
,-
I
!

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I 1200-05

CVL-4-1276

, Property of
Flood Control D;strict of Me Libr3~Y

P;~ase Return to
280 I W:·[ ':j'~aIW'J

Phoenix, AZ 8-'009

MASTER DRAINAGE REPORT
FOR

LITCHFIELD PHASE 1

October 1989

Prepared for; '..
SunCor Development C9mp~ny

555 East P1az~'Cir6i~

Litchfield Park, Arizona"85340
(602) 935'::2700'

Prepared by:
Coe & Van Loo Consulting Engineers, Inc.

4550 N. 12th Street
Phoenix~ Arizona "S50i4

(602) 264-6831



October 2. 1989

City of Goodyear
119 North Litchfield Road
Goodyear, Arizona 85338

C£L
'1E&.VANLOO

Land Planning

Civil Engineering

Water RCSOUtCCS Engineering

Transportation Engineering

Computer Services

Landscape ArchitectUre
Surveying

Founded in 1958 by

P.E. Cae. P.E. (1915-1977)

H.W. Van Loa. P.E.

John B. Nelson, P.E.. R.LS.
Ronald J. MInarik, R.LA.
David L Maguire. R.LA.
Ashok C. Patel. P.E., R.J,..S.
Karl Hirlinger. P.E.
Richard Alcocer, R.LS.
Newell Roundy, R.LA.
Michael G. Rhodes, P.E.
Richard R. Norton, P.E.
Paul W.R. Hoskin, P.E.
James D. Lemon, P.E.• R.LS.
Steven M. Verfurth, P.E.
Cathy Caris-Hart, R.LA.
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Attn: Mr. Paul Walker
City Planner

Re: Litchfield, Phase I
Master Drainage Report

Dear Mr. Walker:

We are herewith submitting two copies of Master Drainage Report for
Litchfield, Phase I (800 Acres) for your review and approval.

The report is prepared in accordance with the recommendations and
guidelines previously established in the Conceptual Master Drainage
Report for the entire Litchfield project (9000 acres).

Litchfield Phase I will be designed in several segments. For example,
we are submitting the Litchfield Road paving plans first and therefore
we have included detailed hydraulic calculations for the Litchfield
Road improvements. To facilitate your review, the report includes a
concept grading plan to give you an overall "big picture" of all the
infrastructures.

The second submittal, on Thomas Road, will follow in about two weeks.
At that time, a supplemental data on hydraulic calculation for Thomas
Road will be provided.

Similarly, we intend to provide supplemental hydraulic calculations
with the Dysart Road, and Collector Road submittals.

Please note that the Collector Road alignments are now being set
within Phase I by the planners and Golf Course Architect. Once the
alignment and parcel layouts are finalized, we will refine the grading
plans. At that point, a detailed channel hydraulics as well culvert
details will be submitted for your review.

:,. ~: -&.VAN LOO CONSULTING~INC: 4550 Nlll'dr12thSu:eet!':" l'hoenixo Ariwna 8501+4291:. (602) 264-683L: FAX (602) 264-09ia~
, , .
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City of Goodyear
Re: Litchfield, Phase I
October 2, 1989
Page 2

Should you need any clarification regarding this report, please do not
hesitate to call.

Sincerely,

CaE & VAN LOa
Consulting Engineers, Inc.

ki -.,. / ~~+.-z,-<..-.--
Asn' . P~J~l. P.E .• L.S
Senior Vice President
Project Manager

ACP:mm
CVL-2-l857

cc: Duane Black, SunCor
Dan Haas, SunCor
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1.0 INTRODUCTION

1.1 General Background:

SunCor Development Company is planning to develop a 9,000-acre

Master Planned Community in the vicinity of Litchfield Park. The

site, known as Litchfield, is of an irregular shape and is generally

bounded by Interstate-10 to the south, Camelback Road to the north,

Citrus Road to the west and Dysart Road to the east. The overall

project is ·anticipated to develop over a 25-year span, with the

initial development, Litchfield Phase 1, to be developed at this time.

Phase 1 consists of approximately 800 acres and is rectangular in

shape. It is generally bounded py Interstate-10. to the south, Thomas

Road to the north, Litchfield Road to the west, and Dysart Road to the

east. Refer to Plate 1 for the vicinity and approximate boundary

location. Phase 1 is under the governmental jurisdiction of the City

of Goodyear.

1.2 Purpose

The purpose of this report is to provide detailed hydraulic

analysis to substantiate the design of drainage facilities for the

development of Litchfield Phase 1. This report will address local

hydrology, channel hydraulics, culvert crossings, street hydraulics

and storm drain for the major streets to be improved within Phase 1.

The roads include Litchfield Road, Dysart Road, Thomas Road, and the

interior collectors.

1.3 Previous Report

Coe and Van Loo prepared a Conceptual Master Drainage Report for

Litchfield Park Development Master Plan (CMDR) in March 1989 and

1200-05
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revised it tn September, 1989 (ref. 16). ~e report contains exten

sive background on the overall project, including a conceptual

hydrologic and hydraulic analysis of the project drainage system. The

CMDR contains brief descriptions of numerous reports that are "relevant

to the overall study area. Additionally, it goes into great- detail

about the offsite and onsite watershed to the overall development, and

the man-made improvements that affect runoff to the project site.

Refer to the CMDR for an extensive overview of the project. Based on

discussions and meetings with the City of Goodyear, the CMDR is in

general conformance with the City requirements. It is anticipated to

be approved by a resolution by the City Council in the month of

October, 1989.

2.0 DESCRIPTION OF WATERSHED

2.1 General

The terrain throughout Phase 1 and its watershed is relatively

flat, sloping southerly at -an average slope of about 0.25 percent.

Presently, the majority of the onsite watershed is being used-for

agriculture purposes, while the offsite watershed consists of agricul

ture and urban uses. Typically the agricultural land has been leveled

and terraced, this leveling along with roads and irrigation ditches

have caused some diversions from the natural flow patterns.

The hydrology within this report is based on the assumption that

the offsite watershed extends to Camelback Road. The area of this

project near Camelback and Dysart Roads is affected by a small

watershed generally bounded by the Dysart Drain on the north and

Dysart Road on the west. This watershed contains Litchfield park Dam
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and because of its existence, the peak flows at Camelback Road near

Dysart Road are impacted.

The CMDR addresses other reports and the computed flows to this

area. It is in general agreement that the existing channel along

Camelback Road, that carries this flow to the Agua Fria River, is not

adequate. Additionally, recent flooding of the urbanized area south

of Camelback Road, confirms the need for increased flood control

protection. It is assumed that this concern is being resolved by

the Flood Control District of Maricopa County and the County Highway

Department.

