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INTRODUCTION

General Background:

Purpose

stormwater runoff and how the onsite and offsite drainage will be

The site falls within four different

the City of Avondale, the City of

Within this report is presented a conceptual

proximate boundary locations.

governmental jurisdictions:

The purpose of this report is to present a Conceptual Master

the south, Camelback Road to the north, Citrus Road to the west and

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

is of an irregular shaped and is generally bounded by Interstate-IO to

Master Planned Community in the vicinity of Litchfield Park. The site

porated areas of Maricopa County.

majority of the site falls within the City of Goodyear and unincor-

Goodyear, the City of Litchfield Park, and Maricopa County. A

Dysart Road to the east. Refer to Plate 1 for the vicinity and ap-

this development.

this report will study and set drainage parameters for the planning of

provide drainage information to satisfy the needs of all of the

Drainage Plan to be used for the zoning application. In addition,

hydrologic and hydraulic analysis of the project drainage system.

handled. This Conceptual Master Drainage Report (CMDR) is intended to

This includes a preliminary drainage plan showing general direction of

1.0

1.1

1.2
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solicit their input for the purpose of this report. In general, theI
governmental agencies. CVL has made contacts with the agencies to

Cities of Avondale, Goodyear, and Litchfield Park have their own

drainage policies and requirements for the master development plans.I
I
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Numerous reports have been produced that are relevant to the study

Road to 1/2 mile' east of Reems Road [1-10-2(34) 1 prepared by ADOT

Existing Reports

post-development flows and retention, this CMDR utilizes a HEC-l com-

This file indicates the tributary areas and corresponding

50-year flows impacting the subject portion of 1-10. The 50-year

flow for the wash between Reems Road and Bullard Avenue (hereafter

1974.

puter program to calculate peak runoff rates. Additionally, retention

basins are sized based on the 100-year, 6-hour storms to meet the more

area. These reports include:

However, since their requirements are generally similar in addressing

stringent City of Goodyear requirements.

1. ADOT Drainage File for Interstate-10 (Ref. 12) from Perryville

1.3
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(

II
11
I)
11
'I\]

Ii]

II
I]
I

referred to as Bullard Wash) is indicated to be 3400 cfs. This

flow correlates closely to the results found in this CMDR.

2. ADOT Offsite Drainage Design Report (Ref. 13), Project No: I-IG-

10-2(37)C, Highway: Ehrenberg-Phoenix Highway, Section: Bullard-

the retention basins that are north of the subject highway. The

Engineers, January 1976. The report substantiates the design of

retention basins were designed to hold the 50-year storm runoff

generated on the entire future urbanized tributary. The tributary

I
I
I

Dysart Road, prepared by Dibble and Associates Consulting

boundaries are approximately 1-10 to Camelback Road and Bullard

Avenue to 1/2 mile east of Dysart Road.

I
I, 1100-270
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drawn by the Boyle report.

tributary, and thus a smaller flow.

pact of a lOO-year storm on the Litchfield Park Dam (also known as

The new detailed

The report evaluates

This CMDR generally agrees with the conclusions

mapping used by this CMDR' indicates a smaller

Arizona (Ref. 14), For Litchfield Park Properties, prepared by

Dames & Moore (D&M) , January 1986. The reports evaluates the im-

Murphy's Dam). The tributary area assumed in the D&M Reports dif-

Hydrological Evaluation, Litchfield Park Dam, Maricopa County,

topographic

fers from that area used in this CMDR.

Flow Estimation to Camelback and Dysart Roads (Ref. 15) for SunCor

Development Company, prepared by Boyle Engineering Corporation

April 7, 1988, revised May 17, 1988.

Litchfield Park Dam and the flow from this dam that impacts

Camelback Road.

Master Drainage Report for Litchfield Ridge (Ref. 16), prepared by

Wood & Associates, November 1988. The report was developed for

3.

4.

5.

Boyle report.

the Litchfield Ridge Development and generally agrees with the

report evaluates the effect of the 100-year storm on the two major

Even though the

-3-

(Ref. 17), prepared by PRC Toups Corporation, January 1979. The

6. Hydrology for Special Study of Luke Air Force Base, Arizona

channels that protect Luke Air Force Base.
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tributary area boundaries differ slightly from the PRC report to

this CMDR, the 100-year flows are reasonably close.

7. Draft Memo Regarding the Dysart Drain (Luke Air Force Base

Channel) (Ref. 18), prepared by the Corps of Engineers. Undated.

The memo evaluates other reports on the Dysart Drain. The memo

reports that even though many reports show the Dysart Drain to be

substantially undersized, flow across the base has only occurred

once since the drain was complete, and that was because construc-

tion of a bridge temporarily blocked the drain.

8. Drainage Analysis for Goodyear Farms in Maricopa County, Arizona

(Ref. 19), prepared by Ellis-Murphy, Inc., September 1984. The

report delineated the offsite drainage areas that affect the

property and estimated the 100-year flows. This CMDR utilized

more detailed topographic mapping and field investigation to

analyze the watershed, therefore the boundaries differ somewhat

from the Ellis-Murphy report.

9. ADOT, Estrella Freeway Hydrologic Investigation Report (Ref. 20),

prepared by Cella Barr Associates. The report is a hydrologic in-

vestigation for the Estrella Freeway route location. Peak

I~
discharge values for the 50-year storm were estimated for use as a

basis for preliminary design assessments. The flow calculations

were simplified due to the preliminary nature of the alignment

I
I

study.
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General

DESCRIPTION OF WATERSHED

available for each, the changing field conditions, and the methodology

with detailed topographic mapping and field visits, to evaluate the

This CMDR considered all of the information available, along

All of these reports provided valuable information. The results,

The terrain throughout the site and watershed is relatively flat,

however, vary from one report to another, due to the mapping that was

used.

upper watershed extends to the Beardsley Canal and is cut off by

hydrologic impact on this site.

McMicken Dam that is immediately upstream of the canal. Presently,

sloping southeasterly at an average slope of about 0.5 percent. The

2.0

2.1

IIi
11
I~

I]

I]
I]
I~I

11
I

'.

the majority of the watershed is being used for agriculture. Small

portions of the watershed have remained in their natural desert state,

while other smaller areas have been urbanized. Luke Air Force Base

and surrounding development lies within the watershed.

Typically the upstream land has been leveled and terraced for

agricultural purposes. This leveling along with roads and irrigation

ditches have caused some diversions from the natural flow patterns.

I Additionally, land subsidence, due to overpumping of ground water, has

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

created some minor diversions to the natural flow paths.

II 2.2 Rainfall Seasons

There are two separate rainfall seasons. The first occurs during

I
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
I
I
I 1100-270
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eliminate runoff from the west of the Beardsley Canal.

Generally, runoff occurs only during and immediately following

The natural drainage basin affecting the study area extends to the

the watershed is farmland with recently tilled soil, irrigation

improvements that affect runoff to the project site. These improve-

any other season when practically no precipitation occurs. The second

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

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

ments include:

These thunderstorms are extremely variable intensity and location.

ditches, berms, and tailwater ponds,· all of which will reduce runoff.

1. McMicken Dam and Beardsley Canal - These structures effectively

consists of hydrologic Group B soils, although groups A,C, and D soils

are not conducive to continuous flow. The majority of the watershed

heavy precipitation because arid climate and drainage characteristics

high.

Generally, infiltration and transmission losses are expected to be

occur throughout the watershed in minor proportions (Ref. 9). Most of

jected to widespread thunderstorm activity whose moisture supply

white tank mountains. There have been however, a number of man-made

2.3 Runoff Characteristics

2.4 Upstream Modifications
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are located on private property in the drainage basinI
2. Agricultural

reservoirs

Reservoirs and Drains A number of agricultural

upstream of the study area. These reservoirs and their collecting

drains effectively reduce the volume of runoff to the project
I
I
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Cotton Lane and AT&SF Railroad - Runoff from the west of Cotton

features.

Bullard Uash north of Camelback Road.

Camelback Road Drain (Uest) - Starting west of Cotton Lane, the

Boyle Engineering (Ref. 15) performed a

However, to be conservative, the HEC-l model within thissite.

Lane and north of Camelback Road is conveyed south by Cotton Lane

and adjacent railroad. In some locations, the dike formed by the

Camelback Road, collecting runoff from north of Camelback Road and

Camelback Road drain runs easterly along the north side of

diverting it eas't to the culverts on Camelback Road between Reems

railroad is breached, or designed channels allow flow to cross.

the western perimeter of the base and concentrates the flow in

CMDR does not account for the impact of these agricultural

Luke Air Force Perimeter Drain - This drain collects runoff along

Road and Bullard Avenue. At this point it turns south in Bullard

the Agua Fria River.

Uash and crosses the property.

Avenue, this drain diverts about 1,000 cfs of upstream runoff to

Dysart Diversion Channel -Starting at Reems Road on Northern

3.

6.

5.

4.

I]
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I field survey and established the capacity of this drain to be

about 1,000 cfs.

-I 7. Paved and Unpaved Roads Many roads throughout the watershed

create channels

"channels" may not have the capacity to carryI watershed. These

that effectively convey flow throughout the

all of the flow that gets to them, thus creating a flow split.

Many of these roads carry flow out of the watershed.
I
I
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HYDROLOGY

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

Methodology

The flow spills into the canal, but the canaldiverting flow.

The hydrologic methods to be used on this project were selected

of the canal to continue flowing south in a natural drainage path.

does not have the capacity to carry it. The flow then spills out

8. Roosevelt Irrigation District Canal - The Roosevelt Irrigation

District (RID) Canal crosses the property, ponding water and

for precipitation data. Aerial reduction factor for the 6-hour storm

based on many discussions and input from the Flood Control District of

the complexity of the watershed, and the small local watershed sub-

Maricopa County (FCDMC). The Soil Conservation Service (SCS) method

for the 10-, 50-, and 100-year frequency storms. The SCS Type II

on this watershed is in the vicinity of 93% to 97%. However, due to

within the HEC-l computer program was used to estimate the peak flows

3.1

3.0

areas, 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

amount of temporal distribution of rainfall, the runoff characteris-

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

I~

I

package (HEG-l). HEG-1 uses numerical parameters to describe the

collect and convey the direct runoff to concentration points. The

computer output provides runoff hydrographs at user selected

I locations. These hydro graphs can be used to design drainage channels,

I. 1100-270
CVL-4-l27l -8-

~L



facilities.

model.

the site, and extensive field visits. Curve numbers were based on the

Modeling

because runoff processes can be simulated usingselectedwas

peak discharge does not necessarily increase linearly with direct

Unlike unit hydrograph techniques, the kinematic wave approach also

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

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

hydrographs through the tributary channels of the basin. This option

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

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

A network of 'sub-basins and connecting channels was configured

runoff when using the kinematic wave methodology.

retention basins, or to evaluate the capacity of existing drainage

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

measurable geographic features such as overland flow elements and the

The kinematic wave option was used to determine the hydrologic

The sub-basins were delineated based on USGS 7-1/2 minute quad-

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

SCS TR-55 for the appropriate land use. Refer to Table 2 for a list

rangle maps for the upper watershed, detailed topo in the vicinity of

3.2

Iq
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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 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

1100-270
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based on the upland method. Flow velocities used in the upland method

very conservative assumption. Lag times were based on 60% the time of

concentration (Lag 0.6 Tc). Time of concentration was calculated

General

Roads.

EXISTING CONDITIONS

Existing channels help direct flow around

This concentrated. flow, herein identified as

Many factors affect the flow that reaches the site. Numerous

There is one major flow path (Bullard Wash) that crosses the site

able topographic mapping.

field investigation.

Similarly, the data for the kinematic wave routing method was based on

There are many flow splits that occur in the upper watershed.

were based on estimated flows and field estimated cross sections.

These splits were modeled based on field investigation and the avail-

in the upper watershed.

in a north-south direction. A channel north of Camelback Road inter-

channels, roads, irrigation ditches,. and berms direct and divert flow

cepts sheet flow and routes it east. This flow combines with a Luke

Luke Air Force Base and its associated development. Litchfield Park

of Bullard Avenue).

Dam helps to control flow to the intersection of Camelback and Dysart

Air Force Base diversion channel at Bullard Wash (about 1/4 mile west

4.0

4.1

I
Bullard Wash, then runs southerly and crosses Camelback Road through a

combination of multiple pipe culverts and dip section. The flow

this flow reaches the RID Canal, where a 60 ft. long siphon carries

crosses the project and combines with local flow. At Thomas Road,I
I
I 1100-270
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the RID Canal below a storm water overshoot. The overshoot, however,

does not have adequate capacity to convey the Bullard Wash 100-year

flow across the RID Canal.

Flow enters the site at several other locations including: the in-

tersections of Cotton Lane and Indian School Road, Cotton Lane and

McDowell Road, Bullard Avenue and Indian School Road, RID canal and

Litchfield Road, and Dysart Road and Indian School Road. At these

locations, the flow is typically concentrated in the roads, with the

excess breaking out into sheet flow across the farmland."

The RID canal crosses the site in a southwesterly direction. In

many places, flow is backed up north of the canal until it overtops

the banks. Since the canal has very limited capacity, the flow over-

tops the south canal bank and continues southerly.

Plate 5 depicts the estimated 100-year floodplain of Bullard Wash

between Thomas Road and 1-10. It should be noted that this estimate

is in a general agreement with the ADOT's floodplain analysis of

Bullard Wash.

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

I
I

and HEC-l schematic.

HoD-no
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Historical Data

Route 85.

was about 660 feet wide. Our estimate based on the U.S.C.S. quad map

watershed reacts to the rainfall pattern, however, contacts were made

In order to understand how the

Therefore, verification of the HEC-l results withdata.

There are no gauge stations within the watershed with any histori-

cal

historical data cannot be made.

Another local resident, Mr. Bill Wade, also involved in farming

the banks about 5 times in 37 years. The worst flooding he recalled

is the case, Mr. Burns only remembers having the wash getting out of

The wash, presently acting as a tailwater ditch, does not have

over 37 years.

with the local residents living in the proximity of B~llard Wash. On

been farming near the Bullard Wash alignment at Lower Buckeye Road for

very- much capacity (about 65 cfs) within its banks. Even though this

January 11, 1989, CVL solicited input from Mr. Walter Burns, who has

suggests that flow to be about 800 cfs (see Plate 6).

near Bullard Wash for over 38 years, had given similar input. He has

been living on the west side of Reems Road, immediately south of State

4.2
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Mr. Wade recalls the wash flowing out of its banks about 5 to 6

times. The worst that he recalled happened in late August, 1970, when

he saw flooding about 450 feet wide in a sheet flow fashion (4" to 5"

I-
deep). The wash at that time was flowing about 4 feet deep and 6 feet

wide. For the sake of comparison, Table 3 in the Appendix, summarizes

1-10.

the results of different methods for Bullard Wash in the vicinity ofI
I
I 1100-270
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In our opinion, Zone "A" is a result of ponding behind the canal

bank. As the detailed grading and drainage plans are developed in

conjunction with the future improvements, the ponding areas will

either be eliminated or reduced in size. This measure in turn will

C!L

area of 100-yearthe

hazard factors are not

By providing technical data and

plans to FEMA, a Letter of Map

FEMA, is

or flood

-13-

or this project, the offsite flows will be collected and

across the site. Local flows will be collected in street

storm drains, to outlet into the channel system. At

locations, retention basins are proposed and flow peaks are

Floodplain Maps

The Flood Insurance Rate Maps (FIRM) as published by the Federal

Emergency Management Agency (FEMA) indicate certain upstream areas of

the RID Canal as Floodplain Zone "A".

Zone "A", in accordance with

flooding. Base flood elevations

determined for this flood zone.

remove or reduce the Zone "A" areas.

the detailed grading and drainage

Revision (LOMR) could be obtained.

General

POST-DEVELOPMENT CONDITION

development

channelized

flow and

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

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

office space, schools, regional mall, industrial areas, and other uses

(see Plate 7). Several amenities, including water features, green­

belts and golf courses are to be included in the project. With the

attenuated.

strategic

4.3

5.0

5.1

1100-270
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Siphoning the RID Canal is being considered at some locations

where tpe channels need to cross the canal. By the use of siphon,

overshoots can be provided to convey storm flows across the RID Canal.

This has been discussed with RID. Their initial indications are very

positive because it is realized by the RID that in the existing condi-

tion runoff from large storms overtop the canal bank a~d flow into ~he

canal. This adds maintenance requirements following an intense storm.

Our correspondence with RID, which shows a sketch of the siphon op-

tion, is included in the Appendix.

The northeast area of this project near Camelback and Dysart Roads

is affected by a smail watershed generally bounded by the Dysart Drain

on the north and Dysart Road on the west. This watershed contains

Litchfield Park Dam and because of its existence, the peak flows at

Camelback Road near Dysart Road are impacted.

Boyle Engineering, in a report dated April 7, 1988 (Ref. 15), has

done a significant amount of work addressing the flow conditions at

Camelback and Dysart Roads. Boyle updated the report on May 17, 1988,

subsequent to the FCDMC's technical comments. Results of this CMDR

are in general agreement with the Boyle analysis as listed below.

Variations in the flow volumes are a result of the difference in curve

Runoff at Camelback and Dysart Roads

numbers and storm distributions used by Boyle and CVL.

I
I
I
I
I

Without Dam
With Dam

* not analyzed
** 6-hour storm

1100-270
CVL-4-1271

la-Year
Boyle CVL

370 cfs *
207 cfs 372 cfs**

-14-

100-Year
Boyle CVL
1003 cfs *
717 cfs 1013 cfs**



Local onsite stormwater runoff is to be collected and routed into

offsite and onsite stormwater runoff. The offsite runoff is to be

the downstream end in a manner similar to the existing condition.

grading plans.

of channels is proposed for this project to conveysystemA

collected and routed across the project, where it can be released at

Resources (ADWR). See the Appendix for ADWR Letter of Approval. CVL

been approved by the FCDMC and the Arizona Department of Water

CVL has prepared a report proposing to remove the Litchfield Park

is currently in the process of designing the facility and producing

to be routed through the retention basins .

Dam and replace it with a detention basin (Ref. 22). This report has

Drainage Concept

retention basins, where it is to bleed off through ungated outlet

pipes into the channel system. Typically, major offsite flows are not

5.2
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At the downstream end of the project, the post-development

100-year flow is not to exceed the pre-development 100-year flow. In

the Bullard Wash case, however, due to channelization of existing

sheet flow, flood peak attenuation is reduced, resulting in the in-

crease in peak flow. This problem is corrected by diverting the top

I
1-.

portion of the hydrograph into a retention basin, and reducing the

100-year outflow to less than the existing condition.

This project is anticipated to develop over the 25-year span. As

I
the project improvements are progressing, the drainage outfall points

will need further site specific detailed analysis. The analysis

should consider the outfall and how it impacts on both the downstream

I
I 1100-270
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be used for that area.

within the cross section between buildings, and the finished floor

Channels and Street Hydraulics

tion that has a more stringent policy, the more stringent policy will

Additionally, the 50-year flow should be carried

If a portion of the project lies within another jurisdic-

properties as well as within the project. Additionally, considera-

tions wjll be required on the channel gradient, bleed off system, and

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

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

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

retention basins, generally within the lower portion of the project

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

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

between curbs.

along the south boundary.

