:55 PM
Page 1

Inlet8.xls

Single Grate Inlet

Grate Opening

0.00
0 In 0 In 0 In 0 In 0 In 0 In 0
0 ..- (') "": (0 ": 0) ~ C\! ~ ~ <'! ~c:i c:i c:i 0 c:i 0 c:i ..- ..- ..-

1-Wier Flow --+- Orifice Flow I

20.00 +----------....~~~---------

10.00 +----:::;fP--- ---------------

60.00 +---------------------./--

50.00 +---------------------tri----

70.00,-----------------------

Uj40.00 +----------------4"'---------.2-
o
3:o
LL30.00 +--------------:1---------

Orifice EQ. Qj = CoA(2gd)o.5

Weir/Orifice Flow Capacities of Single Grate Inlet

Weir EQ. Qj = CwPd1.5

Where: Cw = 3.0 and Co = 0.67

Single Grate
P= 8.17 ft
A= 3.78 ftJ\2

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

WOOD/PATEL
Project # 94153

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

Nortem OrangewoodI
I
I
I
I
I
I
I
I
I
I
f
I
I
I
I
I
I'
I



Phase I( B

12/16/981:55 PM
Page 1

Inlet8.xls

Double Grate Inlet

Grate Opening

0.00
0 III 0 III 0 III 0 III 0 III 0 III 0
0 .... ~ '<:I: C'! ": Ol q C\! ~ 111 <C? llC!
ci ci 0 0 0 0 ci .... .... .... .... .... ....

1_Wier Flow -+-Orifice Flow I

40.00 +-----------;;;::*JI~---------

20.00 +--~---_""---------------

80.00 +----------------~'-----

100.00 +-------------------~-

120.00,----------------------

--
~
o 60.00 +--------------1.--------
==ou:

Orifice EQ. Qj = CoA(2gdt·5

Weir/Orifice Flow Capacities of Double Grate Inlet

Weir EQ. Qj = CwPd1
.
5

Where: Cw = 3.0 and Co = 0.67

Double Grate
P= 13.50 ft
A= 7.56 ftA 2

Weir Orifice
.Depth (tt) Oi (cfs) Oi (cfs)

0.00 0.00 0.00
0.05 0.45 9.09
0.10 1.28 12.85
0.15 2.35 15.74
0.20 3.62 18.18
0.25 5.06 20.32
0.30 6.65 22.26
0.35 8.39 24.05
0.40 10.25 25.71
0.45 12.23 27.27
0.50 14.32 28.74
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
0.80 28.98 36.36
0.85 31.74 37.48
0.90 34.58 38.56
0.95 37.50 39.62
1.00 40.50 40.65
1.05 43.58 41.65
1.10 46.72 42.63
1.15 49.95 43.59
1.20 53.24 44.53
1.25 56.60 45.45
1.30 60.03 46.35
1.35 63.~3 47.23
1.40 67.09 48.10
1.45 70.71 48.95
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 89.77 53.00
1.75 93.76 53.77
1.80 97.81 54.54
1.85 101.91 55.29
1.90 106.07 56.03

WOOD/PATEL
Project # 94153

Maximum Depth =1.14 ft. Maximum Inlet capacity =0.5*43.4 =21.7 cfs

Northem OrangewoodI
I
I
I
I
I
I
"

I
I
I
I
I
I
Ii
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I
I



Phase II B

12/16/981 :55 PM
Page 1

InletB.xls

Triple Grate Inlet

Grate Opening

0.00
0 L{) 0 L{) 0 L{) 0 L{) 0 L{) 0 L{) 0
0 ..... M ~ ~ ~ m ~ C'! ~ ~ ~ IX!c::i c::i c::i 0 0 0 c::i ..... ..... ..... .....

1_Wier Flow -+-Orifice Flow I

40.00 -t------...~---J--------------

60.00 +-----------=-*~---------

100.00 -t----------------.J------

20.00 -t---#l------------Jlf---------------

140.00 -t---------------------F-

160.00...---------------------

120.00 -t---------,------------ --

~
~

" 80.00 -t----------------.f----~....".'-­
~o
u::

Orifice EQ. Qj = CoA(2gd)o.s

Weir/Orifice Flow Capacities of Triple Grate Inlet

Weir EQ. Qj = CwPd1
.
s

Where: Cw = 3.0 and Co = 0.67

Triple Grate
P= 18.83 ft
A= 11.34 ftA2

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

0.00 0.00 0.00
0.05 0.63 13.63
0.10 1.79 19.28
0.15 3.28 23.61
0.20 5.05 27.27
0.25 7.06 30.49
0.30 9.28 33.40
0.35 11.70 36.07
0.40 14.29 38.56
0.45 17.05 40.90
0.50 19.97 43.11
0.55 23.04 45.22
0.60 26.25 47.23
0.65 29.60 49.16
0.70 33.08 51.01
0.75 36.69 52.80
0.80 40.42 54.54
0.85 44.27 56.21
0.90 48.23 57.84
0.95 52.31 59.43
1.00 56.49 60.97
1.05 60.78 62.48
1.10 65.17 63.95
1.15 69.67 65.39
1.20 74.26 66.79
1.25 78.95 68.17
1.30 83.73 69.52
1.35 88.61 70.84
1.40 93.58 72.14
1.45 98.63 73.42
1.50 103.78 74.68
1.55 109.Q1 75.91
1.60 114.33 77.12
1.65 119.73 78.32
1.70 125.21 79.50
1.75 130.78 80.66
1.80 136.42 81.80
1.85 142.14 82.93
1.90 147.95 84.04

WOOD/PATEL
Project # 94153

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

Northern Orangewood,I
'I I
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Description: Catch Basin Sizing Computations
Flow By Catch Basin Calculations

Catch Basin Q S Sx Eo a Sw Se Lt L E Qint Qbypass

Number cfs ftlft ftIft ft ft.
CB2 2.10 0.0063 0.0217 0.401 0.136 0.096 0.060 14.5 9.0 0.83 1.74 0.36
CB3 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 0.95 1.92 0.09
CB8a 2.00 0.003 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 6.0 0.88 1.98 0.26
CB 15d 2.04 0.0035 0.019 0.344 0.140 0.098 0.053 12.9 9.0 0.88 1.80 0.24
CB 15e 2.00 0.0027 0.01 0.25 0.152 0.107 0.037 14.7 13.0 0.98 1.96 0.04
CB16 5.85 0.0013 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 15c 5.76 0.0034 0.015 0.18 0.145 0.102 0.033 26.1 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
CB25 11.43 0.0021 0.016 0.145 0.144 0.101 0.031 31.7 20.0 0.83 9.53 1.90
CB24 6.29 0.0006 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 CB 26 13.82 0.0041 0.019 0.168 0.140 0.098 0.036 38.5 9.0 0.38 5.27 8.55

CB26a 10.58 0.0029 0.02 0.179 0.138 0.097 0.037 30.0 13.0 0.64 6.77 3.81
CB26b 12.55 0.0029 0.02 0.167 0.138 0.097 0.036 32.9 13.0 0.60 7.47 5.08
CB13 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 0.0039 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

0= flow rate, cfs
Sx = cross slope
S = longitudial street slope

Lt = length of catch basin to intercept

total flow
Eo = percent flow in gutter

L = actual length of catch basin

E = catch basin efficiency

qnt = amount of flow intercepted by

catch basin
Fr = catch basin reduction factor

6in
2

1.42
0.016

0.8

City of Phoenix P1569-1 M-

Drainage Design Manual for Maricopa County, Arizona
Volume II "Hydraulics"

E = 1-(1-(ULt))1.1l

Sw= alw

a=d-(w)(Sx)

Se = Sx + (Sw)(Eo)
E = 1 - (1_ULt)1.8
Lt = «0.6)/Fr) * 0°·42 * SO.3 * (1/nSx)0.6

Calculated Values

Known Values:
Curb Height =

d(in)=
w (ft)=

n=
Fr=

Catch Basin Type:

References:

I
I,
I
I
I
,I
I
I
I
I
f
I
I
I
I
I
I
I



03-11-1999

2.100
9.493
2.043

0.630
0.022

10.000
0.022
1.420
0.058
0.988
0.016

0.841
40.060

2.708
3.120

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-­
Manning's 'N

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME -.....!1J.=.,.~-=o=--....!...P-'-!.h.....:!l-==-=c-=--------.:~-'--__ TRACS NO.-
HIGHWAY NAME ---:;:""C=-=---r----:-:----,-~----- DES IGNER - :L~OO-::'-'- __=-=-::c=_---