~ '2.2 Rainfall Seasons

There are two separate rainfall seasons. The first occurs during

the winter months from November to March when the area is subjected to

occasional storms from the Pacific Ocean. While this is classified as

a rainfall season, there can be periods of a month or more in this or

any other season when practically no precipitation occurs. The second

rainfall period occurs during July and August, when Arizona is sub-

j ected to widespread thunderstorm activity' whose moisture supply.

originates both in the Gulf of Mexico and along Mexico's west coast.

These thunderstorms are extremely variable intensity and location.

2.3 Runoff Characteristics

Generally, runoff occurs only during and immediately following

heavy precipitation because arid climate and drainage characteristics

are not conducive to continuous flow. The watershed consists of

hydrologic Group B soils (Ref. 9). Much of the watershed is farmland

with recently tilled' soil, irrigation ditches, berms, and tailwater

1200-05
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ponds, all of which will reduce runoff. Generally, infiltration and

transmission losses are expected to be high.

3.0 HYDROLOGY

3.1 Methodology

Two hydrologic methods were used on this project. Hydrology for

channels, culverts, and other features with large tributaries was

based on the HEC-l method used in the CMDR. However, the rational

method was used for small tributary areas such as right-of-way.

For the rational method, C-values were based on the Goodyear re

quirements (Ref. 3). Intensities were based on the ADOT method

outlined in Reference 5, and times of concentration were based on

overland and street flow.

The Soil Conservation Service (SCS) method within the HEC-l com

puter program was used to estimate the peak flows for the 10-, 50-,

and 100-year frequency storms. The SCS Type II rainfall distribution

was used for the 6-hour storm. Refer to Table 1 for precipitation

data. Aerial reduction factor for the 6-hour storm on this watershed

is in the vicinity of 93% to 97%. However, due to the complexity of

the watershed, and the small local watershed subareas, this factor has

been omitted.

A computerized rainfall/runoff model was developed for the

watershed using the U.S. Army Corps of Engineers Flood Hydrograph

package (HEC-l). HEC-l uses numerical parameters to describe the

amount of temporal distribution of rainfall, the runoff characteris

tics of the watershed, and the hydraulic properties of channels that

collect and convey the direct runoff to concentration points. The
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computer output provides runoff hydrographs at user selected

locations. These hydrographs can be used to design drainage channels,

retention basins, or to evaluate the capacity of existing drainage

facilities.

The kinematic wave option was used to determine the hydrologic

response of the sub-basin areas and for routing the resulting

hydrographs through the tributary channels of the basin. This option

was selected because runoff processes can be simulated using

measurable geographic features such as overland flow elements and the

shape, boundary roughness, length, and slope of channel elements.

Unlike unit hydrograph techniques,-the kinematic wave approach also

provides for a non-linear response of runoff characteristics, i.e.,

peak discharge. does not necessarily increase linearly with d~rect

runoff when using the kinematic wave methodology.

A network of sub-basins and connecting channels was configured

that simulates the natural. drainage pattern in the basin. Plate 2

presents an illustration of the drainage patterns, sub-basin bound-

aries, concentration points used, and a schematic diagram of the-

model.

3.2 Modeling

For the CMDR, the sub-basins were delineated based on USGS 7-1/2

minute quadrangle maps for the upper watershed, detailed topo in the

vicinity of the site, and extensive field visits. Curve numbers were

based on the SCS TR-55 for the appropriate land use. Refer to Table 2

for a list of the curve numbers used for this CMDR. At the request of

the FCDMC, it is assumed that 40% of the farmland was no longer in

1200-05
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production and reverted back to natural desert. Therefore, the curve

number used for farmland was weighted 60% farmland and 40% desert. We

feel this is a very conservative assumption. Lag times were based on

60% the time of concentration (Lag - 0.6 Tc). Time of concentration

was calculated based on the upland method. Flow velocities used in

the upland method were based on estimated flows and field estimated

cross sections. Similarly, the data for the kinematic wave routing

method was 'based on field investigation. There are ·many flow splits

that occur in the upper watershed. These splits were modeled based on

field investigation and the available topographic mapping.

For Phase 1, a detailed HEC-l model has been produced and incor

porated into the overall HEC-l model. Input parameters for this area

were based on the" proposed land use and anticipated mass grading.

Concentration points were chosen such that sufficient hydrology was

available to adequately design the required hydraulic structures.

4.0 EXISTING CONDITIONS

4.1 General

The tributary area that impacts Phase 1 is generally bounded on

the west by Litchfield Road, on the east south of the RID canal by

Dysart Road, on the east north of the RID canal by approximately one

half mile east of Dysart Road, and on the north by Camelback Road. The

delineation of Camelback Road as the northern boundary of the

watershed, is based on the assumption that the existing flooding con

cern along the Camelback Road, is currently being resolved.

Many factors affect the flow that reaches the site. Numerous

streets, channels, irrigation ditches, and berms direct and divert

I 1200-05
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flow in the watershed. Flow from the urbanized area (bounded by

Camelback Road, Indian School Road, Litchfield Road, and Dysart Road)

flows onto Indian School Road where a small portion is collected in a

large (54") storm drain. The storm drain outlets into a sump south of

the RID canal and west of Litchfield Road. The flow not coliected in

the storm drain continues south across Indian School Road where it

combines with runoff from tributary farmland. This flow is backed up

north of the RID canal until. it overtops the banks. Since the canal

has very limited capacity, the flow overtops the south canal bank and

continues southerly as sheet flow across the farmland. This flow con-

tinues across the site.

Between Bullard Avenue and Dysart Road there is a system of reten-

tion basins immediately north of Interstate-IO. These basins were

designed to protect 1-10 and to provide borrow· material for the con-

struction of the highway. The basins were designed to retain the 50-

year runoff from the future developed tributary. The tributary for

these basins extends as far north as Camelback Road, from just west of

Bullard Avenue to just east of Dysart Road (Ref. 13).

Refer to Plate 2 for an overview of the existing drainage patterns

and HEC-l schematic.

4.2 Floodplain Maps

The Flood Insurance Rate Map (FIRM) for Maricopa County, Arizona

and Incorporated Areas, Map number 040l3C2080D, effective date: April

15, 1988, as published by the Federal Emergency Management Agency

(FEMA) , indicate the area of Phase 1 to be in Zone liB".

1200-05
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Zone "B" as defined by FEMA is:

Areas between limits of the 100-year flood and SOO-year

flood; or certain areas subject to 100-year flooding

with average depths less than one (1) foot or where the

contributing drainage area is less than one square mile;

or areas protected by levees from the base flood.

I 5.0 POST-DEVELOPMENT CONDITION

I 5.1 General

I
The site is to be developed into a multi-use development consist-

ing of single family housing, multi-family housing, commercial space,

I
I

. office space, and other uses (see Plate 4). Several amenities, in-

eluding greenbelts and a golf course are to be included in the

project. With the development or this project, the offsite flows'will

at Thomas Road. This flow is to be collected and concentrated in tem-

Drainage Concept

collected in street flow and storm drains, to outlet into the channel

engineering practices and in accordance with local requirements.