Goodyear.

5.3

11
I]

"

I J
I·

I')
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A conceptual channel system has been designed based on the es-

timated flows. This system assumes that any 100-year flows less than

about 200 cfs will be accommodated in a local system and will be ad-

dressed at the detailed design phase of the site specific development.

Refer to Plate 3 for the conceptual channel system layout, and see the

I.:
Appendix for channel calculations.

A detailed hydraulic analysis of channels, road crossings,

I
I

siphons, street flows, retention facilities, and the final design of

improvements around them, are beyond the scope of this report. When

I
I 1100-270
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direct all flow to the Gila River. The extent of diversion needs some

north side of McDowell, Thomas, Indian School, and Camelback Roads

at all outlet points.

tion and the on-site improvements of this project, a joint and

with localaccordanceinandpracticescepted - engineering

Impact of Estrella Freeway

The Estrella Freeway, which generally follows the Cotton Lane

requirements.

alignment, will have a significant impact on this development. The

preliminary drainage recommendations by Cella Barr Associates (CBA)

This CMDR uses the pre-Estrella Freeway condition for the modeling

West section line roads. The basins will control the outlet capacity

evaluated for the final design, they will be based on generally ac-

along the west side of the freeway, a detention basin generally at the

suggest a pass-through system which consists of a collection channel

within the ADOT right-of-way, and culvert crossings along all East-

of the pass-through system to match the existing conveyance of ditches

purposes. However, depending upon the timing of the freeway construc-

mutually beneficial solution may be pursued with ADOT. It should be

further evaluations. We have included correspondence between ADaT and

CVL for general information on the subject of diversion.

noted that ADOT has already studied a diversion channel option to

5.4
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6.1 General
I
I

6.0 RETENTION

After many discussions with the FCDMC and the City of Goodyear, a

I
retention concept was developed and agreed upon. Retention is to be

provided in large regional retention basins. The basins will have the

I 1100-270
CVL-4-1271 -17-
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6-hour storm runoff.

cooperation with parks, schools, and other open space areas. The con-

cept for these basins is to have them from 4 to 8 feet deep with a

3" precipitation
2.72" precipitation

storm
storm

lOO-year 6-hr.
lOO-year 2-hr.

Policy)

City of Goodyear:
Maricopa County :
(Uniform Drainage

l.
2.

terraced or sloped bottom, to keep runoff from the smaller storm con-

These regional retention basins will be large l and also function in

the onsite tributary area. The City of Goodyear requirements for the

capacity to handle the IOO-year, 6-hour storm runoff generated from

below:

basins slightly differ from the Uniform Drainage Policy as summarized

is to be done through the use of bleed off pipes where appropriate or

To insure design adequacy, CMDR provides retention for the lOO-year,

basins are to be drained in about 36 hours following the storm. This

fined to a smaller area. The maXimum side slope will be 4:1. The

I
through dry wells. Three conceptual park layouts have been analyzed

for different sizes and depths of basins. Plate 4 in the appendix

1<

I

shows conceptual presentations of the retention facilities. Table 6

shows a summary of the retention basins including tributary area,

volume required, depth, outlet pipe size, and time to drain.

I
The onsite area east of Dysart Road and south of the RID Canal

will require onsite retention with the development of that area. This

I
I

area drains away from Dysart Road toward the Agua Fria River, and does

not impact the overall drainage system. This area will require 48.4

Acre-feet of onsite retention. Since this area has no impact on the

I
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overall drainage system, and several small retention basins will be

provide4 to meet the agency requirements, it is not modeled in HEC-l.

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 tp 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 pre-

vious correspondence in conjunction with Goodyear Farms Development,

ADOT has indicated that the drainage flows from the historical con-

tributing 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.

For convenience, a partial copy of the drainage report by Dibble

Associates (Ref. 13) is included in the Appendix. The results of

their analysis and this CMDR are summarized below:

I
I

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

ADOT's Design
(50-yr,24-hr)
7.9 sq. mi.
139 acres

1020 ac. ft.
856 ac. ft.

982.85 MSL
971.0
48" RCP

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

8.1 sq. mi.
139 acres

1020 ac. ft.
393 ac. ft.
978.7 MSL
971.0
48" RCP

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

8.1 sq. mi.
139 acres

1020 ac. ft.
513 ac. ft.
979.8 MSL
971. 0
48" RCP

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

lowered from the ADOT 50-year, 24-hour design of 982.85 to CVL's 50-I
basin volume requirement. The highwater elevation in the basin is

I
1100-270
CVL-4-1271 -19-

C£l



1989, is included in the Appendix.

spillways.

channelized flow into the basins and the elimination of the multiple

pact created is positive.

The CMDR proposes acceptance. of concentrated

Correspondence, including an acceptance memo dated August 22,

Presently, the ADOT basins accept sheet flow from the north by

multiple spillways.

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

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

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

I '~}
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based on the estimated flows.

CONCLUSIONS AND RECOMMENDATIONS

drawn:

local requirements.

The basins are to be drained

to 8' deep with sloped (maximum 4:1) or terraced bottoms to con-

conceptual channel system and retention system has been designed

on-site flow can safely be conveyed thro~gh the development. A

method within the HEC-l computer program.

Based on the analysis of thisCMDR, the following conclusions are

on generally accepted engineering practices and in accordance with

this report. When evaluated for final design, they will be based

drains, channels and retention facilities, is beyond the scope of

calculated by the use of SCS Method and the kinematic wave routing

from the 100-year, 6-hour storm.' These basins are to be from 4/

centrate the nuisance ponding.

B. The off-site flow entering the development combined with the local

A. Based on discussions and input from FCDMC, the flood peaks were

C. A detailed drainage system, to be comprised of streets, storm

E. Large regional retention basins are to be used to handle runoff

D. Siphons are to be used to allow channels to cross the RID Canal.

7.0
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through ungated bleed off pipes in about 36 hours following the

storm. Drain time does not account for the percolation losses

I
I

through the basin bottom.

F. The easterly watershed drains into the existing retention basins

within the ADOT right-of-way. The basins have been designed and

built to accept the post-development flow from the natural

I
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It is recommended that the results of this CMDR be used as the

elevations.

Drainage Report.

with the upstream undeveloped parcel.

The hydrologicfhydraulic analysis in this CMDR suh-watershed.

responsibility of its developer to address any problems associated

this, if the downstream parcel is developed first, it will be the

the adjoining parcel on the downstream side. In condition such as

impact on the basins. In fact, the analysis shows a reduction in

the lOa-year highwater in the basin~

be greater than the existing lOa-year flow, as shown on Plate 3.

stantiate that the post-development condition will have no adverse

G. The lOa-year post-development flows leaving the project will not

B. Further development should conform to this conceptual Master

C. As per this CMDR there are some areas where one parcel outlets to

A. Finished floor elevations be kept above the lOa-year flood

guidelines in implementing local drainage from further development

within the project. It is further recommended that:

1 I
11
1,1
1 )
1 )
I'J
I)

1 I
1]
1 )
I]
I]
I

D. Depending on the timing of the Estrella Freeway construction and

the onsite improvements of this project, a joint and mutually

beneficial flood control solution may be pursued with ADOT.

I
I

E. As the project improvements progress, the drainage outfall points

should have further site specific detailed analysis. The analysis

should consider the outfall and how it impacts on both the

downstream properties as well as within the project.

I
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Additionally, consideration will be required on the channel

graqient, bleed off system, and retention basins generally with

IJ
the lower portion of the project.
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CURVE NUMBERS

PRECIPITATION DATA

BULLARD WASH AT 1-10 FLOW COMPARISONS

TYPICAL CHANNEL SECTIONS

TYPICAL BULLARD WASH SECTION THROUGH PROJECT

RETENTION BASINS

1.

2.

4.

3.

6.

5.
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10-YEAR
6-HOUR

2.02"
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CVL-4-1271

TABLE 1

PRECIPITATION DATA

50-YEAR
6-HOUR

2.78"

. lOO-YEAR
6-HOUR

3.15"
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TABLE 2

CURVE NUMBERS

SOIL TYPE
LAND USE A B C D

Farm Land 61 70 77 80 *
Desert 63 77 85 88 *
Single-Family Residential 82 87 90 +

Multi-Family Residential 86 89 91 +

Commercial 89 92 94 95 *
Industrial 81 SS 91 93 *
Rural Farm Housing 54 70 80 85 *
Luke AFB
(runway w/much graded area) 77 86 91 94 *
Golf Course & Park 49 69 79 84 *
Prison 87 92 94

School 82 87 90

* from TR-55 (Ref. 8)

+ from City of Phoenix Storm Drain Design Manual (Ref. 21)

1100-270
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TABLE 3

BULLARD VASH AT 1-10
FLOV COMPARISONS

PEAK FLOVS IN CFS

(a) At Thomas Road, 1.3 miles north of 1-10
. (b) At 1-10
(c) At Thomas Road; Drainage Area - Runoff information from CBA (Ref. 20)

used to develop flow for Bullard Vash.
(d) At Lower Buckeye Road; From Section 4.2, this information included for

comparison purpose only.
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°10 °25 °50 °100

CMDR (a) 1517 3011 3572
ADOT (Ref.9) (b) 3400 4200

CBA (Ref.17) (c) 1500

Historical Accounts (d) 800

1100-270
CVL-4-1271

Drainage
Area

38.5 sq.mi.
32.8 sq.mi.

38.5 sq.mi.