LOCATION - C6 2. S,~ 16.,-'3 f{ CHECKER - \ .,L..;t6i"--'-- PAGE
Ver 3.40: December 1995 -----

i I

I
I
I
I
I
,I
I
I
I
I
I
I
I
I
,I

I
I
I



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

0.864
41.328
3.038
2.897

I
I,

I
I
I
I
I,
I
I
I
I
I;
I
I
I
I
I
I,

PROJECT NAME- NIQ p~_c.. TRACS NO.-
HIGHWAY NAME- I DESIGNER -
LOCATION - CA:) $50-- "L?>~Lf" CHECKER
Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-­
Manning's 'N =

Flow-CFS--Q =
SPREAD-Ft.--T

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS

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

03-11-1999

---loL.:J:=:::...:...;[.l---__PAGE _

0.890
0.020

10.000
0.020
1..420
0.058
0.988
0.016

2.090
9.373
2.279



03-11-1999

0.190
0.020

10.000
0.020
1.420
0.058
0.988
0.016

2.010
12.529
1.250

0.628
31. 243
1. 679
3.655

Flow-CFS--Q
SPREAD-Ft.--T =

Average Velocity-V-fps

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS =

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

ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

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

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

Gutter Width-Ft.--W
Gutter Sldpe-Ft./Ft.--Sw =

Gutter Depression-Inches-­
Manning's 'N =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME - uJo fA JL. c:. TRACS NO.-
HIGHWAY NAME -_--:-'_----::_-:-_______ DES IGNER - ]te'-'rY\'-'--'-__----::~c_=_---
LOCATION - (8 6= 5~ ~"l t-Gl-I CHECKER - J<s"1 PAGE
Ver 3.40: December 1995 --'=='"""-"----- ----

I
I
I
I
I
I
I
I
I
I
I
I
Ii
I
I
I
I
I
I



01-12-1999

2.000
14.263
1.362

0.590
29.507
1.881
3.146

0.300
0.014

10.000
0.014
1..420
0.058
0.988
0.016

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manning's 'N =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME - A# D Pl.-.11\'c Il C [B '6'Co...- TRACS NO.-
HIGHWAY NAME-_~ DESIGNER - _]~PM.:...:...!.,:::--__-=-==-==--__
LOCATION -)Tc..- ItJ3 CHECKER --.JGtl PAGE _
Ver 3.40: December 1995 ~~~---

I
I
I
I
I. ,

I
I
I
I
I
I
I
I
I
I
I
I
I
I



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

3.210
13.494
1.814

0.941
29.315

2.449
3.741

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps

----:lJ.Lb~:r PAGE _

12-04-1998

TPW)

0.390
0.019

10.000
0.019
1.420
0.058
0.988
0.016

TRACS NO.­
DESIGNER ­
CHECKER

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manning's 'N =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-lJ I() P~Ci ~C. <:::..
HIGHWAY NAME ---:::-__---::::--:-.,..._--:--:::-- _
LOCATION - St~ 7C)t-b., (P, /3 q
Ver 3.40: December 1995

I
I
I
I
I,

I
II
I
I
I
I
I
I
I
I
I
I
I
I



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I,

I
I

PROJECT NAME- Nt; P~fAy... l TRACS NO.-
HIGHWAY NAME- DESIGNER
LOCATION -c...~&::--:"I '::'""~-5~rr'\...--8-:-::0;;:-"'-15::or'""l".5.-.::S:---- CHECKER
Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manning's 'N

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V~fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

12-03-1998

rpyrJ
~..L.::\(;sj=Iiu. PAGE _

0.170
0.012

10.000
0.012
1..420
0.058
0.988
0.016

13.214
36.223
1.669

1.494
11. 304

2.293
6.000



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-10-1999
TRACS NO.-
DESIGNER - .u1<......$~P~=--__=-==:--__
CHECKER _-..\9~T..-__PAGE _

I
I
I
I
I
I
I
I
I
I
;1

I
I
I
I
I
I
I
I

PROJECT NAME-..LM-,="0t...:!o~ _
HIGHWAY NAME- _
LOCATION - GB '''0.-
Ver 3.40: Dec...:e::Jmb~e~r-=-1-9-9-5---------

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

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

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-­
Manning's 'N =

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS =

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

0.150
0.041

10.000
0.041
1.420
0.058
0.988
0.016

1.190
6.914
1.193

0 .. 569
47.805
1. 504
3.692



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

03-10-1999
TRACS NO.-
DESIGNER - -Jg",-;!:O,"-,R~ =-=--:::-:::,...--__

CHECKER uC::lT PAGE
----''------ ----

I
I
I
I
I
I
'I
I
I
I
I
I
I
I
I
I
I
I
I

PROJECT NAME-~It/~AUlo,,-- _
HIGHWAY NAME----:-:-----------
LOCATION - ~ a Ilf1
Ver 3.40: Dec-e.=mb~e-r..f..:.J11Ot,9...,9,...,,5,----------

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-­
Manning's 'N

Flow-CFS--Q
SPREAD-Ft.--T =

Average Velocity-V-fps

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS

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

0.180
0.049

10.000
0.049
1.420
0.058
0.988
0.016

2.000
7.324
1.512

0.891
44.537

1.898
4.460



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PROJECT NAME -----:....tJ--/-A=O TRACS NO.-
HIGHWAY NAME- i DESIGNER -
LOCATION - cB ,.,A s~ 'tHo'} CHECKER
Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft.jFt.--Sx =

Shoulder Width-Ft.-- =
Shoulder Slope-Ft.jFt.--Ss =

Gutter Width-Ft.--W
Gutter Slope-Ft.jFt.--Sw =

Gutter Depression-Inches-­
Manning's 'N =

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

11-17-1998

_-:J""-'='f:?l......1" PAGE _

0.970
0.042

10.000
0.042
1.420
0.058
0.988
0.016

11. 567~("P"Clt'; fop 01- C"lh
11.364

4.240

3.568
30.847

5.477
6.000



01-13-1999

0.690
34.479
2.096
3.275

2.000
11.449
1.557

0.350
0.019

10.000
0.019
1.420
0.058
0.988
0.016

=
=
=

=
=
=

=

=

=

=

=

=

=
=

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS

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

Flow-CFS--Q
SPREAD-Ft.--T

Average Velocity-V-fps

ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

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

Shoulder Width-Ft.-­
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-­
Manning's 'N

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

I
PROJECT NAME - Mo p:., J1 '- TRACS NO.-
HIGHWAY NAME- :-- :-:::o--t-__ DESIGNER - JPm
LOCATION - 5th- ctytlO ~ licJ CHECKER ~='>.:lc::.:..~.>I_J:r_=__=__=_-=-_=_-_--:P:-:A:-:G:-::E:----
Ver 3.40: December 1995

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

8.306
13.704

2.582

2.204
26.530

3.382
6.000

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

_ ...uw,(-.....'3-r-'--__PAGE _

11-17-1998

rPM

0.370
0.034

10.000
0.034/01.11
1.420
0.058
0.988
0.016

TRACS NO.­
DESIGNER ­
CHECKER

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manning's 'N =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME- NJ 0 p ~CI. K.- (.
HIGHWAY NAME-_-=---=- ~-----
LOCATION - c.e Il)B St... 1Lf ""'2.1-
Ver 3.40: December 1995

I
I
I
1
I
I
I
I
I
,I

I
I
I
I
I
I
I
I
I



03-04-1999

7.780
22.580
2.012

0.340
0.015

10.000
0.015
1.420
0.058
0.988
0.016

1.402
18.022

2.754
4.797

Flow-CFS--Q
SPREAD-Ft.--T =

Average Velocity-V-fps

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-- =
Manning's 'N =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME-__+>rJ......,f...=:O'-- TRACS NO.-
HIGHWAY NAME- ~ DESIGNER - ]/~
LOCATION ( &I C; r.. Sr~ loot-'e) CHECKER -=--rj~o-"("'=-::1=-----=P.."...A-:::-GE::----
Ver 3.40: December 1995 ------

I
i I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

01-13-1999
TRACS NO.-
DES I GNER - --,-Tf-'el1)~__----:=-=-::=- _

CHECKER --..;J,-"0i~~,,,--__PAGE _

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PROJECT NAME- AlIa f~ .n:.. c..
HIGHWAY NAME- ~-~---

LOCATION - 5"'r=-- 100 t,-1- (8 'J~

Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

Shoulder Width-Ft.-­
Shoulder Slope-Ft./Ft.--Ss

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-­
Manning's 'N

Flow-CFS--Q
SPREAD-Ft.--T

Average Velocity-V-fps

FLOW in Gutter-CFS--Q
% Flow in Gutter-CFS

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

=
=
=
=

=
=

=
=
=

=

=

0.270
0.010

10.000
0.010
1.420
0.058
0.988
0.016

2.000
17.958
1.204

0.501
25.039
1.707
2.973



Worksheet
Worksheet for Irregular Channel

Roughness
0.018

End Station
43.03

Start Station
7.77

0.018
9.80 ft3/S
7.34 ft2

32.46 ft
32.32 ft
0.53 ft

1127.03 ft
0.008279 ft/ft
1.34 ft/s
0.03 ft

1127.19 ft
0.49

13.05 ft3/S

w:\1994pr-1\94153--1 \phasei-3\spread-1 \71 stave.tm2
71stAve Half
Irregular Channel
Manning's Formula
Discharge

Wtd. Mannings Coefficient
Discharge
Flow Area
Wetted Perimeter
Top Width
Depth
Critical Water Elev.
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Full Flow Capacity
Flow is subcritical.