Within the scope of this report, a

channelized across the site. Local flows will bebe collected and

system at strategic locations.

A system of channels is proposed to convey offsite and onsite

hydraulic design of major elements of the drai.nage system is included

in the appendix. The system is designed base on generally accepted'

storm water runoff. Sheet flow from north of Phase 1 impacts the site

5.2

I
I
I
I

I
I

tions, 900' east of Litchfield Road and 1800' west of Dysart Road. As

concentrated flow crosses Thomas Road through culverts at twoloca-I
I

porary collection channels, just north of Thomas Road. The

I 1200-05
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\..
the land north of Thomas Road is developed, and the drainage system

proposed in the CMDR is completed, these temporary collection channels

can be abandoned.

The offsite concentrated flow combines with local onsite runoff

while it is conveyed across the site through a system of channels.

The channels are located within the golf course where applicable, and

cross the streets through culverts, dip sections or a combination.

The concentrated flow then outlets into the ADOT retention basins at

the south end of the property.

5.3 Channels

The channels within the project are designed to convey the ex-

pected 100-year flow with I foot of freeboard. The channels are to be

earthen, grass lined, riprap lined, decomposed granite, or a

combination. Channel hydraulics are based on Manning's normal depth

computations and culvert headwater where applicable. Refer to the ap-

pendix for channel hydraulics ,calculations.

5.4 Culverts

Concrete box culverts or pipe culverts are used where the channels'

cross the roads. The culverts are designed for lOO-year dry cros-

sings of the arterial streets, collector streets and primary parcel

access. The secondary parcel access roads are designed to a lesser

standard such as a dip section with low flow pipes. The culvert sizes

and types have been designed based on "Hydraulic Charts for the

Selection of Highway Culverts, HEC 5" (Ref 7). Refer to the Appendix

for culvert hydraulics calculations.

1200-05
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puterized on a spread sheet program.

Storm drain and catch basins have been-designed for Litchfield

Road, Thomas Road, Dysart Road, and the interior collector street.

The hydrologic and hydraulic analyses of these streets and storm

drains are included in the Appendix, Calculations 1 thro~gh 4.

5.6 Grading Concept

A mass grading concept plan is included in the appendix of this

report (Plate 5). This plan is preliminary'in nature and is subject

to refinement as the golf course plan is completed. This plan is

5.5 Street Hydraulics

The streets will be designed to carry runoff from the 5-year storm

between curbs. Additionally, the 50-year flow should be carried

within the cross section between buildings, and the finished floor

elevations should be above the lOO-year storm, in accordance with the

City of Goodyear requirements (Ref. 3). When the street capacities

are exceeded, the excess flow is to be removed from the road and put

in a storm drain or channel. This policy is being used per the City

of Goodyear requirements.

Curb opening type catch basins are being used to take flow from

the streets into storm drains. The catch basins have been designed

based on the "City of Phoenix Storm Drain Design Manual" (Ref. 10).

Storm drain pipes have been designed to be in partial flow, full flow,

or pressure flow. The ' Manning equation and the Bernoull{ equation

have been used to evaluate the capacity and hydraulic grade of the

storm drains. Catch basin and storm drain calculations have been com-
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included to help give an overall understanding of how the drainage and

mass grading contours might look.

6.0 RETENTION

6.1 General

The City of Goodyear retention requirement is to retain stormwater

runoff produced by the 100-year 6-hour storm (approximately 3").

Based on approval from ADOT, retention for Phase 1 is provided within

the large ADOT retention basis.

6.2 ADOT Retention Basins

The existing large ADOT retention basins between Bullard Avenue

and Dysart Road have the capacity to handle the 100-year post develop-

ment flows that are tributary to it. The basins were designed by

Dibble Associates for ADOT to accept the post-development flow

(Ref. 13), based on the previous master development plan for Goodyear

Farms prepared by Gruen Associates. In our discussions with ADOT and

previous correspondence in conjunction with Goodyear Farms

Development, ADOT has indicated that the drain~ge flows from the his-

torical contributing area will be acceptable to these basins as long

as it is insured that the proposed condition creates no adverse impact

on the functioning of these basins.

A comparison of the results of the ADOT analysis and this MDR -

Phase 1 are summarized below:

ADOT's Design
(50-yr,24-hr)

CVL's Analysis
(50-yr, 6-hr)

eVL's Analysis
(lOO-yr, 6-hr)

(

Contributing Drainage Area
Basin Size - Surface Area
Basin Volume Provided
Basin Volume Required
Highwater Elevation
Basin Bottom Elevation
Outlet (Ungated)

1200-05
~"7T I. 11")'C.

7.9 sq. mi.
139 acres

1020 ac. ft.
856 ac. ft.

982.85 HSL
971.0
48" RCP

,,
I

8.1 sq. mi.
139 acres

1020 ac. ft~

393 ac. ft.
978.7 HSL
971.0
48" RCP

8.1 sq. mi.
139 acres

1020 ac. ft.
513 ac. ft.
979.8 HSL
971.0
48" RCP

C!L



As can be seen above, the proposed development plan reduces the

basin volume requirement. The highwater elevation in the basin is

lowered from the ADOT 50-year, 24-hour design of 982.85 to CVL's 50

year, 6-hour design of 978.7. Additionally, the proposed 100~year, 6

hour highwater elevation of 979.8 is below ADOT's 50-year design

highwater elevation of 982.85. As a result, the overall hydraulic im

pact created is positive.

Pre~ent1y, the ADOT basins accept sheet flow from the north by

multiple spillways. The MDR - Phase 1 proposes acceptance of con

centrated channelized flow into the basins and the elimination of the

multiple spillways.

Correspondence with ADOT including an acceptance memo dated

August 22, 1989, is included in the Appendix.

As indicated above, the existing ADOT basin is adequate to provide

retention for the proposed development. However, grading modifica

tions may be made to the basin to convert it into a joint use park and

retention facility. These grading changes will. not affect the ability

of the retention basin to contain the design storm.
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* from TR-55 (Ref. 8)

+ from City of Phoenix Storm Drain Design Manual (Ref. 14)

1200-05
CVL-4-1276

r ..

..



I .
1.,

1,

1;
:' .~:

5

I'

6 11

~:.

3 }
1

1
'

~

j

Station

Precipitation Depth Ver-sus Return Period 'for
Part i a J - Durat ion Ser i es

Fi gure I

Return Period In Years, Partfal- Duration Series

Q..1.-__......--__...:.-J_-..:...--...l.------J..------'-------O ;
2 5 10 25 50 . 100

-4

.P'~
:,)

-- 3-a
1:.
Co...,
u
~...
d.

2



LITCH P/£l-D .
ADDENDUM to "HYDROLOGIC DESIGN FOR

HIGHWAY DRAINAGE IN ARIZONA" April 1975

Steps to be used to determine precipitation values for various dura
tions and return periods.

