DESIGN CONCEPT REPORT
for
GROVERS AVENUE
STORM DRAIN LATERAL

FCD No.: 93-21

Maierie/ (SO0

ENGINEERS
PLANNERS
SURVEYORS



FLOOD CONTROL DISTRICT
RECEIVED

T TINTS T
1

L
DESIGN CONCEPT REPORT G
for € Loan
GROVERS AVENUE e
STORM DRAIN LATERAL o
FCD No.: 93-21 P
i -

SUBMITTED TO:

2801 WEST DURANGO STREET
PHOENIX, AZ 85009

SUBMITTED BY:

- ENGINEERS
Morrison /CSSA PLANNERS
Mcuerle SURVEYORS

An Arizona Corporation

4621 North 16th Street
Suite D-401

Phoenix, Arizona 85016
Phone: 602/277-2828

JANUARY 24, 1994

MM/CSSA Project No.: 8156.001







FUTURE Ii

ENGINEERS k PLANNERS

"f OuTER /

sTReeT]RN

BRI e
PHOQENIX ) BOUNDAR?
Paradis

32ND

/465— = = ppmp——_ L

o -
ol
» e wawy wen anense

oY ) | R | EEECRT %
P ) A O

o

2 = e e Y VPSR L C R = .
& . j e Neavn o

L

e \,J P I}

o e o v " ;—R. 5 e _——1

E . * . . —l—h . .

‘D “:—V L] L} . " . . »
N ~
s L] . . ]

25 [:j.':':ﬂ[:;.'.":':'_:'..'..'. ]

— e Syt

Park

D
29TH

Trailer|. *

TR-20 DRAINAGE AREA BOUNDARIES

= =
w =
Z w
s s
L z
2 O 0] m
(@] 0 5 S
Eoﬁg{ o3
FE2 ¢ 8 8 — =
B Q w sz z2 2
S > 0 < © 0
ZLL(mI(((D
o i O O @ o Z
Q g x B > z =z
cx Qv 3 E E -
- o £ z z z2 =&
ZN""LUUJUJUJEUJ
< VY 0O EE W - - O
O'I<<U:L1JLU'_2
.= §
Y HINE
m= \
m = KR




¥ ENGINEERS
MO!’I’ISOIV‘ SSA PLANNERS
Maierle INC SURVEYORS

An Arizona Corporation 4621 North 16th Street
Suite D-401

Phoenix, Arizona 85016

Phone: 602/277-2828

January 24, 1994

Mr. Mike Lopez, P.E.

Planning & Project Management Division
Flood Control District of Maricopa County
2801 West Durange

Phoenix, AZ 85009

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

Dear Mr. Lopez:

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

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.

2 The City of Phoenix will need to approve installing the storm drain pipe in
approximately 500 feet of existing water line easement between 24th and 26th
Streets. ‘

3. Approximately 600 ft. x 25 ft. of temporary construction easement will need to

be obtained from the Contention Mining Ciaim owners.

4. Approximately 200 feet of 8 inch sanitary sewer line will need to be relocated.
5. The probable construction cost is $1,550,390.
6. Construction can be completed in 120 calendar days.

Please transmit these documents to the City of Phoenix, affected utility companies, and the
Maricopa County Department of Environmental Management for coordination. If you have

any questions please contact either myself or Alex Batt at 277-2828. We look forward to
your comments.

Sincerely,

MORRISON-MAIERLE/GCSSA, INC.
B\ Grte

Bruce J. Friedhoff, PE. V \
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 100-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 determine 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 Speedy and Associates, Inc. performed a geotechnical investigation in
order to determine the si;é 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.

Grovers Avenue Storm Drain Lateral Design Concept Report
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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 Blu-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.

B. PREVIOUS STUDIES

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

Storm Drain Lateral Project.

i Upper East Fork Cave Creek Area Drainage Master Study (Executive Summary),

Maricopa County Highway Department, NBS/Lowry, October 12, 1989. The purpose of the study
was to determiné 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 study concluded the following:

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 Grovers.

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

Grovers Avenue Storm Drain Lateral Design Concept Report
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@ The existing peak flows for Grovers Avenue are Q,, = 142, 282, and 376
cfs for 30th Way, 28th Street, and 26th Street, respectively.

e. Flows closely approximate those developed by FEMA.

¥ Use a 77" x 121" elliptical RCP for 1,450 feet from Detention Basin #3 to
26th Street to convey a design flow of 483 cfs for a construction cost of
$580,000.

g. Use a 63"x 98" elliptical RCP for 2,000 feet from 26th Street to 29th
Street to convey a design flow of 282 cfs for a construction cost of

$680,000.

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

2, 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 purpose of the

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
me = 4.04", a time increment of t = 0.08 hours a storm duration of 24 hours, an antecedent

~moisture condition of AMC = 2, and a welghted ultimate build-out SCS curve number of CN =

~87. The study concluded the following:

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 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.

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

d. TR-20 routing for Grovers Avenue from 30th Way to 28th Street is Q4 =
282 cfs.

Grovers Avenue Storm Drain Lateral Design Concept Report
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~es Pipe flow for Grovers Avenue from 28th Street to Cave Creek Road is
Q. = 483 cfs.

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

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;
Kaminski 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:
a. The drainage area at Grovers Avenue and Cave Creek Road is DA = 0.60 sq mi.
b. The peak flow for future conditions at Grovers Avenue and Cave Creek Road for
the 6 hour storm is Q,,¢ = 492 cfs at 4.4 hours.
c The peak flow for future conditions at Grovers Avenue and Cave Creek Road for

the 24 hour storm is Q,q, = 656 cfs at 12.27 hours.

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

have been incorporated with the references contained herein.

C. SITE CONDITIONS

ks DRAINAGE AREA. The drainage area upstream from the project site and
downstream from the Central Arizona Project Canal is approximately 1.83 square miles.
Approximately 1.12 square 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.

Grovers Avenue Storm Drain Lateral Design Concept Report
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2. TOPOGRAPHY. The drainage area is located on alluvia]/fi@vith natural land
sloping from 12 to 44 feet per mile in a southwesterly direction. There is a }najor 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.

3. SOILS. 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 0 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.

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
sanitary sewer line will need to be relocated. There are two water lines and one sewer line
located in Grovers Avenue that will effect where the storm drain can be located. There is a36
inch water transmission main located 16 feet south of the monument line, an 8 inch water line
located 6 feet north of the monument line, and an 8 inch sewer line located 16 feet north of the
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
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. The most
controlling utility will be the sewer lines in 26th Street, 28th Street, 29th Street, gnd 30th Way.
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.

Grovers Avenue Storm Drain Lateral Design Concept Report
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3 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 line and a 25 foot water line easement on private property on the south

side of the monument line. Even though the storm drain line will begin its alignment 23 feet north
of the monument line at Cave Creek Road it will need to be on the south side of the monument
line bégveen 26th Street and 30th Way in order to a:/01d a conflict with the existing sewer line in
Grovers Avenue. Two alternative alignments are possible. The("ﬁrst alignment would require a
_25 foot easement on the north side of the street through the Contention Mining Claim parcel.
The sccond alignment would require a joint drainage and water easement on the south side of the
street and ‘foot x 25 foot temporary construction easement on the north side of the street.

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 6 feet south of the

_monument hne and obtam a 25 foot TCE from the Contention Mlmng Clalm Parcel

N ————

6. PRIVATE AND PUBLIC ACCESS. There are individual residential properties
fronting on Grovers Avenue along the north side of the street from 25th Street to 28th Street 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.

Grovers Avenue Storm Drain Lateral Design Concept Report
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D. HYDROLOGY

s 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 l—zork 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 S 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.

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 the
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
then travels to the 28th Street intersection and then south to Bell Road. ApproximatéIy 46

percent of the drainage area runoff is concentrated at the 28th Street intersection.

—T
//
A

/ Coryy )
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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 P,,, = 4.04 inches. The

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

3. LAG TIME. The lag time was estimated using the procedure specified in Chapter
5 of the Hydrology Manual, Volume [; Flood Control District of Maricopa County; June 1, 1992.

The total cumulative runoff of 2.32 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
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-1, 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 Stor; brrain Lateral and compares

them with those computed from previous studies.

Grovers Avenue Storm Drain Lateral Design Concept Report
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Table 1. Peak Design Flows (cfs)

Point Location Structure Design Master TR-20 K-H
15  30th Way Inlet 81 142 na na
18  Grovers Ave. Pipe 84 na na na
17 29th Street Inlet 15 na na na
19  Grovers Ave. Pipe 103 na na na
12  28th Street Inlet _ 245 282 282 na
20  Grovers Ave. Pipe 350 na na na
16  26th Street Inlet 139 376 na na
21 Grovers Ave. Pipe 503 na na na
22  Basin #3 Outlet 513 483 483 656

E. LATERAL DESIGN

1. DESIGN CRITERIA. The design criteria recommended in Table 2 for use on
the Grovers Avenue Storm Drain lateral is appropriate for a large diameter pipe designed to
intercept and convey the runoff from 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.

Grovers Avenue Storm Drain Lateral Design Concept Report
(1/24/94) Page 10




Table 2. Design Criteria

Description Value Unit
Maximum Manhole Spacing 600 feet
Minimum Ground Cover on Pipe 5 feet
Minimum Ground Cover on HGL 3 feet
HGL - Crown Positive
Minimum Pipe Slope 0.001 ft/ft
Minimum Pipe Diameter 24 inch
Minimum Pipe Velocity 2.5 fps
Minimum Clearance Between Ultilities 2 feet
Minimum Freeboard Depth in Inlets 0.5 feet
Clogging Factor for Inlets on Grade 0.8
Clogging Factor for Inlets in Sump 0.5
N-Values:

Reinforced Concrete Pipe 4/ , 0.012
Corrugated Metal Pipe 0.024
Cast in Place Concrete Pipe 0.015
Concrete Box Conduit 0.012
Expansion (Exit) Loss Coefficient 1.0
Contraction (Entrance) Loss Coefficient 0.5

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

Grovers Avenue Storm Drain Lateral: o o (i I 75 Qs

B ne gl 7):")‘3_

a. The Grovers Avenue Storm Drain Lateral must connect to the existing 113
inch x 72 incheelliptical concrete pipejlocated 65 feet east of Cave Creek
Road, 23 feet north Gf‘G’rEVETSﬁVcﬁle, and 20 feet below ground.

b. Construction of the Grovers Avenue Storm Drain Lateral cannot disturb
in any way the 36 inch water transmission line located 16 feet south of
Grovers Avenue.

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

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

Grovers Avenue Storm Drain Lateral Design Concept Report
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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.

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 line (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.
After 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.

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 JUNCTION STRUCTURE. A special cast in place concrete junction box ,
12x12x16 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.) A second junction box,

10x10x10 feet will also be needed at 28th Street for the 84" x 84" RCP Tee connection.

Grovers Avenue Storm Drain Lateral Design Concept Report
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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
inlets were located starting at the curb return and were extended upstream. Grated drop inlets
were located between curb returns to capture the flow-by from the curb drop inlets. See Figure
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 the-grated inlet.

Inlet connector pipes were also sized for a 36 inch maximum diameter and/ 55 cfs maximum|

allowable flow per individual inlet. Individual inlet lengths must total the design length shown m

Table 3 without exceeding the 55 cfs i)er inlet. (See Appendix A for detailed calculations.)

Table 3. Inlet Design Summary

Flow Depth Length Sump

Point Location Structure (cfs) (feet) (feet) (feet)
15 30th Way Curb Inlets 81 0.77 49 na 27m¥
Grated Inlet 14 0.30 28 0.3
17 29th Street Curb Inlets 15 0.35 20 na
12 28th Street Curb Inlets 245 1.15 93 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
Grovers Avenue Storm Drain Lateral Design Concept Report
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P 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. VALUE 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.

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" to 36". Due to sandy
soil conditions identified in soils borings, trench sloughing is anticipated, which will

Grovers Avenue Storm Drain Lateral Design Concept Report
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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.

G 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.

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.

F. DESIGN REVIEWS AND PERMITS

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
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.

A UTILITY 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.

Grovers Avenue Storm Drain Lateral Design Concept Report
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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.

3, MARICOPA COUNTY DEPARTMENT OF ENVIRONMENTAL
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.

4., STORM WATER POLLUTION PREVENTION PLAN. A Stormwater Pollution
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 (NOI) 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.

3. 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.

Grovers Avenue Storm Drain Lateral Design Concept Report
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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:

b.

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.

4
c. —~ Require the Contractor to avoid work adjacent to the schools during

Ves 14

d.

sensitive times, such as beginning and end of school, lunch, recess, and
scheduled school functions.

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

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

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

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.

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.

Grovers Avenue Storm Drain Lateral

(124/94)

Design Concept Report
Page 19




G. CONSTRUCTION

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.

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:

Mobilization 5Days = 1 Week

Sewer Relocation 5Days = 1 Week

Junction 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 S5Days =_1 Week

17 Weeks

x 7 Days

119  Days
Grovers Avenue Storm Drain Lateral Design Concept Report
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This schedule is commensurate to the 9th Street Storm Drain Project recently completed

by the City of Phoenix under similar conditions.

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.

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.

H. CONCLUSION

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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DEC-23-1953 1435 FROM SPEEDIE & ASSOCIATES 0 S@E4681  P.O3
= ig Type: | CME-55 NRE
. & |2 | Boring Type: { 7" Hollow Stem Auger 2y | 2|Fg o § Wy |Penetration
) ¢ [&d Surface Elevation; N/A 28 |258(258 |80 Se
T TA 12 + 00, 14’ RT of CL @2 (8 4|3=% |§25 car Buct
é’o ‘ Visual Classification Sl & 2 |
% HEH
/71 Stiff Light Brown to Brown SANDY i i
4 CLAY (CL-Dry) with Weak Calcareous : ! i
/) ementation : iieit
S-1 2.5 - - RRERE:
~'.. 7 &> } i
4 Hard Light Brown/Grey CLAY/SILTY 27 2.0 = S EAERERNE
a rown/Grey SRR T
g ELPY (CL-Dry} with Weak to Mild fi:q1i) ¥
S " aicareous Cementation FEEEN
7 s-3 8.0 - ~| i i B7i12
) i T
” it
/74 Hard Light Brown/Grey SANDY ClAY SENE
(CL-Dry} with Trace Gravel 1]l
107 : S-4 10.0 - el bl