43.0+ sq.mi.
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TABLE 4

I
I-

~"'----Decomposed Granite
100-Year
Flow Depth

~~- Meanderi ng Nui sance
~~~~~~~ Flow Riprap Swale

c.Y:L

Easement 100-year Velocity
Yidth Flow Depth (fps)
(ft. ) (ft. )

60' 3.2 2.8
60' 2.6 4.0

70' 4.7 3.6
70' 3.9 5.0

85' 6.3 4.3
85' 5.2 6.0

Easement Width

Slope
(%)

Side Slopes Vary.
4:1 to 6:1

_________r-11 Min. Freeboard'

TYPICAL CHANNEL SECTIONS

Flow
(cis)

,200 0.2
200 0.5

I 500 0.2

I 500 0.5

-:: 1000 0.2
:: 1000 0.5

Meandering
Sidewalk
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TYPICAL BULLARD VASH SECTION THROUGH PROJECT

C!L

$i de. $lopes Vary
4:1 Max.

--Meandering Nuisance
Flow Swale

Slope = 0.0025 ft./ft.
Bottom Vidth = 100 ft.
Velocity = 5.9 fps

Slope = 0.0050 ft./ft.
Bottom Vidth = 150 ft.
Velocity = 6.1 fps

Bottom Width Varies

100-Year
Flow Depth

TABLE 5

NORTH END OF PROJECT

SOUTH END OF PROJECT

Q = 3900 cfs
n = 0.035
100-year Depth 5.5 ft.

Q = 3100 cfs
n = 0.035
100-year Depth = 3.1 ft.

___[ I' Mi n. Freeboard

Grass Lined Channel
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TABLE 6

RETENTION BASINS

V = P x A x C
V - Volume requred in Acre-feet
P - Precipitation in feet

(100-year, 6-hour = 3" = 0.25')
C - Runoff coefficient

Retention Tributary
Basin Area (Ae)

~eighted Vol. Required
C (Ac ft)

Average
Retention Surface Outlet Outflow From
Depth (ft) Area (Ac) Pipe Size Pipe· (CFS)

Flow Passing Thru
Basin From Upstream
Basin Bleed-off

(CFS) (Basin 10)

Net Average
Outflow From

Retained Volume
(CFS)

Time To
Drain*· (hrs)

Flood Depth
10 yr 100 yr

RET1A 95 0.42 10.0 3.0 5.2 12" 3
RET1B 324 0.87 70.5 7.5 18.9 24" 25
RET1C 293 0.87 63.7 7.5 17.0 24" 25
RET1E 287 0.69 49.5 5.0 15.0 24" 16
RET1G 523 0.46 60.1 7.5 16.0 24" 25
RET1H 152 0.40 15.2 3.0 7.9 15" 5
RET11 294 0.40 29.4 3.0 15.4 30" 10
RET1K 395 0.56 55.3 5.0 16.8 24" 16
RET1N 718 0.48 86.2 7.5 23.0 36" 46
RET10 111 0.47 13.0 3.0 6.8 15" 5
RET1P 98 0.51 12.5 3.0 6.6 15" 5
RET1R 85 0.44 9.4 3.0 4.9 12" 3
RETn 315 0.71 55.9 5.0 5.4 30" 22
RET2N 638 0.82 130.8 7.5 34.4 36" 46
RET2P 181 0.80 36.2 5.0 10.9 18" 11
RET2Q 60 0.83 12.5 3.0 6.6 15" 5
RET2S 368 0.50 46.0 5.0 13.9 24" 16
RET2T 250 0.55 34.4 5.0 10.5 36" 27
RET2~ 389 0.70 68.1 7.5 18.2 24" 25
RET2X 158 0.69 27.3 3.0 14.3 24" 8
RE2TZ 448 0.60 67.2 7.5 17.9 36" 46

East of 430 0.45 48.4 Multiple basins will be used
Dysart Rd.

Note: Retention volume depth and surface area values are approximate and subject
to refinement with the design of the project.

* Based on 1/2 the average depth of retention
** Time to drain = (Vol Req.) (43560)

(Net Ave. of FIow)(3600)

CVL-4-1266

16 RET1K

3 . RET1R

16 RET2S

35 RET2T & RET2X

3 40.3 1.7 2.9
25 34.1 3.0 5.1
25 30.8 3.0 5.3
16 37.4 2.4 4.1
25 29.1 3.6 6.9
5 36.8 1.6 2.9

10 35.6 1.5 2.7
16 41.8 2.6 4.5
30 34.8 3.8 7.0

5 31.5 1.7 2.9
5 30.3 1.6 2.8
3 37.9 1.6 2.8

14 35.6 3,7 5.3
46 34.4 3.5 5.8
11 39.8 2.8 4.3
5 30.3 1.5 2.4

16 34.8 2.8 4.7
11 37.8 2.6 4.3
25 33.0 3.7 6.3
8 41.3 1.6 2.6

11 73.9 4.0 7.0



3. ADOT RETENTION BASINS BY DIBBLE AND ASSOCIATES - AND APPROVAL LETTER

--.~.' .~.

CORRESPONDENCE

l~ R.I.D. CANAL SIPHON OPTIONS

2. ESTRELLA FREEWAY

4. LITCHFIELD PARK DAM APPROVAL LETTER BY ADWR
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John B. Nelson, P.E., R.LS.

Ronald J. MInarik, R.LA.

David L Maguire, R.LA.

Ashok C. Patel, P.E., R.LS.

Karl Hirlinger, P.E.

Richard Alcocer, R,LS.

NeweU Roundy, R.LA.

Michael G. Rhodes, P.E.

Richard R. Norton, P.E.

Paul W.R. Hoskin, P.E.

James D. umon, P.E., R.LS.

Steven M. Verfurth, P.E.

Cathy Caris·Hart, R.LA.

Earl Swetland, R.LA.

James c. Spofford, P.E.

Founded in 1958 by

P.E. Coe, P.E. (1915·1977)

H.W. Van Lao, P.E.

386 cfs
2.5 fps (existing condition)
5 fps (minimum) to insure be t t er
hydraulics through the siphon.

Land Planning

Qvil Engineering

Watt< Resources Engineering

Transportation Engin<cring

Computer Services

Landscape Archit~ture

Surveying

Mr. Stan Ashby

RID Canal withinSunCor Properties

Design Flow Requirements:
Canal Average Velocities:
Siphon Average Velocities:

RID Canal Parameters:

Please note that CVL will closely coordinate the siphon design with
both the RID office and RID's design consultant, to insure that the
design meets or exceeds the RID requirements.

As you are aware, because of the large existing watershed, a con­
siderable volume of flow would occur at certain key locations
throughout the length of the RID Canal alignment between Cotton Lane
and Litchfield Road. As discussed in the past, this flow needs to be
routed from the north side of the canal to the south side, so that it
provokes no adverse impact on the canal system. The attached
schematic shows a method by which the canal will be siphoned for some
distance so that the drainage can be allowed to travel at the ground
elevation in a channelized condition. It is our intent to have this
siphon designed following the basic RID requirements on hydraulic
parameters.

Attn:

Per our recent phone conversations, I am herewith sending you a copy
of the RID siphon option.

Dear Mr. Ashby:

Re:

Roosevelt Irrigation District
P.O. Box 95
103 East Baseline Road
Buckeye, Arizona 85326

'March 21, 1989
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Roosevelt Irrigation District
Mr. Stan Ashby
March 21, 1989
Page 2

Please review the sketch presented herein. Should you have any ques­
tions regarding the sketch, please do not hesitate to call. It is
hoped that you will provide us with written input on this matter, so
that the siphon details can be further refined.

Sincerely,

CaE & VAN LOa
Consulting Engineers, Inc.

JrI:t~ .. &.L.S.
Senior Vice President

ACP:lps
CVL-2-1458

Enclosure

cc: Dan Haas, P.E. - SunCor
Dale Gardon - VSA

C£L
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ESTRELlA FREEWAY

CiL



It is respectfully requested that additional options be evaluated.

~e recommend the following considerations for the purpose of new
evaluations:

John B. Ndson, P.E., R.LS.

Ronald J. MInarik, R.LA.

David L Maguire, R.LA.

A3hok C. Pud, P.E., R.LS.

Karl Hirlingu, P.E. .

Richard Alcocer, R.LS.

Newell Roundy, R.LA.

Michael G. Rhodc:s, P.E.
Richard R. Norton, P.E.

Paul W.R. H05kin, P.E.

James D. Lemon, P.E., R.LS.

Steven M Vc:rfunh, P.E.
Cathy Caris-Hart, R.LA.

Earl Swetland, R.LA.

James c. Spofford, P.E.

Founded in 1958 by

P.E. Coc, P.E. (1915·1977)

H.W. Van Leo, P.E.

land Planning

Ovil Engineering

Water Reaourc:es Engin~ing

TTllNpOrtarion Engineering

Computer Services

Landscape Archit=re

Surveying

Mr. Art May

Estrella Freeway Drainage Option Study

Attn:

Dear Mr. May:

Arizona Department of Transportation
Urban Highways Division
205 South 17th Avenue
Room 216E
Phoenix, Arizona 85007

Re:

January 11, 1989

Thank you for meeting with us and Cella Barr Associates (CBA) at their
office on January 4, 1989, to discuss the above referenced project.
Since that time, we have had the opportunity to further review and
discuss CBA's report as well as their memorandums.

A large drainage channel exists along Camelback Road on both the east
and west side of the proposed Estrella Freeway alignment. Because of
this channel, there seems a logical cutoff point for a "pass through"
system immediately north of Camelback Road.

CBA's conclusion was that the "pass through" drainage option would be
the least costly. However, we feel that more consideration could be
given to a combination of pass through and storage options, which we
believe may have economic benefits while satisfying other needs. In
addition, the pass through option offers little benefit in solving an
overall drainage problem and has potential for future liability for
the downstream areas.

~e believe the simplified TR-55 approach adopted in the CBA report is
appropriate for the scope and purpose of the study, and agree that a
more detailed study will be needed in the future, during the final
design phase of the Estrella Freeway. ~e also concur with a number of
key conclusions made by CBA. However, we would like to recommend some
further evaluations of other available options.
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Enclosure

Sincerely,

Should you have any questions regarding this matter, please do not
hesitate to call.

ACP:lps
CVL-2-1320

C!L

south
This

added

We suggest the use of a combination of channel and basin systems
of Camelback Road, with an ultimate outfall to the Gila River.
option may not significantly alter the drainage, while providing
bene£! ts.

Additionally, we suggest:

Arizona Dept. of Transportation
Mr. Art May
January 11, 1989
Page 2

1. The use of large basins where the land costs are comparatively
low, and continued use of the "pass through" system wh~re the land
costs are high.

2. Increase basin depths to over 10 feet. By strategically locating
such basins, borrow requirements for the roadway earthwork can be
substantially reduced, with resultant cost savings. The prelimi­
nary road profile plot by CBA suggests that borrow areas would be
needed. The large basins would be excellent sources of the needed
dirt.

3. The use of overflow (diversion) basins should be further explored
(see sketch for conceptual configuration). This concept has been
successfully used on the Superstition Freeway and other ADOT
projects.

cc: Jim Nelson, P.E., CBA
Dan Haas, P.E., SunCor
Dale Gardon, VSA

COE & VAN LOO
Consulting Engineers, Inc.

w~±~
Senior Vice President
Drainage Engineer for

SunCor Development Company
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ARIZONA DEPARTMENT OF TRANSPORTATION

HIGHWAYS DIVISION

206 South Seventeenth Avenue Phoenix, Arizona 85007

I ROSE MOFFORD
. Governor

lHARLES L. MILLER _

~I Director

February 3, 1989 THOMAS A, BRYANT,II

h ;:: V c: i V t: U Slate Engineer

"

Dear Mr. Patel:

FEB 1 0 F)~~Ashok C. Patel, Senior Vice President

Coe and Van Loo
4550 North 12th Street
Phoenix, Arizona 85014-4291

~ARTH • MAY
corr~
Urban Highway Section

Thank you for your letter dated January 11, 1989. As we discussed

on the telephone January 26, 1989, ADOT and Urban Highways have a

continuing interest in development adjacent to our freeway right

of ways.

As we have discussed, the Estrella Freeway has the lowest priority

on the MAG transportation system with construction beginning after

2000. Our corridor location study was meant to: 1) investigate

environmental issues within the corridor 2) identify the preferred

alignment of the ultimate freeway and 3) identify right of way

needs for future acquisition. As part of the study several

possible drainage options were investigated to identify their

impact on item 1-3 above. We did not address regional flood

control issues since that is a problem that will need to be

addressed by developers and the Maricopa County Flood Control

District (FCD) as development occurs, years before the freeway is

built.

Re: Estrella Freeway Drainage Option Study H087701D

AVM/dlp

You make several excellent suggestions for the development of a

drainage system through property owned by Suncor Development

Company. If we were 15 years closer to final design of the

Estrella joint study your suggestion might be beneficial to all

parties. However, the location study for the Estrella Freeway was

completed in the spring of 1988. Only the final reports remain to

be completed, therefor we will not be able to evaluate additional

options.

cc: Dick Perralt
Cella-Barr
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CORRESPONDENCE 3

ADOT RETENTION BASINS BY DIBBLE AND ASSOCIATES

Including: correspondence between A.D.G.T. and Litchfield Park Properties
regarding the use of A.D.O.T. Retention Basins, and approval letter.

I-
I 1100-270

GVL-4-l271
C!L



OFFSITE
DRAINAGE DESIGN REPORT

DIBBLE AND ASSOCIATES
CONSULTING ENGINEERS

Checked by: .Pegany

January, 1976

Prepared by:

I-IG-10-2(37)C
EHRENBERG-PHOENIX HIGHWAY
BULLARD-DYSART ROAD

PROJECT NO.:
HIGHWAY:
SECTION:

Designed by: Nelson



3.. Land Use

~ 4 -

concentrate in collector streets and man-made swales and the

,

The entire watershed north of the freeway con-

1. Drainage -Areas

DISCUSSION

A. Hydrol'ogy

At the present, most of the watershed con-

2. Type of Flow

The ~xisting terrain is primarily flat farmland

a. Existing

the drainage area map provided in Appendix VI-A.

of the storm water flows south to the freeway project as over-

sists of three drainage areas as approximately delineated on

land sheet flow, with a small amount concentrated in waste

50-year storm and overland flow will continue south to the

with few scattered residential buildings. As a result, most

ditches along the crossroads and fields. The Roosevelt Irri-

two-year storm sewer system~

gation District canal which crosses the watershed acts as a

barrier but it is assumed that the canal will break during a

rest will be carried in Litchfield Park Properties proposed

freeway. When the area is developed, most of the runoff will

sists of flat cultivated land.

,III.



use.

Rational "c" 0.59 is based on weighted projected land use.

computations for this project are based on the projected land

Projected land "use is planned by Litchfield

6 hour p = 2.8 inches

c.

- 5

SCS Curve No. 90 is based on projected land use;

24 hour p = 3.3 inches.

4. SCS Curve Number and Rational "c" Values

5. Precipitation Va"lues

6. Soil -Groups

DISCUSSION (continued)

the timing of these developments is uncertain, the hydrolog~c

III.