STEP 1. From the precipitation maps in the manual lIHydrologic
Design for Highway Drainage in Arizona", determine the precipi
tation values for the 6 and 24 hour duration storms for return
periods of 2, 5, 10, 25, 5q and 100 years. Tabulate these values
in Table 1 in the colunm headed 'Map Values'

TABLE 1

Return Period Precipitation Values (inches)
(Years) 6 hour duration 24 hour. duration

Map Corrected Map Corrected

- . Value Value Value. Value

2 1.2 1,20 /. t.f j, '10

5 1.7 1.7tJ 2,0 2,00

2, 0 2,02 Z.36 2,C;O ,
10

"25 " 2,'1 2,'12 -2, qS- 2.gs
50 2,<; 2,7f 33 3,32
100 3,iZ 3,/5" 3g 3.7S

NOTE: There is a possibility of making an error while·"reading the
maps because, (1) a site is not easy ~o locate precisely on a. series
of 12 maps, (2) there may be some slight registration differences
in printing, and (3) precise interpolation between iso1ines is diffi
cult. In order to minimize any errors in reading the maps, these
values should be plotted on the diagram "Precipitation Depth versus
Return Period" Fig. 1. ) "

Yz.~ -0, off + O,q~Z (X,/Xl. Yz =O.Cf6

V ::: Q.t.lqt.f of 0.75'5 ( xJ'JX'1') Y,vo =2. '/1"
J,~

IOO-yr,2-{,,.: 03'f/('3.!5)+- O.65'1(Zr4-~J= 2,72"
-1- .

2y,. - Jhr

I OOyr - ...t'.
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CORRESPONDENCE

1. ADOT RETENTION BASIN APPROVAL LETTER

2. LITCHFIELD PARK DAM APPROVAL LETTER BY ADYR
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ADOT RETENTION BASIN APPROVAL LETTER
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OFFICE MEMO

ARIZONA DEPAR1MENT OF TRANSPORTATION
STRUCTURES SECTION

I
I·
(

I
I
I

TO:

August 22, 1989

DAN POWELL, District Engineer
District 1

GLC:mc

cc: Ashok C. Patel

We have reviewed ~he Concept Master Drainage Report for Litchfield Park
Development by SunCor which was prepared by Coe & Van Loo. The report was
reviewed for the impact of the development on ADOT's property. The report
concludes that the project w'ill result in an improved performance for ADOT
detention basins.

EORGE LOPE£-C'PERO I .

GEORGE LOPEZ-CEPERO, Bridge Drainage Engineer-Supervisor
Structures Section

1-10 @Dysart Road
Detention Basin

FROM:

RE:

The report appears appropriate and should allow SunCor/Coe Van Loo to proceed
further and submit the permit request. The request should include plans for
any work to be performed on ADOT's R/W, including any channelization, bank
protection or channel outlet measures' needed to mitigate the effects of flow
concentrations into the basins.
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. William C. Jenkins, P.E.
Supervisor
Safety of Dams Section

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

Rose Mofford. Governor
N. W. Plummer

Director

15 South 15th Avenue
Phoenix. Arizona 85007

< •

June 20, 1989

Mr. Dan Haas, P.E.
SunCor Development Company
Post Office Box 1800
Litchfield Park, Arizona 85340

Subject: Litchfield Park Dam (07.30)

Dear Mr. Haas:

-

If you have any questions concerning the dam or the application requirements,
please contact Chuck Hamstra at 542-1541.· We look forward to resolving the·
safety problems that have persisted at this structure.

Thank you for your cooperation.

Sincerely,

We have reviewed the Conceptual Drainage Report for the Litchfield Park
Detention Facility submitted to us by Ashok Patel of Coe &Van Loo on June 15,
1989. The Department believes that the proposed detention facility concept
can be developed into a design which permits free passage of flood waters as
required by the statutes.

ihe statutes also require the owner to file an application for removal of the
dam. At our May 31 meeting we provided Coe &Van Loo with the necessary
application forms and filing instructions. Included with the application
should be the drawings, specifications and design reports necessary for
removal of the dam. Construction may not begin until the application has been
approved by the Department. ' '

WCJ/9 EH/ rh

cc: Ashok Patel, Coe &Van Loo
Steve Tucker, FCDMC
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HEC-1 ANALYSIS

1. EXISTING CONDITION

2. POST-DEVELOPMENT CONDITION
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TIrE 5,&3 5.67 5.67

.! '\.
RATIOS AR~LIED TO PRECIPITATION ' .
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tl TI~':: .:'.p 11.17 7.67

I'"i ",
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) •

·.·1 TI!~[ 11.17 9.5(' . 8.67 ;..1I) ....
j" ,'"
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r---.-------------- ·-----'fn!'E'E-----flr.-5rlT---~

)1 FrUTrn TC HIJ! 1 ';I .f-6 FLOio/ ] J
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i" STAGE 1.65 2.52 2.94 ;,,:
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fin, ~ .~. !H"

SUliK .' .'.S
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. 6.67 6.67
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FL,):./
T1t1E

1
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6.5 ';

2.78
.L-_--"6.• 17

'..:._----------------_._-_.._---------_..__.._-_.__.__.. ----~ .
178. i"
3.17 I:; :.':'
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",'" ~ Cr.MIlIt!fO loT \:(;61 1.1'1 FLO\! 347. (,83. 857. ....

.. TL!~r 3.5" ' • .5lL-3.• 3"· ::j
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'1;33 4.33 /j.17

FLDWW .6

TI '~E
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).. TIt~f 1t.:53 't.OO 't.17

) "

) ..

.. '..'tn"_'\ ..~,,~A!·'" T ..U""... ,.• 3:< 1'" ., , 1" ZOW 256
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).. TI"E 3.33 3.17 3.17
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CALCULATIONS

1. LITCHFIELD ROAD, STREET FLOW AND STORM DRAIN ANALYSIS

2. THOMAS ROAD, STREET FLOW AND STORM DRAIN ANALYSIS

3. DYSART ROAD, STREET FLOW AND STORM DRAIN ANALYSIS

4. COLLECTOR ROAD, STREET FLOW AND STORM DRAIN ANALYSIS

5. CHANNEL HYDRAULICS

6. CULVERT HYDRAULICS

1200-05
CVL-4-1276
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CALCULATION 1

LITCHFIELD ROAD, STREET FLOW AND STORM DRAIN ANALYSIS
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LITCHFIELD ROAD

Street Floy & Storm Drain Analysis

The pavement section of Litchfield Road has been designed as a 26' pavement
width for both the northbound and southbound traffic. Future, Phase 2,
construction will increase this pavement width to 39' each direction.

Storm drain has been designed such that the 5-year storm does not exceed
top of curb. Additional catch basins have been added to help keep nuisance
flow from crossing the major streets. Hydrology calculations are based on
the future (Phase 2) pavement width, and include runoff from the landscape
easements. All storm drain, catch basins, and connector pipes, have been
designed to carry flow from the future (Phase 2) condition.

