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Sincerely,

6. Constnlction can be completed in 120 calendar days.

5. The probable construction cost is $1,550,390.

4. Approximately 200 feet of 8 inch sanitary sewer line will need to be relocated.

ENGINEERS
PLANNERS

SURVEYORS

4621 North 16th Street
Suite 0-401

Phoenix, Arizona 85016
Phone: 602/277-2828

Dear Mr. Lopez:

RE: Grovers Avenue Storm Drain Lateral
Cave Creek Road to 32nd Street
FCD No. 93-21
MM/CSSA Job No. 8156.001
DESIGN CONCEPT SUBMITTAL

Mr. Mike Lopez, P.E.
Planning & Project Management Division
Flood Control District of Maricopa County
2801 West Durango
Phoenix, AZ 85009

January 24, 1994

Please transmit these documents to the City of Phoenix, affected utility companies, and the
Maricopa County Department of Environmental Management for coordination. Ifyou have
any questions please contact either myself or Alex Batt at 277-2828. We look forward to
your comments.

2. The City of Phoenix will need to approve installing the storm drain pipe in
aIH2[Qximately 500 feet of exisrin water line easement between 24th and 26th
-- ~~_-~--...._..............._~ ~...-'- .......... - ......._~_""---"'-- --.._-~.M."-- __·" .... '.k.,..,".-.~--~---

Streets. -

1. The preferred pipe material for bidding purposes is large diameter reinforced
concrete pipe (RCP)(Round) that varies from 42 to 96 inches in diameter.

3. Approximately 600 ft x 25 ft. of temporary construction easement will need to
"'----- ---be obtained from the Contention Ivfinitrgetmffi 6vmers.

Enclosed herewith are six (6) copies of the Design Concept Report for your review and
approval. The results of our study indicate that:

An Arizona Corporation

t10rrisonACS~J\
t1aierle/\ ~~:l

MORRISON-MAIE~A'INC.

i3tv-.L ~\-e _
Bruce J. Fr' hoff, P.E.
Project Manager
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A. INTRODUCTION

Grovers Avenue Storm Drain Lateral is located in Phoenix Arizona in the northern part

of the City between Bell Road, Union Hills Drive, Cave Creek Road, and 32nd Street. The

proposed storm drain lateral is part of a regional flood control project designed to intercept and

convey the lOO-year storm water runoff to the Greenway Outfall Channel. Previous studies have

determined the general size, location, and interaction of facility components such as interceptor

drains and channels, detention basins, and outfall drains and channels. The project will be

constructed by the Flood Control District of Maricopa County (FCDMC) and will be operated

and maintained by the City of Phoenix (COP).

It is the purpose of this report to recommend project concepts, alternatives, and design

requirements to be used in preparing final design and construction documents for the Grovers

Avenue Storm Drain Lateral. These recommendations will be reviewed and considered by the

FCDMC, COP, utility companies, and other affected agencies. Comments will be incorporated

into the final design of facility improvements. All recommendations need to be consistent with

the recommendations of previous studies and final designs.

In preparing this report, three previous studies by the FCDMC affecting the Grovers

Avenue Storm Drain Lateral were reviewed to detennine the concepts, design criteria, and system

requirements pertaining to Grovers Avenue. We collected utility maps and investigated the site

and drainage area to identify drainage patterns, existing facilities, and design constraints (ie. utility

conflicts, available right-of-way, and access requirements). We performed a topographic

engineering survey and~y and_As~iates, Inc. performed a geotechnical investigation in

order to determine the site conditions pertaining to the construction of physical improvements.

We prepared a drainage map for the delineation of 22 subareas and performed an

hydrologic analysis to determine the storm water runoff to be used in final design. We evaluated

several alternative storm drain alignments and computed the hydraulic profiles for three (3)

different types of conduits (ie. RCP, CBC, CIPP) in order to determine the preferred optimum

design solution and bidding options. We also located inlets needed to intercept the design flows

and computed the initial sizing and configuration.
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Grovers Avenue Storm Drain Lateral
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B. PREVIOUS STUDIES

a. The drainage area north east of Union Hills and 32nd Street does not
contribute flow to the Grovers Avenue Storm Drain Lateral.

b. The flow north of Union Hills between 26th and 32nd Streets is
concentrated at 26th Street and Gravers.

c. The existing peak flow at 30th Way and Union Hills for the 100-year storm
is Q = 402 cfs.

Design Concept Report
Page 2

Grovers Avenue Storm Drain Lateral
(1124/94)

There have been three (3) studies prepared that are applicable to the Grovers Avenue

Storm Drain Lateral Project.

1. Upper East Fork Cave Creek Area Drainalle Master Study (Executive Summary),

Maricopa County Highway De artment, NBS/Lowry, October 1989:... The purpose of the study

was to determine the status of existing storm water runoff and resulting flooding conditions for

a 16 square mile drainage area; identify and evaluate alternative improvements to provide

protection for the 100-year storm; and determine preliminary engineering design and project cost

estimates. The study used the TR-20 computer code and a two-dimensional flow model to help

in delineating overland flow paths on alluvial fans for the 100, 50, and 10-year storms. The results-of the st d conc ud d tluUollo 'n :

We contacted the COP and acquired the design, construction, and bid tabulation

documents for recently completed storm drain projects in the area (ie. 20th Street and 9th Street).

We also contacted pipe manufactures, Hydro Conduit Corporation (RCP & CBC), and KIPP

(CIPP) to obtain the most current pricing for these products. We then contacted BIu-Cor

Construction Company to find out if there were any special considerations concerning phasing or

access control that could have been used to reduce project costs on their last job (20th Street

Storm Drain). The 20th Street Storm Drain Project is similar to the Grovers Avenue Project.

Both are located in a residential collector street with residential frontage. The information we

obtained was then used to help us formulate an opinion concerning the probable construction cost

and construction phasing.

Finally, we researched the federal, state, and local regulations to determine any special

requirements for the Grovers Avenue Storm Drain Lateral Project.
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2. Upper East Fork Cave Creek Detention Area Sizing Study, Flood Control District

of Maricopa County and City of Phoenix, ~~, Feb~ary 27, 19~. The u ose of t~

study was to determine the detention basin area sizing criteria for six 6 detention basins for the

storm water runoff from the 100-year storm. The objective was to size the basins so that the

maximum outflow from the detention basins would not exceed the capacity of the COP storm

drainage system (usually the 2-year storm). The study used the TR-20 computer code (SCS

Method) with a modified attenuated kinematic wave routing method, the COP S-Curve. The time

of concentration was computed as a function of the gutter velocity for an assumed flow of 3 cfs

not to be less than 10 minutes. The storm water runoff was computed using a rainfall depth of

P1 24 = 4.04", a time increment of t = 0.08 hours, a storm duration of 24 hours, an antecedent
'----'...----.-------............_""""'--------~ - --------- - --

~cQIlditiona C = 2, and a wei.&hted uItin:.ate build-out SCS curve nUI~ber of ~N =

87. The stud concluded the following:
~ ------.::::."

Grovers Avenue Storm Drain Lateral
(1124/94)
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f.

g.

h.

~.

b.

I

tJ

d.

The existing peak flows for Grovers Avenue are Q100 = 142, 282, and 376
cfs for 30th Way, 28th Street, and 26th Street, respectively.

Flows closely approximate those developed by FEMA.

Use a 77" !-121" ellipticalRCP f~~O feet from Detention Basin #3 to
26th Street to convey a design flow of~s for a construction cost of
$580,000.

Use a 63"x 98" elliptical RCP for 2,0~feet from 26th Street to 29th
Street 1OconVey a design flow of 282 cfs for a construction cost of
$680,000.

The total construction cost should be $ 1,260,000.

The drainage area north east of Union Hills and 32nd Street does not
contribute flow to the Grovers Avenue Storm Drain Lateral.

The drainage area north of Utopia Road is diverted to the Upper East
Fork Channel and does not contribute storm water runoff to the Grovers
Avenue Storm Drain Lateral.

The drainage area east of 32nd Street is diverted to Basin No.4 located
at the northeast corner of 32nd Street and Grovers Avenue.

TR-20 routing for Grovers Avenue from 30th Way to 28th Street is Q 100 =

282 cfs.

Design Concept Report
Page 3



C. SITE CONDITIONS

f. The flow at Union Hills and 30th Way is Q100 = 149 cfs and is routed to
26th Street and Grovers Avenue, not 28th Street.

(e. / Pipe flow for Grovers Avenue from 28th Street to Cave Creek Road is
Q100 = 483 cfs.

This study also included a comprehensive list of references related to this project. These

have been incorporated with the references contained herein.

Design Concept Report
Page 4

The peak flow for future conditions at Grovers Avenue and Cave Creek Road for
the 24 hour storm is Ql002A = 656 cfs at 12.27 hours.

The peak flow for future conditions at Grovers Avenue and Cave Creek Road for
the 6 hour storm is Ql00,6 = 492 cfs at 4.4 hours.

The drainage area at Grovers Avenue and Cave Creek Road is DA = 0.60 sq mi.a.

c.
---..J

Grovers Avenue Storm Drain Lateral
(1124/94)

1. DRAINAGE AREA The drainage area upstream from the project site and

downstream from the Central Arizona Project Canal is approximately 1.83 square miles.

A roximatel 1.12 s uare miles will be controlled by the regional flood control project. This
- -- ------------~

leaves approximately 0.71 square miles that will contribute storm water runoff to the Grovers

Avenue Storm Drain Lateral. See the Drainage Map in Appendix B.

3. Cave Creek Watershed, Volume 1.7, Arizona Canal Diversion Channel Area

Drainage Master Study, ACDC/ADMS Phase 1;, Flood Control District of Maricopa County;

Kaniinski Hubbard Engineering, Inc.; May 26, 1993. This study uses the new FCDMC methods

for computing storm water runoff. The S-Graph was converted into a unit hydrograph using

MCUHP2. The SCS curve number was replaced with the Green-Ampt method for computing

infiltration losses. Basin lag was computed using the FCDMC equation and K". And, channel

routing was approximated using the Muskingum-Cunge method. The study concluded the

following:
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inch water transmission main located 16 feet south of the monument line, an 8 inch water line- -

located in Grovers Avenue that will effect where the storm drain can be located. There is a 36----------- ------.

sanitary sewer line will need to be relocated. There are two water lines and one sewer line
'--"""

located 6 feet north of the monument line, and an 8 inch sewer line located 16 feet north of the
- ----- -------- ---------

Design Concept Report
Page 5

Grovers Avenue Storm Drain Lateral
(1/24/94)

enough to cross over the proposed storm drain. They will need to be identified in the construction

documents for the contractor to protect during installation of the storm drain pipe. ~he m~t

controllin::::'~g!-u~t~ili::c-' '"J.-..will-=·o....b.:-e'--th::..:..e.:....-:..s:---ew---.....::..er::.--=li::::"n.:c.es~in;c:,-:::2...;;..6.:.::th~S.:.::tr~e~et,28th_Streel, 29th Stre~and Oth Wa .

The proposed inlet connector pipes must cross these existing lines. As long as the storm drain

line is kept deeper than these existing sewer lines there will be no conflict.

4. UTILITY CONFLICTS. There is one major utility conflict located at the

beginning of the project near Cave Creek Road. Approximately 200 feet of existing 8 inch
------- -

3. SOn..s. A soils investigation was conducted by Speedie and Associates, Inc. Soil

boring samples were taken along the proposed alignment at a 1,000 foot interval and 20 feet deep.

The preliminary results generally indicate that there is a gravelly sand layer between 12 and 20

feet below ground with sandy clay layers from a to 12 feet. The gravelly sand layer is subject to

caving during excavation. This may require shoring for rigid pre-cast conduits and may cause

difficult construction for cast in place conduits. See the soils logs in Appendix A

2. TOPOGRAPHY. The drainage area is located on alluvia fill ith natural land

sloping from 12 to 44 feet per mile in a southwesterly direction. There is a major wash, Upper

East Fork Channel, on the western edge and outside of the project drainage area. The major

portion of the contributing drainage area is single family residential on 1/4-acre lots. The

remaining portion of the area is commercial. Previous studies have used an average SCS runoff

curve number of CN = 83. This compares well with the guidelines in TR-55 and, therefore, will
---------.,

be used for this study.

monument line. There are no sewer lines crossing Grovers Avenue. See the typical sections in

Figure 1. The two water lines are connected in several places along the alignment but are shallow-------=-- -.
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6. PRNATE AND PUBLIC ACCESS. There are individual residential properties

fronting on Grovers Avenue along the north side of the street from 25th Street to 28th Stre t and

on the south side of the street from 28th Street to 32nd Street. There are two schools along the

alignment. Campo Bello School is located on the south side of the street from 26th Street to 27th

Street. And, Val Vista School is located on the north side of the street from 28th Street to 29th

Street. Access will need to be provided for these properties during construction. Special

provisions should be made for peak hour access for the two schools in the morning and the

afternoon. The bus stop area for both schools are close to the proposed work site. The

contractor will need to stop work activity and provide an adequate area for the school buses to

turn around in these two areas. It is recommended that the FCDMC contact the two schools to

determine any other special provisions that may be needed. The special provisions should also

include adequate barricades, fencing, and warning signs. The length of open trench may also need

to be restricted to 300 or 400 feet in order to minimize the construction hazard and maximize

local access.

/.

Design Concept Report
Page 7

Grovers Avenue Storm Drain Lateral
(1/24/94)

5. RIGHT OF WAY AND EASEMENTS. There is adequate right-of-way

throughout the alignment except between Sta. 3 + 26.39 and Sta. 6+30.30. (See the Right-of-Way
- -----------

Map in Appendix D.) There is private property with two residential units located on the north

side of the monument lin~d a 25-100t water line easement on private roper on the south-- ----
side of the monument line. Even though thes~ginits alignment 2,3 feet north

of the monument Ii e LC -!.L CI:e~k Road it will need to be on the south side oLthe.JTI.Qnllnle,~--,

line be~e~.h St eet and..3_0th_W in order to avoid a conflict with the existing sewer line in

Grovers Avenue. Two alternative alignments are possible. The 'firs 'lignment would require a

25 foot easement on the north side of the st eet thro gl1.Jlli Cnnieoo inin Claim arceI.

Th alignment wo ld require a joint drainage and water easement on the south side of theeo
street and 50 foot x 25 foot temporary construction easement on the north side of the stre,et.

It is recommended that the FCDMC obtain permission from the City of Phoenix Water

Department for the storm drain to be located in the water easement Ueet south of the

monument line and obtain a 25 foot TCE from the Contention Mining Claim Parcel.
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D. HYDROLOGY

1. DRAINAGE MAP. A drainage map was prepared and the water shed drainage

boundary delineated. (See the Drainage Map in Appendix B.) According to the results of

previous studies, the area north of Utopia and east of 32nd Street will be controlled and will not

contribute runoff to the Grovers Avenue Storm Drain. Union Hills Drive will intercept the- - -
upstream area and convey the flow west to the Upper East Fork Channel. Intersecting streets at

30th Way, 29th Street, 28th Street, and 26th Street are higher in elevation than Union Hills Drive.

However, it is possible that some water will spill into these intersecting streets and contribute to

the runoff to Grovers Avenue. Field data was collected and discharge rating curves were

developed for concentration points 1 thru 5 in order to estimate the split flow (diversion) at these

points. Results indicate that a negligible amount of water will spill into these streets and

contribute runoff to Grovers Avenue. No water will spill into 26th Street which is approximately

2 feet above Union Hills Drive. Split flows were also approximated at points 13 and 14. '1
There are two existing retention basins located at points 9 and 10 on Michigan Street.

The elevation-storage-discharge curves were developed for these two basins and included in tpe

analysis. The results indicate that these two basins have no effect on reducing the peak flow

runoff to Grovers Avenue.

While there is a small amount of retention around the Val Vista School buildings at 28th

Street, there is no retention in the field area. Therefore the affects of these retention basins were

assumed negligible and were not included in the analysis. Storm water runoff is concentrated on

the east side of the school and conveyed by concrete lined rectangular channel to below ground

dual pipe drain system to the west side of the school. Water flows out of the pipes towards the

drop off area and 28th Street where it is combined with flows from north of 28th Street. Water

~av~!~.-1o_the 28th Street intersection and then south to Bell Road. Ap roximately 46-percent of the drainage area runoff is concentrated at the 28th Street intersection.------- --
I 1[// ('~/f"~c I ~

) I
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3. LAG TIME. The lag time was estimated using the procedure specified in Chapter

5 of the Hydrology Manual, Volume I; Flood Control District of Maricopa County; June 1, 1992.

The total cumulative runoff of 2.3 inches was computed and the peak rainfall excess was
------------ '-----------

identified between the time interval of 11.755 and 13.714 hours. The incremental excess was then

2. STORM FREQUENCY AND DISTRIBUTION. The storm distribution used for

this study was the 100 year-24 hour storm input directly from the TR-20 program data used in the

Upper East Fork Cave Creek Detention Area Sizing Study; Flood Control District of Maricopa

County and City of Phoenix; NBS/Lowry; February 27, 1989. The original TR-20 model used a

29 minute time interval to describe the distribution for a point rainfall of P100 = 4.04 inches. The

HEC-1 model developed for this study used a computation interval of 5 minutes.

rank ordered in decreasing average excess rainfall intensity and a curve of intensity vs. time of

concentration prepared for use in determining the lag time for each basin. Average velocities
- -

ranged from 0.9 to 3.8 feet per second and times of concentration ranged from 0.151 to 0.420

hours (9 to 25 minutes). (See Appendix A for calculations.) These velocities are greater and the

lag times shorter than those used in the original TR-20 model but are more realistic. Thus, the

HEC-1 model developed for this study is expected to give higher peak flows than the previous

study.

4. RUNOFF. The HEC-l, Version 4.0, U.S. Army Corps of Engineers, September

1990, was used to compute the peak flow storm water runoff to the Grovers Avenue Storm Drain.

The computer input and output data is located in Appendix A. Reach routing between sub-basins

was modeled using the kinematic wave method for a rectangular section having a bottom width

equal to the street right-of-way width (usually 50 feet). The results indicate that in all cases the

travel time is much shorter than the computation interval. This renders the kinematic wave and

other reach routing methods (such as the Muskingum-Cunge method) unnecessary. Deleting the

reach routing from the network logic will not affect the peak flow. Table 1 below summarizes the

peak design flows to be used in design of the Grovers Avenue Storm Drain Lateral and compares

them with those computed from previous studies.
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E. LATERAL DESIGN

Table 1. Peak Design Flows (cfs)

Point Location Structure Design Master TR-20 K-H

15 30th Way Inlet 81 142 na na
18 Gravers Ave. Pipe 84 na na na
17 29th Street Inlet 15 na na na-19 Gravers Ave. Pipe 103 na na na
12 28th Street Inlet 45 282 282 na
20 Gravers Ave. Pipe 350 na na na
16 26th Street Inlet 139 376 na na-21 Gravers Ave. Pipe 503 na na na
22 Basin #3 Outlet 513 483 483 656

1. DESIGN CRITERIA The design criteria recommended in Table 2 for use on

the Gravers Avenue Storm Drain lateral is appropriate for a large diameter pipe designed to

intercept and convey the runoff fram the 100-year storm to Detention Basin #3. Criteria for

maximum spread and dry traffic lane criteria is not applicable. Inlets have been designed to

intercept all of the inflow. There would still probably be some water that would flow by these

inlets. Therefore, we recommend that 2 inlets be located in Grovers Avenue to intercept this

potential flow-by.. Design criteria has been adopted from the Storm Drain Design Manual; City

of Phoenix; the Hydraulic Design Manual, Volume II; Flood Control District of Maricopa County,

September 1, 1992; and Drainage of Highway Pavements, HEC-12; Federal Highway

Administration, March 1984.
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b. Construction of the Gravers Avenue Storm Drain Lateral cannot disturb
in any way the 36 inch water transmission line located 16 feet south of
Gravers Avenue.

c. Construction of the Gravers Avenue Storm Drain Lateral cannot disturb
in any way the 8 inch water distribution line located 6 feet north of
Gravers Avenue.

d. Construction of the Gravers Avenue Storm Drain Lateral cannot disturb
in any way the 8 inch sanitary sewer line located 16 feet north of Gravers
Avenue between 26th Street and 30th Way.

fi/ft
inch
fps
feet
feet

feet
feet
feet
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Value

0.012
0.024
0.015
0.012

1.0
0.5

600
5
3

Positive
0.001

24
2.5

2

~
0.5· \
0.8
0.5

I/-=:.

Table 2. Design Criteria

Maximum Manhole Spacing
Minimum Graund Cover on Pipe
Minimum Graund Cover on HGL
HGL - Crown
Minimum Pipe Slope
Minimum Pipe Diameter
Minimum Pipe Velocity
Minimum Clearance Between Utilities
Minimum Freeboard Depth in Inlets
Clogging Factor for Inlets on Grade
Clogging Factor for Inlets in Sump
N-Values:
Reinforced Concrete Pipe W/Vtl /~ J
Corrugated Metal Pipe j\ I
Cast in Place Concrete Pipe "I
Concrete Box Conduit
Expansion (Exit) Loss Coefficient
Contraction (Entrance) Loss Coefficient

Description

2. CONSTRAINTS. There are five physical constraints that affect the alignment of

Gravers Avenue Storm Drain Lateral: c;.) ~J/- ;5 ~5
~h\.1 p.'P e .

a. The Gravers Avenue Storm Drain Latera ust connect to the existing 113
inch x 72 inc~ ptlcal concrete pipe ocated 65 feet east of Cave Creek
Road, 23 feet north of Grave enue, and 20 feet below ground.
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e. The storm drain must be deep enough so that the connector pipes for the
inlets proposed at 26th Street, 28th Street, 29th Street, and 30th Way can
be installed below the existing 8 inch sewer lines in those respective
streets.

5. JUNCTION STRUCfURE. A special cast in place concrete junction box,

12xl2x16 feet, will be needed in order to make the connection/transition from the elliptical pipe

to round pipe at the beginning of the project. (See Figure 2 for details.) ~econ~on bo

1 1 feet will also be needed at 28th Street for the 84" x 84" RCP Tee connection.

4. CONFIGURATION. The storm drain has been configured to be as shallow and

as small as possible within the constraints and design criteria specified in this report. Preliminary

cost analysis described later in this report indicates that reinforced concrete pipe Will be the

preferred pipe to use in design. Therefore, the configuration shown is valid for reinforced

concrete pipe only. This does not exclude other pipes if they are more cost effective at the time

of bidding. The configuration will, however, need to change if a different pipe is selected.

3. ALIGNMENT. The recommended storm drain alignment is illustrated on the

Hydraulic Profile Maps in Appendix C. The drain line begins at the existing pipe outlet 65 feet

east of Cave Creek Road and 23 feet north of Grovers Avenue. There is a short segment of 8

inch sanitary sewer lin~ (approximately 200 feet) that presents a horizontal conflict with the storm

drain. The sewer line will need to be relocated south of Grovers Avenue to eliminate this conflict.

Mter the storm drain passes 24th Street, the alignment will transition to 6 feet south of the

monument line. This will enable the storm drain to be constructed in the existing 25 foot water

easement without acquiring right-of-way acquisition from the Contention Mining Claim. As soon

as the storm drain passes the Contention Mining Claim it will make another transition to 4 feet

south of the monument line. This is the City of Phoenix standard location for storm drain lines.