dential and parks", as shown on the drainage area map. Although
Park Properties for three broad categories, "commercial, resi-
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I will hold this permit application in abeyance until the Department
receives the requested information.

RER:ry

The above noted project has been reviewed by the District One
Office and A.D.O.T.'s Hydraulic Section. Both parties are in
agreement on three (3) points.

, "';."

. '. '"

Storm Drain Outfall Plan'
Litchfield Park
LPP-D-800l-78
A.D.O.T. Case 1-128-9

Re:

1:·(...:....
~ . . - ..

' •• ,I.

. -' .;

. April 24, 1979

HIGHWAYS DIVISION
District 1

2140 West Hilton Avenue, Phoenix, Arizona 85009

This is a precedent setting item.

A.D.O.T. also needs to know who will maintain the
channel and the frequency of the cleanings.•

A.D.O.T. will require your company to obtain a
letter from the governing authority, written toward
the fact that no other subdivision will be allowed
to drain into this channel, nor adapt to your drainage
grades which would add more water to the retension
pond.

ARIZONA DEPARTMENT OF TRANSPORTATION

3.

1.

2.

John Unten

Sincerely,

1I:d£~-&;r~~i:&d E. Romley, U
District One Permit
& Encroachment Supvr.

cc:

Dear Mr. Edman:

Mr. Charles Edman, Jr.
Project Manager
Ellis, MurPhy & Holgate, Inc.
6601 N. Black Canyon Hwy.
Phoenix, Az. 85015

-i­
IIQ
I~1BRUCE BABBITT

Governor

11 'Ll.'A~ A. ORDWAY
D,r.ctOO'
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The Department will start the processing of the permit applica­

tion at this time, but the permit will not be issued until the

information needed is on file.

:.
0. ,'.;~'..

OSC.loR T. LYON • ..A •• P.E•
...i atant Oirector
end Stat. EnOl ne.,

.. -: .,-.. '

Storm Drain Outfall Plan
Litchfield Park
LPP-D-800l-78
A.D.O.T. Code 1-128-9

s~~~~~
Renald E. Remley,
District One Permit
, Encroachment Supvr.

Re:

HIGHWAYS DIVISION
District 1

2140 West Hilton Avenue. Phoenix, Arizona 85009

May 15, 1979

ARIZONA DEPARTMENT OF TRANSPORTATION

N.

RER:ry

Should you need further information please call.

Included in this letter I would appreciate an answer to Item

13 along with a name and phone number of who could be contacted

in case contact is necessary.

Dear Mr. Edman:

Mr. Charles Edman, Jr.
Project Manager
Ellis, MUrp~y & Holgate, Inc.
6601 N. Black Canyon Hwy.
Phoenix, Az. 85015

As per the meeting on May 10, 1979, A.D.O.T. will ammend Item

No.2, incorporated into our letter of April 24, 1979, to read

that: 1. A signed document shall be submitted to this office

from the developer assuring A.D.O.T. that no additional water

from outside the planned area will be allowed to flow into the

~~t~~ion_pond•._2 .. ~~y'~~ft!tUi-:e' deve'~6pme.iits,-;wi:thin~~e..planned

area;' which. would ,increase .~e _flo~_.~n~9._th~..pond# a._contact.:

;Yith==-~~O__O•.x .. _must- be ,made.'· This ',.,ill help the Department keep

up to date with the current flow projections.

1,'(
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IlIIUCE BABBITT

Qoverncw
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eld Park Properties 1111 We3t Indian School Rd., Liu:hfield Park, Arizona 85340 IP. O. Box 747 IPhone 602/935-3836

3. Litchfield Park Properties will maintain the drainage
channel in a manner which allows for the free unobstructed flow of
water.

Reference is made to your 'letter of May 15, 1979, addressed
to Mr. Charles Edman, Jr, Ellis ~turphy & Holgate, Inc., and to
your letter to Mr Edman, dated April 24, 1979.

"

. ,.! .

Storm Drain Outfall Plan
Litchfield Park

Re:

Dear Mr Romley,

Mr Ronald E. Romley
District One Permit & Encroachment Supervisor
Arizona Department of Transportation
Highways Division
District 1
2140 West Hilton Avenue
Phoenix, Arizona 85009

~.'~;jfj;-J:'!;~~'il"~~~'''~:~~~~~;~:~~~~;~:~~~:~'~~-~·~

~?~~~~~;~'~h';:~1~'6'n~~ri~~~~;~~~~~~~~;~;~~~~~~~~~~~~~2¥roperti.es~;

IJ' -No,"'aadi:t-fonar-wa:t-e£~{r'om'"out~sId'~"'T~':'p:t~~d~~~::;:':":~a:~:7

1~~l~}~li~~it~~~~~~4¥a~~~~~::X~~~h~~~~h~~~~~"b~<j~~!~\!5'
r:to in Sections 3 & 4 TIN, RlW Gila & Salt River Base & Meridian,
Maricopa County, Arizona. A copy of the above referenced map is
attached herewith. This map is from appendix VI-A of the Offsite
Drainage Design Report, prepared by Dibble and Associates for ADOT.

, .. ..... ui«iJO;'t", »>+at." ....~
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ih~"'low~lht9~ith~:f""~'nd--·]'.tdibeiJ.ii9.i'~·~~ed~.:ii2:I

I '.cc ;;~7/;
.,' ,.-$ft:rLitchfield Park.1 Mty 21. 1979
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.". ". :~. :-:-...

truly yours,

.~.

Encroachment Supervisor
Transportation

Storm Drain Outfall Plan
Litchfield Park

Page 2

We trust that the above assurances as requested in your letters
as cited, will satisfy the requirements necessary for the issurance
of a permit.

.. .

G W Busey
ces
encl.

cc: Charles Edman Jr.

I ···:·/i•.
"..:~. !

').';; .

~ -f"- ·i}F· .

I ·t("~r onald E. Roml:y
.):r - ~rict One Perm~t &

! r . zona Department of
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OFFICE MEMO

GLC:mc

cc: Ashok C. Patel

August 22, 1989

DAN POWELL, District Engineer
District 1

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

1-10 @ Dysart Road
De.tention Basin

TO:

RE:

FROM:

ARIZONA DEPARTMENT OF TRANSPORTATION
STRUCTURES SECTION

We have reviewed the Concept Master Drainage Report for Litchfield Park
Dev e10pmen t 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 will result in an improved performance for ADOT
detention basins.

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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Thank you for your cooperation.

,William C. Jenkins, P.E.
Supervisor
Safety of Dams Section

15 South 15th Avenue
Phoenix, Arizona 85007

ARIZONA
DEPARTMENT
OF 'NATEn
RESOURCES

Rose Mofford. Governor
N. W. Plummer

Director

"- - '0. l~'; ':J" -; n,"n
. '- -.~·I';.)

r

, "

.'.~ ! • •

Dear ~1r. Haas:

Subject: Litchfield Park Dam (07.30)

June 20, 1989

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

The 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.

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.

Sincerely,

WCJ/~EH/rh

cc: Ashok Patel, Cae &Van Loo
Steve Tucker, FCDMC

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.

I
II
I'1
I,

)

I
J

I J
I j
I]
I]
I J

I J

II
I J
I
I
I
II
I
I,.



HEC-1 ANALYSIS

1. EXISTING CONDITION

2. POST-DEVELOPMENT CONDITION

1100-270
CVL-4-1271 CY:L
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• REVISED ,4 NOV 81
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U.S. ARMY CORPS Of ENGINEERS ..
THE HYDROLOGIC ENGINEERING CENTER" F

609 SECOND ST~EET ..,
f-+--.---------------------••..--------------------------....----o-kYI-S-,-C·AL-IfilRN 1-11-95 6-1'6 ,-i

(CH6) ""0-3285 OR (FTS) H6-3265: I: ",
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.J. ~.
f-----------------------------:,,~--X_XX1("Xnx---xnJ(v-x-:...-----,,,r--------:...:..----'-----------------'''----!

X X X X 1( XX
X X X X x

f----------------------------r-~X-XXXXX_X·XXx___X-----yXXX-XX_X-----------------------------..

X X X X X
X X X X X x

f---------------------------x---x--x-xx-xX-X'X--X-XX'Xx XX·X-----------------------------:

"f"

, )
ThIS PROGRAM R~PLACES ALL PREVIOUS VERSIONS OF Hf.C-1 KNOIo:N AS HECI (JAN 73), HECIGS, HECIDB, AND HECIKII.

I--------------------------:---------~--------------------------------------::

TH~ O::"'II>IT!Ol'iS OF v"r·IAICLES -KTHIP- PIO -RTIOR- HAVE CHANGED FROM THOSE USED I.IITH THE 1973-STYLE HJPUT STRUCTURE.
THE JEFINTTJO~ OF -"~SKK- ON K~-CA~O WAS CHA~GED I.IITH REVISIO~S DATED 26 SEP 81. SEE SEPTEMBER 1981 INPUT
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' .. 1 10 LITCHFIELD PARK. DEVELOPMENT MASTER PLAN r.
I D SUNrO~CVr.tOPMEN;-cDM~N

"- ·:.'> 10 POST-OEVELOPf"ENT HY DROL OGY,
10 H.-YEAR, 5'I-YEAR, t. lOC -YEAR, 6-HOUR STORMS~

ClJ~'firrLocr'C o N:,1JCTnrGt:N"'GTNE Ell S-INC. STP TEMBt:'Rl~B '3 JK... Te
• [) I I,:; RAM

·6 IT 1', 3')0
I U :J U ·c. , . ..· e .JR PREC 0.6 q 0.88 1.00 ..• ..· .., ~t\ olJt1 ~ ....

1, KM RUIJOFF FOR SUB BASIN A ....
II I ~I 1:-

f
..

1"~Y;-T5l.:
0.3'35 o. ~ 8 '3 ....

a.r.~6 o. G71 0.111 0.151 0.1 '36 O. 2~ '3 0.315.13 rc c. J j C ....
1~ PC r,. 6 ~ ~ 1 • Jo 6 2.293 2.488 2.612 2.715 2.795 2.861 2.919 2.968 ..

" .:.- . ~";":'5'~~8a--3-;n'9 3. 15·C-3-;15·O---3-;1·~-;1'5~301·5~-;t~ "IJ C

"
..

~5 BA 6. ~ 3 ....
17 LS 7q ·".. HI uu _ .,J

" Iq KK 01 V I j." nl ') 1VU S I (i~r- ~ TwA DELl..-RO-;--~-REE MS" R0 .-- ----
I·

2'
" [1T P 1) .. :: ~

r
~ ;' D I 1 " ) 300 5~U 1 ,:(, ~ 2 r, C :J :3 :J~ 0 ~ roo 0..

'1 ~ 0 --'2 [;1--3{l (l-- ~2·!.'-----3S'~--37'S---- q:J 0-?~-----Ga
"

"
) ..

2~ KK r.~1..
r.1' R;) UT ["" 0-1 V 1-T1)'-S T-AT'I 'OTn-~...

17 ','- ,1 J. " (. ~ 1'). tJ3 5 TRAP 50 20:6 KK) "
" -;:7·-------Y.l\---S lJ(l B------- .._-_._-_._-,_._----------..

) ." e I(M PUNOFF FROM SUf1[' AS IN B..
11. 33 ,?C? B~..

T L S--------71f ..
I... " ,

) .3] IJD ?. :....... ,J~ " CO I

) 33 '<H CO:-lBIrlE R:lI & SUBB..
~~ '1C 2 . .

"..
!5 KK 01 V~·) " :n t<M Dlvr"SIOll AT all VE t. REEHS..

1)' , D'?...
Dl I' HO 3:':0 500 1 (iQ 0 2 OU 0 "JQC 8000) .. ·~8

~9 DQ G lG0 200 .3CD 500 1000 2UOO "r.ro
" ...

RU.2) " ~1 KK
q 1 KM ROUTE OIV2 TO STATION 2"
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'1. r
,,) ~1'V"3

\:H KM DIVERSION AT NORTHERN & REEMS· 0.3· 45 OT

~" ; I .' 1 J ( 5.0--:>1.0 1 (,e ~ 21J11--4 In--81:t1! u,
~7 DQ ~ 1:'0 25t' 270 3~ 0 300 300 3H· .

· .
· ~"'.. - nu J

49 KM ROUTE 0lV3 TO STATION 3 ..· .. 2'+ ~(: 0 O.O~5 0.0'\0 TRAP 100 50 ..
5') RK .,

"..
!)I KK 'lO2 ..

" ~? K~ RETRIEvE D2 ,"
" 02

I"

"
"J uK I"..
5'+ KK RO '\ in

" ~5 FfUU Tr-x OrT1JS T'A T'I1)1'<''1
~ur. ,v,

[" 56 PK 13 jU a ~.n025 C.G35 TRAP 5 6
"..

05J in

" 5F. Ki'1 RETRIEVE 03 I.... . ' I.... ':>9 (lR C'05 !H

..
KK R05 I::b _

·1·,1..
ROUTE R03 TO nATION 561 101.. "

l)., in, p. I", J c-;-o- ~ 2----r-;-r :5 ~ TRAP 1 0 3 ,".... I" .
I".. 63 KK SU~C
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K--R'()'$

.... . I..
72 KH POUlE CO2 TO STATION 6 I::..
73 ilK 9JH! O. nL 1 C.u20 TRA P 20 2.. I .... ..
74 KK SUt<O "

" 75 KM RUIJOFF FROM SU9BASI tl 0 ....
7'8 8"'A-----l......-cil I::

" 77 LS 73 "" 78 VO 1.6
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".. .' .... "79 KK OIVq ..
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" .... J1 OT 0'1 ..
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'1,

100

f 'I.
H--------~8raq,........-----K1\----"Rlll-r----------------------------------,.----;;-" -----::-:------------i-;1,

R5 K M R0 UTE D I V4 TO STAT ION 7 ' '\
P.b r.K 15~DG C.O:4 ".C5~ TRAP 500

.I---_--.-:~---~_:..:....:.-.:....:.-.~.:....:.-._-.:....:...:....:....._--------_---:._-----------------j

} I

)

~7 KK SUBE
en KM RU~OFF FROM SUBBASIN E

: 1---------.;,0,·.,......'1.-.·-----"'0'..,.-,,---r:".'.,,-"--~--------------------------------;-- .. -..-----------:--------j
9C LS 75

,1-- --..:..':.:.I ----=.U..:D__----=.I...:.._9 ...:.- .:.- '_. -1::

" .... :=: :.

: ....

) ..

'J2 KK :::05 ::.,
<;5 K~' CO'1BI~[ Rn6, ~07, 8. SUBE

::I----------=il~------.fnlC----S~-=-..:..---.:..----..:...----------------------,----..,.------------------;1::)

).. 95 KK DIV5 ,.
··~------~,~b-----y"~---~GIV~~~RO~KrAFr~nN~-----------------------------------_Ii~
.. 1)5 .. ' ... ~

) .. : ~ ~ ~ ~ ISO 5 (I C I 0COl 50 0 2 00 0 5000::.
::~-------""",,,..,,..------Tl",m-'J---"'"v--'",.,: ror_--"5i"""'jrTOr_-,rc 0 C 1 00 0 1 00 0 1"0I'10t-------:-:-----:-----."'",-~""""'--:::---:-'__---------..".

..
I' 0 K I< 'l~ B

"~-----~l~-----~~ -ROUT£~IV~TO-STArION 0 -------------------~----------------~I~I
:: 1 ;1 RK (,: :' n n. • c ~ I 0 • ~,4 0 TRAP 1 1 0 1eo". "1

::f---------I-.·...5------K~1V'6·-----·----------------------------------------------~(·.I

) 1 :'4 KM OIVERSION THROUGH PIPE TO ~URPHYS DAH I .'\
.. 1.5 0 T I) 6 ::'1'"
..~------~l.cb-----~01I---,--Jr---~G~Or--~2~.,~0r_-~5~~~n~~OO--5~ft~,----------------------------I ..
10 1"7 1')(1 iJ 6') 6C 60 60 60 60 If:'"

:: - 1'.':.'1' '.1 .:.""f----------->,-:-0'---·-----,.: r.---R"'·9
I 5 K~ ROUTE OIVb TO STATION 9- '''.)
ll~' RK 17,[0 :J.~"2 J.e·55 HAP 'Ill 5 b

"f------------------------------------------------------------------],,1
" III r<K SURF ••1.\

',', 112 K"I RU'JOFF FROt1 SUBBASIN F ::1:)
"~------..,._..,._-~~------!fA_,,~ 0

". .'

11" L S 76 .. "I) ::I--- I_I_5 u__O__. 2_._9_. . . ._. ..,::

IJ6 KK C~4

:: 11 7 K H CG,-, B Irl;: R(,3, R0 OJ, & SU8 F ::
1---------.,,·...1C,,-------H·,..C-----'\'3---------------------------------------;----~---~-----__in

:: ' ::,) ;:.,
119 K K S'UIJ G ._:.. '.- "::'. '.,,:'_.

"~------1··?2.,.,.,·-----K H~---f<UrJOFrfRCM-SUOAAS I·N-G;----------------------------------:-:,.------~ ..
:: 1 2 1 8 A 2 • 3 6 :: :.) '...

.. 122 L S 7_5 -,- ,__----..,.------:'-:-----------1....~------"T11-"~'r.5-.-----TTUD--_r;_..__ .."

::')
::f---------------------------------------------------1::I

.. I::1----------------------------------------------------- ..,.::
) .. I" )

I"~nL_ ~-----------------___,_------_~

)
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L II;E 10 ••••••• 1 ••••••• 2 ••••••• 3 ••••••• 4 ••••••• 5 ••••••• 6 ••••••• 7 ••••• •• 8••••••• 9 •••••• 10

'" "

T?~rV7 ,
125 KM DIVERSION AT CITRUS & C AMELBHK ,.. 126 DT D7

"'-, 01 1 'tJ 2 'J 0 3JC 5Cn--l-mTO--2l:""JO I,

128 on " 0 50 145 ~3 ry 830 175 a,

I to;' .- KK KUl U .
130 KM ROUTE DIV7 TO STATION 10
131 RK 5f,a 0 0.005 G.035 TRAP 5 2

..
1:'>2 KK SUBH..