Two storm drain systems have been designed for Litchfield Road. Flow is
collected north of Thomas Road and piped on half mile south to a channel in
the golf course. Additional flow is collected along the way. The second
storm drain system, collects flow north of McDowell Road, and pipes it to
an existing storm drain in Litchfield Road.

1200-05
CVL-4-1276



LITCHFIELD ROAD

Street Floy &Storm Drain Hydrology

Initial Flow Ave.
CPt Area Land Veighted Flow Time Length Velocity Tc 15/I100 °5/°100

(AC) Use C (Min) (Ft) (FPS) (Min) (in/hr) (CFS)

A 5.5 R/V 0.74 5 1603 1.5 23 2.4/4.7 10119

B 7.:.. R/V 0.74 23 550 2 28 2.1/4.1 12/23

C 12.1 R/V 0.74 28 1120 3 34 1. 9/3.6 17/32

D 17.0 R/V 0.74 37 1415 3 42 1.6/3/1 20/39

E 19.0 R/V 0.74 49 565 3 45 1.5/3.0 21/42

F 7.1 R/V 0.74 5 2068 2 22 2.5/4.8 13/25

G 12.3 R/V 0.74 22 . 1502 3 31 2.0/3.8 18/35

1200-05
CVL-4-1276 CYL-
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Project _L~,~rL.!:::....1::\\c..:..'=""':'..Lf~,,~c=---=2=D,,-. _

Project No. _
LITCHFIELD ROAD

Hydraulic Summary Sheet No. of _

Flot:aMlJI~ '6"l)ee-t' '(Street Date 9 -zS-
~s/OJna Slope Capacity
l.TlecltEra by Date

(CFS) (%) (CFS) ------

FloW' in storm Drain

°5/°100
(CFSt '

W~,~wr~-o

COE & V,AN 1..00
PLANNING .CtfGINrt~Jdll FloW'
LANDSCAPE ARCHITE~,.(}100

(CFS)

A 10/19 8/12 2/7 0.3% 27

in street cap~city

3J5.)::S I'5~'14/23

B

C

o ... ~0/~?1.___ _ I'~t 1~k.1
~ SIW~ fi.1\<I~~ gJ~

E 21~4n I 21/41

F ~ \ 'SIll ~T --{S 10/14

G 18/36t L. 18/36 ,

* The 100-year floW' included 1 CFS floW'-by from CPI E.

** Superelevated section, onlf-l=itft¥&§.fkPoun&aAflrt

58.Co'5

• J./o

150 ~+.

•c... Q,1~

'.

1200-05
CVL-4-l276 C!L

-· __ -0- •• _ n'I,"","lnICn"\"C:Il.~Q~1
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HYDRAULIC ANALYSIS NEW STORK DRAIN LATERAL

STORH SEWER CAPACITY CALCULATION RECORD

-------i:OCaii O~------------------- -----------:------------s;~;~-p~0iii;------- -------------s;~;~-ii;~i9~---------------
Oullet Pipe fro. Sla To sta :Inc. Tolal Q llnlet inv.Oullet inv. Length So : D' K Q full V
no. no. :<in.)

LOCATION DATA
Lilchfield Road
1-10 10 R.l. D. Canal

Date: 5/17/90 '

DESIGN DATA:
frequency 100 years

Hanning' 5 n = 0.012

--_ .. --_..... --- .._------_ - - - --_ - -_ -_ ---_ .. - ..-------- .._--- -----_ ----------_ _ ..
Hydrauli( Grade Line

V2I2g Sf hi loss hj loss he hi Elev. @ Elev. @ Deplh @ Depth @

eoell; eoell. (.inor) inlel outlet inlel outlet

Sior. drain sta. 84+50 10 42+30
OUTLET 4580 4230 0 41 990.20 989. SO 350.00 0.0020 36 722.50 32.31 5.80 0.522281 0.00322 1.13 0.07 0.04 0.00 0.00 0.04 993.66 992.50 3.46 3.00

"H 4800 4580 10 41 990.65 ·m.20 220.00 0.0020 36 722.50 32.68 5.80 0.522281 0.00322 0.71 0.07 0.04 0;00 0.00 0.04 994.45 m.70 3.80 3.50

"" 5365 4800 8 31 992.75 990.65 565.00 0.0037 36 722.50 44.07 4.39 o.mm 0.00184 1.04 0 0.00 0.00 0.00 0.00 m.49 994.45 2.74 3.80

"H 6780 5365 3 23 1%.50 993.25 1415.00 0.0023 30 444.28 21.29 4.68 0.340813 0.00268 3.13 0 0.00 0.00 0.00 0.00 m.28 995.49 2.78 2.24

HH 7782 6780 0 20 997.80 996.50 1002.00 0.0013 30 444.28 16.00 4.07 O. 25770~ 0.00203 2.03 0.02 0.01 0.00 0.00 0.01 1001.32 999.28 3.52 2.78

H" 7900 7782 8 20 998.75 990.30 118.00 0.0038 24 245.02 15.13 6.37 ·0.629160 0.00666 0.79 0 0.00 0.00 0.00 0.00 1002.10 1001. 32 3.35 3.02

H" 84S0 7900 12 12 1000.25 998.75 550.00 0.0027 24 245.02 12.80 3.82 0.226497 0.00240 I. 32 0 0.00 0.00 0.00 0.00 1003.42 1002.10 3.17 3.35

Sior. drain sta. 27+32 to 12+30
OUTLET 1230 2732 14 986.10 982.30 1502.00 0.0025 24 245.02 12.32 4.46 ~. 308298 0.00326 4.90 0 0.00 0.00 0.00 0.00 989.20 984.30 3.10 2.00

f Revision for Pipe Extenlion in Go)lf Course
for Outlel Ref. CVL "ass .Grading 1200-050

(OE ~ VAN LOO ENG. INC. PAGE I
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THOMAS ROAD

Street Floy & Storm Drain Analysis

The pavement section of Thomas Road, from Litchfield Road to Dysart Road, is
being designed for a 26' pavement vidth for both eastbound and vestbound
traffic. The westbound lanes are not part of Phase 1 construction. They viII
be constructed at a future date as a part of Phase 2 construction. Phase 1 con
struction consists primarily of the eastbound lanes. A 2% cross slope will take
storm water to the curb and gutter where it will flow to either catch basins or

.a low point that op:ms to a collector street. Storm drain and connector pipes
will be designed to handle runoff from the ultimate pavement section. .

The ftrst location for catch basins on Thomas Road is approximately 925 feet
east of Litchfield Road. The catch basins will be connected to a 3 barrel 8' by
8' concrete box culvert. The culvert crosses Thomas Road and outlets to the
main drainage channel that flows through the golf course.