AK\m L13.0.
oY Dense to Very Dense Light Brown/Grey
GRAVELLY SAND (GP-Dry) with

<> Some Cobbles
18t o /

S-5 18.0 E -

Lmﬂ' qo0d fov CTPP

RGP ErErere s,

19.91 S-6 19.9 = ==

- 20 Erd ot Boring

[T -

PRELIMINARY

25— '! : '
Boring Date: : 12-16-93
Field Engineer/Technician: M. VanHook SPEED =

AND Ao ,
Driller: : S. Belsky Log of Test Boring Numger: B- 2 i

Contractor: : Heber Mining
: Grovers Storm Draln
Grovers Ave. & 32nd St. to Cave Creek
Water Level
Depth our Date Phoenix, A2

g Project No.: 930314SA
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DEC-23-1993 14:35 FROM SPEEDIE & ASSOCIATES TO SP6e4601  P.o4
l ;é ig Type: . CME-55 IR
« |2 oring Type: " 7" Hollow Stem Auger e e 9% £ MEY o+ | Penetration
e i & 8 Surface Elevation: N/A 5% 558|355 adg | Resistencs
‘5‘ i TA22+00 2'RTof CL Z 12 @ I=RE A28 | per Fosaf
| % lassification 317 & | 28 B
v ’ GFmH T Yalemohts
{Gre
é C — ry) with Weak Calcareous
l /// Cementation ' S-1 25 B E
l g‘ .| Very Stiff Light Brown to Brown SANDY REE
s_g- |  SILT/SANDY CLAY (ML/CL-Dry) : ST
i gﬁ ; I 52 6.0 = = 2
it TV
i it - 8.0 11
7 SREN
1! Hard Mottled Brown/Grey SILTY 11kl
//‘ SRAY IN Y L%Y (CL-Dr'iy) Wltfc'li RS ;
V. eak Calcarecus Cementation an S
l 10’“’6 Variable Gravel S-3 10.3 i i WEES R
2 ~ beiigl
/] EEE R
9 AN
l 9 AR
./ Ph ! i b
151 i
l % S-4 15.6 -- - ”,,r‘ﬁ_g{‘g__‘
9 Pliladg
7 EERREE
2% i b ydg
o) 2 ;
I 2 : i | i
4 .3 N
4 SN 19.5| S5 | 198| |  -fiiiiiSopr
l 20— End of Boring ; P
B '! :
25— £i1ds
I Boring Date: 12-16-93
Field Engineer/Technician: M. VanHook §°PEED|E |
Driller: ' S, Belsky Log of Test Boring Number: B- 3
I Contractor: ; Heber Mining
, Grovers Storm Drain
Grovers Ave, & 32nd St. to Cave Creek
Water Level
. Depth our Date o Phoenix, AZ
I 4 Project No.: 930314SA
—
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DEC-23-1933 14:36 FROM SPEEDIE & ARSSOCIATES TO See4601  P.BS
% ig Type: CME-55 s " 2,\ )
« (2 oring Type: " 7" Hollow Stem Auger sg £ ol g . 8w, |Penetration
M urface Elevation N/A 22 |55E|356|234 fre
T 57| sTA32 + 00, 10°RT o CL G2 |5 6 23F |5 a€ | Lo Foot
% Visual Classification o' g 28
£ 17 Asphalt/0” AB |
Dense to Very Dense Light to Reddish i i
Brown CLAYEY SAND (SC-Dry) with !
Trace Gravel and Weak to Mild S-1 25 - o i
Calcareous Cementation .
5-2 6.0 - -
§
fiqi
SRRE
SRRER
I
5-3 : - | il is0mt
10.5 3 L "o
i
Dense Light Brawn/Grey : } !
RAVELLY SAND (GP-Dry) i i i
i i 1
! SRRRENEE
! " NERERE1
S-4 16.0 — :snz*
HIN
| i
N, (R 196! S5 19.6 - S RERRRETTHI
20— End of Boring
; i
25— : i
Boring Date: 12-16-93 =
Fleld Engineer/Technician: M. VanHook SA!EEE 4550:1?1"5 ,
Driller: : S. Belgky og of test Boring Number: B- 4
Contractor: ' Heber Mining
Grovers Storm Drain
‘ Grovers Ave. & 32nd St. to Cave Creek
Water Level
Depth our Date = Phoenix, AZ
\ Project No.: 930314SA
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DEC-23-1993 14:36 FROM SPEEDIE & ASSOCIATES T0 Ses4sDL  P.e6
S

g ig Type: CME-55 -3 -

g 2 oring Type: : 7" Hollow Stem Auger 8 |g @ E & : 2% Penetration
l £ £ urface Elevation: N/A %g B 5 255|380 Ress Ilsof:snca

’ (=] = 4= N

B |5 | STA42 + 00, TRTofCL w2 W ZFE| G225 | per Foot

' % Visual Classification ANE- B 28 &
i

o
5
{/ Stiff Light Brown to Brown/Grey ,
/ LA (CL:-Dg) with Heavy
/ %ar:naETe Calcareoys Cementation RS-1 2.0
i3 %

S-2 8.9 o

Z |
g S-4 14,8 | i ; )
A e 196/ S5 | 198 - Li1ii50A"Y
20— End of Bonng I P
_ i
|
PRELIMINARY { |
25 i
Boring Dat 12-16-93
Fnelg‘ gEnge:nier/Tec:hmc::am M. VanHook §EEEDE ,
Driller: S. Belsky Log of Test Boring ﬁumber: B-5 ‘
Contractor: , Heber Mining

Grovers Storm Drain

)

: Grovers Ave. & 32nd St. to Cave Creek
Water L evel

Depth Hour Date Phoenix, AZ
Project No.: 930314SA
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l GROVERS AVENUE STORM DRAIN LATERAL
CN = SCS Curve Number = 83.00
S = Soil moisture deficit = (1000-10*CN)/CN = 2.05 in
l la = Initial abstraction = .2*S = 0.41 in
P = Rainfall = 4.04 in
Q = Cumulative excess rainfall runoff = (p-la)*2/(p-lat+s) = 2.32 in
l i = Intensity of runoff = delta(Q)/delta(t) in/hr
I D = Duration = 2400 hrs  ®
>
l e‘/{v
t/to p/po t p Q delta(t) delta(Q)
l 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
l 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
0.143 0.026 3.43 0.11 0.00 0.49 0.00
I 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
0.204 0.040 4.90 0.16 0.00 0.49 0.00
l 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
l 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
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
0.408 0.093 9.80 0.38 0.00 0.49 0.00
l 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
. 0.490 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
0.551 0.860 13.22 3.47 1.84 0.49 0.10
l 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
0.612 0.907 14.69 3.66 2.00 0.49 0.05
I 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
l 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 3.81 212 0.49 0.02
l MORRISON-MAIERLE/CSSA, INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN LATERAL

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
0.796 0.956 19.10 3.86 217 0.49 0.02
0.816 0.960 19.59 3.88 2.18 0.49 0.01
0.837 0.964 20.08 3.89 219 0.49 0.01
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
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 2.30 0.49 0.01
1.000 1.000 24.00 4.04 232 0.49 0.02

Tabulate period of peak rainfall excess.

t P Q delta(t) delta(Q)
11.755 0.687 0.033
11.878 1.020 0.140 0.122 0.107 EXcess
12.000 1.353 0.298 0.122 0.158 /— Katwfall
12.122 1.687 0.490 0.122 0.193 — F-
12.245 2.020 0.709 0.122 0.218 g
12.367 2.353 0.946 0.122 0.238 ‘XZ
12.490 2.687 1.199 0.122 0252 | 9
12.612 3.020 1.463 0.122 0.264 \
12.735 3.353 1.736 0.122 0.273
12.857 3.384 1.761 0.122 0.025
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
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

Rearrange incremental excesses in order of decreasing average intensity.

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

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




GROVERS AVENUE STORM DRAIN LATERAL

0.122 0.158 0.857 1.596 1.862 -1.007 1.862
0.122 0.107 0.980 1.703 1.738 -1.389 1.738
0.122 0.025 1.102 1.728 1.568 -1.112 1.568
0.122 0.025 1.224 1.753 1.432 -0.910 1.432
0.122 0.025 1.347 1.779 1.321 -0.759 1.321
0.122 0.025 1.469 1.804 1.228 -0.684 1.228
0.122 0.017 1.592 1.821 1.144 -0.586 1.144
0.122 0.017 1.714 1.838 1.072 -0.508 1.072
0.122 0.017 1.837 1.855 1.010 -0.445 1.010
0.122 0.017 1.959 1.872 0.956

avg(i) = Average excess intensity = Q/t
i = Compute by interpolation=mt+b

MORRISON-MAIERLE/CSSA, INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN
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GROVERS AVENUE STORM DRAIN
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GROVERS AVENUE STORM DRAIN

-12-

1-2 1478 5 1475.0 26 520
2-3 1475.0 1472.0 3.9 780
34 1472.0 1471.0 3.4 680
4-5 1471.0 1465.5 51 1020
4-12 1471.0 1454.0 12.8 2560
5-16 1465.5 1451.0 130 2600
6 1:}7]}45 1421{8 / /15 / 5287]
8 1471.5 1465.0 4.8 9

8-18 1465.0 1462.0 4.8 950
9-10 14715 1468.0 23 450
10-11 1468.0 1461.5 78 1550
11-12 1461.5 1454.0 6.0 1200
13-15 1468.0 1463.0 58 1150
13-14 1468.0 1465.8 35 700
14-15 1465.8 1463.0 58 1150
18-19 1462.0 1458.0 50 1000
19-20 1458.0 1454.0 33 650
20-21 1454.0 1451.0 65 1300
21-22 1450.5 1447 .4 6.0 1200

BASIN ELEVATION ELEVATION LENGTH LENGT SLOPE AREA  AREA  AREA SUM(AREA)
HIGHPT. LOWPT. (NCHES) (FEET) (FEET) (SQ.IN) (SQ.FT) (ACRES) (SQM
1 15200 14785 113 6750 00061 143 5130,000  117.8 0.184
2 15180 14750 9.8 5850  0.0074 6.5 2,322,000 53.3 0.267
3 14904 14720 38 2250  0.0082 33 1,188,000 27.3 0.310
4 15200 14710 120 7,200 00068 153 5490,000  126.0 0.507
5 15100 14655 12 o 7,200 00062 307 11,052,000 2537 0.903
ok lsed 6 71520, 1474 500 .0069 16 5,976,000 / 1372 (KE
T Shle 24/ 1;8{4./% 14745 650 0.007 396,000 / 1132
wrvat] 1520.0 465.0 0.0080 /25, 2 /9 072,0 08 1457
9 14782 14715 950 0.0071 874,501 20.1 1.489
10 14750  1468.0 5.8 1,150  0.0061 739,558 17.0 1.515
11 14720 14615 9.0 1,800  0.0058 1,461,642 33.6 1.568
12 14710 14540 128 2,550  0.0067 1,712,769 39.3 1.629
13 14715 14680 25 500  0.0070 160,774 3.7 1635
14 14680 14658 33 650  0.0034 425,763 9.8 1.650
15 14680  1463.0 55 1,100  0.0045 1,069,142 24.5 1.688
16 14655  1451.0 160 3,200  0.0045 2,943,281 67.6 1.794
17 14638  1457.8 50 1,000  0.0060 293,833 6.7 1.805
18 14650 14620 48 950  0.0032 61,109 1.4 1.807
19 14620  1458.0 50 1,000  0.0040 76,277 1.8 1.809
20 14580 14540 33 650  0.0062 46,767 1.1 1.811
21 14540 14510 65 1,300  0.0023 320,939 7.4 1.823
22 14505 14474 60 1200  0.0026 293,934 6.7 1.833
REACH ELEVATION ELEVATION LENGTH LENGTH i Goil
HIGHPT. LOWPT. (INCHES) (FEET) 9
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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 14904 1496.0 1488
EL2 = Downstream Elevation = ft 1478.5 1475.0 1472.0 1471.0  1465.5
S = Stream Slope = (EL1-EL2)/L = ft/mile 28.60 44.00 43.18 31.43 28.29
m = Factor from Table 3= +/ -0.00625 -0.00625 -0.00625 -0.00625 -0.00625
b = Term from Table 3-4 = 5l Sl 0.04 0.04 0.04 0.04 0.04
Kb = Resistance coefficient from Table 8-t Equation
= m*log(A)+b = 0.034424  0.0322 0.031027 0.029504 0.027202
Tc= Trialt = hrs 0.247 0.256 0.283 0.420 0.415
i = Excess rainfall intensity by interpolation = in/hr 2.192 2.189 2179 2127 2.128
I Tc = Time of concentration from Eq.325-5
- = 11.4*L"0.5*Kb*0.52*S* -0.31*i* -0.38 *60 min 14.842  15.371 16.984 25177  24.929
3D = /60 = hours 0.247 0.256 0.283 0.420 0.415
\ errt) = Tc-Tc=07? 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=ia= cfs 17 39 59 102 238
Va = Average flow velocity = L/Tc/3600 = fps 1.3 2.0 2.2 2.8 2.8 3.8 1 4.2

[_ AM' L\%A‘\w 6}\)33
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GROVERS AVENUE STORM DRAIN LATERAL

# = Subarea number =

A = Drainage Area = ac
= sq mi
L = Stream length = ft
= /5280 = mile
EL1 = Upstream Elevation = ft
EL2 = Downstream Elevation = ft
S = Stream Slope = (EL1-EL2)/L = ft/mile
m = Factor from Table 34 =2¢/
b = Term from Table 3-t= 5. 5.
Kb = Resistance coefficient from Table 8-t Equation
= m*log(A)+b =
Tc= Trialt = hrs

i = Excess rainfall intensity by interpolation = in/hr
Tc = Time of concentration from Eq.-3r2“3-‘5
= 11.4*L*0.5*Kb*0.52*S* -0.31** -0.38 *60 min

= /60 = hours
errt) = Tc-Tc=07? hours
Lag = 0.6*Tc = hrs
INPUT TO HEC-1 NO.
AREA
LAG
Q = Estimated flow=ia= cfs
Va = Average flow velocity = L/Tc/3600 = fps

9
20.1
0.031
950
0.180
1478.2
1471.5
37.24
-0.00625
0.04

0.031858
0.194
2.209

11.655
0.194
0.000
0.117

9
0.031
0.117

44
1.4

10
17.0
0.027
1,150
0.218
1475.0
1468.0
32.14
-0.00625
0.04

0.032313
0.226
2.199

13.544
0.226
0.000
0.135

10
0.027
0.135

37
1.4

11
33.6
0.052
1,800
0.341
1472.0
1461.5
30.80
-0.00625
0.04

0.030464
0.278
2.181

16.703
0.278
0.000
0.167

11
0.052
0.167

73
1.8

12 13 14 15 16
39.3 3.7 9.8 24.5 67.6
0.061 0.006 0.015 0.038 0.106
2,550 500 650 1,100 3,200
0.483 0.085 0.123 0.208 0.606
1471.0 1471.5 1468.0 1468.0 1465.5
1454.0 1468.0 1465.8 1463.0 1451.0
35.20 36.96 17.87 24.00 23.93
-0.00625 -0.00625 -0.00625 -0.00625 -0.00625
0.04 0.04 0.04 0.04 0.04
0.030034 0.036455 0.033812 0.031313 0.028564
0.316 0.151 0.208 0.238 0.391
2.167 2.222 2.204 2.195 2.139
18.980 9.069 12.494 14.275  23.466
0.316 0.151 0.208 0.238 0.391
0.000 0.000 0.000 -0.000 0.000
0.190 0.091 0.125 0.143 0.235
12 13 14 15 16
0.061 0.006 0.015 0.038 0.106
0.190 0.091 0.125 0.143 0.235
85 8 22 54 145
2.2 0.9 0.9 1.3 2.3
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GROVERS AVENUE STORM DRAIN LATERAL

# = Subarea number =

A = Drainage Area = ac
= sq mi
L = Stream length = _ ft
= /5280 = mile
EL1 = Upstream Elevation = ft
EL2 = Downstream Elevation = ft
S = Stream Slope = (EL1-EL2)/L = ft/mile
m = Factor from Table 3-T=5'!
b= Term from Table 34 = 5.1 51l
Kb = Resistance coefficient from Table 34 Equation
= m*log(A)+b =
Tc= Trialt = hrs

i = Excess rainfall intensity by interpolation = in/hr
— Tc = Time of concentration from Eq.-3-2' 5,9

) = 11.4*L*0.5*Kb*0.52*S* -0.31** -0.38 *60 min
\ = /60 = hours
errt) = Tc-Tc=07? hours
Lag = 0.6*Tc = hrs
INPUT TO HEC-1 NO.
AREA
LAG
Q = Estimated flow=ia= cfs
Va = Average flow velocity = L/T¢/3600 = fps

17
6.7
0.011
1,000
0.189
1463.8
1457.8
31.68
-0.00625
0.04

0.034819
0.220
2.201

13.184
0.220
0.000
0.132

17
0.011
0.132

15
1.3

18
1.4
0.002
950
0.180
1465.0
1462.0
16.67
-0.00625
0.04

0.039081
0.278
2.181

16.707
0.278
0.000
0.167

18
0.002
0.167

3
0.9

19
1.8
0.003
1,000
0.189
1462.0
1458.0
21.12
-0.00625
0.04

0.038479
0.263
2.186

15.787
0.263
0.000
0.158

19
0.003
0.158

4
1.1

20
1.1
0.002
650
0.123
1458.0
1454.0
32.49
-0.00625
0.04

0.039807
0.188
2.21

11.288
0.188
0.000
0.113

20
0.002
0.113

2
1.0

21
7.4
0.012
1,300
0.246
1454.0
1451.0
12.18
-0.00625
0.04

0.034579
0.338
2.1589

20.288
0.338
0.000
0.203

21
0.012
0.203

16
14
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22
6.7
0.011
1,200
0.227
1450.5
1447.4
13.64
-0.00625
0.04