1~) KM F.UfJO FF FROM SUBBASIN H..
.~~ f • ;:, OJ "o~..
1.35 LS 73 I:..
1:06 UD :3. 1 I•....
J37 KK CO~

,.

I:
..

KM COI'\8 I "I~ ROI0 & sueHD9..
--r:3 ':' hC 2....

KK 0'1 V A14 I,' '." DJV~RS 1 ON-;:rco TTOW 8o-CAMEL SAcr- ]:----141 Kf',
".. 1~2 ')1 ~8

"1~3 l.i I .' 1 ~ (1 35n 5(10 1000 2~ao '1JCC 6000 I:"..
u U III 0 50t--lsun----35~rr____55COn4 DQ rr.. I,.. I,

"
145 KK ROll

".. 4 c 6 C1 ROUTEUTverO-STAT rON-n

I:
1·7 ~K 14 " ~l 'J C. 'J(' 3 0.n~5 TRAP 20 2...... n.,,-- K'~Ur-I

.. J4 c K~ RUNOFF FROM SUBBASIN I !.
"

IS r, E'A 2.14
1~.. ·:rrr LS n

.. 1';2 ua 1 .5

.... 1"'53 j(~l.lJ~

1 ~,4 10\ COMBINE ROll & SUBr..
HC 2 '.lc~

,~

"..
1 :,f. KK cn..

K "', COMBIIJE CC4 & C06.. IS7
I~o He 2..

) :. ,.
.. l~c; KK R051

.. -1" '. K"1I Rnu T[L 0 7-T o-srATI'O~s 1

161 PK 2c;r;0 f).O~5 0.035 TRAF 150 4.,.... 162 KK SURTA '. ,

) .. 1(,3 KM P.U~IOFF FROM SUBOASSI tJ 1 A

I:1 :'4 SA 0.1'18 ...
"

,,,? LS ~1

I:) " l'Jn un (:. ~ 5

.. -
" "

) .. i:..
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LI JlJE 10 ••••••• 1 ••••••• 2 ••••••• 3 •••• ••• 1f ••••••• 5 ••• •••• 6 ••••••• 7••••••• 8 ••••••• 9 •••••• 10

.: ...
;....
. ',,'.

C051
CD~BINE R051 & RETIA

SO
SE

KK
KM

~ 71
172

173
lH

2.2
,. 1

1---------,---------
I.

r)
I'i,

H--------,Ih1r------,(K~M R1:ilT-------------------------------.-------,--,----'-,--------,---- ~I'.....,
I. th8 RETENTION BASIN lA •

1,,9 RS 1 ELEV u "
1--------T7-;------~·------,.-----·.,"t~.-,'..----5_;_a__!-i)..:r____l-J.-O--------------------------------------j

~.5 6.0 500
2 J ~. 5

I.

I"

I"

I ..

.:.~"." ;: . ; .

17& ~K R052 ~ I~.~.') '.
.....------~.·77------K11r---- RO\JTr--C05J-TO-STATl01''-52"- .

17!:l RK ~6'!r O.JO'l C.C~5 TRAP 150 i" .:).,"
I- .~--------------------------------------,-----------Ii::

IRl' PI RETRIEVE 07 " ,'"
181 DR 07 .. "

'".-.

- TRt, p.---3'QI----

182 KK R013
183 KH ROUTE R07 TO STATION 13

1--------TI"~r-----___rrI{----tl...,.i...,.~,,; r;"" 3--'O-.t 25

I:: ,:l

-----------------------------;,::
I'"

1(;5 KK SlIi;,J 1:,':,1
f--------,c,,·.,.------r;'1\ RurIOFr-FRC~-SU(jB A'S'I N-J--------------------------------------------·

187 Bf, 0.'9
IH8 LS 73

I "I--------!,.'o~------U n 1....-? l::;
lG v y.~ r06

I---------,-n------'0' CO 11 e IrH:- R0 l'Y &- SUI:J J
I.. 1"12 He 2 ", .I.: ..

1

'"

'"

I ..

".:'

,':..

....

':".

,,)

2cl ~K ROl~

2'2 KH ~OUTE RD8 TO STATION 14 ~

1---------?'-·"3--~------jr~K~~.tl~-3_i!Ttl2'55__------,TFA P---,3-of----4--------------.:-----'----'--------~

KK SUCK
I--------:r--O<--------·K'M RuNOFP-FRO'l-StJA13AS-I N'-){--,---------------------,---------------------------J

2;6 8. 0.45
2'7 LS 13

1--------->-;1'>-.--------n(Jf)---1.1----------·---------------------'------------------------.--- ..

I ..

I ..

1;~ K){--o I V?------------~.--------~..-.-----.--------------- '''I
I.. 1':'~ ~M DIVEPSION AT COTTON & INDIAN SCHOOL I:: .. ,\

f-- ;-1--'l9~,-------j~~ 09 ~~~---1-~o--2i'(l___51l,f)--l_ef)i}__2ll0_O--------~-:--------------------ll::c·

197 oa 0 50 150, 450 950 1950 ,";)

1----------"""'.ff--- K K ~fl'1<~------------------'-------------------------------.-ll"

~g~ ~~ 08 RETRIEVE DB I::U
f------------------------. ----------------.:.---------~; ..

I .. .;)
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PATI (,.)----- -- 'HEC-l INPUT­l.-J--

10 ••••••• 1 ••••••• 2 ••••••• 3 ••••••• ~ ••••••• 5••••••• 6 •••• ••• 7 ••••••• 8 ••••••• 9 •••••• 10

----
l-------,,7Cv'9g------~K'K---Co-<>-.,-------------------

----------::----,------::-:-::--------------ij•• ')

21~ KM CO~BINE DIV9. R014, & SUBK .
211 HC 3

"

~ .. '

".:...

:. ; ..

~ .::~.

,,"'.: :',,' ",'

'\ ..; ..... '.. :

. ). .' ".
. \,

215 KK SUB1B
1-------~2r."';:>:-------"l\H~---'Rc-Uro

rJUrrtR·O~Urm'A"STl'rl'lJ'

2 ~ 7 S A Co 4 B 4
I")

2' t\ L S ~8~7 _:_----------------_:_-------------------:"

1---------.>,l..,)~-----Un--lJ__;G3
.. 'j

22£ KK RfT1B ~---~~----~~------~-~----I..I--------:-:;-,.------r.,11,-----o<R£TErH rotrE'A'S nr-1B
.. )

<" j

..

? 2 ? RS 1 ELEV 0::..

~------~2~2~3~-----~S~V----~()--~~r., ~2-;-:~S---2_K-;2Z',66'2 4_9-:l;::---7~O~'!;., ~~--~B:;:~~~(,~O------------..:....,.----:;-:-:"'7___:!-,
.-_:__:_;-----_:--- ..

"" '! :, LI ." 2 .. 6 7. 5 8
::, ;~

225 $[ 0

1---------7"::·c6------'r-C:15.,2-------------------
--------------------------------------~I::.~.,)···.

, ..

22 , K~ C()~BPIE R053 ~. RETlB ",':.1'" ::_,'.;_

221:< HC 2
..- ..1 .

~------JJ~,------~~~::::R()U~~~-5-2-~~C~~ATION5_4 T_R_~:P~~~~~::_2_~~_.--::::.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~~I:~
2~2 KK SU~it:_

.,".:..

I---------:'j':~,------KI~· RU:';OFF' FROII' SU!lBAS IN-1C
»'._' ,"
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;:~ ~~ R05\OUTE C053 TO STATION 55 TR-AP---2....0---- --------.,.---~~-7'"'::-.:-::c::--...,...:---::----------l::I'):')/;.::/.
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PAGE 7
-.-....,. .,----, .

10 .

- - --____ '..-,..,J .__.. ~

TRAP

HEC-l INPUT
- -, I-...,....... ~-

0.31
83

CU:lb

ROUTE ~UBIO TO STATION 56
2500 0.D04 C.035

SUl'lE
RUNOFF FRC~ SUBAASIN IE

u. ~q 1

-
LS Ptl
UtJ 0.25

Kr--sumu
KM RUNOFF FROM SUBBASIN 10
fl A r.. 20 Il

OP

LS
UO

"''''K M.
RK

l' ,---

257
?5b

,:. 2
253

--
).

)

)

1 ',.

) "

"
) "

) "
K K C05 4
~M CaHBINE R056 ~ SVBIE

.~. :: .

< ,
I:: .~

) .. g 5 I( K H TIE '.,
~------n-c.------~RETE~TrON~~S~r~----------------------------------------'1·

) ?t,7 i'S I:'LE V 0· :,',,')
" ~ Gp. S V Ii 5.0 12.4 22.3 3' 4 07 49.5 59 •.'f1'1,---~-----------..,.------------
1-------...,-.6'.' sa ~ ~-;-21~-~~2 '~-Z---Z3' ·~--3r.-tl5-----1J51J50 :: -"~I

).. 27') SE ," ~. ,,_.J

1---------0,7~'-------,t<'·r.--·CJ'~5""~,-----------------------~-----------------.:.---------:.---1'::

) "I -=2..:.7..::2 -=K.:.H -=--C_o_,.._,e_I_~J_[_R_0_5_5_&_R_E_T _1E :: ';Jt- ?'I 3 '1C 2_ .

274 Yo K P. 0 5 7 ., ",
275 KM ROUTE C055 TO STATION 56 I:: I

1--------'Z7;·------,,-,,~4·ro___r.TJ2--~35 Tl<AP----.,2",O,---- -----------------------------i

. .... ;

',',
;'.'

'.
' .. :'

, ",

.r

.:: 'j

.. ,.,
) "~------_2 77 KK SU fllF r----------------------------,---------------1., . I<7 il'------Kl-I R0 N1l FrTR1lI1S0!l eA'S I N'J.·r

279 BA C.,~2:3

23·' LS 84
f-------,,11I U0--0. ~ '6

) ..

) ..

"J) "
?e2 KK p.a~8

~------7Cl·.,.:3------"I··,....t -----.,ROUTrS UBTrrO-ST-A1'I ON;io..--------------------,--------..,,----,-------,--------!
2 p, 4 ill'::3 2tOO. 004 O. 035 TRAP 1 0 'I :: ,)

.......::.. -
:'. ~;'. /.
.,' .

~-------~Z'r:~.:>------v,K_StmTG'---------------------------------------'.:.------------~

2P. 6 K ~\ RU ~J 0 FF FRO M SUB f: ASIN 1G :::) .......:::
2&7 [lA r..494

>--------n8-----r-S 79'------------------------------:-----....,---..,·-------,-----1

239 UO 0.4') :::J 'j'''
'.'. "

:: OJ
.........::.) ",": ..

.-,
;: .'

)
• • '.' • • .:, " • ',' I' p'... .,.~ ..O' "I •• '

J .'."
~:.: .:',
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HEC -I INPUT PAGE 8 "

LINE ID ••••••• 1 ••••••• 2 ••••••• 3 ••••••• ~ ••••••• 5 ••••••• 6 ••• •••• 7••••••• 8 ••••••• 9 •••••• 10

'h r.
c. J.J KK C1)~,.&

I:291 K" COfJ.BINE R057 & SUBIG· HC 2
>

292 I·
29.3 I<K· RETIG

II· 2 'i~..• K:-1 RETENTION BASIN IG· <095 PS 1 El:LV 0
>

2% SV 3 9.0 2'1. U "2. 1 6 O. 1 72.1
297 sa u 12.5 26 3S

" 0
500 "· I"

2"8 SL ..' <! q 6 7.5 8 III
" I"
" 2:;9 KK C057 h
" C(T!':tfIN~U'5"o~C1'"1"G "

..> " Kr,
\"..

3' 1 HC 2 ,"
"

1"" "

"
..>.<. K"~'" "
3'.3 KM ROUTE C057 TO STATION 59 "

" .3.''1 P.K 19'; 0 D.002 0.035 TRAP 20 'I ..
" "
" .3 "5 KI< SU21H j::
" F.U~jOFF FROM SUBBAS Ir~ IH I"

"
3'~ 6 101

'::i3 7 PA-·r.-;~~,b-

_.
"

~ k L S 79.. .... 3 ., UO 1,;.31 ..
.. "

) .. 31G KK R~TIH "
3\1 ~H RETENTION BASlr~ IH .... "

,<. S 1 ErE v I
"..

) .. 313 5V f, 3. 0 7.6 15.2 1'J./\ ..
31'1 SG ., 2.8 7. lJ q. 0 500 .... o •.. --3-1 ; .,·[----1.'---1----2-----3---3-. s-- ..

" I"
} "

!::I.. 3,<, KK sun 1 1
.3-:7 Kfl---- P. U~J 0 F F-- FRO M"-S U[\ e AS I N-1 Y-------------- -_.-- --~~~._--_._---..

k) .. 319 tJA lJ. 45 9

.. 3:9 LS 19

.. :, 2-; U-O----Got!1j r., ..
) u

321 KK RET1 Y "..
KM R~ rrnI-ON-B AS I'N4-1,,2 I"..

~·?3 RS I [LEV r:,, .. ".
324 SV I. 5. C? 14.7 2':'. 'I 3B.2 ...
3-::5 so [1---5. C 1'& 28---5«(;

.... -, <

..
326 S[ 0 1 2 3 3.5 "! .. .... "

..
"

'0
~'7t7 KK----e-f1:;' ..

) .. 3:>8 KH COMBltJE R05 2, R059, RET1H, & RE T1 Y "
3~9 HC 'I .... .... <: .. ..

:u
. ..

".. -,

I'
"

;u

...... ..
: (., -.-

)

)

)

)

)

." ;,.;
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HEC -1 INPUT PAGE 9 "\

IL I 'JE In ••••••• l ••••••• 2 ••••••• 3••••••• ~ ••••••• 5••••••• 6 •••• ••• 7••••••• 8••••••• 9•••••• 10
..

'/, '.'
, '5"51< /1/1 U 'A ... !

331 KM DIVERT PUK FLOII INTO RETENTION BASIN ·· ; ,

· 3~2 DT uA ·3 .. 3 Crt (, 5v lJ 1(· J 0 15,10 rrO-rr---2 5 ~ Il .nG 0 Y4 III J5(' G 4 Ii 11 II ·334 no 'J 0 0 a f- a 0 0 30 530 ·· ·· ·, -. Sj:l 11/1 K j)b l ., . ... .. '. ..
335 i<H ·RDUTE C058 TO STATION 50 .......... J' ••

. .
"· ~.; , f.';". , '

337 RK 44iJO 0.032 n.OJ5 TRAP 150 4 .',
,.

~~ ...<;.. ..
"......

~38 KK SUfllJ ..
" ;39 K I~ RUNOFF FROI~ SUBBASIN IJ .... ".. jG. ~A \1.1.7 j ".

341 LS 87 , . I"..
LID 0.21

,,,
342

"" ..,..
3~3 KI< RQf,1 "..

'0'0 ROUTE SUB IJ TO STATION 51
...

"
3H ..
,. G::> K K. QCJJ hC~25 (j. Jj5 rRAP 1S ... ' . ..

"..
KK suel K I::.. 3~E.

.. .", v.I". -RUNOFF-FR O''lSLJB8 ASl!'r1 ~ " I
:::'4H ilA 1:.344 ,...

82 "I.. 349 LS

::1.. 3:5 '.. UU--;r;:;3

.. ., .. - -
351 KK C05<:l

"j
.... 3~Z K·H Co.mHJ£-RCo·r~-SUH 1

353 ~C ? 10 ':..
"I

..

.. !;: q K~f{[rn

I"3S5 1<1'1 RETENTION f1ASIN .,IK
" 0 '".. ?:.!:) RS ·1 [LEV ,... "):,7 sv "

5;s---n-;Il--·24-;·<:l·--··J!l.7--S5.-:5--IH,.-,4

.. 358 sa c 4.2 12.5 20.2 26.C 31.0 5eo
359 $E 'j 1 2 3 4 5 5.5 ....

"
" " "350 KK R062 ., ....

RETIK TO S TAT1 ON 62
.

"361 KM Rau TE
" ..

36': q-~l-sr.-,,-""';J\;2 S--:"!-;l:r"3 5 iKA·P <j
"" .. "

" I<K SUfil L "j"
363

"
- jb4 KH RutJOF P-FR Nl-SU~BAsnf-1:t

3S5 BA J.255 .' " '..
365 LS 82

"I".. _67 ~o-.-3'J .. ...
.)'"

"
3';8 KK en6 (, ..

"
_59 !\H elJH EfI NrRIJ 102- g;)UB n:

".. 37') HC 2 . ...... ..
" .... "

".. ..
". "

"" '.'" . ....
"

)

)

)

)

)

)

)

)

)

)

)

)

.: ~.~ . ,·.· .. ·"1.·.· .: .'
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- HEC-1 ItJPUT

LIII:E 10 ••••••• 1 ••••••• 2 ••••••• 3 ••••••• 4 ••••••• 5 ••••••• 6 ••••••• 7 ••••••• 8 ••••••• 9 •••••• 10
)

'"

15T RA P

~·,·-1--------.;-.)Tfir-l----"K~·".UJc-b'..--,,----------------------------,--....,------:--:-. .,-,--:-..---------n,
372 KH ROUTE C06" TO STATION 6~

373 RK 4~~O r.0025 0.035

' ..

~74 KK SU91H
375 KH RUNOFF FROM SUBOASIN 1M

.~--~~--~~Ir."S'T1~~~~~~-------___:_--:---:-~-;---~-.:--.---I..' w'b ~A u.~u

317 LS 83

:.L· 3~7~B~ ___'u~o~_~O_ .....::5~2 ~ ---------------------------11::
~79 KK SUGltl I"
3P" KM I;UIJOFF FROIol SUEJBASIN IN I"

::I------------..)!iJ. a-A ,i. 2')7 I" :
3e2 LS 81

I ::~--------:3:.~~3------..:U~O~-~c.:.~4-.:.n~-------------_--.:--- -::..::.__-:- -.: ::

.. 3?-4 I'K COb) "' ::L --:3;_8~5~-----~,,~ ..:-. ---,~c~o~r~, B~I~,...::£___.:R~O~6:-~::. ~S..:U~B~1:..:M~.~:&~S::U~13~1~N.:._ _:::---.:.._--:-----:-::.,.- --j::
~~b 11 C "

; "

":~ ..,.. ,.

.....," .. ': .. '
',' .

, ....~.:'

..... ~~.: :
,. ~ ":0••

!:I',~">:~ .
:....~.. ::.;:...

, .. '

... I··.·.· '.. '..~..,:' '~"'i, ,.... ..~,.::, \.~.•

;."

~ ,~, .~. ::. -::' : .''.-~. ' ..

3e7 K K RET 1 N -.:.- -,. ,..
"1-------335---------:;('1 R[T H:TI o:rO·AS-I:;-l'N---------- I"
.. 3p.9 ~S) (LEV "~:'
::I-- ~=~ ~ ~-.~~----Ti---l·-2 i~--3-4-,;"".~""'---6-!)--;,..,;.,---8-6~.~;.;_~;,----------------------:------....,...--------
.. 3 CJ 2 Sf. (J 2 " 6 7. 5 8 :: .'

i·· ...,----------~.--I...:..:..::I------------.s.,~:------~"SUFf1 ~J
) .. ~CJ4 K~ PurWFF FROM SUOfJASIN 10

.. 3':<5 [l b :].17:5 _

..r--------.............)96 [~S,.......-------~e~ I::
).. 3<:7 lJf) C.:H

..1----------"'('3-::-,..,.~-------:-Kl(--P.[TTcr----------------------------------------------------------j ..

:3 n 9 ~ M RETE :-; T lor; BAS I N 1 0 ::"

4 : (I ~ S 1 [L EV ~ <>-------------------''-----"''7';'-----:-.....:..----:------___j..::1----------,,--.1r-------<;SetVr----.,..),----Z2-;.6-G.5----"1-3'-=.--rC:--'116-.-.,. ::
) 4~2 sa r, 2.8 7.r, 9.0 500 " .. "::f- ---.:4~1..:3~ .....:.S:..E ~G=_· ~1~__..-::.2 3=--_ ____=3:..:•...:5:- --"1::

u .... .: ~ .. t

.. j .'

)

.. 44 KK SUBlP
) .. 4'.5 ' RUNOFF FRO'1 SUBBASI N IP

..1---------'q,,-,.-6c---------.r~ ~'-----,l.,.,-.-rl"'5....1.:.::::.:.:::.:...'~:.....:.:.::..:.......:=::.::.:-:.-:.:.:.......:::.....-----·----------------------_.,:-, -:-:---:------;;--------j::
.4'.'7 L S 8 4 ,'::. :)

) .. 4 :'R U 0 0 • 27 .....~-_---.:.~--~_.:::.:..::....:_------~:.......-_--.:.._----------=----'-------I ..
.. ..'\
.1 .-'4:1 KK RfTIP

41~ KM ~ETENTION BASIN~-------------------~-~~~~~~---~ ..7.~---~--~-_~.. ..".. 1---------·lfTrl------..,p.nS~--'--...,l,----t:'['EV u .< " ".' .. ;:: ....-.<..
) :: 4 12 S V " 2 ~ 5 6. :5 12. 5 16. 3 :: ,j ~.':"

.. 413 SQ ~ 2.R 7 9 500~--------------------------------___j .. ,~~,"f--------4n------:.'....C-----,----·11----72----3---::s-;·~ "

:: .')) ..
"1----------------------------------:-------1 ::

I' •• ,

.. J
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PAGE 11 ')) HEC-l INPUT

LWE 10 ••••••• 1 ••••••• 2 ••••••• 3 ••••••• 4 ••••••• 5••••••• 6 ••••••• 7••••••• 8••••••• 9 •••••• 10

....\

RETO A
PEAK FLOII RETENTION

1 '-L'- u

0 10 20 30. 40 50 60
) :3 7 '3 1 1 500 1000
:, I 2 3 4 5 bSF.

KK
KM
".>

SV
SO

418
419

r" )
1f75'-----1\J(~D~,----------------------:-----------------------------r.