The storm drain will remain on this alignment for the remaining distance to 30th Way. Typical

sections have been prepared showing the proximity of the storm drain to existing utilities and the

trench excavation limits. These are illustrated on the Hydraulic Profile Map.
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Table 3. Inlet Design Summary

Flow Depth Length Sump
"1 'j/Point Location Structure (cfs) (feet) (feet) (feet) ?

r-
15 30th Way Curb Inlets 81 0.77 49 37;"-14 ~ /-q-

JIa
Grated Inlet 14 0.30 28 0.3

17 29th Street Curb Inlets J5- 0.35 20 na
12 28th Street Curb Inlets 245 1.15 l23 na

Grated Inlet 35 0.40 36 0.5- -
16 26th Street Curb Inlets 139 0.93 57 na

Grated Inlet 33 0.40 36 0.5

6. INLET LOCATIONS. Inlets were located to intercept all of the storm water flow

from the 100 year storm before it entered Grovers Avenue. This required locating inlets on both

sides of the intersecting streets; 26th Street, 28th Street, 29th Street, and 30th Way. Curb drop

iplets were located starting at the curb return and were extended upstream. Grated dro inlets

were located between curb returns to capture the flow-by from the curb dro inlets. See Figure
r--

3 for details. The curb inlets function hydraulically as side flow spillways for orifice and weir flow

depending on the depth of flow in the street. Water interception and flow profiles were computed

using the direct step method for a steady state gradually varied flow condition. The grated inlets

were sized for sump condition for weir flow condition. Table 3 below summarizes the results.

The flow shown in the table is the approach flow in the street to both of the curb drop inlets. The

depth is measured from the gutter line. And, the length is the minimum length of each inlet. The

sump depth is the ponding depth above the grated drop inlet located between the curb returns.

The grated inlet flow is the flow-by from the curb inlets that is intercepted by t ~ted inlet.

\ Inlet conn~tor.... pipe! were also sized for a 36 inch maximum diameter and 55 cfs maximuiD

allowable flower individual inlet. Individual inlet lengths must totaUhe desi ength-shewnin

Table 3 without exceeding the 55 cfs per inlet. (See Appendix A for detailed calculations.)
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b. Cast-In-Place Pipe (CIPP): CIPP is the next alternative at a cost of $1,867,200.
The design includes a cast-in-place pipe transition at the beginning of the project
to tie into the existing 72" x 113" RCP. All other transitions and junctions are
also cast-in-place. The cast-in-place pipe ranges from 96" Q 36". ue to sandy
soil conditions identified in soils borings, trench sloughing is anticipated, which will

7. MAINTENANCE. The City of Phoenix, under provisions within the

Intergovernmental Agreement, will assume maintenance of the storm drain after construction, and

after the project has been accepted by the City of Phoenix.

Maintenance of the storm drain will require periodic inspection of the system. Manholes

have been provided at approximately 600 foot intervals for this purpose. Access is also available

through catch basin lids and grate inlets so that the entire system is made available.

Inspections will identify items to be addressed through maintenance procedures. This

may entail cleaning debris from grates, sediment from pipes, removing unwanted trash from catch

basins and patching concrete.

This system will minimize maintenance needs through the use of materials with known

performance records, i.e., RCP, and by using appropriate design engineering to reduce clogging

and deposition of sediment.

8. VALOE ENGINEERING. Value Engineering has been applied to the storm

drain design by investigating the cost of utilizing various materials and configurations, and

performing preliminary storm drain designs to size the various hydraulic conduits. Each of these

alternatives were estimated for storm drain mainline construction cost, and the low cost alternative

recommended for design. Construction costs have been estimated from current City of Phoenix

bid tabulations for 9th Street Storm Drain and 20th Street Storm Drain, material cost information

from HYDROCONDUIT, and discussions with contractors. Unit costs have been modified based

on the results of the soils borings indicating a loose sand-gravel layer, and the depth of the trench.

The three configurations investigated are Reinforced Concrete Pipe (RCP), Cast-In-Place

Pipe (CIPP), and pre-cast Concrete Box Culverts (CBC). The hydraulic calculations and cost

estimates are included in the Appendix. Below is a discussion on each alternative.

a. Reinforced Concrete Pipe (RCP): RCP is the recommended alternative based
on a cost of $1,550,390. The design incudes a junction structure at the beginning
of the project and another at the 28th Street lateral connection. RCP pipe sizes
range from 96" to 24". Pre-cast manhole sections, tee's and reducers are utilized.
~
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F. DESIGN REVIEWS AND PERMITS

Permits to perform construction within City of Phoenix Right-of-way will be required.

The Contractor will be required to obtain this permit prior to commencing construction.

affect CIPP construction, additional requirements for additional time and
materials to the project cost. CIPP would be an acceptable alternate to RCP as
long as all extra costs are accepted by the Contractor.

c. Pre-cast Concrete Box Culverts (CBC): CBC is the last alternative at $1,856,640.
Although box culverts are hydraulically efficient, the manufacturing cost makes
it an unsuitable candidate for this project. The design includes a junction
structure at the beginning of the project and includes CBC sizes ranging from 7
ft. x 7 ft. to 4 ft. x 4 ft. RCP was utilized for conduit smaller than 4 feet in
diameter.

Design Concept Report
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2. UTJLITY COMPANIES. The FCDMC will perform formal utility coordination

for this project. Water main and sewer main relocation plans will be submitted to the FCDMC

at each design phase for utility company review. Final plans for approval will be submitted at

design completion.

Design coordination of water and wastewater relocation plans will be performed during

each design phase by MM/CSSA to assure compliance with COP utility company requirements.

Other factors which have been considered in the Value Engineering recommendation for

RCP are: construction time, safety, access and disruption to traffic. Since RCP is easily installed

and the trench can be immediately backfilled, all of the above factors are positively affected. RCP

is a proven material and is accepted as a standard of the industry. MAG and City of Phoenix

standards both accept RCP. On this project, the City of Phoenix Standards will be followed.

1. CITY OF PHOENIX. The COP will perform reviews of the Design Concept

Report and Construction Plans at each submittal phase. The City's requirements consist of

receiving one (1) set of documents at the preliminary phases and two (2) sets of documents at the

final design completion. Submittals are directed to be made to:

Ralph Goodall
City of Phoenix
1034 East Madison
Phoenix, AZ 85003
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4. STORM WAlER POLLUTION PREVENTION PlAN. A Stormwater Pollution

3. MARICOPA COUNTY DEPARTMENT OF ENVIRONMENTAL

The COP, through an Intergovernmental Agreement with Maricopa County Department

of Environmental Management (MCDEM), has authority for water and wastewater plan review

and approval within the COP.

MANAGEMENT. A construction permit will be required for dust abatement from the MCDEM.

The Contractor will be required to secure this permit prior to construction.

Wastewater relocation plans will be submitted to the COP for design approval. Through

an IGA, the COP has jurisdiction over the sanitary sewer system within the City.

Design Concept Report
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Prevention Plan for stormwater discharge from construction sites is required under the terms and

conditions of the general National Pollutant Discharge Elimination System (NPDES) permit. The

Contractor and Resident Engineer are required to certify the plan.

The plan is to include project information, hydrologic information and construction

information. Specific items to be addressed in the plan are erosion control measures, sediment

control measures, hazardous materials spills, project inspections and general construction practices

(housekeeping).

The control of sediment from leaving the site is of primary importance. The Stormwater

Pollution Prevention Plan needs to address the Contractor's stockpiles of trench excavation

materials. Sediment and erosion can be controlled by utilizing silt fences and hay bales along with

berms. Sediment should not be allowed to impact Retention Basin No.3.

After the plan has been prepared, a Notice of Intent (NOl) needs to be submitted to the

EPA A copy of the plan needs to be kept on site at all times during construction. The

Contractor and Resident Engineer are both responsible for compliance with the NPDES.

5. SCHOOLS. Two (2) schools are located adjacent to the project. Campo Bello

School is located on the south side of Grovers Avenue, west of 27th Street. Val Vista School is

located on the north side of Grovers Avenue, east of 28th Street. No formal reviews or permits

are required from the schools at this time.
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The cost of these actions are minimal but will help mitigate concerns of the schools and

increase project safety. Mitigation should begin during the design phase with notification to the

schools of the upcoming storm drain project.

Both schools will be impacted during the construction of the storm drain. The impacts

will consist of reduced access, increase noise, dust and hazard. Benefits consist of improved

drainage and access after construction.

Several actions are recommended to be taken during design and construction of the

storm drain to minimize impacts to the schools. The following can be implemented to mitigate

these impacts:

Design Concept Report I
Page 19

Coordinate with the schools during design to discuss concerns and
mitigation.

Require the Contractor to hold a safety meeting with the school to discuss
the project, associated construction hazards and safety.

Require the Contractor to keep the schools informed of construction
schedule.

Throughout the project, require the Contractor to fence off any open
trenches or other potential hazards such as vacant equipment when not in
use, and post watchmen during off-hours.

During design, locate major items like manholes away from heavily used
areas, such as driveways and drop-off zones, to minimize disruption to
access.

Provide an Access Control Plan as part of the construction documents.

~
Require the Contractor to avoid work adjacent to the schools during
sensitive times, such as beginning and end of school, lunch, recess, and
scheduled school functions.

f.

a.

e.

g.

b.
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G. CONSTRUCTION

2. DURATION AND SCHEDULE. The project consists of installing storm drains,

manholes, catch basin inlets, sanitary sewer relocation, miscellaneous water service relocations, and

trench backfill and paving. We estimate 120 calendar days for construction, based on the

following schedule: I
..J

Mobilization 5 Days = 1 Week
Sewer Relocation 5 Days = 1 Week !JJunction Structure 10 Days = 2 Weeks
Install Storm Drain 30 Days = 6 Weeks
Construct Manholes 10 Days = 2 Weeks
Construct Catch Basins 20 Days - 4 Weeks
Punch List 5 Days = 1 Week

17 Weeks
x 7 Days 1119 Days

1. PHASING. Construction phasing and sequencing is utilized to construct portions

of the same project at different times. Justification for phasing can be weather or construction

season, cost or fiscal year programming of funds, site conditions, such as access or traffic

requirements, and constructibility. For example, utilities could be relocated prior to installing the

storm drain.

On the Grovers Avenue Storm Drain project, there is no need for special phasing. On

a day-to-day basis, the Contractor will be required to sequence his activities to provide access to

adjacent properties and maintain thru-traffic. This will entail stockpiling trench excavation in an

off-site location instead of beside the trench in the roadway, and providing temporary access to

schools and residences when driveways are blocked by construction. These activities are normally

identified by the individual contractor at the pre-construction conference.

Related to phasing is Construction Progression. On a drainage project, the standard

progression is to construct the downstream conduit end first and progress upstream. This ensures

that if water impacts the trench, the pipe is open to drain the trench. It also allows those portions

of the system already constructed to function immediately upon completion.

This project will follow typical practices and should be constructed from the downstream

and progressing upstream.
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H. CONCLUSION

This schedule is commensurate to the 9th Street Storm Drain Project recently completed

by the City of Phoenix under similar conditions.

4. COST. It is recommended that the project be bid using a RCP storm drain

system, with CIPP and CBC as pipe alternatives. The Engineer's opinion of probable construction

cost for RCP is $1,550,390.

The results and recommendations of this report should be reviewed by the FCDMC and

the COP and comments incorporated with the Final Design Concept Report to be use as a basis

for preparing the Initial Plans (30%-Submittal).
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3. HAZARDOUS MATERIALS. During the field review, the project site was

observed for evidence of underground storage tanks (UST) and surface waste material. No testing

or sampling was performed, all observation was visual. No hazardous material is apparent on the

project.

During construction some hazardous materials are utilized or the project. Fuels, solvents,

adhesives, paints and ignitable wastes are typical on most construction projects. The Contractor

is responsible for those hazardous waste materials he generates. To maintain the site from any

accidental contamination, the Contractor will be required to clean up any spilled oil or liquid,

maintain a berm around any fuel storage or long-term equipment storage area and comply with

EPA and 40 CFR regulations.
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Half); City of Phoenix, Project No. ST-79185.01; May 15, 1981.

37. U.S. Army Corps of Engineers, Los Angeles District; Gila River Basin, New River and
Phoenix City Streams, Arizona, Design Memorandum No.2, Hydrology, Part 1; October,
1973.

35. Robert L. Ward Consulting Engineer; Memorandum, Offsite Drainage Channel,Outer
Loop Highway, 7th Street to 1/4 Miles West of 20th Street; December 8, 1989.

34. Project Engineering Consultants, Ltd.; Storm Drain Design for Coral Cables Drive, Moon
Valley Drive, Carol Ann Way and Country Gables Drive; City of Phoenix, Project No.
ST-856500; February, 1989.

32. NBS/Lowry Engineers and Planners; Upper East Fork Cave Creek Detention Basin
#3A and 3B Design, Preliminary Design Submittal; City of Phoenix, Project No.'s ST
896829 & P-901801; September 9, 1991.

31. NBS/Lowry Engineers and Planners; Construction Plans for Upper East Fork Cave
Creek Drainage Channel; FCDMC; Project No. 90-54; June 24, 1991.

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



45. U.S. Department of Transportation, Federal Highway Administration; Hydraulic Design
of Highway Culverts, Hydraulic Design Series No.5; September, 1985.

46. U.S. Geological Survey, Water Resources Division; Estimated Manning's Roughness
Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona; April,
1991.
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Grovers Stann Drain

Grovers Ave. &. 32nd St. to cave Creek

Phoenix, AZ

Pro-ject No.: 930314SA

, 1.5

ig Type: !CME-55

oring Type: i 7- Hollow Stem Auger
urface Elevation; N/A
TA 3 + 00, 16' RTlof CL

Visual Classification

,
Very Dense Light Brawn/Grey

GRAVELLY SANDi(SP-Dry} with
Some Cobbles .

,

PRELIMINARY

.Hard Mottled Light Brown/White/Grey
~ANOY CLAY (CL~Dry) with Weak:

alcareous Cemer'!tatlon .

Iwa~~~v1Dellt~ Date Ii
- -

,

..' ! 3.5. .u u·· I •••• I.IIII •• 'J'Il II.II.II h _ , •••••••

; I

Dense Reddish to Light Brown/Grey
CLAYEY SAND (S~-Dry) with Trace
Gravel and Heavy jWeak to Mild
Calcareous Cementation

I

Boring Date: 12-16-93
Field EngineerfTechniqian: M. VanHook
Driller: ! S. Befsky
Contractor: : Heber MIning
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Grovers Storm Drain

Grovers Ave. & 32nd St. to Cave Creek

Phoenix, AZ

Pro·ect No.: 930314SA

Date

Stiff Light Brown to Brown SANDY
.clAY (eL-Dry) with Weak Calcareous
"Cementation

PRELIMINARY

ig Type: i CME·55
Boring Type: (7" Hollow Stem Auger,

urface Elevation; N/A
TA 12 + 00, 14' RT of CL

Visual Classification

..........................................,.." ,.. ,,; _ , ,.. ,,, a,,Q.
Hard Light Brown/Grby ~ANDY CLAY

(CL-Dry) with Tra~e ravel

".::': 3.5
• .. , , •••••••• ·~••• ••••••• ••• ••: 11I .. 111'1 " _ .

Hard Light Brown/Gr~yCLAY/SILD'
.c..b.AY (CL·Ory) with Weak to Mild
carcareous Cementation

..: .., , , " l. " _..J.~,.9. ..
.'~;,:. Dense to Very Dens~ light Brown/Grey

GRAVELLY SANP.<GP-Dry) with
Some Cobbles

Boring Date: 12-16-93
Field Engineer/Technician: M. VanHook
Driller: . S. Belsky

Contractor: Heber Mining
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Driller: S. Belsky
Contractor: Heber Mining
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Pro"ect No.: 930314SA

MARICOPA CO. FCD'5'602 006 4601

i
i

PRELIMINARY

: CME·55,
oring' Type: . 7"' Hollow Stem Auget

urface Elevation: N/A
TA 32 + 00. 10' R~ of CL

Visual Classification,
'" Asphalt/O" AB I
Dense 10 Very Densd Light to Reddish

Brown CLAYEY SAND (SC-Dry) with
Trace Gravel and Weak to Mild
Calcareous Ceme~tation

.... ,., , __._ ~ _ , ,..3. Q..
Very Dense Light 8rqwn/Grey

GRAVELLY SAND (GP·Dryl
I
!

- -

Boring Date: 12·16.93
I

Field Engineer/Technician: M. VanHook
Driller: S. Belsky

Contractor: Hebet Mining
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I GROVERS AVENUE STORM DRAIN LATERAL

I
CN = SCS Curve Number = 83.00

I S = Soil moisture deficit =(1000-1 O*CN)/CN = 2.05 in
la = Initial abstraction =.2*S = 0.41 in
P = Rainfall = 4.04 in

I
Q = Cumulative excess rainfall runoff =(p-la)A2I(p-la+s) = 2.32 in

i = Intensity of runoff =delta(Q)/delta(t) in/hr

I D = Duration = 24.00 hrs ~[Z]~

I
l::./{p

tlto p/po Q delta(t) delta(Q)p

I 0.020 0.000 0.49 0.00 0.00
0.041 0.004 0.98 0.02 0.00 0.49 0.00
0.061 0.008 1.47 0.03 0.00 0.49 0.00

I 0.082 0.013 1.96 0.05 0.00 0.49 0.00
0.102 0.018 2.45 0.07 0.00 0.49 0.00
0.122 0.022 2.94 0.09 0.00 0.49 0.00

I 0.143 0.026 3.43 0.11 0.00 0.49 0.00
0.163 0.031 3.92 0.13 0.00 0.49 0.00
0.184 0.035 4.41 0.14 0.00 0.49 0.00

I
0.204 0.040 4.90 0.16 0.00 0.49 0.00
0.224 0.044 5.39 0.18 0.00 0.49 0.00
0.245 0.048 5.88 0.19 0.00 0.49 0.00
0.265 0.053 6.37 0.21 0.00 0.49 0.00

I 0.286 0.057 6.86 0.23 0.00 0.49 0.00
0.306 0.062 7.35 0.25 0.00 0.49 0.00
0.327 0.066 7.84 0.27 0.00 0.49 0.00

I
0.347 0.071 8.33 0.29 0.00 0.49 0.00
0.367 0.075 8.82 0.30 0.00 0.49 0.00
0.388 0.080 9.31 0.32 0.00 0.49 0.00

I
0.408 0.093 9.80 0.38 0.00 0.49 0.00
0.429 0.107 10.29 0.43 0.00 0.49 0.00
0.449 0.120 10.78 0.48 0.00 0.49 0.00
0.469 0.140 11.27 0.57 0.01 0.49 0.01

I .J).490 0.170 11.76 0.69 0.03 0.49 0.02
0.510 0.500 12.24 2.02 0.71 0.49 0.68
0.531 0.830 12.73 3.35 1.74 0.49 1.03

I 0.551 0.860 13.22 3.47 1.84 0.49 0.10
0.571 0.880 13.71 3.56 1.91 0.49 0.07
0.592 0.893 14.20 3.61 1.95 0.49 0.04

I
0.612 0.907 14.69 3.66 2.00 0.49 0.05
0.633 0.920 15.18 3.72 2.04 0.49 0.04
0.653 0.924 15.67 3.73 2.06 0.49 0.01
0.673 0.928 16.16 3.75 2.07 0.49 0.01

I 0.694 0.933 16.65 3.77 2.09 0.49 0.02
0.714 0.937 17.14 3.79 2.10 0.49 0.01
0.735 0.942 17.63 3.81 2.12 0.49 0.02

I
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I GROVERS AVENUE STORM DRAIN LATERAL

I 0.755 0.947 18.12 3.83 2.14 0.49 0.02
0.776 0.951 18.61 3.84 2.15 0.49 0.01

I 0.796 0.956 19.10 3.86 2.17 0.49 0.02
0.816 0.960 19.59 3.88 2.18 0.49 0.01
0.837 0.964 20.08 3.89 2.19 0.49 0.01

I
0.857 0.969 20.57 3.91 2.21 0.49 0.02
0.878 0.973 21.06 3.93 2.23 0.49 0.01
0.898 0.978 21.55 3.95 2.24 0.49 0.02
0.918 0.982 22.04 3.97 2.26 0.49 0.01

I 0.939 0.987 22.53 3.99 2.28 0.49 0.02
0.959 0.991 23.02 4.00 2.29 0.49 0.01
0.980 0.995 23.51 4.02 3 0.49 0.01

I 1.000 1.000 24.00 4.04 2.32 0.49 0.02
--P

I
I

Tabulate period of peak rainfall excess.

t p Q delta(t) delta(Q)

I 11.755 0.687 0.033
11.878 '1.021:>' 0.140 0.122 0.107
12.000 1.353 0.298 0.122 0.158

I
12.122 1.687 0.490 0.122 0.193 }.~
12.245 2.020 0.709 0.122 0.218
12.367 2.353 0.946 0.122 0.238
12.490 2.687 1.199 0.122 0.252 Q..

I 12.612 3.020 1.463 0.122 0.264
~{I\hcr12.735 3.353 1.736 0.122 0.273

12.857 3.384 1.761 0.122 0.025

I 12.980 3.414 1.786 0.122 0.025
13.102 3.444 1.812 0.122 0.025
13.224 3.474 1.837 0.122 0.025

I
13.347 3.495 1.854 0.122 0.017
13.469 3.515 1.871 0.122 0.017
13.592 3.535 1.888 0.122 0.017
13.714 3.555 1.905 0.122 0.017

I Rearrange incremental excesses in order of decreasing average intensity.

I delta(t) delta(Q) t Q avg(i) m b
(hrs) (inches) (hrs) (inches) (in/hr)

I 0.122 0.273 0.122 0.273 2.231 -0.309 2.231
0.122 0.264 0.245 0.537 2.193 -0.361 2.193
0.122 0.252 0.367 0.789 2.149 -0.426 2.149

I 0.122 0.238 0.490 1.027 2.097 -0.512 2.097
0.122 0.218 0.612 1.245 2.034 -0.626 2.034
0.122 0.193 0.735 1.438 1.957 -0.783 1.957

I
MORRISON-MAIERLElCSSA, INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN LATERAL

avg(i) =Average excess intensity =Olt
i = Compute by interpolation =m t + b

-~-

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

0.122
0.122
0.122
0.122
0.122
0.122
0.122
0.122
0.122
0.122

0.158
0.107
0.025
0.025
0.025
0.025
0.017
0.017
0.017
0.017

0.857
0.980
1.102
1.224
1.347
1.469
1.592
1.714
1.837
1.959

1.596
1.703
1.728
1.753
1.779
1.804
1.821
1.838
1.855
1.872

1.862
1.738
1.568
1.432
1.321
1.228
1.144
1.072
1.010
0.956

-1.007 1.862
-1.389 1.738
-1 ..112 1.568
-0.910 1.432
-0.759 1.321
-0.684 1.228
-0.586 1.144
-0.508 1.072
-0.445 1.010
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-1"2.-

2.6 520
3.9 780
3.4 680
5.1 1020

12.8 2560
13.0 2600

l~ / ~:l
4.8 950
2.3 450
7.8 1550
6.0 1200
5.8 1150
3.5 700
5.8 1150
5.0 1000
3.3 650
6.5 1300
6.0 1200

1475.0
1472.0
1471.0
1465.5
1454.0
1451.0

7~:~ Z
1462.0
1468.0
1461.5
1454.0
1463.0
1465.8
1463.0
1458.0
1454.0
1451.0
1447.4

1-2 1478.5
2-3 1475.0
3-4 1472.0
4-5 1471.0

4-12 1471.0
5-16 1465.5
167/ 147~
~ 1411.5
8-18 1465.0
9-10 1471.5
10-11 1468.0
11-12 1461.5
13-15 1468.0
13-14 1468.0
14-15 1465.8
18-19 1462.0
19-20 1458.0
20-21 1454.0
21-22 1450.5

REACH ELEVATION ELEVATION LENGTH LENGTH
HIGH PT. LOW PT. (INCHES) (FEET)

GROVERS AVENUE STORM DRAIN \.