Channel Slope 0.001900 ft/ft
Water Surface Elevation 1127.16 ft
Elevation range: 1126.63 ft to 1127.21 ft.

Station (ft) Elevation (ft)
7.77 1127.16

11.76 1127.04
12.31 1126.63
24.80 1126.90
43.03 1127.21

Results

Input Data

Project File
Worksheet
Flow Element
Method
Solve For

Project Description

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Mar 3,1999I 09:01:46
None

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666
FlowMaster v4.1 c

Page 1 of 1



I
Cross Section

Cross Section for Irregular ChannelI
I
I
I

Project Description

Project File
Worksheet
Flow Element
Method
Solve For

w:\1994pr-1\94153--1 \phasei-3\spread-1 \71 stave.fm2
71 stAve Half
Irregular Channel
Manning's Formula
Discharge

I
I

Section Data
Wtd. Mannings Coefficient
Channel Slope
Water Surface Elevation
Discharge

0.018
0.001 900 ftIft

1127.04 ft
4.95 ft3/S

45.040.035.020.0 25.0 30.0
Station (ft)

15.010.0

9>

~ V
\ /
~

V
/

"7' "= /
v

/
V

/
/

/
/

/~

V
1126.6

5.0

1126.65

1126.7

1126.8

1126.75

1127.05

1127.25

1127.15

1127.0

1127.2

1127.1

1126.95
c
o
:;:;

~ 1126.9
.92
W

1126.85

I

I

I
I

I

I

I

I

I
I

I

I
Mar 1,1999
12:45:12

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

FlowMaster v4.1 c
Page 1 of 1



Worksheet
Worksheet for Irregular Channel

Roughness
0.018
0.035

End Station
43.03
54.83

Start Station
0.00

43.03

fP/s

0.021
1127.43 ft

26.62 ft2
55.56 ft
54.08 ft

1.82 ft
1127.22 ft

0.009799 ft/ft
1.88 ft/s
0.05 ft

1127.48 ft
0.47

122.00

w:\1994pr-1\94153--1 \phasei-3\spread-1 \71 stave.fm2
Cross Section for Irregular Channel
Irregular Channel
Manning's Formula
Water Elevation

Results
Wtd. Mannings Coefficient
Water Surface Elevation
Flow Area
Wetted Perimeter
Top Width
Depth
Critical Water Elev.
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Full Flow Capacity
Flow is subcritical.
Water elevation exceeds lowest end station by 0.45 ft.

Project Description

Channel Slope 0.001900 ft/ft
Elevation range: 1125.61 ft to 1127.77 ft.

Station (ft) Elevation (ft)
0.00 1126.98
7.77 1127.16

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 ft3/S

Input Data

Project File
Worksheet
Flow Element
Method
Solve For

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Mar 1.1999
11:53:23

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

FlowMaster v4.1 c
Page 1 of 1



I
I

Cross Section
Cross Section for Irregular Channel

I
I
I

Project Description
Project File
Worksheet
Flow Element
Method
Solve For

W:\1994pr-1 \94153--1 \phasei-3\spread-1 \71 stave.fm2
Cross Section for Irregular Channel
Irregular Channel
Manning's Formula
Water Elevation

I
I

Section Data
Wtd. Mannings Coefficient
Channel Slope
Water Surface Elevation
Discharge

0.021
0.001900 ft/ft

1127.43 ft
50.00 ft3/s

0

5
'<::7

....

~
.......,

~
~

V
,... ~
'"' ~

/'
VV

5

0

5

I
I
I
I
I
I
I
I
I
I
I

1128.

1127.

1127.

c
o

:;:;
ell
>
(J)

ill
1126.

1126.

1125.
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Station (ft)
35.0 40.0 45.0 50.0 55.0

I
Mar 1,1999
11:54:20

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

FlowMaster v4.1 c
Page 1 of 1



200.0190.0180.0170.0

0.018
0.001300 ft/ft

1135.30 ft
47.00 ft3/S

w:\94153--1 \phasei-3\spread-1 \67thave.fm2
67th Ave Upstream
Irregular Channel
Manning's Formula
Water Elevation

(

\. 1>
~ -.;:'7 I

'\. -
~ ...- ----~ - /

~

~
io"'"

~~.-"
.......

1135.0

1135.5

1136.0

1134.5

1138.0

1138.5

1140.0

1140.5

1139.0

1139.5

1137.5c
o
i> 1137.0
~
LLI

1136.5

-;:-

Wtd. Mannings Coefficient
Channel Slope
Water Surface Elevation
Discharge

1134.0
100.0 110.0 120.0 130.0 140.0 150.0 160.0

Station (ft)

Cross Section
Cross Section for Irregular Channel

Section Data

Project Description
Project File
Worksheet
Flow Element
Method
Solve For

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Dec 16,1998
14:06:25

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

FlowMaster v4.1 c
Page 1 of 1



Worksheet
Worksheet for Irregular Channel

Roughness
0.030
0.016

End Station
100.00
132.99

Start Station
84.00

100.00

0.016
5.85 ft3/S

4.48 ft2

18.43 ft

17.93 ft

0.50 ft

1134.69 ft

0.006812 ftlft
1.30 ftls
0.03 ft

1134.85 ft

0.46
33.29 ft3/S

w:\1994pr-1\94153--1 \phasei-3\spread-1 \67thave.fm2
67 th Ave C+G Half
Irregular Channel
Manning's Formula
Discharge

Results
Wtd. Mannings Coefficient
Discharge
Flow Area
Wetted Perimeter
Top Width
Depth
Critical Water Elev.
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Full Flow Capacity
Flow is subcritical.

Channel Slope 0.001300 ftlft
Water Surface Elevation 1134.82 ft

Elevation range: 1134.32 ft to 1135.24 ft.

Station (ft) Elevation (ft)

84.00 1135.11
100.00 1134.82
100.01 1134.32
132.99 1135.24

Project Description

Input Data

Project File
Worksheet
Flow Element
Method
Solve For
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Mar 1.1999
12:53:26

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

FlowMaster v4.1 c
Page 1 of 1



67th Ave
Cross Section for Irregular Channel

Wtd. Mannings Coefficient
Channel Slope
Water Surface Elevation
Discharge

Project Description

Section Data

FlowMaster v4.1 c
Page 1 of 1

0.016
0.001300 ft/ft

1134.82 ft
5.85 ft3/S

w:\1994pr-1 \94153--1\phasei-3\spread-1 \67thave.tm2
67 th Ave C+G Half
Irregular Channel
Manning's Formula
Discharge

None
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666
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Project File
Worksheet
Flow Element
Method
Solve For

I
I

Mar 1,1999
12:53:34
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Cross Section
Cross Section for Irregular Channel

Wtd. Mannings Coefficient
Channel Slope

Water Surface Elevation
Discharge

(j>
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w:\94153--1 \phasei-3\spread-1 \67thave.fm2
67th upstream half street
Irregular Channel

Manning's Formula
Discharge

140.0135.0130.0115.0 120.0 125.0
Station (ft)

110.0

0.021
0.001300 ftlft

1135.31 ft
14.06 ft3/S

105.0
1134.4

100.0

1134.6

1135.6

1134.8

1135.4

c
o
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W1135.0
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Section Data

Project File

Worksheet

Flow Element
Method

Solve For

Project Description
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Nov 19. 1998
13:38:14

None
Haestad Methods, Inc. 37 Brookside Road Waterbury. CT06708 (203) 755-1666
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ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

Flow-CFS--Q =
SPREAD-Ft.--T

Average Velocity-V-fps

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS

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

--...,)1.::::6t':..l- PAGE. _

03-04-1999

1.327
16.181

2.970
4.270

8.200
26.281

2.132

0.470
0.011

10.000
0.011
1.420
0.058
0.988
0.016

TRACS NO.­
DESIGNER ­
CHECKER

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manning's 'N =

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME- ,.I/d 1'1.(..7> G C13 ,( tk.­

HIGHWAY NAME-_--=-_---r"~:----------
LOCATION -.5~ to, r-Ilf,l£
Ver 3.40: December 1995
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ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION
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PROJECT NAME- 'rJp PhG.)e< c. CBJ6 TRACS NO.-
HIGHWAY NAME- ~--;----,~~----- DESIGNER
LOCATION - 513 lOb +-6 I .Lr CHECKER
Ver 3.40: December 1995 '