I
':' .. ')

416 KM RETRIEVE OA
417 OR DA

~-------------------------'------------------j::

I
'::: '.)

42" K I< CO 1(' _

f--------oI-z«S------,."-Mr----C0 r'o 8 IN r-RlTf>t"iIl Entl,'reTlcr,R E,1P-,&--R e-T 0 A- i:;
426 HC 5 ,. ::.

43C ~K ROl6
431 1("1 ROUTE R06 TO STATION 16

1--------~qr'.~~,------p.1(____O~t.:-~·_.-"'!...J2--~."t 3'~

I----------:---------------.--------.--------------------j::
U .J

..I------....,.,--~-~.•o:-----------------:.----------------___j.... " I .. 1'"1\ R,re " ')
4~A I<M RETRIEVE Db .l- ~4~?~'3 -.':O~R ~O~6~ -,-_~-:----------,------!::

I::
I..

TKH.---2
1J----q'-----------------'------------!::

4 ~n K K SUP <oj ' -,- -:-- ---:
\--------,,--.;" ...q'------I(M'-----PU"lOFrFR O~i-SU3(l AsnrM I..

f-------~~:: ~: ::;: " 1::,
I---------<;~'}------K ....~I----COM8·INE-kOl·6--&-SUOM-------------- ;::

'.4(' He 2 .. ;."

\--------"q;-------I<K---R[-T1 ----------------.~-------------------------.-.---_.------....,\::)

442 K/'I HURPIIYS Of,". RETENTION 'I',':".)"43 RS 1 [LEV 1~62

f---------q-q4 SA iJ '3--~~----:3_<J---6·5

SO " 32 74 102 322 ., .'

f-

----------<l:rQ:: ;: :~:: 1064 Hb6 P68 1070 ·I::i: ....._\i,
446 K H R()U TE RET 1 TO S TAT I ON 17 .
~45_'_U___{ro"J~4-Co'l35 lRA p---2iJ-a----4

1-------i"'1+!-------j(-1-:1]~~~~~:~~~:::_R_u_to:_O_F_-F-..:7~:~R-')_H_._tl_-a_B_.A_S--_I-_N-_N~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I;J
f-------~..q--------,uu ,.. ~
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J
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HEC -1 1 NPUT P~,GE 12 \

L 1 fJE rO ••••••• l ••••••• 2••••••• 3 ••••••• q ••••••• 5 ••••••• 6••••••• 7 ••••••• 8••••••• 9 •••••• 10

',- '0-

I ~:> K~C017 ,
q S6 KH COMBINE ROI? l'. SUBN ,·· '1~7 HC 2

'158 KK SUHlQ ·KM RurJOFF FROM SUBElASIN 10 ·''159- ·, I b L' ,,., Ii.b"

'161 LS 75 .. ,. ,

'162 un 0.2 a "· "..
" H3 KK R~; 5 "
" PI paUTE SUB 10 TO STATIbN 65 " '

4(,~

"" 465 R~4JJ o • 0'; 'l----r7lr:5 5 TllA'P---2 0 ".. :l" 466 KK SURIR ....
l\~ j( UTfO F r FlnfolS0 l3'B 1. 51 :'r1 ..-" 463 SA ~. 13 3 ..

" ,.
'16':' LS 81 ,...
'l v uu u.,.:.:> "" "..

"
"

'I7l KK RETl R
l;'

-'I" ~ >':1', F.~TE~Tl0N-rrAS'~;-1P. '"" .. !
"

'In RS I EU:V ',' ,.,
,. 4 14 SV 0 1 • 9 '1.7 9. 'I 12.2

::1'I I:> S"Q "
-2';2---<r;S--6. a 500

" 476 SE Co 1 2 :3 3.5 .. ""

"I
.. ..
"

7 K~CJC3

"
478 KK C()'~B PJF. RObS & RETIR

"I"
q9 HC 2

,-------,-

li
J

"
"

4 a: KK R()c6 ,
4 e 1 . KM krJU TE f< ET lR TO STATION 66

" q-e2 -p,rr--s: ii·rr--:J-;~s--n -.-n'~"5 Hi AP 5 'I
"

"
"

463 KK SU~lS

'54 K"H RutJOFrFR GM-SUB13,,51N IS -
" "

..
485 SA 0.247 ... ",

" LS 73 "
"

4A6 ..
"

'" OD u .07 .." ..-,
RO':'7 ".. 'lSi! KK .... 'f1l'1 K." R'OUT~SUm's-TO-STATl'ON-6-7 .,

49.j PI( 2 i'G ~ 0.U1:3 C. 03 5 TRAP 5 'I .. ,..
-"I.. .... -q', I KX--SUiL

4 ~2 KH RUtJOFF FR0M SUBBASIN 1T '"..
".. 493 & A, (:.4')2

.. -4 "4 LS 1311

.. 495 uo C• ~ 6 .
,,[" . ..

, - -....

j.. ....
, ' "....

)

)

)

)

)

)

)

)

)

)

,
,i

)

)

)

)

)

)

" '.- .-
': .... ';'. . '. ~ ... - . ..
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HEC-l INPUT PAGE 13

L I r;[ rO ••••••• 1 ••••••• 2 ••••••• 3 ••••••• 4 ••••••• 5 ••••••• 6 ••• , ••• 7 ••••••• 8 ••••••• 9 •••••• 10

'" r.:
'<'J6 p, r---l:!Tb ~

I>497 .<H COMBWE R066, R%7, l!. SUB 1 T.
q9a HC 3

4,?Q KK RE Tl T.
R(TENTI ON BASIN IT5 :~ KM .

OJ , '" • L<-L' U .
5 :'2 '5V 0 5.6 1 ~ • 0 25.2 39. 1 55.9 67.1 Ie .'

"5: 3 SQ 0 5 16 28' 37 ~5 500
"

:l •• ':>t 1 2 3 4 ;) ".OJ "" ",
" ..

5 5 Y.K RGk 1
"" Kli ROUTE RE 111 lo-SrATTONln - I::"

... '0

0.0020 0.035 TRAP 1.0 45'7 RK 21 J 0

I::

".... ;).0 ,,.. "uiJR A
5:9 KM RUNOFF FROM SUBBASIN Ro\..
51~ BA 0.216..

LS 81 .... ,J •

!.. "512 ua 0.31
I....
!....

'S'! 3 K'I(--CO" 1 ....
ClJM8I'JE RG'n 8. SU£1RA ..~) 14 KH

"5 ~ 5 'I C 2
"..
"..

ROR2 .. '.. 516 I<'K ..517 KM ROUTE ~ORI TO STATION R2
"

..
:l.'R Rrr-72-:-rr--~ I) ( .)35 TKltP 2"U q

".. .... -
".. 519 :<K SUSR B ..

5<'. !<~ Rur;OFrFR'G'-r'SUITBASI N-RB .... .... , 521 SA ::.27 D .... 522 LS 80 ..
573 --------uU----T.--,n--- .... ....

OJ '... 524 '<K SUBR C ..
:,"'.' 10. RUr,OrrFR G"rSUBO'A'S1 NI'" I ••..
526 £1A C. I;J 8 "

~..~..
"5;:7 LS 78 ....

52? lJO--U-." .... .... ..529 f: K COR 2 ....
,531] !\M COMB1 NrR1J1l 2..,--R oRS'-X.-S UeRC ....

) .. 531 He 3 ..... ..
,J~~nl\ ....

COR 2 STATION R~ ..5 ~,3 KM F\OUTE TO..
TRA P 2il 4 ..

' .. 5.~ 4 RK 3 'J Cu p.. 0 i' 3C 0.035 .... " .... .... . .... .... ....) " '. ".. ...... .. ,) ..
" '; '. .... " ..

)

)

)

)

)

)

)

)

)

)

)

."':",-'-," .:. ;, ~ I: '.' .... ':. ·.·•· ..• 1;. •... . :." '.'. I ••••• •
... : .. I , .. ~ .' .

~~) ~~..~~'...........
• ;;. .•..< :".
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"
NDTIHE I'd 5C ENOING TIME ..

.,
" CO!\PUT,\ TI ON INTERVAL 0.17 HOURS .... .... Tn TAL TI fIE BASE 4'3.J3 HOURS -..
"

C" fNGLISH u:nTS ,
"

DR~INAGE hj{[A SQUARE MILES I.... RfCl"'rnr, rO~DEPTlr--r NCHES

r.. L [fJ GTI!. ELt:V~TION fEET

.. fLOIi CUBI C F~ET PER SECOND
.: .

"
;:, !iR A'GC-V-:Jr-UM t. Il;CRr"'fEEI . "
SURFtCE AREA ACRES . , , ....
TE"'PERA TURE OEGREES fAHRENHUT .... .. ......

,JP fI,ULTI -PLHI OP TI ON u ~.

" l·iPL AN 1 NU~~B ER OF PL ANS .... ..
., .. ,

.. , .,..
JR MULTI-RIITIO OPTION ....

PRECIPITATION ".. RATIOS ,OF
.".. C'.o ,.• <.;3 1. :"v "..... .. '.. .... . i ....'.. . ..

" .... ..
".. .... .... ....) ..

." ..
" ..

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

.>

)

")

)
'. '.

,J
'; :....-.: ... ;.':' ," ':' ....



________ __ •• ~ • J. _•••

-­. L..-.J _.- - - - - - - -- - - -~, -.".. ~ -----." '--------- ' '--' . .:-..--.1'. .------"
.. .- ,

------,::..._:.•.f: " '---:J '.,,~' ,. '.,-.-.j ,,'----0-

... :. " -.. ~ .' . . . .-:: ::;." . - .. .. ~ . ;.-" . _ : .,' \' . -.~ .

) ':)

}
'/,

) .
) ,

PEAK FLOIJ ArID STAGE <END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
cLOUS IN CUBIC FEET PER SECO~Dt AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

lOYI<: 50 'If? IOOYf7.

(.,HliTloS A~tiIiEO T&'~hcIPITATION
1-_~~~~----"-lnToN AREA PLAN RATra-r-nno 2 RAITlJ:3------------------------------;

0.6'1 e.88 1.00

.: ..

..'
. :~

'. ",....
:- .

")

.. , :)

I
":)
:: '.''..,.--------------:.--'---------11:: ')

36' • 805. 10
5.83 5.67 5.67

23"3. 31-2. 3'22.
5.83 5.67 5.67

1'35. lf9'"3. i41.
5.83 5.67 5.67

1TI • qit 3. 640.
7.67 6.83 6.67

4'83. 1\)4'5. 13 13.
7. 17 7.00 7.00

591. 14 8 5-.---2U!'u •

7.33 6.83 6.83

337-.---74"2-~---:----nru;) •
7.33 6.83 6.83

255. 7'1 2. 1-tnl5.
1.33 6.83 6.83

LOll
TII':E

6. 'l3 r--rCO\l
TIME

.4 3 I FCU\I
TI ME

1 1.33 1 FCOII
TIME

11 • 1h r-FLClI/
TI ~;E

1 / • I b r-F['OIi
T 1/1E

IJ"

ruB B

IJ I V I

R,"P~I

I R"At'11 A I

[KST07'[1 0

-YORO"G'RA·FH-A·T-I---llTV"2--"1'7-;'T6--'I--FLlliJ----­
TI ~\[

1---'-""""T'"W'~"'r.....or',-..,T~O-----,.,D-l---..,..6-. 1I3---r-FC'OiJ,.--------.,

TH\~

1-~""""'"'ni'\E'1"1"'r-u-AI CfTOTl---'-"""-TC---

) ..

) ..

) ..
) ..

) ..

) ..

) ..

.~ '..:"

: ..'";"

:..:".'

.:.....

.;':,.;.

::J

::,J

....!.'1
. ...' "~;" ",.. ' ....

::<)

. ,...... -,,'~ <.: ...~.:>, "
" J:. ~'<" ;'.,_:::)". ,.,'

-216. '2e·q-.---'3 CU •
7.67 7.17 7.00

39. 4S'4. 7'01.
7.6'7 7.17 7.00

r~ • 355. 58'3.
1 q • 1 7 1 C. 17 9.50

337. 74'Z-;-----t1l1l5 •
1'1.1 7 10.17 9.5ll '

3Y'l. 7"S7. 987.
8.00 7.33 7033

216. ze'l. 3"'J".
8.00 7.33 7. 33

21 q • "284. '30 u.

fl. 0 0 7.50 7. 33

..:., .~ ~ .~ ..•. '.

'I. iJ 0 FC'O,",
TIME

I, • [fO---r-:- F['O \I

TI f1E
RD3

-----;rRtT3--"1T; 76'----,,.--- F['0"\1:,.---,.---­

TI f'[

,,----0 r v"".5.-----,1171 C6---'-- F1:0\1----­
TI ME

,,----'tlIi-rOr::Z.----..,.,,.-,,.~to,.,.O,----r-FCUIi:\I,.-------'l\

TI~E

- Ra 2---' 7 ~'7 (,---1,---FCr.',J-----25 q'-.--7:5 8-.---r-u (,1-=-.------------------------------------',"
. T I HE . 7.67 7. 17 7. lJ 0 " ;:

...------ro 3--"1'7-;-7 cr;----,--- F['OV---- .-::--------,------------------------
TI I~E

TT"n--T7<------R u"..""s----,'.,·.'('"c~·--'--Ft:01/,-----­
TI fiE

~---SU8'C----'3'-.-"2:;---r-- FCO\J-----176";--39 e-.--53 uJr:""'.-'------------,..----,:----------------j
T I/1E 5. B 3 5.50 5.50,. :::) ,:,,_,

. ",'
'-'-"----CJ'i BIITO-tir---rn-""'2---J-;2"3---r--FC01J-----,638-.--1-2Tl~_r·63,,"-.•::-- --:. .::..-....:.-_-'- ...:-...:........L::J

TIM E 7. 6 7 7. 17 6 .83 ,:J . .. .,
• ~ .'._ .. 4 ". • • ," \ , .......~~ ••• ,'. .,:.: • ,_

F'::U T[O- 1':1

} ..
ITVER5ICl'.,TO

) ..
-YUR 0'(; RJl: P I-1A r

I ..
lJ TEUT'J

) "

{)KtrGl<A-P~A I

I"

UTt:1JTO
) .,

ROG'R"AP~AT

) ..
OU lEO 10

j ..

'on-A P'R-A I

I ..

J,



- - - - - - - - - - - - - -. -, - -- - -.'--.;.~ ,.---';'._"""'"-' .~ .~.. ', .:....-.J .. ~:--.,._ .....,.",.."..., .._..~...,..,..,,;.,......>..,...,-...-' ... ~

....... )

6.6S06

F06 3.2'1 FLO.., 638. 126 e. 1629.
T I HE 8.~0 7.33 7.00 '}

SUB D 1 • 0 ~ FLOW 65. 15 O. 201.
Tl ME 5. ~ 0 '1.83 '1.83

'..
0-. l-;-tl:r--r__FtmI 3'3 • 75-.---1-tl .

Ii
Tl ME 5.:lO '1.83 '1.83 ')

DIV4 I • 0 J FCOW 33. 15. 101.
Tl HE 5.0 U 4.83 '1.83

1·(

-.)
Ft.lJlI 18. "7. 65.
TI "'IE 12.17 10. 17 9.67 ..~

"

SOll E 2 .3~r-Fl.-U"" }'3'1 • :!1'3. 4'1'8.
T I ME 5.33 5.17 5.17 " i

L03 6.63 l-rtO'ol 6~5......----1-1i'2·~o-1'8 '6'••
TlME 7.67 7. (,0 6.83 .,

"
.,

.. : , . ,
D5 6.65 r-Ft.lJoi 69 so--rmrc• l..,tt v •

TI r~E 7.67 5.67 5.00 " ..)

01'" 5 E • 6:5 FLl111 \., . ·tr2 9..----86-1.
I"TIME C.l 7 7. 00 6.83 ."
i"
!..

r----~S ur. F"F--"'11 ~3"')----'

-----1;°n---6-;1'>3---1- FLO\l---~:·.---39 5.---8 21...·---------..-------------
TI'''E 0.17 e.17 7.67 1::

1

, ')

FLO\l'-----.........\lr.,----'6-"0r:-.----~6,,,0r:-.------------------------------1
T I HE 0 • 1 7 7 • G0 6 • 1 7 :: . ')

DIY""S---s-;63-----.--~~,------0-.~-7---~:i-7---~~~_7 ,__ J::

-----·~:a'<)~!---6~6·:5---1- .. fL:OII------O-=-.---,2'1·3.---654.
Tll-\E . 0.17 9.50 8.67 r:

FL:O\J----82e-.--l-n'9;---22 31•• ,__--:--~-.....,.---___,___,---:---------1.:~:.,· '.)TIME 6.50 6.33 6.33

----nCO-qq----,j"r1B-;'(;"',---t-t--Ft.-oW-------j828-.--·-1-1l-<;l.---22'31.

TIME 6.50 6.33 6.33 ~-' , I:;)
.•.. .j ... " • . \,

---SU()'G---~'3~S---r__FI:OII,------2,1?-=.-· --,44·Ir:.---"',J,-oo-=.----------'----'---~----'-------------I

TI~E 4.67 4.50 '1.50

POUTE[] TO

~YDROGRAPH AT

'"
VER'Si01rT I)

) ,

RUlil<At"l'r"'A I

} .
) .

UR01,R-APl1A I

I"

MBINc.U AI

I ..

E1\STcm-TO

) "

'YOll OU !fAr'tr-:A 1

) "

;;CiUrrn-ro-

I"

VTlfSTOw-T 0

) "

"YDR("GRA1'~A T

) "

HIUITO-TO'

) "

"YU R0 GR-H'I1- t-T

) "

Ol"1f11'trD-A-T

) "

-YORO"R-AP~A T

) .,

.'. ~ : -'") ..
Yt1<-s1.llIlrT n-o-----rJT---2~. 3'''''6,-----,--F1:01l1------52""'.,.----z-7-<;1-.--4-12••----,------------:----.,,--,-----,--,----------i'., ;.

TIME 4.67 4.50 4.50 ...

' ..-." -:".
,." "

.. )) .,

R'O'Gil'A f'lt-JAr"rT---O·I-V-1----,20:5 f;---1--Fl:iJ\lr------l-sih---16 6,••---+-1'75••----------'------~"'---"-----------~
TIKE 4.67 4.50 4.50

.. )) "

tTTt1J"'TTIO-----R 01-0---"'2-;-.:5 fi---l--.FUI\I-----15<t-J••---166-.---175·,,----------------,-------..---------j
TI:-',E 4.83 4.67 q.67

... )
) "

-YOROGRAi-"'H-A'T---,)\JtHl'---77:3~-1--Fl:()IJ--'-'----311'---'6'J2·.---'~lB.---·----·-------------·- ----------i
TIME 6.83 6.n 6.50

I ..

.. B'y n ('0-1, I CO·~ 9.G6-----.--FCOY 4'13 • 1\4·1-.--1ii·71".
TIME 6.50 6.50 6.50

IYERSI orrT 0 OR 'r.·66-·---'- FLOlol 4'2 • 40-7.---6 l'7 •
TI I'E (,.5:1 6.5:1 6.50

. ~.:""':-"',",
.. )



J
;'..,.... ""':;'.

697.
6.67

5.00

'153.
7.00

.8 G.
6.67

102.
6.67

369.
6.83

FLOII
TI ME

" -;.'

9.66ReI 1flOUTED TO

:: ",,"'}:. . .~.' .

1 .FlDIi .1. .05. 616.

::r-=-:-=-::~=-_:::---~=---~----=---:----.:..T:.I~r~'.:E----~6:.:.~6~7--~6:.:•..':6~7__-=6:..:.~6~7~ _J::
).. HDROGRI.PH AT SUBK l'.liS 1 FLO'J 37. 87. 117.

.. t- -.---:T...:I..:.~1:.:E ___.:.:.:.:.:3~3~_~.:.:.~1~7'--- •• 17 :: .:J

.. I -------------:-------------1"
) .. 3COM8ItJEDI.T C09 1 •• 4 1 FLOII 1U2. ~Ell. 699.

L:-..Cl---:=:::-=-:- -:~_:_--_:_~~---~T~I~I1.::E:.....-----.':6~ • .:5~0__~6~.~5~Q~_ _=6:..:•..:5~O .:...... __.::..:..____.::.~_~' ....:.....:.~. ~.--.:. ~_.J:~: .)
) FOUTED TO R1l53 1.4. FLOII

TIl'll

'1
'"

")

t-.+---,o'Y,'TTtIu,"u"..:"-..,,,,-.,-oP'llfjr-llA'j---SUll'Bnl----;2rc.:-11nq,--------,1r---lF"'L...,O"w".-----r·l'cG".(I-:-.---...~6~O,..,.--- ..781••:---------------:__---~----,---------.}::"'i
1 . TI ME '1.83 •• 67 '1.67 : .')

, f-~~,-,-cn;o1,~;r;.8"lnr':1,t.rOrr-aA'I----;[""',,.-,c6---,.-r-rr-.lTB-rJ---rr-Ft:-rOrtQr-----.4'~6:':2,..,.:------r1 r·rr-.---<zw·qn-;-.------....:..-------------------------1 .
.J . TIHt: 6.00 5.17

• r:--7I:lmm1~Ar-'-----r;1rrr_-~,..,_-,___.rrru__:___r=-__,_" ," C:, l.U 1~li'H.U AI CU ou.'I9 1 FLOw 1286. 23'lll-.--2'T'1lOJ.------__;---:.,.---;-::.;-::""-;--;----:--:.-:::,.------------l:> ' .' TIM E 6. 3 J 6. 17 . 6 • 17 .,. '. "0;"';' .: . \ .:.: ,.

)~:~~~~~WUJ~U~'Tllrl.~uTTI~O-----~~i~Q5-rl--~5~O-.'4~9~--r--~~~~~---~1~:~~~-~-~2~~~,..,;~--2~urrl-;-;7·-------------~---------------~I'~::.~:.:'_"~j.'.
" t TUt< O'G1Ol'l1ll'-'I--~su~rA ----,or.-,I''''Sc----1-rC01Ol1/------<;S;T1-=.--- 98n--.----.1....-,23,-;.:----------'-·----------;,..------------.

) " TIME 3.33 3.33 3.33

::f---..-,ru,.TTO"-llrOrr-'1rro----~p.rl,., ,.I-,..K---.,.i:-.~I-r.!J---r_FC:l:Ortl/r------lqr..;__---!5s-;.;__---,6,~.;__--------------:.:· ...:...:..---------------

) " TI ME 6.33 6.33 6 33 ["

::f---------------------~-~pn~nrr~rFE~~------·---------:-----;:--:------------------I·~ ..·) :.
)" 1 STAGE 1.65 2.52 2.'H

"r- -.---:T...:1_"':.:.E~ 6.33 6.33 6.33

):: 2 COMbiNED .T cnSI 5~.6li 1 FLO~ 12tl9. 23li-8-.·-·--2-~-.-.-.------------------------------~\::