0.034818
0.314
2.168

18.861
0.314
0.000
0.189

22
0.011
0.189

15
1.1



l GROVERS AVENUE STORM DRAIN
l Concentration Point No. 1: Union Hills Drive
‘ sta elev CWS = 101.18 101.68 102.18
| I a p a p a
| 116.0  100.70
‘ I 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
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
25.7 100.00 33.32 22.64 33.32 39.29 33.32 55.94 0
I 256  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 —+
9.3 100.80 10.70 4.39 10.70 9.74 10.70 15.09 2
I Sum = 98.27 57.96 98.27 106.81 10821 157.73 =
P 0.59 1.09 1.61 -
s= 0.008 0.008 0.008
v= 6.25 9.39 12.18
0= 362 1003 1921
l 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
l 26.1  101.18 0.00 0.00 0.38 0.03 0.38 0.08 +
450 101.30 0.00 0.00 18.90 8.32 18.90 17.77 J
62.0 101.20 0.00 0.00 17.00 7.31 17.00 15.81 o
62.0 101.56 0.00 0.00 0.36 0.00 0.36 0.00 £
l 66.8 101.62 0.00 0.00 4.80 0.43 4.80 2.83 &
737 101.40 0.00 0.00 6.90 1.17 6.90 462 4
—G
l Sum = 0.00 0.00 57.85 18.28 57.85 46.88 g
= 0.00 0.19 0.48
5= 0.0226 0.0226 0.0226
I = 0.00 4.86 9.11
= 0 89 427
l Total Q = 362 1092 2349 .
N
Qi= 362 1092 2349 =3
' Qd = 362 1003 1921 %_
Qe
QH Unia Hille Grtoe %’ 4ide Sheet Kfjr
i BN 1, £y
3£ : = =
5= WH l l R = x
i & —= =g e Gheeg
I ! / == ﬂow =
T 7 I A £ 7 '§ "a.
l @7 4y
. - -
<l 3 ‘Sl\é [ N NS MORRISON-MAIERLE/CSSA, INC. 06-Jan-90
l NI RN IR
—'bf’




GROVERS AVENUE STORM DRAIN

Concentration Point No. 2: Union Hills Drive

sta elev CwWs = 101.02 101.52 102.02
a p a p a

115.0 100.80
93.0 101.10 22.00 1.54 22.00 12.54 22.00 23.54

742 100.53 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
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
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
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

= 0.38 0.88 1.38
= 0.0018 0.0018 0.0018
V= 2.22 3.87 5.22
= 88 354 747

19.8  101.30

234 101.42 0.00 0.00 3.60 0.58 3.60 2.38
28.1 101.37 0.00 0.00 4.70 0.59 4.70 2.94
282 101.02 0.00 0.00 0.36 0.03 0.36 0.08
454 101.15 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
644 101.50 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
721 101.50 0.00 0.00 0.00 0.00 3.20 1.55

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

V= 0.00 3.15 6.06

Q= 0 49 252

Total Q = 88 403 999
Qi= 88 403 999

Qd = 88 354 747

MORRISON-MAIERLE/CSSA, INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN

Concentration Point No. 3: Union Hills Drive

sta

120.0
86.0
80.0
68.7
54.2
29.6
18.0
10.0

0.0
0.0
0.0

14.2
26.3
36.6
55.4
55.5
59.9
75.2
75.2
75.2

elev

101.10
100.90
100.10
100.69
100.68
100.00

99.30
100.90
100.80
100.80
100.80

Sum =
r:
S:
V:
Q=

101.20
100.37
100.53
100.39
100.86
101.06
101.00
101.00
101.00

Sum =
r:

Total Q =

Qi
Qd

Cws

0.00
0.00
0.00
0.00
2461
11.62
8.16
0.00
0.00
0.00

44.39

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

100.37
a

0.00
0.00
0.00
0.00
0.74
8.35
2.16
0.00
0.00
0.00

11.25
0.25
0.0036
2.39
27

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.004
0.00

27

27
27

0.00
6.05
11.32
14.50
24.61
11.62
8.16
10.00
0.00
0.00

86.26

12.13
10.30
18.80
0.48
0.00
0.00
0.00
0.00

41.71

100.87

0.00
2.22
5.37
2.68
13.04
14.15
6.16
0.20
0.00
0.00

43.82
0.99
0.0036
5.91
259

1.03
4.33
7.71
0.02
0.00
0.00
0.00
0.00

13.09
0.29
0.004
2.78
36

295

295
259

-1% -

34.00
6.05
11.32
14.50
24.61
11.62
8.16
10.00
0.00
0.00

120.26

12.13
10.30
18.80
0.48
4.40
15.30
0.00
0.00

61.42

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

101.37

12.58
5.22
11.02
9.93
25.34
19.85
10.16
5.20
0.00
0.00

99.40
2.24
0.0036
10.20
1014

7.08
9.48
1711
0.07
1.80
5.20
0.00
0.00

40.74
0.92
0.004
5.93
242

1256

1256
1014




GROVERS AVENUE STORM DRAIN

Concentration Point No. 4: Union Hills Drive

sta

120.0
103.0
94.0
78.0
69.0
29.8
29.7
242
0.0
0.0
0.0

27.2
31.8
31.9
55.4
75.0
75.0
75.0
75.0
75.0

elev

100.20
101.00

99.20
100.35
100.63
100.00
100.56
100.76
100.90
100.90
100.90

101.29
101.20
100.70
100.81
101.00
101.00
101.00
101.00
101.00

Cws =

17.02
9.18
16.04
9.00
39.21
0.57
5.50
0.00
0.00
0.00

96.52

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

100.7
a

1.70
5.40
14.80
1.89
15.09
0.04
0.22
0.00
0.00
0.00

39.14
0.41
0.008
4.87
190

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.0092
0.00

190

190
190

17.02
9.18
16.04
9.00
39.21
0.57
5.50
24 .20
0.00
0.00

120.72

0.00
0.51
23.50
19.60
0.00
0.00
0.00
0.00

43.61

-9 -

101.2

10.20
9.90
22.80
6.39
34.69
0.09
2.97
8.95
0.00
0.00

96.00
0.99
0.008
8.85
850

0.00
0.02
10.46
5.78
0.00
0.00
0.00
0.00

16.26
0.17

0.0092

2.90
47

897

897
850

17.02
9.18
16.04
9.00
39.21
0.57
5.50
24.20
0.00
0.00

120.72

4.60
0.51
23.50
19.60
0.00
0.00
0.00
0.00

48.21

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

101.7

18.70
14.40
30.80
10.89
54.29
0.14
5.72
21.05
0.00
0.00

156.00
1.62
0.008
12.24
1909

2.09
0.07
22.21
15.58
0.00
0.00
0.00
0.00

39.96
0.41
0.0092
5.29
211

2121

2121
1909




GROVERS AVENUE STORM DRAIN

Concentration Point No. 5: Union Hills Drive

sta elev CcWS = 101.3 101.8 102.3
P a P a p a

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
21.5 100.00 35.00 37.97 35.00 55.47 35.00 72.97

214 100.58 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
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
Sum=  120.56 118.59 120.56 178.59 120.56  238.59
r= 0.98 1.48 1.98
s= 0.008 0.008 0.008
V= 8.79 11.55 14.01
Q= 1042 2062 3342

17.4  102.21
219 10212 0.00 0.00 0.00 0.00 4.50 0.61
220 101.64 0.00 0.00 0.00 0.00 0.49 0.04
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
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
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
V= 0.00 1.86 4.50
Q= 0 19 176
Total Q = 1042 2082 3519
Qi= 1042 2082 3519
Qd = 1042 2062 3342

MORRISON-MAIERLE/CSSA, INC. 06-Jan-90
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j l GROVERS AVENUE STORM DRAIN
I Concentration Point Nos. 13 & 14:
sta elev cws=  101.51 102.01 102.51
| a p a p a
16.5 101.60
l 215 101.57 0.00 0.00 5.00 2.13 5.00 463
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
45.0 101.30 18.90 5.10 18.90 14.55 18.90 24.00
62.0 101.20 17.00 442 17.00 12.92 17.00 21.42
62.0 101.56 0.36 0.00 0.36 0.00 0.36 0.00
66.8 101.62 0.00 0.00 4.80 2.02 4.80 442
I 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
‘ Sum = 36.64 9.54 57.85 37.15 57.85 65.75
r= 0.26 1.01 1.79
s = 0.008 0.008 0.008
l = 3.62 8.97 13.12
= 35 333 863
I 16.5 101.93
215 101.90 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
' 26.1 101.51 0.00 0.00 0.38 0.03 0.38 0.08
450 101.63 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
62.0 101.89 0.00 0.00 0.36 0.00 0.36 0.00
l 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
' Sum = 0.00 0.00 57.85 18.28 57.85 46.88
r= 0.00 0.50 1.28
= 0.0226 0.0226 0.0226
. = 0.00 9.39 17.60
= 0 172 825
I Total Q = 35 505 1688
Qi= 35 505 1688
' Qd = 35 333 863
l MORRISON-MAIERLE/CSSA, INC. 06-Jan-90
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P e e A R L AL A R R
i i R
* * -

*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY
CORPS OF ENGINEERS *

* SEPTEMBER 1990 * - HYDROLOGIC
ENGINEERING CENTER >

- VERSION 4.0 . * 609
SECOND STREET *

- . . DAVIS,
CALIFORNIA 95616 *

* RUN DATE 12/29/1993 TIME 10:34:30 * * (916)
756-1104 *

- . .

-
P R R R
R

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

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND
HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE
INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE
FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE

FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
1 HEC-1 INPUT
PAGE 1
LINE 13 ) FRVEISPE s I - S, Bsrorwinia ss - AR Ba s srsinis o 6oz vvareie Pass s en B swessi Gz 10
1 ID MORRISON-MAIERLE/CSSA,
2 1D BRUCE J. FRIEDHOFF, P.E
3 ID PROJECT NO.
4 1D
5 1D GROVERS AVENUE STORM DRAIN LATERAL
6 ID FROM CAVE CREEK ROAD TO 32ND STREET
7 D
8 ID
9 1D
10 D
11 ID
12 D
13 ID
14 D
15 ID
16 ID
*DIAGRAM
17 1T 5 12JU93 715 300
18 10 5
19 IN 29
20 KK 13
21 KM RUNOFF FROM SUBAREA 13
22 BA 0.006
23 LS 83 0
24 UD 0.091
25 PB 4.04
26 PC  0.000 0.004 0.008 0.013 0.018 0.022 0.026 0.031 0.035 0.040
27 PC  0.044 0.048 0.053 0.057 0.062 0.066 0.071 0.075 0.080 0.093
28 PC  0.107 0.120 0.140 0.170 0.500 0.830 0.860 0.880 0.893 0.907
29 PC 0.920 0.924 0.928 0.933 0.937 0.942 0.947 0.951 0.956 0.960
30 PC 0.964 0.969 0.973 0.978 0.982 0.987 0.991 0.995 1.000 1.000
31 KK 13.1
32 KM DIVERT FLOW
33 DT 13,2
34 DI 0 35 505 1688
35 DQ 0 1 172 825
36 KK 13.3

-22 -
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1
PAGE 2
1
PAGE 3

37
38

39

41

42
43
44

LINE

45
46
47
48
49

50
51

52
S3
54
55
56

57
58

60
61
62
63
64

65
66

67
68
69
70
11

72
73

74
15
76

77
78
79
80
81

82
83
84
85
86

LINE

87
88

89
S0
91

92
93
94
95
96

97
98

99
100

RK

KK

DR

KK

=]
o

§hE2R ShBRA R2A 5R GLPER SR GLERR RER JR3ER SR GLEPER

G GLBRR RER BR

BR

1150

13.2

13.2

13.4

700

14

0.015

0.125

14.

N =

14.

=

14.

oowNn

14.

w

1150
15
0.038
0.143

15.1

18
0.002
0.167

18.1
2

18-19
1000
17
0.011
0.132
19
0.003

0.158

19-20
650
20
0.002
0.113

20.1

REACH ROUTE FROM

0.012 TRAP 50

RETRIEVE DIVERTED FLOW

REACH ROUTE FROM

0.012 TRAP 50
HEC-1 INPUT

RUNOFF FROM SUBAREA

0

ADD HYDROGRAPH

DIVERT FLOW

505 1688
172 825

REACH ROUTE FROM

0.012 TRAP 50

RUNOFF FROM SUBAREA

(o}

ADD HYDROGRAPH

RUNOFF FROM SUBAREA

o]

ADD HYDROGRAPH

REACH ROUTE FROM

0.012 CIRC 8

RUNOFF FROM SUBAREA

0

RUNOFF FROM SUBAREA

0

HEC-1 INPUT

ADD HYDROGRAPH

REACH ROUTE FROM

0.012 CIRC 8

RUNOFF FROM SUBAREA

0

RUNOFF FROM SUBAREA

_)_3..

13-15
0
13-14
0
..... ToviooooeBuoninseeBesenesi
14
14-15
0
15
18
18-19
0
17
19
..... TiesveinBoasnneeDuasessll
19-20
0
20
1




PAGE 4

1
PAGE 5

101
102
103

104
105
106
107
108

109
110
111

112
113
114
115
116

117
118

119
120
121
122
123
124
125

LINE

126
127
128

129
130
131
132
133

134
135
136

137
138
139

140
141

142
143
144
145
146

147
148
149

150
151
152
153
154

155
156

157
158
159
160
161
162
163

164

165
166

LINE

RBE BRHBER §LE

5% GLERA

BRA

588 EGLBRER RER

GR RBR

58 ShBPRER RER BHBRA

0.028

0.154

1150

10

0.027

0.135

10.1

RET2

0.20
1464
1468
10-11

1550

83 (o}
DIVERT FLOW

362 1092

361 1003

2349
1921

REACH ROUTE FROM

0.0078 0.012

TRAP

RUNOFF FROM SUBAREA

83 0

ADD HYDROGRAPH

50

ROUTE INFLOW THROUGH RETENTION BASIN

ELEV 1466
0.18 0.24
1468 1470

50 3
....... 20 5 wiemiad

0.24
1472
1.5
HEC-1 INPUT

REACH ROUTE FROM

0.0078 0.012

TRAP

RUNOFF FROM SUBAREA

83 0

RETRIEVE DIVERTED FLOW 1.2

REACH ROUTE FROM

50

50

50

0.0067 0.012 TRAP
ADD HYDROGRAPH
DIVERT FLOW
88 403 999
87 354 747
REACH ROUTE FROM
0.0061 0.012 TRAP
RUNOFF FROM SUBAREA
83 0
ADD HYDROGRAPH
ROUTE INFLOW THROUGH RETENTION BASIN
ELEV 1464
0.33 0.39 0.39
1466 1468 1470
50 3 1.5

REACH ROUTE FROM

0.0042 0.012

TRAP
HEC-1 INPUT

50

10

10-11




167 KK 2.2

168 KM RETRIEVE DIVERTED FLOW

169 DR 2.2

170 KK 2-3

171 KM REACH ROUTE FROM 2-3

172 RK 780 0.0038 0.012 TRAP 50 o]

173 KK 3

174 KM RUNOFF FROM SUBAREA 3

175 BA 0.043

176 LS 83 0

177 uD 0.170

178 KK 3.1 ADD HYDROGRAPH

179 HC 2

180 KK 3.1

181 KM DIVERT FLOW

182 DT 3.2

183 DI 0 27 295 1256

184 DQ 0 26 259 1014

185 KK 3=31

186 KM REACH ROUTE FROM 3311

187 RK 1800 0.0058 0.012 TRAP 50 0

188 KK 14.3

189 KM RETRIEVE DIVERTED FLOW

190 DR 14.2

191 KK 11

192 KM RUNOFF FROM SUBAREA 11

193 BA 0.052

194 LS 83 0

195 uD 0.167

196 KK 11.1 ADD HYDROGRAPH

197 HC 4

198 KK 11-12

199 KM REACH ROUTE FROM 11-12

200 RK 1200 0.0063 0.012 TRAP 50 0

201 KK 3.3

202 KM RETRIEVE DIVERTED FLOW

203 DR 3.2

204 KK 3-4

205 KM REACH ROUTE FROM 3-4

206 RK 680 0.0015 0.012 TRAP 50 0
1 HEC-1 INPUT
PAGE 6

LINE IDiceeass T o waren 2 weiie & 90 Beis o5 wiee T Sein s o i [ Tioennss Biveeann | PO