Another low point on Thomas Road is approximately 2554 feet east of Litchfield
Road .. At this location a small portion of drainage-from Thomas Road will turn
to the south and flow along a 'collector road before it eventually en ters a 30 11

storm drain pipe and empties at the golf course. This 30" storm drain 'pipe also
receives drainage from the future schools and park sites directly to the north
of Thomas Road. The flow from the north that cannot be carried in the 301t storm
drain, will cross Thomas Road and continue south on the collector street.

The second location for catch basins on Thomas Road is approximately 1700 feet
west of Dysart Road. The catch basins will be connected to a 8' by 8' concrete
box culvert. The culvert crosses Thomas Road and outlets into a smaller
drainage channel that connects to the main channel in the golf course.

The hydrology, street flow, and catch basin calculat:i,ons are included, following
this sheet, while the culvert hydraulics are included in the section
IICalcula tion 6". Final calculations for. the design of the storm drain in' the
collector road will be done with the design of the collector road and included
in the section "Calculation 4".
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-THOMAS ROAD
Street Flow & Storm Drain Hydrology

Initial Flow Ave.
CPI Area Land Veighted Flow Time Length Velocity Tc 15/1100 °5/°100

(AC) Use C (Min) (Ft) (FPS) (Hin) (in/hr) (CFS)

A 1.5 R/V 0.69 5 535 1.0 14 3.115.9 3/6

B 4.0 R/V 0.69 5 1375 1.5 20 2.6/5.0 7114

C 5.5 R/V 0.69 5 1465 1.5 20 2.6/5.0 10119

D 0.7 R/V 0.69 5 254 1.0 9 3.7/7.0 2/3

E 1.9 RIll 0.69 5 660 1.0 16 2.9/5.6 4/7

F 1.4 R/V 0.69 5 475 1.0 13 3.216.1 3/6

G 4.9 R/V 0.69 5 1696 1.5 24 2.3/4.5 8/15

H 6.3 R/V 0.69 5 1696 1.5 24 2.3/4.5 ' 10120

I SEE HEC-l, ID ICOR8 010 = 562 cis 0100 = 1537 cfs

J SEE HEC-l, ID ISS 010 = 24 cis 0100 = 62 cfs

K SEE HEC-1, ID 156 010 = 99 cfs 0100 = 214 cfs

NOTE: This hydrology is for the fully improved future Thomas Road section
(both eastbound and westbound).

I
I
I
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CP# Total Flow

°5/°100
(CFS)

A 3/6

B 7114

C 10/19

D 2/3

E 4/7

F 3/6

G 8/15

THOKAS ROAD
HydraUlic Summary

Flow in Street Street Street
°5/°100 Slope ·Capaci ty

(CFS) (%) (CFS)

3/6 0.2% 22

7/14 0.2% 22

FLOV AT CATCH BASINS

2/3 0.2% 22

4/7 0.2% 22

3/6 0.2% 22

8115 0.2% 22

H 10/20 FLOV AT CATCH BASINS

NOTE: The flows and street capacities are for the fully improved future Thomas
Road Section. Since the road is virtually symetrical, when only one half
of the road is built, it will be just as effective.
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DYSART ROAD

1200-05
CVL-4-1276

31

31

Street
Capacity

(CFS)

49

future collector
street

0.4%

0.4%

Street
Slope

(%)

1.0%

3/14

3/13

14/28

Flow in Street

°5/°100
(CFS)

3/11

0/0

Hydraulic Summary

18/26

18/26

Flow in storm Drain

°5/°100
(CFS)

10/15

21139

21140

14/28

Total Flow

°5/°100
(CFS)

13/26

CP#

A

C

B

D

NOTE: The flows 'and street capacities are for the fully improved future Dysart
Road Section. Since the road is virtually symmetrical, and runoff is
only from within the right-of-way, the half street will be just as
effective.
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2 of 11

DYSART ROAD

Street Flow & Storm Drain Hydrology

Initial Flow Ave.
CPI Area Land Veighted Flow Time Length Velocity Tc 15/1100 °5/°100

(AC) Use C (Min) (Ft) (FPS) (Min) (in/hr) (CFS)

A 7.2 R/V 0.74 5 2080 2.0 22 2.5/4.8 13/26

B 16.5 R/V 0.74 22 2712 2.5 40 1.7/3.2 21/39

C 17.4 R/V 0.74 40 400 3.0 42 1.6/3.1 21/40.
D 8.5 R/V 0.74 5 1789 1.5 25 2.3/4.4 14/28

NOTE: This' hydrology is for fully improved future Dysart Road section (both
northbound and southbound).
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HYDRAULIC ANALYSIS Ht~ STOR" DRAIN LATERAL

STORK SEWER CAPACITY CALCULATION RECORD

LOCATION DATA
Dysart Ro~d

6011 Course to Thous ROid
Through Collector Rd & Dymt Rd

f hle:SmnO

DESIGN DATA:
fr equency 100 yeus

Nanning's n : 0.012

--...--i:~~~ii~~·-------·-------i·---·--···-··i·-·-·-------s;~;;-ji;~iii;-------·------------s;~;;·ii;~ig~··-------------
Outlet Pipe frol Sh To Sla : Inc. Tohl 9 IInlet iny.Outlet iny. lenglh So 10K 9 full Y
no. no. t: lUn.)

I I ,
___ • ............ _ ... • .. 1 --- _ .. __ • .. __ .......... .. ... .. __ ....__ ' ..... ..... _ ....... __ ...._ ......:.. ... _ ... _ .. _ .. _

Y2I2g Sf hi loss hj
coe If.

loss he
coell.

Hydriulic 6rade line
ht Eley.' Elev.' Depth' Depth'
(Iinor) inlet 'outlet inlet oullet

Stor. drain Sli. 46+00 to 71+64 'J .\\
OUTLET 4645 4600 8....

~l 110.75 11D.65 4S.00 0.0022 36 722.50 34.06 5.80 0.522281 0.00322 0.14 0.02 0.01 0.00 0.00 0.01 113.81 913.65 3.06 3.00
NH m5 4645 0 33 911.35 910.75 300.00 0.0020 36 722.50 32.31 4.67 0.338348 0.00209 0.63 0.02 0.01 0.00 0.00 0.01 994.44 993.81 3.01 3.06
KH 5250 4145 0 33 911.% 911.35 305.00 0.0020 36 722.50 32.31 4.67 0.338348 0.00209 0.64 0.02 0.0\ 0.00 0.00 0.01 915.09 914.45 3.13 3.\0
KH 5319 5250 18 33 112.20 912.06 61.00 0.0020 36 722.50 32.54 4.67 0.338348 0.00201 0.14 0.14 0.05 0.00 0.00 0.05 m.33 995.14 3.13 3.08
KH 6840 5319 0 IS 991.27 993.16 1521.00 0.0027 24 245.02 12.74 4.77 0.353903 0.00375 5.70 0.02 0.01 0.00 0.00 0.01 1001.05 995.34 3.78 2.18
KH 7964 6840 15 15 1004.58 9'l7.27 1124.00 0.0065 24 245.02 11.76 4.77 0.353903 0.00315 4.21 0.02 0.01 0.00 0.00 0.01 1005.27 1001.05 0.69 3.78

f Reyised Sireet novs Per Hec-I

.I ) ):

,
I

/
../

HYDRAULIC AHALYSIS NEW STORK DRAIN LATERAL

STORN SEWER CAPACITY CALCULATION RECORD

LOCATION DATA
Dysart Road
6011 Course to Dysar t Raid
Through P~rcel 10
Dale:S/15/90

DESIGN DATA:
frequency 100 years

Nanning's n : 0.012

--.--·-i:o~~ti~~-._---.----.-.-.i'-------._...-.-.-..---_.-s;~;i'pi0;ii;-----.---.---------.s;~;;.0;;i9~---------.--..-
Outlel Pipe frol Sla To Sia line. Told 9 IInlel iny.Oullel iny. Lenglh So : D K Q full Y
no. no. :(jn.)