::I~~_=_=_---=--:---------------.....:..T:.-I~M~E ~6~• .::5~O__~6::•._=1~7__~6~.~1~7 _:_-__:-__:_----------------J·:1

).. ~OUTED TO R052 5U.6'1 1 FLOII 1287. 2~'I8. 29.3.

) ::r-~~~Y~D~R~O~G~R=-A~P~H~-:-A-=-T----RD~7----.!-.-O-~---1--.-:.;.:~.:..::.:.:-----.:::6:.:~.:::.:~~~-~::.::.:::~~'---~::..::~:~:~-----'---------~---------------Jl '

=~--------------------.....:..T.:1-~.:.E- 6.5Q 6.33 6.3_3 .~.·1 ..

) .. FOUTED TO Rfll3 0.00 1 FLO"' 38. 256. 38'3. - '.
..r--:-==-=-~~~~---~ ----------.-:.T.:I~M,::.E-----=5:.:.::.5~O~----.:.5:.:.~Q~0 __~5~•.~3~0~ _J..1

):: ~YDRCGRAPH AT SUClJ l'.99 1 FLOII 77. 18n. 2.2. ::1
.. T H~E •• 5 :1 •• 33 4 .33 I )

) :: :~~~_2~_-_c=-~O~M~'_B:-_I~~N~'_E=-_=-O~~A~T~~~~~~-=-C -=-0-=-fl---~Q-.~9-=-'J---l--.:.~..:.~.:..~..:.~----:-----.:5-=-~-=-~..::;~-.--:::.::.:::.~:;----:--.:..~:..~..:~:.:;'-------------;..:-----:- .."'...,.---------------J::,.)

.. -.~---------------.:....:-.~---.:..::--=-=-----.:--------: ..:-...----------J::
).. [IVEfiSIOrJ TO D9 0.~9 1 FLOII .3. 350. 5.2.

::I-::-:::::-:~:-:-~---_::_~---_=_-=-::------.:..T:.I~~i~E-----::5:.:.~1~7---.:...:..•..':e~3'___--.:.'..:.~8~3~ __;------------....:..----------J::1
).. ~YDROGRAPH AT DIV9 0.99 1 FLOII 50. 50. 50.

::I~=~~:_-:-:-----=-=--:----=--=-=---~-:T~I~,M.:.E----:3:.:.8::..:3~_~3.:...:5~0~__3~.:.:3~3~ ....:... ~_ ____:........:. J () .'..
) ::r-_~_Y_O_R_D_G_R_A_P_ti_A_T R_D_8 r,_._3_Q 1_ __.:~...:~~~~~ _.:3~~...':~:..:;~_--=~~~'.:.~~~ .._~_~_~_~_; ~:: '.) .' :>~
j" FOUTED TO ROI. C.lO



-

", ' .
-: ':': .. "

,-

)

)

)

)

. ~

,) :',':'

- - - - - - - - - - ~ - - - - (,-, ,
" " ".,~,"---- .. -.... ~, ~--.: \.....-.-:--. .-..-/~ ,- ~""~-' " ,'~ .~-- ... ;.~.. --- ~ " ----

~ YOnOGRAPH AT SUBIB Q.H\ 1 FLOil 239. H9. '198.
TIME 3.33 3.33 3.33

ROUTED TQ RE Tl B n • '18 1 FLail 19. 2 B. 31.

r-',. T I ME 6.17 6.17 6.33.. PEAK STAGES IN FEET •• I:,
1 STAGE 2.95 '1.'11 5.12 I'· TI~t. l);"1 I c;"Tr--~3

2 COMBIIJED AT, C052 1.92 1 FLOII 121. 50 8. 728.

· IIr,E 6. 6 I 6.67 b.b

"
..· : ..

"OUTED TO R05 'I 1 .92 1 FLOII 120. 506. 728. ..
Tn~E l);"B5 6761 6.GI ..,. ..

"
~YDRQGRAPH AT SUBIC 0.46 1 FLOII 2'10; 'I ~ 8. '195. .... ..

11m, 5.3 5 :-;-;-5'3 3.-:55 .... ....
"OUTED TO RETIC 0.46 1 FLOII 19. 28. 32. "- ..

" .., l. 6. 0 0 G-;-17 601 ".. ..
" PEAK STAGES IN FEET "_. ...

".... • .:> ""E 3.01 4.52 5.25

'"
Tn:E 6.00 6.17 6.17 "".. ..

"
I::

"
<! Lov,un: C::D-~ I CJ53 2.38 1 ·FLlJ,.---r3r;---S3·Q'-.--759. ,.

T I r~E 6.83 6.67 6.67 '.
" "
" "
"

~1.U I t.U 'J ",,:3'5 2.38 1 FLlJ'oI 1"38. 5:n., Tsa-;- ..
TIME 7.00 6.83 6.83 ..,.

"
::rn-oROGKA'Pl1'"A~$Unl 0

..
J .2 j 1 FLG'1 1"1'9 • 2'1'7. 298. "

TI t:E 3.1 7 3.17 3.17 ....
"

::r-oOUTEU- TO
..

R-::r~6 l,.2...---r-'Fl.:OU-'---j'l5'---23'3.--277. ..
"

TIME 3.33 " 3.33 3033 "

::i'-l'ORaGUFH-A r
I::

~Ucl [ io ..2'1--1--Frr.'oI----TC!'I·.--,-I~C.----2''l6. ..
TIME: 3.17 3.17 :3 017 ..

" .,.. ..
"

" l.u,rBTll!:'o-.. I COS'I 11.'15 r-FCO',/ 2'13. 1f1'1. 4'90. ' ...... TItlE 3.33 3.33 '3.33 ...... ' ' .... • 'JU rn-TO PE I IE I" •'~::l 1 Fl: OJ 1'6. n. '2'6. ..
., TI ME 6.17 6. 17 6.17 ...... .... .-.-p [AI\STAG ES-I N-Fcn-'-" " , . ..

1 STAGE 2. I; 1 3.52 4.06 ", .. .. '.. " : )~ ",-' '.'),'}:
I ... • • .... TIME

"
6.17 6.17 6017 . ,

.. . . .... .... 2 COHBINED AT C05 5 2.83 1 FLOII 153. 557. 78'1. ..
TI "',E 7.00 (,.83 6.83 .1 ".. .... : .... FOUTED TO R'l57 2.83 1 • FL Oil 153. ~5 6. 783. ..
TIME 7. 33 7.00 7.00 .... .... .... ~YDROGRAf'H AT SURIF r.32 1 FU;II 171. 3(; '3. 383. ..
T I ME 3.17 3.17 3.17 .... .... .... ROUTEO TO R058 o.32 1 FLOII 155. 3C 5. 372. ..
TIME 3.3:5 3.33 :5.:53 .... ..

)

)

)

)

)

)

)

)

j

)

)

)

J

- ­;;;:..l--",,-
?

)

~YOROGRAPH AT)

":~:..:: .' ~ .:.' ". ~.. . ~

SUB1G FL Oil
T1Mf.

llR.
3.50

2~ R.
~.50

J L:'



------ - -,a- ••".. 1
L-...-..:.=---~----"''''_''''''' -'- -_~__- "''.~-''_---- -1~~l.,,,~,,,,,olli...·l2__."'..m~~~',:-'_-,,'_~~,-,==,--!' J"

1 FLOII 2E:6. 539. 677.
TIME 3.33 3.33 3.33

---- -..~ .. i ~_~l~••ee..oc.d__ -.........J__
) 2 CO~8IMEO AT C056 lJ.82

j ',.
FOUTEO TO RET! G 0.82 FL Oil

TIME
23.

6.33
38.

6.50

,'.

'I.

. ....

' ..., .

: .)
6.88
o .51l------------------------------j.

820.

•• PEAK STAGES IN FEET ••
1 STAGE 3.6Q 5.93

1------------------------r'TME 6. 3~ 6. ~3

2 COMBINED AT C057 3.65 1 FLOII 176. 590.
1---------,-,-:-.-------------,lrt1'M'I1Ec------r7~___'1._n_'un---..,..'1l u,"trw------,-------::-------;-.---------;-'-----j

:: .)

) ..

)

.). ~OUTEO TO R059 3.65 1 FLOII 175. 58B. 820.
1-----------------------rn·'"',E,------IT-.~3'-S.---.,..1.-nOO'----,~.-"u"',u,---------------------------------j::

:: :)
~YORO.GRAPH AT SUR1H ~.24 1 FLOII 72. 151. 196. ..

..I-----------------------T II1 rC-----'l3,-=.-1:1'---3.l7---3.1-'f--------------:------------------1"

) .

It .:. ~

"~OUT[D TO RETlH G.24 1 FLOII 5. 8. 9. I
..1-----------------------T'I-M..t::-----6.3·31--~6;-:......3~-------(,_n:5\---------------'-----------------"

.. ,- .)
*. PEAK STAGES IN FEET •• "

::'-"---------------------,.r---<:~r~~E ~~; ~:;; ~: ~-~.,..---------:--'----,---:.. ---."...--:-:------------::
., r-nO'RO G1\A1'w--AT----sUn !--r-I---.,..... -:-.4'bh ---l1-- Ft:OIl-----l'C"l. .:21-.---284-=.------------------------------1::

TIME 3.50 3.50 3.50 .....

) "

) ..

:: I--F1TOTE'rrO~I7T0-----P.E""1 ""1-rt----:r1'7.·<r4";:;o---r-- FL-cllr-----'111-=.,-------,-·2-nO-::.----25-::.-----------------------,---------j:: !

) It T I ME 6.33 6.33 6.:3 3 ~:

) "

"I---------------------.--.-pLA~S T-A'G CS-I N- F'[·C·T-.'..--------------------------------------j::

1 STAG E 1 • 5 3 2. 37 2 • H :: '_J
TIME 6.33 E:.33 6.33

..1-----------------------------------------------.,:: ,'"
Cfl':.8~ CO'lBIN::O hT FLOII 1462. 2927. 3149. ::'j .,

TIME 6.67 6.67 6.50 ~
"'-"---------------------------.-------------------------------------------_._-------1..

'> "

:.'. ',';
, . ~ !. \ .

"',)

.. -')279.
6.50

3470.
5.83

1'.
J.l7

2927.
6.67

n•
0.17

1462.
6.67

FLC,\I
TIME

1alVA

l!VU<SIO'j TO

....~---------------------------------------..,.-------;,--___:_----"1 ..
) .. I

) ..

"

".
, .'

I '., •..•

#.~ • , •• ; ••

(.~: t

,'...
u '" . ,:",

:: 'J

.. :..)317­
3.17

3q 70.
6.00

25 C.
3.17

275.
3.33

2'n5.
6.67

130.
3.33

185.
3.33

1461.
7.00

(j .27

5 q .98

RObl

R06Q

SUP.1K~YOROGRAPH AT

FC1UTEO TO

FOUTEO TO

FLOII
T1fI,E

"f-----------.------------------------------------_::

1 FLOIJ
TIME

..~---------------------------~----,----:------___:_---:---,-------c-----:.- .. _:_.----,------1::
1 FLOII

• T I r~[

"1-----------------------------------------'------------------------t::

) ..

) .,

) ..

):: ~YORJGRArH AT SUBIJ 0.27 1 FLO~ 19~. 318. 385. ::
..1- T_1_H_E 3_._1_7 3_._17 3_._1_7 '-,'_,·_._"~_. ~ ::

0.622 CO~'lJIN[D H FLGII 315. 517. 636.
TIME 3.33 3.33 3.33

..f----------------------------------~----------------------------1::
ROUTED TO RE T1 K FUJII

TI~E

17 •
6.33

28.
6.33

.. )

•• PEAK STAGES IN FEET -.
l' STAGE 2.64 3.90 4.47

• ,r-.-::-.. ,__---::--".-_-,---,---'-,T-'-,I~~1!:.[__::_:-~6~.~3:!.3_::_,__~6~•..:::3~3:.......,,-~6~.:...::3~3~-:-:--__::_;_:_~:_._:_;';";:"C::_:_:_:__::_:::_::_~=c::::_:::;:::::_::_:.:::._::_...,:::-.7".7"_.::-.7;,.-::-•••~,.,::-".;;..;::._:::•.•:-:,,7.-~.•:::.. :-.-;c,.'7
0

7'.--:.-::•••:::--.' 7' .'.... ;" ',' '.~':';" ~. : ,'. ,'....- ':'7::--"~ ...,....
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-- - - - - - - - - - -~ - ~ ._.....J - ~ '--J '--' ~.

,'. ...- .._... --

T I I1E

------

"\,

)

)

FOUTEO TO R062 C' .62 1 FLOII 17. 25. 28.
TIME 6.50 6.50 6.50

h
FLOII 91. 172. 217. ",'" ~YDROGRAPH "T SUBlL :).25 1

n1E :5"03-:5~~;5~....... "', - ,

·2 COMBINED AT C06 G 0.87 1 FL'OIl 92. 17 8. 225. ·· I d,[ 3.33 3. 33 3.3 ... ··· '"· R(l6 3 0.87 1 FLOII 83. 18 O. 216.=; OU TE 0 TO· .ME :5.67 ::s.50 ::s .1'>7
;:~, : .. , "., ,· •. 1 ...

"· SUBl'" Co57 1 FLOII lAIt • 342. 1t26.-YDROGRAPH AT
I..· I nIL :5-;:)0 3OS0 3 • S-,)

"

I""" 'YDROGRAPH AT SUf\lN ~.3:l 1 FLOII 96. 187. 237.
" TllR 3O::S-::S~'"03·3~.::S-:l

Ij~ .,..
" 3 CO!~BII<ED AT c"O~ 1 1. H 1 FLOII 3'17. 683. 857.

. " .. ,

TIllE 3. 5 0 30sn 3.:53
"

r
; ..

lCUTEO TO RE Tl tJ 1.7'1 1 FL O\J '17 • 7 n. 78.
"

I I ME b. 50 (; • 50---605n.. , . "
) .. ... PEAK STAGES IN FEET ...

" SnGr -3-;79---£,-;-05---7-.-0 1I '.-1
I:.

..
TIME 6.50 6.5[1 6.50

") "
"..~R1ffi R"A1' H SU810 i:. I r-r-FCOw 15. pn. r77 • ..AI ..:,..

TIHE 3.17 3017 3.17 .... ..) ..
'.' ... ..

::~Tt1JTO p. t. I 1 (J ., .17 1 FtOil 6. 8. 9. "
"TIHE 6.11 6.17 6.17

l
i ..

I::
..

n-PEA-K-'SrA'G"ES-1 N-fCET-'·.
""

1 STAGE 1.66 2.'18 2.87

"I
) "

TIME 6.17 6.17 6.17 ....
"

SUHlP n. 1 5 1 FLOII 79. 144. 178.) 'YORf:GRAPH AT

"\
" T1",E 3.17 3.17 3 .17
" ..." "

9. '.

''I
RETlP r.lS 1 FLOII 5. B.) IOU TE J TO

"
..

TIME 6.00 f.. l7 6.17.. .." ... PEAK STAGES IN FEET ••J " 2.78 "1 STAGE 1.62 2.41
""

rIM£. 600-0---6.1"7---6.1'7 .." ..) ..
0'. ,.'YOROGRAPH AT f'0 A C .00 1 FLOII O. 279 • ....

Tn:£: 6.!l·o---rro·17---6-.-1"7 ....
w) .. ..lOUTED TO RE TO A ~ .0-) 1 FL Oil o• O. 8. .."

Tn'iE u-;n 1..17----',&7 .." , ..) ,. .... PEAK STAGES IN F[ET ..
"

..
r-STAGE 0';-0 o---v-; 00--- 2'.51 ....

T1 ~lE O.~O ~. CO 7.67 ..) ..
"..

CCI-I RHiE O-A-r--crrrr----::T;'O~l--FCCw -lS17-.--·3·UIT;--~5·72• --::
"

;)

TIl'lL 7. 0 0 6.67 -"17 "..) .. . -,..
li.o-:r---l--FLI:I01 o• 6-cr. 60.-, AI 1W6
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~( , ..'",7 :.~',~:~ ~-": ro':- \. "::-"~~,~",,,

--J
~,-,I...--......----

Y;7r-- _.12
6.50 4.1\3

-I
.-----..J'­L-.

r-SPGl
TI I~E

- -­L.----

: .

£.-.-

)
..- .••.. : r •

)

)

)
iOUTEo TO R0] 6 D.~O I FL 01/ :J • (, O. 60~

T I f'E 0.11 8.83 8.00 .
··yoROG RAPIi AT SUA M 1 .23 1 FLOIo/ 330. 636. 8 O~.

TIME 3.50 ~. 50 3.50

r-
.-

"
z co~nn~1 COlI 1.23 1 FLO"' :330. 536. 8·Oq.

I:TIME 3.50 3.50 3.50,
I.,

1. 23 I FCOIl 62. 8.3. 91.

I.

,llUTEIl , a RE I I
TI ME 5.67 6.00 6.17

." .-
--.-. l-'lAl\STA·GT:>TNr"LE,..-r· ,,
1 STAGE 1[\65.41 1066.64 1067,18,

TIME 5.61 EO. CO 6,17 ... ....
POl7 1 .23 1 FLOw £:2 • P, 3. . 91. ..'.OUTfo TO ....

TIME. 5.83 6.33 0.50 .... ....
, YDROGRAPH AT SUBtl 1. 2 a 1 FLo\l 372. 781 • 1012. It :....

TIME 3.17 3.17 3.17 _. ........ ....
2.43 1 FL 010/ :H2. 782 • 1 U13. " ..2 C01-\ BI NE 0 AT C012 r. "..

TIME 3017 3017 3.17 .... ....
0.6 q 1 FLOIo/ 138. :331. ~ 44 ~

..-YDROGRAPH AT SU!:llQ ....
THIE 3.17 3.17 3.17.. I::..
FLolo/ 135. 3C 9. q 07. ..'OUED TO PJf:5 0.64 1 ....
TI!1E 3.33 3.33 3.:3 3 .... ....

~l .1:3 1 FLOW 59. 113. 1~2. ,.; YDRCGRAPH AT SUBIR ....
TI ME 3,1 7 3.17 3.17 .... - ....

G.13 1 FLOIo/ ~ . 5. f. .... ; rUlED Te KEf 1 R ..TI ~[ 6.17 f.17 6.17 .... ._----._-..
PEAK STAGES IN FEET

, J::) .. .... ...
I"1 STAGE 1.58 2."4 2.84 ....

6-;1 7--'6-;-1 7---6~T7 ..'TI'ME..
H ") ..
H "

2 COHBII:EO AT C063 (1.77 1 FLOII 137. 313. ~ 12. .,..
'T I 1'1 E 3.:n---3.·33~.3·3 .." ,. ';) .. .. ,

·OUTED TO RC166 0.77 1 FLOIo/ 125. 289. 415. ....
Tnn 3-;5-(l---"S';"67---3-;3'3 ....

..4·.') ..
27. (, 6. 89. .., YDROGRAPH AT SUB] S 0.25 1 FLOIJ ....

TIME '3-;6'1---3.-67 :5 .67 ....
o. :) .. ,

26. 66. 89. .' ..
~ OU TE D TO ROf7 0.25 1 FLOIo/ '. .-- ....

nit. 3.-a-3 3.8:5~.-tl~ .... ..i ..
465. . 5 63. .., YDROGRAPH AT SU~ 1 T o.49 1 FL 010/ 28n. ....

. Hllr------3~·3 3---3-;-3~3-; 17 .... ..) ..
36:1. 77 6. H22. .... 3 CO"lBINEO AT C064 1 .51 1 FLOIo/ ..

TIl-IE '3';51J---3-;'3Y--3-;33 .... ..) ..
157. .3 33. ..OUTED TO RET 1 T 1.51 1 FL OlJ 34. ....

6-;"5"0----4-.-83---'4-~-33T I"ME .... ..
"> ..

IN FEET ..•• PEAK STAGES .. * .... -- ~ --,

)

)

)

l

)

)



- 'j
-"-- ... _... _.--' ---- - _.- - - - - --.~~. ~ •••. __••• ~ ••~ •• _ •••.••••__.~•• ~ ••_.__•. __•• ......_ ..... .:...:~....._f__I.:..._.•:..~_.__ '" _; ::...•.~ ..~ •.•._..:__._.---- ­~....~L....;.~., ~.~ ...._,...

-.'

)

)

)

. ,

'1

:>

'J

I
.J

". -. .)":."::',. ~':'.",

'..': ',' '.:" ..:~ :: ..... " '.~ ~.".. :. ~ .."

329

1
4.50

15 (,

92.
4.50

FlO1J
TIM!:

FLOII11 51ROR 1

ROR 7J1JTrn-TO

'OUFO TO, - . . . ·TIME (,.67 5. CO 4.33

, YDROGR APH AT SUBRA 0.22 1 FLOII 76. 156. 199.
TIME 3.17 ~.t7 3.17

',. '"
« "OMe-1-r~En-A T COR 1 1. 7~---1--Ftol/ 79. 1-7"5. 36J' 0

TIn: 3.17 5.00 ~.33 ,,
,

lIuITO....O ROR 2 1. /3 I FLOw /2. 1/5. :5G" ·T If;E 3.50 5.17 4.50 ... .· 1"I'i9 •. 216.. TU IUlJ'''' H Ai SUER B O. 21 1 FLOII a6. .'· TIME 3 •.33
,

3.33 3.17 ..· ".,
r L;KUr,'I<AP~A I SUlrR C It. rr--r-FLuJ 33. 11. 9«.

"..
T H',E 3.17 3.17 3.17 ..

" ".. "
oJ ."OM1J11lEO I;T C O-R 2 c: • 1 oi 1 FL'"{t',J 1'86. 36"2 • '1"91.

"" . TIME 3.33 3.33 3.33 .,

"" . '.
n_. .. _. ; ...- .. _.
"" "uF.4 2. 1 0 1 FLOW 17'1. :576. 'lTv. ".vu It.LI Iv

" THIE 3.50 3.50 3.s-:l ..
" ....
:: r--:-n-O R0,,1<1\ PH-n---sU0 R'O ) .32 1 FLO..,------·l"Uf> • 21,.3..---256-.

I"TIr-:c: 3. ~ 3 3.33 3.33 ,.
!•.'..
L.

::'---YCROGln?ll-A·r-SUAqC---..--;·2:r---1.-·FL-Ciol------72·-.---1113.---183'. ,.
T I'IE 3.33 3.33 3.33 ..

" ".. ..
-.J \.u:nrrr:co AI CO;<5 "'-;6:' 1 fl:"OW 5"3'1 • (,92. 9 011. ....

TIM( 5. ~ 0 ~. 33 3.33 "..
"

" ' -- "- uu'T!:v-T 0 P()p'5 2.6':i 1 Ft:OW 326. 683-.---1'p'I.
"" TI :~E. 3.50 3.50 3.5~ ..

" "
"f----y OROG'I{ Af'H-A-Y---:;Uflk F "1,'1 ~ 1- FtO·. 55. '38'-.--122. IH" . T I ~.:[ 3.17 3. 17 3.00 I .... ..::r---.--01lClttr.PJ-rA·r--stJfi2H----:;-;-2Z-1--Fnr'j

..
21. 5'2". 70. ..

TH:E 4.00 3.83 3.83 .... ..
:: r---otTT r-o-T 0

..
fctl'Hl 0.22 1 fl-ull 21. 5"2. ..'6 · '. , ..: <. ,..

TIfIE 4.33 4.00 4.17 -. .... ., .... .. ..·u ()'{)n~pl'l"t."'---·StHI2'\ J • 26---'I--nO'ol 1-82. 31-2. 3-8~ • ....
TI~E 3.17 3.17 3.17 ..

" ....
86'2';---1-1-39.

..
"v, ,1511;e-o-tT eM4 3.-25 1 ft:1)11 425. ,- "

..
"..