207 KK 4

208 KM RUNOFF FROM SUBAREA 4

209 BA 0.075

210 Ls 83 o]

211 UD 0.252

212 KK 4.1 ADD HYDROGRAPH

213 HC 2

214 KK 4.1

215 KM DIVERT FLOW

216 DT 4.2

217 DI 0 190 897 2121

218 DQ 0 189 850 1909

219 KK 4-12

220 KM REACH ROUTE FROM 4-12

221 RK 2560 0.0066 0.012 TRAP 50 0

222 KK 12

223 KM RUNOFF FROM SUBAREA 12

224 BA 0.061

225 Ls 83 0

226 UuD 0.130

227 KK 12.1 ADD HYDROGRAPH

228 HC 3

229 KK 20.2 ADD HYDROGRAPH AT 28TH STREET

230 HC 2

231 KK 20-21

232 KM REACH ROUTE FROM 20-21

233 RK 1300 0.0023 0.012 CIRC 8 0

_zg.—



------'-_--

234 KK 4.2
235 KM RETRIEVE DIVERTED FLOW
236 DR 4.2
237 KK 4-5
238 KM REACH ROUTE FROM 4-5
239 RK 1020 0.0054 0.012 TRAP 50 0
240 KK 5
241 KM RUNOFF FROM SUBAREA 5
242 BA 0.174
243 Ls 83 0o
244 UuD 0.249
1 HEC-1 INPUT
PAGE 7
LINE ID....... l..eeeen 2,000 Jiceenan 4diccices Seceonese 6.ccuene TPawiseiown 8.coveen Dicenes 10
245 KK 5.1 ADD HYDROGRAPH
246 HC 2
247 KK 5.1
248 KM DIVERT FLOW
249 DT 5.2
250 DI 0 1042 2082 3519
251 DQ o 1041 2062 3342
252 *K 5-16
253 *M REACH ROUTE FROM 5-16
254 *K 2600 0.0056 0.012 TRAP 50 o]
255 KK 16
256 KM RUNOFF FROM SUBAREA 16
257 BA 0.106
258 LS 83 0
259 uD 0.235
260 KK 16.1 ADD HYDROGRAPH
261 HC 2
262 KK 21
263 KM RUNOFF FROM SUBAREA 21
264 BA 0.012
265 LS 83 0
266 uD 0.203
267 KK 21.1 ADD HYDROGRAPH
268 HC 3
269 KK 21-22
270 KM REACH ROUTE FROM 21-22
271 RK 1200 0.0026 0.012 CIRC 8 0
272 KK 22
273 KM RUNOFF FROM SUBAREA 22
274 BA 0.011
275 LS 83 0
276 uD 0.189
277 KK 22.1 ADD HYDROGRAPH
278 HC 2
279 2z
= 5
SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
20 13
33 ML > 13.2
31 13.1
A
v
36 13.3
41 . ¢ SmEhaiEe 13.2
39 . 13.2
v
. v
42 . 13.4
45 . . 14
50 . 4.1 cccccnceeen



54
52

57

60

65

67

72

74

77

82

87

89

92

97

929

106
104

109

112

117

119

126

129

136
134

137

140

144
142

147

150

155

157

------- > 14.2

. 14.1
v
v
14.3

. ; 15

180, vos 5 st & 58 5 555006 5 3 M1000E
18

1 ........... : %olh \AM\

18-19
17
19
BO% Licrare » st 38108 6 OO S § WREEE 3
v
v
19-20
20
20k sa5n0 5 sapess
1
semmeee > 1.2
1.2
v
v
1-9
9
95 Wacwin wavinvs posians
v
v
RET1
v
v
9-10
2
PQeemee
1.3
v
v
1-2
Zolssnae susmacs
R > 2.2
2
v
v
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10
10515 s wmws samwas e e
v
v
RET2
v
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164

169
167

170

173

178

182
180

185

190
188

191

196

198

203
201

204

207

212

216
214

219

222

227

229

231

236
234

237

240

245

249
247

255

260

262

20.2
A%
v

10-11
e 2.2
2.2
v
. v
4 2-3
- 3
o Fodis o o nieie 8 wiwinia s
s > 3.2
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v
v
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11
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v
v
11-12
G 342
3.3
v
v
3-4
4
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s > 4.2
4.1
v
v
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12
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v
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5
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o 16
. . /
: - Zhelh sk (\’
16. Y0 s o006 6000 s ‘5 (
21

—28—-



267 21.1.ccccrccrnnessnnsncsanes

v

A
269 21-22
272 . 22
277 -

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION

S e R R e e e R R

P R R

. .
.
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) &
CORPS OF ENGINEERS *
- SEPTEMBER 1990 =
ENGINEERING CENTER .
* VERSION 4.0 .
SECOND STREET *
* *
CALIFORNIA 95616 #
* RUN DATE 12/29/1993 TIME 10:34:30 *
756-1104 N
* *
*
N T
(2222 SRR R AR R Rl Rl RN
MORRISON-MAIERLE/CSSA,
BRUCE J. FRIEDHOFF, P.E
PROJECT NO.
GROVERS AVENUE STORM DRAIN LATERAL
FROM CAVE CREEK ROAD TO 32ND STREET
18 IO OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
1PLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 12JU93 STARTING DATE
ITIME 0715 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 93 ENDING DATE
NDTIME 0810 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS
TOTAL TIME BASE  24.92 HOURS
ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE- FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
MEE kMR KEE AR K AER KA RN KRN KAK ASE NEE Ska SR8 aah Mbs ks s bhe Sea bek MEh ama baE
EE mAE AEE EEE AmE awk
LA AR A R L R AR RS
. .
119 KK * RET1  *
* *

A KRR R AR AT R

-2q,-

..

U.S. ARMY
HYDROLOGIC

609

DAVIS,

(916)

kaE sme mxw




121 KO OUTPUT CONTROL VARIABLES

IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

HYDROGRAPH ROUTING DATA

122 RS STORAGE ROUTING
NSTPS 1 NUMBER OF SUBREACHES
ITYP ELEV TYPE OF INITIAL CONDITION
RSVRIC 1466.00 INITIAL CONDITION
X 100 WORKING R AND D COEFFICIENT
123 sa AREA 1 .2 .2 .2
124 SE ELEVATION 1466.00 1468.00 1470.00 1472.00
125 ss SPILLWAY
CREL 1470.00 SPILLWAY CREST ELEVATION
SPWID 50.00 SPILLWAY WIDTH
cogw 3.00 WEIR COEFFICIENT
EXPW 1.50 EXPONENT OF HEAD
LR
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
COMPUTED STORAGE-OUTFLOW-ELEVATION DATA
STORAGE .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
k 1470.40
STORAGE .76 .78 .81 .85 .89 +93 R i 4 1.01 1.06
1.312
OUTFLOW 53,03 1278 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
**» WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 5. TO 424.
THE ROUTED HYDROGRAPH SHOULD BE EX2MINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK
INFLOWS.
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER
REACH. )
g 5% Tt s s
I HYDROGRAPH AT STATION RET1
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24 -HR 72-HR 24 .92-HR
+  (CFS) (HR)
(CFS)
+ 43. 12.08 6. 2. 2. 2.
A (INCHES) 1.260 1.398 1.398 1.398
(AC-FT) 3. 35 3 3;
PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR 24.92-HR
+  (AC-FT) (HR)
1. 12.08 : 5% 0. 0. 0ls
PEAK STAGE  TIME MAXIMUM 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 SQ MI
i —3o-




I Mkk mRk ARk RAk RAR NAK KRN RRE KAR RAR ARR ARKR AN KRN AR KRR KRN AR NAN RAR KRN ARE RAR RRR ARR RRE AR
AEn REE KEE REE RAN K AR
| A2 R R AR RS
» *
157 KK Ly RET2 *
* *
g s e o ok
I 159 KO OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
I HYDROGRAPH ROUTING DATA
160 RS STORAGE ROUTING
NSTPS 2 NUMBER OF SUBREACHES
ITYP ELEV TYPE OF INITIAL CONDITION
RSVRIC 1464.00 INITIAL CONDITION
X .00 WORKING R AND D COEFFICIENT
161 SA AREA .2 w3 .4 .4
162 SE ELEVATION 1464.00 1466.00 1468.00 1470.00
l 163 SS SPILLWAY
CREL 1468.00 SPILLWAY CREST ELEVATION
SPWID 50.00 SPILLWAY WIDTH
COQW 3.00 WEIR COEFFICIENT
EXPW 1.50 EXPONENT OF HEAD
e
COMPUTED STORAGE-ELEVATION 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 STORAGE-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
*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 2. TO 424.
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK
INFLOWS.
i THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER
REACH.)
LA g ok * ok x LR LA g
l HYDROGRAPH AT STATION RET2
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
7 + (CFS) (HR)
(CFs)
+ 84. 11.83 10. 3. 3. 3.
(INCHES) .915 1.028 1.028 1.028
(AC-FT) 5. 5. S. S.
PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR 24.92-HR
+ (AC-FT) (HR)

-z -




» I8 11.83 1. 0. 0. 0.
PEAK STAGE TIME MAXIMUM AVERAGE STAGE
6-HR 24-HR 72-HR 24.92-HR
+ (FEET) (HR)
1468.68 11.83 1468.12 1466.24 1466.16 1466.16
CUMULATIVE AREA = .10 SQ MI
#«* FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT %
N
#*** FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT ,gl .
oy
'b‘(/—-—"
**» FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT “;‘(A
s =
*** FDKRUT WARNING TIME STEP CALCULATION FAILED TO CONVERGE. STABILITY PROBLEMS MAY RESULT é A
e

*** 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

*** 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

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

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

ALID CARD IDE
*K 5-16

FICATION RD OUT OF SEQUENCE

2
&
—
o
o
»
bl
o
=)
o
m
4
-
m
[l
5
H
z
o
x
0
»
&
O

2600 0.0056 04012 50

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN
MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE
MAX STAGE
% 6 -HOUR 24-HOUR 72-HOUR

\—3&"




+
+

1470.44

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

3 COMBINED AT

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

HYDROGRAPH AT

3 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

12.08

ROUTED TO

13

13.2

13.1

13.3

13.2

13.4

14

14.1

14.2

14.1

14.3

18.1

18-19

17

19

19.1

19-20

20

20.1

21.

21.

21.

103.

103.

106.

17

17.

44.

44.

43.

43.

12.08

12.08

12.08

12.08

12.08

12.25

12.08

12.08

12.08

12.08

12.08

12.08

12.08
12.08
290 S eet
12.08
12.08
12.08
12.08
12.08
12.08
12.08
12.08
12.08
12.58
12.08

12.08

12.08

12.08

14.

14.

17.

17.

17.

-3 -

.01

.01

.01

.01

.00

.00

.01

.01

.01

.01

.01

.04

.06

.00

.06

.06

.01

.00

.08

.08

.00

.08

.01

.01

.01

.01

.03

.04

.04

.04




+
+

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

HYDROGRAPH AT

HYDROGRAPH AT

4 COMBINED AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

DIVERSION TO

HYDROGRAPH AT

ROUTED TO

HYDROGRAPH AT

10.1

RET2

10-11

11

11.1

11-12

39.

17.

16.

55.

55.

38.

82.

84.

81.

55.

54.

59.

113.

101.

12.

12.

72.

165.

162.

101.

100.

97.

197.

195.

83.

12.

12.

12.

12.

12.

12.

12.

12.

12.

11.

12.

12.

12.

12

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

o8

[o]:}

08

o8

o8

08

25

08

08

83

08

o8

08

08

08

(0F: ]

17

08

(o]

08

08

08

08

17

08

08

08

50

08

12.

10.

10.

19.

17.

12.

23.

23.

17.

17.

17.

34.

34.

14.

.03

.00

.00

.03

.03

03

.03

.03

.10

.10

10

.00

.00

.04

.04

.04

.04

.04

.00

<05

.19

.19

.00

.00

.08

.08

.08

.08

.08

.06




o
3 COMBINED AT . 7@“" N 7 - .33 = Hb %o
. 12.1 @ 12.08 37. 10. 10. 233 Jo—o =~
L el
2 COMBINED AT
+ 20.2 350. 12.08 s4. 15. 14. .41
ROUTED TO
+ 20-21 347.  12.08 s4. 15. 14. .41
HYDROGRAPH AT ‘
. 4.2 195.  12.08 3. 9. 5. .00
ROUTED TO
. 4-5 194. 12.08 34. 9. 9. .00
HYDROGRAPH AT
. 5 226.  12.17 39. 11. 10. .17
2 COMBINED AT
. 5.1 419. 12.08 73. 20. 19. .17
DIVERSION TO
. 5.2 419. 12.08 73. 20. 19. .17
HYDROGRAPH AT
+ 5.1 0. 12.08 0. 0. 0. .17

HYDROGRAPH AT
+ 16 139. 12.08 24. 7. 6. .11

2 COMBINED AT . 14“‘\6“(6*’
+ 16.1 @ 12.08 24. 7. 6. .28

HYDROGRAPH AT

+ Zi 16. 12.08 3. 1. 1. .01
3 COMBINED AT
+ 21.1 503. 12.08 81. 22. 22. .70
ROUTED TO
+ 21-22 498. 12.08 81. 22. 22. .70
HYDROGRAPH AT
+ 22 15.  12.08 2e i 1. .01
2 COMBINED AT Oun\- @ 6& M#B
+ 22.1 12.08 83. 23; 22. 71
1
SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO
COMPUTATION INTERVAL
ISTAQ ELEMENT DT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME
PEAK PEAK
(MIN) (CFS) (MIN) (IN) (MIN) (CFS) (MIN) (IN)
13.3 MANE 223 8.28 728.34 2.26 5.00 8.13 725.00 2.26
CONTINUITY SUMMARY (AC-FT) - INFLOW= .7215E+00 EXCESS= .0000E+00 OUTFLOW= .7240E+00 BASIN STORAGE= .9088E-03
PERCENT ERROR=  -.5
13.4 MANE 4.61 .25 738.02 -1.00 5.00 .24 735.00 -1.00
14.3 MANE 1.87 20.53 727.24 2.28 5.00 20.25 725.00 2.28

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1824E+01 EXCESS= .0000E+00 OUTFLOW= .1827E+01 BASIN STORAGE= .1938E-02
PERCENT ERROR= .2

18-19 MANE .57 83.85 725.76 2.31 5.00 83.60 725.00 2.31

CONTINUITY SUMMARY (AC-FT) - INFLOW= .7502E+01 EXCESS= .0000E+00 OUTFLOW= .7502E+01 BASIN STORAGE= .2063E-03
PERCENT ERROR= .0

19-20 MANE .36 102.98 725.31 2.31 5.00 102.84 725.00 2.31

CONTINUITY SUMMARY (AC-FT) - INFLOW= .9241E+01 EXCESS= .0000E+00 OUTFLOW= .9240E+01 BASIN STORAGE= .1166E-03
PERCENT ERROR= .0

1-9 MANE 5.00 .05 757.92 .01 5.00 .05 755.00 .01




CONTINUITY SUMMARY (AC-FT)
PERCENT ERROR= -1.2

9-10 MANE

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

1-2 MANE

2-10 MANE

CONTINUITY SUMMARY (AC-FT)
PERCENT ERROR= -1.9

10-11 MANE

CONTINUITY SUMMARY (AC-FT)
PERCENT ERROR= -7

2-3 MANE

3-11 MANE

CONTINUITY SUMMARY (AC-FT)
PERCENT ERROR= -.9

11-12 MANE

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

3-4 MANE

4-12 MANE

CONTINUITY SUMMARY (AC-FT)
PERCENT ERROR= -2.4

20-21 MANE

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

4-5 MANE

21-22 MANE

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

*aw 3 ERROR(S) DETECTED

- INFLOW=

.4103E-02 EXCESS= .0000E+00

.54

- INFLOW=

43.33

725.43 1.

.3206E+01 EXCESS= .0000E+00

.74

5.00

- INFLOW=

16.58

.63

726.08 “idae

735.50

.5623E-01 EXCESS= .0000E+00

.92

- INFLOW=

83.20

722.88 1.