BASIN ELEVATION ELEVATION LENGTH LENGT SLOPE AREA AREA AREA SUM(AREA)
HIGH PT. LOW PT. (INCHES) (FEET) (FEET) (SO. IN.) (SO. FT) (ACRES) (SO MI)

1 1520.0 1478.5 5,130,000 117.8 0.184
2 1518.0 1475.0 2,322,000 53.3 0.267
3 1490.4 1472.0 1,188,000 27.3 0.310
4 1520.0 1471.0 5,490,000 126.0 0.507
5 1510.0 1465.5 11,052,000 253.7 0.903

5,9~,OOO 137 1.11
)96,000 .1 1.1 2

;$,072,0 08.3 1 57
9 874,501 20.1 1.489

10 739,558 17.0 1.515
11 1,461,642 33.6 1.568
12 1,712,769 39.3 1.629
13 160,774 3.7 1.635
14 425,763 9.8 1.650
15 1,069,142 24.5 1.688
16 2,943,281 67.6 1.794
17 293,833 6.7 1.805
18 61,109 1.4 1.807
19 76,277 1.8 1.809
20 46,767 1.1 1.811
21 320,939 7.4 1.823
22 293,934 6.7 1.833

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



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

GROVERS AVENUE STORM DRAIN LATERAL

# = Subarea number = 1 2 3 4 5
A = Drainage Area = ac 7.8 17.7 27.3 47.8 111.6

= sq mi 0.012 0.028 0.043 0.075 0.174
l = Stream length = ft 1,200 1,800 2,250 4,200 4,200

= /5280 = mile 0.227 0.341 0.426 0.795 0.795
El1 =Upstream Elevation = ft 1485.0 1490.0 1490.4 1496.0 1488
EL2 = Downstream Elevation = ft 14,(8.5 1475.0 1472.0 1471.0 1465.5

S = Stream Slope = (El1-E~/l= ftlmile 28.60 44.00 43.18 31.43 28.29
m = Factor from Table 3:"r= ,?/ -0.00625 -0.00625 -0.00625 -0.00625 -0.00625
b = Term from Table ~ = ~Il ';,1 0.04 0.04 0.04 0.04 0.04

Kb = Resistance coefficient from Table -9:1' Equation
= m"'log(A)+b = 0.034424 0.0322 0.031027 0.029504 0.027202

Tc = Trial t = hrs 0.247 0.256 0.283 0.420 0.415
i = Excess rainfall intensity by interpolation = in/hr 2.192 2.189 2.179 2.127 2.128

I Tc = Time of concentration from Eq.~~.5

- = 11.4"'l"0.5"'Kb"'0.52"'S" -0.31"'i" -0.38 *60 min 14.842 15.371 16.984 25.177 24.929
\,)l = 160 = hours 0.247 0.256 0.283 0.420 0.415, err(t) =Tc - Tc =0 ? hours 0.000 0.000 0.000 0.000 0.000

lag = 0.6*Tc = hrs 0.148 0.154 0.170 0.252 0.249

INPUT TO HEC-1 NO. 1 2 3 4 5
AREA 0.012 0.028 0.043 0.075 0.174
LAG 0.148 0.154 0.170 0.252 0.249

Q =Estimated flow = i a = cfs 17 39 59 102 238 20 440
Va = Average flow velocity =LlTcJ3600 = fps 1.3 2.0 2.2 2.8 2.8 3.8 1 4.2

Nut L\0J \1\ iJNJ)
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-------------------
GROVERS AVENUE STORM DRAIN LATERAL

# = Subarea number = 9 10 11 12 13 14 15 16
A = Drainage Area = ac 20.1 17.0 33.6 39.3 3.7 9.8 24.5 67.6

= sq mi 0.031 0.027 0.052 0.061 0.006 0.015 0.038 0.106
l = Stream length = ft 950 1,150 1,800 2,550 500 650 1,100 3,200

= 15280 = mile 0.180 0.218 0.341 0.483 0.095 0.123 0.208 0.606
El1 = Upstream Elevation = ft 1478.2 1475.0 1472.0 1471.0 1471.5 1468.0 1468.0 1465.5
EL2 = Downstream Elevation = ft 1471.5 1468.0 1461.5 1454.0 1468.0 1465.8 1463.0 1451.0

S = Stream Slope =(El1-El2)/l = ftlmile 37.24 32.14 30.80 35.20 36.96 17.87 24.00 23.93
m = Factor from Table~=SII -0.00625 -0.00625 -0.00625 -0.00625 -0.00625 -0.00625 -0.00625 -0.00625
b = Term from Table~= t; I I 5.\ 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Kb = Resistance coefficient from Table~ Equation
= m*log(A)+b = 0.031858 0.032313 0.030464 0.030034 0.036455 0.033812 0.031313 0.028564

Tc = Trial t = hrs 0.194 0.226 0.278 0.316 0.151 0.208 0.238 0.391
i = Excess rainfall intensity by interpolation = in/hr 2.209 2.199 2.181 2.167 2.222 2.204 2.195 2.139

I Tc = Time of concentration from Eq.~c;l)-.1:- = 11.4*l"0.5*Kb*0.52*S" -0.31*i" -0.38 *60 min 11.655 13.544 16.703 18.980 9.069 12.494 14.275 23.466, = 160 = hours 0.194 0.226 0.278 0.316 0.151 0.208 0.238 0.391
err(t) = Tc - Tc =0 ? hours 0.000 0.000 0.000 0.000 0.000 0.000 -0.000 0.000
lag = 0.6*Tc = hrs 0.117 0.135 0.167 0.190 0.091 0.125 0.143 0.235

INPUT TO HEC-1 NO. 9 10 11 12 13 14 15 16
AREA 0.031 0.027 0.052 0.061 0.006 0.015 0.038 0.106
LAG 0.117 0.135 0.167 0.190 0.091 0.125 0.143 0.235

Q = Estimated flow = i a = cfs 44 37 73 85 8 22 54 145
Va = Average flow velocity = LlTcl3600 = fps 1.4 1.4 1.8 2.2 0.9 0.9 1.3 2.3

MORRISON-MAIERLElCSSA, INC. 06-Jan-90



-------------------
GROVERS AVENUE STORM DRAIN LATERAL

# =Subarea number = 17 18 19 20 21 22
A =Drainage Area = ac 6.7 1.4 1.8 1.1 7.4 6.7

= sq mi 0.011 0.002 0.003 0.002 0.012 0.011
L = Stream length = ft 1,000 950 1,000 650 1,300 1,200

= 15280 = mile 0.189 0.180 0.189 0.123 0.246 0.227
EL1 = Upstream Elevation = ft 1463.8 1465.0 1462.0 1458.0 1454.0 1450.5
EL2 = Downstream Elevation = ft 1457.8 1462.0 1458.0 1454.0 1451.0 1447.4

S = Stream Slope = (EL1-EL2)/L = ftImile 31.68 16.67 21.12 32.49 12.18 13.64
m = Factor from Table.a-:-r= t) I I -0.00625 -0.00625 -0.00625 -0.00625 -0.00625 -0.00625
b = Term from Table M- = '1, I t? It 0.04 0.04 0.04 0.04 0.04 0.04

Kb = Resistance coefficient from Table J.:-t Equation
= m*log(A)+b = 0.034819 0.039081 0.038479 0.039807 0.034579 0.034818

Tc = Trial t = hrs 0.220 0.278 0.263 0.188 0.338 0.314, i = Excess rainfall intensity by interpolation = in/hr 2.201 2.181 2.186 2.211 2.159 2.168

- Tc = Time of concentration from Eq...a72'?,S
\f1 = 11.4*L"0.5*Kb*0.52*S" -0.31 *i" -0.38 *60 min 13.184 16.707 15.787 11.288 20.288 18.861, = 160 = hours 0.220 0.278 0.263 0.188 0.338 0.314

eIT(t) = Tc- Tc = O? hours 0.000 0.000 0.000 0.000 0.000 0.000
Lag = 0.6*Tc = hrs 0.132 0.167 0.158 0.113 0.203 0.189

INPUT TO HEC-1 NO. 17 18 19 20 21 22
AREA 0.011 0.002 0.003 0.002 0.012 0.011
LAG 0.132 0.167 0.158 0.113 0.203 0.189

Q = Estimated flow = i a = cfs 15 3 4 2 16 15
Va = Average flow velocity = LlTcl3600 = fps 1.3 0.9 1.1 1.0 1.1 1.1

MORRISON-MAIERLElCSSA, INC. 06-Jan-90



I GROVERS AVENUE STORM DRAIN

I Concentration Point NO.1: Union Hills Drive

I sta elev r:ws = 101.18 101.68 102.18
P a P a P a

I
116.0 100.70
111.5 103.00 0.00 0.00 0.00 0.00 5.05 1.49
107.0 101.10 0.00 0.00 0.00 0.00 4.88 0.59
103.4 101.10 3.60 0.29 3.60 2.09 3.60 3.89

I 96.4 99.80 7.12 5.11 7.12 8.61 7.12 12.11
86.4 100.49 10.02 10.35 10.02 15.35 10.02 20.35
59.0 101.00 27.40 11.92 27.40 25.62 27.40 39.32

I
25.7 100.00 33.32 22.64 33.32 39.29 33.32 55.94 J\
25.6 100.49 0.50 0.09 0.50 0.14 0.50 0.19 -:::>
20.0 100.74 5.61 3.16 5.61 5.96 5.61 8.76 -:f-----">

9.3 100.80 10.70 4.39 10.70 9.74 10.70 15.09
~I Sum = 98.27 57.96 157.73
,...,

98.27 106.81 108.21 >
r= 0.59 1.09 1.61 -5

I s= 0.008 0.008 0.008
v= 6.25 9.39 12.18
Q= 362 1003 1921

I 16.5 101.60
21.5 101.57 0.00 0.00 5.00 0.48 5.00 2.98
26.0 101.55 0.00 0.00 4.50 0.54 4.50 2.79

I 26.1 101.18 0.00 0.00 0.38 0.03 0.38 0.08
-tcl45.0 101.30 0.00 0.00 18.90 8.32 18.90 17.77

62.0 101.20 0.00 0.00 17.00 7.31 17.00 15.81 Sll

I 62.0 101.56 0.00 0.00 0.36 0.00 0.36 0.00 ~66.8 101.62 0.00 0.00 4.80 0.43 4.80 2.83
73.7 101.40 0.00 0.00 6.90 1.17 6.90 4.62

U

I
-1l

Sum = 0.00 0.00 57.85 18.28 57.85 46.88 .-'

~
r= 0.00 0.19 0.48
s= 0.0226 0.0226 0.0226

I v= 0.00 4.86 9.11
Q= 0 89 427

I Total Q = 362 1092
2349 i --1-Qi = 362 1092 2349

~

I
Qd = 362 1003 1921 \-

~f
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I GROVERS AVENUE STORM DRAIN

I Concentration Point NO.2: Union Hills Drive

I sta elev ONS= 101.02 101.52 102.02
P a P a P a

I
115.0 100.80

93.0 101.10 22.00 1.54 22.00 12.54 22.00 23.54
74.2 100.53 18.81 3.85 18.81 13.25 18.81 22.65
59.0 100.68 15.20 6.31 15.20 13.91 15.20 21.51

I 26.1 100.00 32.91 22.37 32.91 38.82 32.91 55.27
26.0 100.48 0.49 0.08 0.49 0.13 0.49 0.18
11.5 100.80 14.50 5.51 14.50 12.76 14.50 20.01

I
11.5 100.80 0.00 0.00 0.00 0.00 0.00 0.00
11.5 100.80 0.00 0.00 0.00 0.00 0.00 0.00
11.5 100.80 0.00 0.00 0.00 0.00 0.00 0.00

I
11.5 100.80 0.00 0.00 0.00 0.00 0.00 0.00

Sum = 103.91 39.66 103.91 91.41 103.91 143.16
r= 0.38 0.88 1.38

I s= 0.0018 0.0018 0.0018
v= 2.22 3.87 5.22
Q= 88 354 747

I 19.8 101.30
23.4 101.42 0.00 0.00 3.60 0.58 3.60 2.38

I
28.1 101.37 0.00 0.00 4.70 0.59 4.70 2.94
28.2 101.02 0.00 0.00 0.36 0.03 0.36 0.08
45.4 101.15 0.00 0.00 17.20 7.48 17.20 16.08
64.3 101.16 0.00 0.00 18.90 6.90 18.90 16.35

I 64.4 101.50 0.00 0.00 0.35 0.02 0.35 0.07
68.9 101.57 0.00 0.00 0.00 0.00 4.50 2.18
72.1 101.50 0.00 0.00 0.00 0.00 3.20 1.55

I Sum = 0.00 0.00 45.12 15.60 52.82 41.63
r= 0.00 0.15 0.40
s= 0.0126 0.0126 0.0126

I v= 0.00 3.15 6.06
Q= 0 49 252

I Total Q = 88 403 999

Qi= 88 403 999

I Qd = 88 354 747

I
I
I

MORRISON-MAIERLElCSSA, INC. 06-Jan-90
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I GROVERS AVENUE STORM DRAIN

I Concentration Point No.3: Union Hills Drive

I sta elev c:ws = 100.37 100.87 101.37
P a P a P a

I
120.0 101.10

86.0 100.90 0.00 0.00 0.00 0.00 34.00 12.58
80.0 100.10 0.00 0.00 6.05 2.22 6.05 5.22
68.7 100.69 0.00 0.00 11.32 5.37 11.32 11.02

I 54.2 100.68 0.00 0.00 14.50 2.68 14.50 9.93
29.6 100.00 24.61 0.74 24.61 13.04 24.61 25.34
18.0 99.30 11.62 8.35 11.62 14.15 11.62 19.95

I
10.0 100.90 8.16 2.16 8.16 6.16 8.16 10.16

0.0 100.80 0.00 0.00 10.00 0.20 10.00 5.20
0.0 100.80 0.00 0.00 0.00 0.00 0.00 0.00

I
0.0 100.80 0.00 0.00 0.00 0.00 0.00 0.00

Sum = 44.39 11.25 86.26 43.82 120.26 99.40
r= 0.25 0.99 2.24

I s= 0.0036 0.0036 0.0036
v= 2.39 5.91 10.20
Q= 27 259 1014

I 14.2 101.20
26.3 100.37 0.00 0.00 12.13 1.03 12.13 7.08
36.6 100.53 0.00 0.00 10.30 4.33 10.30 9.48

I 55.4 100.39 0.00 0.00 18.80 7.71 18.80 17.11
55.5 100.86 0.00 0.00 0.48 0.02 0.48 0.07
59.9 101.06 0.00 0.00 0.00 0.00 4.40 1.80

I 75.2 101.00 0.00 0.00 0.00 0.00 15.30 5.20
75.2 101.00 0.00 0.00 0.00 0.00 0.00 0.00
75.2 101.00 0.00 0.00 0.00 0.00 0.00 0.00

I Sum = 0.00 0.00 41.71 13.09 61.42 40.74
r= 0.00 0.29 0.92
s= 0.004 0.004 0.004

I v= 0.00 2.78 5.93
Q= 0 36 242

I Total Q = 27 295 1256

Qi= 27 295 1256

I
Qd = 27 259 1014

I
I
I

MORRISON-MAIERLElCSSA, INC. 06-Jan-90
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I GROVERS AVENUE STORM DRAIN

I Concentration Point NO.4: Union Hills Drive

I
sta elev cws = 100.7 101.2 101.7

P a P a P a

120.0 100.20

I 103.0 101.00 17.02 1.70 17.02 10.20 17.02 18.70
94.0 99.20 9.18 5.40 9.18 9.90 9.18 14.40
78.0 100.35 16.04 14.80 16.04 22.80 16.04 30.80

I 69.0 100.63 9.00 1.89 9.00 6.39 9.00 10.89
29.8 100.00 39.21 15.09 39.21 34.69 39.21 54.29
29.7 100.56 0.57 0.04 0.57 0.09 0.57 0.14

I
24.2 100.76 5.50 0.22 5.50 2.97 5.50 5.72

0.0 100.90 0.00 0.00 24.20 8.95 24.20 21.05
0.0 100.90 0.00 0.00 0.00 0.00 0.00 0.00
0.0 100.90 0.00 0.00 0.00 0.00 0.00 0.00

I Sum = 96.52 39.14 120.72 96.00 120.72 156.00
r= 0.41 0.99 1.62

I s= 0.008 0.008 0.008
v= 4.87 8.85 12.24
Q= 190 850 1909

I 27.2 101.29
31.8 101.20 0.00 0.00 0.00 0.00 4.60 2.09
31.9 100.70 0.00 0.00 0.51 0.02 0.51 0.07

I 55.4 100.81 0.00 0.00 23.50 10.46 23.50 22.21
75.0 101.00 0.00 0.00 19.60 5.78 19.60 15.58
75.0 101.00 0.00 0.00 0.00 0.00 0.00 0.00

I 75.0 101.00 0.00 0.00 0.00 0.00 0.00 0.00
75.0 101.00 0.00 0.00 0.00 0.00 0.00 0.00
75.0 101.00 0.00 0.00 0.00 0.00 0.00 0.00

I Sum = 0.00 0.00 43.61 16.26 48.21 39.96
r= 0.00 0.17 0.41
s= 0.0092 0.0092 0.0092

I v= 0.00 2.90 5.29
Q= a 47 211

I Total Q = 190 897 2121

Qi= 190 897 2121

I
Qd = 190 850 1909

I
I
I

MORRISON-MAIERLElCSSA, INC. 06-Jan-90

I - Itt -



I GROVERS AVENUE STORM DRAIN

I Concentration Point NO.5: Union Hills Drive

I
sta elev ONS= 101.3 101.8 102.3

P a P a P a

I
120.0 101.20
95.0 99.60 25.05 22.50 25.05 35.00 25.05 47.50
66.7 100.27 28.31 38.63 28.31 52.78 28.31 66.93
56.5 100.43 10.20 9.69 10.20 14.79 10.20 19.89

I 21.5 100.00 35.00 37.97 35.00 55.47 35.00 72.97
21.4 100.58 0.59 0.10 0.59 0.15 0.59 0.20
15.8 100.73 5.60 3.61 5.60 6.41 5.60 9.21

I
0.0 101.10 15.80 6.08 15.80 13.98 15.80 21.88
0.0 101.10 0.00 0.00 0.00 0.00 0.00 0.00
0.0 101.10 0.00 0.00 0.00 0.00 0.00 0.00
0.0 101.10 0.00 0.00 0.00 0.00 0.00 0.00-I

Sum = 120.56 118.59 120.56 178.59 120.56 238.59
r= 0.98 1.48 1.98

I s= 0.008 0.008 0.008
v= 8.79 11.55 14.01
Q= 1042 2062 3342

I 17.4 102.21
21.9 102.12 0.00 0.00 0.00 0.00 4.50 0.61
22.0 101.64 0.00 0.00 0.00 0.00 0.49 0.04

I 60.8 101.51 0.00 0.00 38.80 8.73 38.80 28.13
60.9 102.08 0.00 0.00 0.58 0.00 0.58 0.05
65.3 102.08 0.00 0.00 0.00 0.00 4.40 0.97

I 80.7 101.30 0.00 0.00 15.42 1.69 15.42 9.39
80.7 101.30 0.00 0.00 0.00 0.00 0.00 0.00
80.7 101.30 0.00 0.00 0.00 0.00 0.00 0.00

I Sum = 0.00 0.00 54.80 10.42 64.19 39.19
r= 0.00 0.09 0.33
s= 0.0092 0.0092 0.0092

I v= 0.00 1.86 4.50
Q= 0 19 176

I Total Q = 1042 2082 3519

Qi= 1042 2082 3519

I
Qd = 1042 2062 3342

I
I
I
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II GROVERS AVENUE STORM DRAIN

I Concentration Point Nos. 13 & 14:

I
sta elev ONS= 101.51 102.01 102.51

P a P a P a

16.5 101.60

I 21.5 101.57 0.00 0.00 5.00 2.13 5.00 4.63
26.0 101.55 0.00 0.00 4.50 2.03 4.50 4.28
26.1 101.18 0.38 0.01 0.38 0.06 0.38 0.11

I 45.0 101.30 18.90 5.10 18.90 14.55 18.90 24.00
62.0 101.20 17.00 4.42 17.00 12.92 17.00 21.42
62.0 101.56 0.36 0.00 0.36 0.00 0.36 0.00

I
66.8 101.62 0.00 0.00 4.80 2.02 4.80 4.42
73.7 101.40 0.00 0.00 6.90 3.45 6.90 6.90
73.7 101.40 0.00 0.00 0.00 0.00 0.00 0.00
73.7 101.40 0.00 0.00 0.00 0.00 0.00 0.00

1 Sum = 36.64 9.54 57.85 37.15 57.85 65.75
r= 0.26 1.01 1.79

I s= 0.008 0.008 0.008
v= 3.62 8.97 13.12
Q= 35 333 863

I 16.5 101.93
21.5 101.90 0.00 0.00 5.00 0.48 5.00 2.98
26.0 101.88 0.00 0.00 4.50 0.54 4.50 2.79

I 26.1 101.51 0.00 0.00 0.38 0.03 0.38 0.08
45.0 101.63 0.00 0.00 18.90 8.32 18.90 17.77
62.0 101.53 0.00 0.00 17.00 7.31 17.00 15.81

I 62.0 101.89 0.00 0.00 0.36 0.00 0.36 0.00
66.8 101.95 0.00 0.00 4.80 0.43 4.80 2.83
73.7 101.73 0.00 0.00 6.90 1.17 6.90 4.62

I Sum = 0.00 0.00 57.85 18.28 57.85 46.88
r= 0.00 0.50 1.28
s= 0.0226 0.0226 0.0226

I v= 0.00 9.39 17.60
Q= 0 172 825

I Total Q = 35 505 1688

Qi = 35 505 1688

I
Qd = 35 333 863

I
I
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FLOOD HYDROGRAPH PACKAGB (HBC-1)
CORPS OF BNGlNEERS •

SBPTBMBER 1990
ENGINEERING CENTBR

VERSION 4.0
SECOND STREBT

CALIFORNIA 95616
RUN DATE 12/29/1993 TIMB 10:34:30-

756 -1104 •

--_ _ ---_ __ _•.•.....•.. __ ... ----_ _..-...••••...•. _-_ ...•.•.•.•

U.S. ARMY

HYDROLOGIC

609

DAVIS,

(916)

I
I

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

I THIS PROGRAM RBPLACBS ALL PREVIOUS VERSIONS OF HBC-1 KNCWN AS HBC1 (JAN 73), HBC1GS, HBC1DB, 1'.00
HBC1KW.

I
THB DBFINITIONS OF VARIABLBS -RTIMP- AND -RTIOR- HAVE CHANGBD FROM THOSB USED WITH THB 1973-STYLB

INPUT STRUCTURE.
THE DBFINITION OF -AMSKI(- ON RM-CARD WAS CHANGED WITH REVISIONS DI'.TBD 28 SEP 81. THIS IS THB

FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLCM SUBMERGBNCB , SINGLB EVENT DAMAGB CALCULATION, DSS:WRITB STAGB

10 ..••.•. 1 ••....• 2 3 4 5 _ 6 7 ....•.. 8 .•..... 9 10

DSS:RBAD TIME SBRIBS AT DBSIRED CALCULATION INTERVAL
KINEMATIC WAVE: NEW FINITB DIFFBRBNCB ALGORITHM

KI( 13
KM RUNOFF FROM SUBAREA 13
BA 0.006
LS 83 0
liD 0.091
PB 4.04

1ak-<\t ~VI1PC 0.000 0.004 0.008 0.013 0.018 0.022 0.026 0.031 0.035 0.040
PC 0.044 0.048 0.053 0.057 0.062 0.066 0.071 0.075 0.080 0.093
PC 0.107 0.120 0.140 0.170 0.500 0.830 0.860 0.880 0.893 0.907
PC 0.920 0.924 0.928 0.933 0.937 0.942 0.947 0.951 0.956 0.960 it-- 2O
PC 0.964 0.969 0.973 0.978 0.982 0.987 0.991 0.995 1. 000 1.000

KI( 13.1 (,oj€.
KM DIVERT FLOW
DT 13 .2
01 0 35 50S 1688
DQ 0 1 172 825

KI( 13.3

GROVERS AVENUE STORM DRI'.IN U'.TBRI'.L
FROM CAVE CRBEK ROAD TO 32ND STRBET

LOSS RATE:GRBEN AND AMPT INFILTRATION

300

HEC-1 INPUT

71512JU93

MORRlSON-MAIBRLB/CSSA,
BRUCB J. FRIBDHOFF, P.E
PROJECT NO.
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5

29

ID
ID
ID
ID
ID
ID
ID
10
ID
ID
ID
ID
ID
ID
ID
10
-DIAGRAM
IT
10
IN

FREQUENCY,

1
PAGB 1

LINE

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

17
18
19

20
21
22
23
24
25
26
27
28
29
30

31
32
33
34
35

36I

I

I

I
I

I

I

I

I

I
I -12. ..