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manning's 'N =

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

11-19-1998

-->-.)L::.G:i:::Lrt-1-- PAGE _

0.130
0.028

10.000
0.028
1.420
0.058
0.988
0.016

33.000
31. 718

2.338

3.933
11.918

3.114
11.168



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

Flow-CFS--Q =
SPREAD-Ft.--T

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS

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

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

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

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-­
Manning's 'N

___.J:i-'l2"""""--->-\ PAGE _

03-05-1999

TodPJ'

0.057
0.015

10.000
0.015
1.420
0.058
0.988
0.016

0.865
13.742
1. 328
6.000

6.294
29.263

0.973

TRACS NO.­
DESIGNER
CHECKER

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME- tJ/0 PkCtse" C
HIGHWAY NAME- '
LOCATION --q;:;-;or--:2..4-:--:--S-M--''L-t-3-6-----
Ver 3.40: December 1995
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ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION
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PROJECT NAME -----:~_'_U-'-lO.::.--_......e-:k"'-,;,'-'<.;_·~_C-=--___ TRACS NO.­
HIGHWAY NAME-_.,......_--::::;;--_-----::--_;::---::--__ DESIGNER -
LOCATION Lt! 21 s~ 13hZ CHECKER
Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

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

Gutter Width-Ft.--W =
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-- =
Manning's 'N =

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS

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

11-25-1998

_"""'jc.;;:Csi"-'u"---__PAGE _

0.210
0.016

10.000
0.016
1.420
0.058
0.988
0.016

11.430A-u.p<tc"t-j Top ot C.t.,h
27.522
1. 873

1. 660
14.525

2.548
6.000



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

03-24-1999
TRACS NO.-
DESIGNER - ..J-L-'-,P,.r-m~::------,~~---
CHECKER ~'.....) 0=--;('--__PAGE _

CURB OPENING INLET--IN SUMP

9.278

SPREAD

77.745
23.122
17.952
13.660.

7.810

1.000
0.800

0.020
10.000

0.020
1.420
0.058
0.988

Local Gutter Depression-Inches
Capture Ratio -- CURB OPENING =

ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

Flow-CFS--Q

Roadway Cross-Slope-Ft./Ft.--Sx
Shoulder Width-Ft.-­

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

Gutter Slope-Ft./Ft.--Sw
Gutter Depression-Inches-- =

GUTTER DESCRIPTION

GUTTER FLOW HYDRAULICS

LENGTH d (weir) d(orifice) d (INLET)
------ ------- ---------- --------

3.083 9.930 20.306 20.306
6.583 7.197 6.613 7.197
9.583 5.956 3.631 5.956

13.583 4.926 1.807 4.926
20.583 3.874 0.787 3.874

PROJECT NAME - tv10 Pb tr c
HIGHWAY NAME---;r_~--;-,.--~ _
LOCATION -?~ 141=2..0 25"'-
Ver 3.40: December 1995
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*** d(INLET) is Greater of WEIR or ORIFICE Depth.!

ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

I'
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PROJECT NAME- Njo fk IT- (. TRACS NO.-
HIGHWAY NAME- DESIGNER -
LOCATION -~}')"t....----'/-;-:"4-:-t--"lO---2..S=-rb.----- CHECKER
Ver 3.40: December 1995

CURB OPENING INLET--IN SUMP

GUTTER FLOW HYDRAULICS

GUTTER DESCRIPTION

Roadway Cross-Slope-Ft./Ft.--Sx =
Shoulder Width-Ft.-­

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

Gutter Slope-Ft./Ft.--Sw =
Gutter Depression-Inches--

Flow-CFS--Q =

Local Gutter Depression-Inches =
Capture Ratio -- CURB OPENING

LENGTH d (weir) d(orifice) d (INLET)
------ ------- ---------- --------

3.083 10.979 26.475 26.475
6.583 7.957 7.966 7.966
9.583 6.585 4.908 6.585

13.583 5.446 2.443 5.446
20.583 4.283 1. 064 4.283

03-24-1999

____:JS;.;..=:sJ--'-'-I PAGE _

0.020
10.000

0.020
1.420
0.058
0.988

9.080

1.000
0.800

SPREAD

103.447
26.328
20.574
15.829
10.983

***



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS

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

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw =

Gutter Depression-Inches-­
Manning's 'N =

03-24-1999

_..::::j"":..1.bi.t.J..;1'....:....-__PAGE _

1.891
17.869

2.957
5.897

10.580
21.872
2.194

0.290
0.020

10.000
0.020
1.420
0.058
0.988
0.016

TRACS NO.­
DESIGNER ­
CHECKER

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME - N10 fb 1I c..
HIGHWAY NAME_-"I--"-"---J....:.L...........-=-------

LOCATION - fu:.-=. ~l..t-~'" (8~
Ver 3.40: Dec~eL,mbr,-::.;::e:::..:r=1~9::"..9~5-~~~-=-~---
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ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION
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PROJECT NAME- lJlO pA zr. C TRACS NO.-
HIGHWAY NAME- I DESIGNER -
LOCATION --=s:,--trA,-----,2.,.-2-r-i.;-S-C"7"8"'"""U----=-".e---- CHECKER
Ver 3.40: December 1995

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

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

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

Gutter Width-Ft.--W
Gutter Slope-Ft./Ft.--Sw

Gutter Depression-Inches-­
Manning's 'N =

Flow-CFS--Q =
SPREAD-Ft.--T

Average Velocity-V-fps

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS

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

03-24-1999

--::..J~01"=:... ..l..' PAGE _

0.290
0.020

10.000
0.020
1.420
0.058
0.988
0.016

12.550
23.338
2.288

2.100
16.731

3.084
6.249



ARIZONA DEPARTMENT OF TRANSPORTATION
DRAINAGE DESIGN SECTION

Flow-CFS--Q =
SPREAD-Ft.--T =

Average Velocity-V-fps =

FLOW in Gutter-CFS--Q =
% Flow in Gutter-CFS =

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

Roadway Grade-% Per cent--G =
Roadway Cross-Slope-Ft.jFt.--Sx =

Shoulder Width-Ft.-- =
Shoulder Slope-Ft.jFt.--Ss =

Gutter Width-Ft.--W =
GutterSlope-Ft.jFt.--Sw =

Gutter Depression-Inches-- =
Manning's 'N =

11-25-1998

--->o,>.~lG""'.--......\ PAGE _
JeW)

2.320
16.791

3.561
6.000

0.410
0.019

10.000
0.019
1.420
0.058
0.988
0.016

13.816 ...- F/~..... q; b!' (tAtS JI2~T~
23.401
2.636

TRACS NO.­
DESIGNER ­
CHECKER

GUTTER FLOW HYDRAULICS
GUTTER DESCRIPTION

PROJECT NAME - --.t!..I-=O:...--..;~~h;...:.«::..,)~~,--..I..(I' _
HIGHWAY NAME- ....,..-...,...-- _
LOCATION -_c..~BL...-L..~6_=_='=&_=_'2::::.7+------_
Ver 3.40: December 1995
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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 Stonn 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. Detennine "Control Type" (inlet or outlet)
Inlet=invert elevation at CB plus inlet HW
Outlet=invert elevation at connector pipe outlet plus outlet 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.
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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.
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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.



Wood, Patel Associates, Inc.

WIP # 94153.06

Catch Basin Connector Pipe Hydraulics

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

,
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/SHGL based on Submerged Critical Length of Water Control Control HWElev HWElev Controlling (gutter/grate-

CB# Pipe No. o (cfs) (in) (ft) (ftlft) (ft) (ft) Elev. (ft) Slope (ft) Pipe Loss* Depth (ft) Pipe (ft) (ft) HW (ft) HW (ft) (ft) (ft) HW HW elev) (ft)
1 LI 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 Outlet 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 1099.95 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 42 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 30 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 1099.10 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 18 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 Outlet Control 6.97

9 L9 2.45 15 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 LIO 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 Cll 29 36 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 Outlet Control 6.30
11 LII 29 30 1110.23 0.4145 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 LI2 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 LI3a 1.74 18 1122.52 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 LI4 50 42 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 Outlet Control 2.21

14-1 LI4a 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 2.91 1123.55 1125.00 Outlet Control 1.59

14a LI4a 2.25 18 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 1123.55 Outlet Control 3.20
14b LI4b 1.98 18 1124.71 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 1119.28 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 3.47