.5373E+01 EXCESS= .0000E+00

.78

2.89

- INFLOW=

54 .56

12.13

726.39 v [N

729.79

.8284E+00 EXCESS= .0000E+00

.84

- INFLOW=

BY

163.89

726.43 » BN

.1265E+02 EXCESS= .0000E+00

.70

5.00

INFLOW=

100.68

726.12 -1.

746.45

.1029E+00 EXCESS= .0000E+00

.61

INFLOW=

349.97

726.26 Lo»

.2980E+02 EXCESS= .0000E+00

.67

.45

INFLOW=

HEC-1

195.28

502.51

726.31 =L

726.06 1.

.4447E+02 EXCESS= .0000E+00

*w

~Bl -

OUTFLOW= .3990E-02 BASIN STORAGE= .1615E-03

40 5.00 43.26 725.00 1.40

OUTFLOW= .3206E+01 BASIN STORAGE= .1679E-03

00 5.00 16.49 725.00 -1.00

.04 5.00 .62 735.00 .04

OUTFLOW= .S5680E-01 BASIN STORAGE= .4943E-03

03 5.00 80.80 725.00 1.02

OUTFLOW= .5403E+01 BASIN STORAGE= .6142E-02

00 5.00 54.12 725.00 -1.00

.36 5.00 12.12 730.00 .36

OUTFLOW= .8334E+00 BASIN STORAGE= .2092E-02

23 5.00 161.99 725.00 1.23

OUTFLOW= .1264E+02 BASIN STORAGE= .7173E-02

00 5.00 99.96 725.00 -1.00

.03 5.00 1.32 750.00 .03

OUTFLOW= .1021E+00 BASIN STORAGE= .3334E-02

38 5.00 347.27 725.00 1.38

OUTFLOW= .2980E+02 BASIN STORAGE= .1737E-02

00 5.00 193.77 725.00 =1.:00

19 5.00 498.37 725.00 1.20

OUTFLOW= .4447E+02 BASIN STORAGE= .1596E-02




GROVERS AVENUE STORM DRAIN

FLOW RATING Table FOR SECTION NO. 1 30TH WAY

sta

- = oo

g&hN

100.9
101.0
101.1
101.2
101.3
101.4
101.5

Specify geometric data for curb inlet.

Variable Description

elev

100.14
100.00
99.50
99.82
99.50
100.00
100.14

n

0.025
0.025
0.015
0.015
0.015
0.015
0.025

Golehve Ooka

Takm Frem [

Haly U?&W\“F

Street slope = Channel slope =

y
ft

a
sq ft

0
0.5

L= Length of Inlet =

w = Width of Depression =
a = Depth of Depression =
h = Height of Curb Opening =

CF = Clogging Factor =

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

p
ft

0
10.3
20.6

30.91
33.21
33.51
45.86
51.01
51.01
51.01
51.01
51.01
51.01
51.01
51.01
51.01
51.01
51.01
51.01
51.01
51.01

171
1599

2632
3230
3879
4577
5321
6110
6944
7821
8740
9700

; Bl Way
1 NETH T
£ >
b S‘ ’/; [ANY f"} "2
7 -
e o 7
T ’/W
) . 0005
RGN I
0.003 ftit ~120.005
Q \' Il
cfs fps ]
0 0.00
0 0.74
2 1.17
4 1.53
16 2.10
729, 1264 /7 2
44 3.02
64 3.27
88 3.56 0.070833 3.288685
114 3.86 0.77
144 4.16
177 4.47
212 4.76
251 5.05
201 5.34
335 5.61
380 5.89
428 6.15
479 6.42
531 6.67
586 6.93
Value Unit
49.05 ft
1.50 ft
2.00 in 4
5.00 in gv
080 T 2.0 ¥ /

e

NI Ol
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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 + vu*2/2g =
_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 = S I
_ A= Effective Open Area = Le * /12 = W
Qw = Weir flow HEC-12, Eq. 19, Pg. 73 = 2.3*(Le+1.8*w)*Ya*1.5 =
Qo = Orifice flow HEC-12, Eq. 22,Pg. 76
= 0.67*A*(2'32.2"(Ya+a/12-h/24))*.5 = )
Qa = Actual intercepted flow = 2[The less of Qw or Qo] = _

Q = Compute the next downstream street flow = Q - Qa =

0.77 ft
81 cfs
0.003 ft/ft
3 fps
0.94 ft
0.7 ft
145 ft 7
0.735 ft
116 ft

~0.48 sqft

Gofs 4 b

“a= Select the area for the next downstream flow depth from the rating table

vd = C;rﬁbute the downstream velocity = Q/a =
Hd = Compute the downstream specific head = yd + vd*2/2g =

19.62 sqft
391 fps
0.94 ft

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

= 1171 cfs
) sd = Compute the friction slope at the next downstream section
W = (QKr2= 0.004289 ft/ft
[\ sa = Compute the average friction slope = (sd + su)/2 = 0.003645 ft/ft
_ x= Compute the actual distance = (Hd - Hu)/(so - sa) = 1.45 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
ft ft ft ft sq ft cfs cfs cfs
0.77 0.00 81
0.70 1.45 1.45 0.735 1.16 0.48 6 2 4 77
0.60 3.20 4.65 0.65 2.56 1.07 6 4 9 68
0.50 5.02 9.67 0.55 4.02 1.67 6 6 13 55
0.40 12.77 22.44 0.45 10.21 4.26 9 15 18 37
0.30 26.61 . 49.05 0.35 21.29 8.87 1 26 23 [ 14
0.20 34.74 83.79 0.25 27.79 11.58 9 28 18 -3
0.10 0.00 83.79 0.15 0.00 0.00 0 0 0 -3
SOLVE FOR GRATED INLET IN SUMP CONDITION: fo
Variable Description Value Unit
Q = Design Flow = 14 cfs
Y = Sump Depth = 0.30 ft

--/_-- .

X

N
o
G4,
s
Z]
vd Hd k sd sa X err(x)
fps ft ft/ft ft ft
3.29 0.94 0.00300
3.91 0.94 1171 0.00429 0.00364 1.45 0.00
4.60 0.93 812 0.00696 0.00562 3.20 -0.00
5.07 0.90 525 0.01103 0.00899 5.02 0.00
4.84 0.76 294 0.01603 0.01353 12.77 -0.00
3.19 0.46 126 0.01300 0.01451 26.61 -0.00
-1.59 0.24 43 0.00558 0.00929 34.74 0.00
-6.37 0.73 7 0.22489 0.11523 -4.38 -4.38
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GROVERS AVENUE STORM DRAIN

L = Length of grate =
w = Width of grate =
P = Perimeter lengthof grate=2 (L+w) =
CF = Clogging Factor =
A = Effective Open Area =
Le = Effective Length of Inlet = P*CF =
Qw= HEC-12, Eq. 17, Pg. 69 = 3"Le*Y*1.5 =
Qo = HEC-12, Eq. 18, Pg. 69 = 0.67*A*(2*32.2*Y)*.5 =
Qc = Capacity = The less of Qwor Qo =
Qe = Excess capacity=Qc-Q =

28 ft
2.00 ft
60.00 ft

3000 sqft
30.00 ft -
15 cfs | 4.

%ulp V«fﬂ;

IR 7 [4&”‘(/ Line

88 cfs
-
@mm ,'

14
//// /

@(c&

l

Ko oY
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GROVERS AVENUE STORM DRAIN

FLOW RATING Table FOR SECTION NO. 1 29TH WA-‘FS“Q(;\'

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

Variable Description T Unit Value
| = Inlet Number = T 1 P
S = Street Slope = ) - fft 0.00300 Y
Sx = Street Cross Slope =~ 7)7——=727777 777t 0.020 _
N = N-Value = L 0.012: ,
Q = Design Flow = \.’ cfs 750 ) Zo@ e o=
cr -
Type of Inlet: @ W, sbed = 1S (/’-..
Slotted Drain Data:
L = Length of Inlet = ft 0.00
CF = Clogging Factor = 0.80

Curb Inlet Data: .
L = Length of Inlet = ft 20.00

a = Depth of Depression = in 2.00
w = Width of Depression = ft 1.50
CF = Clogging Factor = 0.80
Grated Inlet Data
w = Width of Grate = ft 0.00 - i<
CF = Clogging Factor = 0.80 (Yo
Slotted Drain: | 2
Qa = Approach Flow = cfs 7.50 ) &)
Y = Approach DepthtoInlet (Eq. 4, Pg. 22) - = X8
= (Qa*N*Sx/0.56/S".5)*(3/8) = ol < ft 0.35 ~ y 7 S/
T = Approach Widthto-inlet-(Eq. 5, Pg. 22) e L e
= Y/Sx = ft 17.26 ° _%; ,
V = Approach Velocity to Inlet from Eq. 4, Pg. 22 = B2 s
= Qala =1.12*SA5*YAB7/N = fps 251 58 W0:02)"7 (0
Le = Effective Length of Inlet = L*CF = ft 0.00 -7 199!.1¢%
Lt = Theoretical Length (Eq. 13, Pg. 59 & Chart 9) - - &
= .6*Qar.42*SA.3*(1/N/Sx)A.6 = ft 36.37 £ - L ey
E = Interception Efficiency (Eq. 14, Pg. 60 & Chart 10) M- 200 =
= 1-(1-Le/LH)M .8 = 0.00 = 0. %Y _
Qi = Intercepted Flow = Qa*E = cfs 0.00 N @ b
Qf = Flow-by =Qa-Qi = cfs 7.50 }
Curb Inlet:
Qa = Approach Flow = cfs 7.50
Sw = Depression Slope (Eq. 15, Pg. 60)= a/w/12 = ft/ft 0.111
Y = Approach Depth to Inlet (Eq. 4, Pg. 22)
= (Qa*N*Sx/0.56/S*.5)*(3/8) = ft 0.35 .
T = Approach Width to Inlet (Eq. 5, Pg. 22)
= Y/Sx = ft 17.26
Eo = Frontal Flow Ratio (Eq. 7, Pg. 54)

MORRISON-MAIERLE/CSSA, INC. 06-Jan-90
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GROVERS AVENUE STORM DRAIN

= 1-(1-w/M)*2.67 = 0+ : 022 DOo.2 |
Se = Composite Slope (Eq. 15)= Sx + SW*E0 = ft/ft 0.04 , f
V = Approach Velocity to Inlet from Eq. 4, Pg. 22
= 1.12*SA.5*YA67/N = fps (2.5 4.0°
Le = Effective Length of Inlet = L*CF = ft 16.00 — 20 .
Lt = Theoretical Length (Eq. 13, Pg. 59 & Chart 9) .- n) 2 (
= .6*Qa*.42*S*.3*(1/N/Se)*.6 = ft 22.68 — y (R0 o ‘ !
E = Interception Efficiency (Eq. 14, Pg. 60 & Chart 10) o
= 1-(1-Le/LH)*M.8 = 0.89 - il T
Qi = Intercepted Flow = Qa*E = cfs 6.67 - A (e S b
Qf = Flow-by =Qa-Qi = cfs 0.83 v
Grated Inlet:
ofs 083 &
= ft

muwmnwuni

cfs
cfs
Summary for Inlets On-Grade Condition:
Inlet No. Value
Design Flow cfs 7.50
Inlet Capacity cfs 6.67
Flow-by cfs 0.83
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GROVERS AVENUE STORM DRAIN

FLOW RATING Table FOR SECTION NO. 1 28TH STREET
sta elev n L Lo

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

so = Street slope = Channel slope = 0.003 ft/ft
cws y a p r k Q v
ft ft sq ft ft ft cfs cfs fps
99.5 0 0 0 0.00 0 0 0.00
99.6 0.1 0.53 10.83 0.05 17 0 0.73
] 99.7 0.2 2.1 21.66 0.10 45 2 147
99.8 0.3 4.74 32.49 0.15 132 i 1.53
i 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
s 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 11 54.40 81.01 0.67 4014 220 4.04
100.7 1.2 62.40 81.01 0.77 4906 269 4.31 4.174019 i v d
100.8 13 70.40 81.01 0.87 5875 322 4.57
100.9 14 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 Iniet = 10000 G% f}
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.
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GROVERS AVENUE STORM DRAIN

7/

yu = Select a normal flow depth = J.15 ft ~
Q = Select the starting street flow condition from the rating table = 245 cfs
su = Select the starting friction slope from the table = 0.003 ft/ft
vu = Select the velocity = 4.17 fps
Hu = Compute the upstream specific head = yu + vur2/2g = 1.42 ft 7
yd = Select the next downstream flow depth = 1ft
x = Try a distance to next downstream depth = 113 ft
ya = Average depth = (yd+yu)/2 = 1.075 ft
Le = Effective Length of Inlet = x*"CF = 0.90 ft
= Effective Open Area= Le * h/12 = 0.38 sqft
Qw = Weir flbw HEC-12, Eq. 19, Pg. 73 = 2.3*(Le+1.8*w)*Ya*1.5 = 9cfs = 2
Qo = Orifice flow HEC-12, Eq. 22,Pg. 76
= 0.67"A*(2*32.2*(Ya+a/12-h/24))*.5 = 2 cfs
Qa = Actual intercepted flow = 2[The less of Qw or Qo] = 4 cfs
Q = Compute the next downstream street flow = Q - Qa = 241 cfs
= 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 + vd*2/2g = 1.42 ft
= Select the conveyance for the next downstream flow depth from the rating table
= 3202 cfs
= Compute the friction slope at the next downstream section
= Q2= 0.00566 ft/ft
sa = Compute the average friction slope = (sd + su)/2 = 0.00433 ft/ft
x = Compute the actual distance = (Hd - Hu)/(so - sa) = 1.13 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
ft ft ft ft sq ft cfs cfs
1.15 0.00
1.00 1.13 113 ¥ 1.075 0.90 0.38 9 2
0.90 7.23 8.36 0.95 5.79 241 18 12
0.80 12.19 20.55 0.85 9.75 4.06 22 20
0.70 14.33 3488 ~ 075 11.46 4.78 21 22
0.60 16.18 51.06 ¥ 0.65 12.95 5.39 19 23
0.50 17.55 68.61~  0.55 14.04 5.85 16 22
(¥ 0.40 &) 23.92 9253 ¥ 045 « 1913 « 7.97 ~ 15~ 27
\0.30«/‘ 24.41 116.94 0.35 19.52 8.14 11 24
0.20 15.87 132.81 0.25 12.70 5.29 4 13
0.10 16.97 149.78 0.15 13.58 5.66 2 10
SOLVE FOR GRATED INLET IN SUMP CONDITION:
Variable Description Value Unit
Q = Design Flow = ; ~35 cfs
Y = Sump Depth = \_ 050 ft
\\/

D:q 4%
/
Q a
cfs
245
241 46.40
216 38.40
177 30.40
135 23.07
97 17.07
65 7 ~2.40
35 4L 840
14 474
5 2
1 0.53

vd
fps

4.17
5.19
5.63
5.82
5.83
5.68
5.28
4.18
2.95
2.43
1.45

1.42
1.42
1.39
1.33
1.23
1.10
0.93
0.67
0.43
0.29
0.13

3202
2475
1839
1324
902
563
294
132
45

C L
| 57 ) K O ¥y~
1L B 2 )
b ) 5
O
sd sa X
ft/ft ft
0.00300
0.00566 0.00433 1.13
0.00763 0.00665 7.23
0.00925 0.00844 12.19
0.01033 0.00979 14.33
0.01154 0.01093 16.18
0.01354 0.01254 17.55
0.01429 0.01391 23.92
0.01112 0.01270 24.41
0.01297 0.01205 15.87
0.01174 0.01236 16.97
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GROVERS AVENUE STORM DRAIN

L = Length of grate = 36 ft
w = Width of grate = 2.00 ft
P = Perimeter lengthof grate=2 (L+w) = 76.00 ft
CF = Clogging Factor = 0.50 =
A= Effective Open Area = 38.00 sqft 2%
Le = Effective Length of Inlet = P*CF = 38.00 ft
Qw = HEC-12, Eq. 17, Pg. 69 = 3*Le*Y*1.5 = 40 cfs
Qo = HEC-12, Eq. 18, Pg. 69 = 0.67*A*(2*32.2*Y)*.5= 144 cfs
Qc = Capacity = The less of Qwor Qo = 40 cfs
Qe = Excess capacity=Qc-Q= 5cfs
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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 J =
50 99.50 0.015
50  100.00 0.015
60  100.15 0.025

so = Street slope = Channel slope = 0.003 ftAt
cws y a p r k Q v
ft ft sq ft ft ft cfs cfs fps
99.5 0 0.00 0.00 0.00 0 0 0.00
99.6 0.10 0.50 10.30 0.05 7 0 0.74
99.7 0.20 2.00 20.60 0.10 43 2 y |8 7 4
99.8 0.30 4.50 30.91 0.15 126 7 1.53
b wl 99.9 0.40 800  41.21 0.19 271 15 1.86
Ny 100.0 0.50 12.00 41.51 0.29 533 29 2.43
100.1 0.60 16.67 54.34 0.31 866 47 2.84
\ 100.2 0.70 22.50 61.01 0.37 1285 70 3.13
100.3 0.80 28.50 61.01 0.47 1790 98 3.44
100.4 1080 | 34.50 61.01 0.57 2369 130 3.76
100.5 11.00 40.50 61.01 0.66 3017 165 4.08 0.3 3.857039
100.6 1.10 46.50 61.01 0.76 3730 204 4.39
100.7 1.20 52.50 61.01 0.86 4505 247 4.70
100.8 1.30 58.50 61.01 0.96 5340 292 5.00
100.9 1.40 64.50 61.01 1.06 6232 341 5.29
101.0 1.50 70.50 61.01 1.16 7179 393 5.58
101.1 1.60 76.50 61.01 1.25 8181 448 5.86
101.2 1.70 82.50 61.01 1.35 9234 506 6.13
101.3 1.80 88.50 61.01 1.45 10339 566 6.40
101.4 1.90 94.50 61.01 1.55 11494 630 6.66
101.5 2.00 100.50 61.01 1.65 12698 696 6.92

Specify geometric data for curb inlet.