I 37 KM REACH ROtITE FROM 13-15
38 RI< 1150 0.0043 0.012 TRAP 50 0

I
39 KK 13 .2
40 KM RETRIEVE DIVERTED FLOW
41 DR 13.2

42 KK 13.4
43 KM REACH ROtITE FROM 13-14

I
44 RI< 700 0.0031 0.012 TRAP 50 0

1 HBC-1 INPtIT
PAGE 2

LINE 10 ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10

I 45 KK 14
46 KM RUNOFF FROM SUBAREA 14
47 BA 0.015
48 LS 83 0

I
49 UD 0.125

50 KK 14.1 ADD HYDROGRAPH
51 HC 2

52 KK 14.1

I
53 KM DIVERT FLOW
54 DT 14.2
55 01 0 35 505 1688
56 DQ 0 1 172 825

57 KK 14.3

I
58 KM REACH ROtITE FROM 14-15
59 RI< 1150 0.0024 0.012 TRAP 50 0

60 KK 15
61 KM RUNOFF FROM SUBl'.REA 15
62 BA 0.038

I 63 LS 83 0
64 UD 0.143

65 KK 15.1 l'.DD HYDROGRl'.PH
66 HC 3

I 67 KK 18
68 KM RUNOFF FROM SUBl'.REA 18
69 BA 0.002
70 LS 83 0
71 UD 0.167

I 72 KK 18.1 ADD HYDROGRAPH
73 HC 2

74 KK 18-19
75 KM REACH ROtITE FROM 18' 19

I
76 RI< 1000 0.0040 0.012 CIRC 8 0

77 KK 17
78 KM RUNOFF FROM SUBl'.REA 17
79 BA 0.011
80 LS 83 0

I 81 UD 0.132

82 KK 19
83 KM RUNOFF FROM SUBl'.REA 19
84 BA 0.003

I
85 LS 83 0
86 UD 0.158

1 HEC- 1 INPtIT
PAGE 3

LINE 10 ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10

I 87 KK 19.1 ADD HYDROGRl'.PH
88 HC 3

89 KK 19- 20

I 90 KM REACH ROUTE FROM 19- 20
91 RI< 650 0.0062 0.012 CIRC 8 0

92 KK 20
93 KM RUNOFF FROM SUBAREA 20

I
94 BA 0.002
95 LS 83 0
96 UD 0.113

97 KK 20.1
98 HC 2

I 99 KK 1
100 KM RUNOFF FROM SUBAREA 1

I
I -L~-



I 101 BI'. 0.012
102 LS 83 0
103 UD 0.148

I 104 KK 1.2
105 KM DIVERT FLOW
106 DT 1.2
107 01 0 362 1092 2349
108 DQ 0 361 1003 1921

I 109 KK 1-9
110 KM REACH ROlITE FROM 1-9
111 RJ( 900 0.0078 0.012 TRAP 50 0

112 KK 9

I
113 KM RUNOFF FROM SUBl'.REA 9
114 BI'. 0.031
115 LS 83 0
116 UD 0.117

I
117 KK 9.1 ADD HYDROGRAPH
118 HC 2

119 KK RET1
120 KM ROlITE INFLOW THROUGH RBTBNTION Bl'.SIN
121 KO 3

I
122 RS 1 BLEV 1466
123 SA 0.05 0.18 0.24 0.24
124 SE 1466 1468 1470 1472
125 SS 1470 50 3 1.5

1 HBC-1 INPUT
PAGB

I LINE 10 ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10

126 KK 9-10
127 KM REACH ROlITB FROM 9-10

I
128 RK 450 0.0078 0.012 TRAP 50 0

129 KK 2
130 KM RUNOFF FROM SUBAREA 2
131 BI'. 0.028
132 LS 83 0

I 133 UD 0.154

134 KK 1.3
135 KM RETRIBVE DIVERTED !'LOW 1.2
136 DR 1.2

I 137 KK 1-2
138 KM RE}l.CH ROlITE FROM 1-2
139 RJ( 520 0.0067 0.012 TRAP 50 0

140 KK 2.1 ADD HYDROGRAPH

I
141 HC 2

142 KK 2.1
143 KM DIVERT FLOW
144 DT 2.2
145 DI 0 88 403 999

I 146 DQ 0 87 354 747

147 KK 2-10
148 KM REACH ROlITE FROM 2-10
149 RJ( 1150 0.0061 0.012 TRAP 50 0

I 150 KK 10
151 KM RUNO!'F FROM SUBAREA 10
152 BI'. 0.027
153 LS 83 0
154 UD 0.135

I 155 KK 10.1 ADD HYDROGRAPH
156 HC 3

157 KK RET2
158 KM ROlITE INFLOW THROUGH RETENTION BASIN

I 159 KO 3
160 RS 2 ELEV 1464
161 SA 0.20 0.33 0.39 0.39
162 SE 1464 1466 1468 1470
163 SS 1468 50 3 1.5

I 164 KK 10-11
165 KM REACH ROUTB FROM 10-11
166 RJ( 1550 0.0042 0.012 TRAP 50 0

1 HEC-1 INPlIT
PAGE 5

I LINB 10 ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ..•.... 6 ....... 7 ....... 8 ....... 9 ...... 10

I
I -2. ~ -



I
167 KK 2.2
168 I<M RETRIEVB DIVERTED FLOW

I
169 DR 2.2

170 KK 2-3
171 I<M REACH ROlITB FROM 2-3
172 RK 780 0.0038 0.012 TRAP 50 0

I
173 KK 3
174 I<M RUNOFF FROM SUBAREA 3
175 BA 0.043
176 LS 83 0
177 UD 0.170

I 178 KK 3.1 ADD HYDROGRAPH
179 HC 2

180 KK '3.1
181 I<M DIVERT FLOW

I
182 DT 3.2
183 DI 0 27 295 1256
184 DO 0 26 259 1014

185 KK 3-11
186 I<M REACH ROlITE FROM 3-11

I
187 RK 1800 0.0058 0.012 TRAP 50 0

188 KK 14.3
189 I<M RETRIEVE DIVERTED FLOW
190 DR 14.2

I
191 KK 11
192 I<M RUNOFF FROM SUBARElI 11
193 BA 0.052
194 LS 83 0
195 UD 0.167

I
196 KK 11. 1 ADD HYDROGRAPH
197 HC 4

198 KK 11-12
199 I<M REACH ROUTE FROM 11-12
200 RK 1200 0,0063 0.012 TRAP 50 0

I 201 KK 3.3
202 I<M RETRIEVE DIVERTED FLOW
203 DR 3.2

I
204 KK 3-4
205 I<M RE".CH ROlITE fROM 3'4
206 RK 680 0.0015 0.012 TRl'.P 50 0

1 HEC-1 INPUT
PAGE 6

I
LINE ID ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10

207 KK
208 I<M RUNOfF fROM SUB".REA 4
209 BA 0.075

I 210 LS 83 0
211 UD 0.252

212 KK 4.1 ADD HYDROGRAPH
213 HC 2

I 214 KK 4.1
215 I<M DIVERT fLOW
216 DT 4.2
217 DI 0 190 897 2121
218 DO 0 189 850 1909

I 219 KK 4-12
220 I<M REACH ROUTE fROM 4-12
221 RK 2560 0.0066 0.012 TRAP 50 0

222 KK 12

I 223 I<M RUNOff fROM SUBARE!'. 12
224 BA 0.061
225 LS 83 0
226 UD 0.190

I
227 KK 12.1 ADD HYDROGRAPH
228 HC 3

229 KK 20.2 ADD HYDROGRAPH AT 28TH STREET
230 HC 2

I
231 KK 20-21
232 I<M REACH ROUTE FROM 20·21
233 RK 1300 0.0023 0.012 CIRC 8 0

I
I -2.5'-



I

SCHEMATIC DIAGRAM OF STREAM NETWORK

. - - - - - - -) 13.2
13.1

V
V

13.3

234
235
236

237
238
239

240
241
242
243
244

1
PAGE 7

LINE

245
246

247
248
249
250
251
252
253
254

255
256
257
258
259

260
261

262
263
264
265
266

267
268

269
270
271

272
273
274
275
276

277
278
279

13.2

« - - -) RETURN OF DIVERTED OR PUMPED FLOW

(---» DIVERSION OR PUMP FLOW

14

. <- - - - - - •
13 .2

V
V

13 .4

14.1 .

KK 5.1 ADD HYDROGRAPH
HC 2

KK 5.1
KM DIVERT FLOW
DT 5.2
DI 0 1042 2082 3519
DQ 0 1041 2062 3342
*K 5- 16
*M REACH ROUTE FROM 5-16
*K 2600 0.0056 0.012 TRAP 50 0

KK 16
KM RUNOFF FROM SUBAREI'. 16
BA 0.106
LS 83 0
UD 0.235

KK 16.1 ADD HYDROGRAPH
HC 2

KK 21
KM RUNOFF FROM SUBJ>.REA 21
BA 0.012
LS 83 0
UD 0.203

KK 21.1 ADD HYDROGRi'.PH
HC 3

KK 21- 22
KM REACH ROUTE FROM 21-22
RK 1200 0.0026 0.012 CIRC 8 0

KK 22
KM RUNOFF FROM SUBJ>.REI'. 22
BA 0.011
LS 83 0
UD 0.189

KK 22.1 ADD HYDROGRAPH
HC 2
ZZ

KK 4.2
KM RETRIEVE DIVERTED FLOW
DR 4.2

KK 4-5
KM REACH ROUTE FROM 4-5
RK 1020 0.0054 0.012 TRAP 50 0

KK 5
KM RUNOFF FROM SUBAREA 5
BA 0.174
LS 83 0
UD 0.249

HEC-l INPUT

ID 1 2. _ 3 4 5 6 7 8 9 10

13

( .) CONNECTOR

(V) ROUTING

1

INPUT
LINE

NO.

20

33
31

36

41
39

42

45

50

I

I
I

I
I

I

I

I
I

I

I
I

I

I

I
I -2~"



I
54 .----.. -) 14.2
52 14 .1

I-
V
V

57 14.3

60 15

I 65 15.1 ..........••............

67 18

I 72 18.1. .•......... 10(1 W0j
V
V

74 18-19

I 77 17

I
82 19

87 19.1 ..........•.............
V
V

I
89 19 -20

92 20

I
97 20.1. ...........

99

I 106 . _... ---) 1.2
104 1.2

V
V

109 1-9

I 112 9

117 9.1 ............

I
V
V

119 RET 1
V
V

126 9- 10

I 129 2

136 .<------- 1.2

I 134 1.3
V
V

137 1-2

I 140 2.1. ...........

144 .-------) 2.2
142 2.1

I
V
V

147 2-10

I
150 10

155 10.1 ........••..........•...
V
V

I
157 RET2

V
V

I
I -2.1 -



. <- - - - - - -
14.3

I
I
I
I
I

164

169
167

170

173

178

182
180

185

190
188

10-11

•<- - - - - - -
2.2

V
V

2-3

3

3.1. ......•....

- -- --- -)

3.1
V
V

3-11

2.2

3.2

14.2

I 191

196

198

11

11. i _ .
V
V

11-12

I
I

203
201

204

207

212

216
214

219

. <- - - - - - -
3.3

V
V

3-4

4

4.1. .

- - - - - - - )

4.1
V
V

4-12

3.2

4.2

12

12.1 _ _ _
I
I
I
I

222

227

229

231

236
234

237

240

20.2 ..... _.... _.
V
V

20-21

. <- - - - - - -
4.2

V
V

4-5

5

4.2

I
I
I
I
I

245

249
247

255

260

262

5.1. .

- - - - - - -) 5.2
5.1

16

16.1_ .

21

-28-



I
I
I

267

269

272

277

21.1. .
V
V

21-22

22

22.1. .

I
I
I

I
I
I

( ••• ) RUNOFF ALSO COMPUTED AT THIS LOCATION
1·**·***·***····***·····**·****········***....._ _-_ -_ __ ._----_._-

FLOOD HYDROGRAPH PACKAGB (HEC-1)
CORPS OF ENGINEERS

SEPTEMBER 1990
ENGINBERING CENTER

VERSION 4.0
SECOND STREET

CALIFORNIA 95616
RUN DATE 12/29/1993 TIME 10:34:30·

756-1104

MORRlSON-MAIERLE/CSSA.
BRUCE J. FRIEDHOfF. P.E
PROJECT NO.

GROVERS AVENUE STORM DRAIN LIITERAL
FROM CAVE CREEK RO.A.D TO 32ND STREET

U.S. ARMY

HYDROLOGIC

609

DlWIS,

(916)

I
18 10 OUTPUT CONTROL

IPRNT
I PLOT
QSCAL

VARIABLES
5
o

O.

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT S~.LE

COMPUTATION INTERVAL
TOTAL TIME BASE

I
I

IT HYDROGRAPH TIME
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

DATA
5

12JU93
0715

300
2 93

0810
19

MINUTES IN COMPUTATION INTERV.A.L
STARTING DATE
STARTING TIME
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

.08 HOURS
24.92 HOURS

I
I
I
I,
I
I

119 KJ(

ENGLISH UNITS
DRAINAGE AREA
PRECIPITATION DEPTH
LENGTH, ELEVATION
fLOW
STORAGE VOLUME
SURfACE AREA
TEMPERATURE

RET1

SQUARE MILES
INCHES
FEET
CUBIC FEET PER SECOND
ACRE-fEET
ACRES
DEGREES FAHRENHEIT



HYDROGRAPH ROUTING DATA

I
I

121 KO OUTPUT CONTROL
IPRNT
I PLOT
QSCAL

VARIABLES
3
o

O.

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALB

I
122 RS STORAGB ROUTING

NSTPS
ITYP

RSVRIC
X

1
ELEV

1466.00
.00

NUMBER OF SUBREACHBS
TYPE OF INITIAL CONDITION
INITIAL CONDITION

WORKING R AND D COEFFICIENT

I
I

123 SA

124 SE

125 SS

AREA .1 .2 .2 .2

ELEVATION 1466.00 1468.00 1470.00 1472.00

SPILLWAY
CREL 1470.00 SPILLWAY CREST ELEVATION

SPWID 50.00 SPILLWAY WIDTH
COQW 3.00 WEIR COEFFICIENT
EXPW 1.50 EXPONENT OF HEAD

I
COMPUTED STORAGE-ELEVATION DATA

STORAGE .00 .22 .64 1.12
ELEVATION 1466.00 1468.00 1470.00 1472.00

COMPUTED OUTFLOW- ELEVATION DATA

OUTFLOW .00 .00 .07 .58 1.96 4.66 9.09 15.71 24.96
37.24

ELEVATION 1466.00 1470.00 1470.01 1470.02 1470.06 1470.10 1470.15 1470.22 1470.30
1470.40

OUTFLOW 53.03 72.75 96.83 125.71 159.83 199.61 245.53 297.96 357.40
424.26

ELEVATION 1470.50 1470.62 1470.75 1470.89 1471.04 1471. 21 1471.39 1471.58 1471.78
1472.00

COMPlITEl) STORAGE-OUTfLOW- ELEVATION DATA

STORl'.GE .00 .22 .64 .64 .65 .66 .67 .69 .71
.73

OUTFLOW .00 .00 .00 .58 1. 96 4.66 9.09 15.71 24.96
37.24

ELEVATION 1466.00 1468.00 1470.00 1470.02 1470.06 1470.10 1470.15 1470.22 1470.30
1470.40

STORAGE .76 .78 .81 .85 .89 .93 .97 1. 01 1.06
1. 12

OUTFLOW 53.03 72.75 96.83 125.71 159.83 199.61 245.53 297.96 357.40
424.26

ELEVATION 1470.50 1470.62 1470.75 1470.89 1471.04 1471.21 1471.39 1471. 58 1471.78
1472.00

MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTF~S BETWEEN 5. TO
THE ROUTED HYDROGRAPH SHOULD BE EXl'.MINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAKI

••• WARNING

INFLOWS.

REACH. )
"/THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USB A LONGER

I
I
I
I
I
I
I

HYDROGRl'.PH AT STATION RET 1

PEAK FLOW TIME M/'.J(IMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92·HR

(CFS) (HR)
(CFS)

+ 43. 12.08 6. 2. 2. 2.
(INCHES) 1.260 1. 398 1. 398 1. 398

(AC-IT) 3. 3. 3. 3.

PEAK STORAGB TIME MAXIMUM AVERAGB STORAGE
6-HR 24-HR 72-HR 24.92-HR

+ (AC-IT) (HR)
1. 12.08 1. O. O. O.

PEAK STAGE TIMB M/'.J(IMTJlo! AVERAGE STAGE
6-HR 24-HR 72-HR 24.92-HR

(FEET) (HR)
1470.44 12.08 1470.09 1468.29 1468.21 1468.21

CUMULATIVE AREA • .04 50 HI



I
I

*.* ••••••••••••••• *.* *-* •••••• *.* ••••••••••••••••••••••••••••••••••••••••••••• *.*

AREA .2 .3 .4 .4

ELEVATION 1464.00 1466.00 1468.00 1470.00

SPILLWAY
CREL 1468.00 SPILLWAY CREST ELEVATION

SPWID 50.00 SPILLWAY WIDTH
COQW 3.00 WEIR COEffICIENT
EXPW 1. 50 EXPONENT Of HEAD

HYDROGRAPH ROUTING DATA

I
I
I

157 l<K

159 KO

160 RS

161 SA

162 SE

163 SS

RBT2

OUTPUT CONTROL
IPRNT
I PLOT
QSCAL

STORAGB ROUTING
NSTPS

ITYP
RSVRIC

X

VARIABLES
3
o

O.

2
ELEV

1464.00
.00

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

NUMBER 01' SUBREACHES
TYPE 01' INITIAL CONDITION
INITIAL CONDITION

WORKING R AND D COEFfICIENT

I

I
I
I
I

COMPUTED STORAGE- ELEV".TION DATA

STORAGE .00 .52 1. 24 2.02
ELEVATION 1464.00 1466.00 1468.00 1470.00

COMPUTED OUTfLOW-ELEVATION DATA

OUTFLOW .00 .00 .07 .58 1. 96 4.66 9.09 15.71 24.96
37.24

ELEVATION 1464.00 1468.00 1468.01 1468.02 1468.06 1468.10 1468.15 1468.22 1468.30
1468.40

OUTFLOW 53.03 72.75 96.83 125.71 159.83 199.61 245.53 297.96 357.40
424.26

ELEVATION 1468.50 1468.62 1468.75 1468.89 1469.04 1469.21 1469.39 1469.58 1469.78
1470.00

COMPUTED STOR1'.GE-OUTfLOW-ELEVATION DATA

STORAGE .00 .52 1. 24 1. 25 1. 27 1. 28 1. 30 1. 33 1. 36
1. 40

OUTfLOW .00 .00 .00 .58 1. 96 4.66 9.09 15.71 24.96
37.24

ELEVATION 1464.00 1466.00 1468.00 1468.02 1468.06 1468.10 1468.15 1468.22 1468.30
1468.40

STORAGE 1.44 1.48 1. 54 1. 59 1. 65 1. 72 1. 79 1. 86 1.94
2.02

OUTfLOW 53.03 72.75 96.83 125.71 159.83 199.61 245.53 297.96 357.40
424.26

ELEVATION 1468.50 1468.62 1468.75 1468.89 1469.04 1469.21 1469.39 1469.58 1469.78
1470.00

I
••• WARNING

INfLOWS.

REACH. )

MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE fOR OUTfLOWS BETWEEN 2. TO 424.
THE ROUTED HYDROGRAPH SHOULD BB EXAMINED fOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK

THIS CAN BE CORRECTED BY DECREASING THE TIME INTERV".L OR INCREASING STORAGE (USE A LONGER

I HYDROGRAPH AT STATION RET2

i
I
I
I

PEAK fLOW TIME MAXIMUM AVERAGE fLOW
6-HR 24-HR 72-HR 24.92-HR

(CfS) (HR)
(CfS)

84. 11. 83 10. 3. 3. 3.
(INCHES) .915 1.028 1.028 1.028

(AC-IT) 5. 5. 5. 5.

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR 24.92-HR

+ (AC-IT) (HR)



I
I
I
I
I
I

1. 11.83 1. O. O. O.

PEAK STAGB TIME ~~IMUM AVERAGE STAGB
6-HR 24-HR 72-HR 24.92-HR

(FBBT) (HR)
1468.68 11. 83 1468.12 1466.24 1466.16 1466.16

CUMULATIVE AREA • .10 50 MI

••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

I
••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. ST~~ILITY PROBLEMS MAY RESULT

I ••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

I
••• FDKRUT WARNING TIME STEP CALCULATION F~.ILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP CALCULATION F~.ILED TO CONVERGE. ST~~ILITY PROBLEMS MAY RESULT

I ••• FDKRUT WARNING TIME STEP CALCULATION F~.ILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

I
••• FDKRUT WARNING TIME STEP O.LCOU.TION FJULED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP O.LCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

I ••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. ST~~ILITY PROBLEMS MAY RESULT

I
••• FDKRUT WARNING TIME STEP CALCULATION F~.ILED TO CONVERGE. ST~~ILITY PROBLEMS MAY RESULT

••• FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT

INVALID CARD IDENTIFICAT N CODE OR CARD 0
·K 2600 0.0056 0.012 T

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

STAGEAREA

BASIN

72-HOUR

o

24-HOUR

OF SEQUENCE
50

RD OUT OF SEQUENCE

6-HOUR

AVERAGE FLOW FOR ~~IMUM PERIOD

OR CARD OUT OF S UENCE
5-16

PEAK

TIME OF

FICATION CODE OR

FLOW

PEAK

STATION

ALID CARD IDE
·K 5- 16

INVALID CARD DENTIFICATION
·M REACH ROUTE F

MAX STAGB

MAXIMUM TIME OF
OPERATION

+

I

I
I

I

I
I



20. 12.06

53. 12.0-6

8~~~~4

I

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

+

+

+

+
+
1470.44

+

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

ROlrrED TO

HYDROGRAPH AT

ROlrrED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROmED TO

HYDROGRAPH AT

3 COMBINED AT

HYDROGRAPH AT

2 COMBINED AT

ROtJrED TO

HYDROGRAPH "'.T

HYDROGRAPH AT

3 COMBINED AT

ROlrrED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRl'.PH AT

DIVERSION TO

HYDROGRAPH AT

ROlrrED TO

HYDROGRAPH AT

2 COMBINED AT

ROlrrED TO

12.06

ROlrrED TO

13

13.2

13.1

13.3

13.2

13.4

14

14.1

14.2

14.1

14.3

15

15.1

16

16.1

16'19

17

19

19.1

19 ·20

20

20.1

1.2

1.2

1·9

9

9.1

RETI

9'10

9.

o.