15 LI5 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 3.43 2.61 4.16 1126.01 1127.56 Outlet Control 2.65
ISb LI5b 22.05 30 1123.89 0.4141 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
ISd LI5d 1.8 18 1124.54 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
ISc LI5c 4.09 18 1126.00 0.4129 1132.25 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
15e LI5e 1.96 18 1128.17 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 LI6a 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 42 1119.01 0.0100 N/A 1135.00 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 LI6a 5.61 18 1129.29 0.3077 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 LI7 14 24 1130.50 0.2681 1134.50 1134.00 1126.84 1122.89 0.00 0.47 28.38 3.95 1.87 -3.09 1132.37 Not Valid Inlet Control 1.63

17a LI7a 21.7 30 1130.36 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 1119.20 0.0029 N/A 1136.15 1126.79 1119.00 0.00 0.96 68.00 7.79 1.22 7.63 1120.42 1126.83 Outlet Control 9.32

18 LI8 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 LI9 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 1142.47 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

I
I
I ""'--N-O-R-r.-H-E-m-r;O-RA-N-G-E-W-O-O-V-S-r,-O-R-M-V-RA-/-N-P-R-O-J-E-C-T----------------------------------------31-2-4/-99-------.,

Glendale Avenue Storm Drain - Glendale Avenue & 83rd Avenue to Northern AvenueI Phase II, Sub-Phase C
Flood Control District ofMaricopa County
100% Plans
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

r March 19, 1999 t cd-. .
===================~~~\=~~~====L~~~=======~=====~~================

PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.25
1
1

0.013
0.5

35.0
1,088.07
1,093.69

0.1606

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

2.0
0.0
2.0

================================================================================
I
I

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

COMPUTATION RESULTS

6.86
0.0
6.86

================================================================================
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.

f R.uNK It4 L -- IOCj~,Y
LAI IN VEIL) ~ IOB8 t 07

f\tv~ &,,<66
A'H w::" )oqb,6 Cj

O}-lyJ ;::/ 1015.03

Outlet
Velocity

(fps)

1. 631.25

Depth at
Outlet

(ft)

0.56

Critical
Depth

(ft)

0.24

Normal
Depth

(ft)

1.340.7

Headwater (ft)
Inlet Outlet
Control Control

6.86

Tai1water
Depth

(ft)

2.0

Flow
Rate

(cfs)
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999 (el
============================f=~~==~=~~===~§=!:~~=====~3L ::==~!=~===========

PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1. 25
1
1

0.013
0.5

32.57
88.14
93.29

0.1581

================================================================================

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

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

COMPUTATION RESULTS

6.86
0.0
6.86

1. 74
0.0
1. 74

1.42

Outlet
Velocity

(fps)

1.25

Depth at
Outlet

(ft)

0.52

Critical
Depth

(ft)

Normal
Depth

(ft)

0.221. 780.64

Headwater (ft)
Inlet Outlet
Control Control

6.86

Tailwater
Depth

(ft)

1. 74

Flow
Rate

(cfs)

I
I

I
I

================================================================================

1t4l::- loq5
'08~ _'~LAT INVEA-IJ ~

rW~ t.&'''
AI+V~ /69102-9

oHW - I09S,07

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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I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 16, 1999

============================eJ~~~====~=~~==~~J:~=~=========================
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number " .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.25
1
1

0.013
0.5

32.5
90.72
97.0

0.1932

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) ......................•..........
Ending Flow Rate (cfs) .

1.99
0.0
1. 99

================================================================================

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

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

5.91
0.0
5.91

13.35

Outlet
Velocity

(fps)

0.22

Depth at
Outlet

(ft)

0.56

Critical
Depth

(ft)

Normal
Depth

(ft)

0.22-0.280.685.91

Tailwater
Depth

(ft)

1. 99

Flow
Rate

(cfs)

I
I

I

================================================================================

-
L~J 1rJvri-p.s -

rw - ~.CiJ

AH\N' ~ 11 0 I. 5
DHvi -= ,OCfl. G8

/f{.cJN K I-+it L" 10q6 .63
locto,,""L

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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I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 16, 1999 ~

=============================fJ~~==~==~==~2:~)=====~~===================
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Nwnber .
FHWA Scale Nwnber (Type of Culvert Entrance) '.
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.25
1
1

0.013
0.5

35.0
90.64
97.0

0.1817

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) ..........•......................
Ending Flow Rate (cfs) .

2.0
0.0
2.0

================================================================================

================================================================================

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.

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

5.94
0.0
5.94

13.03

Outlet
Velocity

(fps)

0.23

Depth at
Outlet

(ft)

0.56

Critical
Depth

(ft)

0.23

Normal
Depth

(ft)

-0.32

'09G. S~
~ fOCtO ,,1.)

COMPUTATION RESULTS

0.69

Headwater (ft)
Inlet Outlet
Control Control

JtltL=

5.94

,\/Ii ~
Al-nrJ

OHw~

Tailwater
Depth

(ft)

( fLUtJ"

L4f }wv£R.t

S.<6 <Z

~IJOO

JO~1.69

2.0

Flow
Rate

(cfs)
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I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFO~CE CURVE

I
p~ March 16, 1999 cgl

==============================~~==~==5~=2;~t:~~==~====== ===============
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.25
1
1

0.013
0.5

32.5
1,093.02
1,100.28

0.2234

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

1.92
0.0
1. 92

================================================================================

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

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

5.8
0.0
5.8

13.89

Outlet
Velocity

(fps)

0.21

Depth at
Outlet

(ft)

0.55

Critical
Depth

(ft)

Normal
Depth

(ft)

0.21-1.370.655.8

Tailwater
Depth

(ft)

1. 92

Flow
Rate

(cfs)I
I
I

================================================================================

LA, )WVE.R-1 ~

~,<Z

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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I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
_ March 16, 1999 (¢..

=============================Je!e=~=ji====~~===~~L~===lr~=====tLt~======
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.25
1
1

0.013
0.5

35.0
92.78
99.95

0.2049

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

2.0
0.0
2.0

================================================================================

================================================================================

5.87
0.0
5.87

13.61

Outlet
Velocity

(fps)

0.22

Depth at
Outlet

(ft)

0.56

Critical
Depth

(ft)

0.22

Normal
Depth

(ft)

-1.2

COMPUTATION RESULTS

0.68

Headwater (ft)
Inlet Outlet
Control Control

~'61

1)0'-..'15

,160,b3

5.87

Tailwater
Depth

(ft)

fW'="

f\ l-n,1 ~

DI~Y:::'-

2.0

Flow
Rate

(cfs)

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.

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

I
I

I

I

I
I

I

I
I

I
I
I



I
I PIPE CULVER~ ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 16, 1999 (J

===========================~===~=~~~~~==~====~~1:a~====~~~=========
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

3.5
1
1

'0.013
0.5

63.5
92.33
92.56

0.0036

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) · .

57.0
0.0

57.0

================================================================================
I
I

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

COMPUTATION RESULTS

7.56
0.0
7.56

================================================================================
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.

rl-~L~ lO'iq.~9

INVe-f\.1 -- l-oqL :'3

Outlet
Velocity

(fps)

5.923.5

Depth at
Outlet

(ft)

2.36

Critical
Depth

(ft)

Normal
Depth

(ft)

2.78.353.76

Headwater (ft)
Inlet Outlet
Control Control

7.56

Tailwater
Depth

(ft)

57.0

Flow
Rate

(cfs)I
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I
I

PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999 ~d
===========================€Je=~==]==~~====3=~=~~~========================

PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert, Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

2.5
1
1

0.013
0.5

37.04
93.27

101.16
0.213

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

28.5
0.0

28.5

================================================================================

================================================================================

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.

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

7.64
0.0
7.64

27.77

Outlet
veiocity

(fps)

0.66

Depth at
Outlet

(ft)

1. 82

Critical
Depth

(ft)

Normal
Depth

(ft)

0.660.71

i.6l.f

11° 4. 6-6
110 ?> ..Cf7

COMPUTATION RESULTS

2.81

ltl'A L ~ 1)00.q )

IOq~.l.-1

Headwater (ft)
Inlet Outlet
Control Control

rrz-u"'J'
LAf INV ~1L1' ":-

T\N~

Al-\W=­

D~vJ ~

7.64

Tailwater
Depth

(ft)

28.5

Flow
Rate

(cfs)
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I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 17, 1999 ~

===========================~~~=~====~~===}~=r~~====~~===================
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .........................•..................
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

2.0
1
1

0.013
0.5

28.9
1,093.56
1,099.1

0.1917

================================================================================

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

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

COMPUTATION RESULTS

7.35
0.0
7.35

28.5
0.0

28.5

Outlet
Velocity

(fps)

27.280.73

Depth at
Outlet

(ft)

1. 84

Critical
Depth

(ft)

Normal
Depth

(ft)

0.734.194.42

Headwater (ft)
Inlet Outlet
Control Control

7.35

Tailwater
Depth

(ft)

28.5

Flow
Rate

(cfs)

I
I

I
I

================================================================================

H-~ L ~ )to a. 9)

:.. lOC,3. S6
}fl/),v 7\
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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.I
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 16, 1999 d
===========================f:IJ2~==~tl======~~=bt~~====Qs~~1~~~=~=========

PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.5
1
1

0.013
0.5

27.25
95.23

102.26
0.258

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .•....................................