Variable Description Value Unit
L= Length of Inlet = 56.53 ft
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.
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GROVERS AVENUE STORM DRAIN
yu= Select a normal flow depth = 093 ft v
Q = Select the starting street flow condition from the rating table = 139 cfs -
su= Select the starting friction slope from the table = 0.003 ft/ft
vu = Select the velocity = 3.86 fps
Hu = Compute the upstream specific head = yu + vu*2/2g = 1.16 ft
yd = Select the next downstream flow depth = 08 ft 7
x = Try a distance to next downstream depth = 053t
ya = Average depth = (yd+yu)/2 = 0.865 ft v
Le = Effective Length of Inlet = x*CF = 0.42 ft /
A= Effective Open Area = Le * h/12 = 0.18 sqft
Qw = Weir flow HEC-12, Eq. 19, Pg. 73 = 2.3*(Le+1.8*w)*Ya*1.5 = 6 cfs &+
Qo = Orifice flow HEC-12, Eq. 22,Pg. 76 =
= 0.67"A%(2'32.2*(Ya+a/12-h/24))*.5 = "1 cfs x5
Qa = Actual intercepted flow = 2[The less of Qw or Qo] = 2cfs | 7 : |
Q = Compute the next downstream street flow = Q - Qa = 137 cfs | > 2
a = Select the area for the next downstream flow depth from the rating table
= 28.50 sqft
vd = Compute the downstream velocity = Q/a = 4.82 fps
Hd = Compute the downstream specific head = yd + vd*2/2g = 1.16 ft
| k = Select the conveyance for the next downstream flow depth from the rating table
= 1790 cfs
B nll sd = Compute the friction slope at the next downstream section
€ = (Q/K*r2= 0.00588 ft/ft
1 sa = Compute the average friction slope = (sd + su)/2 = 0.00444 fu/ft
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 sd sa X err(x)
ft ft ft ft sq ft cfs cfs cfs fps ft ftft ft ft
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 5.29 113 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 5.16 091 533 0.01350 0.01221 15.67 0.00
0.40 2285 [56.53 0.45 18.28 7.62 15 26 29 33 8.00 4.10 066 271 0.01461 0.01406 22.85 0.00
0.30 21.89 78.42 0.35 17.51 7.30 10 22 19 14 4.50 3.00 044 126 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 1.49 013 7 0.01224 0.01286 16.32 0.00
SOLVE FOR GRATED INLET IN SUMP CONDITION:
Variable Description Value Unit
Q = Design Flow = 33 cfs
Y = Sump Depth = 0.50 ft
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GROVERS AVENUE STORM DRAIN

L= Length of grate = 36 ft
w = Width of grate = 2.00 ft
P = Perimeter lengthof grate=2 (L+ w) = 76.00 ft
CF = Clogging Factor = 0.50
A= Effective Open Area = 38.00 sqft
Le = Effective Length of Inlet = P*CF = 38.00 ft
Qw= HEC-12, Eq. 17, Pg. 69 = 3*Le"Y*1.5 = 40 cfs
Qo = HEC-12, Eq. 18, Pg. 69 = 0.67*A*(2*32.2*Y)*\.5 = 144 cfs
Qc = Capacity = The less of Qwor Qo = 40 cfs
Qe = Excess capacity=Qc-Q= 8 cfs
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GROVERS AVENUE STORM DRAIN

Compute the hydraulic profile for the inlet connector pipe.

RE: Storm Drain Design Manual, City of Phoenix, 1987, Pages 18, 31-34.

Design data.

Location:

Pipe material:
Mannings N-Value, n =
Pipe diameter (D) =

Pipe Length (1) = s ' f
Pipe Slope at Inlet (s) = l,L

Top of Curb Elevation (tc) =

Curb Face Opening (cf) =

Pipe Diameter, d =

Deflection Angle, angle = arctan (s) =
Inlet Diameter, di = d / cos (angle) =

Maximum Crown Elevation (MaxCEi) =tc-cf/[12-.5=

Crown Elevation at Inlet (CEi) =
Inlet Invert Elevation (ELi) =
Design Flow (Q) =

Tailwater Elevation (Tw) =

Compute flow assuming outlet control.

Velocity, v = Q / ((d/12)%/4) =
Velocity Head, hv = v?+2g =

Friction Slope, Sf = 4.66 * n? * Q2 + (d*(16/3)) =

Entrance Loss Coeficient, Ke =

Exit Loss Coeficient, Ko =

Pipe Loss, hp=Sf*| =

Entrance Loss, he = Ke *hv =

Exit Loss, ho = Ko * hv =

Total Friction Loss, H=hp + he + ho =
Headwater Elevation, Hwo = Tw + H =

Compute flow assuming inlet control using HEC-12.

Square Edged Headwall
Q=

x=Q/d"2.5=

Hw/d =

Hwi=Hw*d + ELi =

CALCULATE FREEBOARD AND DEPTH OF BASIN:

Controlling Headwater Condition (Max. of Hwo or Hwi),

HW =

Freeboard, FB=tc-cf+12-HW= /100~ 2/iz - 9 7. 14 _

)U ¥ - 9% 1Y
Minimum Allowable Drop Inlet Depth,
V'=tc-ELi+2/12=
3 3y U

g -

0.40000
100.00
8

3.00
21.80
3.23
98.83
98.00
94.77
55.00
95.00

7.78
0.93
0.02317
0.50

1

1.02
0.46
0.93
2.41
97.41

55.00
3.53
112

98.14

98.14
1.19

5.40
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Deg
Ft

9%
Ft _
cfs
Ft — /

Fps /
Ft
FUFt

Ft
Ft v/
Ft
Ft =/
Ft

cfs

FUFt
Ft

Ft
Ft




GUTTER TRANSITION 1@ :
o oth ways
CURB HEIGH DIM. A \ Y\ 9 bats (both ways) A HOVES.
- =3~ __% | j - . TYPES ARE DESIGNATED AS FOLLOWS:'M"NO WING
7/ STVASAN
= i 2 y o \ A 'M-1"- ONE WING, 'M-2"-TWO WINGS.
" I|_9u —_ _ R
M},@ . S R S G :| |2 ALL CONCRETE SHALL BE CLASS Al
o33l Set DETAlL~t . | '=3.ALL REINFORCING STEEL SHALL BE DEFORMED
i 5 K = e mas . S M— ot BARS AND SHALL CONFORM TO AS.T.M.
= SO P 7 % R O O WS i = = s s s e B SPECIFICATION 6I5.
IR LS S 1 v 1' “© _]_] | f 4.CONNECTOR PIPES SHALL BE PLACED IN THE
R | el 0 1 % APPROPRIATE WALL OF THE MAINTENANCE BASIN.
I~ N - —x
v A = 'H‘*"‘I‘—m*i' e 5.FLOOR OF BASIN SHALL BE TROWELLED TO A
T) i STD. CURB of L4 . Lot 0 <1~ HARD, SMOOTH SURFACE AND SHALL SLOPE
LA | 8 GUTTER & 6 RADIUS . FROM ALL DIRECTIONS TO OUTLET.
] CURB SUPPORT & ¥
i T orME et = ® ALL INLETS BUILT WITH PAVING PROJECTS. (SEE
—3 H 9
™ |rLow PER STD. DET. P-1574 / i i . DET. P-1575.)
f DEPRESSED GUTTER A le" < 1=316',10)0r I 45 n 3o~ 1| A
< TRANS Lt 7 LOCATE WING BASIN ON UPSTREAM SIDE OF
= WP\STD&S) WING BAsuw;g%N/o{ .. MAINTENANCE BASIN FOR TYPE M-I. WING
- | " BASINS FOR TYPE M-2 SHALL BE BOTH SIDES
\ i ? y Ploi VIEW : ' OF MAINTENANCE BASIN.
\ g Ut 35 3 .
1 = B-b - 8.STEPS (M.A.G. DET. 428 POLYPROPYLENE) - V=3
i Y Vo 5 6" L=3.6, 10 a{? ,\4 .\'v 30~ T (INCL), PLACE ONE STEP 12" ABOVE THE FLOOR
12 % 5-0 1 - WING BASIN‘(’ MAINTENANCE [ [ OF THE BASIN. V OVER 3', PLACE STEPS AT
8 20l Y ‘§l = SEE NOTES FO | ABASIN-—1 12" INTERVALS FROM THE: FLOOR OF THE BASIN :
w AND COVER s  WITH THE TOP STEP AT I2"(MIN.) BELOW THE.
= WHF— ’%' g ~Uffrxl._l_ L:_g_iii _A_A_F;EPJ?A.A_‘._A_“BI T T‘p.\[} R TOP OF THE GRATE.
- o " l' Y e ¥ " u l_ e BN . . & o, - pe i c
TR [ e 6. [1] 12 M‘N-‘L vlz" f—ooweLBAR . = 4 g}*-.zzv{)--?'*ﬂ;.% 9. ACCESS FRAME AND COVER PER DET. P-156| .
: . N ; — : C
RS saoeanzs BN s ; 3 ol 7 =)
—: A NSEE NOTE 9 W7 | > /\/MTC?(BESHN\WALL THICKNESS
—lk e A He " — 1% Z
== 5 Q oY) k:/r 8" IF V= 4'T0.
- = REINF. STEEL ¥ 8 —=
(e --iar‘{-gqg»d ! ”_[ #8ONENL BAR Jfite i W L AE  SPECIAL DESIGN IS REQUIRED.)
. }L_ L=0 UNLESS SPECIFIED ON THE PLANS
T 2-9 el I
: DOWEL BAR ; P V=3-6"MIN. WHEN L=0:3'0R &'
_SECTION A-A DETAIL SECTION B-B > V=4 ML WHEN L0 O b

~0"IN LOCATIONS WHERE 4' SIDEWALK IS REQ'D.

DETAIL NO. CITY OF PHOENIX T igi DETAIL Ra,
Jb | P |
P-1569 | &ksf» STANDARD  DETAIL CATCH BASIN TYPE M e RS




~0§-

INSIDE OF GRATE FRAME TOBE 14"

CROSS SLOPE

l’]"'l/-FLUSH WITH CURB FACE { PER PLAN L - (7-SS B
STD.DET. , N - ——3
i / - .ET { TR Y
TIPE R~ [+ £, ] 20 ues SLARE GRATE FRAME AND | e .
® ioys]d| PERPLANS _ FRAME ANCHORS~( [~ /T e
e % i 220 1T . \] N A Yo
$ TYPE 'C - a‘f o 1 i
‘ "'__‘D ‘*’—”_.1/ 2 u or Wiw iz 08 -
: LD _'.' —4—-«—3“ e
'N' CATCH BASIN IN 'N' CATCH BASIN IN SINGLE CATCH BASIN PLAN
VERTICAL CURB &GUTTER ROLL CURB BGUTTER e 6:5
GRATE SUPPORT FOR FRAME—~, (GRATE "—_"‘[—»A
SSEBsLeEc?TsFEEfLE N
; 4873 V2" STOVE BOLT \ > ipoe | [ I
f,fz-oVé i 3: ______ 2 PER FRAME Sf //\,: 7- i
S g : > swiss  (COUNTERSINK |le===——"Hi
.31=\ L=p'g lpv  BOLT HEADS) [l rovo et Aoy ~
! A
SECTION B-B DOUBLE CATCH BASIN PLAN
” 9'-10 172"
2172 |
GRATE FRAME -————1 A
AND FRAME - (\’\ "
ANCHOR =, it mj,( DR 1t v L
:*‘\w — i -7
1l O ==l 7
! T\ " B
Lt | '

4;35 ~SEENOTE 9.

" TRIPLE CATCH BASIN PLAN

NOTES
ILALL 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.

4THE CONSTRUCTION DRAINS SHALL BE
INSTALLED IN ALL INLETS BUILT WITH PAVING
PROJECTS.(SEE DET.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 E'LEVATION.

7 THE TYPE 'N' CATCH BASIN MAY BE
PREFABRICATED PROVIDING A SHOP DRAWING
IS APPROVED BY THE ENGINEER PRIOR TO
FABRICATION .

8.THE FRAME SHALL BE DET. P-1564, TYPE |
THE GRATE SHALL BE DET P-I565, TYPE 1.

AND

9. STEPS (M.A.G. DET. 428 POLYPROPYLENE)— v=3'
(INCL), PLACE ONE STEP I2" ABOVE THE FLOOR
OF THE BASIN. V OVER 3', PLACE STEPS AT
I2"INTERVALS FROM THE FLOOR OF THE BASIN
WITH THE TOP STEP AT I2"(MIN.) BELOW THE
TOP OF THE GRATE.

CATCH BASIN WALL THICKNES S

T= 6 "IF VIS 4 OR LESS

T=8"IF VIS4’ TO 8

(IF Vv EXCEEDS 8 ' SPECIAL.DESIGN IS REQUIRED)
v=3-0"UNLESS OTHERWISE NOTED.