6.

6.

o.

o.

21.

21.

1.

21.

3.

64.

4.

103.

103.

3.

106.---
17.

17.

o.

o.

44.

44.

43.

43.

12.06

12.06

12.06

12.06

12.06

12.25

12.06

12.06

12.06

12.06

12.06

12.06

12.06

12.06

12.06

12.08

12.08

12.06

12.08

12.06

12.58

12.08

12.06

12.08

12.06

1.

o.

1.

1.

o.

o.

3.

3.

o.

3.

3.

9.

13.

o.

14.

14.

2.

1.

17 .

17.

o.

17.

3.

3.

o.

o.

7.

7.

6.

6.

o.

o.

o.

o.

o.

o.

1.

1.

o.

1.

1.

2.

4.

o.

4.

4.

1.

o.

5.

5.

o.

5.

1.

1.

o.

o.

2.

2.

2.

2.

o.

o.

o.

o.

o.

o.

1.

1.

o.

1.

1.

2.

4.

o.

4.

4.

1.

o.

4.

4.

o.

5.

1.

1.

o.

o.

2.

2.

2.

2.

.01

.01

.01

.01

.00

.00

.01

.01

.01

.01

.01

.04

.06

.00

.06

.06

.01

.00

.06

.06

.00

.06

.01

.01

.01

.01

.03

.04

.04

.04



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

+

+

+

+

+

1468.68

+

+

+

+

HYDROGRAPH AT

HYDROGRAPH AT

ROUTED TO

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

3 COMBINED AT

ROUTED TO

11. 83

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRl'.PH AT

HYDROGRAPH l\T

4 COMBINED l\T

ROUTED TO

HYDROGRAPH l\T

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH l\T

2

1.3

1-2

2.1

2.2

2.1

2-10

10

10.1

RET2

10-11

2.2

2-3

3

3.1

3.2

3.1

3'11

14.3

11

11. 1

11-12

3.3

3-4

4

4.1

4.2

4.1

4-12

12

39.

17.

16.

55.

55.

1.

1.

36.

62.

84.

61.

55.

54.

59.

113.

101.

12.

12.

1.

72.

165.

162.

101.

100.

97 _

197.

195.

1.

1.

63.

12.08

12.08

12.06

12.06

12.08

12.08

12.25

12.06

12.06

11.63

12.06

12.06

12.06

12.06

12.06

12.06

12.06

12.17

12.06

12.06

12.06

12.06

12.06

12.06

12.17

12.06

12.08

12.08

12.50

12.06

6.

3.

3.

9.

9 _

o.

o.

6.

12.

10.

9.

9.

9.

10.

19.

17.

2.

2.

o.

12.

23.

23.

17.

17.

17.

34.

34.

o.

o.

14.

2.

1.

2.

2.

o.

o.

2.

3.

3.

3.

2.

2.

3.

5.

5.

o.

o.

o.

3.

6.

6.

5_

5.

5.

9.

9.

o.

o.

4.

2.

1.

2.

2.

o.

o.

2.

3.

3.

3.

2.

2.

3.

5.

5.

o.

o.

o.

3.

6.

6.

5.

5.

5.

9.

9.

o.

o.

4.

.03

.00

.00

.03

.03

.03

.03

.03

.10

.10

.10

.00

.00

.04

.04

.04

.04

.04

.00

.05

.19

.19

.00

.00

.06

.06

.08

.06

.06

.06



13.3 MANE

3 COMBINED AT
1i.1

2 COMBINED AT
20.2

ROUTED TO
20-21

HYDROGRAPH AT
4.2

ROUTED TO
4-5

HYDROGRAPH AT
5

2 COMBINED AT
5.1

DIVERSION TO
5.2

HYDROGRAPH AT
5.1

HYDROGRAPH AT
16

2 COMBINED AT
16.1

HYDROGRAPH AT
21

3 COMBINED AT
21.1

ROUTED TO
21-22

HYDROGRAPH AT
22

2 COMBINED AT
22.1

I
I
I
I
I
I
I
I
I
I
I

+

+

+

+

+

+

+

1

ISTAQ ELEMENT

10~ 0f<itk
:z~ S\v~o£-t

~~ .3' ~ tol,,"10e 12.08 37. 10. 10. .33 -.1 ~

350. 12.08 54. 15. 14. .41

347. 12.08 54. 15. 14. .41

195. 12.08 34. 9. 9. .00

194. 12.08 34. 9. 9. .00

226. 12.17 39. 11. 10. .17

419. 12.08 , 73. 20. 19. .17

419. 12.08 73. 20. 19. .17

O. 12.08 O. O. O. .17

139. 12.08 24. 7. 6. .11

e 1J'1 i'h 0We(.(
7. 6. .2812.08 24.

16. 12.08 3. 1. l. .01

503. 12.08 81. 22. 22. .70

498. 12.08 81. 22. 22. .70

15. 12.08 2. l. l. .01

e Ov.H~~ @; 01l? M:ff .3
23. 22. .7112.08 83.

S1.lMMJ'.RY OF KINEMATI C WAVE MUSKINGUM-CUNGE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)

INTERPOLATED TO
COMPUTATION INTERVAL

DT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME
PEAK PEAK

(MIN) (CFS) (MIN) (IN) (MIN) (CFS) (MIN) (IN)

2.23 8.28 728.34- 2.26 5.00 8.13 725.00 2.26

I CONTINUITY SUMMARY (AC'FT) - INFLOW- .7215E+00 EXCESS- .OOOOE+OO OUTFLOW- .7240E+00 BASIN STORAGE- .9088E-03
PERCENT ERROR- -.5

I
13.4 MANE

14.3 MANE

4.61

1. 87

.25

20.53

738.02

727.24

-1.00

2.28

5.00

5.00

.24

20.25

735.00

725.00

-1.00

2.28

I
CONTINUITY SUMMARY (AC-FT) - INFLOW- .1824E+01 EXCESS- .OOOOE+OO OUTFLOW- .1827E+01 BASIN STORAGE- .1938E-02

PERCENT ERROR- -.2

CONTINUITY SUMMARY (AC-FT) - INFLOW- .7502E+01 EXCESS- .OOOOE+OO OUTFLOW- .7502E+01 BASIN STORAGE- .2063E-03
PERCENT ERROR- .0

CONTINUITY SUMMARY (AC-FT) - INFLOW- .9241E+01 EXCESS- .OOOOE+OO OUTFLOW- .9240E+01 BASIN STORAGE- .1166E-03
PERCENT ERROR- .0

I
I
I
I
I

18-19 MJI.NE

19 - 20 MANE

1-9 MANE

.57

.36

5.00

83.85

102.98

.05

725.76

725.31

757.92

2.31

2.31

.01

5.00

5.00

5.00

83.60

102.84

.05

725.00

725.00

755.00

2.31

2.31

.01



CONTINUITY SUMMARY (AC-FT) - INFLOW- .4103E-02 EXCESS- .OOOOE+OO OUTFLOW- .3990E-02 BASIN STORAGE- .1615E-03
PERCENT ERROR- -1.2

INFLOW- .3206E+01 BXCESS- .OOOOE+OO OUTFLOW- .3206E+01 BASIN STORAGE- .1679B-03

CONTINUITY SUMMARY (AC-FT) - INFLOW- .5623E-01 EXCESS- .OOOOE+OO OUTFLOW- .5680E-01 BASIN STORAGE- .4943E-03
PERCENT ERROR- -1.9

I
I
I
I
I

9-10 MANE

CONTINUITY SUMMARY (AC-FT)
PERCBNT ERROR- .0

1-2 MANE

2-10 MANE

10-11 MANE

.54

.74

5.00

.92

43.33

16.58

.63

83.20

725.43

726.08

735.50

722.88

1.40

-1.00

.04

1. 03

5.00

5.00

5.00

5.00

43.26

16.49

.62

80.80

725.00

725.00

735.00

725.00

1.40

-1.00

.04

1. 02

I
CONTINUITY SUMMARY (AC-FT) - INFLOW' .5373E+01 EXCESS= .OOOOE+OO OUTFLOW= .5403E+01 BASIN STORAGE- .6142E-02

PERCENT ERROR- -.7

CONTINUITY SUMMARY (AC-FT) - INFLOW- .8284E+00 EXCESS- .OOOOE+OO OUTFLOW- .8334E+00 BASIN STORAGE- .2092E-02
PERCENT ERROR- -.9

I
I

2-3 MANB

3-11 MANB

11-12 MANE

.78

2.89

.84

54.56

12.13

163.89

726.39

729.79

726.43

-1.00

.36

1. 23

5.00

5.00

5.00

54.12

12.12

161. 99

725.00

730.00

725.00

-1.00

.36

1. 23

I CONTINUITY SUMMARY (AC- FT)
PERCENT ERROR- .0

INFLOW= .1265E+02 EXCESS- .OOOOE+OO OUT FLOW = .1264E+02 BASIN STORAGE- .7173E-02

I
3-4 MANE

4-12 MANE

.70

5.00

100.68

1.42

726.12

746.45

'1.00

.03

5.00

5.00

99.96

1. 32

725.00

750.00

-1.00

.03

I CONTINUITY SUMMARY (AC'FT)
PERCENT ERROR- -2.4

INFLOW- .1029E+00 EXCESS- .OOOOE+OO OUTFLOW- .1021E+00 BASIN STORAGE- .3334E·02

INFLOW- .2980E+02 EXCESS- .OOOOE+OO OUTFLOW- .2980E+02 BASIN STORAGE- .1737E-02

INFLOW- .4447E+02 EXCESS- .OOOOE+OO OUTFLOW- .4447E+02 BASIN STORAGE- .1596E-02

I
I
I

20-21 MANE

CONTINUITY SUMMARY (AC' FT)
PERCENT ERROR- .0

4-5 MANE

21-22 MANE

CONTINUITY SUMMARY (AC- FT)
PERCENT ERROR- .0

.61

.67

.45

349.97

195.28

502.51

726.26

726.31

726.06

1. 38

-1.00

1.19

5.00

5.00

5.00

347.27

193.77

498.37

725.00

725.00

725.00

1. 38

'1.00

1. 20

I
I
I
I
I

3 ERROR(S) DETECTED BY HEC-1 •••



- - - - - - - - - - - - - - - - - ..
GROVERS AVENUE STORM DRAIN

Value Unit

k Q ~

cfs cfs fps (J

0 0 0.00
'(7 0 0.74 f;< ..:- '0

43 2. 1.17 @
126 7 1.53 5:; ~ 00 J g
294 16 2.10 vv1'2., {'7 \525 .27·729. 2.64 /2·5 li r;/J ~ $
812 "44 3.02 ~:;-(.,~ )t."Z) [,otJ7) ( 2

)1171 64 3.27
1599 88 3.56 0.070833 3.288685 ,191", -;=?- :3 (
2088 114 3.86 0.77
2632 144 4.16
3230 177 4.47
3879 212 4.76

I· '4 "1
v~

\(- s ....
4577 251 5.05 r
5321 291 5.34

l--
6110 335 5.61
6944 380 5.89 - l. ') (f-
7821 428 6.15
8740 479 6.42
9700 531 6.67

10699 586 6.93

~tJk~~~ 0~~

1t!~~~ ryVW\ ~

0lA{~t~w\Ctr

n

0.025 .
0.025
0.015
0.015
0.015
0.015
0.025

elev

o 100.14
9 100.00
9 99.50

25 99.e~
41 99.50
41 100.00
50 100.14

sta

FLOW RATING Table FOR SECTION NO.1 30TH WAY

49.05 ft
1.50 ft
2.00 in

_ 5.00 'n-

0.80~~b 3·2. :;f 'J-I&.
Compute the water surface profile and inlet capacity using the Direct Step Method for steady state gradually varied flow.

(

SO" Street slope .. Channel slope_..

. cws y a p r
ft ft sq ft ft ft

99.5 0.0 0 0 0.00
99.6 0.1 0.5 10.3 0.05

. <99.7 0.2 2 20.6 0.1
1 99.8 0.3 4.5 30.91 0.15

~
.- 99.9 0.4 7.68 33.21 0.23

100.0 0.5 10.88 33.51 0.32
1 100.1 0.6 14.72 45.86 0.32

100.2 0.7 19.62 51.01 0.38
_100.3 0.8 24.62 51.01 0.48
100.4 0.9 29.62 51.01 0.58
100.5 1.0 34.62 51.01 0.68
100.6 1.1 39.62 51.01 0.78
100.7 1.2 44.62 51.01 0.87
100.8 1.3 49.62 51.01 0.97
100.9 1.4 54.62 51.01 1.07
101.0 1.5 59.62 51.01 1.17
101.1 1.6 64.62 51.01 1.27
101.2 1.7 69.62 51.01 1.38
101.3 1.8 74.62 51.01 1.46
101.4 1.9 79.62 51.01 1.56
101.5 2.0 84.62 51.01 1.66

Specify geometric data for curb inlel.

Variable Description

L· Length of Inlet ..
w" Width of Depression ..
a a Depth of Depression a

h" Height of Curb Opening ..
CF" Clogging Factor ..

MORRISON-MAIERLElCSSA. INC. 06-JBn-90



GROVERS AVENUE STORM DRAIN

- - - - - - - - - - - - _ -1.-.-
~f5-\

- - - ...
yu" Select a normal flow depth = 0.77 It h ~=--t,~t*=~~i~~===~=~~i==J~~~~ 1 J,a .. Select the starting street flow condition from the rating table = 81 cfs l{ . ~ r I"f {v..-(
su .. Select the starting friction slope from the table = 0.003 Mt I..
vu .. Select the velocity.. 3 fps ' / " ~ ~fl.J/'.t.(
Hu" Compute the upstream specific head = yu + vuA2I2g = 0.94 ft - - - - - I

yd = Select the next downstream flow depth = 0.7 ft ~x = Try a distance to next downstream depth = 1.45ft /
ya" Average depth = (yd+yu)/2 = :e:.--~r 0.735 ft
Le" Effective Len th of Inlet = x'CF = - 'J I ~ "\\f 1.16 It v~ o. ~ '·4-1

~ l'~'----~~"':':
A = Effective Open Area = Le ' h/12 = .,.; - 0.48 sq ft

aw = Weir flow HEC-12. Eq. 19'pg. 73 = 2.~8·wtYaA1.5 = 6 fs t;;. ~ ~ ( I

00" OrifICe flow HEC-12, Eq. 22~g. 76 2.. I ..
,. O.orA' 2'32.2' a+a/12-h/2~A.5= .:» --=-1 \r1>1~ '2, /)

Oa" Actual intercepted flow he less of aw or 00] = 4 cfs ../
a.. Compute the next downs eam street flow = a - aa = 77 cfs ""'- ~ I -It
a .. Iect the area for the next wnstream flow ept rom t e rating ta

19.62 sq ft
vd" Com ute the downstream veloci = a/a" 3.91 fps
Hd" Compute the downstream specifIC head = yd + vdA2I2g = 0.94 ft

.. Se t the conveyance for the next downstream flow depth from the rating table
1171 cfs

- , </ _ . ~d.

yd x L ya Le A Ow 00 Oa

ft ft ft ft sq ft cfs cfs

0.77 / 0.00
0.70 1.4 1.45 0.735 1.16 0.48 6 2
0.60 3.20 4.65 0.65 2.56 1.07 6 4

0.50 5.02 9.67 0.55 4.02 1.67 6 6
0.40 12.77 22.44 0.45 10.21 4.26 9 15

0.30 26.61 4 • 5 0.35 21.29 8.87 11 26
0.20 ....--34.74· 83.79 0.25 27.79 11.58 9 28

0.10 0.00 83.79 0.15 0.00 0.00 0 0

sci" Compute the friction slope at the next downstream section
A2 ..

sa" Compute the average friction slope = (sd + su)/2 ..
x .. Com ute the actual distance = (Hd - Hu)/(so - sa) =

err(x)" Compute the error belVl'een the trial and actual distance = x - x =

Compute the water surface profile.

SOLVE FOR GRATED INLET IN SUMP CONDITION:

Variable Description

a.. Design Flow =
y.. Sump Depth =

0.004289 ftIft
0.003645 ftIft

1.45 It
-O.O<fft

Value Unit

14 cfs
0.30 It

0 a vd Hd k sd sa x err(x)
cfs fps ft ftIft ft ft

81 ..-- 1~~lo "l 3.29 0.94 0.00300
4 77 19.62 3 91 0.94 ..lill- .Q,Q9A29. 0.00364 1.45 0.00
9 68 14.72 4.60 0.93 812 0.00696 v.oo562 3.20 -0.00

13 55 10.88 5.07 0.90 525 0.01103 0.00899 5.02 0.00
18 37 7.68 4.84 0.76 294 0.01603 0.01353 12.77 -0.00

23 14 4.50 3.19 0.46 126 0.01300 0.01451 26.61 -0.00

18 -3 2.00 -1.59 0.24 43 0.00558 0.00929 34.74 0.00

0 -3 0.50 -6.37 0.73 7 0.22489 0.11523 -4.38 -4.38

j
Cc,plv.M' J~~ ~, ~ ,..,Iv

MORRISON-MAIERLElCSSA, INC. ()6.Jan-90



GROVERS AVENUE STORM DRAIN

28 ft
2.00 ft

60.00 ft
___O,SO

30.00 sq ft
0:00 ft

15 cfs l't. Y:
88 cfs
15 cfs

°cfs

-------
~;;;-~-=-=~~~=----~ I

-_l..__J
_ _ _ -6~,-Gt<~

~~;;::==:~::.;r-Or6rS;\" \s--

-- -- - - --
L" Length of grate ..
w.. Width of grate ..
p .. Perimeter length of grate = 2 ( L + w) =

CF" Clogging Factor =
A" Effective Open Area ..

La" Effective Length of Inlet =P"CF =
Qw" HEC-12, Eq.17, Pg. 69= 3·Le·yA1.5 =
Qo" HEG-12. Eq. 18, Pg. 69 =0.67"N(2·32.2·Y)A.5 =
Qc" Capacity =The less of Qw or Qo =
qe = Excess capacity =Qc - Q =

- -

MORRISON-MAIERLElCSSA, INC. 06-Jan-90



GROVERS AVENUE STORM DRAIN

MORRISON-MAIERLElCSSA, INC. 06-Jan-90

0.00
0.80

0.35 \/'

7.50 v
0.111 ./

17.26 ../

20.00
2.00
1.50
0.80

Value

ft

ft
in
ft

ft/ft
ft/ft

cfs

Unit

---

Variable Description

I = Inlet Number =
S = Street Slope =
Sx = Street Cross Slope =
N = N-Value =

'~Q = Design Flow =

Slotted Drain: •
Qa = Approach Flow = cfs
Y =;..-Approach Depth to Inl·et-~EL. 4, g. 22) J. ,

c (~N*SxlO.56/S"'.5)"'(3/8) =,/ 'f U \{.o ft
T = ApproacnWidttrto ~n+et ~ . ,Pg. 22)

= Y/Sx = ft
V = Approach Velocity to Inlet from Eq. 4, Pg. 22

= Qa/a =1.12*S....5*Y....67/N = fps
Le = Effective Length of Inlet = L*CF = ft
Lt = Theoretical Length (Eq. 13, Pg. 59 & Chart 9)

= .6*Qa....42*S....3*(1/N/Sx)....6 = ft
E = Interception Efficiency (Eq. 14, Pg. 60 & Chart 10)

= 1-(1-Le/Lt)"'1.8 =
Qi = Intercepted Flow = Qa*E = cfs
Qf = Flow-by = Qa - Qi = cfs

Type of Inlet:
Slotted Drain Data:

L = Length of Inlet =
CF = Clogging Factor =

Curb Inlet Data:
L = Length of Inlet =
a = Depth of Depression =
w = Width of Depression =

CF = Clogging Factor =

Grated Inlet Data
w = Width of Grate = ft

CF = Clogging Factor =

FLOW RATING Table FOR SECTION NO. 1 29TH WA¥-?f<~t+

Drainage of Highway Pavements, Hydraulic Engineering Circular No. 12,
Federal Highway Administration, March 1984.

Curb Inlet:
Qa = Approach Flow = cfs
Sw = Depression Slope (Eq. 15, Pg. 60)= alw/12 = ft/ft
Y = Approach Depth to Inlet (Eq. 4, Pg. 22)

= (Qa*N*SxlO.56/S....5) ...(3/8) = ft
T = Approach Width to Inlet (Eq. 5, Pg. 22)

=Y/Sx = ft
Eo = Frontal Flow Ratio (Eq. 7, Pg. 54)

I
I
I
I
I
I
I
I
I
I
I-
I
I
I
I
I
I
I
I



MORRISON-MAIERLE/CSSA, INC. 06-Jan-90

0.15

7.5

0.83

.00
0.00
0.83

..------.., .-
~O~~I'?

0..04 (). 0 'f 'f

2.5~1 2,)?
16.00 --7 2 (,)->< D· )( ~ I

E.6~-7V.b £" ro. 1){.;:O.~
0.89~ ( ?-~ . ~ U
~ ;:;[(lAK' [L = Q·crw)
0.83 v

Value
7.50
6.67
0.83

efs
efs

No.
efs
cfs
cfs

efs

ft

Summary for Inlets On-Grade Condition:
Inlet
Design Flow
Inlet Capacity
Flow-by

\ \ /'

() I- u· \ V. 1,,' .,
= 1-(1-wfT)"2.67 = 0 . /' ?

Sa = Composite Slope (Eq. 15)= Sx + Sw*Eo = ftIft
V = Approach Velocity to Inlet from Eq. 4, Pg. 22

= 1.12*S".5*Y".67/N = fps
Le = Effective Length of Inlet = L*CF = ft
Lt = Theoretical Length (Eq. 13, Pg. 59 & Chart 9)

= .6*Qa".42*S".3*(1/N/Se)".6 = ft
E = Interception Efficiency (Eq. 14, Pg. 60 & Chart 10)

= 1-(1-Le/Lt)"1.8 =
Qi = Intercepted Flow = Qa*E = cfs
Qf = Flow-by = Qa - Qi = cfs

Grated Inlet:
Qa = proach Flo =
Y Approach D pth to Inlet (E . Pg. 22)

= (Qa*N*S .56/S".5)"(31 =
T = Appro h Width to Inl (Eq. 5, Pg. 22)

=Y/S =
Eo = Fe ntal Flow Ra' (Eq. 7, Pg. 54

= -(1-wfT)"2.6 =
Qi Intercepte low = Qa*Eo* =

= Flow-by - Qa - Qi =

GROVERS AVENUE STORM DRAIN

QLt ~.!P1

r::i
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GROVERS AVENUE STORM DRAIN

FLOW RATING Table FOR SECTION NO.1 28TH STREET

sta elev n

0.0 100.30 0.03
20.8 100.00 0.03
20.8 99.50 0.02
40.0 99.88 0.02
60.8 99.50 0.02
60.8 100.00 0.02

80 100.3 0.025

.?o.!r 'is .....