V2I2g Sf hi loss hj
cae" •

Ioss he
coe If.

Hydriulic 6ride line
hi £lev. @ Elev. @ Deplh @ Deplh @

(Iinor) inlet ~utlel inlel oullel
,-- - ----- - _-- -_ - - .. -- -- -_... - .. _-- ..-------- --- .. __ _-_ _-- .._------ -- --------- --- -----_ ---- -_ --- --- _- _- -_ _ - ----_ .._---- --------- .. _- .. _ _-_ - .. _- _ ---- ~ -----_ ..-_ ------- -- ----_ _- - .. _.. -_ .. _-

StQrl driin sta. 0.00 to 10.~3

OUTLET 260 0
MH m 260
MH 805 535
MH 1093 805

o
o
o

21

21
21
21
21

m.59
~87.21

187.83
~88. SO

186.00
986.59
987.21
187.83

260.00 0.0023
275.00 0.0023
270.00 0.0023
288.00 0.0023

30 HU8
30 444.Z8
30 444.28
30 444.28

21.16
21.10
21. 29
21. 43

4.28
4.28
4.28
4.28

0.284119 0.00223
0.284119 0.00223
0.284119 0.00223
0.28.4111 0.00223

0.58
0.61
0.60
0.64

0.07
0.02
0.02
0.02

0.02
0.01
0.01
0.01

0.00
0.00
().OO

0.00

0.00
0.00
0.00
0.00

0.02 ~8'3.IO 988.50
0.01 999.73 ~89.11

0.0\ ~90.34 189.73
0.01 ~11.00 190.35

2.51 2.50
2.52 2.52
2.51 2.52
2.50 "I r~,,.oJ,

, ~evision lor Pipe Extension in 6011 Course for Oullet
ReI. CYL "ass Griding - 1201)-050
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COLLEcrOR STREETS

Preliminary Street Floy & Storm Drain Analysis

The pavement section for the low volume and high volume collector streets are
being designed for a total width of 40 feet and 64 feet respectively. Storm
water that flows to the collector streets will be carried to either the golf
course or the ADOT Retention Basins.

The streets will be designed to contain the 5-year storm within the 6" curb.
Vhere this criteria cannot be met, catch basi~s and storm drain pipe will be
placed to carry the excess storm water.

This preliminary analysis will be updated and finalized with the final street
design.

1200-05
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CHANNEL HYDRAULICS

The channels will be designed to convey the expected 100-year flow with adequate
freeboard. This design will be done at the time of the mass grading design.

, '

1200-05
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MASS GRADING NORTH OF ADOT DETENTION BASINS

Offsite flows entering the ADOT detention basin from the North will be
concentrated at three separate points with additional sheet flow entering the
basin directly from the east and west. The major concentration flow from the
north is conveyed to the basin by a earthen channel located half way between
Litchfield and Dysart Roads. The two remaining concentration point flows,
located between the earthen channel and roads, will be conveyed by pipe culvert
(future catch basins).

The channel in ADOT's Right-of-Way will be designed to convey the lOO-year flow
with adequate (I' min.) freeboard. Rip-rap channel protection will be provided
at the channel termination in the detention basin. The channel concept and flows
used in channel design have been approved per ADOToffice memo dated August 22,
1989. Construction of the channel will'be completed under Phase I construction.

,-
All cu.lvert structures upstream of the detention basin will be designed to convey

~ ~he 100 year storm. In addition catch basin outlet pipes will be provided to
handle street and parcel flows from the la-year storm. Contributing area for the
pipes is bounded on the north by McDowell Road, and on the east and west by
Dysart and Litchfield Roads. Storm events larger .than la-year, will overtop
proposed road and sheet flow into the existing detention basin as currently
designed. Mass grading of above described area will be completed under Phase II
construction. Outlet pipes will be completed under Phase I construction.

MISCOI79.WP5
1200-050



TRAPEZOIDAL CHAMMEl ANAlYSIS
IlORllAl DEPTH COtlPUTATION

April 19, 1'go
A.D.D.T. Channel Capacity COIputation

litchfield Part, Phase 1
A.D.o.T. RIM to Detention Bisin

PRDGRA" INPUT DATAl
DESCRIPTUI

rlow Rite (cubic feet per second) •••••••••••••••••••••••
Channel 80ttol Slope (feet per foot) ••••••••••••••••••••
Itanning'l Roughnen Coeffieient (n-vilue) .. 11.11 II .... II .

Chinnel Side Slope - left Side (horizontal/vertical) ••••
. Chinnel Side Slope - Right Side (horizontal/vertical) •••

Channel BottOi Width (feet) •••••••••••••••••••••••••••••

VAlUE

2060.0
0.0021
0.0300
4.00
4.00

10.0

===============================E--===--===:S==========================

PROORA" RESUlTS:
DESCRIPTION

Norlal Depth (feet) •••••••••••••••••••••••••••••••••••••
rlow Velocity (feet per secOnd) ••••••••••••••••••••• ~ •••
rroude Nulber (flow is SUb-Critical) ••••••••••••••••••••
Velocity Head (feet) •••••••••••••••••••••••••••••• ~ •••••
Energy Head (fltl) ••••••••••••••••••••••••••••••••••••••

. Cross-Sectionil Area of nov (squire feeU II

Top Width of Flow (feet) ••••••••••••••••••••••••••••••••

VAlUE

7.99
6.14
0.508
0.59
8.58

m.34
73.93

TRAPEZOIDAl CHANNEL AIIAlY51S COIIPUTER PR06RNl, Version 1.3 (c) 1986
Dodson' Associates, Inc., 7015 U. Tidwell, 1107, Houston, TX 77092
(713) 895-8322. A.aAual with equations ~ flow chirt is available.