DETAI.L NO. Ay CITY OF PHOENIX i APPR DETAIL NO.
b 2 .
P5T0 |l i inies - DAL CATCH BASIN TYPE 'N /égm MNW Z 7 %# P-1570

M}\Otlrg/wl




§ NAME: GROVERS AVENUE STORM DRAIN LATERAL

NUMBER:  8156.001
5 T
. N, Ro P
f

<< O ©O
u o

.4!“ Con
Y
3 et

W

e: 11:44.58
mm——
lc: Statistics
Number of Pipes = 11
Tctal Length of Pipe = 4,909 Feet N’IM’V
= g T SR Lrs4
= 1,346.00 Feet (rwd 7rerz7z s ~

ongest Pipe
hortest Pipe

oore

12.00 Feet

—
e s s
- -
-—-—’;1:«’
g

I ¥aximum Flow = 513.00 cfs
Minimum Flow = 15.00 cfs
l Z( L -
¥aximum Velocity = 11.00 fps . g
Minimum Velocity = 4.78 fos > 2.5 fP*, +'s 0 ’J,/uitik
l*ﬁax*‘.mum Cover Above Crown = 19.58 Feet
¥inimum Ccver Above Crown = 8.35 fFeet 2 ﬁ;' ) K ok
lhaximum Ground - HGL = 7.80 Feet
¥inimum Ground - HGL = 3.09 Feet > 3% ‘) A Dk
I Maximum HGL - Crown = 12.74 Feet > 0 y - ok
¥ininun H6L - Crown - 2.58 Feet >0 .. ok
l~--+++++ Tddaddtdd 04444444434+t + 4444440ttt b 04ttt T4 34444 84444344 04444434 (044444444 T 144444441 24444444413
ASLE 1 - INPUT DATA
Pis Station  Length Type  Diameter  Span Rise Number  Flow Flow Per Ground Crown Downstream
I.\_-.::e." (Feet) of Pipe (lnches} {Feet) (Feet) of Pipes (cfs) Pipe Elevation Eilevation Pice No.
I 3 =112 237  RCP 93 0.00 0.00 1 513.00 513.00  1447.40 1427.82 0
68 1447.40  1429.85
2 55 12 C8C 95 12.00 8.00 1 503.00 503.00 1447.40 1429.85
l 71 1447.40  1435.00
3 11 1,221 RCP 96 0.00 0.00 1 503.00 503.00 1447.40 1435.00 2
1,298 1451.00  1440.87
4 1,298 1,346  RCP 84 0.00 0.00 1 350.00 350.00  1451.00  1440.87 3
I 2,644 1454.00  1445.65
5 2,544 557 RCP 48 0.00 .90 1 103.00 103.00  1454.00  1445.55 4
3,301 1458.00  1448.89
l b) 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
1 3,851 486  RCP 42 0.00 0.00 1 84.00 84.00 1462.00 1452.16 )
I 4,337 1462.00  1452.82
8 1,298 100 RCP 60 0.00 0.00 1 139.00 139.00  1451.00  1440.87 3
1,398 1451.50  1441.70
I 9 2,644 100 RCP 84 0.90 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
3,401 1458.50  1449.89
I 11 4,337 100  RCP 42 0.00 0.00 i 81.00 81.00 1462.00 1452.82 7
4,437 1462.50  1453.82
l-‘+++++++ TH+t+44444 2444444444 3444444444444+ 4443404444444 0444414 THEHHH 484444444 0444444444 10444444+ 1 144444444 124444444413
l -4l-
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- HYDRAULIC DESIGN DATA
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08 NAME: GROVERS AVENUE STORM DRAIN LATERAL
0B NUMBER:  8156.001

| ;
R o T SR
. | L . ‘.
Tige: 12:00:02 g = = s CIPP
" o< l =2 =
ob Statistics: -~ = & <= e
» —
Gs.
Number of Pipes = 11 3 5 - S\ Si: I ? e
Total Length of Pipe = 4,909 Feet » ¥ ) 8 =5 )
3 by %f e 3 x
; - Eoot N {3 ‘& AN
Longest Pipe = 1,346.00 Feet N N
lShortest Pipe = 100.00 Feet l i VL l -2
. !
v ~ \
Kaximum Flow = 513.00 cfs 513204 % 4 \° ‘ @
Minimum Flow = 15.00 cfs \J\' T I |
I o ¢ $
| Méx?mum Ve:oc*}ty = 11.00 r’ss l 1 N 3 5 P 1
¥inimum Velocity = 4.78 fos
l.":ax':mum Cover Above Crown = 19.58 feet
Minimum Cover Above Crown = 8.35 Feet él(odté‘fé A\W“‘*i t%w(
I’ny'\." Ground - HGL = 7.87 Feet ('(W’w\
Mininum Ground - HGL = 3.80 Feet
I.. imum HGL - Crown = 11.78 Feet ¢
1.97 Feet L”\kE Q{A(qﬁfjﬁ\

wum HGL - Crown

ASLE 1 - INPUT DATA

l Pice Station Length Type Diameter Span Rise Number F
(E {
Al \

D Tow Flow Per Ground Crown Downstream
get) of Pice (Inches} (Feet) (Feet) of Pipes ({cf

s) Pipe Elevation Eievation Pipe No.

I 1 -112 237  RCP 93 0.00 0.00 1 §13.00 513.00  1447.40 1427.82 0
€5 1447.640  1429.8%
2 55 100 CIpp g8 12.00 8.00 1 503.20 §03.00  1447.40  1429.85
l 165 1447.60  1437.30
3 165 1,133 CIpP 96 0.00 0.00 1 503.00 §03.00  1447.40  1437.30 2
1,298 1451.00  1440.87
4 1,298 1,346 CIPP 6 0.00 0.09 1 350.00 350.00 1451.00  1440.87 3
I 2,644 1454.00  1445.65
5 2,644 557 CIPP 4 0.00 0.00 1 103.00 103.00 1454.00  1445.55 4
3,301 1458.00  1448.88
l 5 3,301 550 CIPP 48 0.00 0.00 1 84.00 84.00 1458.00  1448.89 5
3,851 1462.00  1452.16
1 3,851 486  CIPP 48 0.00 0.00 1 84.00 84.00 1462.00 1452.16 §
I 4,337 1462.00  1452.82
8 1,298 100 CIPP 80 0.00 0.00 1 139.00 139.00  1451.0 1440.87 3
1,398 1451.50  1441.70
l 9 2,644 100 CIPP 84 0.00 0.00 1 245.00 245.00  1454.00  1445.65 4
2,144 1454.50  1446.65
0 3,301 100 CIPP 24 0.00 0.00 1 15.00 15.00 1458.00 1448.89 5
3,401 1458.50  1449.89
l 11 4,337 100 CIPP 42 0.00 0.00 1 81.00 81.00 1462.00 1452.82 7
4,437 1462.50 1453.82
.++++++++ THt+++++44 244444444434+ 4444404404 544444444 00t 4 H 441 H T b H 4 84444444 044 10 b4+ 1 044444 T T4 4444 1 24444444413
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TASLE 2 - HYDRAULIC DESIGN DATA

Pipe Area Perimeter Radius Velocity Vel. Head Energy Pipe K Angle Minor Loss Pipe Loss £GL HGL
lNumoe:‘ (Sq ?t) ? eet) (Feet) (tps) (Feet) Slope Slope (Feet) (Feet) (Feet) (Feet)
0.00 1439.60  1439.60
l 1 46.64 24.00 1.94 11.00 1.88 0.00323 0.00857 1.0 0 1.88 0.77  1441.48  1439.50
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
l 1442.56  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
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
I 1449.85  1449.10
5 15.80 14.00 1.14 6.48 0.65 0.00359 0.00493 0.3 0 0.00 2.36  1449.85  1449.20
1452.21  1451.56
l 5 12.56 13.00 0.97 6.69 0.69 0.00475 0.00595 0.3 0 0.09 2.61  1452.21  1451.52
1454.82 1454.13
7 12.55 13.00 0.87 6.69 0.69 0.00475 0.00136 0.3 0 0.00 2.31  1454.82 1454.13
l 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
9 38.47 22.00 1.7% §.37 0.63 0.00195 0.01000 1.0 80 0.63 0.20 1450.48  1449.85
l 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
1453.12  1452.76
l 11 9.62 11.00 0.87 8.42 1.10  0.00860 0.01000 1.0 90 1.10 0.86 1458.23  1457.%3
1459.09  1457.99
R D o A D ol R B R o o e
IASLE 3 - GRAPH DATA SUMMARY
2ive Station  Ground EGL HGL Crown Invert Cover  Ground-HGL HGL-Crown
'.\um:er {Feet) Elevation Elevation Elevation Elevation Elevation (Feet) (Feet) {Feet)
1439.60  1439.60
& =172 1447.40  1441.48  1439.60  1427.82  1420.11 18.58 7.80 11.78
l 55  1447.40 1442.24  1440.37 1429.85 1422.14 17.55 7.03 10.52
2 65  1447.40  1442.26  1440.70  1429.85 1421.85 171.55 £.70 10.8%
165 447.40  1442.56  1441.10  1437.30  1429.30 10.10 6.30 3.80
I 3 165  1447.40  1442.66  1441.10 1437.30 1429.3C 10.10 §.30 3.80
1298  1451.00  1447.20 1445.64  1440.87 1432.87 10.13 5.36 4.71
4 1298  1451.00  1447.24 1446.49  1440.87 1432.87 10.13 4.51 5.62
2644  1454.00  1449.85 1449.10 1445.65 1437.65 8.35 4.90 3.45
I 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 5.44 2.67
§ 3301 1458.00  1452.21  1451.52  1448.83  1444.89 9.11 .48 2.63
l 3851 1452.00 1454.82 1454.13  1452.16  1448.16 9.84 7.817 1.97
i 3851  1462.00 1454.82 1454.13  1452.16  1448.16 9.84 71.817 1.97
4337 1462.00 1457.13  1456.44  1452.82 1448.82 9.18 5.56 3.62
l 8 1298 1451.00  1447.98  1447.20  1440.87 1435.87 10.13 3.80 6.33
1398 1451.50  1448.37  1447.59  1441.70 1436.70 9.80 3.91 5.89
g 2644  1454.00 1450.48  1449.85 1445.65 1438.65 8.35 4.1 4.20
l 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 1448.83  1446.89 9.11 5.719 3.3
3401  1458.50  1453.12 1452.76  1449.83  1447.89 8.61 5.74 2.817
i1 4337 1462.00 1458.23  1457.13  1452.82  1449.32 9.18 4.87 4.31
I 4437  1462.50  1459.09  1457.99  1453.82  1450.32 8.68 4.51 4.117
' 54~




NAME: GROVERS AVENUE STORM DRAIN LATERAL
NUMBER:  8156.001

(8

< O O
- O O

[ ALEX BATT
ate: 01-18-1994 CB C
Tige: 12:03:14 i
loc Statistics:
Number of Pipes = 11
' Total Length of Pipe = 4,909 Feet
Longest Pipe = 1,346.00 Feet
l Snortest Pipe = 12.00 Feet
| Maximum Flow = 513.00 cfs
l ¥inimum Flow = 15.00 cfs
Maximum Velocity = 11.46 fps
Minimum Velocity = 4.78 fos
' Maximum Cover Above Crown = 19.58 Feet
¥inimum Cover Above Crown = 8.35 Feet
' Maximum Ground - HGL = 8.41 Feet
¥inimum Ground - HGL = 4.29 Feet
l ¥aximum HGL - Crown = 11.78 Feet
¥inimum HGL - Crown = 1.43 Feet
I-‘—*++++‘:+++++++++2+++++++++3+++++++++4+++++++++5+++++++++5+++++++++7+++++++++8+++++++++9+++++++++1e++++++++1,‘!++++++++22++++++++’,3
FASLE 1 - INPUT DATA
Zice Station Length Type Diameter Span Rise Number Flow Flow Per Ground Crown Downstream
Numoer {Feet) of Pipe (Inches) (Feet) (Feet) of Pipes (cfs) Pipe Elevation Elevation Pipe Ne.
' 1 =172 237  RCP 93 0.00 0.00 1 513.00 513.00 1447.40 1427.82 0
65 1447.40  1429.85
2 55 12 CBC <5~ 8.090 8.00 1 £03.00 503.00 1447.40 1429.85 1
I 7 144740 1435.00
3 11 1,221 CBC 85 7.00 7.00 1 503.00 503.00 1447.40  1435.00 2
1,298 1451.00  1440.87
3 1,298 1,345 (C8C 3T 1.00 5.00 1 350.00 350.00 1451.00 1440.87 3
2,644 1454.00  1445.65
5 2,644 557 C8C *8 4.00 4.00 1 103.00 103.00 1454.00 1445.65 4
3,300 - 1458.00  1448.89
l b 3,301 550  RCP 47 45— 45 1 84.00 84.00 1458.00  1448.89 5
3,851 - 1462.00  1452.16
(i 3,851 486  RCP @ 45— 488 i 84.00 84.00 1462.00 1452.15 §
l 4,337 1462.00 1452.82
8 1,298 100 C8C B g 4.00 4.00 1 139.00 139.00 1451.00 1440.87 3
1,398 1451.50  1441.70
l 9 2,644 100 CBC 1 6.00 5.00 1 245.00 245.00 1454.00  1445.55 4
2,744 1454.50  1446.65
10 3,301 100  RCP 24 0.00 0.00 1 15.00 15.00 1458.00 1448.89 5
3,401 1458.50  1449.88
11 4,337 100 RCP 36 0.00 0.00 1 81.00 81.00 1462.00 1452.82 .
4,437 1462.50  1453.82
l«++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++5+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++12++++++++1.3




TASLE 2 - HYDRAULIC DESIGN DATA

Pioe Area Perimeter Radius Velocity Vel. Head Energy Pipe K Angle Minor Loss Pipe Loss EGL HGL
l.\'umaer‘ (Sa Ft)  (Feet) (Feet) (fps) (Feet)  Slope Slope (Feet) (Feet) (Feet) (Feet)
0.00 1439.60  1439.60
1 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 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
1442.49  1441.53
3 49.00 28.00 1.75 10.27 1.64 0.00324 0.00481 0.5 0 0.04 3.96  1442.54  1440.990
: 1446.50  1444.85
4 42.00 26.00 1.62 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 6.44 0.54 0.00269 0.00493 0.3 0 0.02 1.77  1449.73  1448.08
1451.49  1450.85
.87 8.74 1.18 0.00592 0.00585 0.3 0 0.02 3.26  1451.52  1450.33

1454.78  1453.59

1 8.62 11.00 0.87 8.74 1.18 0.00592 0.00136 0.3 0 0.00 2.88  1454.78  1453.58
] 1457.65  1456.47

8 16.00 16.00 1.00 8.69 1.17 0.00480 0.00830 1.0 80 147 0.49  1447.87  1446.5¢C
1448.16  1446.99

8 36.00 24.00 1.50 §.81 0.72 0.00175 0.01000 1.0 S0 0.72 0.17  1450.43  1449.7%
1450.61  1449.89

10 3.14 6.00 0.52 £.78 0.35 0.00351 0.01000 1.0 90 0.35 0.35 1451.85  1451.49
1452.20  1451.85

ty 1.07 8.00 0.79 11.46 2.04 0.01177 0.01000 1.0 80 2.04 1.18  1458.69  1457.65

= on
w
(=23
~N
—
—t
(=]
(=]
o

1460.87  1458.83
R A R L R R D e e e e e e S L )

IASHE 3 - GRAPH DATA SUMMARY
Pice Station  Ground EGL HGL Crown Invert Cover  Ground-HGL HGL-Crown
l.\;.::er {Feet) Elevation Elevation Elevation Elevation Elevation (Feet) (Feet) (Feet)
1439.60  1439.560
1 =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 1755 7.03 10.5
2 65  1447.40  1442.47 1441.52  1429.85  1421.85 17.55 5.88 11.67
17 1A47.40  1442.49  1441.53  1435.00 1427.00 12.49 5.87 5.5
l 3 17 1447.40 1442.54  1440.90 1435.00 1428.00 12.40 §.50 5.90
1298  1451.00 1446.50 1444.86  1440.87 1433.87 10.13 5.14 3.99
4 1298  1451.00 1446.51 1445.43  1440.87 1434.87 10.13 5.57 4.56
2544  1454.00  1449.71  1448.53  1445.55 1439.55 8.35 5.317 2.98
l 5 2644  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
6 3301 1458.00  1451.52  1450.33  1448.89  1445.39 8.1 7.617 1.44
l 3851  1462.00 1454.78  1453.59  1452.15  1448.56 9.84 8.41 1.43
7 3851 1462.00 1454.78  1453.59  1452.16  1448.66 9.84 8.41 1.43
4337 1462.0 1457.65  1456.47  1452.82  1449.32 9.1 5.53 3.65
l 8 1298  1451.0 1447.67  1446.50 1440.87  1436.87 10.1 4.50 5.63
1398  1451.50 1448.16  1446.99  1441.70  1437.70 9.80 4.51 5.29
g 2644 1454.00 1450.43  1449.71  1445.65 1439.65 8.35 4.29 4.06
2744 1454.50  1450.61  1449.89  1445.65 1440.65 7.85 4.61 3.24
I 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 §.55 1.96
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 -§b~
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J08 NAME: GROVERS AVENUE STORM DRAIN LATERAL
208 NUMBER:  8156.001

ALEX BATT

01-19-1994

11:44:58

Statistics: UM%L\"( MA
Number of Pipes = 11
Total Length of Pipe 4,909 Feet Ok‘l 7
1,346.00 Feet
12.00 Feet : &(
513.00 cfs
15.00 cfs Q\O ?

imum Velocity = 11.00 fos
Velocity = 4.78 fos

o o-<
ot
(]

£3
m

O
o

r
e}
(e}
®
n
r
o
-
o
©
"

"