1. 99
0.0
1.99

================================================================================
I
I

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

COMPUTATION RESULTS

6.48
0.0
6.48

================================================================================
for Windows, Version 1.2a Copyright (c) 1996
Inc., 5629 FM 1960 West, Suite 314, Houston, TX 77069
Fax: (281)440-4742, Email:software@dodson-hydro.com

Outlet
Velocity

(fps)

14.360.2

Depth at
Outlet

(ft)

0.53

Critical
Depth

(ft)

0.2

Normal
Depth

(ft)

-0.510.55

Headwater (ft)
Inlet Outlet
Control Control

·t+Lti~ IJOI~l)

IrJvf-JLf -:. Ioct S. ,-3

(; .. y'Z
1105".16

"01... <61

6.48

Tailwater
Depth

(ft)

1. 99

Flow
Rate

(cfs)

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

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 17, 1999

S~ L7t)"9
================================================================================

PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

3.5
1
1

0.013
0.5

52.0
1,098.46
1,105.34

0.1323

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

35.0
0.0

35.0

================================================================================

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

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

9.0
0.0
9.0

3.64

Outlet
Velocity

(fps)

3.5

Depth at
Outlet

(ft)

1. 83

Critical
Depth

(ft)

Normal
Depth

(ft)

0.732.492.469.0

Tailwater
Depth

(ft)

35.0

Flow
Rate

(cfs)

I
I

I

I
I
I
I

================================================================================
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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I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I ============================ei~~::~=::§=~::~?=~~===~[~~~~=~~~==========
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of- Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.25
1
1

0.013
0.5

25.65
1,101.39
1,108.79

0.2885

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

2.45
0.0
2.45

================================================================================

================================================================================

6.44
0.0
6.44

Outlet
Velocity

(fps)

16.310.22

Depth at
Outlet

(ft)

0.63

Critical
Depth

(ft)

Normal
Depth

(ft)

0.22-0.83

COMPUTATION RESULTS

0.73

Headwater (ft)
Inlet Outlet
Control Control

'-t~ 1-~ I) 07. g3

no 1· 39

6.44

Tailwater
Depth

(ft)

TfLv.f\f·~

L~ f ,NVf-tlf-;

b.yL}

2.45

Flow
Rate

(cfs)

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
Dodson & Associates; Inc., 5629 PM 1960 West, Suite 314, Houston, TX 77069
Phone: (281)440-3787, Fax: (281)440-4742, Email:software@dodson-hydro.com
All Rights Reserved.

Starting Tailwater Depth (ft) .
Incremental Tailwater Depth (ft) '" .
Ending Tailwater Depth (ft) .

I

I
I
I

I
I

I
I

I

I
I
I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 17, 1999

============================t:UQ=~==l<?:=====~2:~=~~~~~===!1=C~01~~=q~J==~~j
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

3.0
1
1

{).013
0.5

29.33
1,105.06
1,108.56

0.1193

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) : .

32.55
0.0

32.55

================================================================================

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

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

2.77
0.0
2.77

23.04

Outlet
Velocity

(fps)

0.76

Depth at
Outlet

(ft)

1. 85

Critical
Depth

(ft)

0.76

Normal
Depth

(ft)

0.02.672.77

Tailwater
Depth

(ft)

32.55

Flow
Rate

(cfs)

I
I

I

'-~ 77
IJll.5"£

111),2..j

================================================================================

H-U L:; II 07· ~J

1)05.06
f /1JAN K
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fW~
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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.

I
I

I
I

I

I
I
I
I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999 J
================================~~===~~J:~~========t.lr~~~q~;==========

PROGRAM INPUT DATA
I
I

I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

3.0
1
1

0.013
0.5

24.43
1,100.98
1,105.44

0.1826

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .....................•................

29.0
0.0

29.0

================================================================================
I
I

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

COMPUTATION RESULTS

9.28
0.0
9.28

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
Dodson & Associates, Inc., 5629 PM 1960 West, Suite 314, Houston, TX 77069
Phone: (281)440-3787, Fax: (281)440-4742, Email:software@dodson-hydro.com
All Rights Reserved.

Headwater (ft)
Inlet Outlet
Control ControlI

I

Flow
Rate

(cfs)

29.0

Tailwater
Depth

(ft)

9.28 2.35 5.26

Normal
Depth

(ft)

0.65

Critical
Depth

(ft)

1. 74

Depth at
Outlet

(ft)

3.0

Outlet
Velocity

(fps)

4.1

ttG L--;. I) 10 ,1..6

Iloo·qg
I ltUrv'K
LA' IN£P--f

(Wi ~ q.~

I
I
I
I
I

I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

pi March 17, 1999

============================~~=~Jl=======~t~=~=~==========================
PROGRAM INPUT DATAI

i
I
I

DESCRIPTION

Culvert Diameter (ft} .
FHWA Chart Number .........................•.................
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft} .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft} .

VALUE

2.5
1
1

0.013
0.5

12.16
1,105.19
1,110.23

0.4145

================================================================================

================================================================================

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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A~yI ~ l), '5 /0 ~

D1-l\N ~ Pl<'lgLj

5.51
0.0
5.51

29.0
0.0

29.0

Outlet
Velocity

(fps)

35.360.56

Depth at
Outlet

(ft)

1. 84

Critical
Depth

(ft)

Normal
Depth

(ft)

0.561.34

COMPUTATION RESULTS

2.61

Headwater (ft)
Inlet Outlet
Control Control

5.51

Tailwater
Depth

(ft)

29.0

Flow
Rate

(cfs)

Starting Flow Rate (cfs} .
Incremental Flow Rate (cfs} .
Ending Flow Rate (cfs} .

Starting Tailwater Depth (ft} .
Incremental Tailwater Depth (ft} .
Ending Tailwater Depth (ft} .

I

I
I

I

I
I
I

I
I
I



I
PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

=======================~I~~J=~:::S~~=:;:~=t=~~~~=~=====~I~~1~~~~=====
PROGRAM INPUT DATA

I
I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) :
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

2.5
1
1

0.013
0.5

18.06
1,106.93
1,115.11

0.4529

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

32.55
0.0

32.55

12.04
0.0

12.04

================================================================================

================================================================================

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, Ernail:software@dodson-hydro.com
All Rights Reserved.

Outlet
Velocity

(fps)

6.632.5

Depth at
Outlet

(tt)

1. 94

Critical
Depth

(ft)

0.58

Normal
Depth

(ft)

5.0

COMPUTATION RESULTS

2.86

Headwater (ft)
Inlet Outlet
Control Control

ItlA L ::

12.04

Tailwater
Depth

(ft)

lltifwK
LAr )NVf-tLf :1-

fW -: 11-, 0~

Al-IV::' ,,1.-1-,1)

DH\,./:" 1120 ,"

32.55

Flow
Rate

(cfs)

I
I

I
I

I

I
I
I
I

I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I

================================================================================

================================================================================
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
Dodson & Associates, Inc., 5629 PM 1960 West, Suite 314, Houston, TX 77069
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VALUE

3.84
0.0
3.84

1. 74
0.0
1. 74

Outlet
Velocity

(fps)

16.37

1.5
1
1

0.013
0.5
8.6

1,118.96
1,122.52

0.414

0.17

Depth at
Outlet

(ft)

0.5

Critical
Depth

(ft)

Normal
Depth

(ft)

0.170.3

COMPUTATION RESULTS

0.38

Headwater (ft)
Inlet Outlet
Control Control

3.84

Tailwater
Depth

(ft)

1. 74

Flow
Rate

(cfs)

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

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .....................•.................

I

I
I

I

I

I
I
I
J

I
I

I

I
I

I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE, March 17, 1999

=============================!=Ce=~==J=:!=====~~~~~==!:~==~!=~=~~~=~==========
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

3.5
1
1

0.013
0.5

65.6
14.7
20.03

0.0813

================================================================================

================================================================================

8.83
0.0
8.83

50.0
0.0

50.0

5.2

Outlet
Velocity

(fps)

3.5

Depth at
Outlet

(ft)

2.21

Critical
Depth

(ft)

0.99

Normal
Depth

(ft)

4.29

II 2...~.s3

COMPUTATION RESULTS

3.28

Headwater (ft)
Inlet Outlet
Control Control

8.83

Tailwater
Depth

(ft)

ffLuWK

LA r ,IV y~1Lf :;.. , IJ4.. 7

50.0

Flow
Rate

(cfs)

HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
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Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) ............•....................
Ending Flow Rate (cfs) .......................•..............