0 f£.o . "6 4-0.(.) r~
.eo

C

2..:; , 'is'
60, 15

SO" Street slope = Channel slope = 0.003 ftIft

cws y a p r k Q v
ft ft sqfl fl fl cfs cfs fps

99.5 0 0 0 0.00 0 0 0.00
99.6 0.1 0.53 10.83 0.05 7 0 0.73, 99.7 0.2 2.11 21.66 0.10 45 2 1.17
99.8 0.3 4.74 32.49 0.15 132 7 1.53

..t:. 99.9 0.4 8.40 41.21 0.20 294 16 1.92

~ 100.0 0.5 12.40 41.51 0.30 563 31 2.49, 100.1 0.6 17.07 54.34 0.31 902 49 2.89
100.2 0.7 23.07 67.68 0.34 1324 73 3.14
100.3 0.8 30.40 81.01 0.38 1839 101 3.31
100.4 0.9 38.40 81.01 0.47 2475 136 3.53
100.5 1.0 46.40 81.01 0.57 3202 175 3.78
100.6 /..1:,) 54.40 81.01 0.67 4014 220 4.04

n J.e .,.f rI (c;100.7 1.2 62.40 81.01 0.77 4906 269 4.31 4.174019
100.8 1.3 70.40 81.01 0.87 5875 322 4.57
100.9 1.4 78.40 81.01 0.97 6916 379 4.83
101.0 1.5 86.40 81.01 1.07 8028 440 5.09
101.1 1.6 94.40 81.01 1.17 9207 504 5.34
101.2 1.7 102.40 81.01 1.26 10453 573 5.59
101.3 1.8 110.40 81.01 1.36 11764 644 5.84
101.4 1.9 118.40 81.01 1.46 13137 720 6.08
101.5 2.0 126.40 81.01 1.56 14572 798 6.31

Specify geometric data for curb inlet.

Variable Description Value Unit

L" Length of Inlet .. +O:OO--ft-q-;H
w.. Width of Depression .. 1.50 ft
a" Depth of Depression = 2.00 in
h" Height of Curb Opening = 5.00 in

CF" Clogging Factor .. 0.80

Compute the water surface profile and inlet capacity using the Direct Step Method for steady state gradually varied flow.

MORRISON·MAIERlElCSSA. INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN

~L.

I ,I

I. I

t -
j~ I

1.15
245 cfs

0.003 ftIft
4.17 fps
1.42 ft ./

1 ft
1.13 ft

1.075 ft

0.90 ft all J (
O.38sqft. ?fOQ+I.,,<.(,>,/I'Oll :::

9 cfs ~ 1.. l ' "'

2 cfs '2- ,0-' eri<
4 cfs ./

241 cfs ../

0.00566 ftIft
0.00433 flIft

1.13 ft
0.00 ft

yu = Select a normal flow depth =
Q = Select the starting street flow condition from the rating table =
su = Select the starting friction slope from the table =
vu = Select the velocity =
Hu = Compute the upstream specifIC head =yu + vuA2I2g =
yd = Select the next downstream flow depth =

x = Try a distance to next downstream depth =
ya" Average depth .. (yd+yu)/2 =
Le" Effective Length of Inlet =x*CF =
A = Effective Open Area =Le· hl12 =

Qw = Weir flow HEG-12, Eq. 19, Pg. 73 =2.3*(Le+l.8*w)*YaAl.5 =
Qo =OrifICe flow HEC-12, Eq. 22,Pg. 76

= 0.67*A*(2*32.2*(Ya+al12-hl24»A.5 =
Qa = Actual intercepted flow =2[The less of Qw or QoI =

Q .. Compute the next downstream street flow =Q - Qa =
a = Select the area for the next downstream flow depth from the rating table

46.40 sq ft
vd = Compute the downstream velocity =Q/a = 5.19 fps
Hd .. Compute the downstream specific head =yd + vdA2/2g = 1.42 ft

k = Select the conveyance for the next downstream flow depth from the rating table
3202 cfs

sd =Compute the friction slope at the next downstream section
= (Q/k)A2 =

sa = Compute the average friction slope =(sd + su)/2 =
x = Compute the actual distance =(Hd - Hu)/(so - sa) =

err(x) = Compute the error between the trial and actual distance = x" x =

I
.1:.
~,

Compute the water surface profile.

yd x L ya Le A Qw Qo Qa Q a vd Hd k sd sa x err(x)

ft ft ft ft sq ft cfs cfs cfs fps ft ftIft ft ft

1.15 0.00 4.17 1.42 0.00300

1.00 1.13 1.13 ./ 1.075 0.90 0.38 9 2 4 46.40 5.19 1.42 3202 0.00566 0.00433 1.13 0.00

0.90 7.23 8.36 J 0.95 5.79 2.41 18 12 25 38.40 5.63 1.39 2475 0.00763 0.00665 7.23 -0.00

0.80 12.19 20.55 ,/ 0.85 9.75 4.06 22 20 39 30.40 5.82 1.33 1839 0.00925 0.00844 12.19 0.00

0.70 14.33 34.88 J 0.75 11.46 4.78 21 22 42 23.07 5.83 1.23 1324 0.01033 0.00979 14.33 -0.00

0.60 16.18 51.06 J 0.65 12.95 5.39 19 23 38 17.07 5.68 1.10 902 0.01154 0.01093 16.18 -0.00

c1l~
17.55 68.61 "-' 0.55 14.04 5.85 16 22 31 2.40 5.28 0.93 563 0.01354 0.01254 17.55 -0.00

23.92 92.53 ../ 0.45 --- 19.13 v" 7.97 ./ 15...,..-- 27 0/ 30/ .40 4.18 0.67 294 0.01429 0.01391 23.92 -0.00

24.41 i16.94 0.35 19.52 8.14 11 24 21 4.74 2.95 0.43 132 0.01112 0.01270 24.41 -0.00

0.20 15.87 132.81 0.25 12.70 5.29 4 13 9 2.11 2.43 0.29 45 0.01297 0.01205 15.87 -0.00

0.10 16.97 149.78 0.15 13.58 5.66 2 10 4 0.53 1.45 0.13 7 0.01174 0.01236 16.97 -0.00

SOLVE FOR GRATED INLET IN SUMP CONDITION:

Variable Description Value Unit

Q. Design Flow· cfs ,-'10
Y .. Sump Depth .. 0.50 ft

MORRISON-MAIERLElCSSA, INC. 06-Jan-90
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GRaVERS AVENUE STORM DRAIN

L =-Length of grate ..
w .. Width of grate ..
p.. Perimeter length of grate" 2 ( L + w) ..

CF.. Clogging Factor •
A" Effective Open Area ..

La .. Effective Length of Inlet =P*CF =
Ow= HEG-12, Eq.17, Pg. 69= 3*Le*Y"1.5 =
00 = HEG-12, Eq. 18, Pg. 69 =0.67*A*(2*32.2*Y}".5 =
Oc = Capacity = The less of Ow or 00 =
Oe" Excess capacity .. Oc - 0 =

,
.J:..
~,

36 ft
2.00 ft

76.00 ft ./
0.50

38.00 sq ft
38.00 ft

40 cfs
144 cfs
4 cfs

5 c s

'L.-

I-

j
I~

f-::; Z(Sb n .)- 7{,
sc,

J
~iL, cr ~

~'() (l>

Pe I'?! l'i!: + "2 + "1.... - '10
:::0

MORRISON-MAIERLElCSSA, INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN

FLOW RATING Table FOR SECTION NO. 1 26TH STREET

sta elev n

0 100.15 0.025
10 100.00 0.025
10 99.50 0.015
30 99.90 0.015
50 99.50 0.015
50 100.00 0.015
60 100.15 0.025

SO" Street slope .. Channel slope ..

cws y a p r k
It It sq It ft ft cfs

99.5 0 0.00 0.00 0.00 0
99.6 0.10 0.50 10.30 0.05 7
99.7 0.20 2.00 20.60 0.10 43,
99.8 0.30 4.50 30.91 0.15 126

J:. 99.9 0.40 8.00 41.21 0.19 271

'" 100.0 0.50 12.00 41.51 0.29 533
100.1 0.60 16.67 54.34 0.31 866,
100.2 0.70 22.50 61.01 0.37 1285
100.3 0.80 28.50 61.01 0.47 1790
100.4 TIID 34.50 61.01 0.57 2369
100.5 1.00 40.50 61.01 0.66 3017
100.6 1.10 46.50 61.01 0.76 3730
100.7 1.20 52.50 61.01 0.86 4505
100.8 1.30 58.50 61.01 0.96 5340
100.9 1.40 64.50 61.01 1.06 6232
101.0 1.50 70.50 61.01 1.16 7179
101.1 1.60 76.50 61.01 1.25 8181
101.2 1.70 82.50 61.01 1.35 9234
101.3 1.80 88.50 61.01 1.45 10339
101.4 1.90 94.50 61.01 1.55 11494
101.5 2.00 100.50 61.01 1.65 12698

Specify geometric data for curb inlet.

Variable Description

L" Length of Inlet ..
w" Width of Depression ..
a" Depth of Depression ..
h" Height of Curb Opening ..

CF" Clogging Factor ..

0.003 ftJft

Q v
cfs fps

o 0.00
o 0.74
2 1.17
7 1.53

15 1.86
29 2.43
47 2.84
70 3.13
98 3.44

'"130 ~.z6
1~ 4.08
204 4.39
247 4.70
292 5.00
341 5.29
393 5.58
448 5.86
506 6.13
586 6.40
630 6.66
696 6.92

Value Unit

56.53 ft
1.50 ft
2.00 in
5.00 in
0.80

I oJ

leJ

0.3 3.857039

(u

Compute the water surface profile and inlet capacity using the Direct Step Method for steady state gradually varied flow.

MORRISON-MAIERLElCSSA, INC. Q6.Jan-90
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GROVERS AVENUE STORM DRAIN

yu '" Select a normal flow depth '"
Q .. Select the starting street flow condition from the rating table = ./
su '" Select the starting friction slope from the table '"
vu.. Select the velocity ..
Hu" Compute the upstream specifIC head" yu + vuA2I2g =
yd = Select the next downstream flow depth =

x = Try a distance to next downstream depth =
ya = Average depth =(yd+yu)/2 =
Le = Effective Length of Inlet =x*CF =
A = Effective Open hea = Le * hl12 =

Qw = Weir flow HEC-12, Eq. 19, Pg. 73 =2.3*(Le+l.8*w)*YaA1.5 =
Qo = OrifICe flow HEC-12, Eq. 22,Pg. 76

= 0.67*A*(2*32.2*(Ya+a/12-hl24»A.5 =
Qa = Actual intercepted flow =2[The less of Qw or Qo1 =

Q '" Compute the next downstream street flow =Q - Qa =
a = Select the area for the next downstream flow depth from the rating table

28.50 sq ft
vd = Compute the downstream velocity '" Q/a = 4.82 fps
Hd" Compute the downstream specifIC head = yd + vdA2I2g = 1.16 ft

k" Select the conveyance for the next downstream flow depth from the rating table
1790 cfs

sd = Compute the friction slope at the next downstream section
.. (Q/k)A2" 0.00588 fllft

sa" Compute the average friction slope .. (sd + su)/2 = 0.00444 fllft
x = Compute the actual distance =(Hd - Hu)/(so· sa) = 0.53 ft

err(x) .. Compute the error between the trial and actual distance =x - x = 0.00 ft

Compute the water surface profile.

yd x L ya Le A Qw Qo Qa Q a vd Hd k sci sa x err(x)

ft It ft ft sq ft cfs cfs cfs fps ft flIft ft It

0.93 0.00 139 3.86 1.16 0.00300

0.80 0.53 0.53 0.865 0.42 0.18 6 1 2 137 28.50 4.82 1.16 1790 0.00588 0.00444 0.53 0.00

0.70 6.04 6.57 0.75 4.83 2.01 11 9 18 119 22.50 5.29 1.13 1285 0.00858 0.00723 6.04 0.00

0.60 11.44 18.01 0.65 9.15 3.81 14 16 29 90 16.67 5.43 1.06 866 0.01092 0.00975 11.44 0.00

0.50 15.67 33.68 0.55 12.53 5.22 14 20 29 62 12.00 5.16 0.91 533 0.01350 0.01221 15.67 0.00

0.40 22.85
78:42

0.45 18.28 7.62 15 26 29 33 8.00 4.10 0.66 271 0.01461 0.01406 22.85 0.00

0:30 21.89 0.35 17.51 7.30 10 22 19 14 4.50 3.00 0.44 126 0.01153 0.01307 21.89 0.00

0.20 15.22 93.64 0.25 12.18 5.07 4 12 9 5 2.00 2.48 0.30 43 0.01348 0.01250 15.22 -0.00

0.10 16.32 109.97 0.15 13.06 5.44 2 10 4 1 0.50 1.49 0.13 7 0.01224 0.01286 16.32 0.00

SOLVE FOR GRATED INLET IN SUMP CONDITION:

Variable Description

Q. Design Flow"
Y.. Sump Depth ..

Value Unit

33 cfs
0.50 ft

MORRISON-MAIERLElCSSA, INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN

L = Length of grate =
w = Width of grate =
p.. Perimeter length of grate =2 ( L + w) =

CF" Clogging Factor ..
A" Effective Open Area =

Le = Effective Length of Inlet .. P*CF =
Qw" HEG-12, Eq.17. Pg. 69 =3*Le*Y"1.5 =
Qo" HEG-12, Eq. 18, Pg. 69 =0.67*A*(2*32.2*Y}".5 =
Qc = Capacity =The less of Ow or 00 =
Qe = Excess capacity = Qc - 0 =

36 ft
2.00 ft

76.00 ft
0.50

38.00 sq ft
38.00 ft

40 cfs
144 cfs
40 cfs -./

8 cfs

MORRISON·MAIERLElCSSA, INC. 06-Jan-90



GROVERS AVENUE STORM DRAIN

RE: Storm Drain Design Manual, City of Phoenix, 1987, Pages 18, 31-34.

compute the hydraulic profile for the inlet connector pipe.

98.14 Ft ../
1.19 Ft v

pi 'f..
cmp ~

0.02
36 In
44 Ft

0.4_0000 FUFt
100.00 Ft

8 In
3.00 Ft 1
21.80DV9 ,

3.23 Ft
98.83

_ 98~0 ft j- CJ $r'o - 3· '2"] -== 9"1-.77
94.77 Ft
55.00 cfs
95.00 Ft - y Q

7.78 Fps /
0.93 Ft v

0.02317 FUFt ./
0.50 ./

1 ./
1.02 Ft ./
0.46 Ft /
0.93 Ft ../
2.41 Ft ../

97.41 Ft ./

55.00 cfs
3.53
1.12 FUFt

98.14 Ft

MORRISON-MAIERLElCSSA, INC. 06-Jan-90

5.40 Ft v

Location:
Pipe material:
Mannings N-Value, n =
Pipe diameter (D) =
Pipe Length (I) =
Pipe Slope at Inlet (s) =
Top of Curb Elevation (tc) =
Curb Face Opening (cf) =
Pipe Diameter, d =
Deflection Angle, angle = arctan (s) =
Inlet Diameter, di = d / cos (angle) = (r ~ .
Maximum Crown Elevation (MaxCEi) = tc - cf/12 - ~=
Crown Elevation at Inlet (CEi) =
Inlet Invert Elevation (Eli) = -
Design Flow (Q) =
Tailwater Elevation (Tw) =

Velocity, v = Q / (~(d/12)2/4) =
Velocity Head, hv =v2+2g =
Friction Slope, Sf =4.66 * n2* Q2 + (dA (16/3» =
Entrance Loss Coeficient, Ke =
Exit Loss Coeficient, Ko =
Pipe Loss, hp =Sf * I =
Entrance Loss, he =Ke * hv =
Exit Loss, ho = Ko * hv =
Total Friction Loss, H = hp + he + ho =
Headwater Elevation, Hwo =Tw + H =

Square Edged Headwall
Q=
x =Q / dA2.5 =
Hw/d =
Hwi =Hw * d + Eli =

Controlling Headwater Condition (Max. of Hwo or Hwi),
HW=

Freeboard, FB = tc - cf+12 - HW = thO - &/12 - 9 f.t4 ::.
IUb - ~ ~ '1~, Il.f

Minimum Allowable Drop1.-lnlet Depth,
V' = tc - Eli + 2/12 =

luv - '1 <-t . "7 '7 1"" -£,
l~

Design data.

Compute flow assuming outlet control.

Compute flow assuming inlet control using HEC-12.

CALCULATE FREEBOARD AND DEPTH OF BASIN:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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SPECIAL DESIGN IS REQUIRED.
L= 0 UNLESS SPECIFIED ON THE PLANS
V= 3'-6" MIN. WHEN L =0: 3' OR 6'
V=4'-O· MIN. WHEN L =10' OR 17'

NOTES'

lit 4'-0" IN LOCATIO~S WHERE 4' SIDEWALK IS REQ'D.

I rlln. DETAIL NO.

1..);4'ill.....M~~~-~~l£.UIL P-15 9
IMT

CATCH BASIN TYPE IMI

SECTION B·B

gil .
_----''-----In # 4 REI NF. STEE L
,=======.U • DON EL BAR

I. TYPES ARE DESIGNATED AS FOLLOWS/M'·· NO WING
I I 'I 1

M-I" ONE WING, M-2 .. TWO WINGS.
2. ALL CONCRETE SHALL BE CLASS 'A'..

3.ALL REINFORCING STEEL SHALL BE DEFORMED
BARS AND SHALL CONFORM TO A.ST M.
SPECIFICATION 615.

4.CONNECTOR PIPES SHALL BE PLACED IN THE
APPROPRIATE WALL OF THE MAINTENANCE BASIN.

-t-''''1'-'''''t'++'''t'-r"~NF-tNM1 f.=l=Yot---f--t 5.FLOOR OF BASIN SHALL BE TROWELLED TO A
I HARD, SMOOTH SURFACE AND SHALL SLOPE

6' RADIUS FROM ALL DIRECTIONS TO OUTLET.
CURB SUPPORT a
INLET OPENING FACE 6.CONSTRUCTION DRAINS SHALL BE INSTALLED IN

H"------!:-t---:P::-:E=-=R::-::"'ST=cD;:-.~D:-::E:-::T:-.P;:-_-:-1:::57::-:4:--'~""-h-~="""'dHo--+-!----7-; A LL INLETS BUIU WIT H PAVIN G PROJ ECTS. (S EE
'0" • ··DET.P-1575.) .
..... til

'~. L=3 6 10 or I A 7. LOCATE WING BASIN ON UPSTREAM SIDE OF
WING BASI ' .. MAINTENANCE BASIN FOR TYPE M-1. WING

.' BASINS FOR TYPE M·2 SHALL BE BOTH SIDES
. ." . OF MAINTENANCE BASIN.

. 8. STEPS (M.A.G. DET.428 POLYPROPYLENE) - V-=-3 ,
UNCU. PLACE ONE STEP 12" ABOVE THE FLOOR
OF' THE BASIN. V OVER 3' • PLACE STEPS AT
12"INTERVALS FROM THE· FLOOR OF THE BASIN'
WITH THE TOP STEP AT 12"(MIN.l BELOW THE

. TOP OF THE GRATE. . .. .

9. ACCESS FRAME AND COVER PER DET. P-1561 . "

WALL THICKNESS

DOWEL BAR
DETAIL

MWiA CITY OF PHOENIX

~ STANDARD DETAIL

DETAIL NO.

P:c-,1569

,
..s:.....,
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DETAIL HO.

.p.,.. 1570

NOTES

T=6" IF V IS 4' OR LESS
T=S"IF v IS 4' TO 8'
(IF V ,E~~EEDS 8', SPECIAL.DESIGN IS REQUIRED)
V= 3-0 UNLESS OTHERWISE NOTED. -

CATCH BASI ALL

I. ALL CONCRETE SHALL BE CLASS' A'

2.CONNECTOR PIPES MAY BE PLACED IN ANY WALL
AS PER PLAN.

3.FLOOR OF BASIN SHALL BE TROWELLED TO A
HARD, SMOOTH SURFACE AND SHALL SLOPE
FROM ALL DIRECTIONS TO OUTLET.

4. THE CONSTRUCTION DRAINS SHALL BE
INSTALLED IN ALL INLETS BUILT WITH PAViNG
PROJECTS.(SEE DEI. P-1575); ..

5. CONNECTOR PIPE SHALL BE TRIMMED TO THE
FINAL SHAPE AND LENGTH BEFORE CONCRETE
is POURED .

6.PLANS SHOULD SPECIFY GRATE ELEVATION
AND INVERT ELEVATION.

7. THE' TYPE 'N' CATCH 'BASIN MAY BE
PREFABRICATED PROVIDING A SHOP DRAWING
IS APPROVED BY THE ENGINEER PRIOR TO
FABRICATION.

B.THE FRAME SHALL BE DET. P-1564, TYPE I AND
THE GRATE SHALL BE DET P-1565, TYPE I •

9. STEPS (M.A.G. DET.428 POLYPROPYLENE)- V=?.>'
{lNCU, PLACE ONE STEP 12" ABOVE THE FLOOR

OF THE BASIN. V OVER 3'. PLACE STEPS AT
Iz"INTERVALS FROM THE FLOOR OF THE BASIN
WITH THE TOP STEP AT IZ"(MIN.1 BELOW THE
TOP OF THE GRATE.

-''I, I
V,

_..J

• • '.' .,:. .' f •• ~

..:...': ..... ~ ... -:: ":.. ' "

~
-"diH'--' --

SINGLE CATCH BASIN PLAN'

3'-Z I/Z"
·1

A

. TRIPLE CATCH BASIN PLAN

A

DOUBLE CATCH BASIN PLAN

CATCH BASIN TYPE 'N'

VZ"STOVE BOLT
2 PER FRAME

(COUNTERSINK
BOLT HEADS)

GRATE

STEPS -SEE NOTE 9.

5 W18.5
L=2~9 l,.tz"

IN! CATCH BASIN IN
ROLL CURB a GUTTER

FRAME

SECTION B-B

GRATE FRAME
AND FRAME
ANCHORS

CROSS SLOPE
Z~II 112"PER PLAN T

'.; f-
.... GRATE FRAME AND

FRAME ANCHORS (i~
T T \0

" _--J_ I

.... N

.' ~: '."": f-

'N' CATCH BASIN IN
VERTICAL CURB a GUTTER

DETAIL NO.

P-1570

GRATE SUPPORT FOR
DOUBLE a TRIPLE ONLY
SE E SECT. B7B

Ai~ CITY OF PHOE.NIX

~ STANDARD DETAIL"'__ .-L..__

,
V'\
o,
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JOB NAME:
I()O ""MBER.

I
~~ ",v. j.

ate:
Time:

GRaVERS AVENUE STORM DRAIN LATERAL
8156.001
ALEX BAP
01-19-1994
11:44: 58 --

~YbAAJ N',"-",.or/I/,06-

t ~

= 1:
= 4,909 Feet

= 1,346.00 Feet
= 12.00 Feet

Number of Pioes
II :otal Length of Pipe

LO:1gest PipeII Shortest Pioe
~L ~ ~--! rr-- - .-=i:- ---i-

-

r'.aximum Flow = 513.00 efs ~3~ ~I:.-- ~I :>1inhum Fl~W = 15.00 cfs
.MiL -((OIO~ >0 . I.,.. BDW .C<oc.!t- -

O\O:YI- t {.t .;tfoaximum Velocity = 11.00 fps .0~ -- -·D
~i:1imum Velocity = 4.78 fcs > '2.5" f¥'\ J ... Die..

{~; - -
II ~aximum Cever Above Crown =

~
19.58 Feet

Xi:1imum Cever Above Crown = 8.35 Feet 7S' . ol:... Le'J-,t\) ..
II ~aximum Ground - HGL = 7.80 Feet

'> ~ \ , ok~i:1imum Ground - ~GL = 3.09 Feet ..
)

II Maximum HGL - Crown = 12.74 Feet '>0 }. .' ~ 1>"
~i:1imum HGL - Crown = 2.68 feet :>0 ):. ,,~

1I~~~~~~~+1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13

A9~~ 1 - INPUT DATA

II ?i ~e ~tation Length Type Diameter Soan Rise Number Flow flow Per Ground Crown Downstream
..... ,,,., ,., (reet) of Pipe (Inches) (Feet) (Feet) of Pioes (efs) Pioe Elevation Elevation Pice No.,,~ ..,:)e,

I : -172 237 RCP 93 0.00 0.00 , 513.00 513.00 1447.40 1427.82 0j

55 1447.40 1429.95
2 55 12 CSC 95 12. CO 8.00 1 503.00 503.00 1447.40 1429.85 1.