¥aximum Flow
Mininum Flow

< X
Za. fu
3 X
=ty A
S 3
=
t— |

Maximum

Cover Above Crown = 19.58 Fee
Minimum Co

"
-
ver Above Crown = 8.35 Feet

= = 2 (21
= 3
[ - |
=3
t
[0
19}
t
o
-~
o
(0]

¥aximum Sround - HGL = .80 Feet
¥inimum Sround - HGL = 3.09 Feet
¥aximum HGL - Crown = 12.74 Feet
Minimum HGL - Crown = 2.58 feet

l—ov+++++ Tttt 4244444444 34444441 Db Dttt b b T 8 0 4 D44 T T4 444444 1 24444444413

ASLE 1 - INPUT DATA

Jine Station Length Tvoe Diameter Span Rise Number Flow Flow Per Ground Crown Downstreanm
I.\;m-er {Feet) of Pipe (Inches) {Feet} (Feet) of Pipes {cfs) Pipe Elevation Elevation Pipe No
I ; =172 231 RC 93 0.00 0.00 1 513.00 513.00 1447.40 1427.82 g

§5 1447.40  1429.85
2 55 12 CBC 96 12.00 8.00 1 503.00 503.00 1447.40  1429.85
11 1447.40  1435.00
I 3 11 1,221  RCP 96 0.00 0.00 1 503.00 503.00 1447.40 1435.00 2
1.298 1451.00  1440.87
4 1,298 1,346  RCP 84 0.00 .00 1 350.00 350.00 1451.00  1440.87 3
' 2,644 1454.00  1445.55
5 2,544 657 RCP 48 0.00 0.00 i 103.00 103.00  1454.00  1445.55 4
3,301 1458.00  1448.89
l 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
1 3,851 486 RCP 42 0.00 0.00 1 84.00 84.00 1462.00 1452.16 )
l £,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  1441.7C
9 2,644 100 RCP 84 0.90 0.00 1 245.00 245.00  1454.00  1445.585 4
l 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
3,401 1458.50  1449.89
I 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

l-f++++++1+++++++++2+++++++++3+++++++++4+++++++++5+++++++++5+++++++++7+++++++++8+++++++++9+++++++++1 Ot++4++4+ 11444444441 24444444413
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TASLE 2 - HYDRAULIC DESIGN DATA JIAANLS CATLECrN 0P/ e 7 o= N (A Tl s

; Area  Perimeter Radjus Velocity Vel. Head Energy Pice K Angle Minor Loss Pipe Loss  EGL H6L
I\me" (Sq Ft) (Feet) (Feet) (fos) (Feet}  Slope Siope (Feet) (Feet) (Feet) (Feet)
0.00 1439.60  1439.60
I 1 46.64  24.00 1.9  11.00 1.88  0.00323 0.00857 1.0 O 1.88 0.77  1441.48  1439.50
. 1442.24  1440.37
2 96.00  40.00 2.40 5.2 0.43  0.00055 0.42917 1.5 ¢ 0.7 0.01 1443.02  1442.59
l Zd= — s /3)2/4——5’0,27 <~ GIVEN VALUE IR s
3 Bo.2gf " 25.00 2.01  10.01 1.56  0.00256  0.00481[0.5] 0 0.18 3.13  1443.20  1441.68
ol = 30406 (7)) =21.99 7 GIVEA VALUE 114533 144417
£ 3847 P2.00 1.75 9.10 1.29  0.00255 0.00355 0.3 | 0 0.00 .43 1446.34  1445.05
I A% = /z,fé//? = £,9727 1449.77  1448.48
5  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
C4 = 64/%62= 873 rPs 1452.17  1451.73
I 5 9.62  11.00 0.87 8.7 1.18  0.00592 0.00595 0.3 0 0.00 3.26  1452.77  1451.59
Vig = 5’94’744 ’//? g 1456.03  1454.84
7 9.62  11.00 8 ot Ll1s], 000593 o 0.00136 0.3 1456.03  1454.84
I S =V o)/(/,ffgé, r /?)j = oze R’?os .0/2)/(/,41349//23)’?] 1458.91  1457.72
§  19.83  16.00 1.23 7.08 0.78 [0.00248] ©0.00830 1.0 S0 0.78 0.25  1447.11  1446.33
== C/A/V’A/_,/ - > o =R sdzs s o o, 72 1447.35  1445.58
22.00 1.75 6.3 0.00125 |0.01000)1.0 90 0.63 0.12  1450.40  1448.77
l /7 @1//2 ;)K [Z478 200 %))/4 y4llo="035" —| 1450.52  1449.89
0.52 £.78 0.35  0.00351 0.01000 1.0 8O 0.35 0.35 1453.13 1452.77
/,«F 5 A = 00&5‘5’/ X /00 = £,.557 < 1453.48  1453.12
l 9.62  11.00 8.81 A2 1.10  0.00551 0.01000 1.0 90 1.10 0.55| 1460.01 1458.9:

1460.56  1459.46

—~~**¢+*+'+**++++++2+++++¢+++3+++++++++4+++++++++5+++++++++5+++++++++7+++++++++8+++++++++9+++++++++10++++++++11++++++++32++++++++13

l LE 3 - GRAPH DATA SUMMARY
Station  Ground EGL HGL Crown Invert Cover Ground-HGL HGL-Crown
l'\ mber (Feet) Elevation Elevation Elevation Elevation Eievation (Feet) (Feet) (Feet) O\V
1439.60  1439.60 v
=172 1447.40  1441.48  1439.60  1427.82 1420.1% 19.58 7.80 11.78 @K
l §5  1447.40  1442.24 1440.37 1429.85  1422.14 17.55 7.03 10,52
2 65  1447.40 1443.02  1442.59 429.85 1421.85 17.55 4.81 2.14
17T 447,40 1443.92  1442.50 1435.00  1427.09 12.40 4.80 1.50
I 3 17T 1447.40  1443.20  1441.64  1435.00 1427.00 12.40 5.78 5.64
1298 1451.00  1446.33  1444.77  1440.87  1432.87 1013 §.23 3.90
4 1298  1451.00  1446.34  1445.05 1440.87 1433.87 10.13 5.95 4.18
2644  1454.00  1449.77 1448.48  1445.65 1438.55 8.35 5.5 2.83
l 5 20644  1454.00  1449.77  1448.73  1445.65  1441.65 8.35 5.21 3.08
307  1458.00  1452.77 1451.73  1448.89  1444.89 9.11 §.27 2.84
b 3301  1458.00  1452.77 1451.5 1448.89  1445.39 9.11 6.41 2.170
l 3851  1452.00 1456.03  1454.84 1452.16  1448.66 9.84 1.1 2.68
1 3851  1462.00  1456.0 1454.84  1452.16  1448.56 9.84 7.16 2.5
4337 1462.00  1458.91  1457.72  1452.82  1449.32 9.18 4.28 4.90
l 8 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 1436.70 9.80 4.92 4.88
9 2644  1454.00 1450.40 1449.77 1445.65 1438.65 8.35 4.23 4.12
I 2744 1454.50  1450.52  1449.89  1446.65 1439.65 7.85 4.51 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 8.51 5.38 3.23
11 4337 1462.00  1460.01 1458.91  1452.82  1449.32 9.18 3.09 6.09
l 4437  1462.50  1460.56  1459.46  1453.82  1450.32 8.68 3.04 5.64
i 60 -
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Grovers Avenue Storm Drain Lateral

Preliminary Construction Cost Estimate (RCP)

No. Description Unit  Quantity Unit Cost Cost
1 24 Inch Reinforced Concrete Pipe feet 73 $48 $3,500
2 42 Inch Reinforced Concrete Pipe feet 1,138 $84 $95,590
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
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
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
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
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 10x10x10 Foot Junction Structure ea 1 $12,000 $12,000
19 12x12x16 Foot Junction Structure ea 1 $20,000 $20,000
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
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
26 Catch Basin & Apron, Type N, Single (P-1570) ea 1 $1,800 $1,800
27 Pipe Collar (MAG-505) 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
30 Concrete Sidewalk (P-1230) sq ft 4,710 $2.50 $11,780
31 Pavement Replacement, C-3/4 x 2" Thick sqyd 2,117 $24.00 $50,810
32 Permanent Pipe Support (MAG-403-1&2) ea 5 $660 $3,300
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
36 8 Inch Vitrified Clay Pipe Sewer Relocation feet 200 $18 $3,600
37 Channel Excavation cuyd 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
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
43 Allowance for Public Information and Notification Job 1 $20,000 $20,000
44 Mobilization job 1 $10,000 $10,000
Subtotal $1,291,990
Contingencies job 20% $258,400
Engineer's Opinion of Construction Cost $1,550,390

Morrison-Maierle/CSSA, Inc. 19-Jan-90
- (ol -




Grovers Avenue Storm Drain Lateral

Preliminary Construction Cost Estimate (CIPP)

No. Description

1 24 Inch Cast In Place Concrete Pipe
2 42 Inch Cast In Place Concrete Pipe
3 48 Inch Cast In Place Concrete Pipe
4 54 Inch Cast In Place Concrete Pipe
5 60 Inch Cast In Place Concrete Pipe
6 84 Inch Cast In Place Concrete Pipe
7 96 Inch Cast In Place Concrete Pipe
8 24 Inch Reinforced Concrete Connector Pipe
9 36 Inch Reinforced Concrete Connector Pipe
10 CIPP Man Hole
11 48 Inch Man Hole Shaft (MAG 420)
12 48 Inch Man Hole Base (P-1520)
13 60 Inch Man Hole Base (MAG-521)
14 60 Inch Man Hole Shaft (MAG-420)
15 10x10x10 Foot Junction Structure
16 12x12x16 Foot Junction Structure
17 Catch Basin Type M-1, L = 13 (P-1569 Mod.)
18 Catch Basin Type M-1, L = 17 (P-1569)
19 Catch Basin Type M-2, L = 12 (P-1569 Mod.)
20 Catch Basin Type M-2, L = 15 (P-1569 Mod.)
21 Catch Basin Type N, L = 28 (P-1570 Mod.)
22 Catch Basin Type N, L = 36 (P-1570 Mod.)

23 Catch Basin & Apron, Type N, Single (P-1570)

24 Pipe Collar (MAG-505)

25 Large Diameter Plugs (MAG-427)

28 Curb and Gutter, Type 'A’, H=6" (MAG-220)
27 Concrete Sidewalk (P-1230)

28 Pavement Replacement, C-3/4 x 2" Thick
29 Permanent Pipe Support (MAG-403-1&2)
30 Adjust Valve Box & Cover (MAG-270)

31 Adjust Man Hole Frame & Cover (MAG-270)
32 Survey Marker, Type 'B' (MAG-120-1)

33 8 Inch Vitrified Clay Pipe Sewer Relocation
34 Channel Excavation

35 Traffic and Access Control

36 Survey

37 Uniformed Off-Duty Law Enforcement

38 Allowance for EXTRA Work

39 Allowance for Quality Control & Testing

40 Allowance for Public Information and Notification

41 Mobilization

Subtotal
Contingencies

Engineer's Opinion of Construction Cost

—vk?—"

Unit

feet
feet
feet
feet
feet
feet
feet
feet
feet
ea
ea
ea
ea
ea
ea
ea
ea
ea
ea

ea
ea
feet
sq ft
sq yd
ea
ea
ea
ea
feet
cu yd
job
Job
hour
Job
Job
Job
job

job

Quantity Unit Cost Cost

73 $38 $2,770
102 $90 $9,180
1,136 $96 $109,060
657 $120 $78,840
110 $150 $16,500
146 $280 $40,880
2,579 $300 $773,700
80 $60 $4,800
200 $83 $16,600
1 $3,600 $39,600

5 $1,500 $7,500

5 $2,500 $12,500

6  $3,500 $21,000

8  $2,000 $16,000

1 $12,000 $12,000

1 $20,000 $20,000

2  $2,000 $4,000

1 $2,500 $2,500

2 $3,500 $7,000

10  $4,500 $45,000

1 $7,000 $7,000

2 $9,000 $18,000

1 $1,800 $1,800

32 $350 $11,200

2 $1,000 $2,000
942 $5.50 $5,180
4,710 $2.50 $11,780
2,117  $24.00 $50,810
5 $660 $3,300

12 $250 $3,000

8 $250 $2,000

8 $150 $1,200
200 $18 $3,600
1,200 $3.00 $3,600
1 $30,000 $30,000

1 $30,000 $30,000

100 $21 $2,100

1 $50,000 $50,000

1 $50,000 $50,000

1 $20,000 $20,000

1 $10,000 $10,000
$1,556,000

20% $311,200
$1,867,200

Morrison-Maierle/CSSA, Inc. 19-Jan-20




Grovers Avenue Storm Drain Lateral

Preliminary Construction Cost Estimate (CBC)

No. Description

1 24 Inch Reinforced Concrete Pipe
2 36 Inch Reinforced Concrete Pipe
3 4x4 Foot Concrete Box Conduit
4 6x6 Foot Concrete Box Conduit
5 7x6 Foot Concrete Box Conduit
6 7x7 Foot Concrete Box Conduit
7 24 Inch Reinforced Concrete Connector Pipe
8 36 Inch Reinforced Concrete Connector Pipe
9 48 Inch Man Hole Shaft (MAG 420)
10 48 Inch Man Hole Base (P-1520)
11 12x12x16 Foot Junction Structure
12 Catch Basin Type M-1, L = 13 (P-1569 Mod.)
13 Catch Basin Type M-1, L = 17 (P-1569)
14 Catch Basin Type M-2, L = 12 (P-1569 Mod.)
15 Catch Basin Type M-2, L = 15 (P-1569 Mod.)
16 Catch Basin Type N, L = 28 (P-1570 Mod.)
17 Catch Basin Type N, L = 36 (P-1570 Mod.)
18 Catch Basin & Apron, Type N, Single (P-1570)
19 Pipe Collar (MAG-505)
20 Large Diameter Plugs (MAG-427)
21 Curb and Gutter, Type 'A’, H=6" (MAG-220)
22 Concrete Sidewalk (P-1230)
23 Pavement Replacement, C-3/4 x 2" Thick
24 Permanent Pipe Support (MAG-403-1&2)
25 Adjust Valve Box & Cover (MAG-270)
26 Adjust Man Hole Frame & Cover (MAG-270)
27 Survey Marker, Type 'B' (MAG-120-1)
28 8 Inch Vitrified Clay Pipe Sewer Relocation
29 Channel Excavation
30 Traffic and Access Control
31 Survey
32 Uniformed Off-Duty Law Enforcement
33 Allowance for EXTRA Work
34 Allowance for Quality Control & Testing
35 Allowance for Public Information and Notification
36 Mobilization

Subtotal
Contingencies

Engineer’'s Opinion of Construction Cost

~b3 -

Unit

feet
feet
feet
feet
feet
feet
feet
feet
ea
ea
ea
ea
ea
ea
ea
ea
ea
ea
ea
ea
feet
sq ft
sq yd
ea
ea
ea
ea
feet
cu yd
job
Job
hour
Job
Job
Job
job

job

Quantity Unit Cost Cost

73 $48 $3,500
102 $84 $8,570
767 $222 $170,440
146 $311 $45,420

1,346 $333 $448,670
1,221 $356 $434,130

80 $60 $4,800
200 $83 $16,600
5 §$1,500 $7,500

5 $2,500 $12,500

1 $20,000 $20,000

2  $2,000 $4,000

1 $2,500 $2,500

2  $3,500 $7,000
10 $4,500 $45,000
1 $7,000 $7,000

2 $9,000 $18,000

1 $1,800 $1,800
32 $350 $11,200
2  $1,000 $2,000
942 $5.50 $5,180

4,710 $2.50 $11,780
2,117  $24.00 $50,810

5 $660 $3,300

12 $250 $3,000

8 $250 $2,000

8 $150 $1,200
200 $18 $3,600
1,200 $3.00 $3,600

1 $30,000 $30,000
1 $30,000 $30,000
100 $21 $2,100
1 $50,000 $50,000
1 $50,000 $50,000
1 $20,000 $20,000
1 $10,000 $10,000

$1,547,200
20% $309,440

$1,856,640

Morrison-Maierle/CSSA, Inc. 19-Jan-90



APPENDIX B - DRAINAGE MAP
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