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

I
I
I
I
I
j

I
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I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 17, 1999

=======================J?i~~==L~L====~~=~ld~1=t=~===~~=t:]=~=============
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

3.5
1
1

0.013
0.5

23.7
20.53
20.55

0.0008

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) : .

41.9
0.0

41.9

================================================================================

================================================================================

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.

3.79
0.0
3.79

4.35

Outlet
Velocity

(fps)

3.5

Depth at
Outlet

(ft)

2.02

Critical
Depth

(ft)

3.5

Normal
Depth

(ft)

4.25

COMPUTATION RESULTS

3.03

Headwater (ft)
Inlet Outlet
Control Control

6 ·,9
",7,5

I\ 2..~. 8'

3.79

Tai1water
Depth

(ft)

LA l'

fW ~

APt'vV -:-

Dr)Y ~

DOWf\$fR.fAM ltLt l ~ 111..4 ..31.­

lNv't:.Ytr -- ll'Lo;S3

41. 9

Flow
Rate

(cfs)

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

I

I

I
I
I
I
I

I
I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 17, 1999

============================Je~~===L~===~<2=t:~~=~=~==~~Jt$=t~~ll=======
PROGRAM INPUT DATA

================================================================================

================================================================================
HYDROCALC Hydraulics for Windows, Version 1.2a Copyright (c) 1996
Dodson & Associates, Inc., 5629 PM 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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VALUE

8.1
0.0
8.1

3.45
0.0
3.45

2.0
1
1

0.013
0.5

34.0
21. 35
22.09

0.0218

Outlet
Velocity

(fps)

2.582.0

Depth at
Outlet

(ft)

1. 01

Critical
Depth

(ft)

Normal
Depth

(ft)

0.672.91

COMPUTATION RESULTS

1.46

Headwater (ft)
Inlet Outlet
Control Control

3.45

Tailwater
Depth

(ft)

8.1

Flow
Rate

(cfs)

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) ; .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Inver~ Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

DESCRIPTION

I
I

I

I'
I

I

I

I
I

I
I
I
I
I



I

================================================================================

================================================================================

PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

VALUE

1. 25
0.0
1.25

14.0
0.0

14.0

Outlet
Velocity

(fps)

0.71

1.5
1
1

0.013
0.5

73.4
1,109.53
1,121. 75

0.1665

1.5

Depth at
Outlet

(ft)

0.42

Critical
Depth

(ft)

Normal
Depth

(ft)

0.181.8

1101.53

COMPUTATION RESULTS

0.45

Headwater (ft)
Inlet Outlet
Control Control

I~

/115.7$
,,2., .55

14.0

Tailwater
Depth

(ft)

I ~JV)c B-~ L ~

LAf }NVUr:'

rW
AHW~

DWW::;'

1.25

Flow
Rate

(cis)

Starting Tailwater Depth (ft) .
Incremental Tai1water Depth (ft) .
Ending Tailwater Depth (ft) .

~ March 17, 1999 0 J
===============~YQ~l=~==diJ:~====jiL~~~========C~~~~~~=================

PROGRAM INPUT DATA

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, Ernail:software@dodson-hydro.com
All Rights Reserved.

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) ..........................•......
Ending Flow Rate (cfs) .

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

DESCRIPTION

I

I

I
I
I

I
I

I

I
I
I

I
I

I

I:
I
I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
_March 17, 1999 ~

===============================t>JU=~==~~=~====~~===~~~===QI~~~~=======
PROGRAM INPUT DATA

================================================================================

DESCRIPTION

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

1. 98
0.0
1. 98

14.2
0.0

14.2

1.12

Outlet
Velocity

(fps)

1.5
1
1

0.013
0.5

74.29
1,111. 98
1, 124.71

0.1714

1.5

Depth at
Outlet

(ft)

0.53

Critical
Depth

(ft)

Normal
Depth

(ft)

0.221. 53

COMPUTATION RESULTS

0.61

Headwater (ft)
Inlet Outlet
Control Control

14.2

Tailwater
Depth

(ft)

1. 98

Flow
Rate

(cfs)

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) :
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

I

I
I
I
I

I
I
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

==============================2~~::~~Jb~1::~~=====q!~~~~~=~================
PROGRAM INPUT DATA

I
I
I
I
I
I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

2.5
1
1

0.013
0.5

55.8
114.98
119.28

0.0771

37.8
0.0

37.8

9.69
0.0
9.69

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

37.8

Tailwater
Depth

(ft)

9.69 3.94 7.25

Normal
Depth

(ft)

0.99

Critical
Depth

(ft)

2.08

Depth at
Outlet

(ft)

2.5

Outlet
Velocity

(fps)

7.7

I
I
I
I
I

I
I

================================================================================
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

========================J:~~==t]i:::=:~::;=~:L~====~C~~~~~==========
PROGRAM INPUT DATA

================================================================================

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

2.0
1
1

0.013
0.5

13 .34
1,117.71
1,123.23

0.4138

18.85
0.0

18.85

6.17
0.0

. 6.17

COMPUTATION RESULTSI
Flow
Rate

(cfs)

Tailwater
Depth

(ft)

Headwater (ft)
Inlet Outlet
Control Control

Normal
Depth

(ft)

Critical
Depth

(ft)

Depth at
Outlet

(ft)

Outlet
Velocity

(fps)

18.85 6.17 2.36 1. 58 0.49 1. 56 0.49 31. 91

I
I
I
I
I
I

I
I

================================================================================
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE
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March 17, 1999

=======================f=~~==1!i~=====~~===9=1t:ll========================
PROGRAM INPUT DATA

DESCRIPTION

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) : .

VALUE

3.43
0.0
3.43

17.81
0.0

17.81

2.0
1
1

0.013
0.5

46.1
23.1
23.4

0.0065

Outlet
Velocity

(fps)

5.672.0

Depth at
Outlet

(ft)

1. 52

Critical
Depth

(ft)

1.6

Normal
Depth

(ft)

4.16

COMPUTATION RESULTS

2.61

Headwater (ft)
Inlet Outlet
Control Control

3.43

Tailwater
Depth

(ft)

17.81

Flow
Rate

(cis)

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

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-va1ue) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

I

I
I

I
I

I

I
I
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I
I
I
I

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.

JfWNK ~L -:0.- 1\16.5"]

LAr OV+ ~ I12JJ

r\.v~ 3,13

Aliw-- ')~:1..'

OHw'~ 11<"1.56

I
I
I
I



I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
~ 1> March 17, 1999

===================er~~==J===========~~===!~~J£============================
PROGRAM INPUT DATA

================================================================================

DESCRIPTION

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) ..............................•..
Ending Flow Rate (cfs) .

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

VALUE

8.84
0.0
8.84

22.01
0.0

22.01

2.5
1
1

0.013
0.5

18.74
116.13
123.89

0.4141

Outlet
Velocity

(fps)

32.570.49

Depth at
Outlet

(ft)

1.6

Critical
Depth

(ft)

Normal
Depth

(ft)

0.491.6

COMPUTATION RESULTS

1. 96

Headwater (ft)
Inlet Outlet
Control Control

8.84

Tailwater
Depth

(ft)

Flow
Rate

(cfs)

22.01

Culvert Diameter (ft), .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

I
I

I
I
I
I
I
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I
I
I
I
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

=======================t>[~~~=L~~::=~::~~=~l~======~[~Q~~=O=~~======
PROGRAM INPUT DATA

================================================================================

DESCRIPTION

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

1.8
0.0
1.8

3.79
0.0
3.79

1.5
1
1

0.013
0.5

19.36
21. 08
24.54

0.1787

Outlet
Velocity

(fps)

12.360.21

Depth at
Outlet

(ft)

0.5

Critical
Depth

(ft)

0.21

Normal
Depth

(ft)

0.36

COMPUTATION RESULTS

0.57

Headwater (ft)
Inlet Outlet
Control Control

3.79

Tailwater
Depth

(ft)

1.8

Flow
Rate

(cfs)

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

I
I

I
I
I
I
I

I
I
I
I
I
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I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I

================================================================================

DESCRIPTION

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

Ending Flow Rate (cfs) .

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

VALUE

8.29
0.0
8.29

4.09
0.0
4.09

1.5
1
1

0.013
0.5

18.6
118.32
126.0

0.4129

Outlet
Velocity

(fps)

21.030.25

Depth at
Outlet

(ft)

0.77

Critical
Depth

(ft)

0.25

Normal
Depth

(ft)

0.76

COMPUTATION RESULTS

0.82

Headwater (ft)
Inlet Outlet
Control Control

8.29

Tailwater
Depth

(ft)

4.09

Flow
Rate

(cfs)

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) ,
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

I
I

I
I
I
I
I

I
I
I
I
I
I
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I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
..March 17, 1999

=======================~~~==~?=~====~~===[~l:~~====~(~~~~~J=======
PROGRAM INPUT DATA

================================================================================

================================================================================
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VALUE

1.96
0.0
1.96

5.22
0.0
5.22

1.5
1
1

0.013
0.5

19.3
21.42
28.17

0.3497

Outlet
Velocity

(fps)

16.050.18

Depth at
Outlet

(ft)

0.53

Critical
Depth

(ft)

Normal
Depth

(ft)

0.18-1.49

COMPUTATION RESULTS

0.47

Headwater (ft)
Inlet Outlet
Control Control

rituAlK H(,L ~ 111..6,(, Y

, '''2...1 •Lf "LLAf On"

TW
AHw' -::.