TIME 3.50 3.33 3.33 , ..... : ...
;'~

.. .... - " " :',
"

.. ..
~R1n>fOI\'f>H-A T SUa-t-V 3.'7": 1 Fl='OIo: 6-'T.----i 4-:3-.---t-93-. ....

TI!'E 4.17 4.17 4.00 .... ..
"~Un:1J-TO ..

~R6 ;r-;/-cr---l-.FL·01J------(;il'.---JIll.--1-9u. ..
TIME 4.33 4.33 4 .17 .... .,..

9'1-.---18('. 227.
..

uR~G'~~~-~T~eRG c .2f\---t--Ftfl'ol ....
TI M~ 3.33 ~.33 3.33 .... ....

2'6'5-.
.... -, C1JHB PiE o-A I C-OP. 5 J-;?7---r-flOI/ 95-.--.-198.
") .. TI ME 3.33 4. CO 4.00 .'. ....

'1L.:.:.:....:.-.. -- ------ ---- 96'-.--264.
..----n--

)

)

}

)

)

)

)

)

)

)
.: .' ......~ ',. '"

)

)

)

)

j

o
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3.33-,.
. '.' I

- --.---....J. ---.j- -~

Tl ME

_....J _- --­I...-..

rr:rO

-

• C'G

-

)

!.
.~, '

)

)

)

)

)

)

}
(DROGRAPH AT SUOP. H (I.3~ 1 FLOW 125. 225. 278.

TIME 3.33 3.33 3.33

2 COMBINED n C:'R 6 1.27 1 FLOW 161. 358. '137.
T HIE 3.67 3.50 3.50r, ..'"

378. 18" 04. 1017. ,. I uR 01>R"""A PR AI SUflIl 1.56 I 'FrQV

·THiE 3.50 3.:!.3 3.33 ·· ·· 1 FLOw 513. III e. 1407. ·'- (1 F. , 2.83· • ,-v 'olN~U 1<,
Tl ME 3.50 3.50 3.50· .'

i;.n ... FLOw su:s •.. rUb 2. 1~~ .... (.. ..., " JV' L.U V "U 'U

3.67 3.50 3.50 .,T I ~;E ..· ..
· l----7-(mrn~APR FLOw '14. 19'8. 25"7. "AT WRR I .1. 31 1 ..Tn:L 3.17 3. 17 3.17 .... ..

sn. 1'193. 1!,f,u.

'"

..
_ ~v"oro~1 C"J R 8 3.r 5 1 F1.-moi ....

Tl !~E 3.50 3.50 3.50 .."
." -

I::··

..
R Of{ 9 3.15 1 FLOlO 551. 1'1~~. l"l~5 •10.. JU I LU

TI ~,f 3.83 3.67 3.67..
:: r---:-(ul"lJGlf1\P H o .l!2 1 FLllQ 61. 13.5. 177.AI SUt·R J

3.17 3.17
..

Tl ~'E 3.17..

I'"

..
·.2 ] I F1.-:'J 1~9-.-----2~~.-----3~2•r--fOROGRlIr11t. I S\J""'K..

TIME 3017 3. 17 3.17
" .) ..

-r'::r-JU1t.D o. 21 I "FLO\l 1'35. 21'5. 262. , ..

Iii

10 ;lOR I oj

Tll"E 3.50 3.33 3.33 ..) ..
::~RQUflA ?Ir·t.-T ". 1"8 ) F t:0"\! 62. 1"1'9. lSf.•S\JBR L

TII1E 3.33 3.33 3.33) ..
)---"'CCl':lJ 1N!:: o-~I-----C(1fr'! L. 4·V-~·Fto:;"""""'--·--:--194-.-----335'.---q·13.

I ..TlMt: 3.33 3.~3 3.33

1::1
) ..

::r--->COMcnTUlir-'-COl'1, 3. n--l--FL'OIr 699'-.--n89~--n88.

I::'
Tn~E 3.67 3.67 3.50) ....

~.H 1 Fl:O\l 68"2...----t'3'71l. 1.'/"82. ,. ;'0 "om 1 , .,.. .-'v.~"

TIME 3.83 3.67 3.67) ....
..

::~OROG'J\APt-rAi~Uf)R~1 J.C7 1 FLV'J 2r] • '1''1'. 58.
"

TIf-IE 3017 3.17 3017 ::,) .. ....
3 .W~r--Fl:O\I 69~1-38·8..-----lil1J5 • ,... aMB1Ncu-Ai----COKTI

. .". ~ . ,.. ·
TUlE 3.67 ·3.67 3.67) , ....

,
'.. , ..

::~tn(1) R01\1'2 ~.84 1 FL-olol 691-.--1-35'5'-.----1-7-81.
"

10 ..Tn~E 3.83 3.83 3.67 ..) ..
....

0.09 1 FLO"' 3'4. 6'11. 81. .... r----ro--rolllfG f<"PITA '---WDR"l'oI .
3.17 3. 17 3.17 ..T!I',E ..) ..

..
::~UH.LJ'Tn o. i1B-----,--Fl:O\r 22. 5 '>- 6"7'. - ..RITRT3 L. ..Tl ~,E 3.67 ~. 50 .3.Su ..) "

":: r--:-,ORITGln1"l-1A"--SlJDR0 Il.n--.r-Fl:O" 71 • r4·9-.-----1'93. ....Tl ME 3.33 3.33 3.33 ..) ..
.."

.-, • 3s----1- ITO '" 83 • 19"('-.-- 256.I'iIT -A'--COTI2

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



--------!l O•
3.17
----.....-- FLcnr­

TIME
--Surt~--­"'l-, DR01>lrA1"'rl A T

~

)
'"

2011.
3.67

1532.
3.67

780.
3.67

FLOW
TIfIE

4 .36CORI3S COHBINED AT

f
~·;.+---..~J~U'~l'~t.'~U ....II~u----R'~O~R~I~4~-- ....4~.~3''''6,.-------.I~-Ft:1)Wr------77~.- ..r5·tr9.___r9-97..,...------------------------------r.1.

TIME 3.83 3.83 3.67

:~mm·...G.".R....A.".P'[]H-,A:.....'----,.s"O·n[1'l1R.."ar---~,c-. 2 I Ft:lJw H2. 2V2-.---Z51. I'
T I ,.. E 3 • 1 7 3. 1 7 3 • 0 :I ' -.~

l--r--r,rrU)""KWrr)r-bD"P,..-A"'poH-.-A"TI--.....".STTOtTB"'R'l1R---"O--:.Cl2'l1q---:'''I--~ri~~~~-----;~i; ;: i; ~ ..~.~.-----------------------------:\)
• ~-""'I-7"?<"COrr/'.......ell TII <='1\t..,......UTk~Y-1--c...,.,.Ol:"kTIT.4---.,R-•.."C:'77----,r--,:FTL~·;nlwr----'r"'I:-fanr:-:.:--2,-r3-rS=5-.----.sn-r.-\1.------------------------------1..
II TIM E '3 • 6 7 3. 67 :5 .50 :: )) ..
"I--=-."TI'TJuT"E"O""-"',lrr)-----""R'ETI72---Ve-=-.1TC'7j---rl--'FCUW,-------"'3<8'......---,/f5,-.---~ft-ll.-----------------------:-----:----__i::
.. TIKE lC.53 11.67 11.17 ::')) ..

.,

:: ")

U ... "

) lUTEe- TO R;;7':l r.. 0J 1 FLOII 41. 3q3. 535. .. .'::l- ~T~I.!:..I":.:E __=5~.:..:5:...:J~ _ __=5.::.:...:1~7~_ __=5::..:.:..:0::..:0:'.._ ___,.---___j::

):: 'OROGRAPH AT R09 :l.cu 1 FLOII 43. 35e. 542 •

.. ~----------------------....:T...:I.:.:M.::.r.----:.l:.0.:..:3::..:3:--..:.1:..:1:...: •...:6:..:,7__.:.1.:.1.:..• .:.1..:...7 ..
1

::

.' ----------------------:..---=-------1.."~...:...:.-------------------..-PE"~TAGE'S-r-t-rFIT...... ..
1 STAGE 976.(,4978.68979.82 ::-)

) ::l- --.:.. --....:T...:I:M.:..E --:l..:0..:•.::...5.:.0_--:1:..:1:..:•...:6:..:,7__.::..11:..:..:.1:..:7~ _:_-:__----:-----:------:-------j::

.. ~\

... I ....

)" 'DRGGRAPH AT SU22N ~.55 1 FLCII 352. 564. 672. :: ')::l- ~T......I.:::.rI=_E ._..:3...:.• .::...3.::...3__~3:...::•..:3::.3__~3:...:..:.3:..:3=_ :___j::
);: ·CROGP.APH H SUG?O r..26 1 FLOioi 194. 3V5. 361. , .:: ',"J

..~---------------------T.:...I-··,.:...E-----3-.-1_7---3_._1_7 :..:.3:...:.:..:.1:..:.7 .. -1::

L'OROGRAPH H SUB2H ~.lR 1 FLOII qo. B9. 117.'
) .. 3 33 ' ... l-- ~T~I~M.:.E ...:3:.:.~3~3__....:3::..:.:..:3:.::3~_.-.::.....:...::.::.. ___j::

. ....:: .).) :: leo M(J 1r. ~ D H C(J 7 5 1 • 0 ) 1 FL 0 \J 58 n• 94 3. 11 30 •

•• ~---------------------.:.-T~1.:..:.M::.E----~3~.:..:3:..:3=---=3:..:..:..:.3:..:.3-_-=.3..:.. • .::..33=- -l::
::) ..J :: FlU TED TORET2 N 1 • 0 0 1 FLO \I 4 2 • 6 C. 68 •

..~----------------------....:T...:I:H.:..E----~6:..:....1:..7:.........--=6:..: •..:.1:..:.7---=.6.:..• .:.1..:...7 .:........._..:-. 1 ::

) ..
::f--lClJlfFl1:!E~,___CJ?'~A---r·;21l---r___FLO..____·---94-.----417-. --618-.-----------,.-------------------,-j::

).. TIME 5.67 5.17 5.00 ::)

) :: ** PEA K STAG ESIN Ff ET * * :: )
..~-------------------~--SHG E '2-;8'O~-;117---4-;-33---------------------------------j..

TI ~,E 6 • 1 7 6. 33 6 • 3 3 :: .:;

** PEAK STAGES IN FEET ** :: )
).. 1 STAGE 3.~9 5.~2 5.8U "

..I-----------------------T1ME 6-;·17---O;-II~_._l-7'-----------------;--__:_;__:__:_--__:-----_j ..
.. ,,,.)

).. 1 FLOII 199. 319. 380. ,. ...." :.';."1--"_~.::..O__R.::..O_G_R_A_P_H_A_T:._. S_U_B__2_P C_._2_8__-'-__n1'1r-e 3"';1_7--·-3,1 7---301'1'--.:-----'---·.:....-·------:...·_...:...-__...:....:.:..... _j::

):: lUTED TO RET2P U.28 1 FLOW 12. 15. 16. ::,)
..~---.:...:....------------------TTHr-E-----bo''1 7:-----.-6-. 33'--~6""'-.3~,)------------,--,---,.------------,-----,.------j"

. ..... , .. -... '.

5 .175.?3

; ..

L:..:L....--"nU'rT.....rrT~..,.,-jJ·TI.,:),.------R"lrR~U---I-;-2R<r --~lr--FLmI.------.,4-.---415";'-- 6'13-.------------------------------="

TIME 5.67>.
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79-L.J
FLO--­L........-'-----_.L..J ..

. 'OROGRAPH AT SUfl2 Q o.a9 1 II • . .
TIME 3.17 3.17 3.17)

:. lUTED TO RET2Q 0.09 1 FLOII 5. 7. 8.
TI r,IE 5.50 5.50 5.67

'.',.
...-p t-A'~·A"tj·(,S-HrF"(-[-T-.· ·1 ST AG E 1. If 9 2.13 2.37 ·TIME 5.67 5.50 5.67,.

FLOII 98. 422. 621. .! COMB I IJL D AT COR, B I .37 1 ,I, ·TWE 5.67 5.33 5.17 ·" ..
, ... - R081 1.37 1 FLOII 98. 422. 621. ,. ~.

I. - lUTED TO ..TIME 5.83 5.33 5.17 .....,.
slin S 1. D3 1 FUjII 73. 169. 227. .. .

I .. 'DRoeRAPH AT ..TI foIE 4.67 1f.50 1f.50 .... ....
220. .. ,.... lUTED TO R021 1 .03 1 FLOII 65. 161 •) .. ..TJ ME 5.50 5. CO 5.00 , ,. ....

"..
SURT 1 .0 J 1 FLOII 312. 556 • 686. "I .. .~OROGR t.PH AT ..

TIME 3.67 3.67 3.67
"..
I:: _..

!'COI1BH,EO AT CO~5 2.03 1 FLCII 312. 559 • 6'H. !...I ..
TJ"'E 3.67 3.67 3.67..

~ ::I..
COP. C :5 .4:) 1 FLOII 323. 709. Ii! 13.

"'j'
) .. : CO~181"EO AT .. .

TI~E 3.67 5017 5.0J
".. ....

, lUTED TO R082 3.lffl 1 FLOII 323. 707. 1009 • .... .. 'I ..
TIME 3.83 5.33 5.17 ...... ....

·OROGRt.Pit SUB~ R ~: • 32 1 FL011 I q 3. 251. 3G8. ..
) .. AT ..T !f", E 3.~· 3 3.3.3 3.33 .... ....

~ .26 1 FLOIJ 79. 156. 198. ..) .. OROGRAPH AT SU[1~S '. ..T 11-: E 3 • .3 3 3.33 .3 •.53 ....
- ....

C077 ~.58 1 FLOII 222. 4G6. S 05. ..
) .. : CO,",6I:--1[0 AT ..TI t1E .3 • .3 3 3.33 3.33 .... ....

C.58 1 FLOII 18. 27. 30. ..; lUTED TO RET 2 S) ..
nr1E 6 • .3 3 6.33 6.33 ...... .... .. PEAK STAGES IN FE ET •• .. 0"J ..

1 suer 2.76 4. 10 4.71 ......
fH\E 6.-33---6-. '33-- 6.-3 3 ....

u;) ..
18. 27. 3D. ... , ..'lUTED TO R083 0.58 1 FLOII '," . ' ~. , ....

TI~E 60-5 a 6·.' 51)----6-. 5 .... ..1 ..
FLOII 178. 329. 410. .,'ORDGR APH AT SUB2 T ().39 1 ....

'-T I 1':[-----3'.-17---3·,17---·3-.-1-7 .... ..J .. . ..: COMBIN~D AT C078 o .97 1 FLOII 178. 329. 410. ....
TJ r.e-----3-.. 1 7---3,,"1"7---3'.'1-7 .... ..) ..
FLa~ 29. If 6. 53. ..lUTED TO RET2T o .97 1 ....
T!"rH: 6...·3·3---6·.11"--6-.·1-7 .... ..I ..

STAGES IN FEET ..•• PEAK .. .." ...
I--ST AGE -z-. 6--Z-3.·'r2---4-, 28

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

. "~. :. '::.' .:.:'; ..... . ".;"':~" .. '

TIME 6017 6.17
. ~ .~'::., \. : i , ~. i~' ••••• : ~ ~. ~ .:>-.::..~~..<::.... ;.~-../.:: '.'~ ;:'-'\""::.~'. '~;-.: .~~: ".

. ".' .
".:- r

.)
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:..:} .....

IUTEhJ HO~ brr ..,.- FL olr-J ~'). - L-.-..J '----- -- ~ L-J ----' ------- t.--J ---''16. 53.

I
TIM;: 6.33 6.33 6.33

,:DROGR APH AT SUB2 X C .25 1 FLail 153. 258. 313.
TIME 3017 3.17 3.17 ,~.

' .. 'I.

, 01<.0 10 RE 12 X D.2tl 1 FLOw 9. r~. 1 .
," " "

TIHE 6.17 6.17 6.17 ·· <. , ·.. ' .·· '. OK SIAGES IN F ,t. . ,
I

1 ST AG E 1.63 2.29 2.57 ··· THIE 6.17 6. 17 6.11 ·, ,
"

;

F lUTED TO R081 n.25 , 1 FLOII 9. 15. 11. . ..
I

6.50
... ..,- .... ".' ' TI HE 6.83 '6.67 ,- ~ . ,

"

"
..

'DROGRAPH AT SU02 Y r. .3 a 1 FLOII 2 !)4 • 331. 4%. "
I'"

TI~E 3017 ~. 11 3.17 .. '

"
..

" "
: COHBINED AT C081 0.55 1 FLail 204 • 337. '106. ..

I .. . , ...
TI ME 3.11 3.11 3.11.. .... ..

" 'DROGRAPH AT SUB?Z r .4) 1 FLO" 163. 315. 391. ..,
" .. .. 'TI HE 3.17 3.17 3.17.. ..
"

' ' .., COfo\BINEO AT C082 1. 91 '1 FLOII 368. 654. 808.
.. .., "..

TIME 3011 3.11 3.11
..

" ".. "
IUTEO TO DET22 1.91 1 FLOII 50. 71. 78. u,

" ".. TI~( 6.33 6.50 6.67 ..
" ..
"

* • PEAK STAGES IN FEET *. ..
1 ST ~G E 3. ') 7 6.10 7.00 . ..

" .... TI 'Yo [ 6 .-:s~ 6.'50 6.6
"H:

"

"[,. : CO"'8 It;~O AT OP. D 5.32 1 FLO;/ 358. 775. 1 Jll'l.

"
TItlE: 3.83~.-3:S---5.l

.. • 1,',

DROGRAPH AT SUB,'U n016 1 FLO'J 65. 11 B. 147.

"I" ,... TII1E 3•.5':S~.33---:S.'33

..
''I'

,DROGRAPH AT SU82V ~.22 1 FLOW 113. 192. 23'1.
" .,.. THt~ 3.3-3~~3---3.33 ' ,.,

"

" ... ~ "
".

: CO~IB I"EO AT C079 0.36 1 FLOII 176. 31 1. 36il. .- .... .' i

IH£ :s.~-:s~.:s:s~ ...-:s~ .... .... ..
: lUTED TO ROil 5 C.38 1 FLO'J 175. 298. 361. ..

" .... l~!. 3.50 ~.5'O---3.5u , .. , .' ..
.. ' " , " .... '-". .>

"

r .'DROGR APH AT SUB211 0.23 1 FLOW 172. 277. 3311 ' ,
, , "

.... '-,' .... 'I11[ 3.1-1---3.17-3'-.-1'7 .... It .'

COXB ItJED AT coe3 r, .61 1 FLO\J 3}5. 521. ,63'1. .... .... UHE 3"3-3---~.33~.:S3 , ..
".. . ..

',UTED TO RET2\1 o.61 1 FLOII 24. 33. 36. .... ..
"

n~E 6.l"7--,-f,• .33---E....33 .... .. ._.
PEAK STAGES IN FEET * • ".. .... l sn.GT 307 2 5.'49--,-6~

".. TIME 6017 6.33 6.33 ..
" .

" ,', . "..
"

; '. 'JOf\IHL END OF HEC-l •• *
'.' ... ' .. '. _.. , ,.... , .'. :\ ...... " . ,,",.' ..... ~ . .' ; . h. :.~".' .' , ..... " ~ ..';' ..... " .., ..... ,..

.;~) ';.',.,.,.
.~'" .

J"~ 1 •• ,' •••
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4. CONCEPTUAL PARK RETENTION PLAN

'"

VICINITY MAP

7. 'LANDUSE MAP

s. BULLARD WASH EXISTING FLOODPLAIN FROM THOMAS ROAD TO 1-10

3. POST-DEVELOPMENT HEC-l SCHEMATIC

. , .
2: OFFSITE DRAINAGE MAP & EXISTING HEC-l SCHEMATIC

6. HISTORICAL ACCOUNT BULLARD WASH

1100-270 .
CVL-4-1271
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. MASTER PLAN

POST-DEVELOPMENT
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SCALE: .-100' HORiz.'·.-S- VERT.
DATE: 911318i
CVL #1100-27 P L A-T E .4

'VEST POCKf;r PARK
5 ACRES:s

NEIGHBORHOOD PARK
• JeRES:s

LITCHFIELD
CONCEPTUAL

PARK/RETENTION PLANS
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A
~

I" = 2000'

Grai
T.n~.

SECTION 3
n =0.048
Slope = 0.0034
Depth = 2'
Width = 2000'
Velocity = 1.9 fps

•
- e1b:33

, •••_._. 3 ••••__•• :a1(> __••••__ •

1002 _:

••

~ --H~.2 - ••• __ ._••_--~_._-_••••

BULLARD WASH EXISTING FLOODPLAIN
FROM THOMAS ROAD TO 1-10

Q=4000 cfs (100 Yr.)

SECTION 2
n = 0.048
Slope = 0.0035
Depth = 3'
Width = 1200'
Vel oci ty = 2.3 fps

••. .
··1 :

•••••••••·•... .•
:~cDc:He11

SECTION 1
_n = 0.048
Slope = 0.0036
Depth = 3'
Width = 1200'
Velocity = 2.4 fps
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I" = 2000'
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HISTORICAL ACCOUNT- BULLARD WASH

6 II

45 -

Scale
Horiz. 1M = 100'
Vert. I" = 5'

40 -
Section X

Capacity in Channel:

Slope = 0.0033 ft./ft.
Side Slopes = 1:1
Bottom Width = 2'
Q = 65 cfs

n = 0.035
Depth = 3.5'
Area = 12.3 S.F.
Velocity = 3.4 fps.

Capacity in Overbank:
Slope = 0.0033 ft./ft.
Depth = 1.5'
Wetted perimeter = 660'
Q = 727 cfs

n = 0.048
Area = 495 S.F.

Velocity == 1.5 fps ..

Total Capacity Q == 65 cfs + 727cfs == 792 cfs

MI ,. -rr- ,...
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LEGEND

c:::J URIL SFD. RESIOENTIAL 0-6 dulac

o URIM MED. DENSITY RESIO. 6-12 dulac

c:::I UR/H MED. 10 HIGH DENSITY RESIO. 12-25 dulac

t=l MUC COMMERCIAL

o NC NEIGHBORHOOD RETAil.

c:::I MNC COMMUNITY COMMERCIAL

c:::I L1C UGHT INDUSTRIAL

o SU CEMETERY

o MUC' COMMUNITY COLLEGE

c:::I MUC 2 TOWN CENTER

t=J MUC, HOSPlTAL

t=:l GRC REGIONAL CENTER

OPEN SPACE & SCHOOLS

uc

uc

-
~

II

I
;I

~
ROO

RO,

°a:

"
c

~

~
::; o

URll i
"v:::--=::::::t==

URll I

URlt i
i

"

~ .'
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