====:c:=============z:====:=========_==============za:======-zc=====

_:•••=======a===a=========:::===a:===:::a=======a==_===_.a===zaa::cz

PROGRAK RESUlTS:
Depth Flow Rate Velocity Froude Velocity Energy Flow Area Top Width
(ft) (cfs) (fps) Nulber Head(ft) Head(ft) (sq It) (ft)

--------------------------------------------------------------------
1.0 26.8 1.91 0.382 0.057 1.057 14.0 18.0
2.0 100.7 2.80 0.419 0.122 2.122 36.0 26.0
3.0 230.9 3.SO 0.443 0.190 3.190 66.0 34.0
4.0 427.5 4.11 0.460 0.262 4.262 104.0 42.0
5.0 700.2 4.67 0.475 0.338 5.338 150.0 SO.O
6.0 1058.2 5.19 0.487 0.418 6.418 204.0 58.0
7.0 1510.2 5.68 0.498 0.501 7.SOI 266.0 66.0
7.9 2004.5 6.10 0.507 0.578 8.478 328.6 73.2
8.0 2064.8 6.15 0.508 0.586 8.586 336.0 74.0
9.0 2729.8 6.59 0.517 0.675 9.675 414.0 82.0

10.0 3513.2 7.03 0.525 0.767 10.767 500.0 go.O

===_===za:a==as_-======-===================s:=====:=u==s••==========
TRAPEZOIDAl CHAMHEl AMAlYSIS CmtPUTER PROGRAIt, Version 1.3 (c) 1986
DodsOll • Associates, Inc., 7015 N. Tidwell, 1107, HoustOA, TX 77092
(713) 895-8322. Alanual with equations' flow chart is available.
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TRAPEZOIDAl CHANNEL ANAlYSIS
RATUI6 CURVE COIlPUTATIOtt

April 19, 1990
A.D.O.T. Chinnel CiPiCity eo.,utition

Litchfield Park, PhiS! I
A.D.O.T. R/W to Detention Basin

PR06RAlt INPUT DATA:
DESCRIPTION

ChiAnel BottOi Slope (feet per foot) ••••••••••••••••••••
ftanning's Roughness Coefficient (n-vilue) •••••••••••••••
Channel Side Slope - left Side (horizontal/vertical) ••••
Chinn.l Side Slope - Right Side (horizontal/verticil) •••
Channel BottOi Width (feet) •••••••••••••••••••••••••••••

VAlUE

0.0021
0.0300
4.00
4.00

10.0



BOX CULVERT ANALYSIS
CO"PUTATION Of CUlVERT P£RrORIWtCE CURVE

April 20, 1990
Litchfield Park, Phase 1

3 - B'x8' Concrete Box Culverts
North A.D.O.T. R/W

==z===z===sz======~==z==:==============::=======s======== ===========

PR06RAtt INPUT DATA:
DESCRIPTION

Culvert Span (Width of Opening) (feet)••••••••••••••••••
Culvert Rise (Height of Opening) (feet) •••••••••••••••••
rUWA Chart HUlber <8,9,10,11,12 or 13)••••••••••••••••••
Scale HUlber on Chart (Type of Culvert Entrance) ••••••••
"anning's Roughness Coefficient (n-value) •••••••••••••••
Entrance Loss Coefficient of Culvert Opening••••••••••••
Culvert Length (feet> •••••••• , ••••••••••••••.•••••••••••
Culvert Slope (feet per fOot) •••••••••••••••••••••••••••

VALUE

8.00
8.00
8
1
0.0120
0.50

60.0
0.0025

=~=======================:============================ ==============

PROSRA" RESUlTS:
rlov Tailvater Headvater (ft) Morlal Critical Depth at Outlet
Rate Depth Inlet Outlet Depth Depth Outlet Velocity

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

685.0
685.0

8.00 10.75 10.70 7.34
8.50 10.75 11.20 7.34

6.11
6.11

7.34 11.67
8.00 10.70

=====2==========================================================_===
BOX CULVERT ANALYSIS COKPUTER PROSRA" Version 1.6 Copyright (c) 1986
Dodson. Associates, Inc., 7015 N. Tidvell, 1107, Houston, TX 77092
(713) 895-8322. All Rights Reserved.
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--------------------------------------------------------------------

=az.:====••========••=.=a==••••====.~=a=.s==.z.==m==== =====:======:c

======z=:=z===s=.=a:===~:=======a.:a ••&=.=======a=aa=====••a=====ca:

PR06RAtI RESUlTS I

Depth Flow Rate Yeloeity Froude Velocity Energy Flow Area Top Width
(ft) (cf5) (fps) ·Hueber Head(ft) Head(ft) (sq ft) (ft)

--._-------------------------------------_.-------------------------
1.0 31.0 2.00 0.410 0.062 1.062 15.5 21.0
2.0 123.0 2.93 0.450 0.133 2.133 42.0 32.0
3.0 292.2 3.68 0.476 0.210 3.210 79.5 43.0
4.0 554.9 4.33 0.496 0.292 4.292 128.0 Sof.O
5.0 926.1 4.94 0.513 0.379 5.379 187.5 6~.0

&.0 1420.1 5.50 0.526 0.470 &.470 258.0 7&.0
7.0 2050.3 6.04 0.539 0.566 7.566 339.5 87.0
8.0 2829.3 6.55 0.550 0.66& 8.&66 432.0 98.0
9.0 3769.5 7.04 0.560 0.769 9.769 535.5 109.0

10.0 4882.8 7.51 0.569 0.87& 10.876 650.0 120.0

=:===:==.=~=================cc========.===a=====z=====.= =====:=:a:==

TRAPEZOIDAl CHANNEL ANALYSIS CO"PUTER PR06RAft, Version 1.3 (c) 1986
Dodson l Associates, Inc., 7015 W. Tidwell, 1107, Houston, TX 77092
(713) 895-8322. Atanual with equations' flow chart is available.

VAlUE

0.0025
0.0300
4.00
7.00

10.0

April 19, 1990
litchfield Park, Phase 1

",Dovell Road to A.D.O.T. R/W
Channel Capacity COlputation

TRAPEZOIDAl CHANNEL ANAlYSIS
RATlN6 CURVE cu.UTATION

PR06RAtl INPUT DATAl
DESCRIPTIOM

Channel Botto. Slope (feet per foot) ••••••••••••••••••••
Nanning's Roughness Coefficient (n-Yalue) •••••••••••••••
Channel Side Slope - left Side (horizontal/vertical) ••••
Channel Side $lope - Right Side (horizontal/vertical) •••
Channel Bottol Width (feet) •••••••••••••••••••••••••••••
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CULVERT HYDRAULICS

The culverts will be- designed to· convey the expected 100-year flow. The design
of the culverts will be done at the time of the street design or mass grading
design.

1200-05
CVL-4-1276
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PLATES

1. VICINITY MAP

2. OFFSITE DRAINAGE MAP & EXISTING HEC-1 SCHEMATIC

3. LITCHFIELD POST-DEVELOPMENT HEC-1 SCHEMATIC

4. LITCHFIELD PHASE 1 POST-DEVELOPMENT HEC-1 SCHEMATIC

5. MASS GRADING CONCEPT PLAN
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