OJ-lvl ~

5.22

Tailwater
Depth

(ft)

1. 96

Flow
Rate

(cfs)

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

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

DESCRIPTION

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

I
I

I
I

I

I
I

I
I

I

I

I
I
I
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

=======================eie~=====r;:4:=::~~====UJ~~L~=~=€ =====Qs~~~~
PROGRAM INPUT DATA

================================================================================

I
I
I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

1.5
1
1

0.013
0.5

25.56
25.6
28.78

0.1244

4.44
0.0
4.44

2.76
0.0

"2.76

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

4.44

Tailwater
Depth

(ft)

2.76 1.1 -0.23

Normal
Depth

(ft)

0.35

Critical
Depth

(ft)

0.81

Depth at
Outlet

(ft)

0.35

Outlet
Velocity

(fps)

14.11

I
I
I
I
I
I
I
I
I
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PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

================================================================================

=====================J(~====={~"G:~~2~~:=========~C~£bJ~~=~==========
PROGRAM INPUT DATA

DESCRIPTION VALUE
I
I
I
I
I
I

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cis) .
Ending Flow Rate (cfs) : .

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

3.5
1
1

0.013
0.5

74.9
18.26
19.01

0.01

41.1
0.0

41.1

8.03
0.0
8.03

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

41.1

Tailwater
Depth

(ft)

8.03 2.97 7.83

Normal
Depth

(ft)

1. 56

Critical
Depth

(ft)

2.0

Depth at
Outlet

(ft)

3.5

Outlet
Velocity

(fps)

4.27

I
I
I
I
I
I
I
I
I
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

======================Pi~==J~=:::~:=J~§Jt~=~~C1=====~(~~ }~2g~=======
PROGRAM INPUT DATA

================================================================================

I

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

1.5
1
1

0.013
0.5

28.7
20.46
29.29

0.3077

5.61
0.0
5.61

6.38
0.0
6.38

----~---------------------------------------------------------------------------

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

5.61

Tailwater
Depth

(ft)

6.38 1.17 -2.13

Normal
Depth

(ft)

0.31

Critical
Depth

(ft)

0.91

Depth at
Outlet

(ft)

0.31

Outlet
Velocity

(fps)

20.89

================================================================================
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

_ March 17, 1999

=====================e!~~~:1====;i1:~==J~=j:~~============================
PROGRAM INPUT DATA

================================================================================

I
I
I
I
I

DESCRIPTION

Culvert Diameter (ft) _ .
FHWA Chart Number .. _......................•.................
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) , .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) __ .
Ending Flow Rate (cfs) .

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

VALUE

2.0
1
1

0.013
0.5

28.38
22.89
30.5

0.2681

14.0
0.0

14.0

3.95
0.0
3.95

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

14.0

Tailwater
Depth

(ft)

3.95 1.87 -3.09

Normal
Depth

(ft)

0.47

Critical
Depth

(ft)

1.35

Depth at
Outlet

(ft)

0.47

Outlet
Velocity

(fps)

25.16

================================================================================
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

==================~~===!:l~=::::~~=:l~~~~~~=======C!J:~~~~=~~==
PROGRAM INPUT DATA

================================================================================

I
I
I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

2.5
1
1

0.013
0.5

21.25
26.25
30.36

0.1934

21.7
0.0

21.7

1.06
0.0
1.06

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

21.7

Tailwater
Depth

(ft)

1.06 2.21 0.0

Normal
Depth

(ft)

0.59

Critical
Depth

(ft)

1. 58

Depth at
Outlet

(ft)

0.59

Outlet
Velocity

(fps)

24.79

================================================================================
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

March 17, 1999

================~~==JLL~t=~~~~~==t:q===!l=~=~}1t~!========================
PROGRAM INPUT DATA

================================================================================

I
I
I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

3.0
1
1

0.013
0.5

68.0
19.0
19.2

0.0029

8.0
0.0
8.0

7.79
0.0
7.79

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

8.0

Tailwater
Depth

(ft)

7.79 1.22 7.63

Normal
Depth

(ft)

0.96

Critical
Depth

(ft)

0.89

Depth at
Outlet

(ft)

3.0

Outlet
Velocity

(fps)

1.13

I
I
I
I
I
I
I
I
I
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

==============================e;o~:l~:::~~==Jlt~t;[~===== ==()=(~~~~p=~f!=
PROGRAM INPUT DATA

================================================================================

I
I
I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .•.......................................
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cis) ...•.•................•..•••.....

Ending Flow Rate (cfs) .

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

VALUE

1.25
1
1

0.013
0.5

22.22
27.08
31.84

0.2142

4.0
0.0
4.0

0.0
0.0
0.0

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

4.0

Tailwater
Depth

(ft)

0.0 1.13 0.0

Normal
Depth

(ft)

0.31

Critical
Depth

(ft)

0.81

Depth at
Outlet

(ft)

0.31

Outlet
Velocity

(fps)

16.97

LA,
r'vJ
AHw
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I
I
I
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I
I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 17, 1999

==========================Pi~~=J~====~~==!!}~~====~~~~~~=========
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Cu1vert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) ..........•.
Culvert Slope (ft/ft) .

VALUE

1.25
1
1

0.013
0.5

20.51
20.6
28.92

0.4057

================================================================================

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) " .

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

COMPUTATION RESULTS

4.0
0.0
4.0

6.23
0.0
6.23

Outlet
Velocity

(fps)

21. 320.26

Depth at
Outlet

(ft)

0.81

Critical
Depth

(ft)

0.26

Normal
Depth

(ft)

-1.761. 01

Headwater (ft)
Inlet Outlet
Control Control

6.23

Tailwater
Depth

(ft)

4.0

Flow
Rate

(cfs)I
I
I
I

I
I
I
I
I
I
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I PIPE CULVERT ANALYSIS

COMPUTATION OF CULVERT PERFORMANCE CURVE

I
March 18, 1999 ~

======================~~~==~~=====;[~=L=~=t:€l=====~~!:===~==========
PROGRAM INPUT DATA

I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

VALUE

1.5
1
1

0.013
0.5

25.75
1,136.34
1,136.56

0.0085

I
Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

6.13
0.0
6.13

================================================================================

Starting Tai1water Depth (ft) .
Incremental Tailwater Depth (ft) .
Ending Tailwater Depth (ft) .

COMPUTATION RESULTS

Headwater (ft)
Inlet Outlet
Control Control

3.97
0.0
3.97

3.47

Outlet
Velocity

(fps)

1.5

Depth at
Outlet

(ft)

0.96

Critical
Depth

(ft)

0.86

Normal
Depth

(ft)

4.121.483.97

Tai1water
Depth

(ft)

6.13

Flow
Rate

(cfs)I
I
I
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PIPE CULVERT ANALYSIS
COMPUTATION OF CULVERT PERFORMANCE CURVE

~ March 18, 1999 6 h
======================eJP=~===~~====~~==l=~~~=~=====:L~====J9bt~=========

PROGRAM INPUT DATA

================================================================================

I
I
I
I
I

DESCRIPTION

Culvert Diameter (ft) .
FHWA Chart Number .
FHWA Scale Number (Type of Culvert Entrance) .
Manning's Roughness Coefficient (n-value) ., .
Entrance Loss Coefficient of Culvert Opening .
Culvert Length (ft) .
Invert Elevation at Downstream end of Culvert (ft) .
Invert Elevation at Upstream end of Culvert (ft) .
Culvert Slope (ft/ft) .

Starting Flow Rate (cfs) .
Incremental Flow Rate (cfs) .
Ending Flow Rate (cfs) .

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

VALUE

2.0
1
1

0.013
0.5

39.35
1,136.31
1,138.28

0.0501

9.53
0.0
9.53

4.15
0.0
4.15

COMPUTATION RESULTS

Headwater ( f t)
Inlet Outlet
Control Control

I
I

Flow
Rate

(cfs)

9.53

Tailwater
Depth

(ft)

4.15 1.59 2.46

Normal
Depth

(ft)

0.59

Critical
Depth

(ft)

1.1

Depth at
Outlet

(ft)

2.0

Outlet
Velocity

(fps)

3.03

I
I
I
I
I
I
I
I
I
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