I 77 1441.40 1435.00
3 77 1.221 RCP 96 0.00 0.00 1 503.00 503.00 1447.40 1435.00 2

1.298 1451.00 1440.87

I 4 1,298 1,345 RCP 84 0.00 0.00 1 350.00 350.00 1451.00 1440.87 3
2.544 1454.00 1445.55

5 2,644 557 RCP 48 0.00 0.00 1 103.00 103.00 1454.00 1445.55 4

II
3,301 1458.00 1448.89

5 3,301 550 RCP 42 0.00 0.00 1 84.00 84.00 1458.00 1448.89 5
3,851 1462.00 1452.16

II
7 3,851 486 RCP 42 0.00 0.00 1 84.00 84.00 1462.00 1452.16 5

4,337 - 1462.00 1452.82
8 1,298 100 RCP 50 0.00 0.00 1 139.00 139.00 1451.00 1440.87 3

1,398 1451.50 1441. 70

I 9 2,544 100 Rep 84 0.00 0.00 1 245.00 245.00 1454.00 1445.65 4
2,744 1454.50 1446.65

10 3,301 100 RCP 24 0.00 0.00 1 15.00 15.00 1458.00 1448.89 5

II 3,401 1458.50 1449.89
11 4,337 100 RCP 42 0.00 0.00 1 81.00 81. 00 1462.00 1452.82 7

4,437 1462.50 1453.82

1I~+++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13
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:A9~E 2 - HYDRAULIC DESIGN DATA

I Pice Area Perimeter Radius Velocity Vel. Head Energy Pipe K Angle Minor Loss Pipe Loss EGL HGL
Numbe:- (Sq ~t) (Feet) (Feet) (iDS) (Feet) Slope Slope (Feet) (Feet) (f-eet) (Feet)

I
0.00 1439.60 1439.60

46.64 24.00 1. 94 11. 00 1. 88 0.00323 0.00857 1.0 0 1. 88 0.77 1441.48 1439.60
1442.24 1440.37

I
2 96.00 40.00 2.40 5.24 0.43 0.00055 0.42917 1.5 0 0.77 0.01 1443.02 1442.59

1443.02 1442.60
3 50.24 25.00 2.01 10.01 1. 56 0.00256 0.00481 0.5 0 0.18 3.13 1443.20 1441.64

1446.33 1444.77

I 38.47 22.00 1.75 9.10 1. 29 0.00255 0.00355 0.3 0 0.00 3.43 1446.34 1445.05
1449.77 1448.48

12.56 13.00 0.97 8.20 1. 04 0.00457 0.00493 0.3 0 0.00 3.00 1449.77 1448.73

I
1452.77 1451.73

5 9.62 11. 00 0.87 8.74 1. 18 0.00592 0.00595 0.3 0 0.00 3.26 1452.77 1451.59
1456.03 1454.84

I
9.62 11.00 0.87 8.74 1. 18 0.00592 0.00136 0.3 0 0.00 2.88 1456.03 1454.84

1458.91 1457.72
8 19.53 16.00 1.23 7. 08 0.78 0.00248 0.00830 1.0 90 0.78 0.25 1447.11 l446.33

1447.36 1446.58

I 9 38.0 22.00 1.75 5.37 0.53 0.00l25 0.01000 1.0 90 0.63 0.12 1450.40 1449.77
1450.52 1449.89

:c 3.14 5.00 0.52 4.78 0.35 0.00351 0.01000 1.0 90 0.35 0.35 1453.13 1452.77

I 1453.48 1453.12
:; 9.52 11. 00 0.87 8.42 1. 10 0.00551 0.01000 1.0 90 1. 10 0.55 1460.01 1458.91

1460.56 1459.45
1I~+++++++l+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13

A3~~ 3 - GRAPH DATA SUMMARY

;).: :e Station Gr::und EGL HGL Crown Invert Cover Gro:md-HGL HGL-Crown
1:I"M~e" (feet) E,evation Eievation Eievation Eievation Eievation (Feet) (feet) (Feet;,yOl.... ,

1439.50 1439.50

I
-172 1447.40 1441.48 1439.50 1427.82 1420.l1 19.58 7. 80 11. 78

~
O~{kt-~ifl\55 1447 .40 1442.24 1440.37 1429.85 1422.14 17.55 7.03 10.52

2 65 1447.40 1443.02 1442.59 1429.85 ':421.85 17. 55 4.81 12.74 ..- fu.sk

I
77 1447.40 1443.02 1442.60 1435.00 1427.00 12.40 4.80 7. 50

~ 77 1447 .40 1443.20 1441.64 1435.00 1427.00 12.40 5.76 6.64~

1298 1451.00 1446.33 1444.77 1440.87 1432.87 10.13 5.23 3.90
4 1298 1451.00 1446.34 1445.05 1440.87 1433.87 10.13 5.95 4.18 \I 2544 1454.00 1449.77 1448.48 1445.65 1438.65 8.35 5.52 2.83
5 2544 1454.00 1449.77 1448.73 1445.65 1441.65 8.35 5.27 3.08

3301 1458.00 1452.77 1451.73 1448.89 1444.89 9.11 5.27 2.84 floW

I
6 3301 1458.00 1452.77 1451.59 1448.89 1445.39 9.11 6.41 2.70

3851 1462.00 1456.03 1454.84 1452.16 1448.66 9.84 7. 16 2.68
3851 1462.00 1456.03 1454.84 1452.16 1448.66 9.84 7. 16 2.68

I
4337 1462.00 1458.91 1457. 72 1452.82 1449.32 9.18 4.28 4.90
1298 1451.00 1447.11 1446.33 1440.87 1435.87 10.13 4.67 5.46
1398 1451.50 1447.36 1446.58 1441. 70 1436.70 9.80 4.92 4.88

9 2644 1454.00 1450.40 1449.77 1445.55 1438.65 8.35 4.23 4.12

I 2744 1454.50 1450.52 1449.89 1446.65 1439.65 7. 85 4.61 3.24
10 3301 1458.00 1453.13 1452.77 1448.89 1446.89 9.11 5.23 3.88

3401 1458.50 1453.48 1453.12 1449.89 1447.89 8.61 5.38 3.23

I 11 4337 1462.00 1460.01 1458.91 1452.82 1449.32 9.18 3.09 6.09
4437 1462.50 1460.56 1459.46 1453.82 1450.32 8.68 3.04 5.64

I
I -52. ...



GRaVERS AVENUE STORM DRAIN LATERA~

8156.001
ALEX BATT
01-19-1994
12:00:02

= 11
= 4,909 Feet

= 1,346.00 Feet
= 100.00 Feet

Minimum Velocitv =

II Maximum Cover A~ove Crown =
Minimum Cover Above Crown =

I rr,axi m~m Ground - HGL =
~i~i:r.um Ground - ~GL =

--\- 4-
~

'a ~ -t-
~ ~ '»> c,rr
~l

\P ~

~
.:c:
-.0

~
~ -~

-~l-r
~
~

i
J'o ~

~ "" ~'tr ~
"- ~ ~

... X
t'(\

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

t ~ q ~
*

~
~

~

jto ( r ~

I ••
'> l\ ~ (p 1

~ (o-J~'i$ A.J~uJ... Lu>,(
~Wl7tll

LIJ~ t= OIt\-1f\1M

7.87 Feet
3.80 Feet

19.58 Feet
8.35 Feet

11.00 rps

4.78 fps

11. 78 Feet
1.97 Feet

513.00 cfs
15.00 cfs

=

=

=

=

=

IIOb Statistics:

Number of PiDes
II Total Length' of Pipe

~o:1gest PipeII Shortest Pipe

~aximum nowII ~inimum Flow .

~aXlm~m Veloclty

II ~aximum HGL - Crown
~ini:r.um HGL - Crown

JOS NAME:
JOB NUMBER:

I
v.

ate:
:~:r.e:

1
-~~~+++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13

9~E 1 - INPUT DATA

I ?i:e Station Length Tyoe Diameter Span Rise Number Flow now Per Ground Crown Downstream
~y."oe. (Feet) of Pipe (Inches) (Feet) (Feet) of Pipes (cfs) Pipe Elevatio:1 E~evation PiDe No.

I -172 237 RCP 93 0.00 0.00 513. a 513.00 1447.40 1427.82 0
~. 1447.40 1429.8~v~

55 :00 CIPP 95 12.00 8.00 503.00 503.00 1447.40 1429.85

I 155 1447.40 1437.30
3 155 1,133 CIPP 96 0.00 0,00 503.00 503.00 1447.40 1437.30 2

1,298 1451. DC 1440.87

I 4 1,298 1,346 CIPP 96 0.00 0.00 350.00 350.00 1451.00 1440.87 3
2,644 1454.00 1445.65

5 2,644 557 CIPP 54 0.00 0.00 103.00 103.00 1454.00 1445.55 4

I
3,301 1458.00 1448.89

5 3,301 550 elPP 48 0.00 0.00 84.00 84.00 1458.00 1448.89 5
3,851 1462.00 1452.16

I
3,851 486 CIPP 48 0.00 0.00 84.00 84.00 1462.00 1452.16 S
4,337 1462.00 1452.82

8 1,298 100 CIPP 60 0.00 0.00 139.00 139.00 1451.00 1440.87 3
1,398 1451.50 1441. 70

I 9 2,544 100 ClPP 84 0.00 0.00 245.00 245.00 1454.00 1445.65 4
2,744 1454.50 1446.65

10 3,301 100 CIPP 24 0.00 0.00 15.00 15.00 1458.00 1448.89 5

I 3,401 1458.50 1449.89
11 4,337 100 CIPP 42 0.00 0.00 81. 00 81. 00 1462.00 1452.82 7

4,437 1462.50 1453.82

11++++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13
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TABLE 2 - HYDRAULIC DESIGN DATA

I P~pe Ar~a Pr~~~~}er Radiu) Velocity Vel. Head Energy Pice K Angle Minor Loss Pipe loss EGl HGl
NUffice:- (Sq t) (Feet (tps) (Feet) Slope Slope (Feet) (Feet) (Feet) (Feet)

0.00 1439.60 1439.60

I 46.64 24.00 1. 94 11. 00 1. 88 0.00323 0.00857 1.0 0 1. 88 0.77 1441.48 1439.60
1442.24 1440.37

2 50.24 25.00 2.01 10.01 1. 56 0.00401 0.07450 1.0 0 0.02 0.40 1442.26 1440.70

I 1442.66 1441. 10
3 50.24 25.00 2.01 10.01 1. 56 0.00401 0.00315 0.3 0 0.00 4.54 1442.66 1441.10

1447.20 1445.64

I
4 50.24 25.00 2.01 6.97 0.75 0.00194 0.00355 0.3 0 0.04 2.61 1447.24 1446.49

1449.85 1449.10
5 15.90 14.00 1. 14 6.48 0.65 0.00359 0.00493 0.3 0 0.00 2.36 1449.85 1449.20

I
1452.21 1451.56

5 12.56 13.00 0.97 6.69 0.69 0.00475 0.00595 0.3 0 0.00 2.61 1452.21 1451.52
1454.82 1454.13

12.56 13.00 0.97 6.69 0.69 0.00475 0.00136 0.3 0 0.00 2.31 1454.82 1454.13

I 1457.13 1456.44
8 19.63 16.00 1. 23 7. 08 0.78 0.00387 0.00830 1.0 90 0.78 0.39 1447.98 1447.20

1448.37 1447.59

I 9 38.47 22.00 1. 75 6.37 0.63 0.00195 0.01000 1.0 90 0.63 0.20 1450.48 1449.85
1450.68 1450.05

10 3.14 6.00 0.52 4.78 0.35 0.00548 0.01000 1.0 90 0.35 0.55 1452.57 1452.21

I
:453. 12 1452.75

1~ 9.62 11.00 0.87 8.42 1. 10 0.00860 0.01000 1.0 90 1. 10 0.86 1458.23 1457.13
1459.09 1457.99

~~~·t~t~t1~++++++++2++++t+t++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12+~+t++++13

liABLE 3 - GRAPH DATA SUMMARY

?~De Station Ground EGl HGl Crown Invert Cover Ground-HGl HGl-Crown
I~uhl",e. (Feet) Elevation Elevation Elevation Eleva~ion Eievation (Feet) (Feet) (Fee~)

1439.50 1439.60

I
-172 1447.40 1441. 48 1439.60 1427.82 1420.11 19.58 7.80 11.78

55 1447.40 1442.24 1440.37 1429.85 1422.14 17.55 7. 03 10.52
2 55 1447 .40 1442.26 1440.70 1429.85 1421.85 17 .55 E.70 10.85

155 1447.40 1442.55 1441. 10 1437.30 1429.30 0.10 5.30 3.80

I 3 165 1447 .40 1442.66 1441.10 1437.30 1429.30 :0.10 5.30 3.80
1298 1451.00 1447.20 1445.64 1440.87 1432.87 10.13 5.36 4.77

4 1298 1451.00 1447.24 1446.49 1440.87 1432.87 10.13 4.51 5.62

I 2544 1454.00 1449.85 1449.10 1445.65 1437.65 8.35 4.90 3.45
5 2544 1454.00 1449.85 1449.20 1445.65 1441.15 8.35 4.80 3.55

3301 1458.00 1452.21 1451.56 1448.89 1444.39 9.11 6.44 2.67

I
3301 1458.00 1452.21 1451.52 1448.89 1444.89 9.11 6.48 2.63
3851 1452.00 1454.82 1454.13 1452.15 1448.16 9.84 7.87 1. 97

7 3851 1462.00 1454.82 1454.13 1452.15 1448.16 9.84 7. 87 1. 97

I
4337 1452.00 1457.13 1456.44 1452.82 1448.82 9.18 5.55 3.52

8 1298 1451.00 1447.98 1447.20 1440.87 1435.87 10.13 3.80 5.33
1398 1451.50 1448.37 1447.59 1441. 70 1436.70 9.80 3.91 5.89

9 2644 1454.00 1450.48 1449.85 1445.65 1438.65 8.35 4.15 4.20

I 2744 1454.50 1450.68 1450.05 1446.65 1439.65 7.85 4.45 3.40
10 3301 1458.00 1452.57 1452.21 1448.89 1446.89 9.11 5.79 3.32

3401 1458.50 1453.12 1452.76 1449.89 1447.89 8.61 5.74 2.87

I 11 4337 1462.00 1458.23 1457.13 1452.82 1449.32 9.18 4.87 4.31
4437 1462.50 1459.09 1457.99 1453.82 1450.32 8.68 4.51 4.17

I
I -'154 -



~oo Statistics:

JOB NAME:
JOB NUMBER:

I v.

a:e:
;i~e:

GRaVERS AVENUE STORM DRAIN LATERA~

8156.001
ALEX BATT
01-19-1994
12: 03: 14

ceG
-

Number of Pices = 11

I
' ,

Total Length of Pipe = 4,909 Feet

~ongest Pipe = 1,346.00 Feet

I Shortest Pi pe = 12.00 Feet

=
=

Maximum Fiow =II ~inimum Flow =

~aximum Velocity =
~inimum Velocity =

II Maximum Cover A~ove Crown =
~inimum Cover Above Crown =

111 ~aximum Ground - HGL =
Xini~um Ground - HGL =

I ~axi:num HGL - Crown
Xinimum HGL - Crown

513.00 cis
15.00 cfs

11.46 ips
4.78 fcs

19.58 Feet
8.35 Feet

8.41 Feet
4.29 Feet

11.78 Feet
1.43 Feet

1-~~+++++~+++++++++2+++++++++3+++++++++4+++++++++5+++ ++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13
.A~_~ 1 - INPUT DATA

I,;,;oe Station Length Type Diameter Span Rise Number Flow Flow Per Ground Crown Downstream
~cmoei' (Feet) of Pice (Inches) (Feet) (Feet) of Pices (cfs) Pipe Eievation Eievation Pice No.

I -172 237 RCP 93 0.00 0.00 513.00 513.00 1447.40 1427.82 0
55 1447.40 1429.85

2 55 12 CSC ~ 8.00 8.00 503.00 503.00 1447.40 1429.85

I 77 1447.40 1435.00
3 77 1,221 CSC ~ 7. DO 7.00 503.00 503.00 1447.40 1435.00 2

U98 1451.00 1440.87

I 4 1,298 1,346 esc E4 7. 00 6.00 350.00 350.00 1451.00 1440.87 3
2,644 1454.00 1445.65

5 2,644 657 CSC ~ 4.00 4.00 103.00 103.00 1454.00 1445.65 4

I
3,301

~)
1458.00 1448.89

3,301 550 RCP ~ ~ 84.00 84.00 1458.00 1448.89 5
3,851

®
1462.00 1452.16

I
3,851 486 RCP 4.99 ~ 84.00 84.00 1462.00 1452.16 6
4,337 1462.00 1452.82

8 1,298 100 CBC ~ 4.00 4.00 139.00 139.00 1451.00 1440.87 3
1,398 1451.50 1441. 70

I 9 2,644 100 CSC ~ 6.00 6.00 245.00 245.00 1454.00 1445.55 4
2,744 1454.50 1446.65

10 3,301 100 RCP 24 0.00 0.00 15.00 15.00 1458.00 1448.89 5

I 3,401 1458.50 1449.89
11 4,337 100 RCP 36 0.00 0.00 81. 00 81.00 1462.00 1452.82 7

4,437 1462.50 1453.82

1IJ~+++++++1+++++++++2+++++++++3+++++++++4+++++++++5++++ +++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13
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:Ag~E 2 - HYDRAULIC DESIGN DATA

I Pioe Area Perimeter Radius Velocity Vel. Head Eneray Pipe K Angle Minor Loss Pice Loss EGL HGL
~ur:;ber (Sq Ft) (Feet) (Feet) (fps) (Feet) Slope Slope (Feet) (Feet) (Feet) (Feet)

0.00 1439.60 1439.60

I 46.64 24.00 1. 94 11.00 1. 88 0.00323 0.00857 1.0 0 1. 88 0.77 1441.48 1439.60
1442.24 1440.37

64.00 32.00 2.00 7.86 0.96 0.00159 0.42917 1.5 0 0.23 0.02 1442.47 1441.52

I 1442.49 1441.53
49.00 28.00 1. 75 10.27 1. 64 0.00324 0.00481 0.5 0 0.04 3.96 1442.54 1440.90

1446.50 1444.85

I
4 42.00 25.00 1. 52 8.33 1. 08 0.00238 0.00355 0.3 0 0.02 3.20 1446.51 1445.43

1449.71 1448.63
5 16.00 16.00 1. 00 5.44 0.64 0.00269 0.00493 0.3 0 0.02 1.77 1449.73 1449.08

1451.49 1450.85

I 6 9.62 11.00 0.87 8.74 1. 18 0.00592 0.00595 0.3 0 0.02 3.26 1451.52 1450.33
1454.78 1453.59

9.52 11.00 0.87 8.74 1. 18 0.00592 0.00135 0.3 a 0.00 2.88 1454.78 1453.59

I 1457.65 1455.47
8 15.00 15.00 1. 00 8.59 1. 17 0.00490 0.00830 1.0 90 1. 17 0.49 1447.57 1446.50

1448.16 1446.99

I
9 36.00 24.00 1. 50 6.81 0.72 0.00175 0.01000 1.0 90 0.72 0.17 1450.43 1449.71

1450.61 :449.89
10 3.14 6.00 0.52 4.78 0.35 0.00351 0.01000 1.0 90 0.35 0.35 1451.85 1451.49

1452.20 14 51.85

I 11 7. 07 9.00 0.79 11.46 2.04 0.01177 0.01000 1.0 90 2.04 1. 18 1459.69 1457.65, ,

1460.87 1458.83
+++++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13

IIA3LE 3 - GRAPH DATA SUMMARY

:)~ ::e Station Ground EGL HGL Crown Invert Cover Ground-HGL HGL-Crown
I:-;;J;;:::er {Feet) Elevation Eievation Eievation Eievation Eievation (Feet) (Feet) (Feet)

1439.50 1439.50
-172 1447.40 1441.48 1439.50 1427.82 1420.11 19.58 7. 80 11. 78

I 55 1447.40 1442.24 1440.37 1429.85 1422.14 17. 55 7.03 10.52
2 55 1447.40 1442.47 1441.52 ·1429.E5 1421.85 17.55 5.88 11.57

77 :447.40 1442.49 1441.53 1435.00 1427.00 12.40 5.87 5.53

I 3 77 '1447.40 1442.54 1440.90 1435.00 1428.00 12.40 5.50 5.90
1298 1451.00 1446.50 1444.86 1440.87 1433.87 10.13 6.14 3.99

4 1298 1451.00 1446.51 1445.43 1440.87 1434.87 10.13 5.57 4.55

I
2544 1454.00 1449.71 1448.53 1445.55 1439.55 8.35 5.37 2.98

5 2544 1454.00 1449.73 1449.08 1445.65 1441.65 8.35 4.92 3.43
3301 1458.00 1451.49 1450.85 1448.89 1444.89 9.11 7.15 1. 96

I
5 3301 1458.00 1451.52 1450.33 1448.89 1445.39 9.11 7.57 1.44

3851 1452.00 1454.78 1453.59 1452.15 1448.55 9.84 8.41 1.43
3851 1452.00 1454.78 1453.59 1452.16 1448.66 9.84 8.41 1.43
4337 1452.00 1457. 55 1456.47 1452.82 1449.32 9.18 5.53 3.65

I 8 1298 1451.00 1447.57 1445.50 1440.87 1435.87 10.13 4.50 5.53
1398 1451.50 1448.16 1446.99 1441. 70 1437.70 9.80 4.51 5.29

9 2544 1454.00 1450.43 1449.71 1445.55 1439.55 8.35 4.29 4.05

I 2744 1454.50 1450.61 1449.89 1445.65 1440.65 7. 85 4.61 3.24
10 3301 1458.00 1451.85 1451.49 1448.89 1446.89 9.11 6.51 2.60

3401 1458.50 1452.20 1451.85 1449.89 1447.89 8.61 6.65 1. 96

I
11 4337 1462.00 1459.69 1457.65 1452.82 1449.82 9.18 4.35 4.83

4437 1462.50 1460.87 1458.83 1453.82 1450.82 8.68 3.67 5.01

I
I -Ii'" ....



= the aowns,-ream a;oe numoer
j = acn(i)

C::~4.c,k C()~y~\'t<

, (, ~\~ \Jw\a.. \1 0'1\.5

I~omoute the downstream qround elevation of the
ged C1) = geu c..;)

pipe

I somoute the downstream crown elevation of the pipe
ced(i~ = ceuC,n

I
comoute the downstream station of the oioe

stad(i) = stau(j:

I
comoute the uostream station of the

stau(i) = stad(i) + l(;~

oioe

elevation for the downstream end of the oipe
= "C8C" THEN iedei) = cedC; ') :-,iseCi,) ELSE ied(i ') = cedCi ';I

comoute the invert
I~ tyoe$(i)

'=o~oute the invert elevation for the upstream endI IF tyoe$(n = "C8C" THEN ieuen = ceu(i': -

S~~ou~e the Dice s·!cce

of the oioe
rise(;) ELSE ; eu (i) =

Irectangular Dice

area ( i) = 3.: 4 * d (i) ~ 2 1 4 1 : 4 4
perimeter(;) = 3.:4 * d(i) / 12
hyd:-,aaius(i) = area(i) 1 perimeter(i)

sor~\ = (ieu(;, - iedCi)) / lCi;

Iso~oute P:~: hydraulic aata usinq Manning's Eauation
IF tyoe$(i) = "C8C" THE!\:

area(i) = span(i) * rise(i)
oerime~er(~; = 2 * (soan(i) + rise(~;)

hydradius(i) = area(i) 1 perimeter(i)

I

I
I

I
I =omoute the unit flow Del' pipe

ouC;) = q(; ') 1 m(i)

1
':omDute the ve-iocity and the ve-Iocity head

veil = quCi) / area(;;
hv(i) = veil ~ 2 1,2 1 32.2

in the pipe

Ilomoute the energy slope
• se(i) = (v(i) * neil 1 1.49 1 (hydradius(i) ~ (2 1 3))) ~ 2

f 'omoute the fr~ction -loss in the pipe
h(i) = lei) * se(;)

f 'omoute the minor 'loss at the downstream end of the pipe
deltav = v(i) - v(j) * COS(angle(i) I 57.2958)

I
REM 'If
REM

deltav > 0 then use expansion loss coefficient
IF deltav > 0 THEN k(i) = 1 ELSE k(i) = .5

-t:a1-



ml(i) = deltav A 2 I 2 I 32.2 * k(i)

I comoute th~.enerqy gr.Qde me:l~Yl~tion at the downstream end of the pioe
egdll) = egulJ) + l)

I"comoute the energy grade elevation at the upstream end of the pioe
egu(i) = egd(i) + h(i) .

I
'comoute the hydraulic grade elevation at the downstream end of the

ngd(i) = egd(i) - hv(i)
pipe

'Comoute the hvdrau'lic arade elevation at the uostream end of the oioeI hgu(i)-= egu(i)-- hv(i)

'Compute the ground cover above the pioe crown at the downstream encI coverd(i) = ged(i) - ced(i)

'Comoute the ground cover above the pioe crown at the uotream end

1
- coveru(i) = geu(i) - ceu(i)

Comoute the deoth below ground of the HGL at the downstream end
DeothHgd(i) = ged(i) - hgd(i)

I::omoute the deoth be'low ground of the HGL at tne uostream enc
DeothHgu(i) = geu(i) - hgu(i)

Icomcute the aeotn of the HGL aoove the pioe Crown downstream enc
HglCrownd(i) = hgd(i) - ced(i)

I~omoute the deoth of the HGL above the oioe Crown uostream enc
HglCrownu(i) = hgu(i) - ceu(i)

'tota"loioe
'longest cice
'shortest :Jioe
'maximum cove;,

'minimum cover
'maximum f"loy.;
':i1inimum flow
'maximum ve10city
'minimum velocity

'maximum ground - HGL
'minimum ground - HGL

'maximum HGL - crown elevation
'minimum HGL - crown elevation

I
11"',....·..... ""',·+0.-:::::. ;,.....0· s:-at"',s~';,cs

·..." ......... ,l .................. >,;;;; ::~ ........ _ "-

"t: I D = ~ c"t a .OJ ( ~ ( ) )

..: c = ma ){ ( 1 ( ) ';

I
I

so = mine!(»
MaxCover = max(coverd(»
~inCover = min(coverd(»
MaxFlow = max(q(»
~inFlow = min(q(»
MaxVel = max(v()}
~inVel = min(v(»
MaxDepthHgd = max(DepthHgd(»
~inDeDthHgd = min(DeothHgd())
MaxHglCrown = max(HglCrownd(»I ~inHglCrown = min(HglCrownd(»

PrintOutput

I:=:ND SUB

I
I
I -59-



GRaVERS AVENUE STORM DRA!N LATERA~

8156.001
ALEX SArr
01-19-1994
11 :44: 58

~~\i( UJbl

~~'f()~

fo<
~(,f

7.80 Feet
3.09 Feet

11.00 fos
4.78 fos

19.58 Feet
8.35 Feet

4,909 Feet

513.00 cfs
15.00 cfs

1,346.00 Feet
12.00 Feet

=

=

=

=

=

=

=

Longest Pi oe
Shortest Pipe

!>':aximum now

lite: Statistics:

N~mber of Pioes

Mi~imum Flow =

II Kaximum Velocity =
~ir.imum Velocity =

II ~aximum Cover Above Crown =
~inimum Cover Above Crown =

II Kaxim~::: Ground - HGL
Xini:::um Ground - HGL

I :eta1 Length of Pipe

I

Jag NA~E:

~as NUMBER:

l
v,

,:>~o·
U\,I"..

:~:::e:

I ~aximum HGL - Crown
~~~;m~m HGL - Crown

=
=

12.74 Feet
2.58 feet

1I-~++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++5+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13

A3~E 1 - INPUT DATA

I ?ice Station Length Type Diameter Soan Rise Number Flew flow Per Ground Crown Downstream
~~",~e, (Feet) of Pioe (Inches) (Feet) (Feet) of Pioes (ds) Pioe E'I evat ion E'I evat i or. PiDe Ne.

II -172 237 RCP 93 0.00 0.00 513.00 513.00 1447.40 1427.82 0
55 140.40 1429.85
<;" 12 CSC 96 12.00 8. 0 503.00 503.00 1447.40 1429.85~:J

I 77 1447.40 1435.00
77 1,221 RCP 96 0.00 0.00 503.00 503.00 1447.40 1435.00 2

1.298 1451.00 1440.87

I
1,298 1,345 RCP 84 0.00 .00 350.00 350.00 1451.00 1440.87 3
2,544 1454.00 1445.55

, 2,544 557 RCP 48 0.00 0.00 103.00 103.00 1454.00 1445.55 4

I
3,301 1458.00 1448.89
3,301 550 RCP 42 0.00 0.00 84.00 84.00 1458.00 1448.89 5
3,851 1452.00 1452.15
3,851 486 RCP 42 0.00 0.00 84.00 84.00 1462.00 1452.16 5

I 4,337 1462.00 1452.82
8 1,298 100 RCP 50 0.00 0.00 139.00 139.00 1451.00 1440.87 3

1,398 1451.50 1441.70

I 9 2,544 100 RCP 84 0.00 0.00 245.00 245.00 1454.00 1445.55 4
2,744 1454.50 1446.55

10 3,301 100 RCP 24 0.00 0.00 15.00 15.00 1458.00 1448.89 5

I
3,401 1458.50 1449.89

11 4,337 100 RCP 42 0.00 0.00 81.00 81. 00 1462.00 1452.82 7
4,437 1462.50 1453.82

1I~+++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13
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TABLE 2 - HYDRAULIC DESIGN DATA

I Y~De

Number
Area

(Sq Ft)
Perimeter
(Feet)

Radius
(Feet)

Velocity Vel. Head Energy
(fps) (Feet) Slope

Pioe
S':ope

K Angle Minor Loss Pioe Loss
(Feet) (Feet)

EGL
(Feet)

HGL
(Feet)

I
I
I
I
II

I
I

0.00 1439.60
46.64 24.00 1.94 11.00 1.88 0.00323 0.00857 :.0 a 1.88 0.77 1441.48

1442.24
2 96.00 40.00 2.40 5.24 0.43 0.00055 0.42917 :.5 0 0.77 0.01 1443.02

II J7-:j=- == "5,/411, (8)/1i ::::~c;>,z.? ~p; II C;jv;€/11 VA.L u£ :443.02
3 ~ 25.00 2.01 10.01 1.56 0.00256 0.00481~ 0 0.18 3.13 1443.20

II lTd::: 3.1'/1{P (7) =Z/. 99 1 II ?/V2?"# VA£tI.b1446.33
4 38.47 ~ 1.75 9.10 1.29 0.00255 0.00355 0.3 W 0.00 3.43 1446.34

II'JP =:: 1Z.,.s-~/I~ =0.97/ 1449.77
5 12.56 13.00 ~ 8.20 1.04 0.00457 0.00493 0.3 0 0.00 3.00 1449.77

II% ~ g~/9,~.z. ::= 8. 7'3 ,rf>'.> 1452.77
9.62 11.00 0.87 ~ 1.18 0.00592 0.00595 0.3 a 0.00 3.26 1452.77

1I~.9' -== &?#/t~ 7.1 == ,/./9/ :456.03
7 9.52 11.00 0.87 ;1..74 UJ!J 0.0059)\/,0.00136 0.3 .\~~ 0.00 2.88 1456.03

5.e----:=-{]V·t'/)/(/, <f~0 rZ/=J)] -==.ooz}Ii~'7,0 is (. 01Z.,(1,4fffo (;. ?"?f?J'2 1458.91
8 19.53 15.00 1.23 7.08 0.78 ~ 0.00830 1.0 90 0.78 0.25 1447.11

5::,::= (;/\/V;,v+1 - /"";v'N )/.t: ::- /439/,;;~ -jJl3f5.I:>>, =:IOII/.~ 1447.36
9 ~8.47 22.00 r?; 1.75 5.37 0.53 0.00125 0.01000 1.C 90 0.63 0.12 1450.40
/t..=:{JV~z.~ ) K=Il4;7B- '6,Zt{05 90~4J.iJl.()-:::' 0,35"' I~ :450.52
:0 3.14 -s.oa 0.52 4.78 0.35 0.00351 0.01000 1.0 90 ~ 0.35 1453.13
It-r =-5L.- '.A- =6),06)-5:;-/ X'IOO = 0,5'5" / '" II 1453.48
11 9.52 11.00 0.87 8.42 1.10 0.00551 0.01000 1.0 90 1. 10 ~ 1450.01

1460.56

1439.60
1439.60
1440.37
1442.59
1442.60
1441.64
1444.77
1445.05
1448.48
1448.73
1451.73
1451.59
1454.84
1454.84
1457.72
1445.33
1U6.59
1449.77
1449.89
1452.77
1453.12
1458.91
1459.46

~~~~+++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++6+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++13

IIA3LE 3 - GRAPH DATA S MMARY

?~De

1'\"~De"I .... ti I

I
I ~

oJ

4

I
I

6

I 8

9

I i 0

I 11

I
I

Stat~on Ground EGL HGL Crown Invert Cover Ground-HGL HGL-Crown

~
(feet) E':evation Elevation Elevat~on Elevation Elevatio~ (Fee~) (Feet) (Feet)

~439.50 1439.50

~'t-~72 1447 .40 1441.48 1439.50 1427.82 1420.1~ :9.58 7. 80 1: .7 c

55 :447.40 1442.24 1440.37 1429.85 1422.14 ~ 7.55 7. 03 10.52
55 H47.40 140.02 1442.59 ~429.85 142':.85 ~ 7. 55 ~. 8, 12.74
77 ;~O .40 1443.02 1442.50 1435.~0 14 27. DO 12.40 4. 80 7.50
77 1447.40 1443.20 1441.64 1435.00 1427.00 12.40 5.76 6.54

1298 ~451.00 1445.33 1444.77 ~440.87 :432.87 ~ O. 13 5.23 3.90
1298 1451.00 1445.34 1445.05 1440.87 1433.87 10.13 5.95 4.18
2544 1454.00 1449.77 1448.48 1445.55 1438.65 8.35 5.52 2.83
2644 1454.00 1449.77 1448.73 1445.65 1441.65 8.35 5.27 3.08
3301 1458.00 1452.77 :451.73 1448.89 1444.89 9.11 5.27 2.84
3301 1458.00 1452.77 1451.59 1448.89 1445.39 9.11 6.41 2.70
3851 1452.00 1456.03 1454.84 1452.16 1448.56 9.84 7.16 2.68
3851 1462.00 1455.03 1454.84 1452.15 1448.55 9.84 7.16 2.58
4337 1452.00 1458.91 1457.72 1452.82 1449.32 9.18 4.28 4.90
1298 1451.00 1447.11 1446.33 1440.87 1435.87 10.13 4.67 5.46
1398 1451.50 1447.35 1445.58 1441. 70 1435.70 9.80 4.92 4.88
2644 1454.00 1450.40 1449.77 1445.65 1438.65 8.35 4.23 4.12
2744 1454.50 1450.52 1449.89 1445.65 1439.65 7.85 4.61 3.24
3301 1458.00 1453.13 1452.77 1448.89 1446.89 9.11 5.23 3.88
3401 1458.50 1453.48 1453.12 1449.89 1447.89 8.61 5.38 3.23
4337 1452.00 1460.01 1458.91 1452.82 1449.32 9.18 3.09 6.09
4437 1462.50 1460.56 1459.46 1453.82 1450.32 8.68 3.04 5.64
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I Grovers Avenue Storm Drain Lateral

I Preliminary Construction Cost Estimate (RCP)

No. Description Unit Quantit~ Unit Cost Cost

I 1 24 Inch Reinforced Concrete Pipe feet 73 $48 $3,500
2 42 Inch Reinforced Concrete Pipe feet 1,138 $84 $95,590

I 3 48 Inch Reinforced Concrete Pipe feet 657 $96 $63,070
4 60 Inch Reinforced Concrete Pipe feet 110 $150 $16,500
5 84 Inch Reinforced Concrete Pipe feet 1,492 $210 $313,320

I
6 96 Inch Reinforced Concrete Pipe feet 1,221 $240 $293,040
7 24 Inch Reinforced Concrete Connector Pipe feet 80 $60 $4,800
8 36 Inch Reinforced Concrete Connector Pipe feet 200 $83 $16,600
9 96x84 Manhole Base Transition (P-1560) ea 1 $4,000 $4,000

I 10 84x48 Manhole Base Transition (P-1560) ea 1 $3,500 $3,500
11 60x36 Inch Pre-Fab Wye ea 3 $1,500 $4,500
12 84x36 Inch Pre-Fab Wye ea 3 $2,000 $6,000

I 13 96x96x60 Inch Pre-Fab Tee ea 1 $3,500 $3,500
14 48 Inch Man Hole Shaft (MAG 420) ea 5 $1,500 $7,500
15 48 Inch Man Hole Base (P-1520) ea 5 $2,500 $12,500

I
16 60 Inch Man Hole Base (MAG-521) ea 6 $3,500 $21,000
17 60 Inch Man Hole Shaft (MAG-420) ea 8 $2,000 $16,000
18 1Ox1 Ox1 0 Foot Junction Structure ea 1 $12,000 $12,000
19 12x12x16 Foot Junction Structure ea 1 $20,000 $20,000

I 20 Catch Basin Type M-1, L = 13 (P-1569 Mod.) ea 2 $2,000 $4,000
21 Catch Basin Type M-1, L = 17 (P-1569) ea 1 $2,500 $2,500
22 Catch Basin Type M-2, L = 12 (P-1569 Mod.) ea 2 $3,500 $7,000

I 23 Catch Basin Type M-2, L = 15 (P-1569 Mod.) ea 10 $4,500 $45,000
24 Catch Basin Type N , L = 28 (P-1570 Mod.) ea 1 $7,000 $7,000
25 Catch Basin Type N , L = 36 (P-1570 Mod.) ea 2 $9,000 $18,000

I
26 Catch Basin & Apron, Type N , Single (P-1570) ea 1 $1,800 $1,800
27 Pipe Collar (MAG-50S) ea 32 $350 $11,200
28 Large Diameter Plugs (MAG-427) ea 2 $1,000 $2,000
29 Curb and Gutter, Type 'A', H=6" (MAG-220) feet 942 $5.50 $5,180

I 30 Concrete Sidewalk (P-1230) sqft 4,710 $2.50 $11,780
31 Pavement Replacement, C-3/4 x 2" Thick sq yd 2,117 $24.00 $50,810
32 Permanent Pipe Support (MAG-403-1&2) ea 5 $660 $3,300

I
33 Adjust Valve Box & Cover (MAG-270) ea 12 $250 $3,000
34 Adjust Man Hole Frame & Cover (MAG-270) ea 8 $250 $2,000
35 Survey Marker, Type 'B' (MAG-120-1) ea 8 $150 $1,200

I
36 8 Inch Vitrified Clay Pipe Sewer Relocation feet 200 $18 $3,600
37 Channel Excavation cu yd 1,200 $3.00 $3,600
38 Traffic and Access Control job 1 $30,000 $30,000
39 Survey Job 1 $30,000 $30,000

I 40 Uniformed Off-Duty Law Enforcement hour 100 $21 $2,100
41 Allowance for EXTRA Work Job 1 $50,000 $50,000
42 Allowance for Quality Control & Testing Job 1 $50,000 $50,000

I 43 Allowance for Public Information and Notification Job 1 $20,000 $20,000
44 Mobilization job 1 $10,000 $10,000

I
Subtotal $1,291,990
Contingencies job 20% $258,400

I
Engineer's Opinion of Construction Cost $1,550,390

I
Morrison-Maierle/CSSA, Inc. 19-Jan-90
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Grovers Avenue Storm Drain Lateral

Preliminary Construction Cost Estimate (CIPP)

No. Description Unit Quantity Unit Cost Cost

1 24 Inch Cast In Place Concrete Pipe feet 73 $38 $2,770
2 42 Inch Cast In Place Concrete Pipe feet 102 $90 $9,180
3 48 Inch Cast In Place Concrete Pipe feet 1,136 $96 $109,060
4 54 Inch Cast In Place Concrete Pipe feet 657 $120 $78,840
5 60 Inch Cast In Place Concrete Pipe feet 110 $150 $16,500
6 84 Inch Cast In Place Concrete Pipe feet 146 $280 $40,880
7 96 Inch Cast In Place Concrete Pipe feet 2,579 $300 $773,700
8 24 Inch Reinforced Concrete Connector Pipe feet 80 $60 $4,800
9 36 Inch Reinforced Concrete Connector Pipe feet 200 $83 $16,600

10 CIPP Man Hole ea 11 $3,600 $39,600
11 48 Inch Man Hole Shaft (MAG 420) ea 5 $1,500 $7,500
12 48 Inch Man Hole Base (P-1520) ea 5 $2.500 $12.500
13 60 Inch Man Hole Base (MAG-521) ea 6 $3,500 $21,000
14 60 Inch Man Hole Shaft (MAG-420) ea 8 $2,000 $16,000
15 1Ox1 Ox1 0 Foot Junction Structure ea 1 $12,000 $12,000
16 12x12x16 Foot Junction Structure ea 1 $20,000 $20,000
17 Catch Basin Type M-1, L = 13 (P-1569 Mod.) ea 2 $2,000 $4,000
18 Catch Basin Type M-1, L = 17 (P-1569) ea 1 $2,500 $2,500
19 Catch Basin Type M-2, L = 12 (P-1569 Mod.) ea 2 $3,500 $7,000
20 Catch Basin Type M-2, L = 15 (P-1569 Mod.) ea 10 $4,500 $45,000
21 Catch Basin Type N , L = 28 (P-1570 Mod.) ea 1 $7,000 $7,000
22 Catch Basin Type N , L = 36 (P-1570 Mod.) ea 2 $9,000 $18,000
23 Catch Basin & Apron, Type N ,Single (P-1570) ea 1 $1,800 $1,800
24 Pipe Collar (MAG-505) ea 32 $350 $11,200
25 Large Diameter Plugs (MAG-427) ea 2 $1,000 $2,000
26 Curb and Gutter, Type 'A', H=6" (MAG-220) feet 942 $5.50 $5,180
27 Concrete Sidewalk (P-1230) sqft 4,710 $2.50 $11,780
28 Pavement Replacement, C-3/4 x 2M Thick sq yd 2,117 $24.00 $50,810
29 Permanent Pipe Support (MAG-403-1 &2) ea 5 $660 $3,300
30 Adjust Valve Box & Cover (MAG-270) ea 12 $250 $3,000
31 Adjust Man Hole Frame & Cover (MAG-270) ea 8 $250 $2,000
32 Survey Marker, Type 'B' (MAG-120-1) ea 8 $150 $1,200
33 8 Inch Vitrified Clay Pipe Sewer Relocation feet 200 $18 $3,600
34 Channel Excavation cu yd 1,200 $3.00 $3,600
35 Traffic and Access Control job 1 $30,000 $30,000
36 Survey Job 1 $30,000 $30,000
37 Uniformed Off-Duty Law Enforcement hour 100 $21 $2,100
38 Allowance for EXTRA Work Job 1 $50,000 $50,000
39 Allowance for Quality Control &Testing Job 1 $50,000 $50,000
40 Allowance for Public Information and Notification Job 1 $20,000 $20,000
41 Mobilization job 1 $10,000 $10,000

Subtotal $1,556,000
Contingencies job 20% $311,200

Engineer's Opinion of Construction Cost $1,867,200

Morrison-Maierle/CSSA, Inc. 19-Jan-90
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Grovers Avenue Storm Drain Lateral

Preliminary Construction Cost Estimate (CSC)

No. Description Unit Quanti~ Unit Cost Cost

1 24 Inch Reinforced Concrete Pipe feet 73 $48 $3,500
2 36 Inch Reinforced Concrete Pipe feet 102 $84 $8,570
3 4x4 Foot Concrete Box Conduit feet 767 $222 $170,440
4 6x6 Foot Concrete Box Conduit feet 146 $311 $45,420
5 7x6 Foot Concrete Box Conduit feet 1,346 $333 $448,670
6 7x7 Foot Concrete Box Conduit feet 1,221 $356 $434,130
7 24 Inch Reinforced Concrete Connector Pipe feet 80 $60 $4,800
8 36 Inch Reinforced Concrete Connector Pipe feet 200 $83 $16,600
9 48 Inch Man Hole Shaft (MAG 420) ea 5 $1,500 $7,500

10 48 Inch Man Hole Base (P-1520) ea 5 $2,500 $12,500
11 12x12x16 Foot Junction Structure ea 1 $20,000 $20,000
12 Catch Basin Type M-1, L = 13 (P-1569 Mod.) ea 2 $2,000 $4,000
13 Catch Basin Type M-1, L = 17 (P-1569) ea 1 $2,500 $2,500
14 Catch Basin Type M-2, L = 12 (P-1569 Mod.) ea 2 $3,500 $7,000
15 Catch Basin Type M-2, L = 15 (P-1569 Mod.) ea 10 $4,500 $45,000
16 Catch Basin Type N , L = 28 (P-1570 Mod.) ea 1 $7,000 $7,000
17 Catch Basin Type N , L = 36 (P-1570 Mod.) ea 2 $9,000 $18,000
18 Catch Basin & Apron, Type N ,Single (P-1570) ea 1 $1,800 $1,800
19 Pipe Collar (MAG-50S) ea 32 $350 $11,200
20 Large Diameter Plugs (MAG-427) ea 2 $1,000 $2,000
21 Curb and Gutter, Type 'A', H=6" (MAG-220) feet 942 $5.50 $5,180
22 Concrete Sidewalk (P-1230) sqft 4,710 $2.50 $11,780
23 Pavement Replacement, C-3/4 x 2" Thick sq yd 2,117 $24.00 $50,810
24 Permanent Pipe Support (MAG-403-1 &2) ea 5 $660 $3,300
25 Adjust Valve Box & Cover (MAG-270) ea 12 $250 $3,000
26 Adjust Man Hole Frame & Cover (MAG-270) ea 8 $250 $2,000
27 Survey Marker, Type 'B' (MAG-120-1) ea 8 $150 $1,200
28 8 Inch Vitrified Clay Pipe Sewer Relocation feet 200 $18 $3,600
29 Channel Excavation cu yd 1,200 $3.00 $3,600
30 Traffic and Access Control job 1 $30,000 $30,000
31 Survey Job 1 $30,000 $30,000
32 Uniformed Off-Duty Law Enforcement hour 100 $21 $2,100
33 Allowance for EXTRA Work Job 1 $50,000 $50,000
34 Allowance for Quality Control & Testing Job 1 $50,000 $50,000
35 Allowance for Public Information and Notification Job 1 $20,000 $20,000
36 Mobilization job 1 $10,000 $10,000

Subtotal $1,547,200
Contingencies job 20% $309,440

Engineer's Opinion of Construction Cost $1,856,640

Morrison-Maier1e/CSSA, Inc. 19-Jan-90
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APPENDIX B - DRAINAGE MAP
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APPENDIX C - HYDRAULIC PROFILE MAP
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APPENDIX D - RIGHT-OF-WAY MAP




